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INTRODUCTIONS

Theories of molecular structure can be generally divided into classical
and quantum theories. The classical theory considers atom as a particle
in having a well-defined geometric in space, while quantum theory
attempts to explain molecular structure on the bases of the Schrodinger
equation. The oldest of these theories is the classical theory, which was
able to propose that all atoms have electron that revolves in an orbit,
having a characteristic levels and energy. Several scientists were deeply
involved in researches concerning the true picture of atom and its
elemental particles. However, there are several properties of molecules
or compounds that the classical theories cannot explain. For example,
the concept of spin angular momentum and other intrinsic properties.
Since atom consists of elementary particles whose size and dimension
are very small, then the use of quantum theories along with classical
theories provides a better objective to study molecular structure and
symmetry. This indicates that concepts such as orbital properties,
angular momentum, spin, coupling, bonding and anti-bonding molecular
orbitals and other are subjects of atomic and molecular structure.

COURSE COMPETENCIES

Atomic and molecular symmetry (CHM 307) is a three credits unit
course designed to cover the following concepts: Schrödinger equation.
Helium atom, ground and excited states, spin and Pauli principles,
hydrogen molecule, comparison of molecular orbital and Valence bond
theories; concepts of resonance and configuration of orbital for historic
molecular, Walsh rules. Rotational and vibrational bond length and
angles. Brief mention of other methods, atomic spectra, Russell
Sounder’s coupling, orbital and spin angular momentum. Use of
symmetry in chemistry. Heat capacities of solids. Theory of bonding in
hydrogen molecular ion and hydrogen atom. Rotation and vibration of
molecules. Heat capacities of crystals. This textbook arranged the topics
into six different groups, identified as studied section.

This course is aimed to bring the student to the knowledge of
fundamental aspects of atomic and molecular symmetry including
derivation of Schrodinger equation, application of Schrodinger equation
to orbitals, solving orbitals problems, particle in a one-dimensional box,
etc. Molecular spectroscopy theories are also considered including,
vibrational, rotational, electronic and rovibrational spectroscopies. The
concept of coupling, resonance and Wlsh’s rule are also considered.
Considerations and discussions are also presented for symmetry and
group theory, with special references to symmetry element, symmetry
point group, classification of point group and application of symmetry.
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The book is concluded by discussion of heat capacity of crystal solid.
Several laws associated with heat capacity are derived and explained in
study section 6. These included Dulong and Petite law, Francis Lois law
and the Einstein law.

COURSE OBJECTIVES

When you have studied this course, you should be able to:

i. Understand the Schrodinger equation, its derivation from first
principle and application in solving molecular structure problems.

ii. know how to apply the Schrödinger equation to find solution to
some problems including a particle in a one dimensional box,
hydrogen molecular ion problem, hydrogen and helium atoms
problems

iii. understand the concept of spin, angular momentum and coupling
(spin-spin coupling, Russell-Saunders coupling and JJ coupling)

iv. know the concept of molecular spectroscopic with detail
discussion of dipole requirements for spectroscopic transition
(vibrational, rotational, electronic and rovibrational
spectroscopies)

v. explain the Walsh’s rule, Walsh’s diagram and their application
vi. explain the concept of resonance

vii. explore the significant of Dulong and Petite as well as Einstein
laws in calculating the heat capacity of solid crystal

viii. bring the student to the understanding of the meaning of
symmetry, group theory, symmetry elements and their application
to molecular problems.

ix. explain the concept of bonding in molecules using hybridization,
the valence bond and molecular orbital theories

WORKING THROUGH THIS COURSE

The course is structured into five models. Modules 1 to 3 consist of two
units each while modules 4 and 5 consist of one unit each. It is necessary
that for the student to study and understand the content of all the units in
the respective modules.

You will be provided with the following materials:

1. Course Guide
2. Study Units
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STUDY UNITS

The course is divided into three modules. Each module consist of two
units as shown below

Module 1

Study Unit 1: The Schrödinger equation
Study Unit 2: Theories of bonding

Module 2

Study Unit 1: Molecular Spectroscopy
Study Unit 2: Coupling in Spectroscopy

Module 3

Study Unit 1: Symmetry and Group Theory
Study Unit 2: Heat capacity of solid Crystal

Study unit 1 (in module 1) introduces the Schrodinger equation and
derived the equation from first principle. The components of the
equation (including orbitals, wave function, Hamiltonianm) are
highlighted and discussed. The use of the Schrodinger equation in
solving some quantum chemical and structural problems are also
discussed in study section 1. Symmetric/anti-symmetric wave functions,
Pauli’s exclusion principle are also discussed in study section 1

In study unit 2 (in module 1), theories of bonding are introduced. The
valence bond theory and molecular theory are discussed in derail. The
concept of hybridization, types of hybridization and solving problems
related to hybridization are also discussed in this study section.
Hydrogen molecular ion, hydrogen and helium atoms’ problem are
solved using the Schrodinger equation.

In module 2 study unit 1, molecular spectroscopy is introduced with
special reference to vibrational, rotational, rovibration and electronic
spectroscopy. The use of simple harmonic oscillator and Hooke’s
models in explaining vibrational and rotational spectroscopy have been
deeply treated;

In study unit 2 of module 2, the concept of coupling with special
reference to spin-orbit, Russell-Sanuders and JJ coupling,
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In study unit 1 of module 3, symmetry and group theory are discussed
with special reference to symmetry group, group theory, symmetry
elements, symmetry operations and application of symmetry.

Finally, in study unit 2, heat capacity is defined. Models (Dulong and
Petite, Loius and Einstein) explaining heat capacity of solid crystal are
also discussed in detail.

REFERENCES AND FURTHER READNGS

Textbooks referred to in the development of each units are presented at
the end of the units. However, list of some General references are
presented below:

Allinger, N. L (2010). Molecular structure: Understanding steric and
electronic effects from molecular mechanics. John Willey and Son, USA
Aruldhas (2007). Molecular structure and spectroscopy. Prentice Ha;; of
India

Atkins, P. and De Paula, J. (2010). Atkins’Physical chemistry. 9th

Edition. Oxford University Press. UK.

Banwell, C. N. (1983), Fundamental of molecular spectroscopy,
McGraw-Hill International. UK

Demaison, J., Boggs, J. E. and Csaazar, A. G. (2010). Equilibrium
molecular structures. CRC press. Taylor and Francis group, UK

Dhaduk, B. (2019). A textbook of physical Chemistry. Lambert
Publishing, UK

Engel T. and  Reid, P. (2005). Physical chemistry. Pearson Cummings.
San Francisco. New York.

Hofmann, A. (2018). Physical Chemistry essentials. Springer
International Publishing. Switzerland

Job, G. and Ruffler R. (2019). Physical chemistry from different angle.
Springer International Publishing. Switzerland.

Lagana, A and Parker, G. A. (2018). Chemical reactions. Springer
International Publishing. Switzerland

Monk, P. (2004). Physical chemistry: Understanding the Chemical
World. John Wiley and Sons Ltd. England.
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Struve, W. S. (1989). Fundamental of molecular spectroscopy.  John
Willey and Sons. New York

Struvel, W. S. (1987), Fundamental of molecular spectroscopy Springer
International Publishing. Switzerland

Tamvakis, K. (2019). Basic quantum mechanics. Springer International
Publishing. Switzerland AG

Telxeira-Dias, J. J. C. (2017). Molecular physical chemistry. Springer
International Publishing, Switzerland.

PRESENTATION SCHEDULE

This course is presented in three different modules. Each module
consists of two study units. Each module begins with introduction, study
outcomes and main content. Within the main content, fundamental facts
are presented along with inline worked examples and answers. Each unit
ends with summary, conclusion, bibliography, self assessment
questions/answers and activity for student to test their comprehension.

ASSESSMENT

There are two aspects of assessment for this course: the tutor-marked
assignment (TMA) and end of course examination. The TMAs shall
constitute the continuous assessment component of the course. They will
be marked by the tutor and equally account for 30 % of the total course
score. Each learner shall be examined in four TMAs before the end of
course examination. The end of course examination shall constitute 70%
of the total course score.

HOW TO GET THE MOST FROM THE COURSE

Student are expected to comprehends best information out of this course
through careful study of each units. It is recommended that student
should test their ability to answer questions that follow each unit as well
as questions in reference materials related to this course.
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MODULE 1

UNIT 1 THE SCHRODINGER EQUATION

1.0 Introduction
2.0 Intended Learning Outcome for Study Section 1
3.0 Main Content

3.1 The time independent Schrödinger equation
3.1.1 The wave function
3.1.2 The Operator
3.1.3 Schrödinger equation and orbital

3.2 Orthogonality
3.3 Solution of the Schrödinger Equation for a One Electron

System
3.4 A Particle in a One-dimension Box
3.5 Symmetric/Antisymmetric Wave Functions
3.6 Pauli’s Exclusion Principles

4.0 (i) Self Assessment Exercise and Answers
(ii) Class Activity

5.0 Conclusion
6.0 Summary
7.0 References/Further Readings

1.0 INTRODUCTION

Atom consists of proton, electron and neutron. The proton is positively
charged and is about 1836 times heavier than the negatively charged
electron. Neutron, which was discovered in 1932 has no charge and is
slightly heavier than the proton. The first set of investigation on the
structure of atom started between 1908 and 1913, when Rutherford,
Hans Geiger and Ernest Marsden repeatedly passed a beam of alpha
particle through a thin metal foil in the Physical Laboratories of the
University of Manchester and observed the deflection of the particle
through a fluorescence screen. In their experiment, they discovered that
most of the alpha particle passed through the foil undeflected, few were
strongly deflected and others were deflected backward. From the
findings of their experiment, they noted that such large deflection is
possible if the positive charge was concentrated in a tiny heavy nucleus
and concluded that every atom contains a nucleus where its positive
charge and most of its mass are concentrated. In 1904, J. J. Thompson
had suggested that the positive charges were spread throughout the atom
but Rutherford and co-workers refuted this fact on the grounds that if it
were so, then once the high energy atom penetrates the atoms, the
repulsive forces would have fallen off and eventually become zero.
Nowadays, it is known that atom contain Z number of proton and
number of Z electrons (where Z is the atomic number). The mass of the


