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ANISOTROPY OF TRAPPING FACTORS IN
PERYLENE-DOPED ANTHRACENE CRYSTALS.

M. SAMOC

Institute of Organic and Phyalcal Chemistry,
Wroclaw Technicael University,
50~370 WrocXaw, Poland

(Submitted for publication March 11, 1977)

Abgtract The depth of the hole traps formed
y perylene in anthracene crystals was found
to vary merkedly depending on the crystallo-
graphic direction of measurements. The trap
depth in the a and b direction amounts to
cas 0.32 eV and to ca. 0.39 eV in the ¢°’
direction.

Since the experiments carried out by Hoeste-
rey and Letson‘, the measurements of the tempera=-
ture dependence of the effective drift mobility
have been asccepted as a technique to study para-
meters of trape in organic crystals. Recently,
Probst and Kar1? having employed this technique
on single crystals of enthracene doped with tet-
recene reported an anisotropy of the depths of
the hole and electron traps formed by tetracene
molecules. The aim of this communication is to
present results of a similar study carried out
on perylene-doped anthracene crystals.

On the basis of arguments put forward in
Ref.3}, one can expect perylene molecules to cre-
ate hole traps ca. 0,2-0.3 eV deep; this was
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qualitatively confirmed by the measurements of
steady-state space~charge-limited currents‘.

The crystals used in this study were grown
employing the Bridgman technique from carefully
purified anthracene with an amount of perylene
added into the growing tubes. Single-crystalline
platelets were cut from the boules using a string
saw, The concentration of perylene in each sample
was determined after the measurements, from UV
spectra of the sample dissolved in tetrahydro-
furane. The effective drift mobility was measu-
red employing a standard time-of-flight techni-
ques. The details of the experimental arrange-
ment were described in Ref.6. The time of flight
(ty), i.e. the time after which the front of
carriers injected into the semple by a short
pulse of light reaches the collecting electrode,
can be related to the mobility by the equation

= L3V ¢, (1)

where L is the sample thickness and V stands for
the voltage applied to the sample. Thus, if the
mobility is independent of the voltage, its
value can be determined from the slope of the
1/ty v8e V straight lines. It is worth to note
that we did not observe sny deviation from
straight-line behaviour over the entire tempera-
ture and voltage renges {(cf. Fige.1).

The mobilities of holes were determined in
several doped samples within the temperature
range 290-390 K. The mole fraction of dopant
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FIGURE 1 Voltage dependences of the reciprocal
transit time. Crystal thickness amounts
to 1.42 zm, concentration of perylene
to 16 ppm, direction of measur. - c’.

varied from ca. 106 to ca. 1074, Typical tempe-
rature dependences are shown in Fig.2. The results
obtained cen be interpreted assuming perylene
molecules acting as shallow traps for holes. In
the case of shallow trapping the temperature de-
pendence of the effective mobility may be expre-
ssed as1

},,:/.«P(T) [ 14N, /N exp(E,/kT) ] (2)

where /w° is the Mattice® mobility (i.e. the mo-
bility in a pure crystal), N, and E, are the con-
centration and depth of traps, respectively and
Nc is the effective density of states. From Eq.2
the concentrations and depths of traps may be de-~
termined by plotting 1g(ﬂ94u~1) va. 1/T.
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FIGURE 2 The temperature dependence of hole mo-
bilities measured in a direction. Con~
centrations of perylene (ppm) determi-
ned s ectrophotometrlcally and from
Eq.2 (values in brackets) amount to:
1=0¢(0),2-10),3-6(6),
4"7(23).

Typical curves are presented in Fig.3. The trap
depths determined from the temperature dependen-
ces of the mobilities appeared to be practically
independent of the perylene concentration but a
marked anisotropy of the trap depths was found
in all samples. The results, averaged for several
semples are given in Table 1.

The anisotropy well exceeds the spread of
the experimental results and seems to be an evi-
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FIGURE 3

TABLE 1

30 32 34 30 32 34 30 32 34
103/7 (k™)

Examples of the dependence ofﬂ;&{prl
vs. T for the measurements in ‘various
directions. Approximate concentrations
of perylene are given in the figure.

Average depths of hole traps in pery-
lene-doped anthracene crystals

Direction Trap depth (eV)
8 0031 2 0402
b 0432 £ 0402
c? 0.39 < 0.01

dence that the potential walle around trapping
centres are anisotropic and the directions of the
release of carriers from traps are field-dependent.
It is also not impossible that, contrary to com-
monly accepted opinions7, the effective thermal
velocity in real crystals is compatible with drift
velocities. The latter opinion, however, has only
a wesk support on the basis of the results prese-
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nted in this note, and further studies are nece-
ssary to explain the effect described in Ref.2
and in this paper,

The author is greatly indebted to Dr. J.
Sworakowski for valuable suggestions and critical
remarks.
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