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Triplet State Lifetime of Anthracene
in Benzene Solution**
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Abstract: The decay kinetics of the triplet state absorption of anthracene in benzene have
been measured in conditions of laser flash photolysis, as a function of anthracene
concentration and of laser light intensity. It is concluded that concentration quenching of
triplet state anthracene by ground state anthracene is the major bimolecular deactivation

process.

The lifetime of electronically excited
states plays a most important role in the
actual efficiency of photochemical pro-
cesses. A photochemical reaction may be
very inefficient in terms of its quantum
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yield &, even though the reaction rate
constant k., may be large, because of the
competing photophysical processes of
deactivation of the excited state which can
be represented by a deactivation rate con-
stant k,:

The lowest triplet excited states of or-
ganic molecules M are of special impor-
tance in bimolecular photochemical reac-
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tions, since such states are expected to have
relatively long lifetimes (of the order of ms
to s), long enough to lead to reactive en-
counters in liquids of low viscosity even
when the partner (ground state) species N
is present in low concentration

‘M*+ N - P

It is however well known that the triplet
state lifetimes of many aromatic molecules
measured in solution are much shorter
than the phosphorescence lifetimes, or the
lifetimes measured in highly viscous media
or solid matrices such as organic glasses at
low temperatures!. Thus the lifetime of
the triplet state (T,) of anthracene (A) is
only some 80 ps in ethanol or cyclohexane
at room temperature as measured in con-
ventional or laser flash photolysis experi-
ments, whereas it is 26 ms in an acrylic
glass and even longer in low temperature
frozen matrices™.

The reason for the dramatic shortening
of the triplet state lifetime in low viscosity
liquids has been ascribed to a variety of
factors such as quenching by residual mo-
lecular oxygen®!, quenching by unspecified
impurities in the solvent or in the an-
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deactivation. The extrapolated lifetime of
3A* is then still very much shorter than that
observed in diffusionless systems, but it is
difficult to establish the origin of the uni-
molecular or pseudo-unimolecular deacti-
vation process. Quenching by residual oxy-
gen still seems the most likely explanation,
although it implies a repeated failure of the
degassing procedure; the residual oxygen
concentration should be of the order of
1077 M to account for the observed rate
constant k,, far above the concentration
expected from the residual gas pressure of
107¢ Torr (if [O,] = 107 M at the normal
atmospheric pressure, it would be 10° M at
10°¢ Torr pressure).

The concentration-dependent rate con-
stant k, can cover two quite distinct
quenching mechanisms which both depend
on [A]: the quenching by impurities con-
tained in the solute, and the quenching by
the solute (ground state A) itself, the so-
called «concentration quenching».

At the lowest concentration of A
(2.74-10°® ™) the pseudo-first-order rate
constant is 15 s' from the observed life-
time of 1.55 ms and the extrapolated first-
order rate constant k, = 630 s . Assuming
a diffusion limited rate constant k = 10"
M ' s' the quencher concentration comes
to 1.5-10° m, that is over 5% of the con-
centration of A. Since the results of the GC
analysis of the anthracene sample used in
this work give an absolute limit of 0.1%
for all impurities, it must be concluded that
the concentration-dependent process is the
quenching of *A* by ground state A. The
quenching rate constant of 3.6-10* v ' s
is however substantially lower than the dif-
fusional limit (by a factor 30 approxi-
mately).

It is of course still an open question to
what extent this type of quenching may be
general; it remains to be seen also if its
efficiency depends on the solvent. In any
case it shows that the lifetime of triplet
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states in solution depends on the solute
concentration, and this should be given
due consideration in the design of prepara-
tive photochemical experiments.
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