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Since Lewis et al.)) found absorption bands due to
transitions between the lowest and higher triplet states,
many studies have been made in this field.2 In addi-
tion to strong triplet-triplet transition bands measured
at the initial stage of the study, weak low-energy bands
were observed by Kellogg® and by other authors.?
Polarization of these bands were investigated by El-
Sayed and Pavlopoulos® and by others.® Thus, a
considerable amount of T-T absorption data are now
available for theoretical consideration.”—10)

Theoretical studies of T-T transitions have been made
by the composite method,'” by the Pariser-Parr-Pople
method,2-19 and also by the open-shell SCF MO CI
procedure.’® The transition energies and oscillator
strengths calculated so far agree less satisfactorily for
the T-T transitions than for the singlet-singlet transi-
tions.- Furthermore, most of these theoretical studies
are concerned with only a few strong absorption bands
for each molecule.

In this paper, the SCF MO CI calculations based on
the Pariser-Parr-Pople procedure!®) were applied to the
T-T transitions of aromatic hydrocarbons by taking the
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stable geometrical structure of the lowest triplet state
for each molecule and by considering weak T-T transi-
tion bands in addition to strong bands.

Method of Calculation

We employed the Pariser-Parr-Pople SCF MO CI
procedure,'® taking all the singly excited configurations
for benzene and naphthalene and taking the lower 40
singly excited configurations for each symmetry for
anthracene, pyrene, chrysene, and coronene. The
penetration integrals were disregarded. The core reso-
nance integral (8) was taken to be proportional to the
overlap integral, the value at the equilibrium C-C bond
distance of benzene, f,=—2.39 eV, being taken as the
standard. Two-center Coulomb repulsion integrals
were estimated by the Nishimoto-Mataga approxima-
tion.1? Omne-center Coulomb integrals and orbital
exponents were determined by using the method de-
scribed by Iwata and Shida.!®

The results of X-ray crystal analysis experiments!®)
of naphthalene, anthracene, pyrene, chrysene, and
coronene were used at the first stage of the calculation,
and thereafter the geometrical configurations of the
lowest triplet states were estimated by using the stand-
dar bond order-bond length relation.2® The bond
lengths used for the final calculation are shown in Fig.
1. The calculations were performed with a FACOM
270-30 computer. Weaker bands (ep,,~10%) in the
longer wavelength region can be assigned to symmetry
forbidden or parity forbidden transitions. The calcu-
lated transitions forbidden from both symmetry and
parity are disregarded.

All the calculated transition energies were found to
be larger by~2000 ¢cm~! than the corresponding ob-
served values. Therefore, we reduced all the calculated
T-T transition energies by 2000cm™!. A similar
correction was made by Orloff.1?
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CgDg host crystal at 4.2 K shows a small distortion from a hexagonal
shape arised either from extrinsic or intrinsic perturbations. This
small distortion is disregarded in the present study.
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lation.

Chrysene(C)

The geometrical structures used for the present calcu-

Results and Discussion

The 3E;«*®B}, transition energy, 41000 cm™1, calcu-
lated for benzene agrees well with the observed band
position, 40800 cm~1," The T-T transition energies
of naphthalene were calculated to be 20600, 25200,
31100, 39100, and 47000 cm~! for the transitions from
the lowest triplet (3B#) state to the 3A;, 3By, 3A;,
3B, and 3Bj; states, respectively, the oscillator strengths
and the directions of transition moments (in parentheses)
being 0.063 (y), 0.48 (x), 0.39 (y), 0.007 (x), and 0.92
(x), respectively. Four bands were observed for naph-
thalene at ~20000 cm—1, ~25000 cm~%, 29300 cm™—1,
and 38500 cm~1.24 The calculated values agree well
with the observed transition energies for the four longer
wavelength bands. Furthermore, the oscillator strength
and the direction of the transition moment calculated
for the second longest wavelength band agree well with
the observed results (f=0.32, x-polarized).®

The four T-T absorption bands were observed for
anthracene at~12000 (f=0.0017), ~20000 (f=0.038),
~24000 (f=0.68, x-polarized®), and 35700 cm—1.2%:4)
The calculated transition energies are 11900, 21000,
23600, and 35700 cm~! for the transitions from the
lowest triplet (Bf,) state to the 3Af, 3A;, ®Bj, and
3A,; states, respectively, the oscillator strengths and
the directions of transition moments (in parentheses)
being calculated to be 0.00, 0.061 (y), 0.80 (x), and
0.37 (y), respectively. The calculated results agree well
with the observed ones obtained so far.

The transition energies and oscillator strengths observ-
ed and calculated for pyrene are shown in Table 1,
together with the band assignment.

The T-T absorption bands were observed for chrysene
at ~12000 (f=0.003), 17200 (f=0.40), 24900 (f=
0.016), 35200 (f=0.32), and 39500 (f=0.65) cm=1.%:9)
The calculated transition energies are 11900, 17400,
25600, 35400, and 37900 cm—! with the calculated
oscillator strengths of 0.007, 0.76, 0.021, 0.26, and 0.37,
respectively. 'The second longest wavelength band was
found experimentally to be polarized almost parallel
with the L, band,® in good agreement with the
theoretical prediction. The five observed bands can
be assigned to the 3A;«-®B! transitions.
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TABLE 1. THE OBSERVED AND CALCULATED TRANSITION
ENERGIES, AE’s (IN THE UNITS OF 10% cmn-1), osciL-
LATOR STRENGTHS, /S, DIRECTIONS OF POLARI-
ZATION, AND THE ASSIGNMENTS OF THE T-T
ABSORPTION SPECTRUM OF PYRENE

Observed Calculated
————

Polariza- Polariza- Assign-

4E S tion® 4E f tion ments
119 0.0005 12.5 0 3B;,<°*Bi,
13.2%  0.002 14.0 0 3B;,«<3%B:,
16.7% 0.008 18.3 0 3B{,«*B,
~209 0.022 X 21.6 0.051 «x *Bi B3,
99 96 { 23.1 0 {3A§<—3B;u
24.6 0 3B;,<3B3,
~259 0.48 y 26.7 0.84 y 3A; B,
27.88 0.03 28.6 0 3B}, «—B3,
~31® 0.08 33.1 0.044 x 3B, «—*Bi
34.4» 0.16 35.9 0.24 y BAZ 3By,
38.6 0.13 40.1 0.30 X 3B <Bs,

Four bands were observed for coronene at ~10000,
~16000, 20800, and ~25000 cm~! with the oscillator
strengths of 0.0005, 0.08, 0.16, and 0.12, respectively.”-2)
The longest wavelength band is assigned to the parity
forbidden transition (AE=7900 cm™, 3E£«2Bf,). The
higher transition energies were calculated to be 12600,
20800, and 25900 cm~! with the oscillator strengths of
0.06, 0.41, and 0.22, respectively. These three bands
can be assigned to the 3E;«-3Bj, transitions.

One of the characteristics of our calculation is to
adopt the stable geometrical configuration of the
lowest triplet state in which the bonds are generally
elongated compared with those of the structure in the
ground state. This reduces the |f#| values to some
extent and brings about a narrowing of the energy
separation between the higher and lower transition
energies for each of the aromatic hydrocarbon mole-
cules.?2 This is a reason why the present calculation
can explain quantitatively the observed peak positions
over wide wavelength region. Our assignments are
different from those by Orloff'® in some points; for
example, we assigned the 38500 cm~! band of naphtha-
lene to the 3Bi«®B{, transition and the 35700 cm—!
band of anthracene to the 3A;<-2Bj, transition, while
Orloff assigned both bands to the 3Bj«-2Bj, transition.
Our assignmens give better agreements between the
observed and theoretical results concerning both tran-
sition energies and absorption intensities. Furthermore,
in view of the fact that we are concerned with greater
number of observed bands (including weak ones) for
each molecule, our assignments are more reasonable
than those by Orloff.12
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40700, and 50100 cm~!; the corresponding value obtained by the
use of the excited state geometry being 20600, 25200, 31100, 39100,
and 47000 cm—t.





