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A NEW TECHNIQUE TO DIFFERENTIATE BETWEEN GEMINATE AND NONGEMINATE

RECOMBINATION OF TRIPLET EXCITONS

J. PRASAD and R. KOPELMAN

Department of Chemistry, The University of Michigan, Ann Arbor, M1 48109-1055, USA

Geminate formation and recombination of the triplet excitons in the 2,3-benzocarbazole /tetracene has been studied using a
dynamic technique (pulse vs. steady state excitation). In tetracene, the mode of decay of the first excited singlet state is by
fission into two neighboring triplet excitons that can undergo geminate recombination. The concentration of 2,3-benzocarba-
zole in our samples was 20%. We monitored the geminate exciton recombination via delayed fluorescence at room
temperature. Decay rates were monitored using steady state and pulsed excitations. Decay rates for the 2,3-benzocarbazole/
tetracene samples were then compared with the decay rates for nongeminate recombination in naphthalene samples. We find
that the geminate recombination decay rates do not depend on the duration of the excitation (pulse length). For nongeminate
recombination the decay rates were found to depend on the pulse length (duration of excitation). Thus our work clearly
provides a new, dynamic technique to differentiate between geminate and nongeminate recombination of triplet excitons.

1. Introduction

Classically, a steady-state buildup from a random
excitation of a material will result in a random (Pois-
son) distribution of particles. This is true for the crea-
tion of defects, of electrons and holes, of solitons and
antisolitons, as well as of excitons. We address here the
simple case of exciton creation and annihilation (fusion):

hv—>A  A+A—hy (1)

Obviously, an excitation by a random pulse of photons
creates a random ensemble of excitons. On the other
hand, a steady-state excitation may lead to a nonclassi-
cal, non-Poisson particle distribution {1]. This self-
ordering occurs for fractal-like, low-dimensional or ran-
dom media (but not for 3-dimensional homogeneous
media). An example is given in ref. [2]. However, the
exact nature of the source term determines the outcome.
It has been pointed out [3] that a geminate creation of
excitations should lead to a Poisson (random) steady-
state distribution, resulting in “classical kinetics”, even
for low-dimensional and fractal materials. In this work
we test this out experimentally. We selected a system
where geminate creation of excitons is the only channel
of particle formation. We contrast this with another
system, where random creation of single excitons is the
sole channel for particle creation. These systems are
crystals of tetracene for geminate and naphthalene for
nongeminate exciton creation.

The nature of radiationless transitions in organic
molecular solids and molecules has been a subject of
intensive investigation. A striking example of radiation-
less processes occurs in tetracene, which is a homolog of
anthracene in the linear polyacene aromatic hydro-
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carbon series. Solid anthracene has a fluorescence ef-
ficiency, ~ 0.95 [4], whereas for tetracene it is ~ 0.002
{5] at 298 K. This is because in crystalline tetracene, at
298 K, the excitation of the singlet exciton results in the
thermally activated, spin-allowed production of two tri-
plet excitons with almost unit efficiency. This exciton
fission process is a result of an accidental near degener-
acy of the energy of the singlet exciton with that of the
energy of two triplet excitons. At low temperatures (77
K), the fission process is essentially inhibited. Energeti-
cally, this mechanism is feasible in tetracene, but not in
anthracene or naphthalene. This constitutes a process of
singlet exciton fission, which is the reverse of the mut-
ual annihilation of two triplet excitons to produce one
singlet (exciton fusion). Virtually every singlet exciton
produced in tetracene fissions into two T excitons [6].
Since these excitons are generated as near neighbors,
the local concentration of T excitons is huge. This
situation is different from the case where T excitons are
not generated by this fission mechanism. Our studies
exploit this difference. The situation is analogous to
that of ionization in particle tracks in which positive
and negative carriers are produced in close proximity to
each other; the local concentration of carriers is very
high, although the average concentration in the crystal
may be vanishingly small. Thus, fission bears the same
relation to excitons as ionization does to carriers. A
dominant early process in ionization is geminate recom-
bination, and the same process occurs in the exciton
fission process.

To exploit the difference in geminate and non-
geminate processes, we applied a new dynamic tech-
nique, developed in our laboratory. For geminate re-
combination study we doped tetracene with 2,3-benzo-
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carbazole (BC) in order to construct a system with T
exciton reflectors [7]. None of the low lying excited
electronic states of BC is accessible from either low-lying
excited electronic state of tetracene. The T energy level
of BC lies at 18200 cm~! (2.26 V) [4] which is 1 eV
higher than the tetracene T energy (1.27 eV) and is just
below that of the singlet level of tetracene 2.35 eV [6].
The singlet level of BC lies at 3.2 eV [4], which is
thermally inaccessible to the tetracene singlet exciton.
Most important, BC was chosen because it forms a solid
solution with tetracene.

2. Experimental

To prepare the 2,3-benzocarbazole/tetracene mix-
tures we used the same method as described in ref. [7].
The concentration of 2,3-benzocarbazole in our samples
was 20%. For nongeminate studies, we used naph-
thalene in 1-dimensional systems [8]. We monitored the
geminate and nongeminate exciton recombination via
delayed fluorescence. Decay rates were monitored using
steady state and pulsed excitations from an argon ion
laser with an electro-optical modulator for the tetra-
cene/BC geminate studies (microsecond triplet life-
times). A Xenon lamp and shutter arrangement was
used for the naphthalene (nongeminate) system where
the delayed fluorescence life time extends to seconds.

3. Results

Pulsed and steady state decay curves for tetracene/
BC system are shown in fig. 1. As expected, the decay
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Fig. 1. Decay rates for tetracene /2,3-benzocarbazole (geminate)

system. Pulse and steady state conditions were achieved using

an electro-optical modulator with argon ion laser (4865 A). In

the steady state experiment the sample was excited for 2 s and

then decay rates were monitored. For the pulsed run, 200 ns

pulses were used. The two curves are superimposed (practically
indistinguishable).
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Fig. 2. Decay rates for naphthalene system (nongeminate).
Curve A represents steady state excitation and curve B repre-
sents pulse excitation.

rates do not depend on the duration of the excitation
(pulse length). This is shown in fig. 1. However, the
situation is different for nongeminate recombination.
Since most of the triplets in naphthalene are produced
via intersystem crossing (a random process), the density
in this case will depend on the duration of the excita-
tion. This is shown in fig. 2.

4. Conclusions

In our study we find that: (1) the geminate recombi-
nation decay rates do not depend on the duration of the
excitation; (2) the nongeminate recombination decay
rates do depend on the duration of the excitation; (3)
our work provides a new dynamic technique to differen-
tiate between geminate and nongeminate recombination
kinetics of triplet excitons.
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