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POSTGRADUATE PROGRAMME IN CHEMISTRY

PREAMBLE

The PG programme in M.Sc Chemistry shall extend over a period of two academic
years comprising of four semesters, each of 450 hours in 18 weeks duration. The syllabus and
scheme of examinations of the programme are detailed below. The syllabus is effective from
2021 admission.

1. Evaluation
1.1 Evaluation of each course shall be done in two parts — Continuous Evaluation [CE] or
Continuous Assessment (CA) and End Semester Evaluation [ESE] or End Semester
Assessment (ESA)
1.2 The distribution of marks for the above two shall be as follows:
Continuous Evaluation CE /CA - 25% of the total marks for each paper,
End Semester Evaluation ESE/ESA - 75% of the total marks for the paper.
1.3 All records of Continuous Evaluation shall be kept in the Department and shall be made
available for verification by any competent authority, if and when necessary.
2. Continuous Evaluation

2.1 The allocation of marks for each component under Continuous Evaluation shall be as given

below:
Theory courses Practical
1 | Attendance 5 marks 1 | Attendance 5 marks
2 | Assignment 5 marks 2 | Internal test(s) | 10 marks
3 | Seminar 5 marks 3 | Record 10 marks
4 | Internal test(s) | 10 marks Total 25 marks
Total 25 marks

2.2 There shall be no Continuous Evaluation for the dissertation/project work.

3. Attendance
3.1 Students have to secure a minimum of 75% attendance for each course within a semester
to become eligible to register for each End Semester Examination. The attendance percentage

will be calculated from the day of commencement of the semester to the last working day of
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that semester as specified in the semester schedule. Periodic evaluation of each student’s
attendance shall be done by the respective Class Teacher within each semester [i.e., at least

twice within each semester].

3.2 There will be no provision for condonation.
3.3 Reappearance of course(s) will be distinctly indicated in the final mark/grade sheet.

3.4 Allotment of marks

The allotment of marks for attendance shall be as follows:

Less than 75% 0 mark
75% 1 mark
76 to 80% 2 marks
81 to 85% 3 marks
86 to 90% 4 marks
Above 90% 5 marks

4. Assignments:

4.1 Each student shall be required to do one assignment for each course in each semester.

4.2 The Class teacher shall explain to the students the expected quality of an assignment in
terms of its structure, content, presentation etc.

4.3 Valued assignments must be returned to the students.

5. Tests:

5.1 For each course there shall be two internal tests during a semester conducted by the
department. The tentative dates of the Internals shall be announced at the beginning of each
semester. Internal marks shall be awarded on the basis of the best mark scored in either of the
two tests for each course.

It is mandatory that all students must appear for both tests. There will be provision for retest
if a student is absent in any one test. The scheme and question paper pattern for the test papers

as well as for the End Semester Examination will be prepared by the Boards of Studies.
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5.2 Valued answer scripts must be made available to the students for perusal in 10 working
days from the date of the tests.

6. Seminar

6.1 Each student shall present a seminar in each course in each semester on a topic/area
allotted.

6.2 Seminar presentations shall be done in the respective class room itself so as to benefit all
the students. The interaction of the entire class is expected during the seminar presentations.
6.3 Seminars shall be evaluated on the basis of the quality of the presentation, content,
interaction etc. The evaluation shall be done by the concerned teacher of the faculty who
handles the topic/course.

NB: All the records of the continuous assessment must be kept in the department and be
made available for verification by the concerned authorities, if necessary.

7. Project Evaluation

Dissertation/Project submitted at the end of the fourth semester will be valued by a Board of
Examiners appointed and constituted by the Controller of Examinations. The maximum marks
for the project/dissertation shall be 50, of which 10 marks shall be allotted to the Viva-voce
examination, which shall be conducted along with the comprehensive examination.

Marks awarded for the Project in a particular year shall be combined with the marks awarded
for the project-based viva voce conducted at subsequent appearance as a special case as per

the recommendations of the College PG Monitoring Committee.
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SYLLABUS AND SCHEME OF EXAMINATION

(Revised syllabus under semester system with effect from 2021 admission)

SYLLABUS AND SCHEME OF EXAMINATION

Hours per . Marks | Marks
. Duration Total
Course No and Title week of ESA for for Marks
L | P CA| ESA
SEMESTER I*
APCH121 | Inorganic Chemistry I 5 3 25 75 100
APCH122 | Organic Chemistry | 5 3 25 75 100
APCH123 | Physical Chemistry | 5 3 25 75 100
APCHZPI Inorg_anlc Chemistry 3 | (To be continued in Semester 11)
Practical |
APCHZPII Orgaf"c Chemistry 3 | (To be continued in Semester 11)
Practical |
APCHZPIII PhySI'caI Chemistry 4 | (To be continued in Semester 11)
Practical |
Total marks for Semester I | 300
*Distribution of teaching hours/week: Theory—15 hours, Practical’s —10 hours
SEMESTER II*
APCH221 | Inorganic Chemistry Il 5 3 25 75 100
APCH222 | Organic Chemistry Il 5 3 25 75 100
APCH223 | Physical Chemistry Il 5 3 25 75 100
APCH2PI Inorganic Chemistry 3 6 25 75 100
Practical Il
APCH2PII | Organic Chemistry 3 6 25 75 100
Practical Il
APCHZ2PIII | Physical Chemistry 4 6 25 75 100
Practical Il
Total marks for Semester 11 600
*Distribution of teaching hours/week: Theory—15 hours, Practical’s —10 hours
SEMESTER IlI*
APCH321 | Inorganic Chemistry Il 5 3 25 75 100
APCH322 | Organic Chemistry Il 5 3 25 75 100
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APCH323 | Physical Chemistry I11 5 3 25 75 100
APCHAPIV Inorg_anlc Chemistry 3 (To be continued in Semester 1V)
Practical Il
APCH4PV Orgar_nc Chemistry 3 (To be continued in Semester 1V)
Practical Il
APCHAPVI Phy3|_cal Chemistry 4 (To be continued in Semester 1V)
Practical Il
Total marks for Semester 111|300

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

SEMESTER IV*

Chemistry of Advanced
APCH421 | Materials and Research 5 3 25 75 100
Methodology
APCH422a | Advanced Inorganic
Chemistry
APCH422b Advar}ced Organic 5 3 o5 75 100
Chemistry
APCH422c | Advanced Physical
Chemistry
APCH4PIV Inorggnlc Chemistry 3 6 o5 75 100
Practical Il
APCH4PV Orgamc Chemistry 3 6 o5 75 100
Practical Il
APCH4PVI PhySI'caI Chemistry 4 5 o5 75 100
Practical Il
APCH423 | Dissertation** 50 50
APCH424 | Comprehensive viva- 45 45
voce
Visit to R&D Centre 5 5
Total marks for Semester 1V 600
Grand Total (for semesters I — 1V)| 1800

*Distribution of teaching hours/week: Theory—10 hours, Practicals —10 hours , 5 hours for
discussion on project

** 10 marks out of the 50 marks for dissertation will be for dissertation viva-voce.
The remaining 40 marks is to be distributed as follows_

Introduction to the work/ Statement of the Problem — 5, Review of Literature — 5
Materials and Methods — 5, Results and Discussion — 15, Language and style of
presentation — 2, References — 3, Quality and Innovation — 5.

Programme Specific Outcomes

PSO 1 Develop a better understanding of the current chemical principles, methods
and theories with the ability to critically analyse at an advanced level.
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PSO 2

PSO 3

PSO 4

PSO 5

PSO 6

PSO 7

PSO 8

PSO 9

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 world and be able to
communicate their understanding of chemical principles to a lay audience and
as well apply the knowledge when situation warrants.

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

Demonstrate proficiency in undertaking individual 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 to make use of the wide range of career options open to chemistry
graduates.
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M.Sc. PROGRAMME IN BRANCH IlIl - CHEMISTRY
(Revised syllabus Under Semester System w.e.f. 2021 Admission)

SEMESTER I

APCH121: INORGANIC CHEMISTRY |

Total 90 h
CO Expected Course Outcomes Cognitive| PSO
No. | Upon completion of this course, the students will be able to Level No.

1. | employ crystal field theory in analysing the splitting of d | Ap, An U 1
orbitals in octahedral, tetragonal, square planar,
tetrahedral, trigonal bipyramidal and square pyramidal
fields, calculate Crystal Field Stabilization Energy and
Interpret Octahedral Site Stabilization Energy.

2. | apply Jahn-Teller theorem and demonstrate evidence for JT|  Ap 1
effect, static and dynamic JT effect.

3. | illustrate MOT for octahedral and tetrahedral complexess AnC 1
with and without pi bonds and construct MO diagrams.

4. | critically evaluate data from a variety of analytical | Ap, E 1,2

chemistry techniques and apply knowledge of the
statistical analysis of data.

5. | interpret complexometric titrations, redox titrations, E,U 1,2
gravimetric titrimetry and titrations in non-aqueous
solvents.

6. | apply TG, DTA and DSC in the study of metal complexes.| Ap, An 1,2

7. | explain the functioning of the frontier materials in U 1,4,6
inorganic chemistry like Solid Electrolytes, Solid oxide
fuel cells, Rechargeable battery materials, Molecular
materials and fullerides.

8. | explain the preparation, properties and structure of isopoly U 1
acids of Mo, W and V and heteropoly acids of Mo and W.

9. | explain preparation and properties of xenon fluorides, and U 1
noble gas compounds, aluminosilicates, zeolites and
silicones and identify the importance of shape selectivity.

10. | identify the chemical processes occurring naturally in| An, E 4
earth's atmospheric, aquatic and soil environments and
evaluates the impacts of human perturbations to these

processes.
PSO-Programme Specific Outcome CO—Course Outcome
Cognitive Level:  R—Remember U-Understanding  Ap—-Apply

An-Analyse E—Evaluate C—Create
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Module Course Description No.of | CO
Hrs No.
1.0 Coordination chemistry-I: Theories of 18
metal complexes
1.1 Crystal field theory: Splitting of d orbitals in octahedral, 4 1
tetragonal, square planar, tetrahedral, trigonal
bipyramidal and square pyramidal fields.
1.2 Jahn-Teller theorem, evidence for JT effect, static and 2 2
dynamic JT effect.
1.3 | Crystal Field Stabilization Energy. CFSE for d* to d° 4 1
systems. Octahedral Site Stabilization Energy. Factors
affecting the splitting parameter.
1.4 Spectrochemical series. Evidence of covalency in Metal 2 1
Ligand bond, introduction to Ligand field theory.
1.5 Molecular Orbital Theory. Sigma and pi bondings in 4 3
complexes. MO diagrams of octahedral and tetrahedral
complexes with and without pi bonds.
1.6 Experimental evidence of pi bond on the stability of sigma 2 3
bond. Nephelauxetic effect.
2.0 Analytical principles 18
2.1 Evaluation of analytical data: Accuracy and precision. 2 4
Standard deviation, variance and coefficient of variation.
Student ‘t’ test, ‘Q’ test, and ‘F’ test.
Confidence limits.
2.2 Errors: Classification, distribution, propagation, causes 2 4
and minimization of errors. Significant figures and
computation rules.
2.3 Correlation analysis: Scatter diagram. Correlation 2 4
coefficient, r. Calculation of r by the method of least
squares.
2.4 Volumetric methods: Classification of reactions in 2 4
volumetry. Theory of indicators.
2.5 Complexometric titrations: Titration using EDTA-direct 4 5
and back titration methods. Precipitation titrations.
Redox titrations.
2.6 Titrations in non-aqueous solvents. Organic reagents 2 5

used in gravimetry: Oxine, dimethylglyoxime and
cupferron.
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2.7 Applications of TG, DTA and DSC in the study of metal 4 6
complexes.

3.0 Frontiers in Inorganic Chemistry 18

3.1 Solid Electrolytes: Mixed oxides, cationic, anionic solid 4 7
electrolytes, mixed ionic-electronic conductors,

3.2 Solid Oxide Fuel Cells (SOFC), Rechargeable battery 3 7
materials

3.3 Solid state chemistry of metal nitrides and fluorides, 4 7
chalcogenides, intercalation chemistry and metal-rich
phases.

3.4 Inorganic pigments, Inorganic phosphors. 3 7

3.5 Molecular materials and fullerides, basic idea of 4 7
molecular materials chemistry like One dimensional
metals, Molecular magnets and Inorganic liquid crystals.

4.0 Isopoly & Heteropoly acids, Silicon-Oxygen| 18
compounds, Xenon compounds

4.1 Isopoly: Preparation, properties and structure of isopoly 4 8
acids of Mo,W and V.

4.2 Heteropoly acids: Heteropoly acids of Mo and W. Keggin 5 8
Structure, Keggin anions, Polyoxometalates .

4.3 Silicon-oxygen compounds: Aluminosilicates, Zeolites 5 9
as microporous materials and molecular sieves, Silicones
and Polysiloxanes.

4.4 Xenon fluorides, Structure of XeF> (MO theory only), 4 9
Perxenate ion, Organo xenon compounds, Coordination
compounds of Xenon.

5.0 Chemistry of Natural Environmental Processes 18

51 Chemistry of processes in atmosphere: Composition of 6 10
the atmosphere. Automobile pollutants and the catalytic
converter. Photochemical smog. Chemistry of the
stratosphere. Catalytic destruction of ozone. Depletion of
the ozone layer. Hazards of common air pollutants on the
human health.

5.2 Chemistry of processes in hydrosphere: The hydrologic 6 10

cycle. Cycling and purification. The unique properties of
water. Acid-base properties.
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5.3

Chemistry of processes in Lithosphere: Redox status in 6 10
soil. pE, pH predominance diagrams for redox sensitive
elements Fe and Cr. Acidity in soil materials. Acid
neutralization capacity and the quantification of the soil
acidity. lon speciation in soil solution. Cation exchange
capacity and exchange phase composition.

References

1.

F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, John Wiley
and Sons, 6th edition, 1999.

2. J. E. Huheey, Inorganic Chemistry- Principles of Structure and Reactivity,
Harper Collins College Publishing, 4th edition, 2011.
3. K. F. Purcell and J. C. Kotz, Inorganic Chemistry, Saunders, 1977.
4. S. F. A. Kettle, Physical Inorganic Chemistry, Oxford University Press, 1st
edition, 1998.
5. Shriver and Atkins, Inorganic Chemistry, Oxford University Press, 2010.
6. A. 1. Vogel, A Text Book of Quantitative Inorganic Analysis, Longman, 5th
edition, 1989.
7. D. A. Skoog, D. M. West and F. J. Holler, Fundamentals of Analytical
Chemistry, Saunders College Publishing, 7th edition, 1996.
8. D. A. Skoog and D. M. West, Principles of Instrumental Analysis, Saunders
College Publishing, 5th edition, 1998.
9. E. James Girard, Principles of Environmental Chemistry, Jones and Bartlett
Publishers, 3rd Edition, 2013
10.  H.V.Jadhav, Elements of Environmental Chemistry, Himalya Publication
House, 2010.
11.  E. Michael Essington, Soil and water Chemistry, CRC Press, 2nd edition,
2015.
APCH122: ORGANIC CHEMISTRY |
Total 90 h
CO Expected Course Outcomes Cognitive| PSO
No. Upon completion of this course, the students will be able to Level No.
1. | write down the IUPAC name of polycyclic, spirocyclic and U 1
heterocyclic compounds and draw the structures from the
IUPAC name of these compounds.
2. | determine R and S, P and M, E and Z configuration of E 1
compounds with chiral centres, biphenyls, allenes, spiranes
and draw the configurations in dash and wedge formula, or
zig —zag configurations.
3. | detect prochirality in a compound and explain relevance off U, An 1
prochirality .
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4. | explain chiral centre, chiral axis and chiral plane with An, E 1
examples, stability of conformations, stereoselective and
stereospecific reactions.
5. | calculate Cotton effect of a compound from its structure and E 1
configuration.
6. | explain different methods for generation of free radical and U, An 1
different types of free radical reactions- Predict the
products in a free radical reaction.
7. | describe different types mechanism of substitution, Ap 1
elimination, hydrolysis and addition reactions.
8. | differentiate the rate, mechanism and stereochemistry An 1
influenced by solvent, substrate structure, intermediate
stability.
9. | predict the products or reactants or reagents in selected U 1
types of reactions.
10. | design the mechanism of selected reactions. C 1
Module Course Description No.of | CO
Hrs No.
1.0 Stereochemistry 18
1.1 Nomenclature of organic compounds - Cyclic, fused 3 1
polycyclic and bridged polycyclic hydrocarbons, bridged
and fused hydrocarbon systems, Spirocyclic hydrocarbon
systems, Heterocyclic systems containing Nitrogen and
Oxygen (Imidazole, Pyrazole, Benzimidazole, Indole,
Pyrazines).
1.2 Introduction to molecular symmetry and chirality, axial 3 2
chirality, planar chirality and helicity, relative
configuration, stereochemical nomenclature, R and S, E
and Z (use only 3D formula, dash and wedge).
1.3 Prostereoisomerism, stereotopicity & stereoprojections. 3 3
Prochiral centre and prochiral faces - Pro R and Pro S, Re
face and Si face, Importance of prochirality in biological
systems.
1.4 Axial  stereochemistry: atropisomerism and its 2 4

designation - biphenyls, allenes, spiranes- M and P
configurations.  Stereoselectivity:  enantioselectivity,
diastereoselectivity & stereoconvergence. Stereospecific
and stereoselective synthesis.
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1.5

Application of Cram’s rule, Felkin—Ahn model. Basic
introduction to chiral separation methods and estimation
of enantiomeric excess, chiral pool, chiral auxiliary,
chiral reagents, BINAP.

1.6

Conformational analysis of substituted cyclohexane,
decalin and biased systems. Effect of conformation on
reactivity of cyclohexanes.

1.7

Introduction to ORD, CD - their application in assigning
configuration. Sector rules such as octant and axial
haloketone rules. Cotton effect.

1.8

Importance of stereochemistry in drugs-Pthalidomide,
Methyldopa, Ibuprofen.

2.0

Reactions Involving Free Radicals, Nitrenes and
Carbenes

18

2.1

Free radical Structure, stability and reactivity,
Preparation of free radicals- Triphenyl methyl, TEMPO,
AIBN, Dibenzoyl peroxide, NBS, Tributyl Tinhydride
and AIBN.

2.2

Free radical reactions- Chlorination of alkane, addition of
HX, Srnl mechanism, Gomberg reaction, Pschorr ring
closure, Hunsdieckers reaction, Ullman reaction, Kolbes
electrolytic reaction.

2.3

Acyloin condensation, Alkyne coupling reactions, Mc
Murry reaction, Pinacol coupling reaction.

2.4

Structure, formation, stability and reactions of carbenes
and nitrenes (rearrangement reactions excluded).

3.0

Nucleophilic substitution reaction

18

3.1

Nucleophilic substitution at sp® carbon - Sy1 and Sn2
mechanisms. Competition between Syl and Sn2
reactions. Walden inversion, stereochemistry. Effect of
solvent, leaving group and substrate structure on rates of
Sn1 and Sn2 substitutions.

7,8

3.2

Neighbouring  group  participation,  Nonclassical
carbocations, Sn1', Sn2', Sni mechanisms.

7,8

3.3

Mitsunobu reaction, Mechanism of esterification and
ester hydrolysis-acid catalysed and base -catalysed
reactions.

7,8
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3.4

Aromatic  Substitution reactions - Electrophilic
substitution: mechanism and evidence- Reactions
involving nitrogen, sulphur, carbon, halogen and oxygen
electrophiles.  Reimer-Tiemann,  Vilsmeier-Haack
reactions.

7,8

3.5

Directive and rate controlling factors in aromatics with
one or more substituents. Aromatic Nucleophilic
Substitution reactions - Sn1, SnAr, Elimination —
Addition reactions (benzyne), evidence with examples,
Chichibabin reaction.

7,8

4.0

Addition Reactions

18

4.1

Addition of H20, X, HX, and boranes to C=C systems,
(hydroboration followed by oxidation only), stereo
aspects, effect of substituents on the rate of additions,
iodo lactonisation, one or two examples.

9,10

4.2

Prilezhaev reactions. Cis and trans hydroxylation of
cycloalkenes. Nucleophilic addition to activated C=C
systems. Michael addition and Robinson Annulation.

9,10

4.3

Aldol condensation (normal, crossed and directed),
evidence for normal Aldol condensation. Stork enamine,
Cannizzaro, Perkin, Ritter, Stobbe, Knoevenagel,
Darzen, Reformatsky and benzoin condensations.

9,10

4.4

Grignard, Mannich, Thorpe reactions, Dieckmann
condensation,  sulfur  ylides (stabilized and
unstabilised)direct and conjugated addition to carbonyl.
(Mechanisms expected for all reactions)

9,10

5.0

Elimination Reactions

18

5.1

Elimination reactions leading to C=C bond formation and
their mechanisms. Ei1, E2 and Eicb mechanisms.

9,10

5.2

Stereo aspects of C=C bond formation in cyclic and
acylic systems. Regioselectivity in elimination,
Hoffmann and Saytzeff elimination. Effect of basicity,
temperature, leaving group and substrate structure.

9,10

5.3

Elimination vs substitution, Shapiro reaction, Peterson
and Julia olefination, Wittig and Wittig - Horner
reaction-stereochemistry.

9,10

5.4

Cis elimination-esters, sulfoxides, selenoxides, Chugaev
reaction, Cope elimination, Stereo aspects of cis
elimination - cyclic bcyclic systems

9,10
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55 Reduction of alkynes to alkenes. Sodium in liquid 2 9,10
ammonia and Lindlars catalyst in conversion of alkynes
to alkenes.
References
1. J. Clayden, N. Greeves, and S. Warren, Organic Chemistry, Second Edition,

10.

11.

12.

13.

14.

15.

17.
18.

Oxford University Press, 2012.

P. S. Kalsi, Stereochemistry, conformation and mechanism, Eighth Edition,
New Age International Publishers, 2015

D. Hellwinkel, Systematic nomenclature of organic chemistry, Springer,
2001.

D. Nasipuri, Stereochemistry of Organic compounds, Second Edition, Wiley
Eastern, 1994.

E. L. Eliel & S. H. Wilen, Stereochemistry of Organic Compounds, John
Wiley & Sons, 1994,

Maya Shankar Singh, Reactive Intermediates in Organic Chemistry-Structure,
mechanism and reactions, Wiley-VCH, 2012.

C. J. Moody and W. H. Whitham, Reactive Intermediates, Oxford Chemistry
Primers, No. 8, Oxford University Press, 1992.

P. Y. Bruice, Organic chemistry, Eighth Edition Prentice Hall, 2016.

F. A. Carey and R. S. Sunderg, Advanced organic chemistry, Parts A and B,”
Fifth Edition, Springer, 2008.
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APCH123: PHYSICAL CHEMISTRY I

Total 90 h
CO Expected Course Outcomes Cognitive| PSO
No. Upon completion of this course, the students will be able to Level No.
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 and | U, Ap, An 1
choose theoretical and instrumental methods of
measurements of surface property.
3. | understand theory and mechanism of catalytic action. U 1
4. | correlate thermodynamic properties and apply them in U, Ap, An 1
systems.
5. | understand theories, mechanism and, kinetics of reactions| U, Ap, An 1
and solve numerical problems.
6. | identify point groups and construct character table and U, Ap, C 1
predict hybridisation and spectral properties of molecules.
Module Course Description No.of | CO
Hrs No.
1.0 Quantum Chemistry | 18
1.1 Classical mechanics and its limitations —need of 1 1
guantum mechanics, de Broglie relation and its
experimental proof, uncertainty principle and its
consequences.
1.2 Postulates of quantum mechanics: State function 2 1
postulate: Born interpretation of the wave function, well
behaved functions, orthonormality of wave functions.
1.3 Operator postulate: Operator algebra, linear and 2 1
nonlinear operators, Laplacian operator, commuting and
noncommuting operators, Hermitian operators and their
properties.
1.4 Eigen value postulate: eigen value equation, eigen 2 1
functions of commuting operators.
1.5 Expectation value postulate. Postulate of time Dependent 2 1
Schrodinger  equation, Quantization of angular
momentum, guantum mechanical operators
corresponding to angular momenta (Lx, Ly, Lz and L?) -
expression for (Lx, Ly, L, and L?) in polar coordinates.
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1.6

Application of Quantum mechanics to Exactly

Solvable Model Problems

Translational motion: free particle in one dimension,
particle in a box with infinite potential barrier one
dimensional box three-dimensional box and cubical box
degeneracy.

1.7

Particle with finite potential barriers, one potential
barrier, two finite barriers. Quantum mechanical
tunnelling (Qualitative concept only).

1.8

Vibrational motion: one-dimensional harmonic oscillator
(complete treatment), Hermite equation (solving by
method of power series), Hermite polynomials, recursion
relation, wave functions and energies-important features
of wave functions, Harmonic oscillator model and
molecular vibrations.

2.0

Surface Chemistry and Catalysis

18

2.1

The gas-solid interphase, types of adsorption. Heat of
adsorption and its determination, differences between
chemisorptions and physisorption.

2.2

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

2.3

Determination of surface area of solids-Harkins—Jura
absolute method, point B method, Langmuir method
and BET method.

2.4

Adsorption from solutions: Gibb’s adsorption equation
and its verification. Adsorption with dissociation.
Adsorption with interaction between adsorbate
molecules.

2.5

Different types of surfaces, properties of surface phase.
Thermodynamics of surface. Surface tension of
solutions. Surfactants and micelles. Examination of
surfaces- Low Energy Electron Diffraction (LEED).

2.6

Surface Characterization Techniques: Photoelectron
spectroscopy, ESCA, scanning probe microscopy, Auger
electron spectroscopy, SEM and TEM.

2.7

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

2.8

Catalysis: Mechanism and theories of homogeneous and
heterogeneous catalysis. Bimolecular surface reactions.
Langmuir—Hinshelwood mechanism. Enzyme catalysis.
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3.0

Classical Thermodynamics

18

3.1

Entropy - Dependence of entropy on variables of a
system (S, T and V; S, T and P). Thermodynamic
equations of state. Criteria for equilibrium and
spontaneity, Euler’s relation, Gibbs and Helmholtz free
energy.

3.2

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.

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

18

4.1

Theories of reaction rates: Collision theory and its
failure. Transition state theory - Eyring equation.
Comparison of the two theories. Thermodynamic
formulation of the reaction rates. Potential energy
surfaces.

4.2

Theories of unimolecular reactions - Lindemann theory.
Lindemann-Hinshelwood mechanism, qualitative idea of
RRKM theory.
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4.3

Kinetics of complex reactions- Parallel reactions,
opposing reactions, consecutive reactions and chain
reactions, steady state treatment, kinetics of H>-Cl
(photo chemical) and H>-Br> (thermal) reactions,
decompositions of ethane, acetaldehyde and N20Os. Rice-
Herzfeld mechanism, branching chain reactions,
Hinshelwood mechanism of chain reactions and
explosion.

4.4

Fast reactions: Relaxation method, relaxation
spectrometry, flow method, shock method, fast mixing
method, field jump method, pulse method, flash
photolysis and NMR method.

4.5

Reactions in solution: Factors affecting reaction rates in
solutions, effect of dielectric constant and ionic strength,
cage effect, Bronsted-Bjerrum equation.

4.6

Kinetic effects: Primary and secondary kinetic salt effect,
influence of solvent on reaction rates,

significance of volume of activation, linear free energy
relationship. Hammet equation and Taft equation.

5.0

Molecular symmetry

18

5.1

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

5.2

Multiplication of operations. Group multiplication table.
Similarity transformation and classification of symmetry
operation, Matrix representation of point group.
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.y, Cav and Can groups.
Direct product representations. Reduction formula,
reduction of reducible representation to IRs.
Transformation properties of atomic orbitals. Molecular
symmetry and optical activity.

9.5

Applications of character tables: Hybridisation-
identification of atomic orbitals taking part in
hybridisation of triangular planar, square planar, trigonal
bipyramidal, square pyramidal and tetrahedral molecules.

[19]




5.6

Spectroscopy-Determination of number of active IR and 4 6
Raman lines taking simple molecules belongs to

Cav, Cavand Dan point groups as example.
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APCH2PI: INORGANIC CHEMISTRY PRACTICAL 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 E 3,7,8
construction of appropriate graphs and the evaluation of
errors.
2. | estimate volumetrically the concentration of Zn, Mg and Nii  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
Potassiumtrioxalato chromate (I11),
Tetraamminecopper (I1) sulphate, Hexamminecobalt
(11) chloride.
6. | record the UV spectra, IR spectra, magnetic susceptibility, | Ap, An |[2,7,8
TG, DTA and XRD of the complexes prepared.
Module Course Description No.of | CO
Hrs No.
1. Volumetric estimation using EDTA - Zn, Mg, Ni (back| 25 1, 2,
titration), Hardness of water, Ca (using murexide). 3
2. Determine the hardness of water and the concentration of| 20 1,2, 4
Ca in water samples using EDTA.
3. Volumetric estimation of Fe. 10 1,23
4, Colorimetric estimation of Chromium — (Diphenyl 35 1,2,5
carbazide), Iron (thioglycollic acid), Iron (thiocyanate),
Manganese (potassium periodate), Nickel (dimethyl
glyoxime).
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5. Preparation of metal complexes - Record UV, IR, 35 1,2,
magnetic susceptibility, TG, DTA and XRD of the 6,7
complexes prepared
(a) Potassiumtrioxalatochromate (I11)

(b) Tetraamminecopper (I1) sulphate
(c) Hexamminecobalt (I1) chloride
References
1. A. 1. Vogel, A Text Book of Quantitative Inorganic Analysis, Longman, 4th
edition, 1978.
2. A. 1. Vogel, A Text Book of Qualitative Inorganic Analysis, Longman 5th
edition, 1979.
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APCH2PII: 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. | separate two components present in a binary mixture by An 2,7,8
chemical method.
2. | develop thin layer chromatogram of a compound and C 2,7,8
determine its purity.
3. | separate two compounds by column chromatography. An 2,7,8
4. | utilize the synthetic procedures and reagents to convert a An 2,7,8
compound into another. Differentiate the products by
spectroscopic methods.
5. | use green chemical principles in the synthesis. Ap 2,4

[22]




Module Course Description No. of | CO
Hrs | No.
1. Separation and identification of organic compounds- 30 1,4,
a. Quantitative wet chemistry separation of a mixture of 5
two components by solvent extraction.
b. TLC of the purified samples along with the mixture in
same TLC plates (component 1 with mixture and
component 2 with mixture on separate TLC plate) and
calculation of Rf values- Reporting and recording TLC
in standard formats- preparation of sample solution,
adsorbent, dimensions of the plate, saturation time,
developing time, visualization and detection, Rf Value,
Drawing - in the form of a table.
2. Separation of a mixture by column chromatography 20 1,4
(not for end semester evaluation)
a. Malachite green and methylene blue,
b. o-nitroaniline and p-nitroaniline.
3. Preparation of compounds by two stages. 75 1,5,
e Recording UV, IR, *H-NMR and **C-NMR and EI | (average | 6, 7
mass spectra of synthesized compounds. 12'ff,rh "
e Record and interpret GC-MS and LC-MS of the | preparati
o on and
purified compound. analysis
e TLC analysis-Stage 1 reactants and products on of each)

TLC plate 1 and stage 2 reactants and products on
plate 2).
e Record TLC in standard format as in separation.
All preparations must be restricted to 1 g level
I. Nitration

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

— m-nitrobenzoic acid
I1. Bromination
(3) Acetanilide — p-bromoacetanilide —
p-bromoaniline using CAN for bromination
I11. Aldol condensation- Synthesis of heterocycles.
(4) Benzaldehyde — Dibenzylideneacetone — 1,5-
Diphenyl-3-styryl-2-pyrazoline
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IV. Diazocoupling
(5) Aniline — Diazoaminobenzene —
paminoazobenzene

V. Rearrangement
(6) Pthalic anhydride — Pthalimide —
Anthranilic acid
V1. 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 or TLC of
preparation for an examination. But both TLC examinations are to be practiced and
entered in the record of experiments.
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APCH2PIII: PHYSICAL CHEMISTRY PRACTICAL 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, E 3,7,8

construction of appropriate graphs and the evaluation of

errors.
2. | construct the Freundlich and Langmuir isotherms for | C, Ap, An| 7,8

adsorption of acetic/oxalic acid on active charcoal/
alumina and determine the concentration of acetic/ oxalic
acid
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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 | C, Ap, An| 7,8
chloroform-water system and out the procedure in an
unfamiliar situation to find out the composition of given
homogeneous mixture.
6. | construct the tie-line in the ternary phase diagram of acetic| C, Ap, An | 7,8
acid chloroform-water system
7. | determine distribution coefficient using distribution law. Ap 7,8
8. | determine the equilibrium constant employing the Ap 7,8
distribution law.
9. | determine the coordination number of Cu?* in copper- Ap 7,8
ammonia complex.
10. | determine Ky of solid solvent, molar mass of non-volatile Ap, An 7,8
solute, mass of solvent and composition of given solution
11. | determine Ky of salt hydrate, molar mass of solute, mass off Ap, An 7,8
salt hydrate and composition of given solution.
12. | determine surface tension and parachor of liquids. Ap 7,8
13. | ascertain the relationship between surface tension with| Ap, An 7,8
concentration of a liquid and use this to find out the
composition of given homogeneous mixture.
14. | determine the concentration of given strong acid/alkali. Ap, An 7,8
15. | determine the heat of ionisation of acetic acid. Ap, An 7,8
16. | determine the heat of displacement of Cu?* by Zn. Ap, An 7,8
Module Course Description No.of | CO
Hrs No.
Adsorption 15 1,2,

acetic/oxalic acid on active charcoal/ alumina.

a) Freundlich and Langmuir isotherms for adsorption of

b) Determination of concentration of acetic/ oxalic acid.
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Kinetics

a) Determination of rate constant of acid hydrolysis of
methyl acetate.

b) Determination of Arrhenius parameters.

c) Determination of concentration of given acid.

d) Determination of rate constant of the saponification off
ethyl acetate and evaluation of Arrhenius parameters.

e) Determination of rate constant of reaction between
K2S.0g and KI.

15

1,3

Phase rule
I. Solid-liquid equilibria
a) Construction of phase diagram and determination of
the composition of unknown mixture (naphthalene/
biphenyl, naphthalene/ benzophenone, naphthalene/
diphenyl amine).
b) Construction of phase diagram with simple eutectic
- naphthalene/ metadinitrobenzene.
I1. Partially miscible liquid pairs

a) CST of phenol-water system.

b) Three component system - Construction of
ternary phase diagram of acetic acid
chloroformwater system and hence the
composition of given homogeneous mixture.
Construction of tie-line.

16

o1 W

>~

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

20

o
o N

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

b) Distribution coefficient of benzoic acid between
toluene and water.

c¢) Distribution coefficient of iodine between hexane and
water.

d) Determination of the equilibrium constant of the
reaction Kl + l.«Kls and hence the concentration of

given Kl in hexane and water.
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Dilute Solutions
a) Determination of Ks of solid solvent, molar mass of
non-volatile solute, mass of solvent and composition off
given solution (Solvent-Naphthalene/ Biphenyl/
Benzophenone etc. Solute-Naphthalene/ Biphenyl/
Diphenylamine etc.)
b) Determination of vant Hoff’s factor for benzoic acid in
Naphthalene.

c) Determination of atomicity of sulphur.

17

1,10

Transition temperature

Determination of Kt of salt hydrate, molar mass of solute,
mass of salt hydrate and composition of given solution
(Solvent - Na»S;03.5H,O/CH3COONa.3H,0, Solutes
glucose, sucrose, urea).

12

1,11

Surface tension

a) Determination of surface tension of various liquids
(water - 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 parachor of
liquids using double capillary method.

e) Variation of surface tension with concentration.
Unknown concentration of a mixture. Interfacial
tension.

f) Determination of surface excess and area per
molecule.

15

1, 12,
13

Thermochemistry

a) Determination of the concentration of given strong
acid/alkali.

b) Thermometric titration of NaOH vs standard HCI.
c) Heat of displacement of Cu?* by Zn.

d) Determination of the heat of ionisation of acetic acid.

15

1,14
15,
16
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Model Question Papers
General Instruction to guestion paper setters

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

e 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).

e 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).

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

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

e The maximum marks will be 75 and the duration of the exam will be 3 hrs.

First Semester M.Sc. Degree Examination — Model question paper
APCH121: INORGANIC CHEMISTRY |
(2021 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) Sketch the splitting of d orbitals in a triagonal bipyramidal complex.
(b) Which among CN-and NHz have a higher nephelauxetic effect? Why?

(c) Calculate the CFSE for a d* Octahedral high spin complex.

2. (a) Differentiate accuracy from precision.
(b) What are metallochromic indicators? Give an example.
(c) What is a Student t test used for?
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3. (a) CdS is an yellow pigment while CdSe is red. Given reason.
(b) What is NASICON?
(c) What are anti-stokes phosphors?

4. (a) What are zeolites? Explain their use as water softeners?
(b) Determine the probable structure of perxenate ion using VSEPR theory.
(c) What are polysiloxanes? Give it structure.

5. (a) List two conditions that favour the formation of photochemical smog.
(b) Discuss briefly a method to quantify soil acidity.

(c) How does chlorine free radicals tamper the ozone layer? [2 x 10 = 20]
SECTION B
Answer either (a) or (b) from each question. Each sub question carries 5 marks

6. (a) State and illustrate Jahn-Teller distortion.
(b) Discuss the factors affecting the magnitude of A..

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

8. (a) What are SOFCs?
(b) Briefly discuss the structure of fullerides.

9. (a) Zeolites find applications as microporous materials and molecular sieves.
Substantiate this statement.

(b) What are isopoly acids?

10.(a) List out five unique properties of water.
(b) Discuss on the various air pollutants and their effect on human health.
[5 x 5=25]
SECTIONC
Answer any three questions. Each question carries 10 marks

11. Describe the Molecular orbital energy level diagrams for octahedral metal
complexes with and without Tt—bonds.

12. Explain the utility of TG, DTA and DSC in the study of metal complexes.
13. Detail the types of solid electrolytes giving due importance to structural aspects.

14. Elaborate the properties of the heteropoly acids of Mo and W.
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15. What are pourbaiux diagrams? Outline its role in explaining the chemistry of
processes in lithosphere.

[10 x 3 = 30]

First Semester M.Sc. Degree Examination — Model question paper
APCH122: ORGANIC CHEMISTRY |
(2021 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) Distinguish between conformation and configuration.
(b) Draw the structure corresponding to diazabicyclo[2,2,2]octane.
(c) Pick out the chiral/ achiral/ meso structures from the following.

Cl OH
/1,, O HO/, \\OH
_0 . cl . .
CHjy HO
0 T "OH
B c OH p

H
A

2.(@)What is AIBN?
(b) Explain the peroxide effect in the addition of HBr to propene.
(c) How you can synthesize the following molecule?

Br

3. (@) Which of the following bromides will undergo a faster solvolysis? Explain

(CHz3)3CBr Or Br

(b) Given below are two chlorides. Which among them will go through a faster
solvolysis? Give reasons for your answer.

Cl

HH2CC>(\CI Or

CHs
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(c) Complete the following reaction.
NH,

Con HN03/H2504‘

COOH
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