Covalent Bonds

To understand how covalent bonds are formed, we take the simplest case, the
bond that holds two hydrogen atoms together to form the hydrogen molecule, H,.
The mechanism is basically the same for other covalent bonds. As two H atoms
approach each other, the electron clouds begin to overlap, and the electrons
from each atom can “orbit” both nuclei. (This is sometimes called “sharing”
electrons.) If both electrons are in the ground state (n = 1) of their respective
atoms, there are two possibilities: their spins (Chapter 28) can be parallel (both
up or both down), in which case the total spin is § =} + 1 = 1; or their spins
can be opposite (m; = +5 for one, m, = =3 for the other), so that the total
spin § = 0. We shall now see that a bond is formed only for the § = 0 state,
when the spins are opposite.

First we consider the § = | state, for which the spins are the same. The two
electrons cannot both be in the lowest energy state and be attached to the same
atom, for then they would have identical quantum numbers in violation of the
exclusion principle. The exclusion principle tells us that since no two electrons
can occupy the same quantum state, if two electrons have the same quantum
numbers, they must be different in some other wav—namely, by being in
different places in space (for example, attached to different atoms). When the
two atoms approach each other, the electrons will stay away from each other as
shown by the probability distribution of Fig, 29-1, The positively charged nuclei
then repel each other, and no bond is formed.

For the § = 0 state, on the other hand, the spins are opposite and the two
electrons are consequently in different quantum states (m, is different, +1 for
one, —1 for the other). Hence they can come close together. In this case, the
probability distribution looks like Fig. 29-2: the electrons can spend much of
their time between the two nuclei. The two positively charged nuclei are
attracted to the negatively charged electron cloud between them, and this is the
attraction that holds the two atoms together to form a molecule. This is a
covalent bond.

The probability distributions of Figs. 29-1 and 29-2 can perhaps be better
understood on the basis of waves. What the exclusion principle requires is that
when the spins are the same, there is destructive interference of the electron
wave [unctions in the region between the two atoms. But when the spins are
opposite, constructive interference occurs in the region between the two
atoms, resulting in a large amount of negative charge there. Thus a covalent
bond can be said to be the result of constructive interference of the electron
wave functions in the space between the two atoms, and of the electrostatic
attraction of the two positive nuclei for the negative charge concentration
between them,

Why a bond is formed can also be understood from the energy point of
view. When the two H atoms approach close to one another, if the spins of their
electrons are opposite, the electrons can occupy the same space, as discussed
above. This means that each electron can now move about in the space of two
atoms instead of in the volume of only one. Because each electron now occupies
more space, it is less well localized. Because each electron has a larger “orbit,”
its wavelength A can be longer, so its momentum p = h/A (Eq. 27-8) can be
less. With less momentum, each electron has less energy when the two atoms
combine than when they are separate. That is, the molecule has less energy than
the two separate atoms, and so is more stable. An energy input is required to
break the H; molecule into two separate 1 atoms, so the H, molecule is a stable
entity. This is what we mean by a bond. The energy required to break a bond is
called the bond energy. the binding energy, or the dissociation energy. For the
hydrogen molecule, H, . the bond energy is 4.5 ¢V,
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FIGURE 29-1 Electron proba-
bility distribution (electron cloud)
for two H atoms when their spins
are the same (S =1 +13=1)

FIGURE 29-2 Electron probability
distribution (cloud) around two

H atoms when their spins are
opposite (§ = 0). In this case, a bond
is formed because the positive nuclei
are attracted to the concentration of
negative charge between them.
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