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Semiempirical MNDOC Calculations
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Energies obtained by configuration interaction calculations including all double excitations with regard
to the Hartree-Fock reference determinant can empirically be corrected to size consistency using either
the Langhoff-Davidson (LD) formula or a formula suggested by Pople, Seeger, and Krishnan (PSK).
Semiempirical MNDOC calculations suggest that for molecular systems with a large number of electrons

and important correlation effects the PSK correction is superior to the LD correction.

Often the ground-state correlation energy
of molecules is assessed by the method of con-
figuration interaction (CI) utilizing the
Hartree-Fock (HF) determinant as reference
and considering all double excitations (D).
The DCI approach successfully has been ap-
plied in many cases both at the nonempirical
and semiempirical level. Nevertheless, it has
been recognized early that HF DCI is not size
consistent, i.e., the computed energy calcu-
lated for an assembly of noninteracting mole-
cules A, B,...is not equal to the sum of the
energies obtained for the isolated molecules
A, B,...This is due to the fact that energy
contributions from unlinked clusters do not
cancel in limited CI expansions.”™

In order to correct for the size consistency
error of DCI calculations, at least in an ap-
proximate way, an empirical correction for-
mula has been suggested by Langhoff and
Davidson (LD).>®

AE =~ AE(DCI) + (1 — C?) - AE(DCI) (1)

where AE is the total correlation energy,
AE(DCI) is the part of the correlation energy
due to double excitations, and C, is the coeffi-
cient of the HF determinant in the normal-

ized DCI wave function. The second term of -

eq. (1) may be considered as a reasonable esti-
mate of the quadruple excitation contribution
to the CI correlation energy.>’

Pople, Seeger, and Krishnan (PSK)® have
pointed out that formula 1 is not appropriate
for a two-electron system (where AE =
AE(DCY)) as well as for large molecules where
higher excitations become important. There-
fore, these authors derived the alternative
formula:

[n® + 2n tan®(26)]"% — n

Al o 2[sec (26) — 1]

- AE(DCI)
(2)

where n is the number of electrons and
cos 0 = C,. Formula (2) is correct for n = 2
and contains formula (1) as a special case.®

We have recently been engaged in the cal-
culation of bridged annulenes containing 10
to 147 electrons.”™ In these systems com-
plete delocalization of 7 electrons is inhibited
by nonplanarity of the annulene perimeter
and a resultant decrease in 7 orbital overlap.
As a consequence, bridged annulenes, even of
the Hiickel-type, show some bond alterna-
tion. Nevertheless, all experimental obser-
vations suggest that the C,, symmetrical
bond-equalized geometries of bridged [10],
and [14]annulenes (Fig. 1, formula la—4a)
are more stable than the bond alternate C.,
symmetrical forms 1b—4b.*>

HF calculations with minimal and DZ basis
sets tend to overestimate bond alternation
both in C,, and C, symmetrical forms of
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bridged annulenes. In addition, they falsely
predict the latter to be more stable, an arti-
fact which can only be corrected when cor-
relation effects are considered.®'* ' The
calculational costs, however, become exces-
sive at this level of theory.

In this situation a reasonable alternative
for a quantum chemical description of bridged
annulenes is provided by MNDO methods.'”*®
With MNDO itself 7 electron delocalization
and bond equalization is better described
than at the nonempirical level, although the
major drawback of the HF approach is also
reflected by MNDO results: The C, sym-
metrical forms 1b—4b are still more stable
than the C,, symmetrical forms 1a—4a.??
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A rather simple improvement of calcu-
lated relative AH; values, however, can be
achieved by the correlation corrected version
of MNDO (MNDOC).'* MNDOC has been re-
parametrized for a treatment of electron cor-
relation by second-order perturbation theory
using a Brillouin-Wigner (BW) expansion
in connection with Epstein-Nesbet (EN) en-
ergy denominators.’®* The MNDOC/BWEN
approach can be regarded as an approximate
CI treatment, equivalent to the diagonaliza-
tion of a CI matrix with nonzero elements
only on the diagonal and in the first row
column). Accordingly, MNDOC/BWEN re-
produces MNDOC/D CI correlation energies

i ly."”

When incorporating size consistency cor-
rections for the set of 61 test molecules with
n = 26 in the original MNDOC study,® it was
found that these corrections were generally
small (about 6% of AE(DCI), on the aver-
age 1.5 kcal/mol) and that the LD and PSK
values were always almost identical (within
0.1 kcal/mol). It is known, however, that the
size consistency corrections become more im-
portant for molecules with a larger number of
electrons, such as compounds 1-4.

In Table I relative MNDOC enthalpies are
given for some selected compounds. In the
case of the [10]annulene 2, the BWEN cor-
relation effects already reverse the relative
stability of a and b forms, while for 1 and the
147 systems these corrections do not suffice.
A further improvement, however, is obtained
when size consistency errors are estimated
utilizing either formula 1 or 2 (Table I). The
PSK corrections are clearly larger than
the LD corrections. As a consequence, rela-

tive AHZ(MNDOC/BWEN) values corrected

s

satlisiaciori

Table I. Absolute and relative heats-of-formation (in keal/mol) of some bridged annulenes.®

Method la 1b AAH} 2a
CZU Cs CZU
NS 54 54 54
MNDOC/SCF 170.2 163.9 -6.3 1434
MNDOC/BWEN 925 921 04 61.3
LD correction® -10.8 -8.6 -11.6
MNDOC/BWEN+LD 81.7 834 i 49.7
PSK correction® —-14.2 -10.8 -15.3
MNDOC/BWEN +PSK 78.3 81.3 3.0 46.0

2b AAH? 3a 3b AAH? 4a  4b AAHD
Cs CZU Cs CZv Cs
54 78 78 78 78
139.2 —42 2551 240.0 —-15.1 200.7 1852 -155
62.5 1028 dd7 =413 58 905 g4ys = —5ig
-9.5 =178 =136 =183 =144
53.00 33 1993 1977 16 722 08 —14
=121 —-25.4 -18.1 =213 A9
504 44 121.7 123.2 1.5 6312= 656 24

*For geometries see ref. 12.
"n denotes the number of valence electrons.

‘size consistency correction estimated by the Langhoff-Davidson (LD) or the Pople-Seeger-Krishnan (PSK) formula.



50

by the PSK formula lead to the correct order
of stabilities of all C,, and C, symmetrical
bridged annulenes while LD corrections are
too small for larger annulenes and, therefore,
cannot provide correct stabilities.

These results led us to reconsider the case
of [18]annulene 5. Previous MNDOC-BWEN
calculations with LD corrections™ yielded al-
most the same energy for the delocalized Dy,
(5a) form and the localized D; (5b) form (D,
marginally more stable by 1.1 keal/mol). Ac-
cording to our present findings, however, the
PSK correction should be more appropriate
for such a large molecule (n = 90). With the
PSK correction, the delocalized Dg;, structure
is clearly preferred, by 8.4 kcal/mol, in agree-
ment with experimental data.?

We conclude that MNDOC/BWEN or
MNDOC/DCI results can be improved by
using the PSK rather than the LD formula to
estimate the size consistency error. For mole-
cules with a large number of electrons and
important correlation effects, the PSK cor-
rection appears to be superior to the LD cor-
rection. This is consistent with the fact that
the LD formula works best for systems with
a smaller number of electrons.?’ Similar
conclusions should apply to nonempirical
treatments.
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