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Following our previous work on o-benzoquinone, the calculation of the π-elcctronic excita-

tion energies of anthraquinone has been carried out with the Pariser-Parr-Pople method. The

calculated excitation energies which correspond to the five distinct π→ π* bands have been obtain-

ed, though the agreement of the calculated excitation energies and the transition dipole-strengths

with the observed energies and strengths are unsatisfactory. The π-electronic charge di-

stribution in carbonyl groups of anthraquinone is almost the same as that of p-benzoquinone.

In our previous work,1) the π-electronic excita-

tion energies of o-benzoquinone were calculated

using the Pariser-Parr-Popl method,2,3) and from

these results the π→ π* absorption bands of o-

benzoquinone have been studied. In this paper,

similar work on anthraquinone will be reported.

The Method of Calculation

The method of calculation was the same as that

used in our previous work.1) The integral values

used have all been shown in our previous paper

except for the core resonance integrals for carbon-

carbon bonds.

The geometry of anthraquinone has been studied

by Sen4) by means of X-ray analysis. According

to Sen's results, anthraquinone is planar, and its

bond distances are as shown in Fig. 1.
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Fig. 1. Interatomic distances

In this work, these bond distances were used,

and all the valence angles were assumed to be

120°. It was also assumed that anthraquinone is

planar and that its symmetry group is D2h.
As for the core resonance integral (β), the values

of 1.45eV. and 2.39eV. were used for that over

the atoms I and 2 and those of the benzene nuclei

respectively, according to the method of Pariser

and Parr.2)

In the calculations, an electronic computor

NEAC 2101 was used. The calculations were

carried out in the same manner as in the previous

work.1)

Results

The molecular orbitals (φi .) and their orbital

energies (εi) are shown in Table I.5) The excita-

tion energies of the excited singlet and triplet con-
figurations6) less than 8eV. are shown in Table II,
along with the corresponding Coulomb and ex-
change integrals. Those of the orbitally-allowed
and orbitally-forbidden transitions are shown in
Table II (i) and II (ii) respectively.

The configuration interactions among the con-
figurations in Table II were calculated. The ob-
tained excited-state wave functions (1,3φi), their

excitation energies (1,3Ei-E0), the transition dipole-
strengths from the ground state, and the intercon-
figurational matrix elements (φi→f|H|φk→l) are

shown in Table III.

In Table IV, the excitation energies, the transi-

tion dipole-strengths and the symmetry species

of the excited states, experimentally determined,7-9)
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TABLE I. SCF MO'S AND THEIR ENERGIES

TABLE II. EXCITATION ENERGIES AND TRANSITION DIPOLE-STRENGTHS OF THE CONFIGURATIONS

AND ELECTRON REPULSION INTEGRALS

(i) Orbitally allowed transitions

(ii) Orbitally forbidden transitions
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TABLE III. WAVE FUNCTIONS, EXCITATION ENERGIES AND TRANSITION DIPOLE-STRENGTHS

OF EXCITED STATES AND INTERCONFIGURATIONAL MATRIX ELEMENTS

(1) Singlet states

(2) Triplet states

(3) Interconfigurational matrix elements

TABLE IV. THE OBSERVED ABSORPTION BANDS

OF ANTHRAQUINONE

of the observed π→ π* absorption bands (I-V)

of anthraquinone are shown.10) The direction of

the polarization of the transitions (1Ag→1B3u,

1A
g→1B2u) are along the x and y axes in Fig. 1

respectively.

In Fig. 2(a) the π-electronic charge densities

and π-bond orders of anthraquinone obtained are

(a)

(b)

(c)

Fig. 2. Molecular diagrams.10) Anthraquinone has an n→ π* band near 400mμ.
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Fig. 3. Correspondence among π→ π* bands of anthraquinone and its chlorine or hydroxyl substitutes.

shown, while Fig. 2(b) shows those obtained using
as the core resonance integral over the atoms 1
and 2 the value (1.68eV.) which corresponds to
the bond distance (1.47A). In Fig. 2(c) those of
p-bnezoquinone calculated using the wave func-
tions obtained by Sidman11) are shown.

Discussion

Since all the intensities of Bands II-V in Table
IV are strong, these absorption bands may rea-
sonably be assiened to π→ π* allowed transitions.

As for Band I, its intensity is not weak and it has

a sharp peak at the longest wavelength edge in

saturated hydrocarbons. Therefore, Band I may

also reasonably be assigned to an allowed transition.

From a comparison of Tables III and IV, Bands

II and III may reasonably be assigned to the E0→

1E3 (1A
g→1B2u)and E0→1E4 (1Ag→1B3u) transitions

respectively. Bands IV and V may also reasonably

be assigned to either one of the two transitions

(E0→1E5 (1Ag→1B2u) and E0→1E6 (1Ag→1B3u)).

Band I may be assigned to the E0→1E1 (1Ag→

1 B3u), transition though the calculated dipole-
strength of this transition is too small in com-
parison with that of Band I. The absorption
band due to the E0→1E2 (1Ag→1B2u) transition

may be hidden in Band I. α- or β-Hydroxy-

anthraquinone12) has an absorption band between

Bands I and II the intensity of which is nearly

equal to that of Band I. This absorption band

may be assigned to the E0→1E2 transition. π→ π*

bands of anthraquinone and its various chlorine13)

or hydroxyl12) substitutes at the wavelengths

longer than 240mμ reasonably correspond to

each other, as shown in Fig. 3. Those of various
amino-anthraquinones14) also correspond to those
of the corresponding hydroxy-anthraquinones in
Fig. 3 respectively.

The calculated singlet excitation energies of
anthraquinone are much greater than the observed
ones. A similar trend was observed in the o-1)
and p-benzoquinone11) studied previously. In
anthraquinone the agreement between the transi-
tion dipole-strengths calculated and those observed
is also unsatisfactory. The alternate use of 1.68eV.
in place of 1.45eV. as the core resonance integral
over the atoms 1 and 2, or the use of -14.00eV.
in place of -13.00eV. as Uoo,1) does not bring
about any essential improvement in these points.

In Fig. 2 the charge distribution in carbonyl

groups of anthraquinone is similar to those in p-
benzoquinone and o-benzoquinone shown in our

previous paper.1) Especially it almost agrees with
that in p-benzoquinone.
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