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7. Ethene modeled with Spartan

(A) At the HF/6-31G* level

HOMO: LUMO:

Clearly, the HOMO is bonding and the LUMO is antibonding. In neutral ethane, the HOMO is
filled and LUMO is empty.

C-C distance (A)

Neutral 1.317
Cation 1.403
Anion 1.435

Both the cation and the anion have a longer C-C distance than the neutral. This perfectly
understandable. The cation has one fewer electron in the HOMO, a bonding orbital. The anion
has an extra electron, in the LUMO, an antibonding orbital. Either way, bonding is decreased
and hence bond length is increased.

(B) Ground-state energy of neutral ethane:
HF/6-31G* -78.031718 Hartree
HF/3-21G -77.600988

The energy is smaller when calculated with the larger basis set (6-31G*). (Remember that the
energies are negative, so larger magnitude means a smaller value.) This is consistent with the
variational principle, which stipulates that the calculated energy will be greater than or equal to
the true ground state energy. Generally, a larger basis set is able to give a wave function closer
to the true wave function, and hence an energy closer to the true ground state energy.





