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PHOTOIONIZATION OF SINGLET EXCITON IN ANTHRACENE SINGLE CRYSTAL

RYUZI KATOH AND MASAHIRO KOTANI
Faculty of Science, Gakushuin University
Mejiro, Tokyo 171, Japan

ABSTRUCT.  Photoionization of singlet exciton in anthracene
single crystal by 2-color, 2-step excitation has been studied.
Sn-51 absorption spectrum were also measured. The ionization
efficiency is discussed based on the experimental resuits.

INTRODUCTION

Recently, multi-photon and multi-step excitations have been applied
to study excited state dynamics of molecules in the gas phase as

well as in the solution. However, not many experiments have been
done on organic solids. This is because of the difficulties such as
possible sample damage by intense exciting light and the high density
excitation effect which may complicate the interpretation of the
results. We have proposed a 2-color 2-step excitation method which
allows to avoid such difficulties encountered in organic crysta1s1’2
Here will be reported an experiment in which this technique is applied
to anthracene single crystal,

EXPERIMENTAL

Purification and crystal growth of anthracene crystal have been
described in Ref.3. Photocurrent was measured by the time-of-flight
{kepler-LeBlanc) method. Transient absorption by singlet exciton

was measured by a pump-probe method using nano-second laser pulses
from an excimer laser / dye laser system. Details of these experiment
will be reported e]sewhere4.
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RESULTS AND DISCUSSION

When an anthracene crystal is excited with a 420nm photon in the
absorption edge, charge carrier generation occurs by a two-photon
process (Fig. 1, lower trace). There are two possible mechanisms.
One is the ionization through singlet exciton annihilation, and the
other is the photoionization of singlet excitons. From the analysis
of the exciting light intensity dependence, we could show that
photoionization of singlet exciton dominates under this condition3.

With simultaneous irradiation with two pulses, one of 420nm and
the other in the visible (480-600nm), an enhancement of the
photocurrent is observed (Fig.t!, upper trace) which is proportional to
the visible light intensity. No detectable photo-response could be
obtained with a 580nm pulse only. The increment decays with the time
constant of 25ns. These observations clearly indicate that
photoionization of singlet excitons occurs by visible light
irradiation.

The spectrum of photoionization of singlet exciton (PI) and of
transient absorption by singlet exciton (Abs) are shown in Fig.2.
Ionization efficiency ¢ is also shown in the Figure. ¢ is given by

¢=0PI /GA (1)
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FIGURE 1 Photocurrent waveforms. Excitation with 420nm only
(Tower trace). Excitation with 420+580nm simultaneously
(upper trace).
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where Opy is the cross section for the photoionization of the singlet
exciton and L7 is the cross section for Sn-S1 absorption. It may be
seen that the excitation energy dependence of ¢ is constant below
5.5eV and above that energy it increases with excitation photon
energy. This indicates that below 5.5eV auto-ionization occurs after
a rapid relaxation from various optically excited state to a common
auto-ionizing state. On the other hand, another ionization channel
seems to be opened above 5.5eV (for example; direct band-to-band
transition).

Figure 3 shows the temperature dependence of the number of charge
carriers generated by photoionization from singlet excited state with
580nm photon. According to the Onsager model the ionization
efficiency ¢ is given by, at low electric fie]ds,

¢=0¢p exp(-rC N ){T+(e re /2kT)E} (2)

y:
/
©
©
©)

- <] St} B
TI0ES e E
3 E/ ﬁ 3
- - Abs a, g ]
B — Dag\ og :
-— 8 A EB\D
A s
S 10°E 2 £ 3
5 EN° .
A “ 3
a [ PI N
2 10'E J =
O - P / 3
- [+
— o o _’//° ]
[ —e—o0—0"0—7] i

| I E I I B
5.1 5.3 55 57

Energy above So/eV

FIGURE 2  Absorption spectrum (Abs), photoionization spectrum
{PI) and jonization efficiency (¢ ) of singlet exciton.
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where rc=e2/4neeokT s ¢GP is the yield of the geminate ion pair and
ro is the Onsager length (thermalization length). With electric field
E=1.5x104 V/cm, and €=3.2 the result in Fig.3 is fitted with eq.(2).
The Onsager length o is found to be 25:53. A separate experimsnt
with 1 color 2 step excitation with a 420nm photon yields r0=36A.
This increase of ¢ above 5.5eV is consistent with the general
expectation that the ionization efficiency ¢ may increase with the
Onsager length o

To obtain more information on carrier generation through such an
experiment, measurements of polarized spectra and of absolute values
of the cross sections may be helpful. Such measurements are under
way and will be reported e]sewherea.
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FIGURE 3  Number of charge carriers (N) vs. reciprocal
temperature (580nm excitation)
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