group theory in chemistry

**Understanding Group Theory in Chemistry: Unlocking Molecular Symmetry**

Group theory in chemistry serves as a powerful mathematical framework that helps scientists decode the
symmetry inherent in molecules. It might sound complex at first, but once you dive into the subject, you'll
see how it beautifully explains molecular behavior, shapes, and interactions in a way that’s both elegant and
practical. Whether you’re a student struggling with vibrational spectroscopy or a research chemist
investigating molecular orbitals, grasping group theory can dramatically enhance your understanding of

chemical phenomena.

What is Group Theory in Chemistry?

At its core, group theory is a branch of mathematics that deals with symmetry through the concept of
groups—sets of elements combined with an operation that satisfies certain rules. In chemistry, these groups
represent symmetry operations like rotations, reflections, or inversions that leave a molecule looking the
same. This approach allows chemists to classify molecules based on their symmetry properties, which

directly influences their physical and chemical characteristics.

The Role of Symmetry Operations and Elements

Symmetry operations are movements that place a molecule into an indistinguishable configuration from its

original position. Some common symmetry operations include:

- **dentity (E)** The simplest operation where the molecule remains unchanged.
- **Rotation (Cn):** Rotation by 360°/n around an axis.

- **Reflection (0)** Mirroring through a plane.

- *[nversion (i)** Inverting all points through a central point.

- **Improper rotation (Sn):** Rotation followed by reflection.

Each molecule possesses a unique set of these operations, collectively called a *point group*. Identifying a

molecule’s point group is the first step in applying group theory in chemistry.

Why Group Theory Matters in Chemistry

Understanding the symmetry of molecules through group theory has practical implications that reach far



beyond abstract mathematics. It plays a crucial role in various fields of chemistry, including spectroscopy,

quantum chemistry, and crystallography.

Predicting Molecular Vibrations and IR Spectra

One of the most common applications of group theory is analyzing vibrational modes in molecules. Every
molecule vibrates in specific ways—stretching, bending, twisting—and these vibrations can be detected
using infrared (IR) or Raman spectroscopy. By applying group theory, chemists can determine which

vibrational modes are IR or Raman active, meaning which will show up in the spectra.

This predictive power saves time and effort in experimental work and helps in interpreting complex
spectral data. For instance, water (H,O) belongs to the C2v point group, and group theory explains why

certain vibrational modes are observed in its IR spectrum.

Understanding Molecular Orbitals and Chemical Bonding

Group theory also sheds light on molecular orbital formation. When atoms come together to form
molecules, their atomic orbitals combine to form molecular orbitals. The symmetry properties of these
orbitals must conform to the overall molecular symmetry. By classifying orbitals according to irreducible
representations of the point group, chemists can predict bonding patterns, energy levels, and even

reactivity.

This symmetry-based approach is essential in computational chemistry and molecular orbital theory,

facilitating the design of molecules with desired properties.

How to Determine a Molecule’s Point Group

Identifying the point group is a fundamental skill in applying group theory in chemistry. While it may

seem daunting, following a systematic approach can make the process manageable.

Step-by-Step Guide

1. **Look for Symmetry Elements:** Examine the molecule for symmetry elements such as axes of
rotation, mirror planes, and centers of inversion.
2. **Identify the Highest-Order Rotation Axis (Cn):** This is usually the axis with the largest value of n.

3. **Check for Perpendicular C2 Axes:** Determine if there are any two-fold axes perpendicular to the



principal axis.

4. **Search for Mirror Planes (0):** Identify vertical (ov), horizontal (ch), or dihedral (od) planes.

5. **Assess the Presence of an Inversion Center (i):** Check if the molecule is centrosymmetric.

6. **Use a Point Group Flowchart or Table:** Based on the symmetry elements found, use established

flowcharts to assign the point group.

Mastering this procedure will significantly enhance your ability to apply group theory in various chemical

contexts.

Group Theory and Spectroscopy: A Dynamic Duo

Spectroscopy techniques—like UV-Vis, IR, and Raman—are essential tools for chemists, and group theory

acts as a guiding light in interpreting their results.

Infrared and Raman Spectroscopy

Group theory predicts which molecular vibrations will be active in IR or Raman spectra. For example,
vibrations that cause a change in the dipole moment are IR active, while those changing polarizability are

Raman active. These selection rules derive directly from the symmetry properties of vibrational modes.
This knowledge enables chemists to:
- Identify functional groups.

- Understand molecular dynamics.

- Validate molecular structures.

Electronic Spectroscopy and Selection Rules

In electronic spectroscopy, group theory helps determine allowed electronic transitions. The symmetry of
electronic states dictates whether an electron can jump from one energy level to another under the
influence of electromagnetic radiation. This insight is fundamental in photochemistry and the design of

light-sensitive materials.

Advanced Applications of Group Theory in Chemistry

Beyond basic molecular symmetry, group theory finds applications in cutting-edge areas of chemistry,



expanding its significance.

Crystallography and Solid-State Chemistry

In crystallography, group theory assists in classifying space groups—symmetry groups that include
translational symmetry in addition to point group operations. This classification is vital for understanding

crystal structures and properties, such as electronic band structures in solids.

Chirality and Optical Activity

Group theory helps distinguish chiral molecules, which lack improper rotation axes (Sn), from achiral ones.
Since chirality profoundly affects biological activity and drug design, group theory becomes a critical tool in

pharmaceutical chemistry.

Catalysis and Reaction Mechanisms

Symmetry considerations, facilitated by group theory, guide the understanding of reaction pathways,
especially in pericyclic reactions. The Woodward-Hoffmann rules, which predict reaction outcomes based

on orbital symmetry, are a direct application of group theory principles.

Tips for Learning and Applying Group Theory in Chemistry

If you’re new to group theory, here are some practical tips to make the learning curve smoother:

- ¥*Visualize Molecules:** Use molecular models to see symmetry elements clearly.

- **Practice with Common Molecules:** Start with simple molecules like water (C2v), methane (Td), and
benzene (D6h).

- ¥Use Character Tables:** These tables summarize the symmetry properties and help in assigning
irreducible representations.

- ¥Connect with Spectroscopy:** Relate group theory concepts to IR and Raman spectra for practical
understanding.

- ¥Explore Software Tools:** Programs like GaussView or Symmetry@Otterbein can help identify point

groups and visualize symmetry operations.

By integrating these strategies, group theory in chemistry becomes not just a theoretical exercise but a

practical tool for scientific discovery.



Group theory, with its elegant blend of mathematics and chemistry, opens up a new dimension in
understanding molecules. It transforms the way we perceive molecular structure, spectra, and reactivity,
making complex chemical behavior accessible and predictable. Whether you are delving into vibrational
analyses or exploring molecular orbitals, mastering group theory enriches your chemical insight and

empowers your research.

Frequently Asked Questions

‘What is the role of group theory in chemistry?

Group theory helps chemists understand the symmetry properties of molecules, predict molecular

vibrations, electronic transitions, and chemical reactions by analyzing symmetry elements and operations.

How does group theory simplify molecular orbital calculations?

Group theory classifies molecular orbitals according to symmetry, allowing chemists to reduce complex
calculations by working within symmetry-adapted subspaces, thereby simplifying quantum chemical

computations.

What are point groups and why are they important in chemical group
theory?

Point groups categorize molecules based on their symmetry elements, such as rotation axes and mirror

planes. Identifying a molecule's point group is crucial for applying group theory to analyze its properties.

How is group theory used to determine vibrational modes in molecules?

Group theory predicts the number and types of vibrational modes by analyzing the molecule's symmetry,

helping to identify which vibrations are infrared or Raman active.

Can group theory predict whether a molecule is chiral?

Yes, group theory helps identify chirality by examining the symmetry elements present. Molecules

lacking improper rotation axes (Sn) and mirror planes are generally chiral.

What is the significance of character tables in group theory for
chemistry?

Character tables summarize the symmetry properties of point groups, listing irreducible representations

and their characters, which are essential tools for applying group theory to molecular problems.



How does group theory assist in understanding electronic spectroscopy of

molecules?

Group theory predicts allowed and forbidden electronic transitions by analyzing the symmetry of initial

and final electronic states, helping interpret UV-Vis and other spectroscopic data.

Additional Resources

Group Theory in Chemistry: Unlocking Molecular Symmetry and Spectroscopy

Group theory in chemistry serves as a powerful mathematical framework that elucidates the symmetrical
properties of molecules and their implications on chemical behavior. This interdisciplinary approach, rooted
in abstract algebra, provides chemists with tools to analyze molecular vibrations, electronic transitions, and
bonding characteristics systematically. By applying group theory, researchers can predict molecular spectra,

understand reaction mechanisms, and simplify complex quantum chemical calculations.

At its core, group theory in chemistry revolves around symmetry operations and elements that
characterize molecules. These include rotations, reflections, inversions, and improper rotations, which
collectively form mathematical groups known as point groups. Each molecule can be assigned to a specific
point group based on its symmetry elements, and this classification unlocks a wealth of information about its
physical and chemical properties. The integration of group theory into chemical analysis enhances

predictive accuracy and streamlines experimental interpretation.

The Foundations of Group Theory in Molecular Chemistry

Group theory originates from mathematics, specifically from the study of groups—sets equipped with
operations that satisfy closure, associativity, identity, and invertibility. In chemistry, these abstract concepts
are translated into symmetry operations that leave a molecule indistinguishable from its original

configuration. Understanding these symmetry operations is critical to applying group theory effectively.

Symmetry Elements and Operations

Molecules possess various symmetry elements, such as:

o Identity (E): The trivial operation leaving the molecule unchanged.

* Rotation Axis (Cn): Rotation by 360°/n about an axis.



e Mirror Plane (o): Reflection across a plane.
e Inversion Center (i): Inversion through a central point.

o Improper Rotation Axis (Sn): Rotation followed by reflection.

Each of these operations, when applied to a molecule, maps it onto itself or an indistinguishable

configuration, defining the molecule’s symmetry group.

Point Groups and Their Importance

Assigning a molecule to its point group is a pivotal step in symmetry analysis. Point groups categorize
molecules based on their symmetry elements, ranging from highly symmetric groups like Td (tetrahedral)
and Oh (octahedral) to low-symmetry groups like C1 (no symmetry except identity). This classification

directly influences the molecule’s spectroscopic behavior and chemical reactivity.

For instance, water (H20) belongs to the C2v point group, which includes a twofold rotation axis and two
mirror planes. In contrast, methane (CH4) is a member of the Td group, exhibiting higher symmetry. Such

distinctions have tangible consequences on vibrational modes and electronic transitions.

Applications of Group Theory in Chemistry

The utility of group theory extends across various domains within chemistry, notably in spectroscopy,

molecular orbital theory, and crystallography.

Vibrational Spectroscopy and Normal Modes

Group theory provides a systematic method to determine the number and types of vibrational modes in
molecules. Each normal mode transforms according to an irreducible representation of the molecule’s point
group. By constructing character tables, chemists can predict which vibrational modes are infrared or

Raman active.

For example, the character table for the C2v point group helps identify that water has three fundamental
vibrational modes: symmetric stretch, asymmetric stretch, and bending. Group theory predicts their

activity in IR and Raman spectra, aiding experimentalists in spectral interpretation.



Molecular Orbital (MO) Theory Enhancement

In molecular orbital theory, group theory assists in constructing symmetry-adapted linear combinations
(SALCs) of atomic orbitals. These SALCs form molecular orbitals that comply with the symmetry of the

molecule, simplifying quantum mechanical calculations.

By exploiting symmetry, the Hamiltonian matrix becomes block-diagonalized, reducing computational
complexity. For instance, in benzene (D6h point group), group theory clarifies the degeneracy of ©
molecular orbitals and explains their energy levels, which is crucial for understanding aromaticity and

reactivity.

Selection Rules in Electronic Spectroscopy

Electronic transitions in molecules obey specific selection rules derived from symmetry considerations.
Group theory determines whether an electronic transition is allowed or forbidden by analyzing the direct

product of initial and final state representations with the representation of the transition moment operator.
This approach explains phenomena such as the lack of absorption in certain ultraviolet-visible (UV-Vis)
transitions and the intensity variations in electronic spectra. For example, in octahedral complexes (Oh

symmetry), group theory rationalizes the spin-allowed and spin-forbidden transitions observed in d-d

electronic spectra.

Comparative Advantages of Group Theory in Chemical Research

Integrating group theory into chemical investigations offers several advantages:
¢ Predictive Power: Enables anticipation of spectral features and molecular behavior without
exhaustive experimentation.

e Computational Efficiency: Simplifies quantum chemical calculations by exploiting symmetry,

reducing computational time and resources.

e Structural Insight: Provides deeper understanding of molecular geometry and bonding patterns

through symmetry constraints.

¢ Universal Applicability: Relevant across organic, inorganic, physical, and materials chemistry.



However, it is essential to recognize certain limitations. Group theory assumes idealized symmetry, which
may not hold perfectly in real molecules due to distortions or dynamic effects. Additionally, it requires

foundational knowledge of abstract algebra, which may present a steep learning curve for some chemists.

Group Theory vs. Computational Methods

‘While advanced computational chemistry software can simulate molecular properties without explicit
symmetry considerations, incorporating group theory remains valuable. It provides qualitative
understanding and guides computational setups, such as defining symmetry constraints to improve

convergence and accuracy.

In comparison, purely numerical methods may overlook symmetry-based degeneracies or selection rules,
leading to misinterpretation of results. Consequently, group theory complements digital approaches,

blending mathematical rigor with computational power.

Emerging Trends and Future Directions

Recent advancements in spectroscopy and computational chemistry continue to leverage group theory in
novel ways. For example, time-resolved spectroscopic techniques exploit symmetry to track dynamic
changes in molecular structures. Additionally, the rise of machine learning algorithms in chemistry often

incorporates symmetry-based descriptors derived from group theory for improved model training.

Moreover, the exploration of chiral molecules and their optical activity benefits from group theoretical
analysis, particularly in understanding enantiomeric excess and circular dichroism spectra. As chemical
systems grow in complexity, group theory remains an indispensable tool for dissecting and interpreting

molecular symmetry and its consequences.

The interplay between group theory and chemistry exemplifies the fusion of abstract mathematics with
empirical science, fostering a deeper comprehension of molecular phenomena. As research advances, the
continued integration of group theoretical principles will undoubtedly refine our understanding of

chemical systems, driving innovation in spectroscopy, catalysis, and materials design.
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group theory in chemistry: GROUP THEORY AND ITS APPLICATIONS IN CHEMISTRY,
SECOND EDITION KUN]JU, A. SALAHUDDIN, KRISHNAN, G., 2015-08-31 This book, divided into
two parts, now in its second edition, presents the basic principles of group theory and their
applications in chemical theories. While retaining the thorough coverage of the previous edition, the
book in Part I, discusses the symmetry elements, point groups and construction of character tables
for different point groups. In Part II, it describes the concept of hybridization to explain the shapes
of molecules and analyzes the character tables to predict infrared and Raman active vibrational
modes of molecules. It also brings into fore the molecular orbital theory and the techniques of group
theory to interpret bonding in transition metal complexes and their electronic spectra. Finally, the
book describes the crystal symmetry in detail as well as the Woodward-Hoffmann rules to determine
the pathways of electrocyclic and cycloaddition reactions. NEW TO THE SECOND EDITION ¢ New
sections on Direct Product, Group-sub-group Relationships, Effect of Descent in Octahedral
Symmetry on Degeneracy, Jahn-Teller Distortion, Group-sub-group Relationships and Electronic
Spectra of Complexes and Influence of Coordination on the Infrared Spectra of Oxoanionic Ligands,
Space Groups * Revised sections on Projection Operator, SALC Molecular Orbitals of Benzene and
n-Molecular Orbitals of 1, 3-Butadiene KEY FEATURES ¢ Provides mathematical foundations to
understand group theory. ¢ Includes several examples to illustrate applications of group theory. *
Presents chapter-end exercises to help the students check their understanding of the subject matter.
The book is designed for the senior undergraduate students and postgraduate students of
Chemistry. It will also be of immense use to the researchers in the fields where group theory is
applied.

group theory in chemistry: Group Theory and Symmetry in Chemistry Lowell H. Hall,
1969

group theory in chemistry: Chemical Applications of Group Theory F. Albert Cotton,
1991-01-16 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.

group theory in chemistry: Group theory and Symmetry in Chemistry Gurdeep Raj; Ajay
Bhagi; Vinod Jain,

group theory in chemistry: Symmetry and Group theory in Chemistry M Ladd, 1998-09-01
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
space-group symmetries - Includes tutorial solutions

group theory in chemistry: 101 Group Theory for Chemists Christoph Sontag, 2018-12-23
This booklet is a practical guide to apply the concepts of group theory to problems in chemistry -
such as MO theory, spectroscopy and crystallography. The reader should learn by studying in brief
the different concepts and test himself by answering practical problems.

group theory in chemistry: Symmetry (Group Theory) and Mathematical Treatment in
Chemistry Takashiro Akitsu, 2018-07-18 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.

group theory in chemistry: Group Theory and Chemistry David M. Bishop, 2012-07-12
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.

group theory in chemistry: Group Theory Applied to Chemistry Arnout Jozef Ceulemans,
2024-04-04 The second edition of this textbook provides a more elaborate explanation of several
important group-theoretical concepts in quantum chemistry, such as: the bra-ket conjugation
relation, the connection between point groups and isometries, the practical use of subduction tables,
the eigenvalues of Cayley graphs, and the symmetry of Slater determinants. A new chapter
introduces the application of line and plane groups to the properties of nanostructured
low-dimensional molecular systems. In addition, several extra study problems are inserted to
illustrate group theory at work in molecular science. The book is of great interest to advanced
undergraduate and graduate students, enabling them to put the tools of group theory into practice
when studying chemical problems of their own research. More experienced researchers will find in
this book useful leads to the mathematical aspects of their subject.

group theory in chemistry: Molecular Symmetry and Group Theory Alan Vincent,
2013-06-05 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.

group theory in chemistry: Chemical Applications of Symmetry and Group Theory Rakshit
Ameta, Suresh C. Ameta, 2016-11-03 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 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.

group theory in chemistry: Symmetry R. McWeeny, 2002-01-01 This well-organized volume
develops the elementary ideas of both group theory and representation theory in a progressive and
thorough fashion. Designed to allow students to focus on any of the main fields of application, it is
geared toward advanced undergraduate and graduate physics and chemistry students. 1963 edition.
Appendices.

group theory in chemistry: Introduction to Symmetry and Group Theory for Chemists Arthur
M. Lesk, 2004-07-14 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 into the subject,
I shall be grati?ed.

group theory in chemistry: Applied Group Theory George H. Duffey, 2015-02-18 This text
introduces advanced undergraduates and graduate students to key applications of group theory.
Topics include the nature of symmetry operations; applications to vibrating systems, continuum
mechanics, and quantum structures; permutation, continuous, and rotation groups; and physical Lie
algebras. Each chapter concludes with a concise review, discussion questions, problems, and
references. 1992 edition.

group theory in chemistry: Symmetry and Structure Sidney F. A. Kettle, 1995-11-09 This
introductory text provides chemical students with an accessible explanation of group theory. This
will help them to understand the geometric structures of molecules, from which can be established
information about electronic structure and bonding.

group theory in chemistry: Molecular Symmetry and Group Theory Robert L. Carter,
1997-12-16 A thorough introduction to molecular symmetry and group theory as applied to chemical
problems. Readers will discover by example the power of symmetry arguments in understanding
otherwise intimidating theoretical problems in chemistry. This book demonstrates the centrality of
symmetry and group theory to a complete understanding of the theory of structure and bonding.

group theory in chemistry: Group Theory and Quantum Mechanics Michael Tinkham,
2003-12-17 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, solids. 1964 edition.

group theory in chemistry: Symmetry and Spectroscopy of Molecules K. Veera Reddy,
2007

group theory in chemistry: Group Theory and Its Applications Prasanta Kumar Patra, Ram
Kumar Thapa, 2018-04-30 Explains in detail how to determine symmetry operations and symmetry
elements of different molecules and then goes on to present how to determine the character tables
of different groups with examples illustrating the procedure in full detail. Group theory is an
abstract mathematical tool that underlies the study of symmetry and invariance. By using the
concepts of symmetry and group theory, it is possible to obtain the members of complete set of
known basis functions of the various irreducible representations of the group. In practice this is
achieved by applying the projection operators to the linear combinations of atomic orbital (LCAO)
when the valence electrons are tightly bound to the ions, to orthogonalized plane waves (OPW) when
valence electrons are nearly free and to the other given functions that are suitable to a particular
system under consideration. In solid state physics, the group theory is indispensable in the context
of finding the energy bands of electrons in solids. It can also be applied to electron emission
spectroscopy to derive basis functions by projection operator method to calculate currents like in
photoemission or photofield emissions. Group theory has many applications in physics and
chemistry, for example, this is used to classify crystal structures, the symmetry of molecules and to
determine physical properties such as polarity, spectroscopic properties useful for Raman
spectroscopy and infrared spectroscopy and to construct molecular orbitals. This book has been
written for physicists at an introductory level, keeping in view that a beginner will be able to
understand the concepts relevant to the treatment of problems in physics.

group theory in chemistry: Group Theory of Chemical Elements Abram I. Fet, 2016-09-12 In
this monograph, group-theoretical approaches are used to build a system of hadrons and




qualitatively describe the properties of chemical compounds. This serves as a complement to
numerically and approximately solve the many-electron Schrodinger equation, in order to
understand the behavior of chemical elements. Besides general theory, specific results are compared
with experimentally measured chemical properties. Content: Symmetries of a quantum system
Observables of a quantum system Lie groups and Lie algebras The principles of particle
classification The symmetry group of chemical elements Classification and chemical properties of
elements Appendix A. Fock’s energy spectrum of the hydrogen atom Appendix B. Representations of
some groups
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