
Contents

2. Towards Quantum Mechanics
2.1 Reasons for The Failure of Classical Model of 

Atom or Bohr Model of Atom
2.2 Developments Leading to Quantum Mechanical Model of Atom
2.3 De-Broglie's Dual Nature of Matter
2.4 Heisenberg's Uncertainty Principle

3. Introduction to Quantum Mechanics
3.1 Necessity of Quantum Mechanics
3.2 Schrödinger Wave Equatio
3.3 Derivation of Time Independent Schrödinger Wave Equation
3.4 Physical Significance of Wavefunction (v) and 

Probability Density (2)
3.5 Concept of Atomic Orbital
3.6 Quantum Mechanical Model of Atom
3.7 Eigen Value and Eigen Wavefunction
3.8 Normalised, Orthogonal and Orthonormal Wavefunction
3.9 Operators
3.10 Postulates of Quantum Mechanics
3.11 Derivation of Time Independent Schrödinger Wave Equation 

on The Basis of Postulates of Quantum Mechanics
3.12 Steady State Schrödinger Wave Equation

1. Classical Mechanics 1-44
1.1 Dalton's Atomic Theory 1
1.2 What are Classical Mechanics and Quantum Mechanics? 2
1.3 J.J. Thomson Model of Atom 4
1.4 Rutherford's Nuclear Model of Atom — Discovery of Nucleus 4
1.5 Developments Leading to The Bohr Model of Atom 6

1.5.1 Dual Nature of Electromagnetic Radiation 7
1.5.2 Emission and Absorption Spectra 21

1.6 Bohr Model of Atom 28
1.7 Sommerfeld Theory or Bohr-Sommerfeld Theory 43

45-57 

45
45
46
52

58-120
58
59
60

63
65
67
67
71
76

112

115
117 

121-199

121

4. Particle in a Box: Quantisation of Translational Energy
4.1 Application of Postulates of Quantum Mechanics to 

Simple System
ix



X Contents

4.2 Operation of Quantum Mechanics 121
4.3 Introduction to Translational Motion of a Particle 123
4.4 Particle in One Dimensional Box: Quantisation of

Translational Energy 124
4.4.1 Solution of Schrödinger Wave Equation 124
4.4.2 Conclusions from The Study of a Particle in

One-Dimensional Box 129
4.4.3 Solution of Properties in One Dimensional Box 138
4.4.4 Application of Particle in a One-dimensional Box 166

4.5 Particle in Two-dimensional Box 175
4.5.1 Two Dimensional Rectangular Box 176
4.5.2 Two Dimensional Square Box (Concept of Degeneracy) 179

4.6 Particle in Three Dimensional Box 184
4.6.1 Three Dimensional Cuboidal Box 185
4.6.2 Three Dimensional Cubical Box (Concept of Degeneracy) 188

4.7 Free Particle 195
4.7.1 Solution of Schrödinger Wave Equation 195
4.7.2 Quantisation of Energy Levels: Difference Between

Particle in Free State and Under Bound State 198

5. Rigid Rotator and Rotational Spectra 200-271
5.1 Introduction 200
5.2 Classical Treatment of Rigid Rotator 200

5.2.1 Kinetic Energy of Rigid Rotator 201
5.3 Quantum Mechanical Treatment: Schrödinger

Wave Equation for Rigid Rotator 204
5.3.1 Deriving Schrödinger Equation by Reducing

Angular Momentum of Kinetic Energy
Operator in Polar Co-ordinates 204

5.3.2 Deriving Schrödinger Equation by Reducing Laplacian of
Kinetic Energy Operator in Polar Coordinates 218

5.4 Wavefunction of Rigid Rotator 231
5.4.1 Solving The F Part of Wavefunction i.e. Solving eq. (5.9) 233
5.4.2 Solving The ® Part of Wavefunction i.e. Solving eq. (5.10) 234
5.4.3 Spherical Harmonics, Y(0,o) 241

5.5 Rotational Energy of the Rigid Rotator 243
5.6 Rotational Energy Levels 252
5.7 Rotational Selection Rules 253
5.8 Rotational Spectra of Rigid Diatomic Molecule 254



Contents xi

5.9

5.10
5.11

5.12

Microwave Active Molecules or Types of
Molecules Showing Rotational Spectra
5.9 .1 How do Microwave Radiation Interact with The Rotating 

Molecule Having a Permanent Dipole?
Parameters Calculated from Rotational Spectra
Isotopic Effect
5.11 .1 Application of Isotopic Substitution
Application of Microwave Radiation: Microwave Oven

258

258
260
268
269
270

6. Linear Harmonic Oscillator and Vibrational Spectra 272-325
6.1 Introduction 272
6.2 Classical Treatment of Linear Harmonic Oscillator 273

6.2.1 Frequency of Linear Harmonic Oscillator 274
6.2.2 Effect of Isotopic Substitution on

Force Constant and Vibrational Frequency 274
6.2.3 Potential Energy of Linear Harmonic Oscillator 277
6.2.4 Total Energy of The Linear Harmonic Oscillator 278

6.3 Quantum Mechanical Treatment: Schrödinger
Wave Equation for Linear Harmonic Oscillator 280

6.4 Solution of Schrödinger Wave Equation: Vibrational
Energy and Wavefunction of The Linear Harmonic Oscillator 281
6.4.1 Factorization Method 281
6.4.2 Power Series Method 296

6.5 Wavefunction Plots for Linear Harmonic Oscillator 302
6.6 Probability Plots for Linear Harmonic Oscillator 303
6.7 Symmetry of The Vibrational Wavefunction 305
6.8 Calculation of Properties of Linear Harmonic Oscillator 305
6.9 Orthonormal Sets of Wavefunction 307
6.10 Virial Theorem 309
6.11 Vibrational Energy and Zero Point Energy for

Linear Harmonic Oscillator 311
6.12 Vibrational Selection Rule: 313
6.13 Vibrational Spectra of Linear Harmonic Oscillator 318
6.14 Infrared Active Molecules or

Types of Molecules Showing Vibrational Spectra 324

7. "Hydrogen Atom": Quantisation of Electronic Energy 326-467
7.1 Necessity of Replacing Bohr Theory 326
7.2 Setting of Schrödinger Equation for Hydrogen Atom 326



xii Contents

7.2. 1 Solving The F Part of Wavefunction [i.e.. Solving (7.16)] 335
7.2.2 Solving The Q Part of Wavefunction [i.e., Solving (7.17)] 336
7.2.3 Solving The Radial Part, R, of

Wavefunction [i.e., Equation (7.18)] 343
7.3 Quantum Numbers 365

7.3.1 Significance of Quantum Numbers 365
7.3.2 Importance of Quantum Numbers in

Explaining Hydrogen Spectrum 368
7.4 Degenerate and Non-degenerate Orbitals 369
7.5 Degeneracy of Energy Levels 370
7.6 Wavefunction of The Hydrogen Atom 374

7.6.1 Radial Wavefunction and Radial Plots 375
7.6.2 Angular Wavefunction and Shape of Orbitals 391
7.6.3 Contour Diagram or Contour Maps 409
7.6.4 Total Wavefunction of Hydrogen Atom 415

7.7 Calculation of Properties of Hydrogen Atom 418
7.7.1 Probability Density (v2) 418
7.7.2 Most Probable Distance (r) or Position of

Maximum Probability Using Radial Probability
Density Function 418

7.7.3 Average Value of Position or Expectation
Value of Position or Mean Radius <r> 423

7.7.4 Expectation Value of Energy 429
7.8 Magnetic Properties: Angular Momentum and Magnetic Moment 432

7.8.1 Classical Expression of Magnetic
Moment due to Orbital Motion of Electron 432

7.8.2 Quantum Mechanical Expression of Magnetic
Moment Due to Orbital Motion of Electron 433

7.8.3 Potential Energy Due to Orbital Motion of An Electron
in a Magnetic Field: Larmor Precession 435

7.8.4 Zeeman Effect 438
7.8.5 Anomalous Zeeman Effect 439
7.8.6 Explanation of Anomalous Zeeman Effect:

Spin Quantum Number 439
7.8.7 Magnetic Moment Due to Spinning Motion of Electron 440
7.8.8 Potential Energy Due to Spinning Motion of

Electron in a Magnetic Field 441
7.8.9 Experimental Demonstration of Electron Spin:

Stern-Gerlach Experiment 443
7.9 Spin-Orbit Coupling and Term Symbols 448



Contents xiii

8. Electronic Spectroscopy 468-491
8.1 Introduction 468
8.2 The Born-Oppenheimer Approximation for Electronic Spectra 469
8.3 Frank Codon Principle 470
8.4 Application of Electronic Spectroscopy to Organic Molecules 474

8.4.1 Types of Molecular Orbitals 474
8.4.2 Electronic Transitions in The Molecular Orbitals 475
8.4.3 Allowed and Forbidden Electronic Transitions 477
8.4.4 Chromophones and Auxochromes 478
8.4.5 Changes in Position and Intensity of Absorption 478

8.5 Electronic Excited State: Signlet and Triplet 480
8.6 Transition Dipole Moment 481
8.7 Selection Rules 482
8.8 Vibronic Coupling 486
8.9 Consequences of Light Absorption: The Jablonski Diagram 486

8.9.1 Non-Radiative Transition: Internal Conversion and
Intersystem Crossing 487

8.9.2 Radiative Transitions: Fluorescence and Phosphorescence 489

9. Multielectron System and Approximate Methods 492-518
9.1 Introduction 492
9.2 Pertubation Method 493

9.2.1 Solution of Pertubation Method 494
9.2.2 Application of Pertubation Method on Helium Atom 499

9.3 Variation Method 502
9.3.1 Solution of Variation Method 503
9.3.2 Application of Variation Method on Helium Atom 504
9.3.3 Application of Variation Method for Various Other Systems 506

9.4 Self-Consistent Field Method 517

519-601
519

10. Chemical Bondin
10.1 Introduction
10.2 Born-Oppenheimer Approximation 520
10.3 Approximate Methods to Solve Schrödinger 523

10.3.1 Valence Bond (VB) Approach 524
10.3.2 Molecular Orbital (MO) Approach 526

10.4 Approximation of Linear Combination of Atomic Orbitals:
LCAO-MO Treatment 536

10.5 LCAO-MO Treatment of Hydrogen Molecule Ion (H^) 541
10.6 Hydrogen Molecule: Qualitative Treatment 550



xiv Contents

10.6.1 Pauli's Exclusion Principle w.r.t. Hydrogen Molecule 556
10.6.2 Hund's Rule of Maximum Multiplicity w.r.t.

Hydrogen Molecule 558
10.6.3 Aufbau's Principle w.r.t. Hydrogen Molecule 559

10.7 LCAO-MO Treatment of Hydrogen Molecule 560
10.7.1 Configuration Interaction 565

10.8 Valence Bond Treatment (VBT) of Hydrogen Molecule 567
10.9 Comparison of VBT and MOT 576
10.10 LCAO-MO Treatment of Homonuclear Diatomic Molecules 577
10.11 LCAO-MO Treatment of Heteronuclear Diatomic Molecules 584
10.12 LCAO-MO Treatment of Triatomic Molecules 592
Index 602-608


