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2.8 POLARITY OF BONDS

Covalent bonds are of two types:
(i) Non-polar covalent bond. (ii) Polar covalent bond.

(i) Non-polar covalent bond: In the non-polar covalent bonds, the two atoms have equal electro-
negativity, i.e., equally attract the pair of shared electrons.

Thus, the electron pair is shared equally between two atoms, e.g., the covalent bond in H, and Cl, is
non-polar. As a result, the molecule is neutral or non-polar.

H:H :Cl:Cl:
Hydrogen Chlorine
molecule molecule

(ii) Polar covalent bond: In the case of polar covalent bonds, the two atoms have unequal electrone-
gativities or the electron pair is shared unequally. For example, in HCI, the electron pair is more attracted
or displaced towards chlorine, as it is more electronegative than hydrogen. Due to this, chlorine end of
the molecule appears negative and the hydrogen end appears positive. Such molecules having the oppo-
sitely charged poles are called polar molecules and the bond is said to be a polar covalent bond.

Displaced to Cl atom

. d—>3 5+ O
H :Cl: —> H--Cl or H : Cl:

Similarly, BrCl molecule is a polar molecule, as chlorine is more electronegative than bromine. The
shared electron pair is more attracted towards chlorine than towards bromine. As a result, the chlorine
end of the molecule is negative and the bromine end is positive.

If there is a single bond in a molecule, the molecular dipole moment is the same as that of the indi-
vidual bond, e.g., molecular dipole moment of HCl is the same as that of single HCI bond, i.e., 1.03 D.
In case of the molecule having more than one polar bond, the molecular dipole moment is not measured
by the values of individual bonds but by the arrangement of the polar bonds in space.
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2.8.1 Polar Character of Covalent Bond

When a covalent bond is formed between two dissimilar atoms, one of which has larger value of
electronegativity and the bonding pair of electrons is displaced towards the more electronegative atom.
In other words, electron cloud containing the bonding electrons gets distorted and the charge density
gets concentrated around the more electronegative atom and it acquires a partial negative charge
(indicated by &), where as less electronegative atom acquires a partial positive charge (indicated as §).
Such a bond is called a polar covalent bond and it develops a partial ionic character. It is represented by
an arrow pointing towards the more electronegative atom as shown in the case of hydrochloric acid
§—>d
Cl

H
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Whereas the covalent bond between two similar atoms is called non-polar covalent bond, as the shared
pair of electrons lies midway between the nuclei of two atoms (Fig. 2.12).

+6 -0
or A-A » or A—A

Symmetrical Non-polar Distorted Polar
Electron Bond Covalent Bond Electron Bond Covalent Bond

Figure 2.12 Polarity of covalent bond

The extent of ionic character in a covalent bond depends upon the difference of electronegativities
of the atoms forming a covalent bond. A bond is considered to be ionic if it has more than 50% ionic
character. If the difference in electronegative values of the two bonded atoms is more than 2, it is primarily
ionic. The difference of about 1.17 gives 50% ionic character.

2.9 DIPOLE MOMENT

The degree of polarity developed in polar molecule is expressed in terms of dipole moment.
Dipole moment may be defined as the product of the magnitude of charge on either atom and the
distance between the centres of the nuclei of boding atoms forming a polar covalent bond.
Dipole moment is represented by Greek letter ¢ and is expressed as:
Dipole moment,=ex d (2.21)

where e is the charge on either atom and d is the distance between them.

2.9.1 Unit of Dipole Moment

Since charge is of the order of 107'? esu and distance is of the order of 107 cm, dipole moment is of the
order of 10" esu-cm and this unit is known as Debye unit (D), i.e.
1 D=10"esu-cm
In S.I. system, the unit of dipole moment is coulomb metre, C-m.
1 D=3.336x107""C-m.

Dipole moment is a vector quantity and can be determined experimentally. It can be represented by an

arrow pointing towards negative charge with a small tail at the positive charge, e.g.,
5+

S—
H—F or H—F

2.9.2 Dipole Moment and Molecular Structure

(i) Diatomic molecules: Dipole moment is a vector quantity, i.e., it has magnitude as well as
direction. As a polar diatomic molecule has only one polar bond, the dipole moment of that
molecule is equal to the dipole moment of the polar bond. Thus, the greater the electronegativity
difference between the bonded atoms is, the greater is the dipole moment. For example, the
dipole moments of hydrogen halides are in the order:

H-F > H-CI > H-Br H-1
(1.91 D) (1.03 D) (0.78D)  (0.38D)
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(2) Polyatomic molecules: As polyatomic molecule has more than one polar bond, the dipole mo-
ment of the molecule is equal to the resultant dipole moment of all the individual bonds (called
bond moments). The dipole moments of lone pairs also make their contribution to the resultant
dipole moment. The magnitude of the resultant dipole moment not only depends upon the values
of individual moments but also on their arrangements in space i.e shape. For example, CO, has
linear structure because the dipole moment of one C = O and is cancelled by that of the other C=
O bond. Water has angular V-shaped structure. It has a net value of dipole moments (= 1.85 D),
which the resultant of two O-H bonds. The effect of two lone pairs on the oxygen atom is can-
celled mutually. Ammonia molecule has pyramidal shape and has a net resultant value of dipole
moment (= 1.46 D) due to unsymmetrical structure.
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