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This book is basically intended for B.Sc.-III students for Semester - V
Course of Shivaji University, Kolhapur. This book is written according to
new syllabus being implemented from June 2020 prescribed by Shivaji
University, Kolhapur.

It is our great pleasure to present this book to the students and
respected teachers in proper time. The subject matter is presented in
simple and lucid language. This book covers all the chapters mentioned
in the syllabus. The material is presented in a comprehensive way and the
sequence of articles in each chapter helps the students to understand the
subject with ease.

Different diagrams and illustrative description is provided to enhance
the learning and understanding of the matter by students as well as to
enable the teachers to explain the difficult concepts properly. The solved
numerical examples, long answer type questions, short answer type
questions including multiple type questions are given at the end of each
chapter.

We are thankful to Nirali Prakashan, Pune for making us a part of

. their team of Authors. We thank Mr. Dineshbhai Furia and Mr. Jignesh
- Furia for publishing this book.

We also thank Mr. Girish Redkar (Head Marketing Dept) for his

" co-operation in publishing this book.

Last but not the least we are very much indebted to Mr. Virdhaval

" Shinde, (Marketing Executives, Kolhapur District) and Mr. Ashok Nanavare

(Marketing Executive, Sangli District) for their nice co-operation. We are
very much thankful to Mr. Kiran Velankar (Proof Reading), Mrs. Anjali
Muley (Graphic Design) and Mr. Malik Shaikh for a neat and error free
D.T.P. of this book.

We hope that this book will be found useful by students and

" teachers. We will appreciate any suggestions for the improvement of the
. book.

— Authors
sk



SYLLABUS

(Theory Credits: 02, 30 Hours, 38 Lectures)
Unit 1 : Elementary Quantum Mechanics [08]

1.1 Introduction

1.2 Drawbacks of classical mechanics, Black body radiation,
Photoelectric effect, Compton effect, Dual nature of matter and
energy : De-Broglie hypothesis.

1.3 The Heisenberg's uncertainty principle
1.4 Concept of energy operators (Hamiltonian)
1.5 Derivation of Schrodinger wave equation. Well behaved function
1.6 Physical interpretation of y and y?
1.7 Particle in a one-dimensional box
1.8 Numerical Problems
Unit 2 : Spectroscopy ' [08]
2.1 Introduction
2.2 Electromagnetic radiation

2.3 Interaction of radiation with matter Electromagnetic spectrum,
Energy level diagram

2.4 Rotational spectra of diatomic molecules: Rigid rotator model;
moment of inertia; Energy levels of rigid rotator, Selection rules;
Intensity of spectral lines, Determination of bond length; Isotope
effect, Microwave oven

2.5 Vibrational spectra of diatomic molecules : Simple harmonic
oscillator model, Vibrational energies of diatomic molecules,
Determination of force constant, Overtones.

2.6 Raman spectra : Concept of polarizability, Pure rotational and
Pure vibrational Raman spectra of diatomic molecules, Selection
rules.

2.7 Comparative study of IR and Raman spectra, Rule of mutual
exclusion - CO, molecule

2.8 Numerical Problems

Unit 3 : Photochemistry [06]

3.1 Infroduction, Differences between thermal and photochemical
processes

o o



. e ) Grotthus .Dm'pm 'QW, (ii) Lamp,
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42 Lows of P¥ | ort-Beer's Nty
— (i) Lon " santum yield Unit 5 : Electromotive Force [10]
1ok and low quantum yield, '
law: 0soNs for hig! (Convention: Reduction potentials to be used)
m yett iold. ,
3.3 Quant! ing Quantum yield (H.. Pho | 5.1 Introduction
. ClTR , st ot N, hotosyn . . .
34F ctors @ .4 reactions pissociation )'H ynthesis, 5.9 Thermodynamics of elactrode potentials, Mernst equation for
35 Pl josenst ( onfhracene; decomposition of Hl ang HB, electrode and cell potentials in terms of activities
- isation © : ) , ' .

3 photodime’s* Jopicting varous ploces{ses” ocCurring | 5.3 EM.F. series.
) - diogram €P* it ; e o .
3.7 Jablonski d;ag Qualitative description Ol 1luorescence ang 5.4 Types of electrodes Description in terms of construction,

excited <10 1ce ' representation, half cell reaction and emf equation for

horf‘sfe' N . . R )

e scence, Electroluminescence and B'°|Um'”95Cence (i) Metal-metal ion electrode.
. o Chemilumine ) ’
38 Che . sblems (i) Amalgam electrode.
70 Nume"‘\.o[ Pro )
= [0g (i) Metal-insoluble salt electrode.
jt 4 : Solutions ! :

Un (iv) Gas electrode.

1 Introduction .
41 Int Vapour pressure of ideq| ang

!
4.2 Ideo! solutions; Raoult's .Icw,. o
; ~on-ideal solutions of miscible liquids. |
nor
, 3 Composition of liquid and vapour, Vapour pressure and bol,
h k' | : i i i i i 0 1 . . .
3 -t diagroms of miscible liquids. Distillation of miscible s
po! g
poirs.

total  vapour  pressyre
ncreases regularly — Zeotropic).

Tvoe | - Systems with intermediate
, fi.e. System in which b.p. 1

Systems with @ maximum in the total vapour pressyre

Type li: iy
fi.e. System with a b.p. minimum — Azeotropic)

Type il : Systems with @ minimum in the total vapour pressure,
. e. System with a b.p. maximum — Azeotropic).
fie. Sys p
£ 4 Solubility of partially miscible liquids.
i) Maximum solufion temperature type: Phenol-water system,
i) Minimum solufion temperature type: Triethyl amine-water
system.
fiii) Maximum and minimum solution temperature type: Nicotine-
water system.

Disfillation of partially miscible liquid pairs.

4.5 V_cpour pressure and distillation of immiscible liquids, Steam
disfillation. !

(v) Oxidation-Reduction electrode.
5.5 Reversible and Irreversible cells.
(i)
(i) Concentration cells with and without transference.
(iii) Liquid-Liquid junction potential: Origin, elimination and
determination.

5.6 Equilibrium  constant  from  cell
thermodynamic parameters such as AG, AH and AS.

Chemical cells without transference.

emf, Determination of
5.7 Applications of emf measurements :
(i) Determination of pH of solution using Hydrogen electrode.

(i) Solubility and solubility product of sparingly soluble salts
(based on concentration cell).

5.8 Numerical Problems.
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co NTENTS 2.5 Vibrational Specira of Diatomic Molecules 2.21

2.5.1 Harmonic Oscillator Model 2.21

ntum Mechanics \ 2.5.2 Vibrational Energies of a Diatomic Molecule 2.23
ry Qua

1 Emw“ 1‘34 2.5.3 Determination of Force Constant 2.26
. chon . : 1) 2.5.4 Overtones 2.27
1 Introdt | Mechanics -
" 121 Drowbacks of Classica 12 2.5.5 Interactions of Radiations with Vibrating Molecules  2.29
\.n.'\ Black Body Radiafion 13 2.5.6 Applications of Vibrational Spectra 2.29
| dos . R
1.23 Photoelectric Effect 1 2.6 Raman Spectra 2§2
: on Effect : 2.6.1 Quantum Theory of Raman Effect 2.
124 ComP e of Matter and Energy 7 2.6.2 Concept of Polarizability 234
1.2.5 Dual Na H hesis) 2.6.3 Pure Rotational Raman Spectra of Diatomic Molecules
o tion (RYP
De-Broglie’s Equa . 18 2.36
.1 Heisenberg's Uncertainty Priniple o 1.1y 2.6.4 Vibrational Raman Spectra 2.36

; Concept of Energy Operators (Hamiltonian) IRE 2.6.5 Applications of Raman Spectra 2.37
-45 Derivation of Schrodinger's Wave Equation 114 2.7 Comparative Study of IR and Raman Spectra,

- -on of v and V2 Rule of Mutual Exclusion - CO, Molecule 2.37
16 Physical Interpretation of ¥ 1.6 .

o . T 2.7.1 Comparative Study of IR and Raman Specira 2.37
17 Partide in a One Dimensiona 117 )

. 2.7.2 Rule of Mutual Exclusion 2.39
1.8 Numerical Problems 2.8 Numerical Problems 2.41
«  Bxercises - . Exercises 2.46

2. Molecular Spectroscopy . - Photochemistry 3.1-3.32
2.1 Infroduction 3.1 Introduction 3.1
2.2 Elecromagnefic Radiations 29 3.2 Laws of Photochemistry 3.3

. . 3.3 The Quantum Yield or Quantum Efficiency (9) 3.9
2.3 Elecromagnetic Spectrum, Energy Level Diagram
: ecrom 'g eesp ¢Di . j\yl | S 24 3.4 Factors Affecting Quantum Yield 3.10
) Py
&4 Rotices! SpecraioiDibiomiceiechles 2.10 3.5 Photosensitized Reactions 3.7
241 Rigid Rotator Model 2.0 3.6  Photochemical Equilibrium (Dimerization of Anthracene) ~ 3.12
2.42 Moment of Inertia 211 3.7 Decomposition of Hydrogen lodide 3.14
2.43 Energy Levels of Rigid Rotator 3.8 Luminescence Phenomenon 3.15
[Rotafional Energies of Diatomic Molecules) 2.12 3.9 Fluorescence 3.16
244 Selection Rule 213 3.10 Jablonski Diagram Depicting various Processes Occurring
245 Infensity of Spectral lines 215 in the Excited State 3.18
e ' 3.11 Chemilumi Elect i
2446 Defermlnahon of Bl Iength 217 S emi ‘umlnescence or Electroluminescence 3.20
247 Isotope Effeqt 218 .10 Numerical Problems 3.29
248 Microwave Oven 220 *  Exercises 3.25
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4. Solutions

4.1
4.2

4.4
4.5

5. Electromotive For

5.1
5.2
53
5.4

5.5

5.6
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