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1.5.1: Which Is Better- MO or VB?
The calculated energy of the electron-pair bond of the hydrogen molecule as a function of  intermolecular distance  by the
ab initio (exact), MO, and VB procedures is shown in Figure 21-11. The results show that neither the MO nor the VB calculations
come close to the ab initio calculation in reproducing the experimental dissociation energy, , or the variation of the energy with
the intermolecular distance. The VB method gives a little better energy value at the minimum and the MO method gives poor
results at larger values of . We can say that, as calculated by the MO method, the molecule does not "dissociate properly".

Figure 21-11: Comparison of calculated "exact" ab initio energies of  as a function of internuclear distance, , with the energies
calculated for simple MO and simple VB methods. The dissociation energy calculated by the ab initio procedure is in close
agreement with the experimental value of . The zero of the energy scale in this figure is the energy of widely separated
hydrogen atoms.

Within the calculations of the MO method, the molecule does not "dissociate properly".

Why do these calculations yield results so far from the ab initio curve? There are two reasons. First, atomic orbitals are used that
are appropriate for isolated atoms, but are hardly expected to be the best orbitals for the electrons when two or more atoms are in
close proximity. It is convenient to use atomic orbitals in simple calculations because they are mathematically simple, but more
complicated orbitals are known to give better results. Second, neither treatment properly takes into account electron-electron
repulsions. For two electrons, a term of the form  (in which  is the electronic charge and  is the distance between the

electrons) is required to describe the repulsion between electrons. The exact calculations avoid both difficulties but are so complex
mathematically as to be devoid of any capability for providing qualitative understanding.

The VB method gives a slightly lower energy than the MO method at the minimum, because in the simple MO method, when we
calculate the energy resulting from two electrons going into the lowest molecular orbital, we put no restraints on their being close
together. As a result there is a  probability for both electrons being simultaneously in either half of the molecular orbital. In
contrast, the simple VB method combines configurations  and , each having just one electron per atomic orbital, and no account
is taken of the possibility of either atomic orbital containing more than one electron. This is equivalent to neglecting the pairing
schemes . Neither the VB nor the MO approximation is the best possible; the simple MO method tends to take
too little account of interelectronic repulsion, whereas the VB method tends to take too much account of it. However, as can be
seen in Figure 21-11, taking too much account of electron repulsion is the better approximation.

Why does an electron-pair bond calculated by the MO method not dissociate properly? We have seen that half of the time both
electrons in the low-energy molecular orbital are in the vicinity of just one of the nuclei. But as the nuclei move far apart, this
corresponds to a far greater energy than having only one electron in the vicinity of each nucleus, as the VB method suggests.

There is no unequivocal answer to the question as to which is the better method. Calculations by the VB method are likely to be
more reliable than those by the MO method, but in practice are much more difficult to carry out. For many-electron molecules the
MO procedure is simpler to visualize because we combine atomic orbitals into molecular orbitals and then populate the lower-
energy orbitals with electrons. In the VB method, atomic orbitals are occupied, but the electrons of different atoms are paired to
form bonds, a process that requires explicit consideration of many-electron wave functions. To put it another way, it is easier to
visualize a system of molecular orbitals containing  electrons than it is to visualize a hybrid wave function of  electrons.

How can the MO and VB methods be improved? The answer depends on what one wants - more accurate calculations or better
qualitative understanding. To improve VB calculations we need orbitals that allow the electrons to spread out over more than one
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atom. The GVB orbitals discussed in Section 6-6 suit this purpose and give an energy curve only slightly above the exact curve of
Figure 21-11. In the GVB treatment the orbitals delocalize less as  increases.

When atomic orbitals are derived for each carbon of the -electron system of benzene by the GVB method, they are somewhat
more spread out than simple carbon  orbitals (Figure 21-12). Use of these orbitals in VB calculations gives excellent results with
just the two pairing schemes of benzene,  and .

Figure 21-12: Top view of a GVB atomic orbital for the -electron system of benzene. The contour lines show electron amplitudes,
and there is a phase change represented by the dashed line. The crosses show the positions of the carbon nuclei. Six such orbitals
are used to make up the electron-pairing schemes,  and , used in the GVB calculation of the electronic energy of benzene.

Improvement of the MO method involves better orbitals, better account of interelectronic repulsion, and introduction of mixing of
different electron configurations in the molecular orbitals ("configuration interaction"). Improved MO calculations give much more
accurate energies at the minimum of a plot such as Figure 21-11, but the bonds still do not dissociate properly, for the same reason
as with the simple MO method.

We cannot say that either the VB or the MO method is more correct; only that one approximation may be more useful than the
other in attempting to solve a particular problem. The fact is, the more each is refined, the more they appear to merge into a
common procedure; but, unfortunately, in the refinement process the mathematics become so complex that qualitative
understanding of what is being done tends to disappear altogether.

We cannot say that either the VB or the MO method is more correct; only that one
approximation may be more useful than the other in attempting to solve a particular
problem.
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