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Na + 5.1eV (ionization energy) — Na" + &

e + Cl — Cl" + 3.6eV (electron affinity)

Na" + CI"'— NaCl + 7.9 eV (electrostatic energy)

The cohesive energy with respect to neutral atoms can be calculated as 7.9eV - 5.1eV
+3.6eV, i.e.

Na + Cl — NaCl + 6.4 eV (cohesive energy . )\l 4k ),
~ Na™

Cl”

Thus each Na™ ion is surrounded by 6 CI” ions and vice versa. This structure suggests that there is a
strong attractive Coulomb interaction between nearest-neighbors ions, which is responsible for the
ionic bonding.
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In the sharing arrangement, this
H achieves a stable arrangement
of 2 electrons in its outer shell.

P o

H atom H atom Hymolecule
(1 valence electron) (1 valence eleciron) A pair of elecirons

are shared between
the two H atoms
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Carbon tefrachloride

4 single covalent bond
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HMitrogen molecule

Double covalent bond

Triple covalent bond
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2.2 Properties of a Polar Molecule -

&+ Water
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Let me illustrate the appearance of the covalent bond by considering two atoms (e.g., hydrogen atoms).
which are described by orbitals y; and y;. The molecular orbital of the two atoms is a linear
combination of the two orbitals. There are only two possibilities,

W, =V, t¥, (3.15)

or

V,=¥V,=¥,. (3.16)

because symmetry considerations preclude any other linear combinations, since the distribution of
electron charge must be symmetric with respect to the two atoms.

SA AN

The molecular orbitals are sketched in Fig.4. This figure also shows the charge distribution given by

|ws|” and |y.|". It can be seen that there is a sizable contribution to the charge density in the region
between the nuclei for the symmetric orbital, while there is a zero density between the nuclei for the

antisymmetric orbital.

Fig.4

The two orbitals have different energies as is illustrated in Fig.5. which shows the energy as a function
of the interatomic distance.

u

'-!1

o
i

Lh

We see that the symmetric orbital has a minimum of energy at certain distance and has a lower energy
than antisymmetric orbital. Thus. this is a bonding orbital which leads to a stable state of the molecule.
The other orbital is called anfibonding orbital, which has a minimum of energy at infinite separation of
the atoms. This is a simple example of the covalent bonding between two atoms.

Note that spins of the two electrons which participate in bonding are antiparallel. This is a
consequence of the Pauli exclusion principle which requires the total wave function of the system of
electrons to be antisymmeteric with respect to any interchange of the coordinates of two electrons. In
the case of the bonding state the orbital wavefunction is symmetric and therefore the spin conftribution
has to be asymmetric which means that the spins are antiparallel. On the other hand, the spins are
parallel for the antibonding orbital. We see that The Pauli principle modifies the distribution of charge
depending on the spin orientation of electrons. This spin-dependent contribution to the Coulomb
energy is called exchange interaction. The simplest example of the covalent bond is a hydrogen
molecule.
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The covalent bond in solids has a strong directional properties. For example, carbon has four valence
electrons 1522532})2 and form tetrahedral bonds with nearest neighbors, resulting in the diamond type
structure. The carbon atom is positioned in the center of tetrahedron, the neighboring carbon atom:s
being at the vertices of the tetrahedron (Fig.6). Since there are four bonds joining the cenfral atom tc
its neighbors, each C atom surrounds itself by eight valence electrons, which is a stable structure
because the second shell is now completely full. Such tetrahedral coordination is also occurred for the
Siand Ge — those elements, which can be found in the fourth column of the periodic table.

C

Fig.6

To explain the tetrahedron arrangement in diamond, we note that each C atom has four electrons in the
second shell: two 2s electrons and two 2p electrons (2s72p7). The s states are spherically symmetric
whereas the p states represent charge distributions lying along x. y, and z coordinates. The energ)
difference between these states is not very big. It appears that it energetically favorable to excite one o
the s electrons to p states so that the electronic configuration becomes 2s2p”. We can now construct the
linear combinations of atomic orbitals:

v, =1/2(s+p.+p, +p.)
p,=1/2(s+p, +p,—p.)
w,=1/2(s+p,-p,-p,)

w,=1/2(s—p,—p,-p.)

(3.17)

The densities corresponding to these orbitals are oriented along the tetrahedral directions (Fig.7)
These orbitals is therefore a better representation of the electrons states that older s. p,. p,. p. orbitals
The mixing of the s and p states in Eq.(3.17) is referred to as the sp-hybridization. The particular typ¢
of hybridization in diamond is known as sp3 hybridization. The sp™ hybridization occurs also in Si anc
Ge. In Si one 3s and three 3p states hybridized to form tetrahedral bonds. In Ge the sp” hybridizatior
involves one 4s and three 4p electrons.

Concluding the discussion about ionic and covalent bonds, we note that that there is a continuou:
range of crystals between the ionic and covalent limits. In many cases it is important to estimate the
extent a given bond is ionic or covalent. There are modern theoretical approaches that allow us fc
quantify the degree on ionicity and covalence in many solids.




