B.Sc IV Year Chemistry Major

Syllabus of Theory Paper

Part A Introduction

| Class': B.Sc. | Year: 4™ Year | Session: 2024-2025

Program: #4s M/

Subject: Chemistry

Part B- Content of the Course

1 | Course Code D4 -CHEMET - |
2 | Course Title Group Tlaeon;\:;_?v;‘ri_Sp_m_f_tLq_s_qgm'____ e
3 | Course Type (Core Core Cours: (Subject - 1)
Course/Elective/Generic Paper First
Elective/Vocational/.....) SR O O
4 | Pre-requisite (if any) To study this course, a student must have passed a
diploma/degree or equivalent course in Chemistry as
a subject.
5 | Course Learning By the end of this course students will acquire the
outcomes (CLO) knowledge of following aspects. of group theory and
spectroscopy:
e Symmetry and group theery in chemistry and its
applications. : '
® Character table and poin Zroups.
¢ Fundamental principles cf'speciroscopy. |
® Microwave, EPR and M@ssbauer spectroscopy and |
their application. ||
® NMR spectroscopy and MASS Spectrometry.
® Identification and structure determ; nation of different
molecules using various Spectroscopic techniques.
6 | Credit Value . 04 s i
7 | Total Marks Max. Marks: 30+70 [ Min. Passing Marks:35

L-T-P:

Total No. of Lectures-Tutorials-Practical (in hours per week):

Unit

Topics

Unit 1
Symmetry elements &
definition of groups, subgroup
and classes. Point Symmetry

[Ni(CN),4J*,
Allene, Trans dicholoro

Symmetry & Group Theory in Chemistry_ |
symmetry

Symbols. Matrix representations of point grou Ds.

Representations for Cn, Cnv, Cnh, Dnh, groups to be
worked out, explicity. Example as H,0O, NH;, BF;,
PCls, H,0,, C,H;, CeH, CO,, HCI,
ethylene,
Keywords/Tags: Symmetry, group theory, subgroup,
point group, matrix representations.

oparations, I
S, conjugacy relation f
group.  Schonfilies 1
|

|

Unit 2 Character Table
Character of a

Irreducible representation.

theorem (without proof) and its
tables and their importance

representation.
The great orthos onality

& use with special

Reducible & !

importance. Character




reference to vibrational spectroscopy. Constyi . 41 of |
character tables for Cyv & Csv point groups. /s neets
of molecular vibrations ot H>0 molecule.
Keywords/Tags:  Character table,  rcducible
representation, irreducible representation,
orthogonality theorem, molecular vibration.

Unit 3

Microwave, EPR and Méssbauer Spectroscopy
Microwave Spectroscopy:  Diatomic molecules,
Energy levels of rigid rotor, stark effect, selection
rules, determination of bond length, qualitative
description of non-rigid rotor, isotope  effect,
applications.

Electron Paramagnetic Resonance (EPR)
Spectroscopy: Basic principle, zero field splitizitz.and
Kramer's degeneracy, factors affecting the 'g' value.
Isotropic and anisotropic hyperfine coupling

constants and McConnell relationship, applications.
Mossbauer Spectroscopy: Basic principle, spectral
parameters, Applications to the studies of nature of
bonding and structure of Fe?* and Fe’* compounds of
intermediate spin and Sn®* and Sn** compounds,
Keywords/Tags: Microwave, rigid rotor, stark effect,
selection rule, splitting, ~ degeneracy, coupling
constant, Mossbauer,

Unit 4

Nuclear Magnetic Resonance (NMR) Spectroscopy
& MASS Spectrometry

General Introduction of NMR spectroscopy, Proton
magnetic  spectra, chemical shift, shielding and
deshielding, chemical equivalence, factors affecting
chemical shift, isotopic nuclei, coupling constant,
chemical shift values and correlation with protons
present in  the molecules, Spin-spin  coupling,
application of signal splitting and coupling constant
data for interpretation of NMR spectra. Brief outline
of °C, P*' & N'* NMR,

MASS Spectrometry

mass analyzers, mass spectrum, determination of
molecular weight and molecular formula, base peak,
molecular ion peak, meta stable ion peak,
fragmentation processes, fragmentation patterns and
fragment characteristics of organic molecules and
functional groups,  McLafferty rearrangeinent,
Nitrogen rule, Structure elucidation of simple
molecules using combined spectral data (IR, UV-Vis,
NMR & Mass spectral techniques).

Keywords;’Tags: NMR, chemical shift, shielding,
deshielding, proton, Spin-spin coupling. metastable
ion, fragmentation, nitrogen  rule, McLafferty

rearrangement

15

Part C-Learning Resources




]_ Text Books, Reference Books, Other resources
Suggested Readings:

1. Cotton F. A., “Chemical Applications of Group Theory”, Wiley India Pvt Ltd, India,
2008, Third Edition.

2. Drago R. S., “Physical Methods for Chemists”, Surfside Scientific Publishers, Florida,
1992, Second Edition.

3. KettleS.F. A, “Symmetry and Structure: Readable Group Theory for Chemists™, John
Wiley & Sons Inc., Chichester, 2007.

4. PaviaD. L., Lampman G. M., Kriz G. S., Vyvyan J. R., “Introduction to Spectroscopy”,
Cengage Learning, USA, 2015, Fifth Edition,

5. Banwell C. N., McCash E., “Fundamentals of Molecular Spectroscopy”, Tata McGraw
Hill Publishing, New Delhi, 2008, Fourth Edition,

6. SharmaY.R., “Elementary Organic Spectroscopy”, S Chand Publisher, New Delhi,
2013, Fifth Edition.

7. YadavL.D.S., “Organic Spectroscopy”, Springer, 2005.

8. Gunther H., “NMR spectroscopy: Basic principles, concepts, and applications in
chemistry”, Wiley-VCH, Singapore, 2013,

9. Silverstein R. M., Webster F. X.,Kiemle D, “Spectrometric Identification of Organic
Compounds”, John Wiley & Sons, USA, 2005, Seventh Edition.

10. William K., “Organic Spectroscopy”, Macmillan Education UK, 2002, Third Edition.

11. Dyer J. R., “Applications of Absorption Spectroscopy of Organic Compounds”, Prentice-
Hall, 1978.

12. Kalsi P. S, “Spectroscopy of Organic Compounds”, New Age Publisher, New Delhi,
2005, Sixth Edition.

13. Chemistry Books Published by Hindi Gfanth Academy, Bhopal, Madhya Pradesh.

Suggestive digital platforms web links

1. NPTEL - Chemical Applications of Symmetry and Grou p Theory
(https://nptel.ac.in/courses/104/1 04/104104080/)

2. NPTEL - Principles and Applications of Electron Paramagnetic Resonance Spectroscopy
(https://nptel.ac.in/courses/1 04/106/1041 06048/

3. NPTEL - Fundamentals of Spectroscopy
(htms:/a‘uotcl.ac.infcourscsfl 04/106/104106 122/)

4. NPTEL - Principles and Applications of NMR Spectroscopy
(https://nptel.ac.in/courses/] 04/108/104108078/)

Suggested equivalent online courses:

Part D-Assessment and Evaluation
Suggested Continuous Evaluation Methods:
Maximum Marks : 100
Continuous Comprehensive Evaluation (CCE) : 30marks Universit Exam (UE) 70 marks
Internal Assessment : Class Test 30

Continuous Comprehensive Assignment/Presentation
Evaluation (CCE):25

External Assessment : Section(A) : Three Very Short 70
University Exam Section: Questions - g

75 Section (B) : Four Short

Time : 02.00 Hours Questions . o
L Section (C) : Two Long Questions

Any remarks/ suggestions:

67
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Format for Syllabus of Practical Paper

Part A Introduction

Program: Iz <gin /Rei_g@d\l Class': B.Se. | Year: 47 Year | Session: 2024-2025
5 Subject: Chemistry

1 Course Code S4 — CHEM 1P
2 Course Title Group Theory and Spectroscopy
3 Course Type (Core Core Course (Subject — 1) Practical
Course/Elective/Generic Paper First
Elective/Vocational/.....) =l
4 Pre-requisite (if any) To study this course, a studént must have passed a
diploma/degree or equivalent course in Chemistry as a
subject. !
5 Course Learning outcomes By the end of this course students will acquire the
(CLO) knowledge of following practical aspects of group theory
and spectroscopy:
e Point group determination.
e Interpretation of molecules using IR, NMR, Mass and
UV-Visible spectra.
® Calculation of A, by Woodward-Fieser rule.
® Coupling constant calculation. 4
6 Credit Value ] 02
7 Total Marks Max. Marks: 30-+70 | Min. Passing Marks:35

Part B- Content of the Course

L-T-P:

Total No. of Lectures-Tutorials-Practical (in hours per week): 6 Ohovrs C 2o —LQQD;,L&,

Part

H@;bfmr_flzdum)

Topics | No. of Lectures( '

Part- 1 1.. Construction of various structural units using 0B
molecular model kits to understand the symmetry
of various geometries and identify the symmetry
clements present in them.
Determination of point clusters from given data,
3. Determination of the point group present in the
given model.

e

Part-2 4. Conversion
frequency, wavelength and magnetic field strength
into each other,

5. Identification of various functional groups and
structural components present in the compound by
the given IR spectrum.

6. Study of isomerism, effect of angular strain in the
ring, hydrogen bonding (intra and intermolecular)
through IR spectroscopy.

7. Calculation of Amax in isocyclic and heterocyclic
dienes and a,B-unsaturated carbonyl compounds
by Woodward-Pfizer rule.

8. Study of the effect of solvents on different
absorption

[ spectrophotometer.,
e e L I e

AT —_— ]

of different wunits of enorov ; 0K

ST

spectra using  ultraviolet-visiple .




9. Study of isomerism through ultraviolet-visible W
spectrum (spatial effect of substitution on the
extent of conjugation).

Part -3 10. Interpretation of given NMR spectra 03
(identification of different positions, number of
protons present in each of them and their relative
positions in the molecule).

11. Interpretation of given mass spectra and study of
the presence and abundance of isotopes of
different atoms in the given spectrum.

12. Determination of fragmentation pattern from a
given mass spectrum.,

13. Preparation of organic compounds and their
identification and data listing using spectroscopic
techniques.

14. Structure elucidation using given spectral data
(ultraviolet-visible, IR, NMR and mass spectra).

15. Study of the given EPR spectrum.

Part-4 16. Estimation of carbohydrate by spectrophctometric
method (UV/Visible spectroscopy) of

17. Estiination of amino acid by using ninhydrin
spectrophotochemically (UV/Visible
spectroscopy)

18. UV spectrophotometric determination of Aspirin
(UV/Visible spectroscopy)

19. Find out the order of reaction and velocity
constant of following reaction

CH;-CO-CH; + I5/NaOH — CHI; + CH;COONa

Keywords/Tags: Molecular model, point group, symmetry elements, UV-Visible, isorncrigu,
conjugation, NMR, IR, spectrum.

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:
1.

24

3

Cotton F. A., “Chemical Applications of Group Theory”, Wiley India Pvt Ltd, India, 2008, Third
Edition.

Drago R. S., “Physical Methods for Chemists”, Surfside Scientific Publishers, Florida, 1992, Second
Edition.

Pavia D. L., Lampman G. M., Kriz G. 8., Vyvyan J. R., “Introduction to Spectroscopy™, Cengage
Learning, USA, 2015, Fifth Edition.

Sharma Y. R., “Elementary Organic Spectroscopy”, S Chand Publisher, New Delki, 2013, Fifth |
Edition.

Yadav L. D. 8., “Organic Spectroscopy™, Springer, 2005,

Silverstein R. M., Webster F. X., Kiemle D., “Spectrometric [dentification of Organic Compounds”
John Wiley & Sons, USA, 2005, Seventh Edition.

William K., “Organic Spectroscopy”, Macmillan Education UK, 2002, Third Edition.

Dyer J. R., “Applications of Absorption Spectroscopy of Organic Compounds”, Prentice-Hall, 1978,
Kalsi P. S, “Spectroscopy of Organic Compounds”, New Age Publisher, New Delhi, 2005, Sixth‘[

?

e




[ Edition.
Suggestive digital platforms web links

Suggested equivalent online courses:

Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:

Internal Assessment Marks External Assessment

Marks

Class Interaction /Quiz Viva Voce on Practical

Attendance Practical Record File

Assignments (Charts/ Model Table work / Experiments
Seminar / Rural Service/
Technology Dissemination/
Report of Excursion/ Lab Visits/
Survey / Industrial visit)

TOTAL 30

70

zly remarks/ suggestions:
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