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{ SCHEME OF EXAMINATION
The Dedinance governing the exanunations in the Each'mcoryPapa' 3 birs. daration 100 Marks
Faur es of Arnts. Fine Ans. Social Sciences. Science. Disscriation / Thiesis/
C-mriwree 2nd Law are contained i a separaie booklet. Survey ReporUFicld
=z v odenis are aduased 1o refer to the same Work, if any. 100 Marks
2. The tumber of papers and the maximum marks for cach paper /
I Changes Statutes/Ordinances/Rules /Regulations/ : Practical shall be shown in the syllabus for the subject concemed.
Silian and Books may, irom ame 1o time, be made by It will be necessary for a candidate ic pass in theory part as well a5
amendment or re-making:anc a candidate shal_ cx(::;;[ in the -Practical part (Wherever prescribed) of a2 subject/parar
'n §5 {27 as the Umiversity determines othenwise comply soparately.
with 3’?. change _‘h““ ?iPP.htS to-vears be has not 3. A candidate for a2 pass at cach of the Previous and the Final
completed at the tume of change. L - o .
i T Examination shall be required 10 obtain (i) atlcast 36% marks
the aggregane of all the papers prescribed for the cxamination and
3 Al court cases shall be ;subjccz to the mnsd:ction of (i) atleast 36% marks in practical (s) wherever prescribed at toe
; d’f‘ Rajasthan Umiversity head quarter at Jaipur oniv examination, provided that if a candidate fails to secure atieast
;L and act am other place. 25% marks in each individual paper at the cxamination. and als:
— / in the test disscrtation/Su-vey reporUField Work. wherever
$reil prescribed, be shall be deemed to bave failod at the examination

notwithstasding his having obtiined the minimum percen-age of

marks required in the aggregaie for that examination. No division

will be awarded at the Previous Examination. Division shall te

awarded at the cad of the Final Examinatios on the combined
i marks obtained at the Previous and the Final Examinations taken

# Unnversity of Rajasthan, Jaipur together, as noted below:
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. Preceal (51! Disseriation
TIiZ examination after a
continuous period of three vears, th2n for the purpose of working
out his division the misimum pass marks only viz. 25% (36% in
the case of practical) shall be taken into accoant ia respect of such
Papes (s) / Practical (s) / Dissertation as are cleared afier the expiry
of the aforesaid period of three yzars : provided that in case where
a2 candidate requires more than 25% marks in order to reach the
minimuin aggregate as many mars out of those actually secure
by him will be taken into acoount 25 would enable him to make up
the deficiency in the requisite minimmm aggrepale.

17 a candidaie Qlears any Paper {5
~resenibed at the Previous znl o

Thz Thesis/ Dissertation/ Survey Report/ Field Work shall
tvpewritten and subraitted in tiplicate so s w reach the office of
e Regisyar atleast 3 weeks befors the commencement of the theory
2xamination. Only such candidates shall be permiued o offer
Disseration/ Field Work/ Survey Report/ Thesis (If provided in
e scheme of Examination) in lieu of a paper as have secured
atleast S5% marks in the aggregate of ail the paper prescribed for
+he previous examination in the case of annual scheine urespective
~7 ths aumber of paper in which a candidais actualif appeared ar
22 2xzmination.

~.B.—Non-Collegiate candidates are net cligible to offer
Z:332732000 as per provisions of O.170-A.
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Syllabus . M. Sc¢  Phyrics 7 <
M. S¢ PHYSICS PREVIOUS
Paper-l  :  Clzsical Mechanics and Mathematica.

Max. Marks 130
Method in Physics Tine 3 hrs.
Paper-11 Classica: Electrodynantics Max. Marks 100
' ‘ Time 3 brs.
Paper-I11 Quanaumn Mechanics, Atomic and
Motecular Physics Max, Marks 103
~ Time 3 brs.
Paper-IV :  Ekectronics, Numerical Methods and Max. Marks 102
*  Computer Programming Time 3 hrs.
PAPER -1: CLASSICAL MECHANICS AND MATHEMATICAL
METHODS IN PHYSICS
Max. Marks 100 Duration 2 hrs.

Note : Inali Ten questionsare to be set, Five from each section. Candida s
are requared to .mtermpt five questions in cll, 1aking at least rwe
Qleesiions from each section.

ScctionA

1. Holonomic and nonholonomic constraints: D-Alembert's Principle.
Generalized Coordinates, Lagrangian, lagrange’s equation and its applications.
Velocity dep™dant potential in Lagaragian foamulation. Generalized momentum,
Legendre tra®formation, Mamiltonian, Hamihon's Canonical equation.

2. Caladus of variations and its application to simple probiezs.
Hamilton's vationz] panciple, Derivation of Lagrange's and Hamikton. Canoticzd
equation from Hamikon's variational peincipie. Extension of Hamilton's Principic
for nonconsefVagive and nonholonomic systems, Method of Lagrange's multipisers.
Conservatiod Principic and Noetber's theorem. Conservation of encgy, inexr
mamentm A4 anguizr momentum as a consequence of homogeacity of ume
amd scope and isotropy of space respectively.

‘3. Canonical transformation, integral in vagants of poiscare

IMSMPombadmtsasmnomalmvamms Bqu&on ofmouon

et b——

<. %mmmw
Waﬂemﬁhw—*" “Kalwar, Jaipur

Dr. Rekha Gupta
j Mavidyalaya

N




Unree-sioy of Rozasthas 7 v
Sectior B

¢ Coordinate transformation in N-dimesional space: Contravriant
and covariant tensor, Jacobian. Relative tensor, psesdo tensors (Example:
change density. angular momentum) Algebra of (ensors, Metric tensar,
Assotiaizd tensors, Reimannian space (Example : Euclidean space and 4-D
Minkowsld space). Christoffel symbols. transforruation of Christoffel symbols,
Covariant differentiation. Ricci's theorem. Divergence. Curl and Laplacian in
tensor form. Suress and Swrain tensors. Hook's law in tensor fonn. Lorentz
Covanance of Maxweli equation. Kiews-Gordon and Dirac equation. Test of
covananc: of Schrodinger equation. '

&  Group of wansformatons. (Example : symmetry rrans{ormation
of square . Gzndrators of a finite group. Normal subgroup, Direct product of
conops. Imorphism and Homomaorphism. Representaton theory of finite
eroups. Invanan: subspace and reducible representations, irreduciblc
representxiron. Cryvstalio-grapbic point groups. Irreducible representation of
C. . Transiaten group and the reciprocal lattice.

7. Fourier Transfoans : Development of the Fourier integral from

= Founsr Senes, Fourier and inverse Founer transforms < Simple applications:
Tinite wave tiun. Wave train with gaussian amplitude, Fourier transform of
damvagves. seiutian of wave equation as an eppiication, Convolution theorem.
wreasits 1w temms of spectral density for quasi-monochromatic EM waves.
“lomenteT representation. Application 16 hydrogen atom and harmonic
ot % 1"3 ror grobiems. Application of Fouricr yunsform to diffraction theory :
D:ifracti2z patizn of one and two slits. '

& Laplace uansforms. and lh"n properics, Laplace tansform of
Zedvatrcs end inteprals. denvatives and integral of Laplac= wransform, Laplace
cansform of periodic functions, inverse Laplace wransform. Convolution
Seorem. Impnlsive Function. Application of Laplace transform in solving
tncar. dif¥areniial cquations with constant coefficient with variable coefficient

4 hincar parual differental equation.
Desrerce Borks:
! Goldstein—Classical Mechanics.

2 Landau and Lifshitz—Classical Mechanics.
7 A. Rayvchoodhary—Classical Mechanics.
2 Mathematical Methods forPhys:asls Georze Arkicn
{ Azademic Press).
: .-'r—- R Ma.hana;a for Engineers and Physiczsis . L. AL Pape e
T i (“ 1158

4 .‘-!.:__emauc.a. Methods—Pouer and Goldherg (Preatice Hall of India).
=:===n1 27 Group Theory for Physicists : A. W. Joshi
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University of Rajasthan . 7
PEPER - I1: CLASSICAL ELECTRODYNAMICS
Max. Marks 100 Duration 3 hrs.
Note : InaliTer: questicns are to be set. Five from eack rection. Candidates
are requdred 10 attempt five questions in all! 1aking at least two
questions from each section.
Section A
1. Electrestatics: Elecuic field. Gauss law, Differeniial form of
Gauss law. Another equation of electrostatics and the scalar potential. surface
distribution of chargss and cipoles and discontinwties ir; the electric field and
potential, Poisson and Laplace equations, Green's Theorenw Uniquesess of
U solution with Dirichletor Neumann Boundary conditions, Formal soluticn
of Electrostatic Bour.dary value problem witts Green's Function, Elccxmsxanc
polential encrgy and en=ryy density, capacitance.
Boundary- Value Problems in Electrostatics : Metdods of Images,
Point charge in the presence of a grounded conducting sphere pount charge in
the presence of a charge insulated conducting sphere, Pomt charge near a
conducting sphere at fixed potential. conducting spbere in a umiferm clecmic
ficld by method of images. Green function for the sphere, General solution foz
te potential, Conducting sphere with Hemispheres at different potental,
orthogonal functions and expansicn
2. Multipoles, Electrostatics of Macrescopic Media Dielectrics:
Multiple expaasion, mulkipole expansion of the energy of a charge Cistribution
in an extemnal field, Eiementary treaunent of clectrostatics with permeatie
media, Boundary value problems with dielectnics. Molar polarizability, and
clectric susceptibility. Models for molecular polanizability, Electo-static energy |
in diclectric media. <
3. Magnetostatics : introduction and ddimuon. Biot and Savart
law, the differential equation of magnetostatics and Ampere’s kaw, Vector
poteatial and Magnpetic induction for a curcular cunrent loop, Magactic fields
of a localized current distribution, Magnetic moment, Force and torque co @ /
andumgyofalocahmdumcﬁsuibuuonmmmalmmm&& Z
Macroscopic equations. Bowdary conditions cu B aad FL Mctheds of Q-

spherical shell of permeable maerial in a0 wneform GickdR K. Vigyan (P.G.) Maha 3
4 Timmmomez .= on - - Kalwar, Jaipur -
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Sytiasus - M. Sc. Physics7 8

Szezen of the cquations of Macroscopic Electrocagneusm, Poynting's

2010 23 conservaiions of encrgy and momentum for a system of charged

and EM fields. Conservation laws for macroscopic média.
Elecromagnetic field teasor. Transformation of four.potentials and four
cursenis. Tensor description of Maxwell's equation.
Section B

5. Plane Electromagnetic Waves and Wave Equation : Plane wave
in ancncenducting medium. Frequency dispersion characteristics of diclectrics,
conduacss and plasmas, waves in a conducting oc dissipative medium, super
Gsition of waves in one diension, group velocity, casualty connection between
3 and T *emers-Kroning relation.
6. Magunetohydrodynamics and Plasma Physics : Introdoction and
2zfmizons. MHD equations Magnetic diffusior viscosity and pressure, Pinch
2fTact instebilities in a pinched plasma colamn. Magnetwhiydrodynamic waves,
Plass csciliations, short wave length Timit of plasma oscillations and Debye
seiding distance
= Covariant Form of Electrodynamic Equstions : Mathematical

parulios

s~wznance of electrodynamics, Transformation of electromagnedc ficlds.
Radiation by moving charges : Licnasd-wiechert Potentials for a
- charge. Toal power sadiated by an accelerated charge | Larmoor’s formmia
zg s rrleuvisic generalization, Angular distibution of radiation emitted by
. 2ocelerated chargge, Radiation emitied by a charge in arbitrary extremely
¢ motion. Distribution in frequency and angle of energy radiated by
iemared charges. Thomson scaltering and radiation, scatiering by quasifree
snatpee. coberent and incoberent scattering, Cherenkov radiation.

3. Radiation damping, self fields of a particle, scattering and
absseption of radiation by a bound system : Introductory considerations,
vz 4auve szaction foroe from comservation of energy. Abrabam Lorentz
swzlumtion of the self force, difficuldes with abraham Lorentz model. Integro-
2ifereruz cquation of molion including radiation damping, Line Breadth
7.4 1sval €5: 7t of 2n oscillaior, Scatiering and absorption of radiation by an
ssci ,lzlo: Zaerpy transfer (0 2 hanmonically bound charge.
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srzaeruze 2f the space-time special relativity, invariance of electric-charge -
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- diagonalizing of cnergy matrix, time independent pertarbation of two state

University of Rajastacn . §
PAPER - Il : QUANTUM MECHANICS, ATOMIC AND

MOLECULAR PHYSICS
Max. Marks 100 Duration 3 hrs.
Note : InallTen questions ace 10 be set. Five from each section. Condidate:
are required 1o attempt five ‘questions in all, taking at lec-t twe
questions from each section.
SectionA

1. (8) States, Amplitudes and Operafors: States of a quanum
mechanical system, represeatation of quantum - mechanical states, properties
of quantum mechanical amplitnde, operators and change of state, a compeetz
sctof basis states, products of Iinear operators, language of guantum mechamcs,
postalates, essential cefinitions and commutation relations.

‘ 1. () Observable and description of system: Process ¢
measarement, expectation values, time dependence of quantum mechanica.
amplimde, observables with no classical analogue, spin, dependence of
quantium-mechanical amplitude on position, the wave fenction, super-posiuc =
of amplitudes, identical particies.

2. Hamiltonian matrix and the time evolution of Quantm
mechanical States : Heaniticity of ths Hamiltonian matrix, Time todepend:at
perturbation of an arbitrary system, simple matrix examples of time
independent perturbation, =acrgy given states of a two state-system,

system the pertnrbative solution: Weak field and strong ficld cases, geaeral
description of two staie system. Pauli matrices. Ammonia molecule as an
example of two state system.

3. Transition Between Stationary States: Transitions in a two st
system, time dependent pertiirbations- The Golden rule, phase space, emission
and absorption of radiation, induced dipole transitioa and spoatancous amissior
of radiation, energy widkh of a quasi stasionary state.

~ The Co-ordimate Representation: Compatitie observables, quantu

conditions and uncertainty relation, Co-ordinate representation of operators.

pmmm.mmmummdmgmxmommmmgtqmm

valnes, the Baceufest’s thooerm, tec temc auu-crm;—ﬁ-. o

Schoodiager oguation. ceczy @ b ! | rmclg’ e
4 Symmetrics and Angular mesncntem : () Comgtiis: ~

obscrvables and comstaats of mnm. Mmedyafayah*
conservation kaws. imwnrienre ——s- Kalwar
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g ~zsof the amgular momentum Cperalons aod their eigenstates, co-
C RS ITTTIIEOETONS 0 the orbital angular mementum cperators and their
Yo't 3Tl hATonics), composition 6f angular momentum, Clcbsch-
0r; ooeﬁic:cms ensor opegatoes and Winger Expart theorem, commutation
0as. o1 2%, Jy, Jz with reduced spherical tensor Opcrator, matrix clements

S
ammmncmszlmmmccandvan&mg of stztic electric dipole
Tomentof 2 sebonay state,

Section B

Hydrogen Atom : Gross structure cnergy spect-um, probability
Z8itae0n of radial 2nd angular (¢=1, 2) wave functions (no derivation),
~Taciol spim 1 Jmcmewmwmgylc»ﬂsmdﬁms&mmamc
::::‘, :ft:)acaon and hyperfine structure, the Lamb shift (oo.y an quahumvc
6. Interaction with External Fields : Non degenerate first order
,._‘_:‘._ry perarbation m=thod, atom in a weak uniform exterral electric ficld
7.0 st 2ad second order Stark effect, calculation of the polarizability of the
rsand sare of I-L-aznm and of an isotropic barmonic osciliator, D—-gcncxau:

RoRES SN

AT

2 --_,ml and weak magncuc field, Zecman effect, strong magnouc field
anZ ca.culation of interaction energy.

-
1

n-r-\-- B

Systems with Identical Particles: lndisunguishabilily and
2¢ symrmery. man} pamclc wave functions and Pauli's exclusion -
’hc ndmm 200 Vanauoml method and its use in the calculation
22 2d Txaled state energy, Helium atom. The Hydrogen molecule,
-onden nethod for K. molecule, WKB metbod for one dimensional
7. 2ppiiceton 1o bound states (Bobr-Sommerfield quanuzauon) and
Tammer penstrator {aipha decay, problems.

8 Spectrascopy (qualitative) : General {eatures of the spectra of
O7% anl rvd siectn sysiem-singlet, doublet and triplet characters of emission

-

]
= o
o E:--::r?. geacsal feamres of Alkali spectra, rotation and vibration band spectrum

%’?e’e rence Boo‘::

ol PR a:.aRb;zndm,Ramanspewaformnma.andubmﬂaml

: 5 conipanison with infra red spectra, general fearares > electronic
Frenk 2nd Cozdon's principle. -

Ashok Dz: znd A.C. Melissionos. Qmmm Mechanics- A modem
::‘t::: ...JdO“ 2n:d Breach Science Publishers).

AN Dirzz. Quantum Mechanics.

M

erzbaker. Quantum Mechanics. Second Faisin-

L]
; _m v ;l.

Syllabus - M. Sc. Physics 7 I

Univernuty of Rapasthan ) . ¢
4. L .P.Landau and E.M. Lifsbitz, Quanusm Mechanics-Non relativisuc
theory (Pergamon Press)
5. A. Ghatak and S. Lokanathan. Quantum Mecbanicss Theory and
Apphcnuons. Third Edition (Mac Millan India Ltd) A
6.°G. K. Wocdgate, Elementary Atomic Structurs, Socond Edition ~
. Clarendon Press, Oxford.
7. T.A. Litdeficld- Atomic and Molecular Physics.
8. Eistanberg 2nd Rasmik- Quantum Physics of Atoms. Mdleaues, Solids
and Nuclear Particies.
9. White - Alomic Spectrz.
10. Herzberg - Molecular Spectra.

PAPER -1V : ELECTRONICS, NUMERICAL METHOD
AND COMPUTER PROGRAMMING

Max. Marks 100 Durztion 3 hrs.

Note

1. In all Ten questions are 10 be se1. Five from each szction.

Candidates are required 10 attempt five guestions in ail. takirg
" at least two questions from each section.
2. Simple calculator is allowed in the examination hall.
Section A
1. Operational Amplifiers : Differentizl amplifier - ircuit
configurations - dual input, balanced output differential amplifier. DC aaalysis
- AC analysis, inverting and non inverting inputs, CMRR - constant currerd
bias level translator.

Block diagram of a typical Op-Amp-analysis. Open loop
configuration, inverting an non-inverting amplifiers. Op-amp with negative
feedback - véltage series feed back - effect of feed back on closed loop gain.
input rersistence, output resistance, bandwidth and output offset voitage -
voliage follower.

Practical op-amp-input offset voltage - input bias curreat - input
offsel current, wotal output offset voltage, CMRR frequency response. DC
and AC amplifier, summing, scaling and averaging amplifiers. mstrumentation
amplifiez, integrator and differentiator.

2: mdmmmmw
Osciltator eypes, Froqueacy stability. sesponse. The Phase shift oscifix
mwmmmmwuﬁﬁ%‘m'

\;jﬁ,s;-: |
Guplg .+

and Astable, Cospacators, Squase wave and Titmgle WRYC BEREITREY-Mahavidyalaya
Clamping and (linnine

#____-__________________ﬁ%——_—
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Digital Electronics : Combinauonal Logic - The transistor as 3
212 ceoet Realsation of OR. AND, NOT, NOR and NAND gates, Exclusive
R zac Boolean algebra - Demorgan's theorems Adder, Subtractor,
Somperator. Decoder/ Demultiplexer Daia selector/multiplexer - Encoder, |

Sequential Logic: Flip - Flops : one - bit memory, The RS Rip-
fiop. JK Flip- Flop. JK master slave Rlip - Flops, T Flip - Flop. D Flip - - Flop,
Shift resisiers - synchronous and asynchronous counters- cascade counters.
Binary counter. Docade counter.

Basic concepts about fabrication and characteristics of integrated

2

ieuits,

4. Microprocessors : Introduction to microccmputers : memory -
*putoutput - Interfacing devices 8085, CPU - Architecture - BUS timings -
Demultiplexing the address bus generating contro! signals - Instruction set -
ailressing modes - Hlustrative programmes - writing assembly language
rogramizss looping, counting and indexirng - counters and Uming dclays -
s.azk and subrovune.

) Section B v
5. Errorsin numerical analysis: Source of ervor, Round off ervor,
Computer Asithmetic, Error Analysis. Condition and stability, Approximation,  *
=uncuonal and Ervor analysis, the method of Undetermined Coefficients. :

Tie of interpolation formula, lterated interpolation, Inverse
roarpolatcon Harmite interpolation and Spline interpolation, Solatian of Linear
zguations : Diract and Iterative methods, Calculation of eigen valoes and eigen
» 2ciors for sysmmetric matrices,

6. Solution of Nonlitier equation: Bisection method, Newton's
mebod. modified Newton's method, method of Iteration, Newton's method
zn& method of iteration for a system of cosvation Newton's metbod for the
cas2 of comyicx 1oots.

Integration of a function: Trapezoidal and Simpson's rules. Gaussian
2 zadraturs {ormuiz, Singular integrals, Double integration.

7. Integration of Ordinary differential equation : Predictor -
correcior methods, Runga-Kntta method. Simultancous and Higber order
£QU3UONS.

Numerical Integration and Differentiation of Data, Least-Squares
Aoproximatens. Fast Foerier Transform.

Some elemeniary information about Coraputer: CPU, Memory,
nput On

'

-~ Uncversity of Rajasttan / 13

& Fortran 77 : Variables, Expressions. Jumping. Branching end
Looping statements, Inpa¥’ Output statement, Statement for handling loput/
Output Files, Subroutine. External Punction, special statements: COMMON,
ENTRY. FORMAT. PAUSE, EQUIVALENCE. Prograraming of simple
problems involving use of intzrpolation differentiation. integration, matrix
inversidn and least square analysis.

Reference Books :
Ryder—Electronic Fundamentals and applications.
Miliman and Tuub—Pulse, Digital and Switching wave forms.
Millman and Helkias—integrated Electronics.
Ryder—network Lines and Ficlds.
Bapat—Flectronics Devices and Ciscuitrs.
A Ralston 2nd P. Rabinowitz, A First Course in Namberical znalysis
Mc Graw Hill (1985) '
7. $.S. Sastry, Introcuctosy Methods of Numerical Anatysis. Prentice-
hall of India (1973).
8. Ram Kumar, Programming with Fortran 77. McGrasHill (1986).
9. “Electronic Devioes and circuit theory™ byRobutBoyl::mdandlmns
Nashdsky PHI, New Dethi. 1100 001. 1991
10. "OP Amps & Lincar integrated circuits.” by Ramakanth A. Gavakowad
PHL Secoad Edition, 1991. :
11. “Digital pinciples and Applic “ions™ by A.P. Malvino and Doaald
P.Leach, Tata Megraw - Hill company, New Delhi, 1993.
12. “Microprocessor Architecture, Programming and appiications with
8085/8086 by Ramech S. Gaonkar, Wiley - Eastern Lad . 1987.

LIST OF EXPERH@NTS FOR M.Sc PREVIOUS

Scheme:.
The examination will be condncted for two days, 6 hrs. each day. Th:

T

distribution of the marks will be as Follows : ”
: Marks ~

Two experiments 120 .

Viva . 40 ‘,‘;
Record 40 '

Tl 200

Mmiouacn Pass Mads T2 .an

List of Experiments (any cighicen) - 1 .Prnc
1. hmawmqﬁ&rdamwm

lo-etmofﬁeqnnas.

2 Ta Aetawenin~ T - 7

RK. Vigyan (PG.) Mahawdyafaya

. tput devices. Super. Mini and Micro systemns. MS- st
wvgteny Wioh 1 arm? 7
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Syliabus : M. Sc. Physics/ 14

-2 Zzs:gr 2 RC coupled two stage amplifier of a given gain and
e ¢t o frequeacies.

To stedy Hartley oscillator,
To Swudy Transistor bias Stability.

Te dzsign a Multivibrator of given frequency and study its wave
shaps

Tc siudy e characieristics of FET and usc it o design an
reiaxauon oscillator and measure its frequency.
7o sTdy the characteristics of an operational amplifier.

7o study the characteristics of a2 UJT and use it to design a
relaxation oscillator and measure its frequency.

- To study the addition, integration and differentiation propertics

©f an operational amplifier,

:1. De=termine Plack constant using solar Cell.
12, To determine Plack constant and work function by a photo-cell.

To Sm.d"" regulated power supply using (A) Zener diode only (b)
Zene: Ziode with 2 series wransisior (c) Zener diode with 2 shunt
TANSISIOY

7o venidy Fresnel's formula,

Te siulx the percentage regulation and variation of Ripple factor,
¥k lozd {or a full wave rectifier.

To sl anziog to digital and digital 1o analog conversion.
Testud a ériven mechanical oscillator,

.Te ~erilv Hartmann's formula using constant deviation

spectrog-aph.
To find 2/ of eleciron using Zeeman effect.

. To find Dissociation energy to 1.

Study of CH Bands.
Salt Aralysis’Raman effect (Atomic).
Design 2nd study of pass filters.

Macheleon Inierfammeter
Fabry paty Interferometer.

. Datzroenaven of velodity of Ultrasonic waves.
. \..zm- of Zlipticaily polarised light by Babinet Compensator.

b

!

-
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M. S¢ PHYSICS FINAL
Paper-V Advanced Quantum Mechdnics Max Marks 100
' and Intoductory Quantum Field Time 3 hrs
Paper-V] Nuclea- Physics Max Marks 100
Time 2 hrs.
Paper-Vil Statistical and Solid Staie Physics Max Marks 100
Time 3 brs.
Paper-VIIl :  (A)M:crowave Electronics Max Marks 100
Time 3 brs.
OR
Paper-VIIi :  (B)Plasma Physics Max Marks 10C
Time 3 s,

PAPER -V : ADVANCED QUANTUM MECHANICS AND
INTRODUCTORY QUANTUM FIELD THEORY
Max. Madks 100 Duration 3 s
Note : Inall Ten questions are 16 be set. Five from each section. Candiaates
are required 10 atiemp! five questions in all, 1aking a least 1wo
questions from each section.
Section A

1. Scattering {non-relati _tic) : Differential and total sm(k:mg
cross section; transformation from CM frame to Lab frame, solution of
scattcring problem by the method of partial wave analysis, expansion of a
plane wave into a spherical wave and scatering amplitude. be optical
theorem, Applications - scavesing from 2 delta potential. square well potertial
and the hard dphere scattering of identical particles, energy depandence and
resonance scatlering. Breiti-Wigner formuia, quasi stabonary states.

The Lippman-Schwinger equation and the Green's function appreach
for scanecing problem, Bom approximation and its validity foc scattering
pdiun,(hﬂombsanmngpmblmmdaﬁmmwpmmmmdamc

2. Relativistic Fermulation aad Dizac Equation : Atiemt foe < =
relativistic fornmalation of guastem theory, The Kicis-Goslon oquios, . %/ o
MM‘M@MMdﬁzpﬂmmﬁl i ‘

= « " RK. Vigy {Pﬁhf: i’ﬁ{g liya .‘
n a alaya
m"“mmm Kaiwar, Jaipur
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Dirac cquation. orthogonality 2nd completencss relations for Dirac spinors.
INISTTTTALCT O f nagalve energy solulion and bole theory.

3. Symmetries of Dirac Equation : Lorentz covariance of Dirac
tquauon, proofl of covariance and desivation of Loceatz boost and rotation
matrices for Dirac spinors, Projection opceators involving (our momentum
and spin. Parity (P), charge conjugation (C), time reversal (T) and CPT operatocs
for Dirac spinors. Billinear covariants, and their transformations bebaviour
under Lorentz ransformation. PC.T. and CPT, expectation values of co-ordinate
and rclocity involving only. positive cnergy solutions and the associated
probiems. inclusico of negative energy solution, Zitier bewegung, Klain
paradox.

4. The Quantum Theory of Radiation : Qlassical radiaticn field,
ransversality cosdition. Fourier decomposition and radiation oscillators,
Quant:zation of radistion oscillator. creation, annihilation and mumber
cperalors, phoioa staiss, photon as 2 quantum mechanical excitations of the
r=2anes field. Saations and ts wncertainty relation, validity of the classical
dewonpung. marx sliement for eission and absorption, spontaneous emission
1 b dipole approximation. Ravlzigh scattering. Thomsoa scantering and the
Rzman eJeci. Rzdiation damping and Resonance fluorescence.,

Section B

5. Scalar and vector fields : Classical Lagrangian field theory.
Ev.zr-Lagrange's equation. Lagrangian dersity for electromagnetic field.
Occrepation mamber represeniazion for simple harmouic oscillator, linear arcay
of coupled oscillators. second qrantization of ideatical bosons, second
quantization of e w2l Kein Gordan field and complex Kicin-Gordan feld,
th? m2son propagator. .

5 Thez oocuepzica number representation for fermions, second
quant:zauon of the Dirac fied. (-¢ femion propagator, the c.m. interaction
252 gauge invariance, covarian: cuantization of the free electromagnetic ficld,
the pboton propagator.

7. S-mamix. the S-matrix expansion, Wick’s thearem, Diagammatic
representation in configaration space, the momestum rqxwumm.?cymnan
diagrams of basic processes, Fevnman rules of QED.

s Apphmbonsofs-mtruformalism:mcCoulombmg.
Bhabha scattesing. Molier scattering, Compton scattering and pair prodaction.
Reference Books : ’ .

*1. Ashbok Das and A C. Millissionss : Quantum Mechanics - AModu:n

-

"_*—” '
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Bjorken and Dreil - Relativistic Quan um Mcchances (MGraw Hill)
J.J Sakun - Aevanced Quantum Machamics (Jobn Wiicy)
F.Mandat & G. Shaw, Quantum Fizlc Theory (Jol:n Wiley)
. JM. Ziman, Elcments of Advance Quantum Thzcry. (Cambridge
»+ University Press).

PEPER - VI : NUCLEAR PHYSICS

Max. Marks 100 . Duration 3 birs.
Note - Inall Ten questions are to be sat. Five from each section. Candidates
are required to attempt five questions in all, taking ar least two
questions from each section.
SectionA

1. Two Nucleon system and Nuclear Forces : General nature of
the foroe between nucléons, santration of nuclear forces, chacge independence
and spin dependence, General forms of two nocleon interaction. ceniral,
noncentral and velocity dependent potentials, Analysis of the ground state
(3S,) of deutcron using a square well patential, range-depth relatonship, excited
statzs of denteront, Discussion of the ground siate of deutron under noncertral
force. calculation of the electric quadrupole and magnetic dipole moments
and the D-state admixture.

2. Nucleon-Nucleon Scattering and Potentials : Parual wave
analysis of the ncutron-proton scaitering al low coergy assuming central
potentral with square well shape, concept of e scatiedng length, coberent
scattenng of neurons by protons in (ortho and para) hydrogea molecule;
conclusions of these analyscs regarding scattering lengths, range and depth of
the potential: the effective range theory (in peutron-prolca scaitering) and the
shape indcpendence of nuclear potential; A qualitative discussion of proton-
proton scattering at low energy: General fzatures of two-body scauering at
bigh cnergy Effect of exchange forces: Phcnomemonologaial siatmada-

N A W

Johnston hard core potential and Reid hard coce and soft core potentials; Main

features of the One boson Exchange Potentia’s {OBEP) no dedivation.

3. Interaction of radiation and charged partide with matter (No
dexiwation) : Law of absorption and atesuation ceefficient; Photoclectic effect,
Compton scittering, pair production; chm-Nmmaosssewmsrorpda:md
and unpokarized radiation, angular distribetion of scattered photon and
clectrons, Foergy Joss of chacged ’-ﬁbhn“m
cnergy t;i_;undpqecﬂemot all daree psocesses, Range-caergy
oxves: Stzzggﬁng.

Approach (Garden and Breach Science Publishers). < E ta] Toch  Gas SBed Scamtiagiar R K. Vigyar (PG I
E. Mezzbaker : annmm\'ed:mcs.SocondEdinon . ; Kalwafaigu

Wilev and sons) » —




 ———"
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“ararinsn couniers; Solid state Gateciors; Surface barmer detectors:
“omni sroais used with typical nuclear deteciors; Multiwire proportion

_hambess: Nuclear emulsions, techniques of measuremert and analysis of

il and electne-quadrupale momenss: and their copparison with
0 s e fontiguration mixing; single particle vansiton probability
sz ezl !t{odcl: sclection rulcs: apprexunate estmates for e
: “ == Iy 2nd Weisskopf units: Nuclear isonerism,

. Callective nuclear models : Collective vinable to describe the

.- =2rz7.2 oces of puclear motion; Parametrization of nuclear surface; A
nooas "“.‘\Tﬁt‘l"" of the collective model Hamiltonian (in the quadratic
: ViSrational modcs of a spherical nucleus, Collective modes

«n-even pucices and moments of inertia; Collccu»c spcctra

Moarnanagel fcr the single pamclc states it deformed auclei.
~ Nuchear samma and beta decay : Tlectnc and magnetic tm.inpolr_
SEMEN Saiet Wolv'e- § 'votabmucc m pucicar svsiem (10 denvaoons)

[
e

| Untversity of Rejasthar 7 19
Reference Books

1. JMBlauand VE. Veisskipf : Theorsucal Nuclear Phbysics

‘ . : 2. Statisticaltheory of nuciear reaciions, Exapzration probability and
wax Prrion synchrouon: Linear accelerations. Acceleraton of beavy ions. . cross section for specific rezctior
Section B % LRB Elton : Introductocy Nuclear Theory, ELBS Pud. Loodan,
% Nudesr shell modef : Single parucie and collective motions in 1959 _ )
< II. WsIToLans and jusuficstiorof the shell model, avera2e shell potential, 4. B.K. Agrawi : Nuclear Phrysics, Loxbharti Pub. Allahabad. 1989
o= 0 omoag angle panticle wave functions and level sequence; magic 5. MK Pal: NuzZear Structre, Affiiiate 4 Edst. West Press. 1982).
7o R made! predichions for pround state panity; angular momentum, 3 RR.RoyandB.P. Nigam, Nuclea: Pbusics, Willey-Easter, 1979

'M.A. Preston & R.K Bhzduri-Structure of the Nucleus, Addisicn
Wesley, 1975

8. R.M. Singru: Introductory Experimental Nuciear Physics

9. England - Techniques on Nuclear Structure (Vol. 1)

10. R.D. Evans - The Atomic Nucleus (McGraw - Hills, 1955)

11. H. Enge - Introduction to Nuclear Physics, Addition-Wesley, 1970
12. WE. Burcham - Elsments of Nuclear Physics, ELBS, Longman, 198%
13. B.L.Cohen - Cancpt of Nuciear Physics Tata Mc-Graw Hills, 1988
14. E. Segre - Nuclej, Particles Eenjamin, 1977

15. I Kaplan - Nuclear Physics, Addison Wesley, 1563

16. D. Hallidy - Inteoductory Nuclzar Physics, Wilev. 1955,

7. Harvey - Introduction of Nudear Pbysics and Chemisury

PEPER-VAI : STATISTICAL AND SOLID STATE PHYSICS
Max. Marks 100 - Duration 3 brs.

— Note : Inall Ten questions are 10 be s2i. Five from each section. Candidates
-+ - aracienstics of weak inierachon, nuclear teta decay and ' are ftf]uil‘dd i0 aitempt ﬁ-ve Guestions in all. 1aking at least two
- e : _zzom anersy specrum and Feem-Xune plot Fermith- 7 questions from each section
v 4z -ame. s mserved selection rules Feami and Gammeow-Teller) for Section A

~-gtues: General mtcmcuon Ham!lloman for beta dcay

i. Basic Principles, Canonical and Grand Canonical ensembles:
Coooept of statistical distritution, phase space, density of siates, Liouvilie's

4 theorom. systems andenscmble,emtopymmtmal' ical mechanics Conpection
= e V-A interaction and
LA E) 2 z2uom of parity vwlauon Thc in m thermodyanic and cal tities micro eal b
a2 9~ . m beat and en
7 P 5. Nuclzsr Reactions: Theories of Nuclear Reactions; Partial wave g wopy of & periect £24, wsing -ma\
= %' (o) /Zl ~ o nd rezonor 7785 $ECHON; Cmnpmmdnuclcusformanmmdmhv - C 1 . i .
L B e " - . Breit-Wigner dispessicn formula for s- omble. henmodyamic fanciions for kmﬁﬂﬂp& 5
‘co"“@\»l‘ %Qe‘(”—h ¢ = 2 reection- Breit-Wig o { mmaumwm-amwmm&a»
e S aems =0 nummoum f-nsss..cucn*stausua-h'*w" moclear Ao t  canomcal ensemble. thermodynamic fi
~ == wactions for ra Mgyar (P.6.) Mahavi
R B e e ;wch;ﬂnf«s;wﬁcmm The optical madel. cosemble. density flucimars e ¢ 6.

nsand delr <m‘p.: theo:mcal description (Butles

—~— o~
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“CwLon o roaunal and vibrauonal contributions to the pertition function
<o nzal draicmic gas. Specific heat of a diatomic gas, ortho and para

b cem -

“dentcal paricles and symmeuy requirement. diflicultes with
Mzxae.l -Rolzmann statistics. quantum distribution functions. Bosc-Einstein
an¢ Fegr.-Dirac satistics, Boson statistics and Planck’s formulz, Bose Einstein
cor.enszuen. liquid He* as a Boson system, quantization of banmonic oscillator
2nd crezuon and annihilation of Phonon operators, quantization of fermion
operzloTs . ,

3. Theory of Metals : Fermi-Dirac distribution function, density of
_-smneraturs dependence of Fermi energy, specific heat, use of Fermi-

Talzs
Dirzc vauucs 1 e calculaton of thermal conductivity and electrical
ccrducn o Wicemann - Franz ratio, susceptibility. width of conduction band,
D22 iheor of light absorption in metals. .

: Band Theory : Block theorem. Kronig Penny model, effective
ceos 7z euzons. Wigner-Seitz approximation. NFE model. tight binding
et =2 and cacwiansn of density for a band in simple cubic lattice, pscudoe

Section B
1 {.attice Vibratuibs and Thermal Properties : Interrclations
2e: 2a50.¢ constans C,,. Cand C,, wave propagation and expanmental
spramrmigter o7 clastic constant of cubic crysial, vibrations of lincarmono

i 2-aremec lamucss. Determination of phonon dispession by inelastic

ane L2

&Calianng oI RITUONS. . - B
#  Semiconductors : law of mass acton, calculation of impunty
ipsoidal energy surfaces in Si and Ge, Hall effect

- —=chanism. cplical transitions and Schockely-Read theony

cconducuvity, photo-Luminescence.

- a3 iine. planar and bulk defeats, colour centres, F-centre and

se2-enaie conres it alkal: balides. ) Carie
. Magnelism : Larmor diamagnesm. Paramagnetsm, Lur:

< 1= and Quanium Weoriss. Susceplibility of rare carth and transibon

& .e2Min

Zaamacretism Domain theory. Veiss molecnlar Geld and exchange.

pepd TOEV.4 IR

[0 SuNTOORLN

_wz.es Zsmersion reiation and iis experimental [ deremmination by inclastic
,¢ hy % maereamg cc2vering. heast capacity. Nuclear Magnwnmonancc: .Con(ﬁnms.
. " \i# cagmnarza Black equaiions. NMR-experiment and charactesistics of an

—_‘_’——7

| Unrersity of Rajastharn 72}
Giver and AC and DC, Josephson tunnelings.
(b} Coouper peirs and derivation
theory (no derivation).
Reference Bopks :
. Huag : Statstical Mechanics
2 Reif  : Fundamentalsof Saustical and Thermedynamical Physice.
3. Rx.cc Statstica! mechanics and Thermal P ySics |
- Kiule  : Elementary statistica Mechartics

4
2. Kinle  : katroduction to Solid State Physics
7

of BCS Ham: "tonian. results or 3Cs

- Palicrson: Solid State Physics
. Lesy  : Solid State Physicy
8. Mukeivy : Solid State and Semi-conductor Phys:cs.
PEPER - VI : (A) MICROWAVE ELECTRONICS

Max. Marks -0 Duration 3 birs
Note: Inu . Ten questions are 50 be set. Five from each secrion. Candidates

arc ~:quired to attempt five questions in all, iaking af feaxst tws
Qu--s2ons from each section.

Section A

Lt duction to microwaves and its frequency specurum. Apolication
o microwaves, ‘

*Vave guides : (a) Rectangular wave guides: Wave Equation & s

sotutions, TE&TM modes. Dominant mode and choice of wave suide

Dimensions Metkods of excitation of wave guide. o

(®) Circular wave guide-wave equation & its solutions TE, TM &
TEM modes.

() Autenuation - Cause of attenuation in wave gwmdes, wall currest
& derivation of atteanation constant, Q of the wave guide.

(a) Resonators : Resonant Modes of rectangukar and cylawdrical
cavity resonators, Q of the cavity resonators, Excitation
techmiques, Introdoction to Microstrip and Diclectric resonators,

(b) Parrites : Microwave progagation in femiacs. F-xhy“‘ it N
Devices employing Faraday rocation (isetasor, Grreiscipi]
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=22 & Magneuc field of oscillations. Modes of oscillation &
eperating characteristics.
Traveling wave tubes: O & M type travelling wave tubes.
Gyrotrons: Constructions of different Gyrotrons, Sicld - Pariicle
ineracyon in Gyrotron,
3. Microwave Measurement :
2 Mizowave Detectors: Power, Frequency, Attenuation, Impedance
- tig smith chan, VSWR, Refleciometer, Direcuvity, coupling
usig cireclion coupler. o
T Lrmpley pennittivity of matcrial & its measurement: definition of
= 2iex of Solids. liquids and powders using shift of minima metbod.
Section B
&' Avzianche Transit Tame Device: Read Diode, Negative resistance
=f an avalanching p-n Junction diode IMPATT ind TRAPATT
Oscillator. .
{b: Transfesred Electron Device: Gunn effect, two velley. model, High
fiel Domains, Different Modes for Microwave generation.
fc’ Passive Devices: Termination (Short circui- and matched
t2rTnations} Attemuator, phase changers. E&H plane Tees, Hybrid
‘uncidons. Directional coupler. _ .
“arzmneic Amplifier: Varactor, Equation of Capacitance in Linearly
223 & abrupt p-n junction, Manely Rowe relations, parametric
pacmverior and Negative resistance parametric amplificr, use of
.rcator, Noisc in parametric amplifiers.
M:irowave Antennas: Introduction to antenna parameiers,
*42202uc Currents, Electric and magnetic current sheet, Field of
Hu-gen's source, Radiation from a slot antenna, open cnd of a
w2v2 guide and Electromagpetic Homs. Prabolic reflectors, Lens
anicnnas.
Radi:ation fields of Microstrip wave guide, Microst-ip wave guide,
Microstrip antenna calculations, Microstrip design foonulas,
Microwave Communication: (a) LOS microwave systems,
Dzrivatuon of LOS communication range, OTH microwave
vstams. Dacivation of field strength of topospheric waves.
" Trnemussion interference and signal damping. Doct propagatics.
22l Communicatorn o Saiellitz frequencies allocation,
Jrnzarenous satellites. Satellite orbits, Satellite location with

e ok

.

G

Unive rsity
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2. Theory and applicayjq
Beam (McGraw Him

ir Circyig appﬁcilllonsby

for . Vae T e .
Wmdﬂ!ﬂ b A %
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Section A

! Basic properties and occurence. Definition of plasma. Criteria ;

" 77.zama brhaviour, Plasma oscillation. Quasineutrality and Debye shielding. '

- P Livu'ver:uy of Rajasingn 25
- .32 parameter. natural occurence of plasmas. Astropb ysical plasmss. ntrolled thermoauclear fusion : Popy
Dlecma i Mae i ; Y : contolled ¢he ONUElear fucian ~awin: als and probleins of
“:e573 10 Magnetosphere and 1onosphere, introduction 1o various theoretical Magnetic - s fusion. +EN1UON temperamyre and Lawsog ¢ (o~
arproaches : Kinetic, Multi-Fluid and single fluid. confinement. Simpie discussion of T, T4
and Z.p; : dkrmak, steyy i

2. Charged particle motion and drifts : Guiding centre motion of lamzlap’"d‘ Idea abiut inteniy confinement aad Jaser ﬁ:(;on\f aates
a chasges particle. Motion in (i) uniform clectric and magnetic fields (i) p heating and probiemg of fusion. " Metads of
gravitabonal and magnetic fields. Motion in non-uniform magpcetic ficld (i) - References :
Grad B perpendicular to B, Grad B drift and curvatore drift (i1) Grad B parallel l. FE Chen: An Introduc;

L . . <. . . ' ; on to PlaSD‘)a Dh“SICS (Plencm Pr-

«@ B 276 principle of magnetic misror. Motion in non-uniform electric field 2. Baley: Plasmys - Laboratory and Cogm; Press) 1974
T2 small larmour radius. Time vary'ng clectic ficld and polarization drift. | 3. W.B. Kunke] Plasma Phys:cs Osmic.
Tirm2 varving magnetic field adiabatic invariance of magentic moment. 3JaA Bmamml “CS 1n theory ang Application.

3. Diffiusion and resistivity: Collision and diffusion parameters,

ronoofz plasma by diffusion. ambipolar diffusion. Diffusion 2cross a [ : ord : 'p lasma Diagnos:ic Ted‘miqu'cg
* - sz 72 Collision in fully ionized plasma.. Plasma resistivity: Diffusion | 6. Holk and fiae: thods in Noa-Jinear Plam, theor, 167
: *~ 222 rl2smas. Solation of Diffasion squation. plasma production LIST : : Of Plagm s
Tt Toermal ionwaton. sata cquation. Brief discassion of methods OF EXPFRIMENTS FOR M.Se FInag
SliT rasmz pooducuon | Sicady sine glow discharge. migowave Scheme -
Tl lTem end x:idu:aoadxschzr;: Dmbncplzsmzmzdnnc clementary The maicm wil e
- ef---;.:mzdwmncmmamcm_ s dmmmac ’ wrﬂ'(‘"ﬁdansm_ ach e
: 2 \HD powes generation. bas:c prnciple and working of MHD mm“’mbcn.‘:ouows» e P
' iz Toedoctvrty of gaseous warking fimd Basac fhnd ceuations. §
! e c.oz2z Ohm's law Fasadav and Hai! generators. perf rmance Tw% Marj-s ]
Section B Recard : 4)
Wiaves in plasma: clectron plasma waves. lon Waves, L 40
T -oTi . siscron oscillatioes perpendicnlar to B, bybod osallations. ‘ o Tota: 206
'_;ii:i—"zmﬁp:pmdﬂxm&imcvdmﬁmlmw ! : Minmum Pass Mar 7
N :—;;-a::.m:zm:‘aﬁddﬁmpim Blocyomagnetic waves - LsTor exp ERIMENTS (ony esghzeen)
o T s . . I Toammﬁ)chzjf.‘:jf- _
- o127 B Cooofls and resoazaces. Eloctromasnctic waves parallel 2 To st t- ~0faf&1w150{opcusmg TMoctane.:
Tl Tl Tisemeeneie waves. M2arncIosonic waes., . : ) !‘MhOﬁ?dmmMmm,: us:; TR
k4 - R . e . -1 s : 0 sources. ; £ - g ai ieas’y .\_f
- Equilibtium and Stability : Hrdromagacuc equilibrwn. 3T LS
A\ 57 macnesic fekd mo aplase. Classifcation of imstabifities. The | - 0%%(&0‘ o \“ N
N - _Lon ety Komeris tregemeny of plasia oscillacions zod tandzs . ;:ninncmedu, Counte; sacs m:m;mjm S
LTI rrvmlexs 3 H 3 Apcconmm ¢f . ) : QAT
I Nen-linear effects : The Sasderw poeemtial. Derivation of KAV >3 Togﬁta‘ii'rb":(br_a;_ . war,];%ﬁw {}:afﬂ‘:l‘fﬁ. .
\\.; .17 270 zooese warss, Sofe sokution i ooe disrension. Blomentacy r2ys fiom 20 wekagey m‘q%%‘,l T
D eais L emier shm s 5 ) —t gy LS [ SUN- ST s - SORwrs
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. Swmdy of lanice dispersion.

Swlahns - M Sc Plegies 7 26
{ocula
«0 stody temperature vanatior. of resistivity for a sei-conductor
and 10 obtain band gap using four probe method.
70 stdy hall effect and 10 determine ball coefficient.
~o smdy the variation of rigidity of a given specimen as a function
27 the temperature.

. -0 study the dynamics of a lattice using electrical analog.

T2 stuéy ESR amd desermine 2-factor for a given spectnam.

0 deicrmme ultrasonic velocity and 10 obtain compressibility for a
crvern liquid.

Smdy the charactenstics of a given Klyszron and calcuiate the mode
zumber, ETS_and transit time.

. Seudy the simsodaged L C R. transmission Eac (andio frequency) and

-0 {ind out the valoe for and Zo experimentally from the graph.
Study the radiation pattern of a given Pyramidal born by plouing it
on a Polar graph paper. Find the half power beamwidih and calculaze

s gain.

.. Eindibe dickcatric constam of a given solid (Teflon) for three different

lzngths by using slotted scction.

Find the diclecunc constan of a given liquid {organic) using sloued
saction of K-bard.

Verification of Brage’s law using microwaves...

Determination of Diclectric Constant of a liqeid by lecher wire.
Study of 2 Heat Capacity of Solids.

-
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each unit.

M:Sc. I Year (Previous)

M.Sc. Chemistry
(Two Year Course)
Note : In each question paper 10 questions will be set. Candidates have to answer 5 questions selecting at least one question from

Paper Course Course Exam Duration | Max Marks Min Marks
No. (Hours)
Paper-1 CH-401 Inorganic Chemistry 03 100 36
Paper-l1 CH-402 Organic Chemistry 03 100 36
Paper-1II | CH-403 Physical Chemistry 03 100 36
Paper-IV | CH-404 Spectroscopy and Diffraction 03 50 18
Methods
Paper-V CH-405 Green and Sustainable 03 50 18
Chemistry
Paper-Vl | CH-406 Analytical Techniques 03 50 18
Practical CH-407 14 200 72
Total Marks 650
M.Se. II Year (Final)
Paper Course Course Exam Duration | Max Marks Min Marks
No. Hours
Paper-1 CH-501 Applications of Spectroscopy, 03 106 36
Photochemistry and Solid State
Chemistry
. Bioinorganic Chemistry
Paper-1I CH-502 Bioorganic Chemistry 03 s 27
Biophysical Chemistry
Paper-III CH-503 Environmental Chemistry 03 50 18
Paper-IV | CH-504 Elective Paper 03 50 18
Paper-V CH-505 Elective Paper 03 50 18
Paper-VI | CH-506 Elective Paper 03 50 18
Paper-VII | CH-507 Elective Paper 03 50 18
| Seminar CH-508 25 9
Practical CH-509 14 200 72
Total Marks 654
M.Sc. I Year (Previous) & 1I Year (Final) | Grand Total 1300

The following alternative groups of elective papers are approved for M.Sc. I Year course.
College / department having more than 30 seats has to offer minimum two elective groups.
Organotransition Metal Chemistry

Bicinorganic and Supramolecular Chemistry

Group-I

Group-II

Group-111

CH-504
CH-505
CH-506
CH-507
CH-504
CH-505
CH-506
CH-507
CH-504
CH-505
CH-506
CH-507

Photoinorganic Chemistry

Polymers

Qrganic Synthesis-I
Organic Synthesis-I1
Heterocyclic Chemistry

Chemistry of Natural Products

Analytical Chemistry

Physical Organic Chemistry

Chemical Dynamics
Electrochemistry

| Tao
. }H_'_HFF-__"-_‘_—-__“F
Dy: Registirar
(Acadomic)
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M.S¢. I YEAR (PREVIOUS)

Paper I : CH - 401 Inorganic Chemistry
(4 hrs. or 6 periods / week)

Exam Duration : 3 hrs, Max, Marks: 100

Unit-1
Symmetry and Group Theory in Chemistry
Symmetry elements and symmetry operation, definition of group, subgroup, relation between orders of a finite group
and its subgroup. Conjugacy relation and classes. Point symmetry group. Schonflies symbols, representations of
groups by metrics (representation for the C,, Cyv, Das, etc., groups to be worked out explicitly). Character of a
representation. The great orthogonality theorem (without proof) and its importance. Character tables and their uses:
spectroscopic derivation of character table for C,, and Cs, point group. Symmetry aspects of molecular vibrations of
H-0O molecule.

Unit-I1
Stereochemistry and Bonding in Main Group Element Compounds
VSEPR, Walsh diagram [tri-atomic (AH, type) and penta-atomic (CH,) molecuies]. dn-pr bond. Bent rule and
energetics of hybridization, some simple reactions of covalently bonded molecules.
Metal-Ligand bonding : Limitations of crystal field theory. Molecular orbital theory: octahedral, tetrahedral and
square planar complexes and n-bonding complexes.
Metal Clusters : Higher boranes, carboranes, metalloboranes and metallocarboranes, compounds with metal-metal
multiple bonds.

Unit-111
Electronic Spectra and Magnetic Properties of Transition Metal Complexes
Spectroscopic ground states, correlation. Orgel and Tanabe-Sugano diagrams for transition metal complexes (d'-d’
states), calculations of Da, B and P parameters, charge transfer spectra, spectroscopic method of assignment of
absolute configuration in optically active metal chelates and their stereochemical information, anomalous magnetic
moments, magnetic exchange coupling and spin crossover.

Unit-IV

Reaction Mechanism of Transition Metal Complexes

Energy profile of a reaction, reactivity of metal complexes, inert and labile complexes, kinetic application of valence
bond and crystal field theories, kinetics of octahedral substitution, acid hydrolysis, factors affecting acid hydrolysis,
base hydrolysis, conjugate base mechanism, direct and indirect evidences in favour of conjugate mechanism, anation
reactions, reactions without metal ligand bond cleavage. Substitution reactions in square planar complexes, trans
effect, mechanism of the substitution reaction. Redox reactions, electron transfer reactions, mechanism of one electron
transfer reactions, outer sphere type reactions, cross reactions and Marcus-Hush theory, inner sphere type reactions,

Unit-V

Nuclear and Radiochemistry:

Laws of radioactive decay; Detection of radiations; Geiger-Nuttal rule; GM tubes and their characteristics; Ionization
chamber, Proportional counters, Scintillation counters; Solid statz detectors; Calibration of counting equipments;
Determination of absolute disintegration rates,

Activation analysis: Principles; Various methods of activation; Methodology; Advantages, limitations and
applications.

Books Suggested:

1. Chemical Applications of Group Theory. F A. Cotton. . .
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. Advanced Inorganic Chemistry, F.A. Cotton and Wilkinson, John Wiley.

; Inorganic Chemistry, J.E. Huheey, Harper & Row.

. Chemistry of the Elements. N.N. Greenwood and A. Earnshow, Pergamon.

~inorganic Electronic Spectroscopy, A.B.P. Lever, Elsevier.

~Magnetochemistry, R.I. Carlin, Springer Verlag.

. Comprehensive Coordination Chemistry,Eds. G. Wilkinson. R.D. Gillars and J.A. McCleverty, Pergamon,

8. Nuclear and Radiochemistry; G. Friedlander, J. W, Kennedy, E. S. Macias and J. M. Miller; 3“Edn., Wiley: NY,
1981.

9. Essentials of Nuclear Chemistry, H. J. Arnikar; 4*Edn., New Age International: N Delhi, India, 2011.

10. Nuclear and Radiochemistry: Fundamental and Applications, 2 Vols., Jens-Volker Kratz and Karl Heinrich Lieser;
3™Edn., John Wiley & Sons: UK, 2013.

~ G b S oa

Paper I : CH -402 Organic Chemistry
(4 hrs. or 6 periods / week)

Exam Duration : 3 hrs. Max. Marks : 100

Unit-1
Nature of Bonding in Organic Molecules
Delocalized chemical bonding - conjugation, cross conjugation, resonance, hyperconjugation, bonding in fullerenes,
tautomerism.
Aromaticity in benzenoid and non-benzenoid compounds, alternant and non-altersant hydrocarbons. Huckel's rule,
energy level of x-molecular orbitals. Annulenes, anti-aromaticity, homo-aromaticity, PMO approach.
Stereochemistry
Conformational analysis of cycloalkanes, decalins, effect of conformation on reactivity, conformation of sugars, strain
due to unavoidable crowding. Elements of symmetry, chirality, molecules with more than one chiral centre, threo and
ecythro isomers, methods of resolution, optical purity. Enantiotopic and diastercotopic atoms, groups and faces.
Stereospecific and stereoselective synthesis. Asymmetric synthesis. Optical activity in the absence of chiral carbon
(biphenyls, allenes and spiranes), chirality due to helical shape. Stereochemistry of the compounds containing
nitrogen, sulphur and phosphorus.

Unit-11
Reaction Mechanism : Structure and Reactivity
Types of mechanisms, types of reactions, thermodynamic and kinetic requirements, kinetic and thermodynamic
control, Hammond's postulate, Curtin-Hammett principle. Potential energy diagrams, transition states and
intermediates. Methods of determining mechanisms, isotope ¢ffects. Generation, structure, stability and reactivity of
carbocations, carbanions, free radicals, carbenes and nitrenes.
Effect of structure on reactivity, resonance and field effects, steric effect, quarntitative treatment. The Hammett
equation and linear free energy relationship, substituent and reaction constants, Taft equation.
Aliphatic Nucleophilic Substitution
The Sy2, Sy, mixed Sy1-Sy2 and SET mechanisms.
The neighbouring group mechanism, neighbouring group participation by & and ¢ bonds, anchimeric assistance.
Classical and nonclassical carbocations, phenonium ions, norbornyl system, common carbocation rearrangements. The
Sxi mechanism. Nucleophilic substitution at the allylic, aliphatic trigonal and a vinylic carbon.
Reactivity effects of substrate structure, attacking nucleophile, leaving group and reaction medium, phase transfer
catalysis and ultrasound. Ambident nucleophile, regioselectivity.

Unit-1IT
Aliphatic Electrophilic Substitution
Bimolecular mechanisms - Sg2 and Sgi. The Sgl mechanism - electrophilic substitution accompanied by double bond
shifts. Effect of substrates, leaving group and the solvent polarity on the reactivity.
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Aromatic Electrophilic Substitution

The arenium ion mechanism, orientation and reactivity, energy profile diagrams. The ortho/para ratio, ipso attack,
orientation in other ring systems. Quantitative treatment of reactivity in substrates and electrophiles. Diazonium
coupling, Vilsmeir reaction, Gattermann-Koch reaction.

Aramatic Nucleophilic Substitution

The SyAr, Sx1, benzyne and Sgn! mechanisms. Reactivity - effect of substrate structure, leaving group and attacking
nucleophile. The von Richter, Sommelet-Hauser and Smiles rearrangements.

Free Radical Reactions

Types of free radical reactions, free radical substitution mechanism, mechanism at an aromatic substrate, neighbouring
group assistance. Reactivity for aliphatic and aromatic substrates at a bridgehead. Reactivity in the attacking radicals.
The effect of solvents on reactivity. Allylic halogenation (NBS), coupling of alkvnes and arylation of aromatic
compounds by diazonium salts. Sandmeyer reaction. Free radical rearrangement. Hunsdiecker reaction.

Unit-1v
Addition to Carbon-Carbon Multiple Bonds
Mechanistic and stereochemical aspects of addition reactions involving electrophiles, nucleophiles and free radicals.
Regio- and chemoselectivity. Orientation and reactivity. Addition to cyclopropane ring, Hydrogenation of double and
triple bonds, hydrogenation of aromatic rings. Hydroboration. Michael reaction. Sharpiess asymmetric epoxidation.
Addition to Carbon-Hetero Multiple Bonds
Mechanism of metal hydride reduction of saturated and unsaturated carbonyl compounds, acids, esters and nitriles.
Addition of Grignard reagents, organozinc and organolithium reagents to carbonyl and unsaturated carbonyl
compounds, Wittig reaction.
Mechanism of condensation reactions involving enolates - Aldol, Knoevenagel, Claisen, Mannich, Benzoin, Perkin
and Stobbe reactions. Hydrolysis of esters and amides, ammonolysis of esters.
Elimination Reactions
The E2, El and ElcB mechanisms and their spectrum. Orientation of the double bond. Reactivity - effects of substrate
structures, attacking base, the leaving group and the medium. Mechanism and orientation in pyrolytic elimination.

Unit-V
Pericyclic Reactions
Molecular orbital symmetry, Frontier orbitals of ethylene, 1,3-butadiene, 1,3,5-hexatriene and allyl system.
Classification of pericyclic reactions. Woodward-Hoffmann correlation diagrams. FMO and PMO approach.
Electrocyclic reactions - conrotatory and disrotatory motions. 4n, 4n+2 and allyl systems. Cycloadditions -
antarafacial and suprafacial additions. 4n and 4n+2 systems, 2+2 addition of ketenes. 1,3-dipolar cycloadditions and
chelotropic reactions,
Sigmatropic rearrangements - Suprafacial and antarafacial shifts of H, sigmatropic shifts involving carbon moieties.
3,3- and 5,5-sigmatropic rearrangements. Claisen, Cope and aza-Cope rearrangements. Fluxional tautomerism. Ene
reaction.
Books Suggested
1. Advanced Organic Chemistry — Reactions, Mechanism and Structure, Jerry March, John Wiley.
2. Advanced Organic Chemistry, F.A. Carey and R.J. Sundberg. Plenum.
3. A Guide Book to Mechanism in Organic Chemistry, Peter Sykes. Longman.,
4. Structure and Mechanism in Organic Chemistry. C.K. Ingold. Cornell University Press.
5. Organic Chemistry. R.T. Morrison and R N. Boyd. Prentice- Hall.
6. Modern Organic Reactions. H O. House, Benjamin.
7. Principles of Organic Synthesis. ROC Norman and J.M. Coxon. Blackie Academic & Professional.
8. Pericyclic Reactions, 8.M. Mukherji. Macmillan, India,
9. Reaction Mechanism in Organic Chemistry, 8.M. Mukherji and S.P. Singh, Macmillan,
10. Stereochemistry of Organic Compounds, D. Nasipuri, New Age International.
11. Stereochemistry of Organic Compounds, P.S. Kalsi. New Age International
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Paper 111 ; CH-403 Physical Chemistry
(4 hrs. or 6 periods / week)
Exam Duration : 3 hrs. Max, Marks : 100
. Unit-I
Quantum Chemistry
Introduction to Exact Quantum Mechanical Results :The Schrodinger equation and the postulates of quantum
mechanics. Discussion of the solutions of the Schrodinger equation to some model systems viz., particle in a box, the
harmonic oscillator, the rigid rotor, the hydrogen atom.
Approximate Methods :The variation theorem, linear variation principle. Perturbation theory (up to second crder and
non-degenerate). Applications of variation method and perturbation theory to Helium atom.
Angular Momentum :Ordinary angular momentum, generalized angular momentum, eigen functions for angular
momentum, eigen values of angular momentum, operator using ladder operators, addition of angular momenta,
tunneling, spin, antisymmetry and Pauli’s exclusion principle.
Molecular Orbital Theory:Huckel theory of conjugated systems, bond and charge density calculations, Applications
to ethylene, butadiene, cyclopropenyl radical, cyclobutadiene etc. Introduction to extended Huckel theory.
Unit-11
Thermodynamics
Classical Thermodynamics:Brief resume of concepts of laws of thermodynamics, free energy, chemical potential
and entropies. Partial molar properties, partial molar free energy, partial molar volume and partial molar heat content
and their significances. Determinations of these quantities. Concept of fugacity and determination of fugacity.
Non-ideal systems: Excess functions for non-ideal solutions. Activity, activity coefficient, Debve Huckel thzorv for
activity coefficient of electrolytic solutions; determination of activity and activity coefficients, ionic strength.
Application of phase rule w0 three component systems, second order phase transitions.
Statistical Thermodynamics:Concept of distribution, thermodynamic probability and most probable distribution.
Ensemble averaging, postulates of ensemble averaging. Canonical, grand canonical and micro canonical ensembles,
corresponding distribution laws (using Lagrange's method of undeterm:ned maltipliers). Partition functions-
Trenslation, rotational, vibrational and electronic partition functions, calculation of thermodynamic properties in terms
of partition functions Application of partition functions.
Heat capacity behaviour of solids-chemical equilibria and equilibrium constant in terms of partition functions, Fermi-
Dirac statistics, distribution law and applications to metal. Bose-Einstein statistics, distribution Law and application to
helium.
Unit-ITI
Chemical Dynamics
Methods of determining rate laws, collision theory of reaction rates, steric factor, activated complex theory, Arrhenius
equation and the activated complex theory; ionic reactions, kinetic salt effacts, steady state kinetics, kinetic and
thermodynamic control of reactions, treatment of unimolecular reactions.
Dynamic chain reactions (hydrogen-bromine reaction, pyrolysis of acetaldehyde, decomposition of gthane),
photochemical reactions (hrydrogen-bromine and hydrogen-chlorine) and homogenecus catalysis, kinetics of enzyme
reactions,Michaelis-Menten and Lineweaver-Burk plots, general features of fast reactions, study of fast reactions by
flow method, relaxation method, flash photolysis and the nuclear magnstic resonance method, dynamics of
unimolecular reactions (Lindemann Hinshelwood and Rice-Ramsperger-Kassel- Marcus [RRKM] theories of
unimolecular reactions).

Unit-1V
Surface Chemistry
Adsorption :Surface tension, capillary action, pressure difference across curved surface (Laplace equation), vapour
pressure of droplets (Kelvin equation). Gibbs adsorption isotherm, estimation of surface area (BET equation), surface
films on liquids (Electro-kinetic phenomenon).
Micelles :Surface active agents, classification of surface active agents, micellization. hydrophobic interaction, critical
micellar concentration (CMC), factors affecting the CMC of surfactants, couster ion binding to micelles,
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thermodynamics of micellization-phase separation and mass action models, solubilization, micro emulsion, reverse
micelles.
Macromolecules
Pefmer - definition, types of polymers, electrically conducting, fire resistant, liquid crystal polymers, kinetics of
polymerization, mechanism of polymerization.
Molecular mass, number and mass average molecular mass, molecular mass determination (osmometry, viscometry,
diffusion and light scattering methods), sedimentation, chain configuration of macromolecules, calculation of average
dimension of various chain structures.

Unit-V
Electrochemistry
Electrochemistry of solutions. Debye-Huckel-Onsager treatmert and its extension, ion solvent interactions. Debye-
Huckel-Jerum mode. Thermodynamics of electrified interface equations. Derivation of electro capillarity, Lippmann
equations (surface excess), methods of determination. Structure of electrified interfaces. Guoy-Chapman, Stern,
Graham Devanathan-Mottwatts, Tobin, Bockris, Devanathan models, Overpotentials, exchange current density,
derivation of Butler-Volmer equation, Tafel plot.
Quantum aspects of charge transfer at electrodes-solution interfaces, quantization of charge transfer, tunneling,
Polarography theory, llkovic equation, half wave potential and its significance.

Books Suggested

1. Physical Chemistry. P.W. Atkins, ELBS.

. Introduction to Quantum Chemistry, A.K. Chandra, Tata McGraw Hill.

3. Quantum Chemistry. Ira N. Levine, Prentice Hall.

4. Coulson's Valence. R. McWeeny, ELBS.

5. Chemical Kinetics. K.J. Laidler, McGraw-Hill.

6. Kinetics and Mechanism of Chemical Transformation. J. Rajaraman and J. Kuriacose. McMillan.
7

8

9

[y

. Micelles, Theoretical and Applied Aspects, V. Moroi, Plenum.
. Modern Electrochemistry Vol. I and Vol. 11, J.O'M. Bockris and A K.N. Reddy, Plenum.
. Introduction to Polymer Science, V.R. Gowarikar, N.V. Vishwanathan and J. Sridhar, Wiley Eastern.

Paper IV: CH - 404 Spectroscopy and Diffraction Methods

(2 hrs. or 3 periods / week)
Exam Duration : 3 hrs. Max. Marks :50

Unit-I
Unifying Principles
Electromagnetic radiation, interaction of clectromagnetic radiation with matter - absorption, emission, transmission,
reflection, refraction, dispersion, polarisation and scattering. Uncertainty relation and natural line width and natural
line broadening, transition probability, results of the time dependent perturbation theory, transition moment, selection
rules, intensity of spectral lines.
Microwave Spectroscopy Classification of molecules, rigid rotor model, effect of isotopic substitution on the
transition frequencies, intensities, non-rigid rotor, Stark effect, nuclear and electron spin interaction and effect of
external field. Applications.

Unit-11

Vibrational Spectroscopy
Infrared Spectroscopy: Review of linear harmonic oscillator, vibrational energies of diatomic molecules, zero point
energy, force constantand bond strengths; anharmonicity, Morse potential energy diagram, vibration-rotation
spectroscopy. PQR branches. Breakdown of Oppenheimer approximation, Selection rules, group frequencies,
overtones, hot bands, far IR region, metal-ligand vibrations, normal co-ordinate analysis.
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Raman Spectroscopy: Classical and quantum theories of Raman effect. Pure rotational, vibrational and vibrational-
retational Raman spectra, selection rules, mutual exclusion principle. Resonance Raman spectroscopy, coherent
antistokes Raman spectroscopy (CARS).

Unit-1t1
Electronic Spectroscopy
Atomic Spectroscopy: Energies of atomic orbitals, vector representation of momenta and vector coupling, spectra of
hydrogen atom and alkali metal atoms.
Molecular Spectroscopy: Energy levels, molecular orbitals, vibronic transitions, vibrational progressions and
gzometry of the excited states. Franck-Condon principle, electronic spectra of polyatomic molecules Emission spectra;
radiative and non-radiative decay, internal conversion, spectra of transition metal complexes, charge-transfer spectra,
Photoelectron Spectroscopy: Basic principles; photo-electric effect, ionization process. Koopman's theorem.
Photoelectron spectra of simple molecules, ESCA, chemical information from ESCA. Auger electron spectroscopy -
basic idea.

Unit-1V
Magnetic Resonance Spectroscopy
Nuclear Magnetic Resonance Spectroscopy :General introduction, Nuclear spin, nuclear resonance. Profon NMR
spectroscopy: shielding mechanism, chemical shift and its measurements, factors  influencing chemical shift,
deshielding. Chemical shift values and correlation for protons bonded to carbon (aliphatic, olefinic, aldehydic and
aromatic) and other nuclei (alcohols, phenols, enols, carboxylic acids, amines, amides &mercapto), Spin-spin
inzeractions, coupling constant ", factors influencing coupling constant. Complex spin-spin interaction between two,
three, four and five nuclei (ABX, AMX, ABC, A;By, etc.). Spin decoupling, chemical exchange, effect of deuteration.
Simplification of complex spectra: nuclear magnetic double resonance, NMR shift reagents, solvent effects. NMR of
Paramagnetic substances in solution, the contact and pseudocontact shifts, factors affecting nuclear relaxation. Nuclear
Overhauser effect (NOE).
Electron Spin Resonance Spectroscopy:Basic principles, zero field splitting and Kramer's degeneracy, Isotropic and
an:sotropic Hyperfine coupling, spin-orbit coupling and significance of g-tensors, factors affecting the ‘g’ value,
application to transition metal complexes; spin Hamiltonian, spin densities and McConnell relationship, applications:
spin polarization for atoms and transition metal ions,

Unit-V
X-ray Diffraction :Bragg’s condition, Miller indices, Laue Method, Bragg’s method. Debye Scherrer method of X-
ray structural analysis of crystals, index reflections, identification of unit cells from systematic absences in diffraction
pattern. Structure of simple lattices and X-ray intensities, structure factor and its relation to intensity and electron
density, phase problem. Description of the procedure for an X-ray structure analysis, absolute configuration of
molecules.
Electron Diffraction :Scattering intensity vs. scattering angle, Wierl equation, measurement technique, elucidation of
strecture of simple gas phase molecules. Low energy electron diffraction and structure of surfaces.
Neutron Diffraction :Scattering of neutrons by solids, measurements techniques. Elucidation of structure of
magnetically ordered unit cell.
Books suggested
1. Modern Spectroscopy, J.M. Hollas, John Wiley.
2.Applied Electron Spectroscopy for Chemical Analysis, Ed. H Windawi& F.L. Ho, Wiley Interscience.
3. NMR, NQR, EPR and Mossbausr Spectrosco py in Inorganic Chemistry, R.V, Parish, Ellis Harwood.
4. Physical Methods in Chemistry, R.S. Drago, Saunders College.
5. Introduction to Molecular Spectroscopy, G.M. Barrow, McGraw Hill.
6. Basic Principles of Spectroscopy, R. Change, McGraw Hill,
7. Theory and Application of UV Spectroscopy, H.H. Jaffe and M. Orchin, IBH-Oxford.
8. Irtroduction to Photoelectron Spectroscopy, P.K., Ghosh, John Wiley.
9. Introduction to Magnetic Resonance, A Carrington and A.D. Maclachalan, Harper & Row.
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PaperV :CH -405 GREEN AND SUSTAINABLE CHEMISTRY
(2 hrs. or 3 periods / week)

Exam Duration ; 3 hrs. Max. Marks : 50

UNIT -1
Introduction, principle and concepts of Green Chemistry
Need for green chemistry; Inception and evolution of green chemistry; Twelve principles of green chemistry
with their explanations and examples; Designing a green synthesis using these principles; Green chemistry
in day to day life.

UNIT-11
Non-traditional greener alternative approaches
Different approaches to green synthesis: (a) Uses of green reagents in organic synthesis - Dimethyl
carbonate, polymer supported reagents - peracids and chromic acid; (b) Green catalysts, role of catalysis in
sustainable development, homogeneous and heterogeneous catalysts; Introduction, advantages and
applications of - (i) Nanocatalysts, (ii) Phase transfer catalysts, (iii) Biocatalysts, (iv) Organocatalysts, in
organic synthesis.

UNIT - 111
Applications of non-conventional energy sources
Introduction of microwave induced synthesis: Microwave activation, equipment, time and energy benefits,
limitations. Organic transformations under microwaves - Fries rearrangement, Diels-Alder reaction,
decarboxylation, saponification of ester, alkylation of reactive methylene compounds; Heterocyclic
synthesis - B-Lactams, pyrrole, quinoline.
Introduction of ultrasound assisted green synthesis: Instrumentation, physical aspects, applications in
organic transformations.
Electrochemical synthesis: Introduction, synthesis of sebacic acid and adiponitrile.

UNIT -1V
Environmentally Benign Solutions to Organic Solvents
lonic liquids as green solvents: Introduction, properties and types of ionic liquids. Synthetic applications -
Diels-Alder reaction, epoxidation and Heck reaction.
Aqueous phase reactions: Enhancement of selectivity, efficiency. Synthetic applications - 1,3-Dipolar
Cycloadditions, Carbon-Carbon bond-forming processes and bromination reactions.
Fluorous solvents in green chemistry: Scope, definition and their synthetic applicability.
Role of supercritical carbon dioxide in green chemistry.
Ethyl lactate as a renewable green solvent: Properties and applications.
UNIT -V
Synthesis of Nanomaterials
Greener synthesis of Nanomaterials— Microwaveassisted synthesis of Quantum Dots (QD) in aqueous
medium, Magnetic Nanoparticles, MW-assisted Nano Catalysis in water.
Synthesis of Nanoparticles using Bacteria, Yeast, Algae and Fungus.

SUGGESTED BOOKS AND REFERENCES:

1. P.A.G. Blackie, Organic synthesis in water, Springer.
P.T. Anastas, J.C. Warner, Green Chemistry, theory and practice, Oxford University Press.
M. Lancaster, Green Chemistry: An introductory text, Royal Society of Chemistry.
V. Polshettiwar, T. Asefa, G. Hutchings, Nanocatalysis: Synthesis and applications, Wiley.
M.A. Ryan, M. Tinnesand, Introduction to Green Chemistry, American Chem:cal Society.
P.T. Anastas, Handbook of Green Chemistry, John Wiley and Sons.
V.K. Ahluwalia, MKidwai, New Trends in Green Chemistry, Springer.
Paul T Anastas, Innovations in Green Chemistry and Green Engineering, Springer.
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Paper VI :CH - 406 ANALYTICAL TECHNIQUES

(2 hrs. or 3 periods / week)
Exzim Duration : 3 hrs. Max. Marks : 50

UNIT1
Statistics — Introduction to Chemometrics
Limitations of analytical methods, Errors and classification, Determinant, constant and indeterminate,
accuracy, precision, minimization of errors, significant figures and computation rules, mean and standard
deviation, distribution of random errors, variance and confidence interval, paired #-test, least square method,
correlation and regression, linear regression.
UNIT 11
Sampling in analysis
Definition, theory, basis and techniques of sampling, sampling statistics, sampling and physical state,
crushing and grinding, hazards in sampling, techniques of sampling of gases, fluid, solids, and particulates,
munimization of variables, transmission and storage of samples, high pressure ashing techniques (HPAT),
particulate matter, its separation in gas stream, filtering and gravity separation, analysis of particulate matter
like asbestos, mica, dust and aerosols etc.
Solvent extraction method in analysisPrinciple, classification, theory, instrumentation and applications.
UNIT 111
Conductometry:
Important laws, definitions, relations, effect of dilution on conductivity, measurement of conductivity, types
of conductometric titrations, its applications and limitations.
Potentiometry: _
Principle, instrumentation, types of potentiometric titrations and its applications, pH measurements,
determination of pH, ion selective electrodes, instrumentation and applications.

UNIT -1V
Coulometry:
Introductions, principle, experimental details of coulometry at constant current and constant potential,
titrational applications.
Atomic Absorption Spectroscopy
Introduction, principle, Grotrian Diagram, Instrumentation, applications, detection limit, sensitivity and
disadvantages

UNIT-V
Food Analysis
Moisture, ash, crude protein, fat, crude fiber, carbohydrates, calcium, potassium, sodium and phosphate.
Food adulteration-common adulterants in food, contamination of food stuffs. Microscopic examination of
foods for adulterants. Pesticide analysis in food products. Extraction and purification of sample: HPLC, Gas
chromatography for organophosphates. Thin-layer chromatography for identification of chlorinated
pesticides in food products.

SUGGESTED BOOKS AND REFERENCES
1. Mendham J., Denney R.C., Barnes J. D., Thomas M.J.K., Vogels’ text book of quantitative chemical analysis,
6" edition, Prentice Hall, 2000.
2. Skoog Douglas A., Holler F. James, Nieman Timothy  A.,Principles of instrumental analysis, Saunders
College Pub., 1998.
Day R. A and A. L. Underwood, Quantitative analysis, Prentice Hall, 1999.
Drago R. S., Physical methods in Chemistry, Saunders, 1999,
5. Peters D.G, J. M. Hayes and G. M. Hefige, A brief introduction to Modern chemical analysis, Philadelphia:
Saunders, 1976.
6. Ebsworth E.A.V, DWA Rankin and C. Craddock, Structural methods in inorganic chemistry, ELBS.
7. Elan JAD Butter Worth, Photoelectron spectroscopy.
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10.
11,

12.
13.
14,
15,
16.
17.

Eliel E.L, Stereochemistry of carbon compounds, Tata-McGraw-Hill

G.D. Christian, P.K. Dasgupta, K.A. Schug, Analytical Chemistry, Wiley, 7"edn., 2013.

D.A. Skoog. D.M. West and F.J. Hooler, S.R. Crouch, Fundamentals of Analytical Chemistry, 9"edn., 2014.
J.H. Kennedy, Analytical Chemistry — Principles, Saunders College Publishing, New York, 2"edn.,
1990,

L.G. Hargis, Analytical Chemistry - Principles and Techniques, Prentice Hall, 1988.

R.A. Day, Jr. and A.L. Underwood, Quantitative Analysis, 6"edn., Prentice Hall, 1991,

S.M. Khopkar, Environmental Solution, Wiley Eastern.

S.M. Khopkar, Basic Concepts of analysis Chemistry, New Age International, 1998,

Alka L. Gupta, Analytical Chemistry, Pragati Publication, 2014,

D C Das, Analytical Chemistry, Prentice Hall India Learning Private Limited, 2010.

CH-407: M.Sc¢. (Prev.) PRACTICAL
(9 hrs. / week)

Practical Exam Duration 14 hrs. (spread over 2 days) Max. Marks : 200

INORGANIC CHEMISTRY

Qualitative Analysis of mixture containing 8 radicals including —

a) Less common metal ions - T1, Mo, W, Ti, Zr, Th, V, U (two metal ions in cationic/anionic forms)
b) Insolubles - oxides, sulphates and halides.

Quantitative Analysis

a) Separation and determination of two metal ions - Cu-Ni, Ni-Zn, Cu-Fe involving volumetric and gravimetric
methods.

b) ChromatographicScparation of cations and anions by

a) Paper Chromatography

b) Column Chromatography

Preparation of selected inorganic compounds(10 out of following) and their studies by IR spectra,Handing of air
and moisture sensitive compounds.

1. [VO(acac),]

2. TiIO(C4HgNO),.2H,0

3. ¢is-K[Cr(C;04),(H,0),]

4. Na[Cr(NH;)»(SCN),]

5. [Mn(acac);]

6. K3[Fe(Cy04)s]

7. Prussian Blue, Turnbull's Blue.

8. [Co(NH)s] [CO(NO,)]

9. cis-[Co(trien)(NO),]CLH,0

10. [Co(Py),Cl]

11 [Ni(NH;)s]CL

12. [Ni(dmg),]

13. [Cu(NH;)4]S04.H,0

ORGANIC CHEMISTRY

Qualitative Analysis

Separation, purification and identification of compounds of binary mixture of ome liquid and one solid using
distillation, chemical tests. IR spectra to be used for functional group identification,

Organic Synthesis (at least six to be carried out)

a) One step Preparations :

1. Acetylation : Acetylation of cholesterol
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2. Oxidation : Adipic acid by chromic acid oxidation of cyclohexanol / cyclohexene.
3. Aldol condensation :Dibenzal acetone from benazaldehyde.
b) Two step Preparations
It Aniling > Sym. Tribromoaniline— Sym. Tribromobenzene
2. Benzoin —Benzil»> Dibenzyl
3. Aniline —Dibenzoaminobenzene— p-Aminoazobenzene
4. Nitrobenzene — m-Dinitrobenzene — m-Nitroaniline
5. Phthalic anhydride — Fluorescein — Eosin
The products may be characterised by Spectral Techniques.

Quantitative Analysis (At least 2 to be performed)

1. Determination of the percentage or number of hydroxyl groups in an organic compound by acetylation method.
2, Estimation of amines / phenols using bromate bromide solution or acetylation method.

3. Determination of Iodine number and Saponification value of an oil sample.

4. Determination of DO, COD and BOD of water sample.

PHYSICAL CHEMSITRY

A list of minimum 20 experiments to be selectedcoveringall headings given below. At least two typical experiments
are to be selected from each heading,

Phase Equilibria

(i) Determination of congruent composition and temperature of a binary system (e.g., diphenylamine-benzophenone
system)

(ii) Determination of glass transition temperature of a given salt (e.g. CaCly) conductometrically.

(iif) To construct the phase diagram for three component system (e.g. chloroform - acetic acid - water).

Chemical Kinetics

(i) Determination of the effect of (a) Change of temperature (b) Change of concentration of reactant and catalyst and
(c) Ionic strength of the media on the velocity constant of hydrolysis of an ester/ionic reactions.

(i) Determination of the velocity constant of hydrolysis of an ester/ ionic reaction in micellar media.

(iii) Determination of the rate constant for the oxidation of iodide ions by hydrogen peroxide studying the kinetics as
an iodine clock reaction.

(iv) Determination of the primary salt effect on the kinetics of ionic reactions and testing of the Bronsted
relationship (iodide ion is oxidized by persulphate ion),

Solutions

(1) Determination of molecular weight of non-volatile and non-electrolyte / electrolyte by cryoscopic method and to
determine the activity coefficient of an electrolyte.

(if) Determination of the degree of dissociation of weak electrolyte and to study the deviation from ideal behaviour
that occurs with a strong electrolyte.

Conductometry

(i) Determination of the velocity constant, order of the reaction and energy of activation for saponification of ethyl
acetate by sodium hydroxide conductometrically.

(i) Determination of solubility and solubility product of sparingly soluble salts (e.g.., PbSO,, BaSOy)
conductometrically.

(iii) Determination of the strength of strong and weak acids in a given mixture conductometrically.

(iv) To study the effect of solvent on the conductance of AgNO; / acetic acid and to determine the degree of
dissociation and equilibrium constant in different solvents and in their mixtures (DMSO, DMF, dioxane,
acetone, water) and to test the validity of Debye-Huckel-Onsager theory.

(v) Determination of the activity coefficient of zinc ions in the solution of 0.002 M zinc sulphate using Debye

" Huckel's limiting law.

Potentiometry and pH metry
(1) Determination of strengths of halides in a mixture potentiometrically.
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(i) Determination of the strength of strong and weak acids in a given mixture using a
potentiometer/pH meter.
(iii) Determination of temperature dependence of EMF of a cell.
{iv) Determination of the formation constant of silver-ammonia complex and stoichiometry of the
complex potentiometrically.
(v) Acid-base titration in a non-aqueous media using a pH meter.
(vi) Determination of activity and activity coefficient of electrolytes.
(vii) Determination of the dissociation constant of acetic acid in DMSQ, DMF, acetone and dioxane by titrating it
with KOH.
(viii) Determination of the dissociation constant of monobasic/dibasic acid by Albert-Serjeant method.
(ix) Determination of thermodynamic constants. AG, AS, and AH for the reaction by em.f. method. Zn +
H,;SO4— ZnSO, + 2H
Polarimetry
{1) Determination of rate constant for hydrolysis/inversion of sugar using a polarimeter.
rii) Enzyme kinetics - inversion of sucrose.

Reference Books :
l. Vogel’s Textbook of Quantitative Analysis, revised, J. Bassett. R.C. Denney, G.H. Jeffrey and J. Mendham,
ELBS.
Synthesis and Characterization of Inorganic Compounds, W.L. Jolly, Prentice Hall.
Experiments and Techniques in Organic Chemistry, D.P. Pasto. C. Johnson and M. Miller, Prentice Hall.
Macroscale and Microscale Organic Experiments, K.L. Williamson, D.C. Health.
Systematic Qaulitatitve Organic Analysis, H. Middleton. Adward Arnold.
Handbook of Organic Analysis-Qualitative and Quantitative. H. Clar. Adward Arnold.
Vogel's Textbook of Practical Organic Chemistry. A.R. Tatchell. John Wiley.
Practical Physical Chemistry, A.M. James and F.E, Porichard, Longman,
Findley's Practical Physical Chemistry, B.P. Levitt, Longman.
Experimental Physical Chemistry, R.C. Das and B. Behera, Tata-McGraw Hill.
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INSTRUCTIONS TO THE EXAMINERS
CH-407 : M.Sc. (Previous) Chemistry Practical
Miix. Marks: 200 Min. Marks: 72
Exam Duration: 14 hrs (spread over 2 days)

Inorganic Chemistry
(i) Analysis of mixture containing 8 radicals including one radical of rare elements. 30
Or
Separation and determination of two metal ions Cu-Ni, Ni-Zn, Cu-Fe involving volumetric and gravimetric method.
(Both these exercises should be given in equal ratio by lots.)

(ii) Separation of cations and anions by paper chromatography or column chromatography. 20
Or
Preparation of one selected inorganic compound and its study by IR.

Organic Chemistry
(i) Separation, purification and identification of compounds of binary mixture (one liquid and one solid) using
distillation, chemical tests. IR spectra to be used for functional group determination. 30

(ii)Perform one of the 8 organic syntheses as mentioned in the syllabus and may be characterized by spectral
techniques.

Or
Perform one of the quantitative analysis given in syllabus. 20
(Both these exercises should be given in equal ratio by lots.)

Physical Chemistry

(1) One minor physical experiment 20
(i1) One major physical experiment 30
Viva 30
Record 20
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M.Sc. I Year (Final)

Paper-1 : CH-501
Applications of Spectroscopy, Photochemistry and Solid State Chemistry
(4 hrs. or 6 periods / week)
Exam Duration : 3 Hrs. Max, Marks: 100

Unit-I
Ultraviolet and Visible Spectroscopy
Various electronic transitions (185-800 nm), Beer-Lambert law, éffect of solvent on clectronic transitions, ultraviolet
spectra of carbony! compounds, unsaturated carbonyl compounds, dienes, conjugated polyenes, Fieser-Woodward
rules for conjugated dienes and carbonyl compounds, ultraviolet spectra of aromatic compounds. Steric effect in
biphenyls.
Infrared Spectroscopy
Instrumentation and sample handling, Characteristic vibrational frequencies of alkanes, alkenes, alkynes, aromatic
compounds, alcohols, ethers, phenols and amines. Detailed study of vibrational frequencies of carbonyl compounds
(ketones, aldehydes, esters, amides, acids, anhydrides, lactones, lactams and conjugated carbonyl compounds), Factors
affecting the band positions and intensities, Effect of hydrogen bonding and solvent effect on vibrational frequencies,
overtones, combination bands and Fermi resonance,
Applications of Vibrational Spectroscopy: Symmetry and shapes of AB,, ABs, AB., ABsand AB, mode of bonding
of ambidentate ligands, ethylenediamine and diketonato complexes, application of resonance Raman spectroscopy
particularly for the study of active sites of metalloproteins.

Unit-I1
Mossbauer Spectroscopy :Basic principles, bpectrat parametcrs and spectrum display. Application of the techmqut. to
the studies of (1) bonding and structures of Fe'? and Fe™ compounds including those of intermediate spin,(2) Sn*? and
Sn™* compounds, nature of M-L bond, coordination number, structure and (3) detection of oxidation state and
inequivalent MB atoms.
Electron Microscopy: Basic principles of Electron Microscopy: SEM, TEM, AFM: and their applications in
structural analysis.
Optical Rotatory Dispersion (ORD) and Circular Dichroism (CD) Definition, deduction of absolute configuration,
octant rule for ketones.
Magnetic Properties of Transition Metal Complexes Spectroscopic method of assiznment of absolute configuration
in optically active metal chelates and their stereochemical conformation, anomalous magnetic moments, magnetic
exchange coupling and spin crossover,

Unit-IIT
NMR Spectroscopy : FT NMR- Fourier transform technique.
NMR active nuclei other than proton - *F and *'P.
Carbon-13 NMR- General considerations, chemical shift (aliphatic, olefinic, alkyne, aromatic, heteroaromatic and
carbonyl carbon), coupling constants,
Two dimension NMR spectroscopy - COSY, NOESY, DEPT, INEPT, APT and INADEQUATE techniques.
Mass Spectrometry
Introduction, ion production — EI, CI, FD and FAB, factors affecting fragmentation, ion analysis, ion abundance. Mass
spectral fragmentation of organic compounds, common functional groups, molecular ion peak, metastable peak.
McLafferty rearrangement. Nitrogen rule. High resolution mass spectrometery. Examples of mass spectral
fragmentation of organic compounds with respect to their structure dstermination.

Unit-1V
Photochemical Reactions:Fate of excited molecule. Determination of Reaction Mechanism :Classification, rate
constants and life times of reactive energy states - determination of rate constants of reactions. Effect of light intensity
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on the rate of photochomical reactions. Types of photochemical reactions, photo—dissociation, gas-phase photolysis.
 sotochemistry of Alkenes .Intramolecular reactions of the olefinic bond - geometrical isomerism, cyclisation
reactions, rearrangement of 1,4- and 1,5-dienes. Photochemistry of Carbonyl Compounds .Intramolecular reactions
of carbouiy!l compounds - saturated, cyclic and acyclic, B, y-unsaturated and o,B-unsaturated compounds,
cyclohexadienoncs. Intermolecular cycloaddition reactions - dimerisations and oxetane formation.

Photochemistry of Aromatic Compounds .Jsomerisations, additions and substitutions.

Unit-V
Solid State Reactions : General principles, experimental procedure, co-precipitation as a precursor 10 solid state
reactions, kinetics of solid state reactions.
Crystal Defects and Non-Stoichiometry .Perfect and imperfect crystals, intrinsic and extrinsic defects - point
defects, line and plane defects, vacancies - Schottky defects and Frenkel defects. Thermodynamics of Schottky and
Frenkel defect formation, colour centres, non-stoichiometry and defects.
Electronic Properties and Band Theory ‘Metals, insulators and semiconductors, electronic structure of solids, band
theory, band structure of metals, insulators and semiconductors, Intrinsic and extrinsic semiconductors, doping
semiconductors, p-n junctions, super conductors.
Organic Solids: Electrically conducting solids, organic charge transfer complex, organic metals, new
superconductors.

Books Suggested

UNIT L, IT and 111

1, Physical Methods for Chemistry, R.S. Drago. Saunders Company

2. Structural Methods in Inorganic Chemistry. E.A.V. Ebsworth D.W.H. Rankin &S.Cradock, ELBS.
3. Infrared and Raman Spectra Inorganic and Coordination Compounds. K. Nakamoto, Wiley.

4. Progress in [norganic Chemistry vol. 8. ed., I.Cotton.Vol. 15. ed. S.J. Lippard. Wiley.

5. Transition Metal Chemistry ed. R.L. Carlin vol. 3 Dekker.

6. Inorganic Electronic Spectroscopy. A.P.B. lever. Elsevier.

7 NMR, NQR, EPR and Mossbauer Spectroscopy in Inorganic Chemistry R.V. Parish. [ llisHorwood.
8. Practical NMR Spectroscopy, M. L. Martin. J.J. Delpeuch and G.J. Martin,Heyden.

9. Spectrometric Identification of Organic Compounds, R.M. Silverstein. G.C. Bassler and T.C. Morrill. John Wiley.
10. Introduction to NMR Spectroscopy, R.J. Abraham. J. Fisher and P. Loftus, Wiley.

11. Application of Spectroscopy of Organic Compounds. J.R. Dyer, Prentice Hall.

{2. Spectroscopic Methods in Organi¢ Chemistry D. H.Williams. I, Fleming. Tata MecGraw-Hill.

UNITIV

1. Fundamentals of Photochemistry, K.K. Rohtagi-Mukherji, Wiley-Eastern.

5. Essentials of Molecular photochemistry, A Gilbert and J. Baggott, Blackwell Scientific Publication.
3. Molecular Photochemistry. N. 3. Turro, W.A. Benjamin.

4, Introductory Photochemistry. A. Cox and T. Camp, McGraw-Hill:

5. Photochemistry, R_P. Kundall and A. Gilbert. Thomson Nelson.

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

UNITV

1. Solid State Chemistry and its Applications, AR West. Plenum.
2. Principles of the Solid State, H.V. Keer, Wiley Eastern.

3. Solid State Chemistry, N.B. Hannay.

4. Solid State Chemistry, D.K. Chakrabarty, New Wiley Eastern.
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Paper-11 ;: CH-502
Bioinorganic Chemistry, Bioorganic Chemistry and Biophysical Chemistry
(4 hrs or 6 period/ week)

Exam Duration; 3 hrs. Max, Marks; 75

Unit-1
Metal Ions in Biological Systems: Bulk and trace metals with special reference to Iva, K, Mg, Ca, Fe, Cu, Zn, Co and
K'/Na” pump.
Transport and Storage of Dioxygen: Haem proteins and oxygen uptake, structure and function of haemoglobin,
myoglobin, haemocyanin and hemerythrin, model synthetic complexes of iron, cobalt and copper.
Electron Transfer in Biology: Structure and function of metalloproteins in electron transport processes cytochromes
and iron-sulphur proteins, synthetic models.
Nitrogen fixation: Biological nitrogen fixation and its mechanism, nitrogenase. Chemical nitrogen fixztion.

Unit-11
Bioorganic Chemistry :Introduction, Basic considerations. Proximity effects and molecular adaptation
Enzymes :Introduction and historical perspective, chemical and biological catalysis, remarkable properties of
enzymes like catalytic power, specificity and regulation, Nomenclature and classification, extraction and purification.
Fischer's lock and key and Koshland's induced fit hypothesis, concept and identification of active sitz by the use of
inhibitors, affinity labeling and enzyme modification by site-directed mutagenesis. reversible and irreversible
inhibition. _
Mechanism of Enzyme Action :Transition-state theory, orientation and steric effect, acid-base catalysis, covalent
catalysis, strain or distortion. Examples of some typical enzyme mechanisms for chymotrypsin. ribonuclease,
lysozyme and carboxypeptidase.
Types of Reactions Catalysed by Enzymes :Nucleophilic displacement on a phosphorus atom, multiple dis-
placement reactions and the coupling of ATP cleavage to endergonic processes. Transfer of sulphate, addition and
elimination reactions, enolic intermediates in isomerization reactions. B-Cleavage and condensation, some
isomerization and rearrangement reactions. Enzyme catalyzed carboxylation and decarboxylation,

Unit-111
Co-enzyme Chemistry :Cofactors as derived from vitamins, coenzymes, prosthetic groups, apoenzymes. Struciture
end biological functions of coenzyme A, thiamine pyrophosphate, pyridoxal phosphate, NAD*, NADP*, FMN, FAD,
lipoic acid, vitamin B,. Mechanisms of reactions catalyzed by the above cofactors.
Enzyme Models: Host-guest chemistry, chiral recognition and catalysis, molecular recognition, molectlar asymmetry
end prochirality. Biomimetic chemistry, crown ether, cryptates. Cyclodextrins, cyclodextrin-based enzyme models,
calixarenes, ionophores, micelles, synthetic enzymes or synzymes.

Unit-1v
Bioenergetics:Standard free energy change in biochemical reactions, exergonic, endergonic. Hydrclysis of ATP,
synthesis of ATP from ADP.
Statistical Mechanics in Biopolymers:Chain configuration of macromolecules, statistical distribution end to end
cimensions, calculation of average dimensions for various chain structure. Polypeptide and proizin structures,
introduction to protein folding problem,
Biopolymer Interactions:Forces involved in biopolymer interactions. Electrostatic charges and molecular expansion,
kydrophobic forces, dispersion force interactions. Multiple equilibria and various types of binding processes in
biological systems. Hydrogen ion titration curves,

Unit-V
Thermodynamics of Biopolymer Solutions: Thermodynamics of biopolymer solutions, osmotic pressure, membrane
equilibrium, muscular contraction and energy generation in mechanochemical systern,
Cell Membrane and Transport of Ions: Structure and functions of cell membrane, ion transport through cell
membrane, irreversible thermodynamic treatment of membrane transport. Nerve conduction.
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Biopolymers and their molecular weights: Evaluation of size, shape, molecular weight and extent of hydration of
biopolymers by various experimental techniques. Sedimentation equilibrium, hydrodynamic methods, diffusion,
sedimentation velocity, viscosity, electrophoresis and rotational motions.

Books Suggested

- Principles of Bioinorganic Chemistry, S.J. Lippard and J.M. Berg, University Science Books.

. Bioinorganic Chemistry, I. Bertini, H.B. Gray. S.J. Lippard and J.S, Valentine, University Science books.

- Inorganic Biochemistry vols, I and II, ed. G.L. Eichhom, Elsevier.

. Progress in Inorganic Chemistry, Vols 18 and 38 ed. J.J. Lippard, Wiley.

. Principles of Biochemistry, A. L. Lehninger. Worth Publishers.

- Bioorganic Chemistry : A Chemical Approach to Enzyme Action, Hermann Dugas and C. Penny, Springer
Verlag,

- Understanding Enzymes, Trevor Palmer, Prentice Hall.

8. Enzyme Chemistry: Impact and Applications, Ed. Collin J Suckling, Chemistry.

9. Enzyme Mechanisms, Ed. M.L, Page and A. Williams, Royal Society of Chemistry.

10. Fundamentals of Enzymology, N.C. Price and L. Stevens, Oxford University Press,

I'1. Immobilized Enzymes : An Introduction and Applications in Biotechnology, Michael LD, Trevan, John Wiley.

12. Enzymatic Reaction Mechanisms. C, Walsh, W.H. Freeman.

13. Enzyme Structure and Mechanism. A. Fersht, W.H, Freeman.

14. Biochemistry : The Chemical Reactions of Living Cells, D.E. Metzler. Academic Press.

15. Biochemistry, L. Stryer, W.H. Freeman.

16. Biochemistry, J. David Rawn. Neil Patterson,

17. Biochemistry. Voet and Voet, John Wiley.

18. Outlines of Biochemistry, E.E. Conn and P.K. Stumpf. John Wiley.

19. Bioorganic Chemistry : A Chemical Approach to Enzyme Action. H Dugas and C, Penny, Springer-Verlag.

20. Macromolecules : Structure and Function. F Wold. Prentice Hall,
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Paper-II1 : CH-503
Environmental Chemistry
(2 Hrs. or 3 period / week)
Exam Duration : 3 hrs, Max. Marks : 50

Unit-1
Atmosphere: Atmospheric layers. Vertical temperature profile, heat radiation, budget of the earth atmosphere
systems. Properties of troposphere, thermodynamic derivation of lapse rate. Temperature inversion. Calculations of
Global mean temperature of the atmosphere. Pressure variation in atmosphere and scale height. Biogeochemical
cycles of carbon, nitrogen, sulphur, phosphorus and oxygen. Residence times.
Atmospheric Chemistry: Sources of trace atmospheric constituents : nitrogen oxides, sulphur dioxide and other
sulphur compounds, carbon oxides, chloroflucrocarbons and other halogen compounds, methane and other
hydrocarbons.
Tropospheric Photochemistry: Mechanism of photochemical decomposition of NO, and formation of ozone.
Formation of oxygen atoms, hydroxyl, hydroperoxy and organic radicals and hydrogen peroxide. Reactions of
hydroxyl radicals with methane and other organic compounds. Reactions of OH radicals with SO, and NOx.
Formation of nitrate radical and its reactions. Photochemical smog, meteorologica! conditions and chemistry of its
formation.

Unit-IT
Air Pollution :Air pollutants and their classification. Aerosols - sources, size distribution and effect on visibility,
climate and health.
Acid Rain :Definition, acid rain precursors and their aqueous and gas phase atmospheric oxidation reactions.
Damaging effects on aquatic life, plants, buildings and health. Monitoring of SO, and NOx - Acid rain control
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Stratospheric Ozone Depletion :Mechanism of ozone formation, Mechanism of catalytic ozone depletion. Discovery
¢f Antarctic ozone hole. Instrumental methods for detection of ozone depletion gases
Green House Effect :Terrestrial and solar radiation spectra. Major green house gases and their sources and Global
v.2tming potentials. Climate change and consequences.
Urban Air Pollution : Exhaust emissions, damaging effects of carbon monoxide. Monitoring of CO. Control
strategies.

Unit-111
Aquatic Chemistry and Water Pollution :Redox chemistry in natural waters. Dissolved oxygen, biological oxygen
demand, chemical oxygen demand, determination of DO, BOD and COD. Aerobic and anaerobic reactions of organic
sulphur and nitrogen compounds in water, acid-base chemistry of fresh water and sea water. Aluminum, nitrate and
fluoride in water. Eutrophication. Sources of water pollution. Treatment of waste water and sewage. Purification of
drinking water, techniques of purification and disinfection,

Unit-1V
Environmental Toxicology
Toxic Heavy Metals - Mercury, lead, arsenic and cadmium. Causes of toxicity. Bioaccumulation, sources of heavy
metals. Chemical speciation of Hg, Pb, As and Cd. Biochemical and damaging effects.
Toxic Organic Compounds - Pesticides, classification, properties and uses of organochlorine and organophosphorus
pesticides, detection and damaging effects.
Polychlorinated Biphenyls — Properties, uses and environmental contamination and effects.
Polynuclear Aromatic Hydrocarbons - Sources, structures and as pollutants.

Unit-V
Soil and Environmental Disasters
Soil composition, micro and macronutrients. soil pollution by fertilizers, plastic and metals. Methods of remediation
of soil.
Bhopal gas tragedy, Chernobyl, Three mile island, Minamata Disease, Sevoso (ltaly), London smog.

Books Suggested:

1. Environmental Chemistry. Colin Baird, W.H. Freeman Co. New York. 1098,
2 Chemistry of Atmospheres. R.P. Wayne. Oxford.

3. Environment Chemistry, A.K. De, Wiley Eastern, 2004.

4. Environmental Chemistry, S.E. Manahan, Lewis Publishers.

5. Introduction to Atmospheric Chemistry, P.V. Hobbs, Cambridge.
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ELECTIVE PAPERS

Group 1

EH-504 :Organotransition Metal Chemistry

CH-505 :Bioinorganic and Supramolecular Chemistry
CH-506 :Photoinorganic Chemistry

CH-507 :Polymers.

Group II

CH-504 : Organic Synthesis-I

CH-505 : Organic Synthesis-11
CH-506 :Heterocyclic Chemistry
CH-507 :Chemistry of Natural Products

Group 111

CH-504 : Analytical chemistry
CH-505 :Physical Organic Chemistry
CH-506 :Chemical Dynamics
CH-507 :Electrochemistry

ELECTIVE PAPER-1
(CH-504, Group-I) Organotransition Metal Chemisiry
(2 Hrs. or 3 period/week)

Exam Duration : 3 hrs. Max. Marks: 50

Unit-I
Alkyls and Aryls of Transition Metals
Types, routes of synthesis, stability and decomposition pathways, organocopper in organic synthesis,

Unit-11
Compounds of Transition Metal-Carbon Multiple Bonds
Alkylidenes, alkylidynes, low valent carbenes and carbynes - synthesis, nature of bond, structural characteristics,
nucleophilic and electrophilic reactions on the ligands, role in organic synthesis.

Unit-1i1
Transition Metal n-complexes :Transition metal r-Complexes with unsaturated organic molecules, alkenes, alkynes,
allyl, diene, dienyl, arene and trienyl complexes, preparations, properties, nature of bonding and structural features.
Important reactions relating to nucleophilic and electrophilic attack on ligands and organic synthesis. Transition
metal compounds with bonds to hydrogen

Unit-1V
Homogeneous Catalysis
Stoichiometric reactions for catalysis, homogeneous catalytic hydrogenation, Ziegler-Natta polymerizaton of olefins,
catalytic reactions involving carbon monoxide such as hydrocarbonylation of olefins (oxo reaction). Oxopalladation
reactions, activation of C-H bond.

Unit-V
Fluxional Organometallic Compounds
Fluxionality and dynamic equilibria in compounds such as J-olefin, 0O'%allyl and dienyl complexes.

Books Suggested

1. Principles and Application of Organotransition Metal Chemistry. J.P, Collman, L.S. Hegsdus, J.R. Norton and R.G.
Finke. University Science Books.

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

3. Metallo-organic Chemistry. A.J. Pearson, Wiley

4. Organometallic Chemistry, R.C. Mehrotra and A. Singh, New Age International,
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ELECTIVE PAPER-2
(CH-505, Group-I) Bicinorganic and Supramolecular Chemistry
(2 Hrs. or 3 periods/week)

Exam Duration: 3 hrs. Max. Marks: 50

Unit-1"
Metal Storage and Transport
Ferritin transferring and siderophores

Unit-lI
Calcium in Biclogy
Calcium in living cells, transport and regulation, molecular aspects of intramolecular processes, extracellular binding
proteins,

Unit-111
Metalloenzymes
Zine enzymes - carboxypeptidase and carbonic anhydrase. Iron enzymes - catalase, peroxidase and cytochrome P-450.
Metallo enzyme-II Copper enzymes - superoxide dismutase. Molybdenum oxatransferase enzymes-xanthine oxidase.
Coenzyme vitamin BI2,

Unit-IV
Metal-Nucleic Acid Complexes
Metal ions and metal complex interactions. Metal complex-nucleic acids.
Metals in Medicine
Metal deficiency and disease, toxic effects of metals, metals used for diagnosis and chemotherapy with particular
reference to anticancer drugs.

Unit-V
Supramolecular Chemistry-1
(A.) Molecular recognition: Molecular receptors for different types of molecules including arisonic substrates, design
and synthesis of coreceptor molecules and multiple recognition.
(B.) Supramolecular reactivity and catalysis.

Supramolecular Chemistry-II
(A.) Transport processes and carrier design,
(B.) Supramolecular photochemistry. Supramolecular devices - electronic, ionic and switching devices.

Books Suggested
L. Principles of bioinorganic Chemistry. S.J. Lippard and J.M. Berg, University Science Books.
2. Bioinorganic Chemistry. I. Bertini, H.B. Gray. S.J. Lippard and J.S. Valentine, University Science Books.
3. Inorganic Biochemistry Vols. I and Il Ed. G.L. Eichhorn. Elsevier.

4. Progress in Inorganic Chemistry. Vols. 18 Ed. J.J, Lippard. Wiley
5. Supramolecular Chemistry, .M., Lehn. VCH.
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ELECTIVE PAPER-3
(CH-506, Group-I) Photoinorganic Chemistry
(2 Hrs. or 3 period/ week)

Exam Duration: 3 hrs, Max, Marks: 50

Unit-1
Basics of Photochemistry
Absorption, excitation, photochemical laws, quantum yield, electronically excited states-life times-measurements of
the times, Flash photolysis. Energy dissipation by radiative and non-radiative processes, absorption spectra. Frank-
Condon principle, photochemical stages - primary and secondary processes.

Unit-I1
Properties of Excited States
Structure, dipole moment, acid-base strengths, reactivity. Photochemical kinetics - calculation of rates of radiative
processes. Bimolecular deactivation - quenching,

Unit-111
Excited States of Metal Complexes
Excited states of metal complexes : comparison with organic compounds, electronically excited states of metal
complexes, charge transfer spectra, charge transfer excitations.

Unit-IvV
Ligand Field Photochemistry
Fhotosubstitution, photooxidation and photoreduction, liability and selectivity, zero vibrational levels of ground state
and excited state, energy content of excited state, zero spectroscopic energy, development of the equations for redox
potentials of the excited states.

Unit-V
Redox Reactions by Excited Metal Complexes
Energy transfer under conditions of weak interaction and strong interaction-exciplex formation; condition of the
excited states to be useful as redox reactants, excited electron transfer, metal complexes as attractive candidates, (2,2-
bipyridine and 1,10-phenanthroline complexes), illustration of reducing and oXidising character of [Ru(bpy)3]2+
complex, comparison with [Fe(bpy)3]3+; role of spin-orbit coupling - life time of these complexes. Application of
redox processes of electronically excited states for catalytic purposes, transformation of low energy reactants into high
energy products, chemical energy into light.
Metal Complex Sensitizers
Metal complex sensitizer, electron relay, metal colloid systems, semiconductor supported metal or oxide systems,
water photolysis, nitrogen fixation and carbon dioxide reduction.
Books Suggested
1. Concepts of Inorganic Photochemistry, A.-W. Adamson and P.D. Fleischauer, Wile ¥
2. Inorganic Photochemistry, J. Chem. Educ. vol. 60 no. 10, 1983.
3. Progress in Inorganic Chemistry, vol. 30 ed. S.J. Lippard, Wiley.
4, Coordination Chem. Revs., vol. 15, p 321, 1975; vol. 39, p 121, 1981; vol. 97, p 313, 1990,
5. Photochemistry of Coordination Compounds, V. Balzari and V. Carassiti. Academic Press.
6. Elements in Inorganic Photochemistry, G.J. Ferraudi, Wiley.
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ELECTIVE PAPER-4
(CH-507, Group-I) Polymers
(2Hrs. or 3 periods/week)

E£xam Duration : 3 hrs. Max. Marks : 50

Unit-I
Basic concepts : Monomers, repeat units, degree of polymerization. Lincar, branched and network polymers,
Classification of polymers. Polymerization : condensation, addition/radical chain - ionic and co-ordination and
copolymerization, Polymerization conditions and polymer reactions. Polymerization in homogeneous and
heterogeneous systems. Importance of polymers,

Unit-I1
Polymer Characterization
Poly dispersion - average molecular weight concept number, weight and viscosity average molecular weights. Poly
dispersity and molecular weight distribution. The practical significance of molecular weight. Measurement of
molecular-weights. End group, viscosity, light scattering, osmotic and ultracentrifugation methods. Analysis of
polymers - chemical analysis of polymers, spectroscopic methods, X-ray diffraction study, microscopy. Thermal
analysis and physical testing - tensile strength. Fatigue, impact tear resistance, Hardness and abrasion resistance.

Unit-Il11
Inorganic Polymers
A general survey and scope of inorganic polymers, special characteristics, classification, homo and hetero atomic
polymers.
Unit-1V
Structure, Properties and Applications of
a) Polymers based on boron - borazines, boranes and carboranes.
b) Polymers based on silicon, silicones polymetalloxanes and polymetallosiloxanes, silazenes.

Structure, Properties and Applications of
a) Polymers based on phosphorous — phosphazenes, polyphosphates.
b) Polymers based on sulphur - tetrasulphurtetranitride and related compounds.

Unit-V
Structure, Properties and Applications of - (a) Metal clusters, (b) Co-ordination and metal chelate polymers,

Books Suggested:

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

2. Developments in Inorganic polymer Chemistry. M.F Lappert and G. J. Leigh

3. Inorganic polymers, N.H. Ray.

4. Inorganic polymers, Graham and Stone.

5. Inorganic Rings and Cages, D.A. Armitage,

6. Textbook of Polymer Science, F.W. Billmeyer, Jr. Wiley.

7. Contemporary Polymer Chemistry, H.R. Alcock and F.W. Lambe. Prentice Hall.
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ELECTIVE PAPER-1
(CH-504, Group-11) Organic Synthesis-I
(2Hrs. or 3 periods/week)
Exam Duration : 3 hrs. Viax. Marks : 50
Unit-1
Organometallic Reagents
Principle, preparations, properties and applications of the following in organic synthesis with mechanistic details.
Group 1and II metal organic compounds. Li, Mg, Hg, Cd, Zn and Ce compounds.
Transition metals : Cu, Pd, Ni, Fe. Co, Rh, Cr, and Ti compounds.

Unit-IT
Oxidation
Introduction. Different oxidative processes. Hydrocarbons — alkenes, aromatic rings, saturated C-H groups (activated
and unactivated).
Alcohols, diols, aldehydes, ketones, ketals and carboxylic acids Amines, hydrazines, and sulphides.
Oxidations with ruthenium tetraoxide, lodobenzene diacetate and thallium(III) nitrate.

Unit-II
Reduction
Introduction. Different reductive processes.
Alkanes, alkenes, alkynes and aromatic rings. Carbonyl compounds - aldehydes, ketones, acids and their derivatives.
Epoxides. Nitro, nitroso, azo and oxime groups. Hy
drogenolysis.

Unit-1V
Rearrangements
General mechanistic considerations - nature of migration, migratory aptitude, memory eftects.'A detailed study of the
following rearrangements: Pinacol-pinacolone, Wagner-Meerwein, Demjanov, Benzil-Benzillic acid, Favorskii,
Arndt-Eistert synthesis, Neber, Beckmann, Hofmann, Curtius, Schmidt, Baeyer-Viliger, Shapiro and Schimdt
reaction.

Unit-V
Metallocenes, Nonbenzenoid Aromatics and Polycyclic Aromatic Compounds
General considerations, synthesis and reactions of some representative compounds, (tropone, tropolone. Azulene,
ferrocene, phenanthrene, fluorene and indene).

Books Suggested:

1. Modern Synthetic Reactions H.O. House. W.A. Benjamin.

2. Some modern Methods of Organic Synthesis. W Carruthers. Cambridge Univ. Press.

3. Advanced Organic Chemistry, Reactions Mechanisms and Structure J. March. John Wiley.

4. Principles of Organic synthesis. R.0.C Norman and J.M. Coxon. Blackie Academic & Professional.
5. Advanced Organic Chemistry Part B. F A Carey and R.J. Sundberg. Plenum Press.

6. Rodd's Chemistry of Carbon Compounds. Ed. S Coffey, Elsevier.
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ELECTIVE PAPER-2
(CH-505, Group-1I) Organic Synthesis-II
(ZHrs. or 3 periods/week)

Exam Duration : 3 hrs. Max. Marks : 50

Unit-1
Disconnection Approach
An introduction to synthons and synthetic equivalents, disconnection approach, functional group inter-conversions,
the importance of the order of events in organic synthesis, one group C-X and two group C-X disconnections,
chemoselectivity, reversal of polarity, cyclisation reaction, amine synthesis.

Unit-I1
Protecting Groups
Principle of protection of alcohol, amine, carbonyl and carboxy! groups.
One Group C-C Disconnections
Alcohols and carbonyl compounds, regiosclectivity. Alkene synthesis, use of acetylenes and aliphatic nitro
compounds in organic synthesis,

Unit-III
Two Group C-C Disconnections
Diels-Alder reaction, 1,3-difunctionalised compounds, «,B-unsaturated carbonyl compounds, control in carbonyl
condensations, 1,5-difunctionalised compounds. Michael addition and Robinson annelation.

Unit-IV
Two Group C-C Disconnections
Use of 1,2-; 1,4- and 1,6-difunctionalised compounds in ring synthesis.

Unit-V
Ring Synthesis
Special methods for Saturated heterocycles, synthesis of 3-, 4-, 5- and é-membered rings, aromatic heterocycles in
organic synthesis. Use of Ketene, pericyclic reactions and photochemical rzactions.

Books Suggested:

1. Designing Organic Synthesis, S. Warren, Wiley.

2. Organic Synthesis - Concept, Methods and Starting Materials, J. Fuhrhop.

3. Some Modern Methods of Organic Synthesis. W. Carruthers, Cambridge Univ. Press.
4. Modern Synthetic Reactions H O. House, W.A. Benjamin

5. Advanced Organic Chemistry : Reactions, Mechanisms and Structure, J, March, Wiley.
6. Principles of Organic Chemistry Part B. F A. Carey and R.J. Sundberg. Plenum Press.
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ELECTIVE PAPER-3
(CH-506, Group II) Heterocyclic Chemistry
(2Hrs. or 3 periods/week)

Exafit‘Duration : 3 hrs. Max. Marks : 50

Unit-1
Nomenclature of Heterocycles
Replacement and systematic nomenclature (Hantzsch-Widman system) for monocyclic, fused and bridged
heterocycles.
Aromatic Heterocycles
General chemical behaviour of aromatic heterocycles. classification (structural type), criteria of aromaticity (bond
lengths, ring current and chemical shifts in IH NMR spectra. Empirical resonance encigy, delocalization energy and
Dewar resonance energy, diamagnetic susceptibility exaltations),
Heteroaromatic reactivity and tautomerism in aromatic heterocycles.

Unit-II
Non-aromatic Heterocycles
Strain-bond angle and torsional strains and their consequences in small ring heterocycles.
Conformation of six-membered heterocycles with reference to molecular geometry, barrier to ring inversion,
pyramidal inversion and 1,3-diaxial interaction.
Stereo-electronic effects anomeric and related effects, Attractive interactions - hydrogen bonding and intermolecular
nucleophilic electrophilic interactions.
Heterocyclic Synthesis
Principles of heterocyclic synthesis involving cyclization reactions and cycloaddition reactions.

Unit-ITT
Smali Ring Heterocycles
Three-membered and four-membered heterocycles - synthesis and reactions of aziridines, oxiranes, thiiranes,
azetidines, oxetanes and thietanes.
Benzo-Fused Five-Membered Heterocycles
Synthesis and reactions including medicinal applications of benzopyrroles, benzofurans and benzothiophenes.

Unit-1V
Meso-ionic Heterocycles
General classification, chemistry of some important meso-ionic heterocycles of type-A and B and their applications.
Six-Membered Heterocycles with one Heteroatom
Synthesis and reactions of pyrylium salts and pyrones and their comparison with pyridinium & thiopyrylium salts and
pyridones, Synthesis and reactions of quinolizinium and benzopyrylium salts, coumarins and chromones.

Unit-V
Six Membered Heterocycles with Two or More Heteroatoms
Synthesis and reactions of diazines, triazines, tetrazines and thiazines.
Heterocyclic Systems Containing P, As, Sb and B
Introduction and nomenclature of 5- and 6-membered Heterocyclic rings systems containing phosphorus—
phosphorinanes, phosphorines, phospholanes and phospholes; containing As and Sb.
Introduction and spectral characteristics of 3-, 5- and 6-memberedHeterocyclic rings containing Boron.

Books Suggested:

1. Heterocyclic Chemistry Vol. 1-3. R.R. Gupta. M. Kumar and V. Gupta. Springer India.

2. The Chemistry- of Heterocycles. T Eicher and S. Hauptmann. Thieme.

3. Heterocyclic Chemistry, J.A. Joule. K. Mills and G.F Smith. Chapman and Hall.

4. Heterocyclic Chemistry, T.L. Gilchrist, Longman Scientific Technical.

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

7. Comprehensive Heterocyclic Chemistry, A.R. Katrizky and C.W. Rees. eds. Pergamon Press.
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ELECTIVE PAPER 4
(CH-507, Group -I1) Chemistry of Natural Products
(2Hrs. or 3 periodsiwcek)

Exam [Furation : 3 hrs. Max. Marks : 50

Unit-I
Terpenoids and Carotenoids
Classification, nomenclature, occurrence, isolation, general methods of structure determination, isoprene rule.
Structure determination, stereochemistry, biosynthesis and synthesis of the following representative molecules :Citral,
Geraniol, a-Terpeneol, Menthol, Farnesol, Zingiberene, Santonin, Phytol, Abietic acid and p-Carotene.

Unit-11
Alkaloids
Definition, nomenclature and physiological action, occurrence, isolation, general methods of structure elucidation,
degradation, classification based on nitrogen heterocyclic ring role of alkaloids in plants.
Structure, stereochemistry, synthesis and biosynthesis of the following Ephedrine, (+)-Coniine, Nicotine, Atropine,
Quinine and Morphine.

Unit-IT1
Steroids
Occurrence, nomenclature, basic skeleton. Diel’s hydrocarbon and stereochemistry. Isolation, structure determination
and synthesis of Cholesterol, Bile acids, Androsterone, Testosterone, Estrone, Progestrone, Aldosterone. Biosynthesis
of steroids.

Unit-IV
Plant Pigments
Occurrence, nomenclature and general methods of structure determination. Isolation and synthesis of Apigenin,
Luteolin, Quercetin, Diadzein,Cyanidin, Hirsutidin, Biosynthesis of flavonoids : Acetaie pathway and Shikimic acid
pathway.
Porphyrins
Structure and synthesis of Haemoglobin and Chlorophyll.

Unit-V
Prostaglandins :Occurrence, nomenclature, classification, biogenesis and physiological effects. Corey’s Synthesis of
PGE; and PGF2q
Pyrethroids and Rotenones :Synthesis and reactions of Pyrethroids and Rotenones.

Books Suggested
1. Natural Products : Chemistry and Biological Significance, J. Mann. R.S. Davidson, J.B. Hobbs, D.V. Banthrope
and J B Harbome, Longman. Essex.

. Organic Chemistry : Vol. 2. LL. Finar. ELBS.

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

. Rodd’s Chemistry of Carbon Compounds, Ed. S. Coffey, Elsevier.

. Chemistry. Biological and Pharmacological Properties of Medicinal Plants from the Americas, Ed. Kurt
Hostettmann, M P. Gupta and A. Marston. Harwood Academic Publishers.

. Introduction to Flavonoids, B.A. Bohm. Harwood Academic Publishers.

 New Trends in Natural Product Chemistry, Atta-ur-Rahman and M.1.Choudhary, Harwood Academic Publishers.

Insecticides of Natural Origin, Sukh Dev. Harwood Academic Publishers.
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ELECTIVE PAPER-1
(CH-504, Group -11I) Analytical Chemistry
(ZHrs. or 3 periods/week)

Exam Duration ; 3 hrs. Max, Marks : 50

Unit-1
Introduction
Role of analytical chemistry. Classification of analytical methods - classical and instrumental. Types of instrumental
analysis, Selecting an analytical method. Neatness and cleanliness. Laboratory operations and practices. Analytical
salance. Techniques of weighing, errors. Volumetric glassware cleaning and calibration of glassware. Sample
areparation - dissolution and decompositions. Gravimetric techniques. Selecting and handling of reagents. Laboratory
a0tebooks. Safety in the analytical laboratory
Errors and Evaluation
Definition of terms in mean and median. Precision - standard deviation relative standard deviation, Accuracy -
absolute error, relative error. Types of error in experimental data - determinate (systematic), indeterminate (or
random) and gross. Sources of error and the effects upon the analytical results. Methods for reporting analytical data.
Statistical evaluation of data-indeterminate errors. The uses of statistics,

Unit-11
Food Analysis
Moisture, ash, crude protein, fat, crude fiber, carbohydrates, calcium, potassium, sodium and phosphate. Food
adulteration - common adulterants in food, contamination of food stuffs. Microscopic examination of foods for
adulterants. Pesticide analysis in food products, Extraction and purification of sample HPLC. Gas chromatography for
organophosphates. Thin-layer chromatography for identification of chlorinated pesticides in food products.

Unie-IIT

Analysis of Water Pollution

Origin of waste water, types, water pollutants and their effects. Sources of water pollution - domestic, industrial,
agricultural, scil and radioactive wastes. Objectives of analysis, parameter for analysis - color, turbidity; total solids,
conductivity, acidity, alkalinity, hardness, chloride, sulphate, fluoride, silica, phosphates and different forms of
nitrogen. Heavy metal pollution - public health significance of cadmium, chromium, copper, lead, zinc, manganese,
mercury and arsenic. General survey of instrumental technique for the analysis of heavy metals in aqueous systems.
Measurement Qf DO, BOD and COD. Pesticides as water pollutants and analysis. Water pollution laws and standards.

Unit-tV
Analysis of Soil and Fuel
Analysis of soil : moisture pH, total nitrogen, phosphorus, silica, lime, magnesia, manganese, sulphur and alkali salts.
Fuel analysis : liquid and gas. Ultimate and proximate analysis - heating valugs - grading of coal. Liquid fuels - flash
point, aniline point, octane number and carbon residue. Gaseous fuels - producer gas and water gas - calorific value.

Unit-V
Analysis of Body Fluids and Drugs
Clinical chemistry: Composition of blood-collection and preservation of samples. Clinical analysis. Serum
electrolytes, blood glucose, blood urea nitrogen, uric acid, albumin, globulins, barbiturates, acid and alkaline
phosphatases. Immunoassay: principles of radio immunoassay (RIA) and applications. The blood gas analysis, trace
elements in the body.
Drug analysis: Narcotics and dangerous drugs. Classification of drugs. Screening by gas and thin-layer
chromatography and spectrophotometric measurements.
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Books Suggested

1. Analytical Chemistry. G.D. Christian. John Wiley.

Fundamentals of Analytical Chemistry. D A. Skoog. D M. Westand F.J. Hooler. W.B Saunders.
Analytical Chemistry - Principles. J.H. Kennedy. W.B. Saunders.

Analytical Chemistry - Principles and Techniques. L.G. Hargis. Prentice Hall.

Principles of Instrumental analysis D A. Skoog and J.L. Loary. W.B Saunders.

Principles of Instrumental Analysis D A. Skoog W.B. Saunders.

. Quantitative Analysis. R.A. Day, Jr. and A.L Underwood, Prentice Hall.

8. Environmental Solution. S.M. Khopkar, Wiley Eastern.

9. Basic Concepts of Analysis Chemistry. .M. Khopkar, Wiley Eastern.

10. Handbook of Instrumental Techniques for Analytical Chemistry, F. Settle. Prentice Hall.

-~ O h B e PO

ELECTIVE PAPER-2
(CH-505, Group-III) Physical Organic Chemistry
(ZHrs. or 3 periods/week)

Exam Duration : 3 hrs. Max. Marks : 50

Unit-1
Concepts in Molecular Orbital (MO) and Valence Bond (VB) Theory
Introduction to Huckel molecular orbital (MO) method as a mean to explain modern theoretical methods. Advanced
techniques in PMO and FMO theory. Molecular mechanics, semi-empirical raethods and ab inito and density
functional methods. Scope and Imitations of several computational programmes.
Quantitative MO theory - Huckel molecular orbital (HMO) method as applied to ethene, allyl and butadiene.
Qualitative MO theory - ionisation potential. Electron affinities. MO energy levels. Orbital symmetry. Orbital
interactiondiagrams, MO of simple organic systems such as ethene, allyl. butadiene, methane and methyl group.
Conjugation and hyperconjugation. Aromaticity. Valence bond (VB) configuration mixing diagrams. Relationship
between VB configuration mixing and resonance theory. Reaction profiles. Potential energy diagrams. Curve-crossing
mode! - nature of activation barrier in chemical reactions
. Unit-I1
Principles of Reactivity
Mechanistic significance of entropy, enthalpy and Gibb's freeenergy. Arrhenius equation. Tansition state theory. Use
of activation parameters, Hammond's postulate, Bell-Evans-Polanyi principle. Potential energy surface model. Marcus
theory of electronic transfer. Reactivity and selectivity principles.
Kinetic Isotope Effect
Theory of isotope effects. Primary and secondary kinetic isotope effects. Heavy atom isotope effects. Tunneling effect,
Solvent effects,

Unit-111
Structural Effects on Reactivity
Linear free energy relationships (LFER). The Hammett equation, substituent constants, theories of substituent effects.
Interpretation of o-values. Reaction constant p. Deviations from Hammett equation. Dualparameter correlations,
inductive substituent constant. The Taft model, oiandoRscales.
Solvation and Solvent Effects
Qualitative understanding of solvent-solute effects on reactivity. Thermodynamic measure of solvation. Effects of
solvation on reaction rates and equilibria. Various empirical indexes of solvation based on physical properties,
solvent-sensitive reaction rates, spectroscopic properties and scales for specific solvation. Use of solvation scales in
mechanistic studies. Solvent effects from the curve-crossing model.

Unit-1V ~
Acids, Bases, Electrophiles, Nucleophiles and Catalysis f m
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Acid-base dissociation, Electronic and structural effects, acidity and basicity. Acidity functions and their applications.
Hard and soft acids and bases. Nucleophilicity scales. Nucleofugacity. The u-cffect. Ambivalent nucleophiles. Acid-
base catalysis - specific and general catalysis. Bronsted catalysis. Nucleophilic and electrophilic catalysis. Catalysis by
gan-covalent binding-micellar catalysis.
Steric and Conformational Properties
Various type of steric strain and their influence on reactivity, steric acceleration. Molecular measurements of steric
effects upon rates. Steric LFER. Conformational barrier to bond rotation - spectroscopic detection of individual
conformers. Acyclic and monocyclic systems. Rotation around partial double bonds. Winstein-Holness and Curtin-
Hammett principle.

Unit-V
Nucleophilic and Electrophilic Reactivity
Structural and electronic effects on Syl and Sy2 reactivity Solvent effect. Kinetic isotope effects. Intramolecular
assistance. Electron transfer nature of Sy2 reaction. Nucleophilicity and Sy2 reactivity based on curve crossing model.
Relationship between polar and electron transfer reactions. Szy! mechanism Electrophilic reactivity, general
mechanism. Kinetics of Sg2-Ar reaction Structural effects on rates and selectivity. Curve-crossing approach to
electrophilic reactivity,
Radical and Pericyclic Reactivity
Radical stability, polar influence, solvent and steric effects. A curve crossing approach to radical addition, factors
effecting barrier heights in addition, regioselectivity in radical reactions.
Reactivity, specificity and periselectivity in pericyclic reactions.

Books Suggested :

1. Molecular Mechanics. U. Burkert and N.L Alinger. ACS Monograph 177, 1982,

2. Organic Chemists. Book of Orbitals : L. Salem and W.L. Jorgensen, Academic Press.

3. Mechanism and Theory in Organic Chemustry. T.H. Lowry and K.C. Richardson, Harper and Row.
4. Introduction to Theoretical Organic Chemistry and Molecular Modeling,

5. Physical Organic Chemistry, N.S. Isaacs, ELBS/Longman.

6. The Physical Basis of Organic Chemistry : H. Masgkill, Oxford University Press.

ELECTIVE PAPER -3
(CH-506, Group-111) Chemical Dynamics
(2 Hrs. or 3 period/week)
Exam Duration : 3 hrs. Max, Marks : 50
Unit-1
Atmospheric Reactions
Physical structure of the atmosphere, chemical composition of the atmosphere. Kinetics and mechanism of NOx,
CIOx cycles and Hy + O, reaction, Mechanism of general methane oxidation. Kinetics and mechanism of low
temperature oxidation of methane. Concept of global warming.
Unit-11
Oscillatory Reactions: Autocatalysis and oscillatory reactions, Kinetics and mechanism of Belousov-Zhabotinski (B-
Z) reaction. ,
Enzymes and Inhibitions: Kinetics of one enzyme - Two substrate systems and their experimental characteristics.
Enzyme inhibitors and their experimental characteristics. Kinetics of enzyme inhibited reactions.
Micelles catalysis and inhibition :Kinetics and mechanism of micelle catalyzed reactions (Ist order and second order)
Various type of micelle catalyzed reactions. Micelle inhibited reactions.
Dynamics of Gas-surface reactions :Adsorption/desorption kinetics and transition state theory Dissociative
adsorption and precursor state. Mechanism of Langimur's adsorption of the oxidation of carbon monoxide to carbon
dioxide. True and apparent activation energies. Industrial importance of heterogeneous catalysis.
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Unit-I11
Radiatien Chemistry and Photochemistry
Radiation chemistry of water and aqueous solutions. Hydrogen atom and hydroxyl radical - oxidizing and reducing
g9nditions. Kinetics and mechanism of photochemical and photosensitized reactions (One example in each case).
Stern-Volmer equation and its application. Hole-concept in the presence of semi-conductor type photocatalysts.
Kinetics and mechanism of electron transfer reaction in the presence of visible light. Kinetics of exchange reactions
(mathematical analysis).

Transition State

A brief aspect of statistical mechanics and transition state theory, application in calculation of the second order rate
constant for reactions with collision for (1) atom + atom (2) atom + molecule (3) molecule + molecule reactions. Static
solvent effects and thermodynamics formulations. Adiabatic electron transfer reactions, energy surfaces.

Unit-1V
Substitution reactions.
Substitution reactions. Classification of ligand substitution mechanism. Anation and base catalyzed kinetics of anation
reactions Aquation and acid catalyzed kinetics of aquation reactions (octahedral complexes). Inner-sphere electron
transfer reactions and mechanism. Various types of inner sphere bridges, adjustment and remote attack Linkage
isomerism. Chemical and resonance mechanisms. Marcus-Cross relation in outer sphere reactions (no mathematical
derivation) Its application in reactions-
Ce (IV) + Mo (CN)s" > Ce (III) + Mo (CN)s™
Fe(CN)s" + Fe(CN)s 6> Fe (CN)* + Fe (CN)s™
Bridged outer-sphere electron transfer mechanism.
Kinetics of reactions in the presence of cyclodextrins. Considering one full case study, nucleophilic and electrophilic
catalysts and their mode of action.
Unit-V
Metal ion catalysis and induced phenomena
Metal ion catalyzed reactions, their kinetics and reaction mechanism in solutions. Induced reactions, their
characteristics. Mechanism of - (i) Fe(Il) induced oxidation of iodine by Cr(VI). (ii) As(Ill) induced oxidation of
Mn(1I) by chromate in acid solutions.
Kinetics and mechanism of induced reactions in metal complexes (octahedral complexes of Cobalt(III) only). Kinetics
of hydroformylation reaction.

Books Recommended

1. Progress in Inorganic Chemistry, Vol. 30, 1967.

2. R. Lumry and R.W. Raymond, Electron Transfer Reactions, Interscience.

3. N.L. Bender, Mechanism of Homogeneous Catalysis from protein to protein, Wiley.
4. A.G. Sykes, Kinetics of Inorganic reactions, Pergamon.

5. 8.W. Benson, Mechanism of Inorganic Reactions, Academic Press,

0. Physical Chemistry Vol. 2, Ed. Prof. YaGrasimov, Mir publisher.

7. Basolo and Pearson, Inorganic Reaction Mechanism, Wiley.

8. H. Taube, Electron Transfer Reactions, Oxford Press,
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ELECTIVE PAPER-4
(CH-507, Group-I1I) Electrochemistry
(2 Hrs. or 3 period/week)
Exam Duration : 3 hrs. Max, Marks : 50
Unit-I

Conversion and storage of Electrochemical Energy
Present status of energy consumption: Pollution problem. History of fuel cells, Direct energy conversion by
electrochemical means. Maximum intrinsic ¢fficiency of an ¢lectrochemical converter.
Physical interpretation of the Carnot efficiency factor in electrochemical energy converters. Power output.
Electrochemical Generators (Fuel cells): Hydrogen oxygen cells, Hydrogen Air cell. Hydrocarbon air cell, alkaline
fuel cell. Phosphoric and fuel cell, direct NaOH fuel cells, applications of fuel cells.
Electrochemical Energy Storage :
Properties of electrochemical energy storers; measure of battery performance. Charging and discharging of a battery,
storage density, energy density.
Classical Batteries: (i) Lead Acid (ii) Nickel-Cadmium, (iii) Zinc-Manganese dioxide
Modern Batteries: (i) Zinc-Air, (ii) Nickel-Metal Hydride, (iii) Lithium Battery,
Future Electricity Storage: in (i) Hydrogen, (ii) Alkali Metals, (iii) Non aqueous solutions.

Unit-IT
Corrosion and Stability of Metals :
Surface mechanism of the corrosion of the metals. Thermodynamics and the stability of metals. Potential-pH (or
Pourbaix) Diagrams. Corrosion current and corrosion potential - Evans diagrams.
Measurement of corrosion rate : (i) Weight Loss Method (ii) Electrochemical Methed,
Inhibiting Corrosion : Cathodic and Anodic Protection, (1) Inhibition by addition of substrates to the electrolyte
environment, (ii) by charging the corroding method from external source, anodic Protection, Organic inhibitors. The
Fuller Story Green inhibitors,
Passivation :Structure of Passivation films; Mechanism of Passivation. Spontaneous Passivation: Nature's method for
stabilizing surfaces.

Unit-IIT
Bioelectrochemistry:
Bioelectrodics, Membrane Potentials, Simplistic. theory, Modern theory. Electrical conductance in biological
organisms. Electronic. Protonic electrochemical mechanism of nervous systems, enzymes as electrodes.

Unit-1V
Kinetics of Electrode Process: Essentials of electrode reaction current density, overpotential, Tafel Equation, Butler
Volmer equation. Standard rate constant (K°) and transfer coefficient (o), exchange current.
Irreversible Electrode processes: criteria of irreversibility, information from irreversible wave.
Methods of determining kinetic parameters for quasi-reversible and irreversible waves: Koutecky's method.
Meits Israel method. Gelling's method.
Electrocatalysis: Chemical catalysts and electrochemical catalysts with special reference to purostates, porphyrin
oxides of rare earths. Electro-catalysis in simple redox reactions and reaction involving adsorbed species. Influence of
various parameters.

Unit- V
Potential Sweep Method: Linear sweep voltammetry, cyclic voltammetry, theory and applications. Diagnostic
criteria of cyclic voltammetry.
Controlled current microelectrode techniques: comparison with controlled potentiais methods, chronopotentiometry,
theory and applications.
Bulk Electrolysis Methods: Controlled potential coulometry. Controlled coulometry. Electroorganic synthesis and its
important applications.
Stripping analysis: Anodic and cathodic modes. Preelectrolysis and stripping steps, applications of stripping analysis.
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Book Suggested:
l. Modern Electrochemistry Vol. I, IIA, IIB JO'M Bockris and A.K.N, Reddy, Plenum Publication. New York.
. Polarographic Techniques by L. Meites, Interscience.
. "Fuel cells; Their electrochemistry” McGraw Hill Book Company. New York.
- Modern Polarographic Methods by A.M., Bond and Marcel Dekker
- Polarography and allied techniques By K. Zutshi, New Age International publication, New Delhi,
- Electroanalytical Chemistry by Basil H. Vessor& Galen W., Wiley Interscience.
- Topics in Pure and Applied Chemistry. Ed. S.K. Rangrajan. SAEST Publication, Karaikudi (India)
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CH-509 : M.Sc. (Final) Chemistry Practica
(9 Hrs. /week)

‘£xam Duration: (14 hrs in 2 days) Max. Marks: 200

Inorganic Chemistry

Preparation: Preparation of selected inorganic compounds and their study by IR spectra. Handling of air and
moisture sensitive compounds involving vacuum lines.

Selection can be made from the following:

1. Sodium amide, Inorg, Synth., 1946, 2, 128.

2. Synthesis and thermal analysis of group II metal oxalate hydrate, J. Chem, Ed., 1988, 65, 1024.

3. [PhBCL] Dichlorophenylborane. Synthesis in vacuum line.

4 . Preparation of Tin (IV) iodide, Tin (IV) chloride and Tin (I) iodide. Inorg. Synth., 1953, 4, 119.

5.Relative stability of Tin (IV) and Pb (IV). Preparation of ammonium hexachlorostannate(NH,),[SnCl]; ammonium
hexachloroplumbate (NH,),[PbCle).

6. Hexabis (4-nitrophenoxy) cyclotriphosphazene.

7. Synthesis of trichlorodiphenylantimony (V) hydrate, Inorg, Synth., 1985, 23, 194,

8. Sodium tetrathionate, Na,S,0.

9. Metal complexes of dimethylsulfoxide and their IR: CuCl,.DMSQ; PdCl,.2DM50; RuCl;.4DMSQ, J. Chem. Educ.,
1982, 59, 57. '

10. Synthesis of metal acetylacetonate: IR, Inorg. Synth., 1957, £, 130; 1963, 1,183,

L. Bromination of [Cr(acac),], J. Chem. Edu, 1986, 63, 90,

12 [Cu(acac),]. H20.

13. cis- and trans- [Co(en).Cl,]".

14, cis-[Co(en),CL,]Cl, J. Chem Soc., 1960, 4369.

I5. Cr(III) complexes. [Cr(H,0),]NO;.3H,0; [Cr(H;0)4,CL]CL2H;0; [Cr(en)s]Cls; [Cr(acac);], Inorg, Synth., 1972
13, 184.

16. Preparation of N,N-bis(salicyladehyde)ethylenedimine, salen Ha; [CO(salen)], J. Chem. Educ., 77, 54, 443; 1973,
50, 670.

17. Preparation of Fe(II) chloride (use it as Friedel-Craft chlorination source), J, Org. Chem., 1978, 43, 2423: J. Chem.
Edu., 1984, 61, 645; 1986, 63, 361.

18. Reaction of Cr(III) with a multidentate ligand; a kinetics experiment (visible spectra Cr-EDTA complex), J. A. C.
S., 1953,75,5670.

19. Preparation of [Co(phenanthroline-5, 6-quinone)).

20. Preparation and use of Ferrocene, J. Chem Edu., 1966, 43, 73; 1976, 53,730,

21. Preparation of copper glycine complex. cis- and frans- bis(glycinato)copper (II), J. Chem. Soc. Dalton, 1979,
1901; J. Chem. Edu. 1982, 59, 1052.

22. Preparation of phosphine (PhyP) and its transition metal complexes.

23. Any other experiment such as conversion of p-xylene to terephathalic acid catalyzed by CoBr, (homogencous
catalysis).

L]

Spectrophotometric Determinations

a) Manganese/Chromium/Vanadium in steel sample,

b) Nickel/Molybdenum/Tungsten/Vanadium/Uranium by extractive spectrophotometric method.

¢) Fluoride/Nitrite/Phosphate.

d) Iron-phenanthroline compelexes: Job's method of continuous variations.

¢) Zirconium-alizarin Red-S complex: Mole-ratio method.

1) Copper ethylenediamine complex: Slope-ratio method.

Flame Photometric Determinations

a) Sodium and potassium when present together. i { (:/—Z“:;
b) Lithiumy/Calcium/Barium/Strontium,
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¢) Cadmium and Magnesium in tap water.

Quantitative determinations of a three component mixture:

Qne Volumetrically and two Gravimetrically

ay Cu'?, Ni%, Zn™

b) Cu’?, Ni*%, Mg™

Chromatographic Separations

a) Cadmium and zinc

b) Zinc and magnesium

¢) Thin-layer chromatography-separation of nickel, manganesg, cobalt and zinc, Determination of Rf values.

d) Separation and identification of the sugars present in the given mixture of glucose, fructose and sucrose by paper
chromatography and determination of Rf values.

Organic Chemistry
Qualitative Analysis : Separation, purification and identification of the compenents of three organic compounds
(three solids or two liquids and one solids or two solids and one liguid), using for checking the purity of the separated
compounds, chemical analysis, IR, PMR and mass spectral data.
Multi-step Synthesis of Organic Compounds :The exercises should illustrate thae use of organic reagents and may
involve purification of the products by chromatographic techniques.
i) Photochemical reaction:
(Benzophenone — Benzpinacol — Benzpinacolone)
if) Beckman Rearrangement: Benzanilide from benzene
(Benzene — Benzophenone — Benzophenone oxime — Benzanilide)
iii) Benzilic acid rearrangement: Benzilic acid from benzoin
(Benzoin — Benzil — Benzilic acid).
iv) Synthesis of heterocyelic compounds
a) Skraup synthesis: Preparation of quinoline from aniline
b) Fisher Indole synthesis: Preparation of 2-phenylindole from phenylhydrazine.
v) Diazocoupling: Phthalic anhydride — Phthalamide — anthranilic acid — methyl red.

Extraction of Organic Compounds from Natural Sources

a) Isolation of caffeine from tea leaves.

b) Isolation of casein from milk (the students are required to try some typical colour reactions of proteins)

¢) Isolation of lactose from milk (purity of sugar should be checked by TLC and PC and Rf values reported).

d) Isolation of chlorophyll a & b from spinach / spirulina.

Paper Chromatography : Separation and identification of the sugars present in the given mixture of glucose, fructose
and sucrose by paper chromatography and determination of Rf values.

Spectroscopy:Identification of organic compounds by the analysis of their spectral data (UV, IR, '"HMR, "CMR &
MS).

Spectrophotometry (UV/VIS) Estimations

a) Amino acids

b) Proteins

¢) Carbohydrates

d) Cholesterol

e) Ascorbic acid

f) Aspirin

g) Caffeine

Physical Chemistry

A list of experiments under different headings are given below. Typical experimients are to be selected from each type.
A. Thermodynamics
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(i) Determination of partial molar volume of solute (e.g. KCI) and solvent in a binary mixture.

(ii) Determination of the temperature dependence of the solubility of a compound in two solvents having similar
intramolecular interactions (benzoic acid in water and in DMSO-water mixture) and calculate the partial molar
heat of solution. '

B. Spectroscopy

(i) Determination of pKa of ar. indicator (e.g. methyl red) in (a) aqueous and (b) micellar media.

(ii) Determination of stoichiometry and stability constant of Ferricisothiocyanation complex ion in solution

(iii) Determination of rate constant of alkaline bleaching of Malachite green and effect of ionic strength on the rate of
reaction, '

C. Polarography

(1) Identification and estimaticn of metal ions such as Cd?* Pb*", Zn* and Ni** ete. polaro graphically.

(i) Study of a metal ligand complex polarographically (using Lingane's Method),

D. Chemical Kinetics

(i) Determination of rate constant and formation constant of intermediate complex in the reaction of Ce(IV) and
Hypophosphorous acid at ambient temperature,

(ii) Determination of energy and enthalpy of activation in the reaction of KMnO4 and benzyl alcohol in acid medium,

(iii) Determination of energy of activation and entropy of activation from a single kinetic run.

(iv) Kinetics of an enzyme catalyzed reaction,

Books Suggested:

1. Inorganic Experiments, J, Derek Wooings, VCH,

2. Microscale Inorganic Chemistry, Z. Szafran, R.M Pike and M.M. Singh, Wiley.

3. Practical Inorganic Chemistry, G. Marr and B. W, Rockett. Van Nostrad.

4. The Systematic Identification of Organic Compounds, R.L Shriner and D.Y. Curlin.
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INSTRUCTIONS TO THE EXAMINERS
CH-509: M.Sc¢. (Final) Chemistry Practical
Duration of Exam: 14 hrs. (Spread over 2 days)

Max, Marks: 200 Min. Marks 72
Inorganic Chemistry
1. Preparation of one of the selected inorganic compounds as mentioned in the syllabus and its study by IR, electronic
spectra. Mossbaur, ESR and magnetic susceptibility. Handling of air and moisture sensitive compounds involving
vacuum lines.

or
Quantitative determination of a three component mixture by volumetric & gravimetric methods. 25

2. Spectrophotometric determination of one of the 5 exercises given in the syllabus.
or
Flame Photometric determinations (one exercise) 15

3. Chromatographic separation of two metal ions. 10

Organic Chemistry

1. Qualitative Analysis

Separation, purification and identification of the components of a mixture of three organic compounds (three solids or
two liquids and one solid, two solid and one liquid), using TLC for checking the purity of the separated compounds.

Chemical analysis, IR, 'HME and Mass spectral data. 30

2. Multi-step synthesis of Organic Compounds

Perform one of the multi-step synthesis of organic compounds. 20
or

Spectroscopy

Identification of Organic Compounds by the analysis of their spectral data

Physical Chemistry

From the Experiments listed in syllabus

1. Perform one Major physical experiment 30
2. Perform one Minor physical experiment ' 20
Viva 30
Record 20

oy |
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M.Sc. (BOTANY)
M.Sc. (ANNUAL PATTERN)
(M.Sc. Previous) _
Paper I Cell & Molecular Biology of Plants
Paper II Cytology, Genetics & Cytogenetics
Paper I11 Biology & Diversity of Lower Plants : Cryptogams
Paper IV Taxonomy & Diversity of Seed Plants
Paper V Plant Physiology and Metabolism
Paper VI Microbiology and Plant Pathology
(M.Sc. Final)
Paper VII Plant Morphology, Development Anatomy and Reproductive
Biology
Paper VIII  Plant Ecology
Paper IX Plant Resource Utilization & Conservation
Paper X Biotechnology & Genetic Engineering of Plants & Microbes
Paper XI Elective I
Paper XII Elective II
Elective Papers XI & XII
Paper XI(a) : Advanced Plant Pathology—I
Paper XII(a) : Advanced Plant Pathology—II
OR :
Paper XI(b) : Seed Science and Technology—I
Paper XII(b) : Seed Science and Technology—II
' OR o
Paper XI(c) :Ecosystem Ecology
Paper XII(c) : Environmental biology
OR
Paper XI(d) : Advanced Plant Physiology—I
Paper X1I(d) : Advanced Plant Physiology—II
OR
Paper XI(e) : Advanced Morphology and Morphogenesis—I
Paper XII(e) : Advanced Morphology and Morphogenesis—II
OR
Paper XI(f)  :Biosystematics of Angiosperms—I
Paper XII(f) : Biosystematics of Angiosperms—I
OR
Paper XI(g) : Biotechnology—I
Paper XTI(g) : Biotechnology—II
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- M.Sc. Botany
Scheme of Examination

M.Sc. (Prev.)

There will be six papers in theory, each of three hours duration, 100
marks each and two practicals carrying 150 marks each (10%) marks are
reserved for viva and 15% records in each examination). Each practical
examination will be of 6 hours duration to be completed in one day.

Each paper will have 9 questions, out of which a student has to attempt
5 questions including the question No.l which will be compulsory. The
question No.1 will carry 20 marks and will be of short answer type
questions with a limit of 20 words.
M.Sc. (Final)

There will be six papers, four compulsory and two elective, in theory
of 3 hours duration carrying 100 marks each and two practicals each as
follows : '

(i) Practical for compulsory papers of 200 marks of 8 hours duration
to be completed in two days.

(ii) Practical for elective papers - 100 marks of 4 hours duration to
be completed in one day. ‘

Each paper will have 9 questions, out of which a student has to attempt
5 questions including the question No.l -which will be compulsory. The
question No.l will carry 20 marks and will be of short answer type
questions with a limit of 20 words.
M.Sc. Previous S
Paper-1I _: Cell and Molecular Biology of Plants
Paper-11 : Cytology, Genetics and Cytogenetics
Paper-I1I : Biology and Diversity of Lower Plants :

’ Cryptogams

Paper-IV  : Taxonomy and Diversity of Seed Plants
Paper-V : Plant Physiology and Metabolism
Paper-VI : Microbiology and Plant Pathology
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_ Paper-I : Cell and Molecular Biology of Plants
Scheme of Examination Max. Marks : 100

Each paper will have 9 questions, out of which a student has to attempt
5 questions including the question No.1 which will be compulsory. The
question No.l will carry 20 marks and will be of short answer type
questions with a limit of 20 words.

' Unit—

The dynamic cell : Stroctural organization of the plant cell,
specialized plant cell types, chemical foundation, biochemical energetics.

Cell wall : Structure and functions, biogenesis, growth.

Plasma membrane : Structure, models and functions, sites for
ATPases, ion carriers, channels and pumps, receptors.

Plasmodesmata : Structure, role in movement of molecules and
macromolecules, comparison with gap junctions.

Unit—II

Chloroplast : Structure, genome organization, gene expression,
RNA editing, nucleochloroplastic interactions.

Mitochondria : Structure, genome organization, biogenesis.

Plant vacuole : Tonoplast membrane, ATPase, transporters, as
storage organelle. :

Nucleus : Structure, nuclear pores, nucleosome organization, DNA
structure, A, B and Z forms, replication, damage and repair, transcription,
plant promoters and transcription factors, splicing, mRNA transport
nucleolous, rRNA biosynthesis.

- Restriction enzymes : Cleavage of DNA into specific fragments,
construction of a restriction map from the fragments, restriction sites, as
genetic markers, RFLP and their use in plant breeding.

Ribosomes : Structure, site of protein synthesis, mechanism of
~ translation, initiation, elongation and termination, structure and role of
tRNA.

Protein sorting : Targeting of proteins to organelles.

- Cell shape and motility : The cytoskeleton, organization and role of
microtubules and microfilaments, motor movements, implications in
flagellar and other movements.

Unit—IV
‘ Cell cycle and apoptosis : Control mechanisms, role of cyclins and
cyclin-dependent kinases, retinoblastoma and E2F proteins, cytokinesis and
cell plate formation, mechanisms of programmed cell death.

Other Cellular organelles : Structure and functions of microbodies,

Golgi apparatus, lysosomes, endoplasmic reticulum.
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Techniques in cell biology: Immunotechniques, in situ

hybridization to locate transcripts- in cell types, FISH, GISH, confocal

mMicroscopy.

Suggested Readings:

1. Lewis, B. 200. Genes VII. Oxford University Press, New York.

2. Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K and Watson, J.,
1999. Molecular B1ology of the Cell. Garland Publishing, Inc.. NeW
York.

3. Wolfe, S.L. 1993. Molecular and Cellular Biology. Wadsworth.
Publishing USA.

4. Rest, T, et al. 1998. Plant Biology. Wadsworth Publishing Co.,
California USA.

5. Krishnamurthy, K.V. 2000. Methods in Cell Wall Cytochemistry. CRC
Press, Boca Raton, Florida.

6. Buchanan, B.B., Gruissem, W., and Jones, R.L. 2000. Biochemistry and
Molecular B1ology of Plants, Amencan Society of Plant Physiologists.
Maryland, USA

7. De, D.N. : 2000. Plant Cell Vacuoles : An Introduction. CSIRO
Publication Collingwood, Australia.

8. Kleinsmith, L.J. and Kish, V.M. 1995. Principles of Cell and Molecular
Biology. (2nd Edition). Harper Collins College Publishers, NeW York
USA.

9. Lodish, H., Berk, A., Z1pursky, S.L., Matsudaira, P., Baltimore, D. and

Darnell, J. 2000. Molecular Cell Biology (4th Edition). W.H. Freeman
and Co., New York, USA.

See the following Review Journals

Annual Review of Plant Physiology and Molecular Biology.
Current Advances in Plant Sciences.

Trends in Plant Sciences.

Nature Reviews : Molecular and Cell Biology.

Suggested laboratory Exercises

L.

2.

Isolation of mitochondria and the activity of its marker enzyme
succinate dehydrogenase (SDH). -

Isolation of chloroplasts and SDS-PAGE profile, of proteins to
demarcate the two subunits of Rubisco.

Isolation of nuclei and identification of histones by SDS-PAGE

Isolation of plant DNA and its quantitation by spectrophotometric
method.

Isolation of DNA. and preparation of ‘cot’ curve.

Restriction digestion of plant DNA, its separation by agarose gel
electrophoresis and visualization by ethidium bromide staining.

Isolation of RNA and quantitation by a spectrophotometric method.
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8. Separation of plant RNA by agarose gel electrophoresis and
visualization by EtBr staining. A

9. Southern blot analysis usifig a gene specific probe.

10. Northern blot analysis using a gene Specific probe.

11. Immunological techniques : Ouchterlony method, ELISA and western
blotting.

12. Fluorescence staining with FDA for cell viability and cell wall staining
with calcolfluor.

13. Demonstration of SEM and TEM.

Note : Chemicals and kits for conducting some of the above molecular
biology experiments are available in India, for example from M/s Bangalore
Genei and Centre for Biotechnology (CSTR) Mall Road, Delhi.

Suggested Readings (For laboratory exercises)

1. Glick, BR. and Thompson, HS. 1993. Methods in Plant Molecular,
Biology and Biotechnology. CRC Press, Boca Raton, Florida.

2. Glover, D.M. and Hames, B.D. (Eds), 1995. DNA Cloning 1: A
Practical Approach, Core techniques. 2nd edition. PAS, IRL Press at
Oxford University Press, Oxford.

3. Gunning, B.E.S. and Steer, MW. 1996. Plant Cell Biology : Structure
and Function. Jones and Bartlett Publishers. Boston, Massachusetts.

4. Hackett, P.B., Fuchs, J.A. and Messing, J.W. 1988. An Introduction to
Recombinant DNA Techniques : Basic Experiments in Gene
Manipulation. The Benjamin Cummings Publishing Co. Inc., Menlo
Park, California.

5. Hall, IE. and Moore, AL. 1983. Isolation of Membranes and Organelles
from Plant Cells. Academic Press, London, UK.

6. Harris, N. and Oparka, KJ. 1994. Plant Cell Biology : A Practical
Approach. IRL Press, at Oxford University Press Oxford.

UK.

7. Shaw C.H. (Ed), 1988. Plant Molecular Biology : A Practical
Approach. IRL Press, Oxford,
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Paper-II : Cytology, Genetics and Cytogenetics

Scheme of Examination Max. Marks : 100

Each paper will have 9 questions, out of which a student has to attempt
5 questions including the question No.l which will be compulsory. The
question No.l will carry 20 marks and will be of short answer type
questions with a limit of 20 words.

Unit-1
CYTOLOGY

Chromatin organization : Chromosome structure and packageing of
DNA, molecular organization of centromere and telomere, nucleolus and
ribosomal RNA genes, euchromatin and heterochromatin, karyotype
analysis, banding patterns, karyotype, evolution, specialized types of
chromosomes, polytene, lampbrush, B-chromosomes and sex chromosome,
molecular basis of chromo- some pairing.

Structural and -numerical alterations in chromeosomes : Origin,
meiosis and breeding behavior of duplication, deficiency, in- version and
translocation heterozygotes, Origin, occurrence, production and meiosis of
haploids, aneuploids and euploids, origin and production, of autopolyploids,
chromosome and chromatid segregation, allopolyploids, types, genome
constitution, and analysis, evolution of major crop plants, induction and
characterization of trisomics and monosomics.

Unit-IT
GENETICS

Genetics of prokaryotes and eukaryotic organelles : Map- ping the
bacteriophage genome, phage phenotypes, genetic recombination in phage,
genetic transformation, conjugation and transduction in bacteria, genetics of
mitochondria and chloroplasts, cytoplasmic male sterility.

Gene Structure and expression : Genetic fine structure, cis— trans
test fine structure analysis of eukaryotes, introns and their significance, RNA
Splicing, regulation of gene expression in prokaryotes and eukaryotes.
Panoply of operon, catabolite repression, attenuation and antitermination.

Genetic recombination and genetic mapping : Recombination
independent assortment and crossing over. molecular mechanism of
recombination. role of RecA and RecBCD enzymes, site-specific
recombination. chromosome mapping, linkage groups, genetic markers.
construction of molecular maps, correlation of genetic and physical maps.
somatic cell genetics—an alternative approach to gene map- ping.

Unit-111
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CYTOGENETICS
- Mutations : Spontaneous and induced mutations, physical and
chemical mutagens, molecular basis of gene mutation, transposable
elements in prokaryotes and eukaryotes, mutation induced by transposons,
site-directed mutagenesis, inherited diseases and defects in DNA repair,
initiation of cancer at cellular level, protooncogenes and oncogenes.

Sex determination, sex linked inheritance, sex limited characters and
sex reversal, multiple alleles.

Cytogenetics of aneuploids and structural heterozygotes : Effect
of aneuploidy on phenotype in plants, transmission ofmonosomics and
trisomics and their use in chromosome mapping indiploid and polyploid
species, breeding behaviour and genetics ofstructural  heterozygotes,
complex translocation heterozygotes,translocation tester sets, Robertsonian
translocations, B-Atranslocations.

Unlt—IV

Molecular cytogenetics : Nuclear DNA content, C-value para dox,
cot curve and its significance, multigene families and their evolution, in situ
hybridization—concept and techniques, physical mapping of genes of
chromosomes, computer assisted chromosome analysis, chromosome
microdissection and microcloning, flow cytometry and karyotype analysis.

Alien gene transfer through chromosome manipulations :
Transfer of whole genome, examples from wheat, Arachis andBrassica,
transfer of individual chromosomes and chromosome segments, methods for
detecting alien chromatin, production, characterization and utility of alien
addition and substitution lines, geneticbasis of . inbreeding and heterosis,
exploitation of hybrid vigour.

Suggested Readings :

1. Albert B. Bray, D., Lewis, J., Raff, M., Robert K. and Watson, JI.D.
1989., Molecular Biology of the Cell (2nd edition), Gar- land
Publishing Inc., New York. '

2. Atherly, A.G., Girton, J.R. and McDonald, J.F. 1999. The Science of
Genetics. Saunders College Publishing, Fort Worth, USA.

3. Burnham. CR. 1962. Discussions in Cytogenetics. Burgess Publishing
Co. Minnesota.

4. Busch, H. and Rothblum, L. 1982. Volume X. The Cell Nucleus tDNA
Part A. Academic Press. :

5. Hard, D.L. and Jones, E.W. 1998. Genetics : Principles and Analysis
(4th edition). Jones & Bartlett Publishers, Massachusetts. USA.

6. Khush, G.S. 1973. Cytogenetics of Aneuploids. Academic Press, New
York, London.

7. Karp, G. 1999. Cell and Molecular Biology : Concepts and Experiments.
John Wiley & Sons, Inc., USA.
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8. Lewin. B. 2000. Gene VIIL. Oxford University Press, New York. USA.

9. Lewis, R. 1997. Human Genetics : Concepts and Applications  (2nd
edition). WCB McGraw Hill, USA.

10. Malacinski, G.M. and Freifelder, D. 1998 : Essentials of Mo lecular
Biology(3rd deition). Jones and B Artlet Publishers. Inc., London.

11. Russel, R.J. 1998. Genetics (5th edition). The Benjamin/ Cummings
Publishing Company INd., USA.

12. Snustad, D.P. and Simmons, M.J. 2000. Principles of Genetics (2nd
edition). John Wiley & Sons Inc., USA.

Suggested Laboratory Exercises

1. Linear differentiation of chromosomes through banding techniques, such
as G-banding, C-banding and Q-banding.

2. Silver banding for staining nucleolus—organizing region, where 18S
and 28srDNA are transcribed.

3. Orcein and Feulgen. Staining of the salivary gland chromosomes of
Chironomas and Drosophila.

4. Characteristics and behaviour of B chromosomes using maize or any
other appropriate material.

5. Working out the effect of mono- and trisomy on plant pheno
type, fertility and meiotic behaviour.

6. Induction of polyploidy using colchicines, different methods of  the
application of Colchicines.

7. Effect of induced and' spontaneous polyploidy on plant phenotype,
meiosis, pollen and seed fertility and fruit set. '

8. Effect of translocation heterozygosity on plant phenotype. chromosome
pairing and chromosome disjunction and pollen and  seed fertility.

9. Meiosis of complex translocation heterozygotes.

. 10. Isolation of chlorophyll mutants, following irradiation and treatment

with chemical mutagens.

11. Estimation of nuclear DNA content through microdensitomerty arid flow
cytometry.

12. Fractionation and estimation of repetitive and unique DNA sequences in
nuclear DNA.

Suggested Readings :

1. Fukui, K. and Nakayama, S, 1996 Plant Chromosomes : Laboratory
Methods. CRC Press, Boca ratan, Florida.

2. Sharma, AK. and Sharma,” A. 1999. Plant Chromosome Analysis.
Manipulation and Engineering. Hoarwood Academic Publisher.
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Paper-III : Biology and Diversity of Lower Plants :
Cryptogams

Scheme of Examination Max. Marks : 100

Each paper will have 9 questions, out of which a student has to attempt
5 questions including the question No.l which will be compulsory. The
question No.l will carry 20 marks and will be of short answer type
questions with a limit of 20 words.

Unit-I

Phycology : Algae in diversified habitats (terrestrial. freshwater,
marine), thallus organization, cell ultrastructure, reproduction, (vegetative,
asexual, sexual) criteria for classification of algae: pigments, reserve food,
flagella, classification, salient features of Protochlorophyta, Chlorophyta,
Charophyta, Xanthophyta. Bacillariophyta. Phacophyta and Rhodophyta :
with special reference to Microcystis;, Hydrodictyon, Drapernaldiopsis,
Cosmarium, algal blooms, algal biofertilizers : algae as food, feed and use in
industry.

Unit-IT
Mycology : General characters of fungi, substrate relationship in
fungi. cell ultrastructure, unicellular and multi cellular organization, cell
well composition. nutrition (saprobic, biotrophic, symbiotic), heterothallism,
heterokaryosis, parasexuality, recent trends in classification. Phylogeny of
fungi, general account of Mastigomycotina. Zygomycotina, Ascomycotina,
Basidiomycotina, deuteromycotina, with special reference to Pilobolus,
Morchella Melampsora, Polyporus &Phoma, fungi in industry medicine and
as food, fungal diseases in plants and humans, Mycorrhizae, fungi as
biocontrol agents. .
Unit-11X
Bryophyta : Morphology, structure, reproduction and life history,
distribution, classification, general account of Marchantiales, Junger-
maniales, Anthocerotales, Sphagnales, Funariales and Polytrichales, with
special reference to Plagiochasma, Notothylus and Polytrichum, economic
and ecological importance.
Unit-I'V
Pteridophyta : Morphology, anatomy and reproduction; classification;
evolution of stele; heterospory and origin of seed habit; general account of
fossil pteriodophyta; introduction to Psilplosida, Lycopsida, Sphenopsida
and Pteropsida; with Special reference to Lycopodium, Gleichnia, Pteris,
Isoetes & Ophioglossum.
Suggested Readin
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Alexopoulus C.J., Mims. CW. and Blackwel, M. 1996. Introductory
Mycology, John Wiley & Sons Ind.

Clifton, A. 1958. Introduction to the Bacteria. McGiaw-Hill Book Co.,
New York.

Kumar, H.D; 1988. Introductory Phycology. Affiliate East-West Press
Ltd, New Delhi.

- Mandahar, CL. 1978. Introduction to Plant Viruses. Chand & Co. Ltd.,
Delhi. ‘
Mehrotra, R.S. and Aneja, KS. 1998. An Introduction to Mycology,
New Age Intermediate Press.

Morris, 1.1986. An Introduction to the Algae. Cambridge University
Press, U.K.

Parihar, NS. 1991. Broyophyta. Central Book Depot, Allahabad.

Parihar, NS. 1996. Biology & Morphology of Pteridophytes.

Central Book Depot, Allahabad.

Puri, P. 1980. Bryophytes. Atma Ram & Sons, Delhi.

Rangaswamy, G. and Mahadevn, A. 1999. Diseases of Crop Plants in
India (4th edition). Prentice Hall of India Pvt. Ltd., New Delhi.

Round, RE. 1986. The Biology of Algae. Cambridge University Press,
Cambridge.

Spome, KK. 1991. The Morphology of Pteridophytes. B.1. Publishing
Pvt. Ltd., Mumbai.

Stewart, W.N. and Rathwell, G.W. 1993. Paieobotany and the
Evolution of Plants. Cambridge University Press.

Webster, j. 1985. IntrOduction to Fungi. Cambridge University Press.
Suggested Laboratory Exercises

Morphological study of representative members of algae, fungi,
bacteria, bryophytes and peridophytes : Microcystis, Aulosira, Oocysits,
Pediastrum,  Hydrodictyon, Ulva,  Pithophora,  Stigeoclonium,
Drapranaldiposis.  Closterium,  Cosmarium,  Chara,  Stemonitis,
Peronospora, Albugo, Mucor, Pilobolus, Yeast, Emericella, Chaetomium,
Pleospora, Morchella, Melampsora, Phallus. Polyporus, Drechslera,
Phoma, Penicillium, Aspergillus, Colletotrichum, Marchantia, Anthoceros,
Polytrichum, Psilotum, Lycopodium, Selaginella, Equisetum, Gleichenia,
Pteris, Ophioglossum, Isoetes.

Symptomology of some diseased specimemns: White rust, downy
mildew, powdery mildew, rusts, smuts, ergot, groundnut leaf spot, red rot of
sugarcane, Wilts, paddy blast, citrus canker, bacterial blight of paddy,
angular leaf spot of cotton, tobacco mosaic, little leaf of brinjal, sesame
phyllody, mango malformation. :

Study of morphology, anatomy and reproductive structures of
bryophytes and pteridophytes.
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Gram staining of bacteria.

Identification of fungal cultures :Rhizopus, Mucor, Aspergillus,
Penicillium, Emericella, Chaetomium, Drechslera, Curvularia, Fusarium,
Phoma, Colletotrichum, Graphium.

Sterilization methods, preparation of media and stains.
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Paper-IV : Taxonomy and Diversity of Seed Plants
Scheme of Examination Max. Marks : 100

Each paper will have 9 questions, out of which a student has to attempt
5 questions including the question No.l which will be compulsory. The
question No.l will carry 20 marks and will be of short answer type
questions with a limit of 20 words. '

Unit-I
GYMNOSPERMS

Introduction : Gymnosperms, the vessel-less and fruitless seed plants
varying in the structure of their sperms, pollen grains, pollen germination
and the complexity of their female gametophyte, evolution of gymnosperms.
Classification of Gymnosperms and their Distribution in India.

Brief account ofPteridospermales, General Account of Cycadeoidales
and Cordaitales. Structure and reproduction in Cycadales,  Ginkgoales,
Coniferales, Ephedrales, Welwitschiales and Gnetales.

Unit-IT
TAXONOMY 0F ANGIOSPERMS
1. Aims, Components, and principals of taxonomy; Alpha and Omega
Taxonomy, documentation and scope.
2. Systems of Angiosperm classification: Cronquist, Dahlgren, Throne and
APG-II
3. International code of Botanical Nomenclature: Principles, rules and
recommendations; Taxonomic Concept: Hierarchy, species, genus,
family and other categories.
Unit-111

Numerical Taxonomy- Principals. concepts, operational taxonomic
units (OTU), data processing and taxonomic studies, taximetric methods for
study of population variation and similarity- coding, cluster analysis,
cladistics, cladogram.

Taxonomic literature: Floras, Monographs, Icons, Library, Manuals,
Index, Taxonomic keys.

Taxonomic tools and techniques: Herbarium, serological, Molecular
technique, GIS and Mapping biodiversity.

Unit-IV

Taxonomic evidences: Morphology, Anatomy, Palynology,

Embryology, Cytology, Phytochemistry and Genome analysis.
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Phylogeny of Angiosperms : Ancestors of Angiosperms, time and
place of origin of Angiosperms; habit of Angiosperm, primitive living
Angiosperms, interrelationship among the major groups of Angiosperms.

Suggested Readings :

1. Bhatnagar, SP. and Moitra, A. 1996. Gymnosperms. New Age
International Pvt. Ltd., New Delhi.

2. Cole, A.J. 1969. Numerical Taxonomy, Academic Press, Lon- don

3. Davis, P.H. and Heywood, V.H. 1973, Principles of Angiosperms
Taxonomy, Robert E. Kreiger Publ Co., New York.

4. Grant, V. 1971. Plant Speciatioh. Columbia University Press, New

York.

Grant, W.E. 1984. Plant Biosystematics. Academic Press, Lon- don.

6. Harrison, H.J. 1971. New Concepts in Flowering Plant Tax- onomy.
Rieman Educational Book Ltd., London.

7. Heslop-Harrison, J. 1967. Plant Taxonomy, English Language Book
Soc. & Edward Arnold Pub. Ltd. UK.

8. Heywood, V.H. and Moore, D.M. 1984. Current Concepts in Plant
Taxonomy. Academic Press, London. _

9. Jones, AD. and Wilbins, AD. 1971. Variations and Adaptations in
Plant Species. Hiemand & Co. Educational Books Ltd. Lon- don

10. Jones, S.B, Jr. and Luchsinger, AH. 1986. Plant Systematics (2nd
edition). McGraw-Hill Book Co., New York.

11. Nordenstam, 8., El Gazaly, G, and Kassas, M. 2000, Plant Systematics
for 21st Century. Portland Press Ltd., London.

12. Radford. A.H. 1986. Fundamentals of Plant Systematics. Harper &
Row Publications, USA.

13. Singh, M. 1978, Embryology of Gymnosperms, Encyclopaedia of
Plant Anatomy X. Gebruder Bortraeger, Berlin.

14. Solbrig, O.T. 1970. Principles and Methods .of Plant Blosystematlcs
The MacMillan Co—collier-MacMillan Ltd. London.

15. Solbrig. O.T. and Solbrig, D.J. 1979. Population Biology and Evolution.
Addison-Weslley Pnblicating Co. Ind USA.

16. Stebbings. G.L. 1974. Flowering Plant-Evolution Above Spe- cies
Level. Edward Arnold Ltd. London.

17. Stace, C.A. 1989. Plant Taxonomy and Biosystematics (2nd edition)
Edward Arnold Ltd. London.

18. Takhtajan. A.L. 1997. Diversity and Classification of Flowering Plants.
Columbia University Press, New York.

19. Woodland. D.W. 1991. Contemporary Plant Systematics. Prentice Hall.
New Jersey.

Suggested Laboratory Exercises :
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10.

Gymnosperms

Comparative study of the anatomy of vegetative and reproductive parts
of Cycas, Ginkgo; Cedrus, Abies; Picea, Cupressus, Araucaria,
Cryptomeria, Taxodium; Podecarpus, Agathis, Texus, Ephedra and
Gnetum. ‘
Study of important fossil gymnosperms from prepared slides and
specimens.

Angiosperms

Description of a specimen from representative, locally available
families.

List of Locally Available Families :

(1) Ranunculaceae, (2) Capparidaceae, (3) Portulacaceae. (4)
Caryophyllaceae, (5) Malvaceae, (6) Tiliaceae, (7) Sterculiaceae, (8)
Zygophyllaceae, (9) Rhamnaceae. (10) Sapindaceae, (11) Leguminosae,
(12) Combretaceae, (13) . Myrtaceae, (14) Cucurbitaceae, (15)
Umbelliferae-Apiaceae, (16) Rubiaceae, (17) Asteraceae, (18)
Primulaceae, (19) Plumbaginaceae, (20) Asclepiadaceae, (21)
Convolvulaceae, (22) Solanaceae, (23) Boraginaceae, (24)
Polemoniaceae, (25) Acanthaceae, (26) Pedaliaceae, (27) Martyniaceae,
(28) Bignoniaceae, (39) Libiatae, (30) Nyctaginaceae, (31)
Polygonaceae, (32) Chenopodiaceae, (33) Amaranthaceae, (34)
Aijzoaceae, (35) Mollugmaceae, (36) Euphorbiaceae, (37)
Commelinaceae, and (38) Cyperaceae.

Description of species based on various specimens to study intraspecific
variation : a collective exercise. -

Description of various species of a genus, location of key char! acters
and preparation of keys at generic level.

Location of key characters and use of keys at family level.

Field trips within and*around the campus, compilation of field notes
and preparation of herbarium sheets of such plants, wild or
cultivated as are abundant.

Training in using floras and herbaria for identification of specimens
described in the class.

Demonstration of the utility of secondary metabolites in the taxonomy of
some appropriate genera.

Comparison of different species of a genus and different genera  of a
family to calculate similarity coefficients and preparation of
dendrograms.
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Paper-V : Plant Physiology and Metabolism
Scheme of Examination Max. Marks : 100
Each paper will have 9 questions, out of which a student has to attempt
5 questions including the question No.1 which will be compuisory. The
question No.l will carry 20 marks and will be of short answer type
questions with a limit of 20 words.

Unit-I
Water relation of plants : Unique physicochemical properties  of
water, chemical potential, water potential, apparent free space, bulk

movement of water, Soil Plant Atmosphere Continuum (SPAC) stomatal
regulation of transpiration, signal transduction in guard cell.

Membrane Transport : Passive - non-mediated transport and Nernst
equation, Passive-mediated transport, ATP-driven active trans- port,
Uniport, Symport, Antiport Ion channels. '

Amino acids, Proteins and Enzymes.: Nod factor, root nodulation and
nitrogen fixation, structure of amino acids, stereo- isomers. Amphoteric
propefties, synthesis of amino acids by reductive amination, GS-GOGAT
system and transamination.

Structure of proteins : Primary, secondary, tertiary, quaternary and
domain structure, reverse turn and Ramchandran Plot, protein stability :
electrostatic forces, hydrogen bonding, disulfide bonding and hydrophobic
interaction.

Enzymes : Structure and properties, substrate specificity, classification
and mechanism of enzyme action. =
, Unit-IT

Carbohydrates : Classification, structure and function of
monosaccharides, Polysaccharides and glycoproteins including starch.
cellulose and pectins.

Photosynthesis : Photosynthetic pigments, absorption and trans-
formation of radiant energy, photo-oxidation, four complexes of
thylakoid membranes : photosystem I. cytochrome b- f complex
photosystem II and coupling factors, photolysis of water and O, evolution,
non-cyclic and cyclic transportation of electrons, Water, water cycle. proton
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gradient and photophosphorylation, Calvin cycle regulation of RUBISCO
activity. control of Calvin cycle, C4 pathway and its adaptive significance.
CAM pathway, differences between C3 and C4 plants. glycolate pathway
and photorespiration chlororespiration and CO, concentrating mechanism in
micro-organ. ism.

Unit-IIT -

Respiration : Anaerobic and aerobic respiration, amphibolic nature of
TCA cycle, pentose phosphate pathway, glyoxylate path. way, oxidative
phosphdrylation. gluconeogenesis, high energy com. pounds : their synthesis
and utilisation.

Fat metabolism : Synthesis of long chain fatty acids, lipid
biosynthesis, and oxidation ,

Secondary metabolites : Biosynthesis and function of second- ary
metabolites with special reference to tannins, alkaloids and ster- oids.

_ ' Unit-IV

Plant growth regulators : Auxins - chemical nature, bioassay,
physiological effects and mode of action.

Gibberellins - chemical nature, bioassay, physiological effects and
mode of action.

Cytokinins-chemical nature, bioassay, physiological effects and mode
of action. )

Abscisic acid - chemical nature, bioassay, physiological effects and
mode of action. _

Physiology of flowering : Photoperiodism and vernalization.

Suggested Readings :
1. Buchanan, B.B., Gruissim, W. and lones, R.L. 2000. Biochem- istry and
Molecular Biology of Plants, American Society of Plant

Physiologists, Maryland, USA.

2. Dennis, D.T., Turpin, D.H., Lefebvre, D.D. and Layzell, D.B. (Eds)
1997. Plant Metabolism (second edition). Longman Es-  sex, England.

3. Galston, A.W. 1989. Life Processes in Plants. Scientific Ameri- can
Library, Springer-Verlag, New York, USA.

4. Hooykaas, P.J.J., Hall M.A. and Libbenga, K.R. (eds) 1990.
Biochemistry and Molecular Biology of Plant Hormones, Elsevier.
Amsterdam. The Netherlands. :

5. Hopkins, W.G. 1995. Introduction to Plant Physiology. John Wiley &
Sons. Inc., New York, USA. -

6. Lodish, II., Berk. A,. Zipursky, S.L., Matsudaira P., Baltimore, D. and
Darnell, J. 2000. Molecular Cell Biology (fourth edition). W.M.
Freeman and Company, New York, USA.

7. Moore, T.C. 1989. Biochemistry and Physiology of Plant Hormones.
(second edition). Springer-Verlag, New York, USA.
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8. Nobel, P.S. 1999. Physiochemical and Environmental Plant Physiology
(second edition), Academic Press, San Diego, USA.

9. Salisbury, F.B. and Ross, C.W. 1992. Plant Physiology (4th edition).
Wadsworth Publishing Co., California, USA.

10. Singhal, G.S. Renger, G., Sopory, SK., Irrgang, K.D. and Govindjle
1999. Concepts in  Photobiology: Photosynthesis and
Photomorphogenesis. Narosa Publishing House, New Delhi.

11. Taiz, 1., and Zeiger, E, 1998. Plant Physiology (2nd edition). Sinaucr
Associates, Inc., Publishers, Massachusetts, USA.

12. Thomas, B. and Vince-Prue, D. (1997) Photoperiodism in Plants (second
edition). Academic Press, San Diego. USA.

13. Westhoff, P. (1998) Molecular Plant Development from Gene to Plant,
Oxford University Press, Oxford, UK.

Suggested Laboratory Exercises :

1. Effect of time and enzyme concentration on the rate of reaction  of
enzyme (e.g. acid phosphatase nitrate reductase).

2. Effect of substrate concentration on activity of any enzyme and
determination of its Km value.

3. Demonstration of the substrate inducibility of the enzyme ni- trate
reductase.

4. Extraction of chloroplast pigments from leaves and preparation  of the
absorption specturm of chlorophylls and carotenoids.

5. To determine the chlorophyll a. chlorophyll b. ratio in C; and Cs
plants.

6. Isolation of intact chloroplasts and estimation of chloroplast proteins by
spot protein assay. '

7. to demonstrate photophosphorylation in intact chloroplasts, re- solve the

phosphoproteins by SDS~PAGE and perform autoradiography.

Extraction of seed proteins depending upon the solubility

9. Determination of succenate dehydrogenase activity, its kinetics and
sensitivity to inmcitors. _

10. Desalting of proteins by gel filtration chromatography employing
Sepnadex

11. Preparation of the standard curve of protein (BSA) and estimation of the
protein content in extracts of plant material by Lowry’s
or Bradford's method.

12. Fractionation of proteins using gel filtration chromatography by
Sephadex G100 or Sephadex G200.

13. SDS-PAGE for soluble proteins extracted from the given plant materials
and comparison of their profile by staining with Coomassie Brilliant
Blue or silver nitrate. ’
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14. Separation of isozymes of esterases, peroxidases by native
polyacrylamide gel electrophoresis.

15. Radioisotope methodology, autoradiography, instrumentation (GM
count and Scintillation counter) and principles involved.

16. Principles of colorimetry, spectrophotometry and fluorimetry.

Suggested Readings (for laboratory exercise)

1. bajracharya, D. 1999. Experiments in Plant Physiology : A Laboratory
Manual, Narosa Publishing House, New Delhi.

2. Cooper, T.G. 1977. Tools in Biochemistry. John Willey, New York,
USA.

3. Copeland, R.A. 1996. Enzymes : A Practical introduction to Structure,
Mechanism and Data Analysis. VCH Publishers, New York.

4. Dennison, C. 1999. A Guide to Protein Isolation. Kluwer Aca- demic
Publishers, Dordrecht, The Netherlands.

5. Devi, P. 2000. Principles and Methods of Plant Molecular Biol- ogy.
Biochemistry and Genetics. Agrobiors, Jodhpur, India.

6. Dryer, K.L. and Lata, G.F. 1989. Experimental Biochemistry. Oxford
University Press, New York.

7. Haines B.D. (Ed) 1998. Gel Electrophoresis of Proteins : Practical
Approach, 3rd edition PAS, Oxford University Press. Oxford,
UK. ‘

8. Harbome, T.C. 198l Phytochemical Methods : A Guide to  Modern ,
Techniques of Plant Analysis. Chapman & Hall, Lon-  don. ?

9. Moore, TC. 1974. Research Experiences in Plant Physiology: A
Laboratory Manual, Springer-Verlag, Berlin.

10. Ninfa, AJ. and Ballou, D.P. 1998 Fundamental Laboratory Approaches
for Biochemistry and Biotechnology. Fitzgerald Science Press, Inc.

Maryland, USA.

11. Piummer, D.T. 1998. An Introduction to Practical Biochemistry.
Tata McGraw-Hill-Publishing Co. Ltd, New Delhi.

12. Scott, R.P.W. 1995. Techniques and Practice of Chromatography
Marcel Dchker, Inc. New York.

13. Wilson, K. and Goulding, K.H. (Eds), 1986. A Biologists Guide to
Principles and Techniques of Practical Biochemistry. Edward Arnold,

London, UK.

14. Wilson, K. and Walker, J. 1994. Practical Biochemistry : Principles and

Techniques. 4th edition, Cambridge University Press Cambridge, UK.

pylga
Dy. Registrar {Acad.)
Urivergity of Rajasil in

v JAIPUR

12

I Principal
Dr. Rekha Gupta

RK. Vigyan (P.G.) Mahavidyalaya
Kalwar, Jaipur



Paper-VI : Microbiology and Plant Pathology
Scheme of Examination " Max. Marks : 100

Each paper will have 9 questions, out of which a student has to attempt
5 questions including the question No.1 which will be compulsory. The
question No.l will carry 20 marks and will be of short answer type
questions with a limit of 20 words. -

Unit - I
Microbiology

1. Important landmarks in the history of microbiology
archaebacteria and eubacteria : General account, ultrastructure,nutrition
and. reproduction, biology and economic importance,cyanobacteria-salient
features and biological importance.

2. Viruses : Classification, characteristics and ultrastructure of virus,
isolation and purification of viruses, chemical nature, replication,
transmission of viruses, cyanophages, economic importance.

3. Phytoplasma : General characteristics and role in causing plant
diseases.

Unit-I1

4. Scope and application of microbes in agriculture, industry, food,
pollution and biological control of pests.

S. General account of immunity, ‘allergy, properties of antigens and
antibodies. Antibody structure and function, affinity and anti-body
specificity. Monoclonal antibodies and their uses. Serology, types of
vaccine. Preliminary account of Biofilms, biochips, biosensors and
biosurfactants.

Unit-IIT
Plant Pathology
6. History and scope of plant pathology : General account of
diseases caused by plant pathogens. Pathogen attack and defense
mechanisms Physical. physiological, biochemical and molecular aspects.
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‘ ,ﬁ Plant disease management : Chemical, biological, IPM Systems.
development of transgenics, biopesticides, Diagnosis of plant diseases,
Preliminary account of application of Biotechnology in plant pathology.
Unit-1V

Symptomology, identification and control of following plant diseases.

Fungal diseases : Wheat (Rust, Smut), Bajra (ergot and smut).

Paddy (Paddy blast), Cotton (Wilt), Grapes (Downy mildew and
powdery mildew).

Bacterial disease : Wheat (Tundu), Citrus canker.

Viral disease : Tobacco mosaic, Bhindi yellow mosaic.

Phytoplasma disease : Witch’s broom of Papaya

Nematode disease : Root-knot of Vegetables

Suggested Readings

1. Alexopoulus, C.J., Minis, CW. and Blackwel, M. 1996. Introductory
Mycology. John Wiley & Sons Inc.

2. Agrios, G.N. 1997. Plant Pathology. Academic Press, London.

3. Albajes, R., Gullino, M.L., Van Lenteren, J.C. and Elad, Y 2000.
Integrated Pest and Disease Management in Greenhouse Crops. Kiluwel
Academic Publishers.

4, Bridge, R, Moore, D.R. & Scotf, RR. 1998. Information Technology.
Plant Pathology and Biodiversity. CAB International. U.K.

5. Clifiton, A. 1958. Introduction to Bacterla McGraw Hill Book Co. New
York.

6. Mandahar, C.I. 1978. Introduction to plant viruses. Chand & Co.
Ltd. Delhi.

7.  Mehrotra R.S. Plant Pathology Tata McGraw Hill.

Rangaswamy, G. & Mahadevan, A. 1999. Diseases of crop plants in

India (4th edition) Prentice Hall of India, Pvt. New Delhi.,

9. Horsfall, J.G. & A.L. Dimond. Plant Pathology Vols. I, 2 & 3.
Academic press. New York. London.

10. Trivedi, P.C. 1998. Nematode Diseases in Plants. CBS Publisher &
Distributor. New Delhi.

Suggested laboratory Exercises (Microbiology)

1. Calibration of microscope : determination of dimensions of micro-
organisms (suggested model organisms: yeast, lactobacilli,
cyanobacteria).

2. Cultivation media for autotrophic and heterotrophic microorganisms
(cleaning of glasswares, mineral media, complex media, solid media.
sterilization) (based on topic 3).

3. Isolation of microorganisms, streaking on agar plates/pour plate
method. isolation of clones, preservation (based on topics 2 and 3).
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4. Determination of growth of a microorganism (model organism :
Escherichia coli, effects of nutrients, e.g. glucose, fructose, sucrose,
principle of colorimetry/spectrocolorimeter) (based on topic 3).

5. Determination of microbial population size (suggested model
organism yeast, use of haemocytometer, serial dilution technique,
relationship between dilution and cell count, determination of standard
error, reliability in cell counts) (based on topic 3).

6. Preparation of Winogradsky column using pond bottom mud.
observations on temporal sequence of appearance of microbes (visual
appearance, microscopic observations) (based on topic = 7).

7.  Observation on virus infected plants (Symptoms) (based on topic
5). ' '

8. Fermentation by yeast (inverted tube method, use of different
substrates, e.g. glucose, fructose, cane sugar. starch) (based on topic
8).

Plant Pathology :

Diseases as per theory syllabus.
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Skeleton Paper
M.Se. (Previous) Group-1 Practical Examination
Time : 6 Hours _ M.M. : 150
Q. No. Questions Marks
alloted
1. (a) Perform the given molecular biology
exercise. 15
(b) Perform the given exercise of cell biology/
molecular biology. 15
2. (a) Perform the given exercise of Genetics/Mitosis/
Meiosis 15
(b) Perform the given exercise of Cytogenetlcs/
Polytene chromosome 15
3. (i) Identify two algae from the given mixture ‘A’.
Draw labelled diagrams. Comment upon their
significant characters and systematic. 7
(i1) Make a suitable preparation of material ‘B’ so as
show reproductive parts of the fungus. 7

(iii) Make a suitable preparation of material ‘C’ and
' Draw well labelled diagrams. Identify with
giving reasons. 8
(iv) Make a suitable preparation of Vegetatlve/

reproductive parts of the material ‘D’. Draw
labelled sketches. Write features of special
interest and identify giving reasons. 8

4. Identify the spots critically (6X3) 18
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[

/ﬁ 5. Botanical field excursion report . 5

) 6. Sessional marks 22
7. Viva-voce 15
Skeleton Paper
M.Sc. (Previous) Group-II Practical Examination
Time : 6 Hours M.M. : 150
Q.No. Questions Marks
' ' alloted

1. (a) Describe the material in semitechnical language.
Assign it to the relevant family with reasons. Draw
floral diagram. . 9

(b) Prepare an artificial key of the given plant materials (A B & C).
6

(c) Make a suitable preparation of material ‘D’ (vegetative part only).
Draw labelled diagram. Identify it giving reasons. Also give features
of special interest. if any. 10

(d) Make a suitable preparation of given material ‘E’ (reproductive part
only) Draw labelled diagram.
Identify it giving reasons.. 6

2. - Perform the physiology experiments as assigned to you.

Describe the methodology and record your observations.

Exercise ‘a’ _ 20
Exercise ‘b’ 10
3. @) Perform the microbiological exercise given to you.
Draw suitable diagram describe methodology and
record your observations. 10

(i)  Prepare a suitable slide of the given microbiological
exercise. Draw diagram, describe methodology and
record your results. = - 7
(iliy  Prepare a suitable slide of the given material ‘G’
for histological study. 'Draw labelled diagram. Identify

the pathogen giving reasons. . 12
4, Spots 6X3 18
5. Herbarium 5
6 Sessional Marks 22
7. Viva voce 15
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M.Sec. Final

Paper-VII  : Plant Morphology, Developmental Anatomy
. & Reproduction Biology
Paper-VIII : Plant Ecology
Paper-I1X : Plant Resource Utilization: and Conserva-
tion
Paper-X : Biotechnology and Genetic Engineering of
Plants and Microbes
Paper-XI(a) : Advanced Plant Pathology-1

Paper-XII(a) :
: Seed Science and Technology-I
: Seed Science and Technology-11
: Ecosystem Ecology

: Environmental Biology
Paper-XI(d) :
: Advanced Plant Physiology-II

: Advanced Morphology and Morphogenesis-I
: Advanced Morphology and Morphogenesis-1I
: Biosystematics of Angiosperms-I

: Biosystematics of Angiosperms-I1

: Biotechnology-I

: Biotechnology-I1

Paper-XI(b)
Paper-XII(b)
Paper-XI(c)
Paper-XTI(c)

Paper-XII(d)
Paper-Xi(e)
Paper-XII(e)
Paper-XI(f)
Paper-XI(f)
Paper-XI(g)
Paper-XII(g)

Advanced Plant Pathology-11

Advanced Plant Physiology-I

Paper-VII: Plant Morphology, Developmental Anatomy
& Reproductlon Blology
Scheme of Examination Max. Marks 100

Each paper will have 9 quest1ons out of which a student has to
attempt 5 questions including the question No.1 which will be com-
pulsory. The question No.1 will carry 20 marks and will be of short
answer type questions with a limit of 20 words.

Unit-I

Introduction Unique -features of plant development;
differences between animal and plant development.

Seed germination and seedling growth : Metabolism of
proteins and mobilization of food reserves; tropisms during seed
germination and seedling growth; hormonal control of seedling
growth; gene expression; use of mutants in understanding seedling
development.

Shoot development : Orgamzatlon of the shoot apical meristem
(SAM); cytological and molecular analysis of SAM; control of cell
division and cell to cell communication; primary and secondary tissue
differentiation, control of tissue differentiation, especially xylem and .
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phloem; secretory ducts and laticifers; wood development in relation
to environmental factors.
Unit-IT

Leaf growth and differentiation : Inception, phyllotaxy; control
of leaf form (leaf meristem and other factors), differentiation of
epidermis (with special reference to stomata and trichomes) and
mesophyll, kranz anatomy, leaf traces and leaf gaps, transfer cells.

Root development : Organization of root apical meristem
(RAM), vascular tissue differentiation, lateral roots, root hairs, root-
microbe interactions.

Seed Coat development: External and Internal morphology of
seed, seed appendages, ontogeny of seed coat in various families,
mature structure, spermoderm patterns.

Unit-III

Reproduction : Vegetative options and sexual reproduction,
flower development, genetics of floral organ differentiation, homeotic
mutants in Arabidopsis and Antirrhinum.

Male gametophyte : Structure of anthers; microsporogenesis,
role of tapetum; pollen development and gene expression; male
sterility; sperm dimorphism and hybrid seed production; pollen
germination, pollen tube growth and guidance; pollen storage; pollen
allergy; pollen embryos.

Female gametophyte : Ovule development; megasporogenesis;
organization of the embryo sac, structure of the embryo sac cells.

Pollination, pollen-pistil - interaction and fertilization:
pollination mechanisms and vectors, structure of the pistil, pollen-
stigma  interactions, sporophytic —and gametophytic  self-
incompatibility (cytological, biochemical and molecular aspects);
double fertilization; in vitro fertilization.

Unit-1V

Seed development and fruit growth: Endosperm development,
embryogenesis, cell lineages during late embryo development, storage
proteins of endosperm and embryo.

Polyembryony, apomixis; embryo. culture, dynamics of fruit
growth; biochemistry and molecular biology of fruit maturation.

Latent life - dormancy: Importance and types of dormancy;
seed dormancy; overcoming seed dormancy; bud dormancy.

Senescence and programmed cell death (PCD): Basic
concepts, types of cell death, PCD in the life cycle of plants,
metabolic changes associated with senescence -and its regulation;
influence of hormones and environmental factors on senescence.
Suggested Readings
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1. Bewley J.D. and Black, M. 1994. Seeds : Physiology of
Development and Germination Plenum Press. New York.

2. Burgess, J. 1985. An Introduction to Plant Cell Development.
Cambridge University Press, Cambridge.

3. Fahn, A. 1982. Plant Anatomy. (3rd edition). Pergamon Press,
Oxford.

4. Raven P.H. Evrt, R.F. and Eichhom, S. 1992. Biology of Plants
(5™ edition). Worth, New York.

5. Salisbury, F.B. and Ross, C.W. 1992. Plant Physiology (4™
edition). Wadsworth Publishing, Belmont, California.

6. Steeves, T.A. and Sussex, ILM., 1989. Patterns in Plant
Development (2nd edition). Cambridge University Press,
Cambridge.

7. Bhojwani, S.S. and Bhatnagar, S.P. 2000. The Embryology of
Angiosperms (4threvisedandenlargededition). Vikas Publishing
House, New Delhi.

8. Fosker. D.E. 1994. Plant Growth and Development. A Molecular
Approach. Academic Press, San Diego.

9. Howell, S.H. 1998. Molecular Genetics of Plant Development.
Cambridge University Press, Cambridge.

10. Leins, P., Tucker, S.C. and Endress, P.K. 1988. Aspects of. Floral
Development. J. Cramer, Germany.

11.Lyndon, R.F. 1990. Plant Development. The Cellular Basis,
Unnin Hyman, London.

12. Murphy, T.M. and Thompson, W.F., 1988. Molecular Mant
Development. Prentice Hall, New Jersey.

13. Proctor, M. and Yeo. P. 1973. The Pollination of Flowers.
William Collins Sons, London.

14. Raghavan, V. 1997. Molecular Embryology of Flowenng Plants.
Cambridge University Press, Cambridge.

15. Raghavan, V. 1999. Developmental Biology of Flowering Plants.
Springer-Verlag, New York.

16. Sdgely, M. and Griffin, A.R. 1989. Sexual Reproduction to Tree
Crops. Academic Press, London.

17. Shivanna, K.R. and Sawhney, V.K. (eds.) 1997. Pollen
Biotechnology for Crop Production and Improvement. Cambridge
University Press, Cambridge.

18. Shivanna, K.R. and Rangaswany, N.S. 1992. Pollen Biology : A
Laboratory Manual. Springer-Verlag. Berlin.

19. Shivanna, K.R. ahd John, B.M. 1985. The Angiosperm Pollen :
Structure and Function. Wiley Eastern Ltd., New York.
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20.

The Plant Cell. Special Issue on Reproductive Biology of Plants.
Vol. 5(10) 1993. The American Society of Plant Physiologists,
Rockvilie, Maryland, USA.

Suggested Laboratory/Field Exercises

1.

2.

® N

9.
10.
11.

12.
13.
14.

15.

16.
17.

Study of living shoot apices by distichous using aquatic plants
such as Tabernaemontana, albizia.

Study of cytohistological zonation in the sheet apical meristem
(SAM) in sectioned and double-stained permanent slides of a
suitable plant. Examination of shoot apices in a mono cotyledon
in both T.S. and L.S. to show the origin and arrangement of leaf
primordia.

Study of alternate and distichous, alternate and superposed,
opposite and superposed; opposite and decussate leaf
arrangement. Examination of rosette plants (Launaea, Mollugo,
Raphanus, Hyoscyamus etc.) and induction of bolting under
natural conditions as well as by GA treatment.

Microscopic examination of vertical sections of leaves such as
Cannabis, tobacco, Nerium, maize and wheat to understand the
internal structure of leaf tissues and trichomes, glands etc. Also
study the C3 and C4 leaf anatomy of plants.

Study of epidermal peels of leaves such asCoccinia, Tradescantia,
to study the development and final structure of stomata and
prepare stomatal index.

Study of types of stomata in plants belonging to different families.
Study of whole roots in monocots and dicots.

Examination of L.S. of root from a permanent preparation to
understand the orgamzatlon of root apical meristem and its
derivatives, (use maize, aerial roots of banyan etc.)

Study of lateral root development.

Study of leguminous roots with different types of nodules.

Study of primary and secondary tissue dlfferentlatlon in roots and
shoots.

Study of seed coat types-Pisum, Cucurbita, Wheat.

Study of vascular tissues by clearing technique.

Study of microsporogenesis and gametogenesis in sections of
anthers at different ages.

Examination of modes of anther dehiscence and collection of
pollen grains for microscopic examination (maize, grasses,
Cannabis sativaesCrotoloria, Tradescantia, Brassica, Petunia,
Solanum melongena, etc.)

Study of wall layer anther.

Tests for pollen viability using stains and in vitro germination.
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18.

19.
20.

21.

22

23.

24.

25.

26.

Pollen germination using hanging drop and sitting drop cultures,
suspension culture and surface culture.

Estimating percentage and average pollen tube length in vitro.
Study of ovules in cleared preparations, study of monosporic,
bisporic and tetrasporic types of embryo sac development
thorough examination of permanent, stained serial sections.

Field study of several types of flowers with different pollination
mechanisms.

.Emasculation, bagging and hand pollination to study pollen

germination.

Study of nuclear and cellular endosperm through dissections and
staining,.

Isolation of zygotic globular, heart-shaped, torpedo stage and
mature embryos from suitable seeds.

Polyembryony in citrus, Jamun (Syzygiumcumini) etc. by
dissections.

Biochemical Estimation (quahtatlve and quantitative) of
metabolites of seeds.

Suggested Readings (for Laboratory Exercises)

1.

Shivanna, K.R. and Rangaswamy, N.S. 1992. Pollen Biology: A
Laboratory Mannual, Springer-Verlag, Berlm—Heldelberg (and
references therein).

Chopra, V.L. 2001. Plant Breeding : Theory and Practice. Oxford
IBH Pwvt. Ltd., New Delhi.

. Chopra, V.L. 2001 Plant Breeding : Field Crops Oxford IBH Pvt.

Ltd., New Delhi.
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Paper-VIII : Plant Ecology
Scheme of Examination Max. Marks 100

Each paper will have 9 questions, out of which a student has to
attempt 5 questions including the question No.1 which will be com-
pulsory. The question No.1 will carry 20 marks and will be of short
answer type questions with a limit of 20 words.

Unit-I .

Science of Ecology: Introduction of Ecology, Evolutionary
ecology, ecological models;

Population: Characterstatics of population, population size and
exponential growth, limits of population growth, Competition and
coexistence, intra-specific interactions, interspecific interactions,
scramble and contest competition model, mutualism, commensahsm
and allelopathy, prey-predator interactions.

Vegetation organization : Concepts of commumty and
continuum, community coefficients; interspecific associations,
ordination, species diversity and pattern diversity in community,
concept of habitat and ecotone, ecological niche.

Unit-IT

Vegetation development : Temporal changes (cyclic and non-
cyclic), mechanism of ecological succession (relay floristic and initial
floristic composi