lonic Bonds

lonic bond — An ionic bond is, in a sense, a special case of the covalent bond. Instead of the

electrons being shared equally, they are shared unequally. For example, in

sodium chloride (NaCl), the outer electron of the sodium spends nearly all its

time around the chlorine (Fig. 29-3). The chlorine atom acquires a net negative

+ charge as a result of the extra electron, whereas the sodium atom is left with a
net positive charge. The electrostatic attraction between these two charged

atoms holds them together. The resulting bond is called an ionic bond because it

is created by the attraction between the two ions (Na™ and CI7). But to under-

Na cl stand the ionic bond, we must understand why the extra electron from the
FIGURE 29-3 Probability sodium spends so much of its time around the chlorine. After all, the chlorine is
distribution for the last electron of Na  neutral; why should it attract another electron?
in NaCl. The answer lies in the probability distributions of the two neutral atoms,

Sodium contains Il electrons, 10 of which are in spherically symmetric
FIGURE 29-4 In a neutral sodium  closed shells (Fig. 29-4). The last electron spends most of its time beyond
atom, the 10 inner electrons shield these closed shells. Because the closed shells have a total charge of —10¢ and
the nucleus. so the single outer the nucleus has charge +11e, the outermost electron in sodium “feels™ a net
electron is attracted by a net charge  attraction due to + le. It is not held very strongly. On the other hand, 12 of
of +1e. chlorine’s 17 electrons form closed shells, or subshells (corresponding to
s Last (3s) electron  15°2572p®3s%). These 12 form a sphFrically symmetric shield around the
nucleus. The other five electrons are in 3p states whose probability distribu-
tions are not spherically symmetric and have a form similar to those for the
2p states in hydrogen shown in Fig. 28-9b and c. Four of these 3p electrons
can have “doughnut-shaped” distributions symmetric about the z axis, as
shown in Fig. 29-5. The fifth can have a “barbell-shaped” distribution (as for
m; = 0 in Fig. 28-9b), which in Fig. 29-5 is shown only in dashed outline
because it is halt empty. That is, the exclusion principle allows one more
electron to be in this state (it will have spin opposite to that of the electron
already there). If an extra electron—say from a Na atom—happens to be in
the vicinity, it can be in this state, say at point x in Fig. 29-5, It could
experience an attraction due to as much as +5e¢ because the +17¢ of
. the nucleus is partly shielded at this point by the 12 inner electrons. Thus,
+lle the outer electron of a sodium atom will be more strongly attracted by the +5e
of the chlorine atom than by the +1le of its own atom, This, combined with
the strong attraction between the two ions when the extra electron stays
with the CI", produces the charge distribution of Fig. 29-3, and hence the

ionic bond.
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FIGURE 29-5 Neutral chlorine atom.

The +17¢ of the nucleus is shielded by the

12 electrons in the inner shells and subshells.
Four of the five 3p electrons are shown in
doughnut-shaped clouds, and the fifth is in the
(dashed-line) cloud concentrated about the

7 axis (vertical). An extra electron at x will be
attracted by a net charge that can be as much
as +35e,
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