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EFFECT OF PRESSURE ON INTERSYSTEM CROSSING OF
ANTHRACENE DERIVATIVES IN SOLUTION

Fujio TANAKA and Jiro OSUGI
Department of Chemistry, Faculty of Science,
Kyoto University, Kyoto 606

The pressure dependences of the fluorescence yields for anth-
racene, 1-, 2-, 9-methylanthracene, 1-, 2-, and 9-chloroanthracene
were obtained in n-hexane at room temperature up to 3000 kg/cmz.
Results were interpreted in terms of a change of Franck-Condon

factor in the intersystem crossing rate.

The deactivation processes of the lowest excited singlet state S1 of anthra-
cene derivatives have received a considerable interest in view of the intersystem
crossing to the higher triplet state Tz.l) In the previous paper%) the authors re-
ported that the fluorescence yield of 9-methylanthracene increased remarkably with
increasing pressure while the increase was slight in anthracene. And it was sug-
gested that the intersystem crossing rate (Sl---9 TZ) was dependent on pressure
through the change of the energy gap between the S1 state and the T2 state. To
clarify further the effect of pressure on the intersystem crossing rate, similar
experiments were carried out in n-hexane at room temperature up to 3000 kg/cm2 for
other derivatives; anthracene(A), 1-, 2-, 9-methylanthracene(9-mA), 1-, 2-, and
9-chloroanthracene (9-cA).

Fluorescence quantum yields at normal pressure were determined using rhodamine
B as photocounter and 9,10-diphenylanthracene as a standard substance(§f=0.83)3).
Those at high pressure were obtained from the change of intensities at the peaks of
fluorescence spectra as described previouslyz). Sample solutions for measurements
of quantum yields at normal pressure were degassed by several freeze-thaw cycles,
and in the measurements at high pressure degassed solutions were put into the cell
under a stream of nitrogen gas.

Fluorescence spectra of 2-methylanthracene are shown in Fig.1l. In contrast
with 9-derivatives, the distinct decrease of intensity with increasing pressure was
observed in 2-derivatives. The degrees of pressure-induced red shift were nearly
equal in all compounds. The pressure dependences of fluorescence yields ( §f) are
shown in Fig.2. The previous results of anthracene and 9-methylanthracene are dis-
played with a slight modification based on further examinations.

Evidently, pressure dependences of fluorescence yields are affected by the sub-

stituted position in both methyl- and chloro-derivatives.
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Fig.1l Uncorrected spectra of fluorescence of

2-methylanthracene in n-hexane at room tempe-

rature.
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Deactivation parameters of the S state of anthracene derivatives are only the flu-
orescence radiative rate (k ) and intersystem Cr0551ng rate (k ), and the internal
conversion process has been Verlfled to be negllglble »5) The pressure dependence

of intersystem crossing rate is obtained from the following equation on assumption

that the fluorescence radiative rate scarcely depends on pressure.

_ -1
kis= ke@p - 1)

Fig.3 shows explicitly the effect of the substituted position on the pressure
dependence of intersystem crossing rate. Maybe, this distinct difference is based
on the variation of the relative position of the S1 state to the T2 state.

A nonradiative transition rate is expressed by the following general formula,

ko= S VipE
where V, j)and F are an electronic matrix element, a density of final state,

and a Franck-Condon factor, respectively. Among three variables it is likely that
v and_P are insensitive to pressure. So it would be considered that the pressure
dependences of kis shown in Fig.3 express those of the Franck-Condon factor.
Of course, in the present results the Franck-Condon factor means the average value
because of the thermal distribution in the S1 state at room temperature.

The table shows the wavelengths of 0-0 band of absorption and fluorescence at
‘normal pressure. The energy of the S1 state is in the following order in both sub=
stituents; anthracene» 2->» 1-> 9-derivative. It has been indicated from the temper-
ature effect on the intersystem crossing rafe t%at the situation of the relative
position between the S1 state and the T2 state are Sl> T2 in anthracene and 2-deri-

vatives, while Sl< T2 in 9-derivatives.

Corresponding to the position of the S1 Table. The energies of SO-S1 of
state, l-derivatives are probably in the anthracene derivatives in n-hexane
intermediate situation. at normal pressure.

Assuming that pressure lowers the AN0-0 (nm)
electronic energy of the S1 state more 2) absorp. fluore.
than the T, state as discussed previously, anthracene 375 377.5
the Sl-T2 gap decreases with increasing 2-methyl 377 382
pressure in the derivative where the S1 1-methyl 379 384
state is situated above the T, state while 9-methyl 386 389.5
it increases where the S1 state is below - - - - - - - - - - - =
the Tz state. anthracene .375 377.5

The S, state lies about 600 cn™ ! above 2-chloro 580 382.5
the T2 state in anthracene§)and the 1-chloro 382 384
9-chloro 388.5 391

pressure-induced lowering of the S1 state
is about 200~300 cm L at 3000 kg/cm2 in
all derivatives.

According to Fig.3, the Franck-Condon factor increases in 2-derivatives as

the Sl-T2 gap decreases and it decreases in 9-derivatives as the gap increases.
It seems that l-derivatives are still in the situation of Sl> T2 on account that

the Franck-Condon factor increases with increasing pressure. But, anthracene
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where the Sl
2-derivatives. In general, when two states taking part in the transition are very

state lies above the T2 state exhibits a very different behavior from

close to each other, it is considered that the Franck-Condon factor between those
states does not always increase as the energy gap decreases, but shows a vibronic
structure caused by some specific modes of molecular vibration. Indeed, the SO-S1

absorption?)T 10)

1-50 phosphorescence and Tl—T2 absorptiong)for anthraiene show the1
clear vibronic progressions of low wavenumbers; ca.400 cm ~, 400 cm and 600 cm ~,
respectively. Therefore, it may be also predicted that the Franck-Condon factor
between the S1 state and the T, state shows the peaks at the electronic energy gap
equal to ca.400 em™ ! and 600 cm™ ! as well as at the position where the gap disap-
pears (i.e. 0-0 position) and so does not have a monotonous relation to the energy
gap. According to the above view, in n-hexane at normal pressure anthracene would
possess such a Sl-T2 gap that the Franck-Condon factor has nearly an extreme value
(maximum or minimum) and is insensitive to the change of the energy gap by pressure.
Also as for 1- and 2-derivatives, it seems clear that the S1 state lies above the

T2
the Franck-Condon factor increases with decreasing energy gap, because the Franck-

state and that these derivatives possess the Sl-T2 gaps at normal pressure where

Condon factor decreases monotonously with increasing energy gap if the S1 state
lies below the T2 state. However, at the present stage it could not be determined
clearly how much Sl-T2 gap these derivatives possess. Anyway, taking account of
the strong dependence of the Franck-Condon factor on the energy gap between the two
electronic states very close to each other, the pressure dependence of Franck-Condon
factor would vary remarkably according to the amount of the energy gap at normal
pressure.

The relation between the Franck-Condon factor and the energy gap in anthracene

derivatives will be discussed in more detail in the near future.
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