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The book presents the basic information needed to
understand and to organize the huge amount of
known structures of crystalline solids. Its basis is
crystallographic group theory (space group theory),
with special emphasis on the relations between the
symmetry properties of crystals.
Developed in an essentially nonmathematical way,
this text covers symmetry elements and operations,
multiple symmetry operations, multiplication tables
and point groups, group theory applications, and
crystal symmetry. 1977 edition.
Building on the foundation of the Second Edition,
Symmetry and Structure: Readable Group Theory
for Chemists, Third Edition turns the complex and
potentially difficult subject of group theory into an
accessible and readable account of this core area of
chemistry. By using a diagrammatical approach and
demonstrating the physical principles involved in
understanding group theory, the text provides a nonmathematical, yet thorough, treatment of this broad
topic. This new edition has been fully revised and
updated to include a much more three-dimensional
and accurate visualization of many of the key topics.
The chapter on octahedral molecules is extended to
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cover the important topic of the ligand field theory of
octahedral transition metal complexes. Problems
and summaries are included at the end of each
chapter, the book provides detailed answers to
frequently asked questions, and numerous diagrams
and tables are featured for ease of reading and to
enhance student understanding. Symmetry and
Structure: Readable Group Theory for Chemists,
Third Edition is an essential textbook for all students,
researchers and lecturers in chemistry, biochemistry,
chemical engineering, physics and material science.
Symmetry: An Introduction to Group Theory and its
Application is an eight-chapter text that covers the
fundamental bases, the development of the
theoretical and experimental aspects of the group
theory. Chapter 1 deals with the elementary
concepts and definitions, while Chapter 2 provides
the necessary theory of vector spaces. Chapters 3
and 4 are devoted to an opportunity of actually
working with groups and representations until the
ideas already introduced are fully assimilated.
Chapter 5 looks into the more formal theory of
irreducible representations, while Chapter 6 is
concerned largely with quadratic forms, illustrated by
applications to crystal properties and to molecular
vibrations. Chapter 7 surveys the symmetry
properties of functions, with special emphasis on the
eigenvalue equation in quantum mechanics. Chapter
8 covers more advanced applications, including the
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detailed analysis of tensor properties and tensor
operators. This book is of great value to
mathematicians, and math teachers and students.
One of the best-written, most skillful expositions of
group theory and its physical applications, directed
primarily to advanced undergraduate and graduate
students in physics, especially quantum physics.
With problems.
This book is based on a one-semester course for
advanced undergraduates specializing in physical
chemistry. I am aware that the mathematical training
of most science majors is more heavily weighted
towards analysis – typ- ally calculus and differential
equations – than towards algebra. But it remains my
conviction that the basic ideas and applications of
group theory are not only vital, but not dif?cult to
learn, even though a formal mathematical setting
with emphasis on rigor and completeness is not the
place where most chemists would feel most
comfortable in learning them. The presentation here
is short, and limited to those aspects of symmetry
and group theory that are directly useful in
interpreting molecular structure and spectroscopy.
Nevertheless I hope that the reader will begin to
sense some of the beauty of the subject. Symmetry
is at the heart of our understanding of the physical
laws of nature. If a reader is happy with what
appears in this book, I must count this a success.
But if the book motivates a reader to move deeper
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into the subject, I shall be grati?ed.
Symmetry and group theory provide us with a
rigorous method for the description of the geometry
of objects by describing the patterns in their
structure. In chemistry it is a powerful concept that
underlies many apparently disparate phenomena.
Symmetry allows us to accurately describe the types
of bonding that can occur between atoms or groups
of atoms in molecules. It also governs the transitions
that may occur between energy levels in molecular
systems, leading to a predictive understanding of the
absorption properties of molecules and hence their
spectra. Molecular Symmetry lays out the formal
language used in the area, with illustrative examples
of particular molecules throughout. It then applies
the ideas of symmetry and group theory to describe
molecular structure, bonding in molecules and to
consider the implications in spectroscopy. Topics
covered include: Symmetry elements Symmetry
operations and products of operations Point groups
used with molecules Point group representations,
matrices and basis sets Reducible and irreducible
representations Applications in vibrational
spectroscopy Molecular orbital theory of chemical
bonding Molecular Symmetry is designed to
introduce the subject by combining symmetry with
spectroscopy and bonding in a clear and accessible
manner. Each chapter ends with a summary of
learning points, a selection of self-test questions,
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and suggestions for further reading. A set of
appendices includes templates for paper models
which will help students understand symmetry
operations and cover key aspects of the material in
depth. Molecular Symmetry is a must-have
introduction to this fundamental topic for students of
chemistry, and will also find a place on the
bookshelves of postgraduates and researchers
looking for a broad and modern introduction to the
subject.
This book explains the usage and application of
Molecular Quantum Dynamics, the methodology
where both the electrons and the nuclei in a
molecule are treated with quantum mechanical
calculations. This volume of Lecture Notes in
Chemistry addresses graduate students and
postdocs in the field of theoretical chemistry, as well
as postgraduate students, researchers and teachers
from neighboring fields, such as quantum physics,
biochemistry, biophysics, or anyone else who is
interested in this rising method in theoretical
chemistry, and who wants to gain experience in the
opportunities it can offer. It can also be useful for
teachers interested in illustrative examples of timedependent quantum mechanics as animations of
realistic wave packets have been designed to assist
in visualization. Assuming a basic knowledge about
quantum mechanics, the authors link their
explanations to recent experimental investigations
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where Molecular Quantum Dynamics proved
successful and necessary for the understanding of
the experimental results. Examples including
reactive scattering, photochemistry, tunneling, femtoand attosecond chemistry and spectroscopy, cold
chemistry or crossed-beam experiments illustrate the
power of the method. The book restricts complicated
formalism to the necessary and in a self-contained
and clearly explained way, offering the reader an
introduction to, and instructions for, practical
exercises. Continuative explanation and math are
optionally supplemented for the interested reader.
The reader learns how to apply example simulations
with the MCTDH program package (Multi
Configuration Time Dependent Hartree calculations).
Readers can thus obtain the tools to run their own
simulations and apply them to their problems.
Selected scripts and program code from the
examples are made available as supplementary
material. This book bridges the gap between the
existing textbooks on fundamental theoretical
chemistry and research monographs focusing on
sophisticated applications. It is a must-read for
everyone who wants to gain a sound understanding
of Molecular Quantum Dynamics simulations and to
obtain basic experience in running their own
simulations.
The mathematical fundamentals of molecular
symmetry and group theory are comprehensibly
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described in this book. Applications are given in
context of electronic and vibrational spectroscopy as
well as chemical reactions following orbital symmetry
rules. Exercises and examples compile and deepen
the content in a lucid manner.
The aim of this book Symmetry (Group Theory) and
Mathematical Treatment in Chemistry is to be a
graduate school-level text about introducing recent
research examples associated with symmetry (group
theory) and mathematical treatment in inorganic or
organic chemistry, physical chemistry or chemical
physics, and theoretical chemistry. Chapters
contained can be classified into mini-review, tutorial
review, or original research chapters of mathematical
treatment in chemistry with brief explanation of
related mathematical theories. Keywords are
symmetry, group theory, crystallography, solid state,
topology, molecular structure, electronic state,
quantum chemistry, theoretical chemistry, and DFT
calculations.
The basics of group theory and its applications to
themes such as the analysis of vibrational spectra
and molecular orbital theory are essential knowledge
for the undergraduate student of inorganic chemistry.
The second edition of Group Theory for Chemists
uses diagrams and problem-solving to help students
test and improve their understanding, including a
new section on the application of group theory to
electronic spectroscopy. Part one covers the
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essentials of symmetry and group theory, including
symmetry, point groups and representations. Part
two deals with the application of group theory to
vibrational spectroscopy, with chapters covering
topics such as reducible representations and
techniques of vibrational spectroscopy. In part three,
group theory as applied to structure and bonding is
considered, with chapters on the fundamentals of
molecular orbital theory, octahedral complexes and
ferrocene among other topics. Additionally in the
second edition, part four focuses on the application
of group theory to electronic spectroscopy, covering
symmetry and selection rules, terms and
configurations and d-d spectra. Drawing on the
author’s extensive experience teaching group theory
to undergraduates, Group Theory for Chemists
provides a focused and comprehensive study of
group theory and its applications which is invaluable
to the student of chemistry as well as those in
related fields seeking an introduction to the topic.
Provides a focused and comprehensive study of
group theory and its applications, an invaluable
resource to students of chemistry as well as those in
related fields seeking an introduction to the topic
Presents diagrams and problem-solving exercises to
help students improve their understanding, including
a new section on the application of group theory to
electronic spectroscopy Reviews the essentials of
symmetry and group theory, including symmetry,
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point groups and representations and the application
of group theory to vibrational spectroscopy
This Primer presents an introduction to molecular
symmetry and point groups with an emphasis on
their applications. The author has adopted a nonmathematical approach as far as possible and the
text will supplement those that are too advanced or
gloss over important information. Chapter topics
include symmetry elements, operations and point
groups; matrices, multiplications tables and
representations; the reduction formula; molecular
vibrations; vibrational spectroscopy and degenerate
vibrations; symmetry aspects of chemical bonding
and matrices in higher order point groups
This book has been written to introduce readers to
group theory and its ap plications in atomic physics,
molecular physics, and solid-state physics. The first
Japanese edition was published in 1976. The
present English edi tion has been translated by the
authors from the revised and enlarged edition of
1980. In translation, slight modifications have been
made in. Chaps. 8 and 14 to update and condense
the contents, together with some minor additions and
improvements throughout the volume. The authors
cordially thank Professor J. L. Birman and Professor
M. Car dona, who encouraged them to prepare the
English translation. Tokyo, January 1990 T. Inui . Y.
Tanabe Y. Onodera Preface to the Japanese Edition
As the title shows, this book has been prepared as a
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textbook to introduce readers to the applications of
group theory in several fields of physics. Group
theory is, in a nutshell, the mathematics of
symmetry. It has three main areas of application in
modern physics. The first originates from early
studies of crystal morphology and constitutes a
framework for classical crystal physics. The analysis
of the symmetry of tensors representing
macroscopic physical properties (such as elastic
constants) belongs to this category. The sec ond
area was enunciated by E. Wigner (1926) as a
powerful means of handling quantum-mechanical
problems and was first applied in this sense to the
analysis of atomic spectra. Soon, H.
Concise, self-contained introduction to group theory
and its applications to chemical problems.
Symmetry, matrices, molecular vibrations, transition
metal chemistry, more. Relevant math included.
Advanced-undergraduate/graduate-level. 1973
edition.
Complete with reference tables and sample problems, this
volume serves as a textbook or reference for solid-state
physics and chemistry, materials science, and engineering.
Chapters illustrate symmetry, and its role in determining solid
properties, as well as a demonstration of group theory.
Retains the easy-to-read format and informal flavor of the
previous editions, and includes new material on the
symmetric properties of extended arrays (crystals), projection
operators, LCAO molecular orbitals, and electron counting
rules. Also contains many new exercises and illustrations.
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This substantially revised and expanded new edition of the
bestselling textbook, addresses the difficulties that can arise
with the mathematics that underpins the study of symmetry,
and acknowledges that group theory can be a complex
concept for students to grasp. Written in a clear, concise
manner, the author introduces a series of programmes that
help students learn at their own pace and enable to them
understand the subject fully. Readers are taken through a
series of carefully constructed exercises, designed to simplify
the mathematics and give them a full understanding of how
this relates to the chemistry. This second edition contains a
new chapter on the projection operator method. This is used
to calculate the form of the normal modes of vibration of a
molecule and the normalised wave functions of hybrid orbitals
or molecular orbitals. The features of this book include: * A
concise, gentle introduction to symmetry and group theory *
Takes a programmed learning approach * New material on
projection operators, and the calcultaion of normal modes of
vibration and normalised wave functions of orbitals This book
is suitable for all students of chemistry taking a first course in
symmetry and group theory.
Molecular Symmetry and Spectroscopy deals with the use of
group theory in quantum mechanics in relation to problems in
molecular spectroscopy. It discusses the use of the molecular
symmetry group, whose elements consist of permutations of
identical nuclei with or without inversion. After reviewing the
permutation groups, inversion operation, point groups, and
representation of groups, the book describes the use of
representations for labeling molecular energy. The text
explains an approximate time independent Schrödinger
equation for a molecule, as well as the effect of a nuclear
permutation or the inversion of E* on such equation. The
book also examines the expression for the complete
molecular Hamiltonian and the several groups of operations
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commuting with the Hamiltonian. The energy levels of the
Hamiltonian can then be symmetrically labeled by the
investigator using the irreducible representations of these
groups. The text explains the two techniques to change
coordinates in a Schrödinger equation, namely, (1) by using a
diatomic molecule in the rovibronic Schrödinger equation, and
(2) by a rigid nonlinear polyatomic molecule. The book also
explains that using true symmetry, basis symmetry, near
symmetry, and near quantum numbers, the investigator can
label molecular energy levels. The text can benefit students
of molecular spectroscopy, academicians, and investigators
of molecular chemistry or quantum mechanics.
High-level text applies group theory to physics problems,
develops methods for solving molecular vibration problems
and for determining the form of crystal tensors, develops
translational properties of crystals, more. 1974 edition.
Group Theory in Quantum Mechanics: An Introduction to its
Present Usage introduces the reader to the three main uses
of group theory in quantum mechanics: to label energy levels
and the corresponding eigenstates; to discuss qualitatively
the splitting of energy levels as one starts from an
approximate Hamiltonian and adds correction terms; and to
aid in the evaluation of matrix elements of all kinds, and in
particular to provide general selection rules for the non-zero
ones. The theme is to show how all this is achieved by
considering the symmetry properties of the Hamiltonian and
the way in which these symmetries are reflected in the wave
functions. This book is comprised of eight chapters and
begins with an overview of the necessary mathematical
concepts, including representations and vector spaces and
their relevance to quantum mechanics. The uses of symmetry
properties and mathematical expression of symmetry
operations are also outlined, along with symmetry
transformations of the Hamiltonian. The next chapter
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describes the three uses of group theory, with particular
reference to the theory of atomic energy levels and
transitions. The following chapters deal with the theory of free
atoms and ions; representations of finite groups; the
electronic structure and vibrations of molecules; solid state
physics; and relativistic quantum mechanics. Nuclear physics
is also discussed, with emphasis on the isotopic spin
formalism, nuclear forces, and the reactions that arise when
the nuclei take part in time-dependent processes. This
monograph will be of interest to physicists and
mathematicians.
Molecular Symmetry and Group TheoryWiley

This handbook on group theory is geared toward
chemists and experimental physicists who use
spectroscopy and require knowledge of the
electronic structures of the materials they
investigate. Accessible to undergraduate students, it
takes an elementary approach to many of the key
concepts. Rather than the deductive method
common to books on mathematics and theoretical
physics, the present volume introduces fundamental
concepts with simple examples, relating them to
specific chemical and physical problems. The text is
centered on detailed analysis of examples. Since
neither chemists nor spectroscopists require
theorem proofs, very few appear here. Instead, the
focus remains on the principal conclusions, their
meaning, and their use. In keeping with the text's
practical bias, the main results of group theory are
presented in all sections as procedures, making
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possible their systematic and step-by-stepapplication. Each chapter contains problems that
develop practical skill and provide a valuable
supplement to the text.
Informal, effective undergraduate-level text
introduces vibrational and electronic spectroscopy,
presenting applications of group theory to the
interpretation of UV, visible, and infrared spectra
without assuming a high level of background
knowledge. 200 problems with solutions. Numerous
illustrations. "A uniform and consistent treatment of
the subject matter." — Journal of Chemical
Education.
Atomic Symmetry Groups, being continuous groups,
are just a fallout of the Lie Groups and Lie Algebras.
Atoms are structurally simpler than molecules but
atomic symmetry is more complex than molecular
symmetry. In quantum mechanics we study atoms
first and then the molecules. In symmetry studies,
we do just the reverse. In this book, apart from
theories, the description of both the symmetry
groups – atomic and molecular, are attended with
adequate applications. Please note: Taylor & Francis
does not sell or distribute the Hardback in India,
Pakistan, Nepal, Bhutan, Bangladesh and Sri Lanka.
Graduate-level text develops group theory relevant
to physics and chemistry and illustrates their
applications to quantum mechanics, with systematic
treatment of quantum theory of atoms, molecules,
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solids. 1964 edition.
Chemists are used to the operational definition of
symmetry, which crystallographers introduced long
before the advent of quantum mechanics. The balland-stick models of molecules naturally exhibit the
symmetrical properties of macroscopic objects.
However, the practitioner of quantum chemistry and
molecular modeling is not concerned with balls and
sticks, but with subatomic particles: nuclei and
electrons. This textbook introduces the subtle
metaphors which relate our macroscopic
understanding of symmetry to the molecular world. It
gradually explains how bodily rotations and
reflections, which leave all inter-particle distances
unaltered, affect the study of molecular phenomena
that depend only on these internal distances. It helps
readers to acquire the skills to make use of the
mathematical tools of group theory for whatever
chemical problems they are confronted with in the
course of their own research.
A comprehensive discussion of group theory in the
context of molecular and crystal symmetry, this book
covers both point-group and space-group
symmetries. Provides a comprehensive discussion
of group theory in the context of molecular and
crystal symmetry Covers both point-group and spacegroup symmetries Includes tutorial solutions
Prof. McClain has, quite simply, produced a new
kind of tutorial book. It is written using the logic
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engine Mathematica, which permits concrete
exploration and development of every concept
involved in Symmetry Theory. It is aimed at students
of chemistry and molecular physics who need to
know mathematical group theory and its
applications, either for their own research or for
understanding the language and concepts of their
field. The book begins with the most elementary
symmetry concepts, then presents mathematical
group theory, and finally the projection operators that
flow from the Great Orthogonality are automated and
applied to chemical and spectroscopic problems.
This concise, class-tested book was refined over the authors’
30 years as instructors at MIT and the University Federal of
Minas Gerais (UFMG) in Brazil. The approach centers on the
conviction that teaching group theory along with applications
helps students to learn, understand and use it for their own
needs. Thus, the theoretical background is confined to
introductory chapters. Subsequent chapters develop new
theory alongside applications so that students can retain new
concepts, build on concepts already learned, and see
interrelations between topics. Essential problem sets between
chapters aid retention of new material and consolidate
material learned in previous chapters.
Suitable for advanced undergraduates and graduate
students, this text covers V coefficients for the octahedral
group and other symmetry groups, W coefficients, irreducible
products and their matrix elements, two-electron formulae for
the octahedral group, fractional parentage, X coefficients,
spin, and matrices of one-electron operators. 1962 edition.
Many courses dealing with the material in this text are called
"Applications of Group Theory." Emphasizing the central role
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and primary importance of symmetry in the applications,
Symmetry in Bonding and Spectra enables students to
handle applications, particularly applications to chemical
bonding and spectroscopy. It contains the essential
background in vectors and matrices for the applications,
along with concise reviews of simple molecular orbital theory,
ligand field theory, and treatments of molecular shapes, as
well as some quantum mechanics. Solved examples in the
text illustrate theory and applications or introduce special
points. Extensive problem sets cover the important methods
and applications, with the answers in the appendix.
The number of areas of chemistry in which the application of
simple group theoretical ideas is important for undergraduate
and postgraduate students has increased over recent years.
This book aims to cover the essential group theory with
emphasis on the application of theory.
A Thorough But Understandable Introduction To Molecular
Symmetry And Group Theory As Applied To Chemical
Problems! In a friendly, easy-to-understand style, this new
book invites the reader to discover by example the power of
symmetry arguments for understanding theoretical problems
in chemistry. The author shows the evolution of ideas and
demonstrates the centrality of symmetry and group theory to
a complete understanding of the theory of structure and
bonding. Plus, the book offers explicit demonstrations of the
most effective techniques for applying group theory to
chemical problems, including the tabular method of reducing
representations and the use of group-subgroup relationships
for dealing with infinite-order groups. Also Available From
Wiley: * Concepts and Models of Inorganic Chemistry, 3/E, by
Bodie E. Douglas, Darl H. McDaniel, and John J. Alexander
0-471-62978-2 * Basic Inorganic Chemistry, 3/E, by F. Albert
Cotton, Paul Gaus, and Geoffrey Wilkinson 0-471-50532-3
Winner of a 2005 CHOICE Outstanding Academic Book
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Award Molecular symmetry is an easily applied tool for
understanding and predicting many of the properties of
molecules. Traditionally, students are taught this subject
using point groups derived from the equilibrium geometry of
the molecule. Fundamentals of Molecular Symmetry shows
how to set up symmetry groups for molecules using the more
general idea of energy invariance. It is no more difficult than
using molecular geometry and one obtains molecular
symmetry groups. The book provides an introductory
description of molecular spectroscopy and quantum
mechanics as the foundation for understanding how
molecular symmetry is defined and used. The approach taken
gives a balanced account of using both point groups and
molecular symmetry groups. Usually the point group is only
useful for isolated, nonrotating molecules, executing small
amplitude vibrations, with no tunneling, in isolated electronic
states. However, for the chemical physicist or physical
chemist who wishes to go beyond these limitations, the
molecular symmetry group is almost always required.
As the structure and behavior of molecules and crystals
depend on their different symmetries, group theory becomes
an essential tool in many important areas of chemistry. It is a
quite powerful theoretical tool to predict many basic as well as
some characteristic properties of molecules. Whereas
quantum mechanics provide solutions of some chemical
problems on the basis of complicated mathematics, group
theory puts forward these solutions in a very simplified and
fascinating manner. Group theory has been successfully
applied to many chemical problems. Students and teachers of
chemical sciences have an invisible fear from this subject due
to the difficulty with the mathematical jugglery. An active sixth
dimension is required to understand the concept as well as to
apply it to solve the problems of chemistry. This book avoids
mathematical complications and presents group theory so
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that it is accessible to students as well as faculty and
researchers. Chemical Applications of Symmetry and Group
Theory discusses different applications to chemical problems
with suitable examples. The book develops the concept of
symmetry and group theory, representation of group, its
applications to I.R. and Raman spectroscopy, U.V
spectroscopy, bonding theories like molecular orbital theory,
ligand field theory, hybridization, and more. Figures are
included so that reader can visualize the symmetry, symmetry
elements, and operations.
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