Partial lonic Character of Covalent Bonds

A pure covalent bond in which the electrons are shared equally occurs mainly

in symmetrical molecules such as H,, O, and Cl,. When the atoms involved

are different from each other, it is usual to find that the shared electrons are

more likely to be in the vicinity of one atom than the other. The extreme case is

an ionic bond; in intermediate cases the covalent bond is said to have a partial

ionic character. The molecules themselves are polar—that is, one part (or parts)  FPolar molecules
of the molecule has a net positive charge and other parts a net negative charge.

An example is the water molecule, H,O (Fig. 29-6). The shared electrons are

more likely to be found around the oxygen atom than around the two hydrogens.
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FIGURE 29-6 The water
molecule H,O is polar.

H(+)
The reason is similar to that discussed above in connection with ionic bonds.
Oxygen has eight electrons (15°25°2p*), of which four form a sphericalll FIGURE 20-7 Potential energy
symmetric core and the other four could have, for example, a doughnut-shaped a5 a function of separation for two
distribution. The barbell-shaped distribution on the z axis (like that shown point charges of (a) like sign and
dashed in Fig. 29-5) could be empty, so electrons from hydrogen atoms can be  (h) opposite sign.
attracted by a net charge of +4e. They are also attracted by the H nuclei, so
they partly orbit the H atoms as well as the O atom. The net effect is that there is  pe
a net positive charge on each H atom (less than + 1e), because the electrons spend
only part of their time there. And, there is a net negative charge on the O atom.

*m Potential-Energy Diagrams for Molecules

It is useful to analyze the interaction between two objects—say, between two
atoms or molecules—with the use of a potential-energy diagram, a plot of the
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potential energy versus the separation distance. 0
For the simple case of two point charges, ¢, and g,, the PE is given by (a) £
(we combine Eqgs. 17-2 and 17-5)
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where r is the distance between the charges, and the constant (1/4me,) is equal
to 9.0 % 10°N-m?/C?, If the two charges have the same sign, the PE is positive
for all values of r, and a graph of PE versus r in this case is shown in Fig, 29-7a.
The force is repulsive (the charges have the same sign) and the curve rises
as r decreases; this makes sense since work is done to bring the charges
together, thereby increasing their potential energy. If, on the other hand, the two
charges are of the opposite sign, the PE is negative because the product g, g, is
negative. The force is attractive in this case, and the graph of PE versus r looks
like Fig. 29-7h. The PE becomes more negative as r decreases.
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