This article was downloaded by: [Tomsk State University of Control Systems and Radio]

On: 17 February 2013, At: 06:14

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals

Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl15

s Photovoltaic Effects in Tetracene Crystals

P. J. Reucroft ® , P. L. Kronick ® & E. E. Hillman ?

# Chemistry Department, The Franklin Institute Research Laboratories, Philadelphia, Pa.,
19103, U.S.A.
Version of record first published: 21 Mar 2007.

To cite this article: P. J. Reucroft , P. L. Kronick & E. E. Hillman (1969): Photovoltaic Effects in Tetracene Crystals, Molecular
Crystals, 6:2, 247-254

To link to this article: http://dx.doi.org/10.1080/15421406908082962

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl15
http://dx.doi.org/10.1080/15421406908082962
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 06:14 17 February 2013

Molecular Crystals and Liquid Crystals, 1969, Vol. 6, pp. 247-254
Copyright © 1969 Gordon and Breach Science Pablishers
Printed in Great Britain

Photovoltaic Effects in Tetracene
Crystals

P. J. REUCROFT, P. L. KRONICK and E. E. HILLMAN

Chemistry Department, The Franklin Institute Research Laboratories
Philadelphia, Pa. 19103
U.S.A.

Received June 12, 1969

Abstract—Studies on the photovoltaic effect in tetracene single crystals
have shown that, in general, two photovoltaic mechanisms yielding signals
of opposite sign can be observed. On illuminating the crystal, a fast
photovoltage response is obtained which is eventually dominated by a more
slowly rising photovoltage of the opposite sign. The action spectrum of the
fast response is closely related to the absorption spectrum of the crystal.
The slow response is more effectively induced by light in spectral regions
where the crystal absorbs light weakly. Temperature higher than room
temperature decrease the response time of the slow photovoltage. The
results are discussed in terms of photovoltage mechanisms which involve
singlet excitons and photoinduced detrapping of trapped charge.

Introduction

The photovoltaic effect i.e. the production of a voltage in response
to illumination, has been reported in many organic systems.! In
some cases the observed phenomena have been ascribed to the
Dember effect.? In the majority of cases the effect is considered
to arise from a potential difference developing at a contact barrier.
The effect is usually charactrized by the sign of the charge which
an illuminated electrode in contact with the organic substrate
assumes when the electrode-substrate interface is illuminated.! In
many measurements on the photovoltaic effect found in tetracene-
semi-transparent electrode systems, however, it has been observed
that the sign of the observed effect can vary from sample to sample
with the same semi-transparent electrode. Moreover, the sign of
the observed photovoltage varies with time in many samples, the
247
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ultimately achieved steady state photovoltage being of opposite
sign to that observed initially. Similar phenomena in anthracene
single crystals have been recently reported by Russian workers.?
In order to achieve some understanding of these observations and
clarify mechanisms whereby photovoltages are produced, the
effect of time, temperature and wavelength of illumination on the
photovoltaic effect in tetracene single crystals has been investi-
gated. Single crystals are more suitable for such investigations
since many of the problems of reproducibility and short-circuiting,
associated with the ill-defined physical nature of evaporated
polycrystalline samples are eliminated.

Experimental

In the experimental arrangement used two silver electrodes
were deposited directly on the crystal, one being semi-transparent.
Contact to the transparent electrode was made with 1-mil copper
wire; contact to the back electrode was made with platinum foil.
Other semi-transparent electrode assemblies such as a tin oxide
coated slide in contact with the metallized or unmetallized crystal
surface were also investigated. Similar results were obtained for
all the electrode arrangements.

Photovoltages were measured with a Cary Model 31/31V
Vibrating Reed Electrometer, operating in the 31V mode. Photo-
voltage measurement consisted of recording the potential induced
on the illuminated electrode with respect to ground.

An Osram 900W Xenon lamp with Xetron CX-900 lamp
housing and a Bausch and Lomb 150W Xenon lamp were used as
sources of illumination. The light sources were used in con-
junction with Bausch and Lomb monochromator gratings No.
33-86-02 or No. 33-86-07 to give monochromatic light. =Light
intensities were measured with an Eppley thermopile.

Tetracene was obtained from Henley and Co., Inc. After
purification by Column Chromatography and vacuum sublimation,
single crystals, 50-100 in thickness, were obtained by sublima-
tion at 255°C in a stream of nitrogen (0.3 cu ft/hr).



Downloaded by [Tomsk State University of Control Systems and Radio] at 06:14 17 February 2013

PHOTOVOLTAIC EFFECTS IN TETRACENE CRYSTALS 249

Results

The photovoltage response as a function of time was qualita-
tively similar for all the electrode arrangements. Typical photo-
voltage-time data at room temperature are shown in Fig. 1. An
initial fast response was observed which peaked within a few
seconds. In some crystals the fast response was negative, in
others positive. The crystals in Fig. 1 gave an initial negative
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Figure 1. Photovoltage as a Function of Time for Tetracene Single
Crystals.
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fast response. After the initial photovoltage peak the photo-
voltage decreased in magnitude, eventually reversing in sign and
building up to an equilibrium steady state photovoltage within
20-30 minutes. This signal remained fairly steady with steady
illumination, a slight decrease with time being observable in some
cases. When the illumination was removed the signal decayed to
zero in most cases. In some cases a residual signal remained for
some time after removal of the illumination. The spectral
dependence of the initial fast signal and the ultimately achieved
slow rising signal at constant illumination intensity is illustrated
in Fig. 2. The spectral dependence of the fast signal was closely
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Figure 2. Spectral Dependence of the Initial and Final Photovoltage
Magnitude for a Tetracene Single Crystal (Photovoltage Corrected to
Uniform Illumination Intensity of 1.04 mw/om?).

related to the absorption spectrum of the crystal. The arrows in
Fig. 2 indicate the position of strong absorption bands in the
erystal spectrum.? The slow signal showed maximum response in
spectral regions where the crystal absorbs light weakly. The
effect of temperature on photovoltage-time effects in tetracene
single crystals is illustrated in Fig. 3 for a typical crystal. At
25°C, in this case, a fast rising positive photovoltage reversed into
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a negative signal within two minutes. Twenty minutes was
required to attain the maximum. At 75°C the character of the
response changed. The initial fast positive response was not
observed. Instead a fast rising negative response was found which
peaked within 15 seconds, reducing to a lower value within twenty
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Figure 3. . Photovoltage Time Plots at Different Temperatures for a
Tetracene Single Crystal.

minutes. Similar behavior was found at 125°C, in this case a fast
negative response peaked and then reduced to a lower value within
five minutes. Raising the temperature thus had the effect of
decreasing the response time of the photovoltaic signal that was
slow rising at room temperature so that it became the dominant
effect at all times after commencement of illumination.
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Discussion

The spectral dependence of the fast rising photovoltaic effect
i.e. a close parallel between the photovoltage spectrum and the
crystal absorption spectrum, suggests that excitation of the crystal
singlet electronic energy levels is involved in this process. Photo-
conductivity in organic crystals is usually explained in terms of
singlet excitons generated in surface layers of the crystal, disso-
ciating at crystal defects and the crystal surface to give both
positive and negative charge carriers.> The observed photovoltage
can be explained in terms of the charge separation produced by
carriers of one sign diffusing into the crystal bulk and carriers of
the opposite sign remaining at the illuminated electrode. A fast
response is expected for this type of effect since singlet states are
usually excited and relax within 10~®gec. If the net sign of
trapped charge in the crystal can be positive or negative, the fast
rising photovoltage may be negative in the former case, or positive
in the latter.

The temperature and spectral dependence both point to photo-
induced detrapping of charge in the bulk of the crystal as the most
reasonable explanation of the slow rising photovoltage. Sign
reversal of the photovoltage in anthracene single crystals has
recently been attributed to the ionization of trapped electrons by
weakly absorbed light.? At room temperature the detrapping
process is slow and it is some time before the charge build-up can
dominate the initial fast response arising from the generation of
singlet excitons. At higher temperatures the detrapping process
is accelerated and the photovoltage from this mechanism is
immediately established. A maximum effect with weakly absorbed
light is expected in the case of the slow-rising photovoltage since
it will penetrate more deeply into the crystal, releasing more
trapped charge and yielding a greater measured photovoltage.
Since long time illumination will slowly release all the charge
initially trapped in the erystal, photovoltages produced by
the detrapping mechanism should slowly decrease with time.
Evidence that this occurs can be seen in Figs. 1 and 3, where
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the photovoltage can be seen to slowly decrease with time.

The postulated mechanisms suggest that the slow rising
photovoltage will be present to a greater or lesser extent depend-
ing upon the amount of trapped charge initially present. In
studies on many crystals this has in fact been observed. The fast
rising photovoltage was always present as expected since it
depends upon the intrinsic electronic properties of the crystal.
The slow rising photovoltage was present in a large number of
samples demonstrating that most crystals have significant
amounts of trapped charge.

The results on the photovoltaic effect in tetracene single crystals
indicate that tabulations of the sign of the photovoltaic effect in
organic solids should be treated with caution unless the conditions
under which the measurements were obtained, are specified.? Tt
can also be noted that difficulties may arise in interpreting the
measured, photovoltages in terms of the Dember effect when
effects due to trapped charge are operating. Considerations such
as these may explain the lack of agreement between the sign of
the majority carrier obtained from the Dember effect, the Hall
effect and Seebeck coefficients.®
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