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Synopsis. Semiempirical MC-LCAO-MO calculations
have been made on the ground-state coronene. The inclusion
of the off-diagonal terms in the MC bond-order formula is,
in this case, essential to improve the bond orders and the
bond lengths over the usual single configuration calculation.

The geometrical structures of unsaturated hydro-
carbons have long been yielded by computing the C-C
bond distances through the linear relationship? between
the bond length, 7, and the m-bond order, Py,:

i = rg — Ppy. (1)
"The adequacy of the use of this relationship has been
theoretically demonstrated by Julg? using a semi-
cmpirical SCF-MO formalism.

In a previous paper proposing a semiempirical MC-
LCAO-MO method,® we introduced the multi-configu-
ration (MC) m-bond order for a bond between two
carbon atoms, k and 1:

Py = SUBPE + 2515Y A d P, @

where 4,, is the coefficient of the configuration function
(CF), m, and P{}’ are the bond orders obtained from
the mth CF, and P{™™ are those between the CF’s m
and n; henceforth, the first and second terms will be
called the diagonal and off-diagonal terms respectively.
Note that P{P™ are non-vanishing only when the
CF’s m and n differ in a pair of MO’s for the same
counterpart of an electron.

Julg® has proposed an MG bond-order formula which
omits the off-diagonal terms from Eq. 2. McCoy and
Ross? included all the terms in their singly-excited
configuration interaction calculations for excited states
of benzene, naphthalene, azulene, and anthracene. To
our knowledge, however, no examination has been
made concerning the effect of the off-diagonal terms.

In the present study we have made MC-LCAO-MO
calculations on the ground-state coronene using the full

form of Eq. 2 (Case I) and the formula without the off-
diagonal terms (Case II). The computed Py values
are used to calculate the bond length, ry;, by means of
Lq. 1, with 7,=1.523 A and ¢=0.193. As in previous
papers,® Approximation (1), By =p.exp[—(r—b)/a],
and Approximation (2), f=—KSy(11.290 V), are
used with-f,=—2.38 eV, a=0.3938 A, $==1.397 A, and
K=0.86291. The CI treatment includes 24 singly-
excited configurations, 68 doubly-excited configurations,
and 16 triply-excited configurations, together with the
ground configuration. (Note that the MO’s are of the
Huckel type and not of the SCF type). These configura-
tions were chosen successively from the energetically
lowest configuration in each type belonging to the gerade
representation of the Dg, point group. The explicit
formulas of these functions are listed in Ref. 6.

This CI calculation yielded energy depressions of
—0.529——0.550 eV, depending on the approximations
for fy; and which case was used, I or II. Table 1
shows the bond lengths and z-bond orders calculated
with and without the CI for the ground state of coronenc.
Bonds a, b, ¢, and d are illustrated in Fig. 1. It may be
seen from the table that in Case II the bond orders
obtained from the CI calculation are little different
from those obtained without CI, with the largest
difference being about 0.005 at bond d, while in Case I
the differences between the bond orders computed with
and without CI are quite large, being 0.017—0.043. In

Fig. 1. Carbon skeleton of coronene.

TaBLE 1. BonD LENGTHS (A) AND 7-BOND ORDERS OF THE GROUND-STATE CORONENE®

Approximation (1)

Approximation (2)

Bond Exptl.
No CI Case 1 Case 11 No CI Case I Case 11

a 1.425 1.430 1.425 1.424 1.428 1.424 1.432
(0.5097) (0.4802) (0.5092) (0.5155) (0.4922) (0.5148)

b 1.414 1.406 1.415 1.416 1.410 1.417 1.407
(0.5655) (0.6086) (0.5609) (0.5529) (0.5867) (0.5491)

c 1.423 1.428 1.423 1.421 1.425 1.421 1.430
(0.5175) (0.4920) (0.5182) (0.5265) (0.5066) (0.5268)

d 1.375 1.370 1.376 1.377 1.373 1.378 1.354
(0.7689) (0.7908) (0.7635) (0.7590) (0.7762) (0.7537)

a) The “no CI” refers to the calculation with the ground configuration alone. The values

in parentheses are the z-bond orders.
ray? and electron-diffraction® data.

The experimental values are averaged from the X-
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Case I, the a and c bonds are lengthened, while the b
and d bonds are contracted, because of CI. Thus, the
CI effect on the bond orders in the ground state of
coronene is significant only when the full Eq. 2 is
employed, indicating that the off-diagonal terms are
not necessarily negligible. The bond lengths predicted
from the CI mixing in Case I are in good agreement
with the experimental values except for the case of
bond d. The bond lengths obtained without CI agree
closely with the results obtained by Golebiewski® from
the perturbed Hiickel method.

Further, we have made several CI calculations
including larger numbers of doubly-excited configura-
tions (10—26 more functions), but without triply-excited
configurations. The results were, however, not very
different from those presented here; the differences in
bond orders were, for all the bonds, less than 0.005 in
Case I and less than 0.001 in Case II.

One of the present authors (Nakayama) is grateful
to Dr. Tai-ichi Shibuya of Shinshu University for his
helpful discussions. Thanks are also due to the referee
for making valuable suggestions. The calculations were
carried out on the TOSBAC-5600 Computer at the
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