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PREAMBLE

The syllabi of M.Sc. programmes in Chemistry offered in the affiliated colleges of
the University under Semester system have been revised and the revised syllabi are to
be effective from 2025 admission in affiliated colleges of the university. There are two
independent PG programmes in Chemistry, namely M.Sc. Programme in Branch Ill-
Chemistry and M.Sc. Programme in Branch IV=Analytical Chemistry. Both these
PG programmes are equivalent in all respect for employment and higher studies. Each
of these two PG programmes shall extend over a period of two academic years
comprising of four semesters, each of 450 hours in 18 weeks duration. The syllabi and
scheme of examinations of these two programmes are detailed below. The theory
courses of the first three semesters and the practical courses of the first two semesters
of the two programmes are common, and therefore, the examinations of these two PG
programmes are to be conducted with common question papers for the first three
semesters by a common Board of Examiners.

M.Sc. PROGRAMME IN BRANCH IV — ANALYTICAL CHEMISTRY
(Revised syllabus under semester system with effect from 2025'admission)

SYLLABUS AND SCHEME OF EXAMINATION

Hours
. per | Ddration 2Ky | Marks Total
Course No and Title for for
week | of ESA Marks
CA| ESA
L [P
SEMESTER)I*
CL 51125 Inorganic Chemistry | S5 3 25 75 100
CL 51225 Organic Chemistry | 5 3 25 75 100
CL 51325 Physical Chemistry 1 5 3 25 75 100
CL 51425 Inorganic Ghemistry . :
Practicals(| 3 | (To be continued in Semester II)
CL 51525 Organie,Chemistry . :
Practicalsil 3 | (To be continued in Semester II)
CL 51625 PhyS|_caI Chagstry 4 | (To be continued in Semester II)
Practicals |
Total marks for Semester | | 300
*Distribution efiteaching/hours/week: Theory—15 hours, Practical’s =10 hours
SEMESTER II*
CL'S2125 Inorganic Chemistry Il 5 3 25 75 100
CL 52225 Organic Chemistry Il 5 3 25 75 100
CL 52325 Physical Chemistry Il 5 3 25 75 100
CL 51425 Inorganic Chemistry 3 6 25 75 100
Practicals |
CL 51525 Organic Chemistry 3 6 25 75 100
Practicals |
CL 51625 Physical Chemistry 4 6 25 75 100
Practicals |
Total marks for Semester | 600

*Distribution of teaching hours/week: Theory—15 hours, Practical’s =10 hours
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SEMESTER III*

CL 53125 Inorganic Chemistry 11l 5 3 25 75 100
CL 53225 Organic Chemistry 11l 5 3 25 75 100
CL 53325 Physical Chemistry IlI 5 3 25 75 100
CL 53425 Inorganic Chemistry . ,
Practicals || 3 | (To be continued in Semester V)
CL 53525 Organic Chemistry . ,
Practicals || 3 | (To be continued in Semester 1V)
CL 53625 Physical Chemistry . .
Practicals || 4 | (To be continuedin Semester. IV)
Total marks for Sémester I, 300
*Distribution of teaching hours/week: Theory—15 hours, Practical’'s —10 hours
SEMESTER IV*
CL 54125 Chem_lstry of Advanced 5 3 o8 75 100
Materials
CLbazos | Applied Analytical 5 3 25| 75| 100
Chemistry
CL 53425 Inorganic Chemistry
Practicals Il S 6 25 & 100
CL 53525 Organic Chemistry
Practicals Il \ 6 25 & 100
CL 53625 Physical Chemisty.
Practicals Il 4 : 25 & 100
CL 54325 (a) | Dissertationt* 50 50
CL 54325 (b) | Visitto R&D Centre 5 5
CL 54325 (c) Compfehensive viva- 45 45
voce
Total marks for Semester IV 600
Grand Total (for semesters | = V) 1800

*Distribution of teachingyhours/week: Theory—10 hours, Practical’s —10 hours, 5 hours

for discussion_on project

** 1 0"marks‘\eut ofthe 50 marks for dissertation will be for dissertation viva-voce.
The remaining40/marks is to be distributed as follows:
Introduction to the work/ Statement of the Problem -
Review of Literature -
Materials and Methods -
Results and Discussion - 1
Language and style of presentation -
References -
Quality and Innovation -

gL wnN 01010101
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Programme Specific Outcomes

PSO 1

PSO 2

PSO 3

PSO 4

PSO 5

PSO 6

PSO 7

PSO 8

PSO 9

PSO 10

Develop a better understanding of the current chemical principles, methods
and theories with the ability to critically analyse at an advanced level.

Acquire solid knowledge of classical and modern experimental techniques
and interpretation of results; thereby acquire the ability to plan and carry out
independent projects.

Develop the qualities of time management and organization, planning and
executing experiments.

Have a good level of awareness of the problems associated with health,
safety and environment.

Understand how chemistry relates to the real Wworldy, and be able’ to
communicate their understanding of chemical principles to alay,audience and
as well apply the knowledge when situation warrants.

Learn to search scientific literature and databases,yextract and retrieve the
required information and apply it in an appropriateé manner.

Demonstrate proficiency in undertaking dnhdividual and/or team-based
laboratory investigations using appropriate apparatus and safe laboratory
practices.

Develop analytical solutions to“a, diversity of chemical problems identified
from application contexts; critically="analyse and interpret qualitative &
quantitative chemical information’s.

Set the scene t0 make use, Of the wide range of career options open to
chemistry graduates.

achievenan understanding and appreciation of the crucial role of analytical
chemistry and its impacts on life, environmental and industrial processes

[4]



SEMESTER - |

CL 51125: INORGANIC CHEMISTRY |

CO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. | explain the functioning of the frontier materials in inorganic U 1,4,6
chemistry like Solid Electrolytes, Magnetic materials,
Photocatalysts, Molecular materials and fullerides.
2. | explain the preparation, properties and structure of isopoly U 1
acids of Mo, W and V and heteropoly acids of Mo and W.
3. | explain the unusual structure of certain inorganic molecules G 1
of Be, Cu and Ce.
4. | explain the preparation and properties of xenon fluorides, U, Ap 1
and identifying their utility as fluorinating agents.
5. | employ crystal field theory in analysing the splitting of d [\ Ap, An 1
orbitals in octahedral, tetragonal, square planar, tetrahedral, U
trigonal bipyramidal and square pyramidal fields, calculate
Crystal Field Stabilization Energy and Interpret_Octahedral
Site Stabilization Energy.
6. | apply Jahn-Teller theorem and demonstrate evidence for JT Ap 1
effect, static and dynamic JT effect.
7. | illustrate MOT for octahedral and tetrahedral complexes with An 1
and without pi bonds and construct MO diagrams. C
8. | critically evaluate data from a variety of, analytical chemistry Ap, E 1,2
techniques and apply knowledge afithe Statistical analysis of
data.
9. |interpret complexometrc “Witrations, ™ redox titrations, E, U 1,2
gravimetric titrimetry and titrations in non-aqueous solvents.
10. | apply TG, DTA and DSGiinthe study of metal complexes. Ap, An 1,2
11. | identify the chemical processeseccurring naturally in earth's An, E 4
atmospheric, aquatic and soil environments and evaluates
the impacts of human perturbations to these processes.
PSO-Programme Specific Outcame CO-Course Outcome
Cognitive Level: R—Remember U-Understanding  Ap—Apply
An—Analyse E—Evaluate C—Create
Moduile Course Description No. of (6{0)
Hrs No.
1.0 Frantiers in Inorganic Chemistry 18
1.1 Solid Electrolytes: Mixed oxides, cationic, anionic solid 4 1
electrolytes, mixed ionic-electronic conductors.
1.2 Giant and colossal magnetoresistance by perovskite 2 1
materials, Superparamagnetic materials
1.3 Solid state chemistry of metal nitrides and fluorides, 4 1
chalcogenides, intercalation chemistry and metal-rich
phases.
1.4 Inorganic pigments, Inorganic phosphors, Photocatalysts 4 1
15 Molecular materials and fullerides, basic idea of molecular 4 1
materials chemistry like One dimensional metals, Molecular
magnets and Inorganic liquid crystals.
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2.0 Compounds with Special Structures 18

2.1 Isopoly acids: Preparation, properties and structure of 4 2
isopoly acids of Mo, W and V.

2.2 Heteropoly acids: Heteropoly acids of Mo and W. Keggin 4 2
Structure, Keggin anions, Polyoxometalates.

2.3 Basic Beryllium nitrate [BesO(NO3z)s], Basic Beryllium 4 3
acetate [BesO(OAc)g], Beryllium oxalate [Be(ox)2]>~ Copper
acetate, Re,Clg?-, [Ce(NO3)e]>~ Chevrel Phases,

2.4 Xenon fluorides, Structure of XeF, (MO theory only), 6 4
Perxenate ion, Organo xenon compounds, Coordination
compounds of Xenon. Xenon compounds as Fluorinating
agents

3.0 Coordination Chemistry-I: Theories of Metal Complexes 18

3.1 Crystal field theory: Splitting of d orbitals in octahedral, 4 S
tetragonal, square planar, tetrahedral, trigonal bipyramidal
and square pyramidal fields.

3.2 Jahn-Teller theorem, evidence for JT effect, 'staticChand 2 6
dynamic JT effect.

3.3 Crystal Field Stabilization Energy. CFSE for\d! “te, d*° 4 5
systems. Octahedral Site Stabilization Energy. Ractors
affecting the splitting parameter.

3.4 Spectrochemical series. Evidence /ofycovaléncy ‘in Metal- 2 5
Ligand bond, introduction to Ligand field‘theory.

3.5 Molecular Orbital Theory. Sigmay, andpi bonding in 4 7
complexes. MO diagrams of “ectahedral “and tetrahedral
complexes with and without pi bongs.

3.6 Experimental evidence ofpi bend on the stability of sigma 2 7
bond. Nephelauxetic effect.

4.0 Analytical Rfinciples 18

4.1 Evaluation of%analyticali*data: Accuracy and precision. 2 8
Standard deviatien, variance and coefficient of variation.
Student ¥ test, ‘Q’ test, and ‘F’ test. Confidence limits.

4.2 Errors; Classification, “distribution, propagation, causes and 2 8
minimization of errors. Significant figures and computation
rulés.

43 Correlation analysis: Scatter diagram. Correlation 2 8
coefficient, r. Calculation of r by the method of least
squares.

4.4 Volumetric methods: Classification of reactions in 2 8
volumetry. Theory of indicators.

4.5 Complexometric titrations: Titration using EDTA-direct and 4 9
back titration methods. Precipitation titrations. Redox
titrations.

4.6 Titrations in non-aqueous solvents. Organic reagents used 2 9
in gravimetry: Oxine, dimethylglyoxime and cupferron.

4.7 Applications of TG, DTA and DSC in the study of metal 4 10
complexes.

5.0 Chemistry of Natural Environmental Processes 18

5.1 Chemistry of processes in atmosphere: Composition of the 3 11
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atmosphere. Automobile pollutants and the catalytic
converter. Photochemical smog.

5.2

Chemistry of the stratosphere. Catalytic destruction of 3 11
ozone. Depletion of the ozone layer. Hazards of common
air pollutants on the human health.

5.3

Chemistry of processes in hydrosphere: The hydrologic 4 11
cycle. Cycling and purification. The unique properties of
water. Acid-base properties.

5.4

Other natural cycles of the environment: Oxygen Cycle and 2 11
Nitrogen Cycle

5.5

Chemistry of processes in Lithosphere: Redox status in soil. 6 11
pE, pH predominance diagrams for redox sensitive
elements Fe and Cr. Acidity in soil materials. Acid
neutralization capacity and the quantification of the soll
acidity. lon speciation in soil solution. Cation exchange
capacity and exchange phase composition.
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CL 51225: ORGANIC CHEMISTRY |

CO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. | determine E and Z configurations of alkene system, R and U 1

S configuration for compounds with one or more chiral
centers, biphenyls, allenes, spiranes and catenanes. P and
M configuration for helical chiral compound.
2. | explain the conformations of open chain and ring systems | U, Ap, An 1,8
and the factors affecting the same and understands how
the conformation controls the reactivity of disubstituted
cyclohexane system, fragmentation and intramolecular
reactions.
3. | explain stereoselective reactions and asymmetric | UNAPPFAD 1
synthesis
4. | explain the relation between optical activity and chirality Ap, An 1
5. | identify Homotopic, Enantiotopic and diasteriotopic ligands An 1
6. | apply Cram’s rule and Felkin — Ahn model Ap; An 1
7. | identify the reactive intermediates involved ginforganic |Ap, An,E | 1,8
reactions and explain their structure and stability
8. |identify C-C bond formation reactions by base and agid | Ap,An,E | 1,8
catalysed reaction
9. |identify nucleophilic substitution reactions, electrophilic U, Ap 1,8
substitution reactions and explain tA€irmechanism
10. | explain electrophilic substitution on, aromatic substrates Ap, An 1
11. | explain C=C bond formation “keactions and their | Ap, An 1
mechanism
Module €ouUrse Description No.of | CO
Hrs No.
1.0 Stereochemistry 18
1.1 Cis — Trans isomerism #Resulting from Double bonds-E-Z 2 1
Nomenelature, Mano cyclic compounds, fused and Bridged
ring system, out-in iISemerism. R-S configuration for one or
more ¢chiral"centres.
1.2 Conformational analysis: Conformation in open chain 3 2
systems,— factors affecting conformations such as hydrogen
bonding, steric hindrance, dipole moment. Conformation in
Six, membered rings — cyclohexane and six membered rings
containing hetero atoms, factors such as diaxial interaction,
flag-pole interaction, anomeric effect. Conformation in fused
systems such as decalin and 9-methyl decalin.
1.3 Effect of Conformation on the reactivity of substituted 2 2
cyclohexane  systems, stereochemical control in
intramolecular reactions and Fragmentation reactions
1.4 Stereo selective reactions — Stereo selectivity of bromine 2 3
addition across alkyne, lodolactonization and epoxide ring
opening reaction by nucleophile with acid catalyst and
without acid catalyst
15 Optical activity and Chirality-Stereogenic carbon atom, 3 4
guadrivalent stereogenic atom, tervalent stereogenic atom,
adamantanes. Chirality in mono and disubstituted
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cyclohexane system. Chiral axis — biphenyls, allenes,
spiranes, and catenanes and their R-S configuration. Planar
chirality — cyclophanes, Ansa compounds, trans cyclo
alkenes and their R-S configuration. Helical chirality — P and
M Nomenclature.

1.6

Homotopic, Enantiotopic and diasteriotopic ligands
Identification by substitution addition criteria, symmetry
criterion. prochiral faces — Pro R and Pro S, Re face and Si
face attack.

1.7

Asymmetric synthesis — Enantiomeric excess or optical
purity. Enantioselective synthesis by using chiral auxiliaries,
alkylation of chiral enolates, chiral reagents and chiral
catalysts such as [(S)][BINAP]RuU(OAC), [R]
[BINAP]Ru(OAC)2 [DIPAMP] RhL2*, 0sOs4  with
hydroquinidine and hydroquinine  for asymmettic
dihydroxylation, Bakers yeast and R-[BINAP] RuCls.

1.8

Diastereo selective synthesis Cram’s rule andskelkin —=
Ahn model

2.0

Reactive Intermediates

2.1

Carbenes — stability and structure — Formation of ysinglet
and triplet carbenes, Reactions of |cafbenes,
Rearrangement reactions in carbenes, Ré€imer-Tiemann
reaction, Simmons-Smith reaetion, Stereo and Regio
selectivity of carbene addition @cross,C=C:

2.2

Nitrenes — Stability and structure, formation of nitrenes —
Reactions — Insertion, addition. across C=C bond,
rearrangement, abstractionpand‘dimerization.

2.3

Free radical — Structure and, stability, Captodative effect,
Applications of BusSaH/AIBN, TEMPO, NBS and Sml;

2.4

Free radical geactions — Chlerination of alkane, addition of
HX, SRN? mechanism, lodo decarboxylation,
polymerisation, Riemolytic aromatic substitution, coupling of
alkynes.

2.5

Kolbes_eleetrolytic reaetion, Ullman reaction, Hunsdieckers
reaction, Acylain condensation, McMurray reaction.

2.6

Bartonyreaction, Hofmann—Lo6ffler—Freytag reaction, pinacol
cauplingreactions

2.7

Strueture, formation and stability of carbocations and
carbanions

3.0

C-C Bond Formation by Base and Acid Catalysed
Reactions

18

3.1

Common bases in organic reactions, Kinetic and
thermodynamic deprotonating agents. — LDA, potassium
tert-butoxide, cyclic amines and alkoxide.

3.2

Cannizaro reaction, Reformatsky reaction, Claisen ester
condensation, Claisen reaction, Perkin reaction, Darzen
reaction, Stobbe  condensation, Henry reaction,
Knoevenagel reaction

3.3

Thorpe reaction, Dieckmann reaction, Stork Enamine
reaction, regio selectivity in enamine formation and Benzoin
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condensation.

3.4

Aldol condensation, intramolecular aldol condensation,
diasteroselectivity in aldol condensation, directed aldol
condensation, Michael addition, 1,4 conjugated addition
reactions by enolates, CN-, RS- and enamine, Robinson
annulation

3.5

Alkylation of 1,3 diketones, [-ketoesters by using various
bases, use of thiazolium ring in C—C bond formation

3.6

Prins reaction, Mannich reaction, acid catalysed aldol
condensation.

4.0

Nucleophilic and Electrophilic Substitution Reactions

4.1

Nucleophilic substitution at sp® carbon-SN' and SN?
mechanism, competition between SN! and SNZ? reaction,
Walden inversion, stereochemistry, effects of solvent,
leaving group, and substrate structure on rates of SN and
SN2 substitutions

4.2

Neighbouring group mechanism — a group, withy an
unshared pair, ™ and o bonds (non-classicalsarbo cations),
cyclopropyl, and phenyl. SN! mechanism, \tetrahedral
mechanism, ester hydrolysis. Nucleophilic substitution at
vinylic carbon.

4.3

Phase transfer catalyst and its application ¢o nucleophilic
substitution reaction

4.4

Nucleophilic substitution on faromatic substrates — SnAr
mechanism on activated benzene System, pyridine and
Quinoline system. Benzyne meehanism, Sy1 mechanism
and Chichibabin reaction.

4.5

Electrophilic  substitution "@n aromatic substrates -
alkylation, nitration, “nitresation sulphonation halogenation
Vilsmeier-Hadack™® reaction;™ Gattermann  formylation,
Gattermann-Kech formylation, orientation in disubstituted
benzene, orientation intfaphthalene and five membered, six
mempered heterogyclic systems containing one hetero
atom, andfused heteréeyclic systems quinoline and iso
guinolone.

10

5.0

C=C Bond Forming Reactions

5.1

Elimination reaction leading to C=C bond formation and
their mechanism, E1, E> and E1:CB mechanism

11

5.2

Stereo aspects of C=C bond formation in cyclic and acyclic
systems — Bredt's rule — Regio selectivity in elimination,
Hoffmann and Saytzeff elimination, Effect of basicity,
temperature, leaving group and substrate structure.

11

5.3

Cis elimination — esters, sulfoxides, selenoxides, Chugaev
reaction, Cope elimination. Stereo aspects of cis elimination
in cyclic and bicyclic system

11

5.4

Alkenes from — hydrazones -Shapiro reaction — 1,2 diols,
alkynes, Lindlars catalyst, Na/NH3/C>HsOH [Cp2Zr(H)CI]

11
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CL 51325: PHYSICAL CHEMISTRY |

CO Expected Course Outcomes Cognitive | PSO

No. | Upon completion of this course, the students will be able Level No.
to

1. | outline the development of quantum mechanics and its | U, Ap, An 1

tools and apply them in determining the wave functions
and energies of moving particles.

2. | recognize the nature of adsorption and propose theories | U, Ap, An 1
and choose theoretical and instrumental methods of
measurements of surface property.

3. | understand theory and mechanism of catalytic action. U 1
4. | understand and appraise the mechanism and kinetics of g, An 1
enzyme catalysis
5. | correlate thermodynamic properties and apply them iaff L, Ap, An 1
systems.
6. |understand theories, mechanism and, Kkinetic§ ef | UjAp)An 1
reactionsand solve numerical problems.
7. |identify point groups and construct chara€ter, table | WU, Ap, C 1
and predict hybridization and spectral praperties of
molecules.
Module Course Description No.of | CO
Hrs No.
1.0 Quantum Chemistry | 18
1.1 Postulates of quantum mechani€s: State function postulate: 1 1

Born interpretation ofs=the wavefunction, well behaved
functions, normalization, orthoformality of wave functions,
Kronecker delta symbol;

1.2 Operator postulate: Operator algebra, linear and nonlinear 2 1
operators, <aplacian; operator, commuting and non-
commuting operators, #4Hermitian operators and their
properties. Non-eommuting property of operators, the
unceftainty principle

1.3 Eigenwaluépostulate:“eigen value equation, 2 1
Schrodinger wave equation as an eigen value equation,
eigen functiens of commuting operators.

14 EXxpectation value postulate. Postulate of time-dependent 2 1
Schrédinger equation, Quantization of angular momentum,
guantum mechanical operators corresponding to angular
momenta (Lx, Ly, L; and L?) and their commuting properties
(derivation not required).

15 Application of Quantum mechanics to Exactly Solvable 3 1
Model Problems. Translational motion: free particle in one-
dimension, particle in one dimensional box its application to
conjugated systems, two-dimensional box (rectangular and
square box), three-dimensional box and cubical box,
concept of degeneracy

1.6 Particle with finite potential barriers, one potential barrier, 3 1
two finite barriers. Quantum mechanical tunnelling,
Applications in Scanning Tunnelling Microscopy (STM)

1.7 Vibrational motion: one-dimensional harmonic oscillator 3 1
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(complete treatment), Hermite equation (solving by method
of power series), Hermite polynomials, recursion relation,
wave functions and energies-important features of wave
Functions.

1.8

Schrédinger wave equation for 3D-harmonic oscillator,
expressions for energy and wave function, degeneracy of
energy levels (derivation not required).

2.0

Surface Chemistry and Catalysis

2.1

Types of adsorptions. Heat of adsorption-integral differential
and isosteric heat of adsorption and their determination.

2.2

Adsorption isotherms - Freundlich and Langmuir isotherms.
statistical derivation of Langmuir adsorption isotherm.
Multilayer adsorption- classification, the BET theory and
Harkins-Jura theory.

2.3

Determination of surface area of solids-Harkins=Jura
absolute method, point B method, Langmuir methed and
BET method. Determination of surface acidity-TPD method

2.4

Adsorption from solutions: Gibb’s adsorptioageguation and
its verification. Adsorption with dissociation/ AdsQrption, with
interaction between adsorbate molecules.

2.5

Different types of surfaces, properties of surfacedphase.
Thermodynamics of surface.

2.6

Selected Surface characterization methods: PES, XPES,
Auger electron spectroscopy. ‘Lew Enrergy Electron
Diffraction (LEED) and Extended Xsray ‘Absorption Fine
Structure (EXAFS) spectroscopy.

2.7

Surface films-different types,surface pressure and its
measurement.

2.8

Catalysis: Mechanism and theories of homogeneous and
heterogenequs catalysis, Bimolecular surface reactions.
Langmuir—Hinshelwood 4mechanism. Enzyme catalysis-
Michaelis -Menten theory, Lineweaver-Burk plot. Eadie-
Hofstée method.

3.0

Classical Thermodynamics

3.1

Entropy. -«Dependence of entropy on variables of a system
(S T%and V; S, T and P). Entropy of mixing,
Thermmodynamic equations of state. Criteria for equilibrium
and spontaneity, Gibbs and Helmholtz free energy.

3.2

Euler’s relation. Maxwell  relations and  significance,
temperature dependence of free energy, Gibbs-Helmholtz
equation and its applications.

3.3

Partial molar quantities - Chemical potential, Gibbs Duhem
equations, determination of partial molar properties-partial
molar volume and partial molar enthalpy.

3.4

Fugacity - relation between fugacity and pressure,
determination of fugacity of a real gas, variation of fugacity
with temperature and pressure. Fugacity of liquid mixtures,
fugacity of mixture of gases, Lewis-Randall rule.

3.5

Activity, activity coefficients, dependence of activity on
temperature and pressure. Determination of activity and
activity coefficients of electrolytes and non-electrolytes.
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3.6

Thermodynamics  of mixing, Duhem-Margules
equation, Konowaloff’s first and second laws, Henry’s law,
excess thermodynamic functions-determination of excess
enthalpy and volume.

3.7

Chemical affinity and thermodynamic functions, effect of
temperature and pressure on chemical equilibrium-van’t
Hoff reaction isochore and isotherm.

4.0

Chemical Kinetics

4.1

Theories of reaction rates: Collision theory and its
derivation, limitations. Transition state theory: Eyring
equation-derivation, Comparison of the two theories.
Thermodynamic formulation of the reaction rates.

4.2

Theories of unimolecular reactions - Lindemann theory.
Lindemann-Hinshelwood mechanism, qualitative idea of
RRK and RRKM theory.

4.3

Kinetics of complex reactions- Parallel reactionsgepposing
reactions, consecutive reactions and chain {\reactiens,
steady state treatment, kinetics of H2-Clgg and, Ho-Brz
reactions, decompositions of ethane, acetaldehyde, and
N20s. Rice-Herzfeld mechanism, branching chain reactions,
Hinshelwood mechanism of chain reactions and explosion.

4.4

Kinetics of fast reactions: Relaxatignymethad-temperature,
pressure and field jump methaods, flow“method-continuous,
stopped and quenched flow methads, sheck method and
flash photolysis. Introduction tofemtosecond methods.
Molecular beams: Principle of €ressed-molecular beams;
Potential energy surfaces -¢# attractive and repulsive
surfaces, London Equation.

4.5

Reactions in solution: Factors affecting reaction rates in
solutions, effect “of dielectrie®constant and ionic strength,
cage effect, Btonsted-Bjersum equation.

4.6

Kinetic effects: "Rrimary and secondary kinetic salt effect,
influences of solvemnt on reaction rates, significance of
volume of. activationy” linear free energy relationship.
Hammet'equation and Taft equation.

5.0

Molecular Symmetry and Group Theory

3.1

Symmetry elements and symmetry operation. Matrix
representation Block factored matrices, Character of a
matrix. Conditions for a set of elements to form a
mathematical group. Point groups and their systematic
identification.

5.2

Multiplication of operations. Group multiplication table (Cay,
Cay, Con, Cz and Cg), Similarity transformation and
classification of symmetry operation, Reducible and
Irreducible representations.

5.3

The Great Orthogonality Theorem. Rules derived from GOT
(proof not required).

5.4

Setting up of character table of C,, Cay and Con groups.
Reduction formula, reduction of reducible representation to
IRs. Importance of IRs. Transformation properties of atomic
orbitals.

[14]




5.5

Applications of character tables: Hybridisation- identification 4 7
of atomic orbitals taking part in hybridisation of BFs and CH4
molecules. Inverse transformation and construction of
hybrid orbitals

5.6

Spectroscopy: Direct product representations, vanishing 4 7
and non-vanishing integral, transition moment integral.
Determination of number of IR-active and Raman active
vibrations by taking simple molecules belongs to Cay, Cay
and Cn point groups as example. Rationalization of rule of
mutual exclusion principle using group theory.
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CL 51425: INORGANIC CHEMISTRY PRACTICALS |

Total 125 h
CO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. |interpret data from an experiment, including the U E 3,7,8
construction of appropriate graphs and the evaluation of
errors.
2. | estimate volumetrically the concentration of Zn, Mg and Ni | Ap, An 7,8
using EDTA and the volumetric estimation of Fe.
3. | estimate volumetrically the hardness of water and | Ap, An 7,8
concentration of Ca in water samples using EDTA.
4. | estimate colorimetrically the concentration of Chromium — | Ap,’An 7,8

(using Diphenyl carbazide), Iron (using thioglycollic acid),
Iron (using thiocyanate), Manganese (using potassium
periodate), Nickel (using dimethyl glyoxime).

5. |carry out the preparation of the metal complexes Ap 7,8
Potassium trioxalatochromate(lll), Tetraammoniumegopper
(1) sulphate, Hexamminecobalt(lIl) chloride.

6. | record the UV spectra, IR spectra, magnetic suséeptihility, Ap, An 2,7,8
TG, DTA and XRD of the complexes prepared.

Module Course Descriptian No.of | CO
Hrs No.

1. Volumetric estimation using \EDTAN- Zn,”Mg, Ni (back | 25 1,2,
titration), Hardness of water, Caxusingymurexide). 3

2. Determine the hardnessyof waterand,;the concentration of | 20 1, 2,
Ca in water samples using EDTA. 4

3. Volumetric estimatien of,Fe. 10 1, 2,

3

4. Colorimetrict, estimationy of Chromium — (Diphenyl 35 1,2,
carbazide), Iren (thioglycollic acid), Iron (thiocyanate), 5
Manganese (potassium periodate), Nickel (dimethyl
glyoXime).

5. Preparation'ef metal complexes - Record UV, IR, magnetic 35 1,2,
susceptibility,)) TG, DTA and XRD of the complexes 6,7
prepared
(&), Potassium trioxalatochromate (llI)

(b) Tetr@aammoniumcopper (1) sulpahte
(c) Hexamminecobalt (111) chloride

References
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edition, 1978.

2. A. |. Vogel, A Text Book of Qualitative Inorganic Analysis, Longman 5th
edition, 1979.

3. D. A. Skoog and D. M. West, Analytical Chemistry: An Introduction, Saunders
College Publishing, 4th edition, 1986.

4. W. G. Palmer, Experimental Inorganic Chemistry, Cambridge University,
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CL 51525: ORGANIC CHEMISTRY PRACTICALS |
Total 125 h

CoO
No.

Expected Course Outcomes
Upon completion of this course, the students will be able to

Cognitive
Level

PSO
No.

interpret data from an experiment, including the
construction of appropriate graphs and the evaluation of
errors.

U E

3,7,8

determine the correct method for separation of a binary
mixture and make the separated compounds in pure form.

An, E

develop thin layer chromatogram of a compound and
determine its purity.

C

separate two compounds by column chromatography.

An

ok

utilize the synthetic procedures and reagents to convert a
compound into another. Differentiate the products by
spectroscopic methods.

An

o

use green chemical principles in the synthesis.

~

solve GC MS and LC MS of a compound to asgertain
purity and identity, apply the basic principles

Module

Course Description

No. of
Hrs

CO
No.

1.

Separation and identification of organic Compounds-

a. Quantitative wet chemistpy*“Separation of a mixture of
two components by solvent extragtion.

b. TLC of the purified samples,along with the mixture in
same TLC platesm(component, 1 with mixture and
component 2 withy mixture©n separate TLC plate) and
calculation ofgRf values-"Reporting and recording TLC
in standard( formats-jpreparation of sample solution,
adsorbent, dimensions of the plate, saturation time,
developingytime, visdalization and detection, Rf Value,
Drawing - in'the form of a table.

30

1, 4,

Separation of a mixture by column chromatography
(not'femendysemester evaluation)

a. Malachite green and methylene blue,

b 9o-nitrdaniline and p-nitroaniline.

20

1,4

Preparation of compounds by two stages.

= “Recording UV, IR, TH-NMR and 3C-NMR and El mass
spectra of synthesized compounds.

=/ Record and interpret GC-MS and LC-MS of the
purified compound.

» TLC analysis-Stage 1 reactants and products on TLC
plate 1 and stage 2 reactants and products on plate 2).

» Record TLC in standard format as in separation.

All preparations must be restricted to 1 g level

[. Nitration
(1) Acetanilide — p-nitroacetanilide — p-nitroaniline
(2) (2-Methylbenzoate — methyl m-nitrobenzoate — m-

nitrobenzoic acid)
[I. Bromination

(3) Acetanilide —» p-bromoacetanilide — p-bromoaniline

75
(avera
ge 12.5
hrs for
prepar
ation
and
analysi
s of
each)

ok
~N o

[18]




using CAN for bromination
[ll. Aldol condensation- Synthesis of heterocycles.
(4) Benzaldehyde — Dibenzylideneacetone — 1,5-
Diphenyl-3-styryl-2-pyrazoline
IV. Diazocoupling
(5) Aniline — Diazoaminobenzene — p-
aminoazobenzene
V. Rearrangement
(6) Pthalic anhydride — Pthalimide — Anthranilic acid
VI. Synthesis of Dyes
(7) N,N-Dimethylaniline — N,N-dimethyl-4-
nitrosoaniline — methylene blue

The board of examiners have to select either TLC of separated components QR TLC
of preparation for an examination. But both TLC examinations are to begpracticechand
entered in the record of experiments.

References

1. B. S. Furniss, Vogel's text book of practical organic chemistry, 5th Edition,
Longman, 1989.

2. D. L. Pavia, G. M. Lampman, G. S. Kriz and R. GyEngel, A microscale
approach to organic laboratory techniques,” WadswarthyPublishing, 5th Edition,
2012.

3. R. K. Bansal, Laboratory manual of organic Chemistry, Wiley Eastern, 199.4.
4. N. K. Vishnoi, Advanced Practical @tganic Chemistry, 3rd Edition, Vikas
5. F. G. Mann and B. C. Saunders,“Practical Organic Chemistry, Pearson
Education, 2009.
6. J. B. Cohen, Practical organic chemistry, Forgotten Books, 2015
7. P. F Shalz, Journal of Chemical Eddcation, 1996, 173: 267.
8. Monograph on green laboratory‘experiments, DST, Govt. of India, pp 1-79.
9. For spectral data of organic compounds, see:
http://sdbs.riodbsaist.go.jp/sdbs/egi-bin/direct frame top.cgi.
CL 51625:. PHYSICAL CHEMISTRY PRACTICALS |
Total 125 h
CO Expected Course Outcomes Cognitiv | PSO
No., Upon completion of this course, the students will be able to eLevel | No.

1. | interpret.data from an experiment, including the U E 3,7,8
construction of appropriate graphs and the evaluation of
errors.

2. | construct Freundlich & Langmuir isotherms for adsorption of | C, Ap, 7,8
acetic/oxalic acid on active charcoal/ alumina & determine the An
concentration of acetic/ oxalic acid

3. |determine the rate constant, Arrhenius parameters, rate Ap 7,8

constant and concentration using kinetics

4. | construct the phase diagram and determine the composition | Ap, An 7,8
of an unknown mixture

5. | construct the ternary phase diagram of acetic acid chloroform- | C, Ap, 7,8
water system and out the procedure in an unfamiliar situation An
to find out the composition of given homogeneous mixture.

6. | Construct the tie-line in the ternary phase diagram of acetic| C, Ap, 7,8

[19]



acid chloroform-water system

An

determine distribution coefficient using distribution law.

Ap

determine the equilibrium constant employing the distribution
law.

Ap

determine the coordination number of Cu?* in copper-
ammonia complex.

Ap

10.

determine the viscosity of liquid mixtures and use this in
determining the concentration of a component in a mixture

Ap, An

11.

determine surface tension and parachor of liquids.

Ap

12.

ascertain the relationship between surface tension with
concentration of a liquid and use this to find out the
composition of given homogeneous mixture.

Ap, An

13.

determine the concentration of given strong acid/alkali.

Ap, An

14.

determine the heat of ionisation of acetic acid.

APRAN

15.

determine the heat of displacement of Cu?* by Zn.

Ap, An

Module Course Description

No. of
Hrs

CO
No.

Adsorption

acetic/oxalic acid on active charceal/ alumina.
b) Determination of concentratien of acetic/ oxalic acid.

a) Freundlich and Langmuir isotherms for, adsarption of

15

1, 2,

Kinetics
methyl acetate.
b) Determination of Arrhenius¢parameters.
c) Determination of cencentration of given acid.

ethyl acetate*and‘evaluation of Arrhenius parameters.

K2S,0s and K.

a) Determination of rate constantWof acid hydrolysis of

d) Determination of, rate, constant of the saponification of

e) Determination of| rate constant of reaction between

20

1,3

Phagerule
l. Salid:-liquid equilibfia

naphthalene/ diphenyl amine).
naphthalene/ metadinitrobenzene.

I1. Partially miscible liquid pairs
a) CST of phenol-water system.

homogeneous mixture. Construction of tie-line.

a) Construction of phase diagram and determination of
the,_composition of unknown mixture (naphthalene/
biphenyl, naphthalene/  benzophenone,

b) Construction of phase diagram with simple eutectic -

b) Three component system - Construction of ternary
phase diagram of acetic acid chloroform- water
system and hence the composition of given

20

Distribution law
a) Distribution coefficient of ammonia between hexaneand
water. Determination of equilibrium constant of

complex.

copper - ammonia complex by partition method or
coordination number of Cu?" in copper-ammonia

20

Lo
©o N
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b) Distribution coefficient of benzoic acid betweentoluene
and water.

c) Distribution coefficient of iodine between hexane and
water.

d) Determination of the equilibrium constant of the
reaction KI + 1,—KIls and hence the concentration of
given Kl in hexane and water.

Viscosity 15 1,10
a) Viscosity of liquids and mixtures of liquids.
b) Verification of Kendall’s equation.
c) Composition of unknown mixtures.
d) Determination of molecular masses of polymers by
viscosity measurements (Mark-Houwink equation
Surface tension 20 1,11,
a) Determination of surface tension of various liquids (water 12
- ethanol, water - glycerol, water - sorbitol, nitrobenzene-
toluene) by Stalagmometric method (drop number/ drop
weight) and by Capillary rise method.
b) Determination of parachors of molecules and various
groups.
c) Determination of concentration of a mixture.
d) Determination of surface tension and parachorgofliquids
using double capillary method.
e) Variation of surface tension with concentration. Unknown
concentration of a mixture! Interfacialtension.
f) Determination of surface excess‘and area per molecule.
Thermochemistry 15 1, 13,
a) Determination of the“eoncentration of given strong 14,
acid/alkali. 15

b) Thermometric titration of NaOH vs standard HCI.
c) Heat of displacement o€+ by Zn.

d) Determination of the heat of ionisation of acetic acid.
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First Semester M.Sc. Degree Examination — Model question paper

Chemistry/ Analytical Chemistry/ Polymer Chemistry
CH/CL/PC 51125: INORGANIC CHEMISTRY - |
(2025 admission Onwards)

Time: 3 Hrs Max. Marks: 75

SECTION A

Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

1.

10.

11.

(a)
(b)

(c)

(@)
(b)

()

(a)
(b)
(c)

(@)
(b)
(©)

(@)
(b)
()

(@)
(b)

(@)
(b)

(a)
(b)

(@)
(b)

(a)
(b)

What are inorganic phosphors?

List any two advantages of solid electrolytes over conventional
electrolytes.

What are single molecule magnets?

Give one method for preparation of polysiloxanes.

Complete the reactions

(i) CeFsXeF + Cd(CesFs)2 —> (i) CeFsXeF + (CH3)3SICN —
On the basis of VSEPR theory, determine the prebable structureof
perxenate ion.

Sketch the splitting of d orbitals in a triag@nalbipyramidal complex.
Which among CN- and NHs have a higher nephelauxétic effect? Why?
Calculate the CFSE for a d* ion.

Differentiate accuracy from precision
What are metallochromic indicaters? Give an example.
What is a Student t test used, for?

List two conditions thatfavourtheyiformation of photochemical smog.
Discuss briefly a method'te quantify soil acidity.
How does chlorine free radigals tamper the ozone layer?
[2 x 10 = 20]
SECTION B

Answer either (a) ori(b) from_egach question. Each sub question carries 5 marks

Give an account of cationic SSE’s.
Diseussithe structural aspects of metal nitrides.

Discussythé uniqueness of the structure of BBN.
Briefly explain about the Chevrel phase.

State and illustrate Jahn-Teller distortion.
Discuss the factors affecting the magnitude of Ao.

What is a scatter diagram? What is its significance?
Discuss briefly the principle behind EDTA titrations.

Name any two common air pollutants. What are their hazards?
Give a brief account of hydrological cycle.
[5 x 5 =25]
SECTION C
Answer any three questions. Each question carries 10 marks

What are molmats? What are their advantages? Discuss any two categories of
Molmats.

[22]



12.

13.

14.

15.

Write a note on preparation and properties of heteropoly acids of Mo and W.

Explain molecular orbital theory of bonding in the complex [Co(NH3)s]3".

(a) Differentiate between co-precipitation and post-precipitation. How do
they affect quantitative analysis? How they can be avoided?

(b) Describe the use of oxine as precipitant in gravimetry.  [7+3]

What are pourbaiux diagrams? Outline its role in explaining the chemistry of
processes in lithosphere.

x 3 = 30]

r\(;D

4

[23]



First Semester M.Sc. Degree Examination — Model question paper
Chemistry/ Analytical Chemistry/ Polymer Chemistry
CH/CL/PC 51225: ORGANIC CHEMISTRY - |
(2025 admission Onwards)
Time: 3 Hrs Max. Marks: 75
SECTION A
Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

1. (a) Identify the ‘R’ or ‘S’ configuration for the following biphenyl (A) and allene
(B) systems?

NO, HOOC
O,N CHs
o\ /
(A) (B) C=C=C
Hooc H
COOH O;N
(b) The major product formed in the following reaction IS

0

I
(—OH
I,
2, 9
O OH )

(c) The major product formed in the following reaction is

\//\/\/\OH [SMBINAR,Ru(OAC),

2. (a) Whatis the applicatign ofiINBS?
(b) What is Mc Murray reaction?
(c) What is the application‘ef Samarium lodide?

3. (a) Whatis the hasic differeace between LDA and potassium tertiary butoxide?
(b) What will be theyproduét formed in the following reaction?

e &

(c) . What will be the major product formed in the following reaction?
OH _ ,
—_— > |/
(@)

4. (a) What will be the major product formed in the following reaction?

POCZ3, H-?-NMeZ
o ?

-
v

(b) What will be the major product formed in the following reaction?

[24]



5.

6.

()

(a)
(b)

()

H
NCINHZ r)

What will be the major product formed in the following reaction?

CH;
Conc.H,50,
NO, Conc.HNO;

What is Bredt’s rule?
What will be the major product formed in the following reactign?

Ts NH—NH,

excess PhLi
What will be the major product formed in the following“reaction?
R_CEC_R LZ,NH3, (:’21150[{=

?

2

[2 x 10 = 20]
SECTION B

Answer either (a) or (b) from each questionyEach sub question carries 5 marks

(@)

(b)

(a)
(©)

(a)
(b)

(@)
(b)

Predict the product of'theyfollowing'reaction
NMeZ NM€2
(i) KTy (if) _KH,
OH OH
Predict the product ofithe following reaction

CH
(@) (I>0 _Lid¥H, (ii) MOEt Backer's yeast _ o

OH:

Write»a note on Barton reaction with mechanism?
Predict the mechanism for the following?

HN g OH 1y NH,
(@) i (if) > O’

Write a note on Benzoin condensation?
Write a note on Robinson annulation?

Explain how the cyclopropyl and phenyl group acting as an anchimeric

assistance?
Predict the major product in the following reaction.

[25]



10.

11.

12.

13.

14.

15.

Conc.HNO
(i) 3 (i) Conec. H2SO4
Conc.H,S0O,

Yy Conc.H,SO, . Yy Conc.H,S0,
D E———— — = iy
(iid) N/ Conc.HNO; (@) _N Conc.HNO;

(&) Write down the application of the Zirconium compound [Cp2Zr(H)CI]?
(b) Predict the product in the following reaction?

H
o ] )AL, m " kon
A CH,l, A CHs\ o CHy 255
H
OH o=

[5% 5 =25]
SECTION C
Answer any three questions. Each question casties 10 marks

(@) Explain how the conformation controls the reactivity of disubstituted
cyclohexane system with examples.
(b) Explain the optical activity exhibited by biphenyl} allene“and spiro system.

Predict the product and mechanism of the, following reaction.

CH NOCI, hv
(i) N7 OH ~“jo* > ()R§CHrClyCHy CHyNH-Cl H', hv,
H; CH3

(&) Write a note on diastereoselectivity in aldol reaction?
(b) Write a note onfPrins and Mannich reaction?

(@) Write a noteyon Neighbauring group mechanism in aliphatic nucleophilic
substitution reaction?

(b) Writé'the mechanism involved in Reimer-Tiemann formylation and
Vilsmeier formylation?

Write dewn the products of the following?

CH
(5) ’INH—NH,
@) (ii) excess Phli  (iii) H—%‘—NMeZ
0

Pd(0), CaCO;
_
quinoline

(C) Ijl Na, NH3, C2H20H

o (7 o
Cl

(e) CH; A
§=C—SCH,

(bYRAC=C—R

[10 x 3 = 30]

[26]



First Semester M.Sc. Degree Examination — Model question paper

Chemistry/ Analytical Chemistry/ Polymer Chemistry
CH/CL/PC 51325: PHYSICAL CHEMISTRY -1
(2025 admission Onwards)

Time: 3 Hrs Max. Marks: 75

SECTION A

Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

1. (@
(b)

(©)
2. (@

(b)
(c)

(b)
(©)

(b)
(©)

5 (@

(b)
()

Normalize the function e within the limit 0 to

Show that the time-independent Schrodinger wave equation is an eigne
value equation.

Explain the concept of degeneracy with reference to particle infaicubic box
problem.

Distinguish between associative and dissociative chemisorption.
Outline the principle of EXAFS.
Explain one method of determination of surface pressure.

Calculate entropy of mixing when 2 moles_of Xe, 3"moles of He and 2
moles of H> are mixed at fixed temperatufe assuming ideal behaviour and
no chemical change.

Write any two Maxwell’s relations and give their significance.

State and explain Lewis- Randall rule.

Explain the flash photolysis methad for the study of kinetics of fast
reactions.

Explain steady state principle?

How volume of activatiomaffects thesreaction rate?

Identify the symmetry ‘€lements present in the following and assign the
point group
() H> (i) €O
Explain improper axis @f symmetry with an example
Why_eyclic groups, are abelian?
[2 x 10 = 20]
SECTION B

Answer either (a) or (b) from each question. Each sub question carries 5 marks

6./ (a)
(b)
7. (a)
(b)
8. (@
(b)
9. (a)
(b)

Discuss quantum tunnelling? How quantum tunnelling is applied in STM?
RProverthat the position and momentum operators by evaluating the
commutator.

Write any two methods for the determination of surface area of a solid.
Discuss the Lineweaver-Burk method in enzyme catalysis.

Derive Van't Hoff isotherm. How is this useful in the study of chemical
equilibria?
Derive Gibbs-Duhem equation.

Discuss the kinetics of unimolecular reactions based on the Lindemann

theory.
Derive the rate law for the decomposition of N2Os.
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10.

11.

12.

13.

14.

15.

(@) Construct the group multiplication table for the symmetry operations of NHs

molecule.

(b) Determine the number of active IR and Raman lines in the vibrational
spectrum of CHsCI.

SECTION C

[5 x 5 = 25]

Answer any three questions. Each question carries 10 marks

Discuss the postulates of quantum mechanics.

Explain any two instrumental techniques used for surface characterization.

Write a brief account of the methods for the determination of activity coefficient

of electrolytes and non-electrolytes.

Derive expression for collision theory of reaction rate. Compareicollision/theory

and transition state theory.

(@) Explain the hybridization scheme in BFz moleculeyusingigroup theory.
(b) Show that the four elements of C», point groups,forms 4 ¢lasses?

D3,

E

9C;

3C,

Oy

254

3o,

Aj
Az
EF
Af
A3
E”

[ e e o

U [N

[28]

R,
(x, y)

Z
(R« Ry)

2
xz +y2,z

(x2 s )’2, xy)

(xz, yz)
[10 x 3 = 30]



SEMESTER -l

CL 52125: INORGANIC CHEMISTRY Il

CO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. | obtain the term symbols of d" system and determine the E 1

splitting of terms in weak and strong octahedral and
tetrahedral fields.
2. | explain the correlation diagrams for d" and d'9" ions in U E 1
octahedral and tetrahedral fields and interprets electronic
spectra of complexes.
3. | applies magnetic measurements in the determination of Ap 1
structure of transition metal complexes.
4. | relates crystalline structure to X-ray diffraction data and the U 1
reciprocal lattice and explains the diffraction methods
5. | explains crystal defects. U 1
6. | elaborates the structure of selected compounds of AX, AXz, C 1
AmX2, ABX3 and spinels.
7. | explains the electronic structure of solids using free\electron E 1
theory and band theory.
8. | understands the differences in semiconductor and diele€tric U E 1
materials and their electrical and optical properties
9. | explain the structure and reactions_of S—NyP—-N, B—N, S—P, U E 1
Se compounds and boron hydrides.
10. | analyse the topological approach'to boran hydride structure | Ap, An, E 1
and estimates styx numbers and apply Wade’s and Jemmis
rules in borane and carboranes.
11. | explain the characteristie, properties of lanthanides and Ap 1
actinides.
12. | sketches the shapes of f orbitalsand shows their splitting in U 1
cubic ligand field:
13. | elaborates the impartance of the beach sands of Kerala and C 1
their impgrtant components.
PSO-Programme Specific Outceme CO—-Course Outcome
Cognitive Level: R=Remember U-Understanding Ap—Apply
An=Analyse E—Evaluate C—Create
Module Course Description No. of (6{0)
Hrs No.
1.0 Caoordination Chemistry-ll: Spectral and Magnetic 18
Properties of Transition Metal Complexes
1.1 Electronic spectra of metal complexes-Term symbols of d" 4 1
system, splitting of terms in weak and strong octahedral
and tetrahedral fields.
1.2 Correlation diagrams for d" and d'°" ions in octahedral and 3 2
tetrahedral fields (qualitative approach), d-d transition,
selection rules for electronic transition, effect of spin orbit
coupling and vibronic coupling.
1.3 Interpretation of electronic spectra of complexes- Orgel 3 2
diagrams, Tanabe-Sugano diagrams, Racah parameters,
calculation of Dq, B and B (Nephelauxetic ratio) values,
charge transfer spectra. Charge-Transfer and Energy
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Applications

1.4

Magnetic properties of complexes-paramagnetic and
diamagnetic complexes, molar susceptibility, Gouy’s
method for the determination of magnetic moment of
complexes, spin only magnetic moment.

15

Temperature dependence of magnetism. Temperature
Independent Paramagnetism (TIP). Spin state crossover,
Antiferromagnetism - inter and intra molecular interaction.

1.6

Application of magnetic measurements in the determination
of structure of transition metal complexes.

2.0

Crystalline State

2.1

Crystal symmetry- Introduction to point groups and space
groups. Miller indices. Reciprocal lattice concept.

2.2

X-ray diffraction by crystals: Function of crystails.
Transmission grating and reflection grating. Bragg’'s
eqguation.

2.3

Diffraction methods: Powder and rotating crystal. Indexing
and determination of lattice type and unit cellgdimensions of
cubic crystals.

2.4

Crystal defects: Perfect and imperfect crystals. Point, line
and plane defects. Thermodynamics of Schotiky and
Frenkel defects.

2.5

Colour centers in alkali halidegcrystals. Defect clusters.
Extended defects: Crystallographie, shearsstructure and
stacking faults. Dislocations andicrystal strdcture.

2.6

Structure of compounds,of AX (Zinc blende, Wurtzite), AX:
(Rutile, fluorite, antifluorite)y, AgX> (Nickel arsenide), ABX3
(Perosvskite, Ilmenite)y Spinels. Inverse spinel structures.
Pyrochlore (A2B307)

3.0

Solid State Chemistry

3.1

Electronic structure of’solids. Free electron theory, band
theory. Refinements, to simple band theory, k space and
Brillouin_zenes. Fermilevels

3.2

Conductors, insulators and semiconductors. Band structure
of #eonduetors, insulators and semiconductors and their
applications.

3.3

Intrinsic/’ &  extrinsic  semiconductors, doping  of
semiconductors & conduction mechanism, the band gap.

3.4

Temperature dependence of conductivity, carrier density
and carrier mobility in semiconductors.

3.5

Superconductivity, Type | and Type Il superconductors. Low
temperature superconducting alloys, High Temperature
Super conductors (YBa2CuzO7 and Related Compounds)
Photoconductivity, Photovoltaic effect.

3.6

Dielectric properties. Dielectric materials. Ferroelectricity,
pyroelectricity, piezoelectricity and ionic conductivity.
Applications of ferro, piezo and pyroelectrics.

4.0

Compounds of S, N, P, B, Se

4.1

Sulphur-Nitrogen compounds: SaN4, S2N2, SaN2, (SN)xand

[30]




SxNy compounds. S-N cations and anions. S3sNsCls
4.2 Sulphur-Phosphorus compounds: Molecular sulphides such 2 9
as P4Ss, P4S4, P4S7, P4Sg and P4Sio.
4.3 Phosphorous-Nitrogen compounds: 6 and 8 membered 2 9
cyclophosphazines, linear polyphosphazines. Craig-
Paddock and Dewar model
4.4 Boron-Nitrogen  compounds: Borazine,  substituted 2 9
borazines and boron nitride.
4.5 Compounds of Selenium: Selinium Oxide, Selenium 1 9
halides, Selenium oxoacid, Selenium compounds in Xerox
4.6 Boron hydrides: Reactions of diborane. Structure and 3 10
bonding in boron hydrides. Polyhedral boranes:
Preparation, properties, structure and bonding.
4.7 The topological approach to boron hydride structure. Styx 4 10
numbers. Importance of icosahedral framework of beren
atoms in boron chemistry. Closo, nido and arachno
structures.
4.8 Carboranes and metallocarboranes. 2 10
Wade Mingo and Jemmis rules
5.0 Lanthanides and Actinides 18
5.1 Lanthanides: 4 11
Characteristic properties. Electronic/canfigurations'and term
symbols. Occurrence and extraetion (solyent extraction and
ion—exchange methods). Separationitechnigues.
5.2 Oxidation states of lanthanides. Spectral and magnetic 4 11
properties of lanthanides. Lanthanmide) complexes as shift
reagents, luminescent materialS, and magnetic materials.
Gd complexes as,T:1 MRI cantrast agents: Gd-DTPA and
Gd-DOTA.
5.3 Shapes of f grbital and their splitting in cubic ligand field. 2 12
5.4 Actinides: 4 11
Occurrence and4general properties. Extraction of thorium
and dranium. Electsonic configuration and term symbol.
Oxidationgstates. Spectral and magnetic properties.
55 Comparative properties of lanthanides and actinides. Trans- 2 11
uranium elements and their stabilities.
5.6 Comprehensive study of the beach sands of Kerala and 2 13
thelfyimportant components such as monazite, ilmenite,
zireon and sillimanite.
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CL 52225: ORGANIC CHEMISTRY Il

CO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. | To explain the fundamentals, operating principles and U 1,2
instrumentation of separation techniques.
2. | To explain the underlying principles involved in normal and U, Ap 1,2
ultra centrifugation and solvent extraction
3. | To describe the various methods of determining reaction U, An 1
mechanisms and basic thermodynamic principles of organic
reactions.
4. | To explain the Hammet parameters of reaction and design An, E 1
an experiment to confirm the mechanism of a reaction.
5. | To identify different types of rearrangement reactions, E 1
determine the product of the reaction applying migratory:
aptitude, and reproduce the evidences for the mechanism, of
the reaction.
6. | To understand that the outcomes of pericyclic reactions may U, An 1
be understood in terms of frontier orbital ginteractions,
correlation diagram, Mobius and Huckel approach.
7. | To recall and define the various types of pericyclic reaction; Ap 1
define such terms as 'conrotatory’, 'suprafacial'.
8. | To predict and rationalise the outcomes ©of pericyclic An 1,8
reactions including stereospecifieity;, regiaselectivity, and
stereoselectivity.
9. | To describe the fate of excited molecule based on Jablonski C 1
diagram, predict the course, of an ‘erganic photochemical
reaction and identify the{produet with the type of functional
group.
10. | To explain the photoreactiens jof vitamin D and the | Ap,An 1,4
photochemistryf vision
Module Course Description No.of | CO
Hrs No.
1.0 Separation Techniques 18
1.1 Classification” of chromatographic methods. Theory of 4 1,2
chromatography. Applications of chromatographic methods.
Adsorption and partition chromatography. Paper, thin layer
and column chromatographic methods.
1.2 Common Spray reagents and Developing agents in 2 1,2
chromatography.
1.3 Centrifugal TLC, pressure column chromatography, HPLC 4 1,2
and GC-column matrices, detectors. Affinity and chiral
separations using HPLC.
1.4 GC MS and LC MS Principle. Instrumentation and 4 1,2
applications.
15 Normal and ultra-centrifugation. Gel and capillary 2 1,2
electrophoresis and their applications.
1.6 Solvent extraction. Extraction using supercritical liquid COy, 2 1,2
Craig’s technique of liquid-liquid extraction.
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2.0

Physical Organic Chemistry

2.1

Kinetic and thermodynamic control of reactions with
examples

3,4

2.2

Kinetics requirements for reaction, Baldwin rules for ring
closure, Hammond postulate, microscopic reversibility,
Marcus theory

3,4

2.3

Solvent polarity and parameters Y, Z and E parameters and
their applications. Kinetic isotopic effect in aromatic
electrophilic substitution, salt effects and special salt effects
in SN reactions.

3,4

2.4

Methods of determining reaction mechanism. Identification
of product, determination of the presence of intermediate
isotopic labelling, stereo chemical evidence, Kkinetic
evidence, isotopic effects

3,4

2.5

Linear free energy relations, The Hammet equation anéyits
applications. Hammet plot and its deviation. Significance of
sigma (o) and rho (p) reactions with negative andwpositive
p, low and high p, Taft equation.

34

3.0

Molecular  Rearrangements and  Transformation
Reactions

18

3.1

Base catalysed rearrangements: Favorskii rearrangement,
rearrangement in 1,2 dicarbonyl /campounds = (benzil-
benzilic acid) and Dakin reactigne

3.2

Acid catalysed rearrangementsiy Wagner Meerwein,
Dienone phenol, pinacol-pinaeolongy, semi pinacolone,
Demjanov rearrangements

3.3

Carbon to nitrogen [rearrangements: Hoffmann, Lossen,
Curtius, Schmidt, Stieglitz, and, Beckmann rearrangements.

3.4

Fries, Fischer-Hepp, Hofmann:Martius, Von Ritcher, Orton,
Bamberger, @nd Smiles.

3.5

Bucherer reaction, RupegStevens, rearrangement

3.6

Rearrangement “yinvolving diazomethane-Arndt Eisert
reaction, Wolf rearrangement.

(62016

4.0

Aromaticity and Pericyclic Reactions

4.1

Concept ofgaromaticity, antiaromaticity, homoaromatic, bis
hamo aromatic and non- aromatic — concepts to charged
fingSpeeompletely conjugated exocyclic double bonded
systems, annulenes, fused hydrocarbon, heterocyclic
compounds, meso-ionic compounds and tropolone
systems.

6,7,

4.2

Electro cyclic ring closure and ring opening reactions —
selection Rule — FMO, Correlation diagram and Mobius
Huckel theory of electro cyclic reaction.

6! 71

4.3

Thermal 2n+2n, 4n+27 and higher cyclo addition reactions
photochemical 2n+2n cyclo addition reactions — FMO,
correlation diagram and Mobius Huckel theory of
cycloaddition reactions; Diels Alder reactions -
regioselectivity, stereospecificity — Effect of substituent on
the diene and dienophile reactivity — Retro Diels Alder
reaction, and Intramolecular Diels Alder reaction Industrial

6,7,
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application Aldrin, Dieldrin, endosulfan and anti-stroke
drugs.

4.4

1,3 dipolar cycloaddition reactions: Dipoles derived from 2 6, 7,
aziridine, azide, diazo alkane, nitrile oxide, nitrile imine, 8

nitrile ylide, azomethine ylide, azomethine imine and nitrone
and their reactions with alkene with stereo specificity.
Preparation of nitrile oxide.

4.5

Sigmatropic rearrangement: classification of [i,j] sigmatropic 4 6, 7,
rearrangements — [1,3], [1,5], [1,7], [3,3], [2,3] and [5,5] 8
rearrangements. Ene reaction, Sommelet Hauser
rearrangement, Benzidine rearrangement, Fischer indole
synthesis, Claisen and Cope arrangement with
stereochemistry — Jhonson Claisen rearrangement Ireland
Claisen rearrangement. FMO theory of sigmatropic
rearrangement for carbon and hydrogen migration.

5.0

Organic Photochemistry 18

5.1

Photochemical process singlet and triplet states, and<their 3 9
reactivity Jablonski diagram, energy transfergsensitization
and quenching

5.2

Photo reactions of simple carbonyl compounds|— Norrish 5 9
type (I) and Norrish type (ll) reactions, photo redugtions of
aromatic ketones, photochemistry/“ef cyclic o, f - un
saturated ketones, photo enolisation. and hydrogen
abstraction

5.3

Photoaddition: Photoaddition'of alkenés to aromatic 2 9
compounds, dimerization of alkeénes,) conjugated dienes
and aromatic compounds.

5.4

Photo oxidation, Intramelecular photo cyclisation and photo 4 9
rearrangements/ di-m methane rearrangement, oxa di-n
methane rearrangement and“photo Fries rearrangement.

5.5

Cis Trans isemerisations® photo oxidation of diene and 2 9
alkenes — photechemical reactions of dienone, photo
reactionsrof aromatie.compounds

5.6

Photoreactions of vitamin D, photochemistry of vision 2 10
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CL 52325: PHYSICAL CHEMISTRY I

CO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.

1. | apply quantum mechanical principles in solving both real | U, Ap, An 1
and imaginary spherical harmonics systems-multi electron
systems and analyse spectral lines.

2. | describe and explain the physical and chemical principles R, U 1
that underlie molecular structure determination techniques
like microwave, vibrational, Raman and electronic
spectroscopy.

3. | predict likely spectral characteristics of given molecular | Ap, An 1
species, and be able to rationalise those characteristics on
the basis of structural and electronic arguments.

4. | acquire knowledge of basics of statistical mechanics and U, Ap 1
compare statistical methods.
5. | understand and apply of theories of heat capacity. UMAp 1
6 understand theories of electrolytes and electrochemical R, U, 1
reactions. Ap, An
7 | ascertain the application of electrochemistry in\ energy An 1
storage and in industrial fields
8. | understand the theories and applications behind \arious U 1
types of analytical techniques in electrochemistry.
9 | acquire skill in solving numerical problems. Ap 1
Module Course Description No.of | CO
Hrs No.
1.0 Quantum Chemistry I 18
11 Rotational matian: The Wave, equation in spherical polar 3 1,9

coordinates<particle on a ring, the phi equation and its
solution, wave functions ift the real form.

1.2 Non-planar rigid fetor and particle on a sphere- separation 5 1,9
of variables, the phi and the theta equations and their
solutignsyLegendre and associated Legendre equations,
Legendre and associated Legendre polynomials.
Roadrigue’sgformula, Spherical harmonics (imaginary and
real forms)-polar diagrams of spherical harmonics.

1.3 Quantum Mechanics of Hydrogen-like systems: The wave 4 1,9
equation in spherical polar coordinates: separation of
variables — r, 6 and ¢ equations and their solutions, wave
functions and energies of hydrogen-like systems.

1.4 Radial distribution functions, angular functions and their 2 1
plots.
15 Wave functions for multi electron systems, wave equation 4 1

for multi electron systems, symmetric and anti- symmetric
wave functions, Pauli’s anti-symmetry principle, postulate of
spin by Uhlenbeck and Goudsmith, Spin orbitals. Spin- orbit
coupling. Term symbols-Hunds rule for determination of
ground term, selection rules and explanation of spectral
lines of hydrogen atom.
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2.0

Spectroscopy |

2.1

Rotational ~ spectroscopy. Diatomic molecule as a rigid
rotator, selection rules, Derivation for maximum populated
rotational level, effect of isotopic substitution on rotation
spectra, factors affecting the width and intensity of spectral
lines, calculation of bond length. Non-rigid rotors and
centrifugal distortion. Instrumentation

2,3

2.2

Vibrational spectra of harmonic and anharmonic oscillator.
Selection rules. Morse curve, fundamentals and overtones.
Fermi resonance, combination band and difference bands.
Hot bands, Determination of force constant.

2,3,

2.3

Rotational fine structure, P, Q, R branches of spectra.

=

2.4

Vibrational spectra of polyatomic molecules: Normal modes
of vibration, skeletal and group frequency vibration.
Principle of fourier transformation, Introduction to EEIR,
instrumentation.

N
w|w

2.5

Raman scattering, polarizability and quantum stheory of
Raman effect. Stokes and anti-Stokes lines.

2,3

2.6

Rotational and vibrational Raman spegtium.), Raman
spectra of polyatomic molecules. Complementarityhof IR
and Raman spectra. Mutual exclusion principle.

2,3

2.7

Introduction to Laser Raman spectroscopy, CARS and
SERS (qualitative idea only).

2,3

2.8

Electronic spectra of diatomic meleculesyVibrational coarse
structure and rotational fine “Structureyrsof electronic
spectrum. Franck-Condon principle.

2,3,

2.9

Types of electronic transitions. Fortrat diagram.
Dissociation energy and dissociation spectra
Predissociation.

2,3

3.0

Statistical Thiermodynamics=l

3.1

Fundamentalsy, Microstates and macro state, Stirling’s
approximation, Statistical weight factor (g), thermodynamic
probability and “\entropy-Boltzmann Planck relation
(derivation)s

3.2

Concept of ‘ensembles- microcanonical, canonical and
grandeanenical ensembles. Types of statistics

3.3

Maxwell-Boltzmann statistics.

3.4

Bose-Einstein statistics, Thermodynamic probability, Bose
Einstein distribution function. Bose-Einstein condensation,
application to liquid helium. Examples of Bosons.

BN

3.5

Fermi-Dirac statistics. Examples of fermions- Fermi- Dirac
distribution function. Application to electrons in metals.

3.6

Comparison between Maxwell Boltzmann, Bose Einstein
and Fermi-Dirac statistics. Dilute systems-relation between
three statistics

4.0

Statistical Thermodynamics-Il

4.1

Molecular partition functions - Translational (1D, 2D and
3D), vibrational, rotational and electronic partition functions.
Total partition functions. Relation between molecular and
molar partition functions
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4.2 Relation between partition function and thermodynamic 4 4
properties (U, Cv, S, G, A, P, H, u), Translational
thermodynamic properties of monoatomic gas, Sackur-
Tetrode equation. The contributions of partition functions
(translational, rotational, vibrational and electronic) to the
thermodynamic properties.
4.3 Equilibrium constant and equi-partition principle in terms of 2 4
partition functions.
4.4 Quantum theory of heat capacity - calculation of heat 2 5
capacity of gases; limitation of the method.
4.5 Heat capacity of solids. Dulong and Petit's law, Kopp’s law; 2 5
limitations.
4.6 Einstein theory of heat capacity; limitations. 2 5
4.7 The Debye theory of specific heat capacity of solids. 2 5
5.0 Electrochemistry 18
5.1 lonics: Activity and activity coefficient of eleetrolytes, 1 6
determination of activity coefficient.
5.2 Debye-Huckel theory of strong electrolytes, PebyeaHuckel- 4 6
Onsager equation and its derivation, limitation ofithe ‘maodel,
conductance at high frequencies and high potentialsi—Wein
effect and Debye - Falkenhagen effect.
5.3 lonic strength, Debye - Huckel limitingilaw, meéan ioenic 1 6,9
activity coefficient.
5.4 Electrodics: Different type of\ electrodes.3Electrochemical 1 6,9
cells, liquid junction potential and,its determination,
5.5 Over potentials: Butlera\olmer equation. Tafel and Nernst 4 67
equation, Tafel plot and its'significance.
5.6 Fuel cells: H2-O2, hydracarbon, oxygen, and solid oxide fuel 3 7
cells. Batteries: Ni-Cd, Ni=H2, Liion
5.7 Electro analytical \methods: Coulometric titrations. 4 8
Voltammetry: Rrinciple. and method of polarography, cyclic
voltammetry, stripping Voltammetry and amperometry.
References
1. [. N. Levine, Quantum Chemistry, 6th Edn, Pearson Education Inc., 2009.
2. P. WgAtkinsyand R.S. Friedman, Molecular Quantum Mechanics, 4th Edn.,
©xford University Press, 2005.
3, D.A. MeQuarrie, Quantum Chemistry, University Science Books, 2008.
4, R. KiPrasad, Quantum Chemistry, 3rd Edn., New Age International, 2006.
5. T Engel, Quantum Chemistry and Spectroscopy, Pearson Education, 2006.
6. C. N. Banwell and E. M. McCash,“Fundamentals of Molecular Spectroscopy”,
Tata McGraw Hill, New Delhi,1994.
7. D. N. Sathyanarayan, Electronic Absorption Spectroscopy and Related
Techniques, Universities Press, 2001.
8. D. N. Sathyanarayana, Vibrational Spectroscopy: Theory and Applications, New
Age International, 2007.
9. R. S. Drago, Physical Methods in Chemistry, Saunders College, 2nd Edn.,1992.
10. P. S. Sindhu, Fundamentals of Molecular Spectroscopy, New Age International,
2006.
11. M. C. Gupta, Elements of Statistical thermodynamics, New Age International.
12. Kerson Huang, Statistical Mechanics, 2nd Edn., John Wiley, 1987.
13. McQuarrie, Statistical Mechanics, Orient Longman, 2000.

[39]




14.

15.

16.

17.

18.
19.

20.

21.
22.

L. K. Nash, Elements of classical and statistical mechanics, 2nd Edn., Addison

Wesley, 1972.

F. W. Sears, G. L. Salinger, Thermodynamics, kinetic theory and statistical

thermodynamics, Addison Wesley, 1975.

D. R. Crow, Principles and Applications of Electrochemistry, Blackie Academic
and Professional, 4th Edn., 1994.

J. O. M. Bokris and A. K. N. Reddy, Modern Electrochemistry, Plenum Press,

1973.

G. W. Castellan, Physical Chemistry, Addison-Lesley Publishing.

Puri, Sharma, Pathania, Principles of physical Chemistry Vishal publishing

company, 2013.

Gurdeep Raj Advanced Physical Chemistry GOEL Publishing Hetse, Meerut,

2004.

B. K. Sharma, Electrochemistry, Krishna Prakashan, 1985.

Jianmin Ma, Battery Technologies Materials and Componeats, Wiley,2021

Further Reading

1.

2.
3.
4

o

No

9.

10.

11.
12.

M. W. Hanna, Quantum Mechanics in Chemistry, 2nd Edny, Benjamin.

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

R. Anatharaman, Fundamentals of Quantum Chemistry;sMacmillan India, 2001.
M. S. Pathania, Quantum Chemistry and® Spectroscopy (Problems and
Solutions), Vishal Publications, 1984.

G. Aruldhas, Molecular Structure and Spectroseopy,Prentice Hall of India,2nd
Edn.,2007.

J. Rajaram and J. C. Kuriakose, Thermodynamics, S Chand and Co., 1999.

M. W. Zemansky and R.H. Dittman, Heat and Thermodynamics, Tata McGraw
Hill, 1981.

J. Kestin and J. R. Dorfman¥A course imsStatistical Thermodynamics, Academic
Press, 1971.

R. P. Rastogi and R'Ry, Misra, An Introduction to Chemical Thermodynamics,
Vikas publishing house, 1996:

C. Kalidas and9M.V. Sangdra Narayanan, Non-equilibrium Thermodynamics,
Macmillan India 2042

S. Glassteng, Introduetion'to Electrochemistry, Biblio Bazar, 2011.

K. J. Laidler, J.H. Meiser and B.C. Sanctuary, Physical Chemistry, 4th Edn.,
HoughtomMiffling,2003.

Model Question‘Rapers
Gepérahinstruction to question paper setters

Thereswill besa 15 main questions in each question paper divided into 3 sections —
AYB and\C

Eachyefshe sections A, B and C will have 5 questions each, 1 from each module.
Each/question in Section A will have 3 sub questions (a), (b) and (c), of which the
candidate has to answer any two (2 marks each).

Each question in Section B will have 2 sub questions (a) and (b), of which the
candidate has to answer any one (5 marks each).

Candidate should answer any three out of the five questions in Section C (10
marks each).

Section A carries a total of 20 marks, Section B carries 25 marks, and Section 3
carries 30 marks.

The maximum marks will be 75 and the duration of the exam will be 3 hrs.
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Second Semester M.Sc. Degree Examination — Model question paper

Chemistry/ Analytical Chemistry/ Polymer Chemistry
CH/CL/PC 52125: INORGANIC CHEMISTRY -1
(2025 admission Onwards)

Time: 3 Hrs Max. Marks: 75

10.

SECTION A

Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

(@)
(b)
(©)

(a)
(b)
(€)

(@)
(b)
(©)

(a)
(b)
(€)

(@)
(b)
(©)

What is meant by spin state cross over?

What is difference between Orgel diagram and Tanabe Sugano diagram?
What is the reason for narrow line obtained from solution spectra of Mn?* ion
complexes?

What are inverse spinels? Give examples.
What is Schottky defect?
Differentiate H-centre from V-centre in NaCl crystals.

What is photovoltaic effect? What are its uses?
What is the effect if temperature on the conductance of‘metals. Why?
What are pyroelectric and ferroelectric effegts?

Predict the products formed when borazine reactiwith HCI and NaBHa.
Which undergoes addition reactions,faster — Benené or Borazine? Why?
Clasify the following into closo, nido and archano.

B2Hs, C2BoH11, B12H127~, BsHuy,

What is misch metal?
Actinides form oxocations but lanthanides don’t. Give reason?
Which among lanthanidesiand aetintédés has a higher tendency to form
complexes? Why?
[2 x 10 = 20]
SECTION B

Answer either (a) ori(b) fromieach question. Each sub question carries 5 marks

(@)

(b)

(@)
(b)

(@)
(b)
(@)
(b)
(@)
(b)

StatesLaporte rule’Why Laporte rule is not obeyed by octahedral
complexes.

Briefly“explai the temperature dependence of magnetism of metal
complexes.

What are crystal defects? Discuss about point, line and plane defects.
Explain the rotating crystal method of X-ray diffraction method to determine
the structure of a crystal.

Discuss the doping of semiconductors and its conduction mechanism
Explain superconductivity with examples.

How is polythiazyl synthesized? Describe its structure. Why is it treated as a
one dimensional conductor?
Suggest a probable structure for BzHo after finding out its styx number.

Discuss the separation of the lanthanide elements by ion exchange
methods.
Brifely describe the industrial importance of the beach sands of Kerala.

[5 x5 =25]
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11.

12.

13.

14.

15.

SECTION C
Answer any three questions. Each question carries 10 marks

Explain the Guoy’s methods used to determine magnetic susceptibility. How is it
important in structure determination?

Discuss in detail the perovskite structure by taking SrTiOs as the example.

Discuss the salient features of the band theory of solids and compare it with the
free electron theory of solids.

What are carboranes and metallocarboranes? Discuss with exampl
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Second Semester M.Sc. Degree Examination — Model question paper
Chemistry/ Analytical Chemistry/ Polymer Chemistry
CH/CL/PC 52225: ORGANIC CHEMISTRY - I
(2025 admission Onwards)
Time: 3 Hrs Max. Marks: 75
SECTION A
Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

1. (a) What are the advantages of HPLC technique?
(b) What is the principle involved in GC-MS?
(c) What is the basic principle of solvent extraction?
2. (a) Whatis Baldwin’s rule for ring closure reaction?
(b) What is inverse kinetic Isotopic effect?
(c) What is Hammond postulate?

3. (&) The major product formed in the following reaction.is

Ci _

(b) The major product formed in the following reaction4s
C_
(O— =

(c) The major product formedhin theXfolléwing reaction is
o

4. (a) Which of the fallowing afe Aromatic?

0 © i) [Sercr, G @ij ()

(b) Thesmajar product formed in the following reaction.

COOCH;
O
HaC

(c) /'1dentify the sigma tropic shift involved in the following reaction.
> 2o

5. (a) The major product formed in the following reaction is

Y
-9

hv 9
—_— !

(b) The major product formed in the following reaction is
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10.

11.

12.

13.

14.

()

Ph CH3_CH20H‘ 9
hv e
The major product formed in the following reaction is

hv

e

[2 x 10 = 20]
SECTION B

Answer either (a) or (b) from each question. Each sub question carries 5 marks

(a)
(b)

(@)
(b)

(a)
(b)

(@)
(b)

(@)
(b)

(a)
(b)

Write note on solvent extraction using super critical liquid CO2?
Describe the various types of detectors used in GC?

Write a note on Marcus theory?
Write a note on primary and secondary kinetic isotopic'effect?

Write a note on Dienone-Phenol rearrangement?
Write a note on Bucherer reaction?

Write a note on 1,3 dipolar cycloaddition reactioniwith respect to nitrile oxide
and nitrile ylide?
Write a note on aromaticity in metalloéenes and Tropolone systems?

Write a note on N (1) and N (11) reaetions?
Write a note on photo oxidationief conjugated dienes and alkenes?
[5 x5 =25]
SECTION C
Answer any three questions. Each question carries 10 marks

Write a notefon craig’s technique of liquid-liquid extraction.
Write a note onythe appli€ation of gel chromatography.

Write a ngte on Hammettiequation, Hammett plot and their deviation.

Write a note on favorskii rearrangement (at least four applications).

ldentify,the sigma tropic rearrangement involved in the following cases.

A

(il

Jay
_ L + L COOH
(i) e
CHy

COOH

OH

& &

/

@
CH;—N—CH;
\

CH,
oH & o
(i) l ; H
Base ~
CHy

HN—NH

®
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15.

(@) Predict the product and explain the mechanism involved in the following

reaction.
H
6tts
CsH s (2) 0,

(b) Write a note on oxa di-r methane rearrangement.
[10 x 3 =30]

,\33\
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Second Semester M.Sc. Degree Examination — Model question paper

Chemistry/ Analytical Chemistry/ Polymer Chemistry
CH/CL/PC 52325: PHYSICAL CHEMISTRY -1
(2025 admission Onwards)

Time: 3 Hrs Max. Marks: 75

10.

SECTION A

Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

(@)
(b)
(©)

(@)
(b)
(©)

(a)
(b)

()
(@)

(b)
(©)

(@)
(b)
(©)

Write the determinantal form of wave function for lithium atom.
Explain spherical harmonics.
Sketch the radial probability distribution of 2s and 2p orbitals.

How would one determine the theoretical force constant of the C—C bond?
Anti-stokes lines are usually weak. Why?
Explain the effect of isotopic substitution on rotation spectra.

Differentiate Bosons and Fermions.

Explain the concept of ensembles and give the difference,inproperties of
each category.

Obtain the relation between thermodynamic*probability"and entropy.

Calculate the value of Cv for any element when itSftemperature is equal to
the Debye characteristics temperature:

Give the limitations of Einstein’s theory ofispecific heat capacity
Distinguish between Dulong Pettit law,and Kopps law.

What are solid oxide faeleells?
What is the significance of half~wave potential?
Calculate the meamactivity coefficient of 0.01 M BaClzin water at 25°C.
[2 x 10 = 20]
SECTION B

Answer either (a) or (). fromleach question. Each sub question carries 5 marks

(@)
(b)

(@)
(b)

(a)
(b)

(@)
(b)

(a)
(b)

Obtain the term symbols for hydrogen atom and explain the spectral lines
basedion selection rules.

Give,the Schrodinger equation for hydrogen atom in polar coordinates and
séparate the variables.

Spacing between adjacent lines in HCI molecule is 10 cm~. Force constant
is11.38x10-22 JK-1, Calculate maximum population at room temperature.
@utline the principle and applications of CARS and SERS

Explain Maxwell-Boltzman distribution law.
Apply Fermi-Dirac statistics to electrons in metals.

Deduce Sackur-Tetrode relation using partition function.
Calculate the translational partition function for methane in a volume of 1m?3
at 25°C.

What is over potential? Derive Butler-Volmer equation.

The exchange current density of a Pt/H>, H*aq) electrode is 0.79mA cm—2.
What current flows through a standard electrode of total area 5 cm? when
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11.

12.

13

14.

15.

the potential difference across the electrode is 5 mV, the temperature 25°C
and the proton activity unity?
[65 x 5 =25]
SECTION C
Answer any three questions. Each question carries 10 marks

Apply Schrodinger equation to a rigid rotator, separate variables and solve the
separated equations. Give expression for energy.

(i)
(ii)

(i)
(ii)
(i)
(ii)

(i)
(ii)

Explain the origin of P and R branches in rotational-vibrational spectrum.
Discuss the instrumentation of FT-IR spectroscopy. [5+5]

Explain Bose-Einstein distribution, obtain expression for thermodynamic
probability and number of particles
Write short note on Bose-Einstein condensation [7+3]

Derive the relation between partition function and thermodynamic¥properties
internal energy, entropy and specific heat capacity
Discuss the Debye theory of specific heat capacity,of solids..'[7+3]

Discuss briefly about the Ni-Cd and Li-ion batteries.

Describe the theory and application of cyclic voltammetry. [5+5]
[10 x 3 =30]
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SEMESTER - Il

CL 53125: INORGANIC CHEMISTRY Il

CO
No.

Expected Course Outcomes
Upon completion of this course, the students will be able to

Cognitive
Level

PSO
No.

demonstrate knowledge of advanced content in the
areas of inorganic chemistry such as in organometallic
compounds, bioinorganic compounds, spectroscopic
methods in inorganic Chemistry and nuclear chemistry.

U

examine the bonding in simple and polynuclear carbonyls
with and without bridging and complexes with linear 1T donor
ligands.

U, An

explain the concept of fluxionality and carbonyl scrambling
and the utility of NMR in studying the structure  of
organometallic compounds.

U, An

explain the structure and bonding of ferrocene _and
dibenzenechromium with the help of MO theory

U, AnyC

understand fundamental reaction types and mechanisms in
organometallics and to employ them to understandyselected
catalytic processes in industry.

U, An, C

o

Illustrate the steps in catalytic cycles using Tolman Laop.

1,5

™~

contrasts the thermodynamic and /kinetic Stability of
complexes, analyses the factors affegting = stability of
complexes and explains the methods ef detetmining stability
constants.

classifies ligand substitution reactions Yand explains its
kinetics and various mechanisms.

analyze the chemical and physical properties of metal
ions responsible fof“theirdbiochemical action as well as
the techniques ¥ frequentlyasused in  bioinorganic
chemistry suCh, as | oxygen transport, e-transfer,
communication, catalysis, tri@nsport, storage etc.

U, An

10.

explain thehutility of metals in medicine and the underlying
principles behind the same

U, Ao

1,5

11.

explain thefprinciples of spectroscopic methods employed in
inorganie, chemistry and their applications in the study of
metal conplexes.

An, E

12

demonstrate a knowledge of fundamental aspects of the
structure™of the nucleus, radioactive decay, nuclear
reactions, counting techniques.

13.

evalyate the role of nuclear chemistry to find the most
suitable measures, administrative methods and
industrial solutions to ensure sustainable use of the
world's nuclear resources.

1,4

PSO-Programme Specific Outcome
Cognitive Level:

R—Remember
An-Analyse

U-Understanding
E—Evaluate

[48]

CO-Course Outcome
Ap—Apply

C—Create




Module

Course Description

No. of
Hrs

CO
No.

1.0

Organometallic Compounds

18

11

Nomenclature of organometallic compounds. Hapto
nomenclature. 18 and 16 electron rule, isoelectronic and
isolobal analogy.

1.2

Metal carbonyls, bonding in metal carbonyls. Synthesis,
structure and bonding of polynuclear carbonyls with and
without bridging. Carbonyl clusters-LNCC and HNCC.
Ligands similar to CO: Nitrosyls, CS, CSe, and CTe
Complexes (Basic idea)

1.3

Fluxional molecules:Fe(CO)s, Cp4Ti, [(n°-Cp)Fe(CO)2-(n!-
Cp)], Carbonyl scrambling [Cp2Fe2(CO)4]

1.4

Molecules with linear 1 donor ligands: Olefins, acetylenes,
dienes and allyl complexes. Complexes with cycliegtr
donors: Cyclopentadiene, benzene complexes.

15

NMR Spectra of Organometallic compounds (Basictidea)

[

1.6

Structure and bonding of ferrocene and
dibenzenechromium complexes (MO treatmgnit).

1.7

Oxidative addition and reductive elimination, insertiony(CO,
SO; and olefin) and elimination reactions

1.8

Catalysis by organometallic compeunds: Terminelogy in
catalysis- turnover number (TON)jy turnaver frequency
(TOF).

Alkene  hydrogenation  using “QWilkinsen’s  catalyst,
Hydroformylation of olefins using “eobalt and rhodium
catalysts, Linear to _branch selectivity. Polymerization
reaction by Ziegler-Natta“eatalyst, Monsanto acetic acid
process, Palladium catalysed oxidation of ethylene-the
Wacker process{Water gas shift reaction.

Tolman Loop#epresentation 6f catalytic process

2.0

Coordipnation “€hemistry-lll: Reactions of Metal
Complexes

18

2.1

Energy_prefile of a reaction - Thermodynamic and kinetic
stability, Stability of complex ions in aqueous solutions:
Formation,, constants. Stepwise and overall formation
constants. Factors affecting stability of complexes.

1,7

2.2

Determination of stability constants: spectro photometric,
polarographic and potentiometric methods.

1,7

2.3

Stability of chelates. Thermodynamic explanation,
macrocyclic effects.

1,7

2.4

Classification of ligand substitution reactions-kinetics and
mechanism of ligand substitution reactions in square planar
complexes, trans effect theory and synthetic applications.

1,8

2.5

Kinetics and mechanism of octahedral substitution- water
exchange, dissociative mechanism, associative mechanism
- Eigen-Wilkins mechanism, Eigen - Fuoss equation, base
hydrolysis, racemisation and isomerisation reactions.

1,8

2.6

Electron transfer reactions: Outer sphere mechanism-
Marcus theory, inner sphere mechanism - Taube
mechanism.

1,8
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3.0

Bioinorganic Chemistry

3.1

Essential and trace elements in biological systems,
structure and functions of biological membranes,
mechanism of ion transport across membranes, sodium-
potassium pump.

1,9

3.2

Photosynthesis, porphyrin ring system, chlorophyll, PS I
and PS Il. Synthetic model for photosynthesis.

1,9

3.3

Role of calcium in biological systems - blood coagulation,
muscle contraction.

1,9

3.4

Oxygen carriers and oxygen transport proteins-
haemoglobin and myoglobin.

1,9

3.5

Non-haeme iron-sulphur proteins involved in electron
transfer-ferredoxin and rubredoxin.

1,9

3.6

Iron storage and transport in biological systems ferritingand
transferrin.

19

3.7

Redox metalloenzymes-cytochromes, cytochromegP-450,
peroxidases and superoxide dismutase and {catalases.
Nonredox metalloenzymes- CarboxypeptidaseyA -“structure
and functions.

1,9

3.8

Nitrogenases, biological nitrogen fixation. Ceorrin ring
system- Vitamin B1> and coenzymes, Toxicity of Hg«Cd, Pb,
Cr, As and chelation therapy.

1,9

3.9

Metals in medicine - therapeutie,applications of cis-platin,
auranofin, transition metal radio-isetepes (example: Tc, Co
and Cu etc.) and MRI contrast agents. (Mn and Fe
compounds)

1,10

4.0

Spectroscopic Methods in lnorganic Chemistry

4.1

Infrared spectra offycoardination compounds. Structural
elucidation @f coordination™ compounds containing the
following moleeules/ ions as ligands- NH3, H2O, CO, NO,
OH-, SO4%-, CN§, SCN~, NOs~, NO27, CH3COO- and X-
(X=halogen). Changes in ligand vibration on coordination
with metaldons.

1,11

4.2

Vibrational spectra of metal carbonyls, CD and ORD
spectra, of unetal complexes with emphasis on cobalt
complexes.

1,11

4.3

ESRyspectra: Application to Cu(ll) complexes and inorganic
free radicals such as PH4and [BH3].

1,11

4.4

Nuclear Magnetic Resonance Spectroscopy: The contact
and pseudocontact shifts, *H NMR of biomolecules such as
hemoglobin, myoglobin and ferredoxin. An overview of 3P
and °F NMR of molecules with metal nuclides, coordination
chemical shift in metal complexes, *B NMR.

1,11

4.5

Mossbauer Spectroscopy: Application of the technique to
the studies of iron and tin complexes.

1,11

5.0

Nuclear Chemistry

5.1

Nuclear structure, mass and charge. Nuclear moments.
Binding energy. Semiempirical mass equation. Stability
rules. Magic numbers.

1,12
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5.2

Nuclear models: Shell, Liquid drop, Fermi gas, collective 3 1,12
and optical models.

5.3

Equation of radioactive decay and growth. Half-life and 2 1,12
average life. Radioactive equilibrium. Transient and secular
equilibria.

5.4

Nuclear reactions: Direct nuclear reactions, heavy ion 3 1,12
induced nuclear reactions, photonuclear reactions. Neutron
capture cross section and critical size. Radio carbon dating

5.5

Nuclear fission- Nuclear cross section, Q-value, Threshold 3 1,12
energy, Fissionable materials, Fission as a source of
energy, Nuclear chain reacting systems. Principle of
working of the reactors of nuclear power plants. Breeder
reactor. Nuclear fusion reaction, stellar energy.

5.6

Principles of counting technique such as Geiger-Muller 2 i 12
counter, proportional, ionization and scintillation countexs.
Cloud chamber.

5.7

Nuclear Diagnosis and Medicine: Positron gEmission 2 1,13
Tomography (PET), Proton therapy, Targeted alpha thetapy
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CL 53225: ORGANIC CHEMISTRY llI

CoO
No.

Expected Course Outcomes
Upon completion of this course, the students will be able to

Cognitive
Level

PSO
No.

describe and explain the physical and chemical principles
that underline molecular structure determination techniques
such as UV-visible, IR, mass and NMR spectroscopy.

U

apply knowledge of molecular structure determination using
UV-visible, IR, mass and NMR spectroscopic techniques to
identify and/or characterize chemical compounds from
experimental data.

calculate Amax Of a compound, apply IR frequency table to
determine the functional groups present in the molecule,
interpret mass spectrum of compound from fragmentation.

U, An

predict likely spectral characteristics of given molecular
species; solve the structures of unknown molecules using
appropriate spectroscopic techniques.

An, E

explain the basics of 2D NMR of a compound based on
learned principles and solve the structure of @“eompound
based on NMR data.

o

identify and apply various reagents in organic synthesis

Ap, An

™~

explain the application of oxidizing and, reducing agents in

Ap, An

organic synthesis.

Module

Course Desgription

No. of
Hrs

CO
No.

1.0

UV-VIS, IR, and Mass,Spectrometry

18

11

Types of electroniegtransitions,absorption and intensity shift.
Type of absarption Bands:Woodward Fieser rules. A max
calculation 4n dienes, @, P unsaturated ketones, and
derivatives of ‘acyl benzéne. Effect of solvent on electronic
spectragapplications of uv-vis spectroscopy

1.2

Principles of IR spectroscopy: Vibrational frequency of
functiomal greups, Factors affecting vibrational frequency,
coupled vibrations and ring size, +l and -l effects and
hydrogen “Bonding, ldentification of functional groups,
sampling techniques

138

Principles of mass spectra: base peak, nitrogen rule, meta
stable ion, mass spectral fragmentation patterns of long
ehain alkanes, alkenes, alkynes, alkyl benzene, alcohols,
ethers, thiols, aldehydes, ketones, acid amides, nitro,
amino and halogen compounds effect of isotope on
molecular ion peak and intensity ratio. McLafferty
rearrangement, Common ionization techniques in mass —
El, Cl, FAB, MALDI

1.4

Spectral interpretation and structural elucidation. Solving of
structural problems on the basis of numerical and spectrum-
based data

1,2

2.0

NMR Technique and Structural Elucidation

2.1

Theory of 'H NMR spectroscopy: Number of 'H signals,

1,2
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Chemical shifts - anisotropic effect, electronic effect, van der
Waals shielding, Spin-spin coupling - coupling constant (J?,
J3, J* and long-range coupling) of ortho, meta and para
substituted benzene systems. Karplus equation and its
applications, Chemical shift value calculation and pattern of
1H environment in different compounds - alkenes,
substituted benzenes, furan and thiophene.

2.2

Number of 13C signals, chemical shift, calculation of 13C
chemical shift values in acyclic systems and disubstituted
benzene.

1, 2,

2.3

Number of 1°F signals in difluoro substituted ethane
conformers

1,2,

2.4

First order, and higher order spectra, NMR shift reagents;
chemical exchange and double resonance

2.5

Application of NOE, DEPT, and 2D techniques — GOSY,
HSQC, HMQC, HMBC (basic principles only).

3.0

Selected Reagents & Reactions in Organic Synthesis — |

3.1

Preparation of Grignard reagent- Application, ofyGrignard
reagent — deprotonation, addition to carb@nyl ‘groups, CO>
addition, oxirane addition, 1,2-and 1,4 - ‘addition to
conjugated compounds. Stereo and diastereosele€tivity in
Grignard reaction.

3.2

Reactions of organo Li reagents — Lithiation of aromatic
compounds such as benzene, Galkeney,, alkyne, furan,
thiophen and N-methylpyrrole,fertho-lithiation by preference
of functional groups, halogen exehange by organo lithium.
Addition reactions with ketone, garboXxylic acid and amide.

3.3

Dialkyl copper lithium:\preparation, reactivity to electrophiles
such as epoxidej acyh halide, active aryl halides and ketones.
Preference offalkyl group reaetivity in Dialkyl copper lithium.

3.4

Alkynyl Cu(l)“reagents Glacier coupling. Dialkyl cadminum
compounds. Preparatiaf and reaction with acylhalides.

3.5

Benzenentricarbonyh,chromium-preparation and reaction with
carbanionssylebbe’s reagent, Grubbs’ catalyst.

4.0

Selécted ‘Reagents & Reactions in Organic Synthesis — I

4.1

Application of hindered boranes such as disiamylborane, 9
BBN;, Catechol borane and thexyl borane. Regio selectivity of
hindered boranes, hydroboration reaction-conversion of
trialkyborane to primary alcohol, tertiary alcohol, secondary
alcohol, ketone and aldehyde, preparation of cis alkene from
alkyne and aldehyde from terminal alkyne.

4.2

Stabilised and unstabilised sulphur ylide and their reactions
to simple ketones and enones, Julia reaction, umpolung,
thiazolium ion for the replacement of CN-

4.3

Phosphorous ylide — Wittig reaction- stereochemistry.
Mitsunobu reaction, Inversion of alcohol, phosphorous
regents including PR3/ H>O and their applications.

4.4

Peterson reaction — acid and base catalysed elimination and
their stereochemistry — Directive influence of silicon to form
carbanion and for its nucleophilic attack on electrophilic
carbon.
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4.5

Coupling reaction — Heck, Negishi, Sonogashira — Kumada, 3 7
Suzuki, Stille, Stephens — Castro.

4.6

Pauson—-Khand reaction, Vollhardt Trimerization, Application 3 7
of Pd(0) to vinylic epoxide ring opening by nucleophilic
attack, and internal nucleophilic attack on alkene.

5.0

Selected Reagents & Reactions in Organic Synthesis — Il 18

5.1

Complex metal hydride for reduction LiAIH4, NaBHa, 2 7
NaBHszCN, DIBALH, LiBHs and BHz — Chemo selectivity of
reduction reactions.

5.2

Electron transfer reagents application-Li/NHz, Birch reduction 2 7
in aromatic systems - benzene, substituted benzene,
pyridine, furan, naphthalene, Clemenson reduction.

5.3

Transfer  hydrogenation, Catalytic reduction and 2 7
organometallics in reduction — H2/Pd, H2/Pt, Lindlar’s
catalyst, Iridium complexes and Wilkinson catalyst.

5.4

Meerwein—Ponndorf-Verley reduction, diimidessreduction 2 7
crowded complex metal hydride reduction, Wolf Kishner
reduction, Huang-Minlon modification, Mozinge. method“and
Rosenmund reduction.

5.5

Applications of peracid - Prilezhaev reaction; Baeyer — 6 7
Villiger oxidation, Sharpless asymmetric epoxidation, HIOa,
O3, Lemieux reagent, SeO, Etard“reaction, active MnOg,
Lead tetra acetate DDQ, PCCyquCrOs3[HeSO4, DESS Martin
periodinane, Tempo, 0sOg4, alkalinelKMnOgand Ag>COs3,

5.6

Swern reaction, Moffatt reaction, “©pp€nauer oxidation, 4 7
Sommelet reaction, _Prevost “hydroxylation Woodward
hydroxylation
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CL 53325: PHYSICAL CHEMISTRY |l

CO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. |understand the theories of chemical bonding and their | U, Ap, An 1
application with help of approximate methods predict the
nature of orbitals and molecular spectra.

2. | compare MO and VBT. An 1

3. | understand the properties of gases and liquids and the U, Ap, An 1
nature of the intermolecular forces in them.

4. | describe the principle behind the determination of surface 8] 1
tension and coefficient of viscosity.

5. | describe and explain the physical and chemical principles | dU, Ap, An 1
that underlie molecular structure determination techniques
like NMR, ESR, Mossbauer, and photoelectron
spectroscopy.

6. |judge the degrees of freedom of systems and undérstand | \U, Ap, 1
theories of irreversible thermodynamic systems. An, E

7. |understand the quantum mechanical and gMen-quantum U, An 1
mechanical methods in computational chemistry, ‘potential
energy surface and basis functions.

8. | write the Z-matrix of simple molecules. U, Ap 1
9. | acquire skill in solving numerical problemsy Ap 1
Module Course Description No. of CcO

Hrs No.
1.0 Approximation Methogdswand Chemigal Bonding 18
11 Need for Approximation metheds in quantum mechanics: 2 1
Method of Variatien-variation theorem. Linear variation
functions. Secular egquations/and secular determinants.
Application of variation theorem using a trial function [e.g., X
(a-x)] for particle,in a 1DABOX.
1.2 Methody, of Perturbation-successive correction to an 3 1
unpefturbed problemy, Detailed treatment of first order non-
degeneraté €ase only."Application of perturbation theory
to a_particle in 1D-box with slanted bottom.
1.3 MO theory="The Born-Oppenheimer approximation -MO 2 1
Theory-LCAO MO method applied to H> and Ho*
1.4 MO diagram of homo nuclear diatomic molecules Li., Bey, 2 1
B2, C2, O2 and F2 and hetero nuclear diatomicmolecules LiH
CO, NO and HF. Bond order and its relation to stretching
frequencies in CO, CO*, NO and NO* (qualitative idea only)
1.5 Representation of MOs based on symmetry properties, MO 1 1
configuration of homonuclear diatomic molecules,
Spectroscopic term symbols for homonuclear
diatomic molecules, selection rules for molecular spectra-
allowed and forbidden transitions.
1.6 Valance bond theory - VB treatment of hydrogen 2 1
molecule only.
1.7 Comparison of MO and VB theories. 1 2
1.8 Quantum mechanical treatment of sp, sp? and sp? 2 1
hybridisation.
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1.9

HMO theory of conjugated systems. Overlap and
Hamiltonian integrals, Bond order and charge density
calculations. Application of HMO method to ethylene,
butadiene, allyl, and benzene systems, Development of
Huckel theory of aromaticity.

1,9

2.0

Gaseous and Liquid State

2.1

Maxwell’s distribution of molecular velocities, influence of
temperature, types of molecular velocities- derivation of
molecular velocities from Maxwell’'s equation.

3,9

2.2

Transport phenomena in gases — viscosity of gases,
Chapman equation, determination of viscosity of gases,
calculation of mean free path.

4,9

2.3

Thermal conductivity, diffusion

2.4

Degrees of freedom of gaseous moleculesm, -
Translational, Rotational and vibrational.

w(w

2.5

Equation of state of real gases- van der Waal’'sseguation,
other equation of states - Virial equation, second wirial
coefficient and determination of diameter of asmolecule.

3,9

2.6

Inter molecular forces - Dipole-dipole intefaction, induced
dipole-dipole, induced dipole-induced dipole interactians.

2.7

Liquid state: Liquid vapour equillibria, vapour 'pressure-
methods of measuring vapour pressure¢ - barometric
method and dynamic method -.equatiomyof state forliquids,
structure of liquids-short range ordee

2.8

X-ray diffraction of liquids. Vacancy medel for a liquid,radial
distribution function.

2.9

Surface tension - detérmination’of surface tension by drop
weight method and ‘drop Aumber method. Viscosity -
determination of ceeffigient | of viscosity by Ostwald
viscometer.

4,9

3.0

Spectroscopy Il

3.1

Resofance spectr@scopy: Nuclear Magnetic resonance
Spectroscopy, Nuclear spin. Precessional frequency,
Gyromagnetic ratio, Interaction between nuclear spin and
applied,maganetic field.

3.2

Proton NMR. Population of energy levels.

)]

3.3

Nuclears resonance. Relaxation methods T1 and T2.
Introduction to MRI. Contrast agents in MRI. Spin-spin
coupling. Fine structure.

ol

3.4

FT-NMR Spectroscopy: Instrumentation - experimental
aspects magnets, radio frequency transmitter, NMR probe
and computer. Radio frequency pulses effect of pulses,
rotating frame reference, FID, FT technique - data
acquisition and storage, signal averaging. Pulse
sequences- pulse width, spins and magnetization vector.
Solid state NMR, magic angle spinning.

59

3.5

ESR spectroscopy: Electron spin. Interaction withmagnetic
field. Kramer’s rule. McConnell equation, The g-factor. Fine
structure and hyperfine structure-selection rules Analytical
applications of ESR, Determination of reaction rates and
mechanisms by ESR, Structural determination by ESR.

509
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Elementary idea of double resonance (ENDOR and
ELDOR).

3.6

Mossbauer spectroscopy: Basic principles. Doppler effect,
chemical shift, recording of spectrum, application.
Quadrupole effect, Effect of magnetic field.

4.0

Irreversible Thermodynamics and Phase equilibria

4.1

Simple examples of irreversible processes.

4.2

General theory of non-equilibrium processes. Concept
of local equilibrium. The phenomenological relations.
Onsager reciprocal relations. Principle of minimum entropy
production.

(28]

4.3

Generalized equation for entropy production, Entropy
production from heat flow, matter flow and current flow.

6,9

4.4

Application of irreversible thermodynamics to diffusien.
Thermal diffusion, thermo osmosis and thermo-moleculat
pressure difference.

4.5

Electro-kinetic effects, the Glansdorf-Pregogine, equation.
Far from equilibrium region.

4.6

Three component systems: Graphical representation:“gEhree
component liquid systems with one pair of partially miscible
liquids. Influence of temperature. Systems with {twio pairs
and three pairs of partially miscible liquids.

4.7

Solid- liquid system: Two salts, and“water systems-no
chemical combination, double salt, formation, one salt
forms hydrate, double salt “forms%hydrate, Isothermal
evaporation. Thermodynamics ofy solid-liquid and solid-
vapour equilibrium

5.0

Computational Chemistry,

5.1

Introduction g6 computational”chemistry: As a tool and its
scope. Potential energygsurface-stationary point, saddle
point or transition state, local and global minima. Basis
functionssSlater type orbitals (STO) and Gaussian type
orbitals (G#O).

5.2

Basis sets: minimal, split valence, polarized and diffuse
basistsets,, contracted basis sets, Pople’s style basis sets
and thelfinomenclature.

5.3

Quantum mechanical computational methods — Ab initio
methods: Introduction to SCF, Slater determinants,
Hartree-Fock Self-Consistent Field (HF-SCF) method,
RHF, ROHF and URHF (no need of calculation). Wave
functions for open shell state, Roothan concept, Electron
correlation and introduction to post-HF methods.

5.4

Semi empirical methods: Huckel and extended Huckel
methods. Strengths and weaknesses. PPP, ZDO, NDDO,
INDO, MNDO (AM1, PM3) and CNDO approach.
(Mentioning only).

5.5

Density functional theory methods (DFT)-Hohenberg-Kohn
theorems, Exchange correlational functional Kohn-Sham
orbitals.

5.6

Non-quantum mechanical computational methods -
Molecular mechanics: Force fields - bond stretching, angle
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bending, torsional terms, non-bonded interactions,
electrostatic  interactions and the  corresponding
mathematical expressions. Commonly used forcefields -
AMBER and CHARMM.

5.7 Construction of Z-matrix for simple molecules. H>O, H>O», 2 8
H>CO, CHsCHO, NHs and CO..

5.8 Structure drawing and energy calculation (geometry 2 7
optimization) using free software Arguslab, Tinker, NAMD,
DL-POLY
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CL 53425: INORGANIC CHEMISTRY PRACTICALS I

Total 125 h
CO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. |interpret data from an experiment, including the U, An 3,7,8
construction of appropriate graphs and the evaluation of
errors.
2. | estimate a simple mixture of ions (involving quantitative An 7,8
separation) by volumetric and gravimetric methods.
3. | perform COD, BOD, DO, TDS analysis. Ap, An 4,7, 8
4. | predict likely spectral characteristics of given metal | Ap, An 6, 8
compexes solve the structures of unknown metal
compexes using appropriate spectroscopic techniques and
magnetic measurements .
5. | analyse the XRD of simple substances. An 8
6. | interpret TG and DTA curves. An 8
7. | Synthesise and characterise inorganic nanomaterials An 8
Module Course Description No. of CcoO
Hrs No.
1. Estimation of simple mixture of ionsi(involvingyquamntitative 40 1,2
separation) by volumetric and
gravimetric methods.
a) Iron (gravimetric) and '€hromium (volumetric)
b) Iron (gravimetric) and Zing (volumetric)
C) Copper (volumetrie) and Niekel,(gravimetric)
d) Iron and Copper
e) Copper andyNickel
2. Environmental Analysis —€0D, BOD, DO, TDS 15 1,3
3. Spectral Intérpretation ofymetal complexes using IR, UV- 25 4
vis. spectral data. Supplementary information like metal
estimation, CHNy analysis, conductivity measurements
and fmagnetic measurements to be provided to the
studentsg/ASsessment’is based on arriving at the structure
of the complex and assignment of IR spectral bands.
4. Analysis 0fgXRD of simple substances. 15 5
5. Interpretation of TG and DTA curves. 25 6
6. Synthesis and characterisation of Inorganic nano 5 7
materials
a. Nanocrystalline hydroxyapatite
b. Nano Iron oxide particles
References
1. A. |. Vogel, A Text Book of Quantitative inorganic Analysis, Longman, 4th
edition, 1978.
2. Willard , Merrit and Dean, Instrumental Methods of Analysis, 7th edition,
1986.
3. W. W. Wendlandt, Thermal Methods of Analysis, Inter-Science, New York,
1964.
4, B. A. Skoog and D. M. West, Principles of Instrumental Analysis, Saunders

College, 4th edition, 1991.
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5. R. S. Drago, Physical Methods in Inorganic Chemistry, Van Nostrand, 1992.
6. K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordinaton
Compounds, John Wiley & Sons, 6th edition, 2008.
7. D. F. Shriver, P. W. Atkins and C. H. Langford, Inorganic Chemistry, ELBS,
1990.
8. A. K. Galway, Chemistry of Solids, Chapman and Hall, 1967.
CL 53525 ORGANIC CHEMISTRY PRACTICALS I
Total 125 h
CO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. |interpret data from an experiment, including the U, An 3,7,8
construction of appropriate graphs and the evaluation of
errors.
2. | predict likely spectral characteristics of given molecular Ap, An 6, 7)8
species; solve the structures of unknown molecules using
appropriate spectroscopic techniques
3. | develop paper chromatogram of a compound, and C 7,8
determine its purity
4. | estimate quantitatively the Aniline, Phenol, glucose; Ap 7,8
Ascorbic acid and Aspirin in a sample
5. | estimate colorimetricaly paracetamol, protein and, ascerbic Ap 7,8
acid
6. | use green chemical principles in thewsynthesis Ap 4,7, 8
Module Course Description No. of CcoO
Hrs No.
A. Volumetric estimatiomof 25 4
1) Aniline
2) Phenal
3) Glucose
4) Ascorbic aeid
5) £ Aspirin
B. Colarimetrie estimation 25 5
6)._paracetamol with potassium ferricyanide
7) proteimby biuret method
8) Ascorbic acid by folin-phenol reagent or
phosphotungstic acid methods
C. Spectral identification 40 1,2
9) UV, IR, 'TH NMR, 13C NMR, El mass spectral
identification of Organic compounds from a library
of organic compounds (Each students have to
record the spectral analysis of a minimum of 40
compounds)
D. Separations of mixtures by Paper Chromatography 10 3
10) Identification of amino acids
E. Single stage preparation of organic compounds by 25 4
green chemistry
11) Preparation of p-bromoacetanilide using CAN.
12) Radical coupling — 1,1-Bis-2-napthol.
13) Synthesis of dihydropyrimidinone.
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14) Synthesis of dibenzalacetone - with lithium
hydroxide.

15) Photoreduction of benzophenone to benzopinacol
(not for end semester evaluation).

The board of examiners have to choose the combination of a volumetric estimation, a
colorimetric estimation, a green synthesis OR paper chromatography and spectral
analysis.

References

1. B. S. Furniss, Vogel’s text book of practical organic chemistry, 5th Edition,
Longman, 1989.

2. D. L. Pavia, G. M. Lampman, G. S. Kriz and R. G. Engel, A microseale

approach to organic laboratory techniques, Wadsworth Publishing, 5th

Edition, 2012.

R. K. Bansal, Laboratory manual of organic Chemistry, Wiley,Eastern, 1994.

N. K. Vishnoi, Advanced Practical Organic Chemistry, 3rd Editien, Vikas.

F. G. Mann and B. C. Saunders, Practical Organic Chemistry, Pearson

Education, 2009.

J. B. Cohen, Practical organic chemistry, Forgotten Books, 2015.

P. F Shalz, Journal of Chemical Education1996, 173: 267

Monograph on green laboratory experiments, DST, Govt, of India, pp 1-79.

For spectral data of organic compounds, see: http://sdbs.riodb.aist.go.jp/sdbs/

cgi-bin/direct_frame_top.cgi
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CL 53625: PHYSICAL CHEMISTRY PRACTICALS I

Total 125 h
CO Expected,Course Outcaomes Cognitiv | PSO
No. Upon completion of thisteourSe, the students will be e No.
ableyto Level

1. interpret data fromian experiment, including U E 3,7,
the constgction of appropriate graphs and the 8
evaluation of‘errors.

2. determine the“ystrength of strong/weak acids by Ap 7,8
conductometric titrations

3. verifypOnSager equation and Kohlraush’s law | An, E 7,8
conductometrically.

4, determine™ the activity and activity coefficient of | Ap, An 7,8
electrolyte.

5. determine  the concentration of a solution| Ap, An 7,8
potentiometrically or pH metrically.

6. employ spectrophotometry in determining unknown | Ap, An 7,8
concentration.

7. Determine the specific rotation of a substance using | Ap, An 7,8
polarimeter

8. Determine the half-wave potential of different ions using | Ap, An 7,8
polarography

9. determine the concentration of a liquid mixture using a| Ap, An 7,8
refractometer.

10. | determine the unknown concentration of a given Kl | Ap, An 7,8
solution.
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11

determine the solubility and heat of solution of
ammonium oxalate, succinic acid etc.

Ap, An

7,8

Module

Course Description

No. of
Hrs

CO
No.

Conductometry

a) Determination of strength of strong and weak acids
in a mixture

b) Determination of strength of a weak acid.

c) Precipitation titration (BaCl.xK2SQa,)

d) Titration of dibasic acid (H2C204/H2S0Q.).

e) Verification of Onsager equation.

f) Verification Kohlraush’s law.

g) Determination of activity and activity coefficient of
electrolyte.

20

1, 2,
3,4

Potentiometry

a) Determination of emf of Daniel cell and témperature
dependence of emf of a cell.

b) Titrations involving redox reactions —+Fe2t vSKMnQx,
K2Cr207, (NH4)2Ce(S04)2 and Kl vs KMnQg

c) Determination of the emf of various ZnSOy solutions
and hence the concentrationfof unknown ZnSO4
solution.

d) Determination of activityand activity constant of
electrolytes.

e) Determination of thermodynamic constants of
reactions.

20

15

pH metric titrations.

Titrations involving

a) Strong acid againstistrong base

b) Weakéacid against strong base

c) Mixtureof strong and weak acid against strong base
d) Dibasic acid against strong base

15

1,5

Spectrophotometry

a)W\erification of Beer-Lambert’s law.

b) Absorption spectra of conjugated dyes (malachite
greeny methylene blue).

c) Determination of concentration of potassium
dichromate & potassium permanganate in a mixture.

d) To study the complex formation between Fe3* and
salicylic acid.

e) Determination of pKa of an indicator.

15

1,6

Polarimetry

a) Measurement specific rotation of glucose.

b) Determination of specific rotation of sucrose

c) Determination of unknown concentration of glucose
solution and rate constant of its hydrolysis in
presence of HCI

15

1,7

[65]




Polarography 10 1,8
a) Determination of half wave potential (E1/2) of various
ions and identification of the nature of the species.

b) Determination of the concentration of a given

reducible ion (Cd?*)

Refractometry 15 1,
a) Determination of molar refraction of pure liquids 9,10
b) Determination of concentration of

KClsolution/glycerol solution
c) Determination of solubility of KCI in water.
d) Determination of molar refraction of solid KCI
e) Study the stoichiometry of potassium
iodide-mercuric iodide complex.
f) Determination of concentration of Kl solution.

Solubility and Heat of solution 15 11
Determination of solubility and molar heat of solution of‘a
substance (e.g., ammonium oxalate, succinic agid) from
solubility data - analytical method and graphical method

References

1. V. D. Athawal, Experimental Physical Chemistry, New Age International

2. B. P. Levitt and J.A. Kitchener, Findlay’s Practieal Physical Chemistry
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4. A.M. James, and F.E. Pichard, Rractical Physical Chemistry, Longman.
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Model Question Papers
General Instruction to question paper setters

There will be a 15 main questions in each question paper divided into 3 sections —
A, Band C

Eachof the sections A, B and C will have 5 questions each, 1 from each module.
Each question in Section A will have 3 sub questions (a), (b) and (c), of which the
candidate has to answer any two (2 marks each).

Each question in Section B will have 2 sub questions (a) and (b), of which the
candidate has to answer any one (5 marks each).

Candidate should answer any three out of the five questions in Section C (10
marks each).

Section A carries a total of 20 marks, Section B carries 25 marks, and Section 3
carries 30 marks.

The maximum marks will be 75 and the duration of the exam will be 3 hrs.
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Third Semester M.Sc. Degree Examination — Model question paper

Chemistry/ Analytical Chemistry/ Polymer Chemistry
CH/CL/PC 53125: INORGANIC CHEMISTRY -1l
(2025 admission Onwards)

Time: 3 Hrs Max. Marks: 75

10.

SECTION A

Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

(@)
(b)
(©)

(@)
(b)
(©)

(a)
(b)
(€)

(@)
(b)
(©)

(@)
(b)
(©)

Explain the hapto nomenclature of organometallics with a suitable example
Represent the structures of Fe(CO)s, Fe>(CO)g and Fes3(CO)1o.
What is the Wilkinson's catalyst? What is its use?

Write down the Marcus equations.
What is macrocyclic effect?
Discuss the Taube mechanism.

What are the functions of biological membranes?
What is the difference between photosynthesis | and phetosynthesis 11?
Explain briefly the coordination environment of the metal 10n in Vitamin Bia.

Using IR spectroscopy how will you distinguish between NHz and H.O
ligands of a metal complex?

Distinguish between contact shifts and¥pseudocontact shifts in NMR.
How many signals are obtaingd inithe °Fiamr spectra of the following
(i) SFs (ii) SF4(iii)) XeOF4, Giveyreasons for your answer

What are magic numbérs2,What arestheir specialties?
Distinguish between transient and secular equilibria
Summarise the liguid drep model of the nucleus.
[2 x 10 = 20]
SECTION B

Answer either (a) or (). fromleach question. Each sub question carries 5 marks

(@)
(b)

(2)
(0)
(@)
(b)
(@)
(b)

(a)
(b)

With a suitable example, describe the oxidative addition reaction
ExplaimWackers process.

Describe the dissociative mechanism in metal complexes
Using [PtCl4]?- as the starting material, how can the cis and trans isomers of
[RtCIZ(NH3)(PPh3)] and [PtCl2(NO2)(NHs3)]~ be prepared

Briefly explain the mechanism of ion transport across membranes
Explain the iron storage and transport in biological systems.

Explain the use of ORD spectra in studying metal complex formation
Discuss the utility of Mossbauer spectroscopy in the study of complexes of
iron.

Discuss the principle of working of the reactors of nuclear power plants.
What is meant by radioactive equilibrium? The ratio between atoms of two
radioactive elements A & B at equilibrium was found to be 3.1x10°1. If the
half life period of A is 2x10%°years what is the half life of B.

[5 x5 =25]

[67]



11.

12.

13.

14.

15.

SECTION C
Answer any three questions. Each question carries 10 marks

Construct the MO diagram Ferrocene and explain the bonding using MOT.

Explain the kinetics and mechanism of ligand substitution reactions in square
planar complexes.

Discuss in detail the function of PS-I and PS-Il in photosynthetic activity.

Explain the use of various NMR techniques in inorganic chemistry.

Explain the various nuclear models.
0 x 3= 30]

4

>
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Third Semester M.Sc. Degree Examination — Model question paper
Chemistry/ Analytical Chemistry/ Polymer Chemistry
CH/CL/PC 53225: ORGANIC CHEMISTRY -1l
(2025 admission Onwards)
Time: 3 Hrs Max. Marks: 75
SECTION A
Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

1. (a) What will be the Amax for the following?

ST

(b) What will be the IR vibrational frequency of “CO” group in the\fellowing
compound?
(i) Benzylacetate (i) Vinylacetate

(c) What will be the base peak for 2-pentanone?

2. (&) What will be the number of 13C signals in
OH OH

(@) (i)

HO OH
oH

(b) Give two examples for NMR shift'tegent?
() What is Nuclear Overhauser, Effect?

3. (a) The major produétformed,in the following reaction is

CH,
CH ;MgX/H,0 _ o
0)
PK “Ph
(b) Thé majorpreduct formed in the following reaction is
QCH}
nRLi _
CH;l '
CH,—0—CHj 3
(c) The major product formed in the following reaction is
CH;
O
Ph/C “Ph

4. (a) The major product formed in the following reaction is
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(b)

(©)

(b)

(©)

CH,
BH;
OH", H,0,

The major product formed in the following reaction is

CH3_0_ CHz_ Cl
N + > ()
PR;, nRLi,H;0
The major product formed in the following reaction is

OH
iM€3

KH

—>?

“OH

The major product formed in the following reaction is

H+

0]
The major product formed in theyfollowing réaction is
(@)
H
N¢CH\)\/\H/O Na CNBH,

> 7

pd
CH, <

The major product formed'in the following reaction is

—2 " 7

SECTION B

[2 x 10 = 20]

Answeneither(a) or (b) from each question. Each sub question carries 5 marks

6. (a)WWhat will be the ‘J’ values of vicinal hydrogen in the following compounds?

H
H

H

: (il m " i e=d
v H /N

H,COOC
H
Y (0] H H H
(iv) (v)
NO, COOH NO, COOH
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10.

11.

12.

13.

14.

157

(b)

(a)
(b)

(a)
(b)

(a)
(b)

(a)
(b)

(@)
(b)

Write down the fragmentation pattern for 2-hexene?

What are the basic principles of COSY?
Write the 13C NMR values of the following compound?

Write a note on the application of nRLi?
Write a note on the preparation and application of Tebb’s reagent?

Write a note on the application of hindered boranes?
Write a note on the Sonogashira coupling reaction?

Write a note on the reduction of aromatic rings by £il€2HsOH/NH3?
Write a note on Bayer villager oxidation?
[5 x5 =25]
SECTION C
Answer any three questions. Each question carfies\10 marks

Write a note on the Karplus equation and outline its application?
Write down the fragmentation patiern form-propyl phenyl ketone including
McLafferty rearrangement?

Write down the applications of NOE anchDERT?

(@)
(b)

(@)
(b)

(a)
(6)

Write down the application of Benzene tricarbonyl chromium?
Write down the majoriproduct involved in the following reaction?
H;

. (CH;3),Culi . nRLi
i y EL ii O— =V~~~
® ‘ 5 @ | C6H5_E_H

0

Write a note on Julia reaction?
Write aimoté"on Suzuki coupling reaction?

Wiite'down the mechanism for Prevost hydroxylation?

Write down the application of Iridium complexes as a reducing agent?
[10 x 3 =30]
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Third Semester M.Sc. Degree Examination — Model question paper

Chemistry/ Analytical Chemistry/ Polymer Chemistry
CH/CL/PC 53325: PHYSICAL CHEMISTRY - I
(2025 admission Onwards)

Time: 3 Hrs Max. Marks: 75

SECTION A

Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

1. (@
(b)
(©)
2. (a)
(b)

()

3. (a)
(b)
(©)
4. (a)

(b)
(©)

5 (a)
(b)
(©)

State variation theorem
What is overlap integral? Give its significance.
Derive the term symbol of hydrogen molecule in the ground states

Predict and justify the condition at which a real gas obeys the'following
equation of state PV= RT+ Pb.

The van der Waals constant a for two gases are 4.17 andQ:024 dm®atm
mol-? respectively. Explain which is easily liquefiable and why?

At what pressure does the mean free path of argofi gas,at 25°C hecome
comparable to the diameter of the atoms themselves? Given @’= 0.36 nm?

The shift in frequency shown by a proton from TMS is 180/Hz, when
measured on a 100 MHz instrument. Calculate the chemical shift in ppm.
Calculate the ESR frequency of an unpaired electron’in a magnetic field
0.33 Tesla. Given for free electron g=233=9.273x10-27 J/T.

What is meant by contrast ageptsin MRI?,

Apply phenomenological equation, in thermal diffusion.

What is the principle of minimum entropy production?

What are the conditions under which linear relations are valid to understand
irreversible processes?

What is a minimal basis set?
Construct the zzmatrix of £0. molecule.
Differentiate STO%nd GTO.
[2 x 10 = 20]
SECTION B

Answer either (a) or (b) from each question. Each sub question carries 5 marks

6. A
(b)
7. (@
(b)
8. (a)
(b)
9. (@

Calculate the first order correction to the energy levels for a one-dimensional
box'with/a slanted bottom whose potential energy varies as vy/a where a is
thelength of the box.

Apply HMO theory to 1, 3-butadiene molecule and discuss the molecular
orbitals and their corresponding energy levels.

Briefly explain the various intermolecular forces acting in gases.
Discuss the barometric method of measurement of vapour pressure.

What is ENDOR spectroscopy? How it is different from ELDOR
spectroscopy?
Discuss the application of Mossbauer spectroscopy.

Derive expressions for entropy production in the case of system contains
both the matter flow and current flow.
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10.

11.

12.

13.

14.

15.

(b)

(a)
(b)

(a)
(b)
(€)

Describe the phase diagram of two salts and water system with double salt
formation?

Illustrate the Density functional theory method.
What is potential energy surface? Explain its significance.
[5x5=25]
SECTION C
Answer any three questions. Each question carries 10 marks

Discuss the quantum mechanical treatment of sp2 hybridization.

Sketch the MO diagram of NO molecule and calculate bond order
Comment on the variation in stretching frequency of NO when it is ¢éhanged
to NO*.

Explain the various methods for the determination of surfaceftension of a liquid.

(@)
(b)

(©)
(@)
(b)

(@)
(b)

Explain the principle and applications of solid-staté NMR spectrascopy.
What is meant by hyperfine splitting in ESR spectra? Give theselection rule
for hyperfine transitions?

Briefly explain the analytical applications of ESR'spectrescopy.

Draw the phase diagram of a three-component liquid system with three
pairs of partially miscible liquids. Explain.

How would you understand (i) thesmoosmosis and (ii) thermal diffusion from
irreversible thermodynamics? [5+5]

Write briefly on ab-initiosmethods used in computational chemistry? What
are the merits and demeritsief the method?
Explain the terms_i).force fieldii) contracted Gaussians. [7+3]

[10 x 3 = 30]
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SEMESTER - IV

CL 54125: CHEMISTRY OF ADVANCED MATERIALS

CcoO Expected Course Outcomes Cognit | PSO
No. Upon completion of this course, the students will be able to ive No.
Level
1. | understand dimensions, synthesis, physicochemical properties | U, Ap, 1
of nanomaterials and its applications. An
2. | understand and apply characterization tools for analysing nano | U,/Ap, 1
structures. An
3. | outline and recognize the types of polymerization, kinetics and ¢ U, Ap, 1
mechanisms. An
4. | understand the stereochemical aspects and methods for the,| U, Ap, 1
determination of molecular weights of polymers. AR
5. | discuss the synthesis and applications of selected ¢lasses of | UpAp, 1,5
speciality polymers. An
6. | distinguish the types and important applications) ofjysmart | U, Ap, 1,5
materials. An
PSO-Programme Specific Outcome CO—-Course Outcome
Cognitive Level: R—Remember U-Understanding Ap—Apply
An—Analyse E-Evaluate C—Create
Module Course Desctiption No. of
Upon completion of this coursethe sttdents will be able to Hrs

1.0 Introduction to Nanomaterials and Nanotechnology 18

1.1 Nanomaterials: /0Dy ID, 2D and 3D nanomaterials- 3 1
fundamental physicochemicalprinciples - size dependence
of the properties of nanomaterials - quantum confinement.
Nanocomposites:

1.2 SyntheSis, of nanomaterials: Sol-Gel, colloidal precipitation, 3 1
co-precipitation, hydrothermal, vapour deposition, and
sonochemicalimethod.

1.3 Carboen_nanostructures and clusters: Graphenes, carbon 4 1
nanotubes ‘and fullerenes (Ceo) - Synthesis, properties and
applications.

14 Metal™ nanoparticles: Synthesis and properties (optical, 3 1
electronic, magnetic), surface plasmon resonance.

15 Evolving interfaces of nanotechnology: Nanobiotechnology, 3 1
nanoelectronics, nano sensors, nano-biosensors, nano
tweezers, elementary ideas about nano catalysts, nano
photocatalysts, nanofiltration.

1.6 Nanomedicines-nanoparticles for medical imaging and 2 1
targeting cancer cells and nano encapsulation for drug
delivery to tumours. Nanotoxicology.

2.0 Characterization Tools in Nanotechnology 18

2.1 Electron microscopies: Scanning electron microscopy 4 2

(SEM), Transmission Electron Microscopy (TEM), High
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Resolution Transmission Electron Microscopy (HR-TEM).

2.2 Scanning Probe microscopy: Atomic Force Microscopy 4 2
(AFM), Scanning tunnelling microscopy (STM)

2.3 X-ray methods: X-ray diffraction (XRD), X-ray Photoelectron 4 2
spectroscopy (XPS), Energy Dispersive X-ray Spectroscopy
(EDAX), X-ray Fluorescence (XRF)

2.4 Dynamic light scattering (DLS) 1 2

2.5 Spectroscopic techniques: IR spectroscopy for surface 5 2
functionalization of nanoparticles, UV-visible - Diffused
reflectance spectroscopy, photoluminescence, Raman
spectroscopy. (Basic understanding of each technique with
special emphasis on characterization at nano scale).

3.0 Polymerization Processes 18

3.1 Free radical addition polymerization-kinetics £ and 3 3
mechanism. Chain transfer. Cationic and__ anioni¢
polymerization: Kinetics and mechanism. Stép “growth
polymerization - Polymer characterization - “Molecular
weights.

3.2 Linear vs cyclic polymerization. Other methods» of 3 3
polymerization - bulk, solution, melt, suspension, emulsion
and Dispersion techniques.

3.3 Polymer stereochemistry: Configuration, and conformation, 3 4
Tacticity, Chiral polymers.

3.4 Molecular weight distribution and malecular weight control. 4 4
Methods for determining molecular welghts-static, dynamic,
viscometry, light scatteringyand GPCL

3.5 Crystalline and amorphousistates - Glassy and rubbery 3 4
states. Glass tramsition“temperature and crystalline melting
of polymers. Degree of crystallinity. - X-ray diffraction.

3.6 Thermal stability of polymérs - Application of DSC. 2 3

4.0 Speciality Polymeks 18

4.1 Industrial Polymers®, carbon chain and hetero chain 3 5
polymers-synthesis and applications. Polymeric reagents,
catalysts and substrates.

4.2 Conducting™ polymers: Synthesis & applications of 3 5
polyacetylenes, polyanilines, polypyrroles & polythiophines.

43 Photo“responsive and photorefractive polymers. Polymers 3 5
in gptical lithography.
Materials for aerospace and defence applications

4.4 Drug delivery - Drug carriers - Polymer based 3 5
nanoparticles.

4.5 Basic concepts about polymer-based LEDs and lithium- 3 5
polymer batteries.

4.6 Liquid crystalline polymers - Main chain and side chain 3 5
liquid crystalline polymers. Phase morphology.

5.0 Smart Materials 18

5.1 Piezoelectric, magnetostrictive, halochromic, chromogenic, 4 6

electrochromic, thermochromic, = magnetocaloric and
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thermoelectric materials.
5.2 Chemistry  behind  photochromism in  spiropyrans, 4 6
spirooxazines, diarylethenes, azobenzenes, quinones.
Examples for photochromic coordination compounds.
5.3 Shape-memory polymers, pH-sensitive polymers, 4 6
Temperature-responsive polymers, dielectric elastomers.
5.4 Self-healing polymers and concept of mechanophores. 2 6
5.5 Introduction to ferrofluids, concept of pseudo elasticity. 1 6
5.6 Perovskite materials, Organic-inorganic hybrid materials — 3 6
Ruddlesden-Popper metal halides, MOF compounds
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CL 54225: APPLIED ANALYTICAL CHEMISTRY

CcoO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. | explain the basic principles of forensic analysis. U, An 1
2. | explain the nature of poisons and suggest possible U, An 1,10

antidotes.
3. | explain the method of collecting and identifying finger U, An 1,10
prints
4. | explain the importance of DNA finger printing and ballistics U, An 1,10
in forensic analysis.
5. | explain the nature of ballistics and the method identifying UgAN 1,10
6. | explain the principle underlying the methods used in food U, An 1,10
analysis.
7. | carryout the detection of food adulterants. U)Ap, An | 1,7,
10
8. | analyse Oils and fats U, ApfAn | 1,7,
10
9. | explain the thermal and radiochemical methods used“in U, An 1,2
analytical chemistry.
10. | explain the application of radio isotopes and the needfor'a U, An 1,4
safe disposal of nuclear waste.
11. | explain the instrumentation and wotking pringiple of Flame U, An 1,2
spectrometry, AAS, AES, XPS, Xway fluorescence,
Nephlometry, Turbidimetry and Cyclic Voltammetry
12. | explain the methods of analysis and the primciples involved U, An 1,10
in the analysis of biologiCal fluidsg’enzymes, drugs and
alcoholic beverages.
PSO-Programme Specific Qutceme CO—-Course Outcome
Cognitive Level: R-Remember U-Understanding Ap—Apply
An=Analyse E-Evaluate C—Create
Module | Course Description No. of
Hrs
1.0 Forensic Analysis 18
1.1 Forensic s analysis: basic principles and significance, 3 1
sampling, sample storage, sample dissolution.
1.2 Analysis of biological substances — blood, saliva and urine — 2 1
Presumptive and Confirmatory Tests
1.3 General discussion of poisons with special reference to 4 2
mode of action of cyanide and organophosphates.
Classification of poisons, Lethal dose, significance of LDso
and LCso. Diagnosis of poisons in the living and the dead—
clinical symptoms — postmortem appearances. Antidotes
for common poisons. Estimation of poisonous materials
such as lead, mercury, chromium and arsenic in biological
materials.
1.4 Physiological effects of natural poisons such as morphine, 2 2
hashish and nicotinoids. Health hazards and Remedial
measures.
15 Fingerprints: Search and collection of Fingerprint, 2 3
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development of latent fingerprints, Development of
fingerprints (fluorescent method, magnetic power method,
fuming method, chemical method.)

1.6

DNA Finger printing, Steps involved, DNA Finger printing for
tissue identification in dismembered bodies, Detecting
steroid consumption in athletes.

1.7

Ballistics: Definition and Types. Internal, External and
terminal ballistics — small arms. Bullets and bullet wounds,
composition of bullets and detecting powder burn, detection
of powder residue by chemical tests.

2.0

Food Analysis

2.1

Food analysis: Determination of moisture (Oven drying Karlé
Fischer Titration, Colorimetry), Ash (Dry and Wet ash
method), crude protein (Kjeldahl's method, Dumas methad
and Biurett method), Fat (Soxhlet method; Mojonnier
Method, Gerber method), Crude fibre, carbohydrate
(Phenol-Sulfuric Acid method for determination, of “tetal
carbohydrates; Nelson-Somogyi method for determination
of reducing sugars; Enzymatic method),, -caleium,
potassium, sodium, phosphates and vitamins (A, By\B2, C,
E) in food.

2.2

Food adulteration — common adulterants in"food and their
determination. Contamination of feed stuffs. Analysis of milk
for fat and added water.

2.3

Oils and fats and their analysis: lodine value, iodine
bromine value, saponification valuesand acid value and their
significances.  Rancidity-detection and determination
(peroxide number):

2.4

Pesticide residues in foods .determination of chlorinated
organic pestigides.

3.0

Thermal and Radiochemical methods of Analysis

3.1

Principle, theory andiinstrumentation of Thermo mechanical
analysisf(TMA) and Dynamic mechanical analysis (DMA).
Thermometric titrimetry — theory, applications.

3.2

Radiochemi€al methods of analysis: radioactive tracer
techniques and its applications, principle and applications of
isetope”dilution analysis, neutron activation analysis and its
applications.

3.3

Radiometric titration: principle, techniques based on
complex formation and precipitation, radiometric titration
curves for estimation of ions from their mixture.

3.4

Applications of radio isotopes in industry, medicine,
autoradiography, radio pharmacology, radiation safety
precaution, nuclear waste disposal.

10

4.0

Instrumental Methods of Chemical Analysis

4.1

Flame spectrometry: introduction, elementary theory,
instrumentation, type of burners, type of interferences,
background correction method and applications.

11

4.2

Atomic absorption spectroscopy: principle, instrumentation,

11
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production of atoms and ions, burners, detectors, HCL,
TGL, EDL, advantage and disadvantage of AAS.

4.3

Atomic emission spectrometry: introduction, equipment, 4 11
gualitative and quantitative analysis with AES, plasma
emission  spectrometry, ICP-AES: Instrumentation,
measurement and applications.

4.4

Nephlometry and Turbidimetry 11

4.5

Cyclic Voltammetry: Principle, Instrumentation and working 11

5.0

Analysis of Selected Materials 18

5.1

Principles of estimation of biological fluids: Estimation and 3 12
interpretation of data for blood sugar, haemoglobin, urea
and cholesterol.

5.2

Biological significance, analysis and assay of enzymes: 3 12
pepsin, monoaminoxidase, and tyrosinase.

5.3

Analysis of drugs and pharmaceuticals: quality_control; 4 12
official methods, classical and modern methods ofydrug
analysis.

5.4

Analysis of common drugs: analgesicS, “antipyretics, 4 12
antimalarial, antiallergic (anti-histamines) and antibiotics!

5.5

Analysis of alcoholic beverages: determination {of Jquality 4 12
parameters such as original extractjyalcoholdextract, COo,
O.. Brix, degree of inversion, pH value, ethyl carbamate,
carbohydrate, and dissolved oXygen
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CL 54325 (a): Dissertation

CcoO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. |demonstrate an advanced theoretical and technical Ap, An 1
knowledge of chemistry as a creative endeavour; analyse,

interpret and critically evaluate scientific information.

2. | present information, articulate arguments and conclusions, E,C 58
in a variety of modes, to audiences in their field of research.

3. | as part of a team or individually, design, conduct, analyse Ap, An 3,7
and interpret results of an experiment, and effectively
communicate these in written reports and other formats.

4. | develop an understanding of the requirements to undertake U 6, 9
independent research in a chemistry field.

5. | demonstrate an understanding of the relationship between An 5,6,
scientific research and the progress of new knowledge®in, a 9
global scenario.

CL 54325 (b): Visit te. R & B Centre
CcoO Expected Course Outcomes Cognitive | PSO
No. | Upon completion of this course, the students will be able to Level No.
1. | Understand the relevance of independentisupervised U, An 2,9

research in a chemistry field and the'need of well-
developed judgement, adaptability and aeeduntability as a
practitioner or learner
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Model Question Papers

General Instruction to question paper setters

There will be a 15 main questions in each question paper divided into 3 sections — A,
B and C.

Each of the sections A, B and C will have 5 questions each, 1 from each module.
Each question in Section A will have 3 sub questions (a), (b) and (c), of which the
candidate has to answer any two (2 marks each).

Each question in Section B will have 2 sub questions (a) and (b), of which the
candidate has to answer any one (5 marks each).

Candidate should answer any three out of the five questions in Sectio
each).

Section A carries a total of 20 marks, Section B carries 25 marks, and tion 3
carries 30 marks.

The maximum marks will be 75 and the duration of the exam Ws.

4

(10 marks

>
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Fourth Semester M.Sc. Degree Examination — Model question paper

Branch Il —= Chemistry/ Branch IV — Analytical Chemistry
CH/CL 54125: CHEMISTRY OF ADVANCED MATERIALS
(2025 admission Onwards)

Time: 3 Hrs Max. Marks: 75

SECTION A

Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

10.

(a)
(b)
(©)

(a)
(b)
(€)

(a)
(b)

()

(a)
(b)
()

(a)
(b)
(©)

What is meant by quantum confinement?
Explain the synthesis of metal nanoparticles with an example.
Write a short note on nano toxicology?

What is EDAX?

How XPS is used in nano technology?

How diffused reflectance spectroscopy is used in chafacterisation of
nanoparticles?

What do you mean by chain transfer in polymerizationyprocess?

Mention two advantages and two disadvantages‘of solution” polymerization
over bulk polymerization.

Explain briefly “auto acceleration” in radical polymerization? Why does it
happen?

What are conducting polymers?
Name any two polymeric reagentsy
Which are the polymers usediin optieal lithography?

What are halochromiC materials?
Write a note on pH-sensitive polymers.
What are piezofelectrieymatetials?
[2 x 10 = 20]
SECTION B

Answer either (a) or (b) fromgach question. Each sub question carries 5 marks

(a)
(b)

(a)
(b)
(@)
(b)
©
(@)
(b)

Explain the relationibetween size and properties of nano-materials.
Explain'the’€VD method used in the preparation of nanopatrticles.

Explain the use of powder XRD in determination of particle size of
nanomaterials.
Howsis electron microscopy used as characterisation techniques?

What are chain transfer agents? Describe their effect on rate expression
and molecular weight obtained in the presence of chain transfer agent.
Unlike radical polymerisation both cationic and anionic polymerization show
a marked dependence on the type of solvent used. Discuss on this.

Discuss the structure and working principle of lithium polymer batteries.
Explain in detail the synthesis of polythiophenes.

Explain the chemistry behind photochromism in spirooxazines and
guinones.
Write short note on synthesis and application of ferrofluids.

[5 x5 =25]

[82]



11.

12.

13.

14.

15.

SECTION C
Answer any three questions. Each question carries 10 marks

Explain application and role of metal nano particles in catalysis with examples.

Discuss the applications of DLS and IR spectroscopy in the analysis of

nanomaterials.

Elaborate any two methods to determine the molecular weight of polymers.

Explain the application of polymers in drug delivery and in catalysis

Describe with proper examples:
(a) magnetostrictive materials
(c) self-healing polymers

>

(83]

(b) thermoelectric m
(d) dielectric el
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Fourth Semester M.Sc. Degree Examination — Model question paper

Branch IV — Analytical Chemistry
CL 54225: APPLIED ANALYTICAL CHEMISTRY
(2025 admission Onwards)

Time: 3 Hrs Max. Marks: 75

SECTION A

Answer two among (a), (b) and (c) from each. Each sub question carries 2 marks

1.

(a)
(b)

(c)

(a)
(b)
(€)

(a)
(b)
(©)

(@)

(b)
(©)

(a)
(b)
()

What is meant by forensic ballistics?

What are antidotes? Which is the antidote used for treatment of pesticidal
poisoning due to malathion?

What is meant by a false positive in forensic analysis? Give,anfexample.

Differentiate food adulteration from contamination.
What is meant by rancidity?
How is fat content in milk determined?

Explain the principle behind DMA?
What is meant by radiotracer technique? Give its applications
List out any two methods adopted for radiation saféty.

Flame emission spectroscopysis,temperature dependent whereas AAS is
not. Why?

List out two advantages and disadvantages of AAS.

What is the role of nebuliser in flame photometry?

What are antihistamine drugs?
Write a short note an Brix.
List the biological significance of pepsin and tyrosinase
[2 x 10 = 20]
SECTION B

Answer eitherf(a)"or (b) fromyeach question. Each sub question carries 5 marks

6.

10.

(@)
(b)

(@)
(b)

(a)
(b)

(a)
(b)

What'is a presumptive test in forensic analysis? Briefly explain the
presumptive test used in the identification of saliva?

What are suicidal and homicidal poisons? What are the characteristics of
ideal suicidal and homicidal poisons? Give examples.

Explain the Nelson-Somogyi method for the determination of reducing
sugars.
How is the presence of chlorinated organic pesticides determined in food?

Examine briefly the methods and concerns of nuclear waste disposal
Discuss the principle behind Dynamic Mechanical Analysis.

Give an account of the working of a hollow cathode lamp.
Explain the interferences in AAS.

Explain the determination of alcohol content and CO: in alcoholic
beverages.
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(b) Point out the biological significance of pepsin and monoaminoxidase.
[5 x5 =25]
SECTION C

Answer any three questions. Each question carries 10 marks

11.

12.

13.

14.

15.

Discuss briefly on DNA finger printing as an analytical tool in forensic chemistry.

Explain the Kjeldahl's methods for the determination of proteins in food citing its
advantages and disadvantages.

Discuss in detail the neutron activation analysis in radio chemistry citing its
applications.

Explain the theory and instrumentation of X-ray fluorescence.

Give and principle and detail the method of estimation of cholesterol inbiological
samples.
[10 x 3 = 30]
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