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Preface

This book is primarily intended for post-graduate students of science, but is simple enough for
an undergraduate student to understand. Every chapter begins with simple concepts related to
the topic of the chapter, and gradually Quantum Mechanical and Group Theoretical treatments
are introduced for a deeper understanding. I have tried to keep the language simple and have
introduced new concepts one at a time, so that the reader is not overwhelmed by too many new
ideas at the same time.
Spectroscopy is so vast and new concepts are rapidly emerging, so that it is not possible for
a book to be complete. This book does not pretend to be complete—but it does try to cover the
underlying principles thoroughly so that the reader should not face difficulty in applying these
principles to his own problem.
Spectroscopy cannot be understood without a thorough knowledge and understanding of
quantum mechanics. Though a number of Quantum Mechanics principles are scattered
throughout the book, the reader is advised to first take at least an elementary course on
quantum mechanics. The reader must also familiarize himself/herself with Group Theory—at
least to the extent of assignment of molecular point groups, calculation of direct products,
projection operator techniques, etc. There are a number of excellent texts, namely Cotton,
Schonland, Ladd, to name a few. Again, a brief description of these techniques is given as and
when required. Though I was advised by a reviewer of the book to include a chapter on Group
Theory, it would have added to the volume and cost of the book, because there is nothing
I could have removed from the other chapters in order to keep the page number around 400.
One other point—all chapters are arranged in sequence, so that a concept introduced in a
certain chapter is used in one of the next chapters—so you cannot expect to understand, say
the third chapter, without first reading the first two chapters. I have spent a lot of thought on
the arrangement of the chapters—in the short time of one semester, it is extremely important
that everything is taught without any repetition. In this respect, though in most books atomic
spectroscopy is taught along with electronic spectroscopy, in this book it is the first topic to be
covered. The reason is the simplicity of atomic spectroscopy, which has no complications from
rotation and vibration, as in the case of molecular electronic spectroscopy. The entire sequence
may be different from other books, but in my experience this is the only way I am able to cover
the entire syllabus (which also includes NMR and Mössbauer spectroscopy and X-ray
diffraction) in 50 hours. After a lot of jugglery during the initial years of teaching the paper,
this is the sequence that I found to serve my purpose.
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xviii Preface

A motivation for writing the book was that, although several excellent books exist on the
subject (Banwell, Hollas, Barrow, Chang, to name a few), no single book covers all the topics
I wished to include. Many of the texts are also outdated. The level of this book is all the way
from Banwell to Hollas and more. The symbols and units used in the book are in conformity
with those recommended by IUPAC.
Though every possible effort has been made to avoid errors, in a project of this size, it is
inevitable that some errors may have crept in. I shall be thankful to readers if they point them
out so that future editions will be error free. Any suggestion or constructive criticism will be
highly appreciated.
Rita Kakkar, FRSC
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List of Abbreviations

NMR
ESR
UV
IR
MW
FWHM
Vis
FT
FFT
QM
PES
ESCA
XPS
IE
COM
MO
HOMO
LUMO
HMO
FEM
ISC
VR
IC
AO
rms
LCAO

Nuclear Magnetic Resonance
Electron Spin Resonance
Ultraviolet
Infrared
Microwave
Full Width at Half Maximum
Visible
Fourier Transform
Fast Fourier Transform
Quantum Mechanics
Photoelectron Spectroscopy
Electron Spectroscopy for Chemical Analysis
X-ray Photoelectron Spectroscopy
Ionization Energy
Centre of Mass
Molecular Orbital
Highest Occupied Molecular Orbital
Lowest Unoccupied Molecular Orbital
Hückel Molecular Orbital
Free Electron Model
Intersystem Crossing
Vibrational Relaxation
Internal Conversion
Atomic Orbital
Root Mean Square
Linear Combination of Atomic Orbitals
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