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CHAPTER 1

Atomic Bonding

1.1 INTRODUCTION

A covalent bond is formed by the sharing of electrons, and it is possible to regard the sharing
of two electrons by two atoms for constituting a chemical bond. Atoms can share one, two
or three electrons thereby forming single, double and triple bonds.

A hydrogen atom consists of a nucleus (a proton) and an electron. It is not possible
accurately to determine the position of the electron, but it is possible to calculate the probability
of finding the electron at any point around the nucleus. Within a hydrogen atom the probability
of distribution of electrons is spherical around the nucleus and it is possible to draw a
spherical boundary surface, inside which there is a 95% possibility of finding the electron.
The electron has a fixed energy and a fixed spatial distribution called an orbital.

The electron have the same spatial distribution and energy (i.e., they occupy the same
orbital), but they differ in their spin as per Pauli’s exclusion principle. In general, electrons
in atomic nuclei occupy orbitals of fixed energy and spatial distribution, and each orbital
only contains a maximum of two electrons with anti-parallel spins. The wave equation
predicts discrete solutions in one dimension, the equation determines the energy and defines
the spatial distribution of each electron. Solutions of the wave equations in three dimensions
allow calculation of the shape of each orbital. The first-five solutions of the wave equation
for an electron associated with a proton can be shown in the figure below:
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Fig. 1.1
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1.2 VALENCE BOND THEORY

Valence Bond Theory is an extension of Lewis concept of covalent bond formation or electron
pair formation by the mutual sharing of electrons between the two atoms. According to the
rules for Lewis structures; normally two electrons pair up to form each bond; maximum eight
electrons in the valence shell can be accommodated but for elements with d orbitals, the
valence shell can be expanded beyond an octet. But unfortunately the concept of Lewis could
not explain the nature of forces between two covalently linked atoms. In the year 1927,
W. Heitler and F. London, gave their generalization in the form of VBT and proposed a
quantum mechanical treatment of the H

2
 molecule. This concept was later extended by Linus

Pauling and J.C. Slater.
The basis of the theory is the pairing and neutralization of opposed electron spins.

When two atoms are brought close to each other, there is change in the energy of the system
due to rearrangement of electron density or electron cloud of one atom under the influence
of another atom.

The valence bond theory is explained by taking the illustration of hydrogen molecule
formation. Heitler and London calculated the energy of two interacting hydrogen atoms
during the formation of covalent H

2
 molecule.

When the two hydrogen atoms are far apart means there is no interaction between
them, the wave function for the system of two atoms is

Ψ = Ψ
A
(1) Ψ

B
(2)

where A and B = Two atoms

(1) and (2) = Two electrons.
When the two hydrogen atoms, each is with 1s electron, are brought close together to

form a molecule, they will effect other depending on the spinning of their electrons. Now,
there are two cases: When the spinning of electrons of two approaching hydrogen atoms are

in the same direction and when the spinning of two electrons of two hydrogen atoms are in

the opposite direction. We are discussing both the cases one-by-one.

Case I: When the two hydrogen atoms, approaching each other to form hydrogen

molecule, have their electron spins in the same direction, i.e.,

H (↑) – H (↑)
There will be repulsive interaction between the two electrons of two H-atoms of like

spin [as shown by curve (a) of Fig. 1.2] and the energy of the system is more as compared
to that before the interaction.

Case II: When the two hydrogen atoms have their electron spins in the opposite

direction i.e.,

H (↑) – H (↓)
There  is net attraction in the system, as shown by curve (b) of Fig. 1.2.

Explanation of the Curves in Fig. 1.2
At A, two hydrogen atoms are far apart. It represents the larger value of internuclear
distance corresponding to the two isolated atoms. By convention, energy at this point can be
taken as zero and the stable system is supposed to have negative value of energy.
At X, (r > r

0
), the two isolated atoms, each is with an electron in 1s orbital, are now

approaching each other to get overlapped and to form bond.



Atomic Bonding 5

The energy decreases as the internuclear distance decreases [Note the potential energy
of the system is directly proportional to internuclear distance].

At B (r = r
0
), the two half-filled 1s orbitals of two hydrogen atoms are overlapped. The

energy corresponding to this state is called bond energy and this stage is the minimum
energy stage of the system and corresponding internuclear distance (r

0
) is called bond

length.

Beyond this point further overlapping is not possible since the two positive nuclei of
two atoms are apart by a certain equilibrium distance required for the stabilization of
overlapping effect by the repulsive effect between two atoms.

Below B (r < r
0
), the condition when the two atoms are further brought close to each

other (at r < r
0
), repulsive force predominates, since the space between the two nuclei

becomes too little to accommodate the electron density significantly, in addition, nuclear
repulsion is enhanced resulting in steep rise in energy curve.
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Fig. 1.2. Energy changes during H2 molecule formation

1.3 MOLECULAR ORBITAL THEORY (MOT)

Molecular orbital theory is a second approach to bonding in molecules. It is based on the
assumption that a molecule is made up of atoms, and electrons in atoms occupying same
orbitals. Within the molecule, atoms are held together by bonds. A bond is formed by the
overlapping of atomic orbitals of two atoms resulting in the formation of a new orbital called
molecular orbital in which electrons and nuclei of both the orbitals are accommodated and
electrons which were previously present in the atomic orbitals are now in molecular orbital
and move freely throughout the entire space of molecular orbital under the influence of both
the nuclei. As a result of electrostatic attraction between electron and positive nuclei, a bond
is formed which stabilizes the molecule relative to the isolated atoms. The overlapping of
atomic orbitals and formation of molecular orbital can be explained by the method of “Linear
Combination of Atomic Orbitals (LCAO)”. The LCAO method is based on the assumption that
a molecular orbital, represented by wave function ψ, is a linear combination of atomic orbitals,
of atoms X and Y represented by Φ

x
 and Φ

y
, i.e.,

Ψ = Φ
x 

+ Φ
y

Usually atomic orbitals of atoms having comparable energy and same symmetry about
the bond axis, undergo linear combination to form molecular orbital.
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The energy and shape of occupied MOs are given by the set of quantum numbers which
are associated with molecular orbital wave function (Ψ), and the electrons in MOs are filled
in the same way as they are filled in AOs, following the Hund’s rule, Aufbau principle and
Pauli’s exclusion principle.
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Fig. 1.3. Formation of BMO

According to ‘Quantum Mechanics’ linear combination of two functions gives two
combinations, therefore, linear combination of two atomic orbitals gives two molecular orbitals;
bonding molecular orbitals (BMO) and antibonding molecular orbitals (ABMO), or

Number of Atomic Orbitals = Number of Molecular Orbitals

The bonding molecular orbital (BMO) results from additive overlap of atomic orbitals
and are associated with rather less energy as compared to that of separated atoms or atomic
orbitals, while, antibonding molecular orbital (ABMO) results from substractive overlap of
atomic orbitals and are associated with more energy as compared to individual atomic orbitals.

Ψ+ = Φx + Φy, Additive overlap (Energetically favourable)
(BMO)

Ψ– = Φ
x 

– Φ
y
, Subtractive overlap (Energetically unfavourable)

(ABMO)

1.3.1 Formation of Bonding Molecular Orbital
(Additive Overlapping of Two Atomic Orbitals)

Two orbitals are added to give BMO:
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Fig. 1.4. Formation of BMO

In the case of p-orbitals, overlapping occurs between positive lobes of p-orbitals.
In a BMO, the electron density is concentrated in the region between the two nuclei and

thus shields the repulsive influence of one nuclei over the other. The increase in electrostatic
attraction lowers the energy of the system.
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(a) Formation of BMO by px orbitals




