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2 uj_ Yeockive » The energy of the 7 MOs is shown for
cyclic polyenes described by the formula

(CH) , withm = 3 to 677 bonded carbons.
The doubly degenerate pairs are shown

e C3 A;— 4 e )‘IOVQL ti\,a,\ slightly separated in energy for clarity.
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FIGURE 14.20

MOs generated in an atom chain using the
Hiickel model. As N becomes.very large,
the energy spectrum becomes continuous.
The energy range of the MOs is shown in
units of B.

FIGURE 14.21

Bands generated from two different AOs
are shown. The width in energy of the
band depends on the atomic spacing. For
the equilibrium spacing indicated by the
red bar, the two bands overlap and all
energy values between the top and bottom
of the yellow shaded area are allowed
because the two bands overlap. This is not
true for significantly larger or shorter
atomic spacings, and the solid would
exhibit a band gap at the spacing indicated
by the blue bar. In this case the two narrow
bands indicated by the green areas do not
overlap. )

We consider a specific example that demonstrates the contrasts among a conductor,
a semiconductor, and an insulator. In solids, separate bands are generated from differ-
ent AOs, such as the 3s and 3p AOs on Mg. Magnesium, with the [Nel3s? atomic con-
figuration, has two 3s valence electrons that go into a band generated from the overlap
of the 3s electrons on neighboring Mg atoms. Because N Mg atoms generate N MOs,
each of which can be doubly occupied, the 2N Mg valence electrons completely fill the
3s-generated band (lower band in Figure 14.21). If there were a gap between this and
the next highest band (upper band in Figure 14.21), which is generated from the 3p elec-

:
w
)
N}

™

2B ,

!
N atoms ,
\
A \ vk

2 atoms,’

Energy
1
|
R

Energy

Y

Atomic spacing

trons, Mg would be an insulator. However, in this case, the 3s and 3p bands overlap, and
the result is that the unoccupied states in the overlapping bands are only infinitesimally
higher in energy than the highest filled state. For this reason, Mg is a conductor.

If there is a gap between a completely filled band and the empty band of next higher
energy, the solid is either an insulator or a semiconductor. The distinction between a semi-
conductor and an insulator is the width of the energy gap. If Egap >> kT at temperatures
below the melting point of the solid, the material is an insulator. Diamond is an insulator
at 300 K because it has a large band gap. However, if at elevated temperatures Egap ~ kT,
the Boltzmann distribution [Equation (2.2)] predicts that it will be easy to promote an
electron from the filled valence band to the empty conduction band. In this case, the high-
est filled state is infinitesimally lower in energy than the lowest unfilled state, and the
solid is a conductor. Silicon and germanium are called semiconductors because they be-
have like an insulator at low temperatures and like a conductor at higher temperatures.
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