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Pre-Requisites

Thorough understanding of electromagnetic spectrum, mathematical abilities, knowledge of
molecules, their structure, bond nature, physical and chemical behaviour

Learning Objectives

involved
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» To comprehend the theory behind different spectroscopic methods
» To know the working principles along with an overview of construction of different types of spectrometers

To explore various applications of these techniques in R &D.
Apply spectroscopic techniques for the qualitative and quantitative analysis of various chemical compounds.

Understand this important analytical tool

UNITS

Course Details

UNITI:

MICROWAVE
SPECTROSCOPY

Rotational spectra of diatomic molecules - Rigid Rotor (Diatomic Molecules)-
reduced mass — rotational constant - - Effect of isotopic substitution - Non rigid
rotator — centrifugal distortion constant- Intensity of Spectral Lines- Polyatomic|
molecules — linear — symmetric asymmetric top molecules - Hyperfine structure
and quadrupole moment of linear molecules - Instrumentation techniques —
block diagram -Information Derived from Rotational Spectra- Stark effect-
Problems.

UNITII:

INFRA-RED
SPECTROSCOPY

Vibrations of simple harmonic oscillator — zero-point energy- Anharmonic
oscillator — fundamentals, overtones and combinations- Diatomic Vibrating
Rotator- PR branch — PQR branch- Fundamental modes of vibration of H>O and
CO- -Introduction to application of vibrational spectra- IR Spectrophotometer|
Instrumentation (Double Beam Spectrometer) — Fourier Transform Infrared
Spectroscopy - Interpretation of vibrational spectra—  remote analysis of
atmospheric gases like N20 using FTIR by National Remote Sensing Centre
(NRSC), India— other simple applications

UNITII:

RAMAN
SPECTROSCOPY

Theory of Raman Scattering - Classical theory — molecular polarizability —
polarizability ellipsoid - Quantum theory of Raman effect - rotational Raman
spectra of linear molecule - symmetric top molecule — Stokes and anti-stokes
line- SR branch -Raman activity of H>0 and CO -Mutual exclusion principle-
determination of N2O structure -Instrumentation technique and block diagram -
structure determination of planar and non-planar molecules using IR and Raman

techniques - FT Raman spectroscopy- SERS




UNIVERSITY OF MADRAS

M.Sc. DEGREE PROGRAMME IN PHYSICS
SYLLABUS WITH EFFECT FROM 2023-2024

UNITIV:

RESONANCE
SPECTROSCOPY

Nuclear and Electron spin-Interaction with magnetic field - Population off
Energy levels - Larmor precession- Relaxation times - Double resonance-
Chemical shift and its measurement - NMR of Hydrogen nuclei - Indirect Spin -
Spin Interaction — interpretation of simple organic molecules - Instrumentation
techniques of NMR spectroscopy — NMR in Chemical industries- MRI Scan
Electron Spin Resonance: Basic principle —Total Hamiltonian (Direct Dipole-
Dipole interaction and Fermi Contact Interaction) — Hyperfine Structure
(Hydrogen atom ) — ESR Spectra of Free radicals —g-factors — Instrumentation -
Medical applications of ESR

UNITV:

uv
SPECTROSCOPY

Origin of UV spectra - Laws of absorption — Lambert Bouguer law — Lambert
Beer law - molar absorptivity — transmittance and absorbance - Color in organic
compounds- Absorption by organic Molecule -Chromophores -Effect of
conjugation on chromophores - Choice of Solvent and Solvent effect -
Absorption by inorganic systems - Instrumentation - double beam UV-
Spectrophotometer -Simple applications

UNIT VI:
PROFESSIONAL
COMPONENTS

Expert Lectures, Online Seminars - Webinars on Industrial Interactions/Visits,
Competitive ~ Examinations, Employable and Communication  Skill
Enhancement, Social Accountability and Patriotism

TEXT BOOKS

1. C N Banwell and E M McCash, 1994, Fundamentals of Molecular|
Spectroscopy, 4th Edition, Tata McGraw—Hill, New Delhi.

G Aruldhas, 1994, Molecular Structure and Molecular Spectroscopy,
Prentice—Hall of India, New Delhi.

D.N. Satyanarayana, 2001, Vibrational Spectroscopy and Applications,
New Age International Publication.

B.K. Sharma, 2015, Spectroscopy, Goel Publishing House Meerut.
Kalsi.P.S, 2016, Spectroscopy of Organic Compounds (71" Edition),
New Age International Publishers.
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Society of Chemistry, RSC, Cambridge.
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SpringerLink.
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https://www.youtube.com/watch?v=0iQhirTf2PI
https://www.coursera.org/lecture/spectroscopy/introduction-3N5D5
https://www.coursera.org/lecture/spectroscopy/infrared-spectroscopy-8jEee
https://onlinecourses.nptel.ac.in/noc20 _cy08/preview
https://www.coursera.org/lecture/spectroscopy/nmr-spectroscopy-
introduction-XCWRu

WEB SOURCES
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COURSE OUTCOMES:
At the end of the course the student will be able to:

CO1 |Understand fundamentals of rotational spectroscopy, view molecules as elastic rotors
and interpret their behaviour. Able to quantify their nature and correlate them with their [K2
characteristic properties.

CO2 |[Understand the working principles of spectroscopic instruments and theoretical

background of IR spectroscopy. Able to correlate mathematical process of Fourier K2,
transformations with instrumentation. Able to interpret vibrational spectrum of small K3
molecules.

CO3 |Interpret structures and composition of molecules and use their knowledge of K5
Raman Spectroscopy as an important analytical tool

CO4 |Use these resonance spectroscopic techniques for quantitative and qualitative Ka
estimation of a substances

CO5 |Learn the electronic transitions caused by absorption of radiation in the UV/Vis K1
region of the electromagnetic spectrum and be able to analyze a simple UV K5 '

spectrum.

K1 - Remember; K2 — Understand; K3 - Apply; K4 - Analyze; K5 - Evaluate

MAPPING WITH PROGRAM OUTCOMES:
Map course outcomes (CO) for each course with program outcomes (PO) and program specific
outcomes (PSO) in the 3-point scale of STRONG (3), MEDIUM (2) andLOW (1).

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10
CO1 3 3 3 2 3 3 3 3 3 2
CO2 2 2 2 3 3 3 3 3 3 2
CO3 3 2 3 3 3 3 3 3 3 3
CO4 3 2 3 3 3 3 3 3 3 3
CO5 3 3 3 3 3 3 3 3 3 3
PSO1 | PSO2 | PSO3 | PSO4 | PSO5| PSO6 | PSO7 | PSO8 | PSO9 | PSO10
CO1 3 3 3 2 3 3 3 3 3 2
CO2 3 2
CO3 3 2 3 3 3 3 3 3 3 3
CO4 3 2 3 3 3 3 3 3 3 3
CO5 3 3 3 3 3 3 3 3 3 3
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