This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 14:15

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 and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Electromodulation of Light Scattering in
Single Crystals of Anthracene

Andrzej Uzarczyk 2, Jan Godlewski *° , Waldemar Stampor ° &
Jankalinowski ® ©

& Department of Molecular Physics, Technical University of Gdansk,
80-952, Gdansk, Poland

® Istituto di Fotochimica e Radiazioni d'Alta Energia, 40126, Bologna,
Italy

¢ Department of Molecular Physics, Technical University of Gdansk,

80-952, Gdansk, Poland
Version of record first published: 24 Sep 2006.

To cite this article: Andrzej Uzarczyk , Jan Godlewski , Waldemar Stampor & Jankalinowski (1993):
Electromodulation of Light Scattering in Single Crystals of Anthracene, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 228:1, 191-193

To link to this article: http://dx.doi.org/10.1080/10587259308032158

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/gmcl19
http://dx.doi.org/10.1080/10587259308032158
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:15 18 February 2013

Mol. Cryst. Lig. Cryst. 1993, Vol. 228, pp. 191-193
Reprints available directly from the publisher
Photocopying permitted by license only

© 1993 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

ELECTROMODULATION OF LIGHT SCATTERING IN SINGLE CRYSTALS OF
ANTHRACENE*

ANDRZEJ UZARCZYK, JAN GODLEWSKI, WALDEMAR STAMPOR
Department of Molecular Physics, Technical University of Gdansk, 80-952 Gdarisk, Poland

JAN KALINOWSKI**
Istituto di Fotochimica e Radiazioni d'Alta Energia, 40126 Bologna, Italy

Abstract Modulation of light scattering by eleciric field in anthracene crystals is reported.
Scattered light was that obtained from a He-Ne laser. Effective modulation of scattered light was
possible only when concentration of trapped charge carriers was changed by an external electric
field under space-charge-limited conditions. External voltage characteristics of electromodulation
signal were structured, the signal height was up to ten percent. The observed effect is discussed in
terms of the modulation of the population of the filled up charge trapping domains responsible for
the light scattering. The change in the local complex refractive index due to the charge captured by
a spatially extended defect (macrotrap) is considered as the most probable microscopic mechanism
of the effect.

INTRODUCTION

Scattering of light occurs whenever a change in refractive index or absorption coefficient of the medium
is encountered!. In real organic crystals such a change arises on a variety of chemical and physical
imperfections which thus act as scattering centres. The scattering properties of these centres are modified
when become charged by capture of the charge carriers introduced to/or produced in some way inside of
the crystal. Therefore, the charge evolution in the crystal can be followed by observing the pattern of the
scattered light, provided the charge concentration is sufficient to bring detectable effects.

The purpose of the present work was to check such a possibility, using a model organic crystal,
anthracene, contained between two strongly injecting Cul electrodes.

In the present communication we report the first experimental observation of electric-field modulation of
light scattering in this system and suggest a physical explanation for the voltage dependence of the
scattering intensity.

*  The work supported in part by the State Committee of Scientific Research (KBN) under Program Nr
204599101

**  On leave from Department of Molecular Physics, Technical University of Gdarisk, 80-952 Gdansk,
Poland
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RESULTS AND DISCUSSION
Electromodulation of light scattering from single anthracene crystals was detected after external voltage
modulation of charge carriers concentration in the bulk of the crystals. The crystals were illuminated
with He-Ne light (A = 632.8 nm) and the scattered light was observed at angle 30° relative to the direction
of the incident beam. The scattered light was detected by a photomultiplier connected to lock-in
amplifier, Steady-state voltage (Upc) and sinusoidal voltage (U = Ugsin(cwt)) with @ = 1100s-1 could be
applied to the crystal, separately or simultaneously with Up. Electrical contacts were prepared by
vacuum evaporation of Cu or Au on (ab) planes of anthracene crystals and the Cu contacts exposed then
to iodine vapour to form Cul electrodes. Thicknesses of the crystal used in the experiment were between
50 pm and 100 pm. For steady-state voltage, crystals with Cul electrodes gave typical space-charge-
limited currents.

For the system Au/Anthracene/Au there was practically no modulation of scattered light
observed. For the system Cul/Anthracene/Cul, under similar physical conditions, strong
electromodulation of scattered light, up to 10%, has been observed. An example is presented in Fig. 1.
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FIGURE 1 Electromodulation of the He-Ne laser light scattered by Cul/Anthracene/Cul system
as a function of steady-state voltage, Upc. Amplitude of the modulating voltage Ug = 70V, @
= 1100s-1. Thickness of the crystal d = 60um,
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Though a field-induced decrease in the scattered light intensity is seen from the
figure, a positive effect could be observed as well. A "quasi-periodic” structure of the electromodulation
signal versus Upc and U has been observed for all of the crystals. However, the height and field
behaviour of the signal have been dependent of history of the sample.

These general features of the effect suggest that it must be assigned to the presence of localized
charge carriers in the crystal. The holes injected from Cul electrodes can modify light scattering
properties of the structural defects of real anthracene crystal or lead to a scattering of 632.8 nm light by
ionic radicals of anthracene. Such radicals reveal an absorption maximum for the light used in the
experiment.3 At present no unambiguous decision between both explanations can be made. However, an
argument for the former hypothesis is the appearance of a "quasi-periodicity" in the signal versus applied
voltage, the effect similar to cascade-like voltage evolution of the triplet exciton lifetime.4 It is unlikely
that it has to be associated with field-modulated concentration of mono-positive anthracene radicals,
since then the energy separation between consecutive trapping sites falls in the range below kT.
Sequential filling of a set of discrete spatially extended trapping domains (macrotraps) by increasing
concentration of holes would explain the observed effect. By virtue of quantization of charge, the
macrotrap energy takes discrete values reached at suitable concentrations of charge. They correspond to a
sequence of discrete values of applied voltage between which the concentration of the trapped charge
remains constant? (or become diminished in case of alternating voltage used in the modulation
experiment).

In principle, sequential formation of multi-positive anthracene radicals, leading to sequential
drops in the scattering efficiency of the He-Ne laser light on mono-positive radicals, cannot be excluded
as an alternative explanation. The observation of minima in the evolution of the scattered light intensity is
compatible with both alternatives. Though an experiment with light out of remarkable absorption by
anthracene radicals would give a conclusive decision regarding the microscopic mechanism of the
scattering, formation of multi-positive radicals in anthracene crystal seems to be unlikely and, therefore,
sequential filling of macrotraps by injected charge carriers provides the most probable explanation for the
observed voltage evolution of light scattering, at present,
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