
The quantum yield of triplet formation (φT) for two nonflu-
orescent molecules of 9-acetylanthracene and 9-benzoylan-
thracene was determined with a time-resolved thermal lensing
method (TRTL).  The value of φT for 9-benzoylanthracene was
0.19 in cyclohexane, indicating that a fast internal conversion
process with a rate constant of 4.0 × 1010 s–1 exists in the deacti-
vation from the first excited singlet state (S1). 

The nonradiative transition is a fundamental process in the
deactivation of electronically excited molecules.1 Aromatic car-
bonyl molecules are often nonfluorescent or weakly fluorescent,
and the mechanism for fast nonradiative transition from the S1
state has been long studied.  Efficient intersystem crossing (ISC)
based on the enhanced spin–orbit coupling between ππ* and nπ*
states2 is considered to be a predominant nonradiative process.  It
was pointed out that internal conversion (IC) is also responsible
for the fast nonradiative decay in some cases,3–5 but experimental
and theoretical understanding about IC in aromatic carbonyl mol-
ecules is scarce in comparison to ISC.

The contribution of the two nonradiative channels of ISC
and IC in nonfluorescent molecules can be determined from the
triplet yield.  However, it is somewhat difficult to obtain accu-
rate values of the triplet yield by transient triplet–triplet absorp-
tion, because of experimental restrictions associated with the
determination of transient molar absorption coefficients.
Instead, TRTL is a very convenient method to determine the
value of triplet yield.6–8 In the present work, this method was
applied to nonfluorescent carbonyl derivatives of anthracene, in
order to estimate the contribution of IC.

9-Acetylanthracene is nonfluorescent at room temperature
but fluoresces at 77 K, whereas 9-benzoylanthracene does not
fluoresce at any temperature.9–12 The fluorescence behavior of
these molecules and their analogues was at first explained on
the basis of ISC and its temperature dependence.9–12

Thereafter, it was pointed out4 that IC as well as ISC was
responsible for nonradiative transition in these molecules, based
on the temperature dependence in the intensity of triplet–triplet
absorption.  However, the absolute values of φT have not been
measured for these molecules.  In this paper, we report the val-
ues of φT in various solvents and clarify the fraction of contri-
bution of the two ISC and IC channels.

The TRTL system in this work, which utilizes a nitrogen
pulse laser as excitation light and a He–Ne laser as probe light,
is similar to those reported by other researchers.7,13 Sample
solutions were deaerated by freeze-pump-thaw cycles.  TRTL
signals measured for 9-acetylanthracene and 9-benzoylan-
thracene in deaerated cyclohexane are shown in Figures 1 and
2, respectively.  The fast rising component (Uf) corresponds to
heat released by vibrational relaxation in the S1 state, IC and

ISC.  The slow rising component (Us) corresponds to heat
released by nonradiative deactivation from the triplet state to
the ground state.  The magnitude of Us for 9-benzoylanthracene
is markedly small in comparison with 9-acetylanthracene, indi-
cating a large difference in the triplet yield between the two
molecules.  Similarly, the Us component of TRTL signals
measured in air-saturated cyclohexane was much smaller for 9-
benzoylanthracene than for 9-acetylanthracene, and this result
also reflects the difference in the triplet yield since the Us com-
ponent observed for air-saturated solutions is related to the
yield of singlet oxygen formed by the oxygen quenching of the
triplet state.13
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The value of φT for nonfluorescent molecules is obtained
from the ratio of Us to the total signal (Ut) by the following
equation with the excitation energy of a nitrogen laser (Ee=355
kJ/mol) and the triplet energy (E T = 176 kJ/mol for both mole-
cules12).

In order to eliminate the influence of multiphoton processes
which may be caused by excitation of high intensity, all meas-
urements were carried out in a low range of excitation intensity
where the fraction of a decrease in the intensity (Ut) to an inci-
dent intensity of probe light was from 1.5% to 3.5%.  In this
range the value of Us/Ut was constant within experimental
errors.  The influence of population lens and transient absorp-
tion in TRTL measurements should be also considered for
obtaining accurate values of φT, because TRTL signals may
include contributions from these effects besides thermal lens.14

However, these influences are thought to be insignificant in the
present measurements regarding anthracene derivatives whose
absorption spectra from the ground and triplet states are analo-
gous to those of anthracene, since the influence of population
lens and transient absorption is negligible in the TRTL signal of
anthracene measured with a He–Ne laser (633 nm) as probe
light.14

The obtained values of φT in various solvents at room tem-
perature (20–25 °C) are listed in Table 1.  The values for 9-
acetylanthracene are approximately unity and the nonradiative
process is only ISC in all the solvents except alcohols.  This
result is discordant to the previous argument4 that IC is signifi-
cantly responsible for the nonradiative transition of 9-anthryl
alkyl ketones such as 9-acetylanthracene in hydrocarbon sol-
vents.  The φT values less than unity for 9-acetylanthracene in
methanol and ethanol demonstrate that IC as well as ISC works
as a nonradiative channel in these solvents.  On the other hand,
the φT values of 9-benzoylanthracene are definitely less than
unity in all the solvents studied and hence, both ISC and IC
processes contribute to the nonradiative transition.  In particu-
lar, the small values of 0.19–0.24 for φT in hexane, cyclohexa-
ne and methylcyclohexane indicate that IC is a predominant
nonradiative process.

The ratio of IC to ISC in the rate constant (kic/kisc) is evaluat-
ed by the following equation and the values obtained are listed in
Table 1.

This ratio concerning 9-benzoylanthracene is strongly depend-
ent on the solvent.  The value of kic/kisc in hexane and cyclo-
hexane is about 17 times larger than that in acetonitrile, with a
tendency that the value decreases in polar solvents.     

Each value of kic and kisc can be obtained if a lifetime of the
S1 state (τS) is known.  All of three τS-values reported for 9-
acetylanthracene and 9-benzoylanthracene in toluene11 and 9-
benzoylanthracene in cyclohexane15 are 20 ps.  The rate con-
stants obtained from φT and τS are kisc = 5 × 1010 s–1 for 9-acety-
lanthracene in toluene, kic = 4.0 × 1010 s–1 and kisc = 9.5 × 109 s–1

for 9-benzoylanthracene in cyclohexane, and kic = 3.3 × 1010 s–1

and kisc = 1.7 × 1010 s–1 for 9-benzoylanthracene in toluene.  The
occurrence of a very fast IC process in the nonradiative transition
from the S1 state of 9-benzoylanthracene was thus confirmed.

The rate constant of IC concerning nonfluorescent or
weakly fluorescent aromatic carbonyl compounds has been
scarcely estimated so far because accurate data concerning both
τS and φT are very limited.  Further studies on the contribution
of IC process, the estimation of IC rate constant and the mecha-
nism for the very fast IC are needed for carbonyl anthracenes
and other aromatic carbonyl compounds.
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