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

On: 23 February 2013, At: 07:38

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

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Drift Mobility Measurements in
Copper Phthalocyanine Single
Crystals

Yoshinobu Aoyagi ® ® | Kohzoh Masuda ° & Susumu
Namba "

& The Institute of Physical and Chemical Research,
Wako-shi, Saitama, 351, Japan

® Osaka University, Faculty of Engineering Science,
Toyonaka, Osaka, Japan
Version of record first published: 21 Mar 2007.

To cite this article: Yoshinobu Aoyagi , Kohzoh Masuda & Susumu Namba (1973): Drift
Mobility Measurements in Copper Phthalocyanine Single Crystals, Molecular Crystals
and Liquid Crystals, 22:3-4, 301-308

To link to this article: http://dx.doi.org/10.1080/15421407308083352

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



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407308083352
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 07:38 23 February 2013

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.




Downloaded by [Tomsk State University of Control Systems and Radio] at 07:38 23 February 2013

Molecular Crystals and Liquid Crystals. 1973. Vol. 22, pp. 301-308
Copyright © 1973 Gordon and Breach Science Publishers
Printed in Great Britain

Drift Mobility Measurements in Copper
Phthalocyanine Single Crystals

YOSHINOBU AOYAGI{, KOHZOH MASUDA and SUSUMU NAMBA

Osaka University
Faculty of Engineering Science
Toyonaka, Osaka, Japan

Received October 25, 1972; in revised form December 5, 1972

Abstract—The drift mobilities of holes in copper phthalocyanine were ob-
served to be 0.2-0.5 ecm?/V.sec. The mobilities increase exponentially with
temperature with the activation energy of 0.1 eV.

1. Introduction

The measurement of drift mobilities in organic molecular single
crystals has been a matter of considerable interest. The drift
mobilities and the temperature dependences can help one to under-
stand mechanisms of charge transfer on these crystals under the
influence of applied electric fields.

Transient current measurements of mobilities have been successful
in a number of organic crystals. 12,3

The phthalocyanine single crystals are a particularly interesting
class of organic compounds because of their stability and versatility.®

Drift mobilities for amorphous films of copper and metal free
phthalocyanine have been already measured by several authors. ©.6.7)
However, for the investigation of the conduction mechanism in
molecular crystals the measurements of drift mobilities for single
crystals are important. Drift mobilities of metal free phthalocyanine
single crystals were recently carried out by N. N. Usov et al.®) and
are about 0.5 cm?/V.sec.

Copper phthalocyanine has been studied in great detail because it
has a relatively high Hall mobility of about 15-75 cm?/V.sec.?10)
which is much larger than that of 0.1-0.4 cm?/V.sec of metal free

t Present address: The Institute of Physical and Chemical Research,
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phthalocyanine,®) but its drift mobility and the temperature
dependence have not been observed.

In this paper drift mobilities of copper phthalocyanine single
crystals and the temperature dependence are reported.

2. Experimental

Single crystals of Cu phthalocyanine were grown by sublimating
the material in a two zone furnace, using nitrogen gas as a carrier
after purifications of 5 times by sublimation. Thin flat erystals with
70-120 pm thickness were used for measurements.

Drift mobilities were observed by a crystal counter technique
using a giant pulse ruby laser as shown in Fig. 1. The time constant
of the output circuit is made large compared to the duration of the
photoconductive transient so that the circuit acts as an integrator.
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Figure 1. Schematic of the drift mobility measurement.

In our experiment the electrodes are placed on the ac-plane of the
crystal. To avoid crystal surface damages by the illumination the
weak laser excitation intensity was used.
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3. Results and Discussion

Figure 2 shows the typical applied voltage dependence of collected
charge which is linear with voltage for low voltages and saturates at
high voltages. This behavior is referred to as * Hecht behavior ”
and this shows that carriers arrive at the unilluminated electrode.
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Figure 2. Typical applied voltage dependence of the collected charge.

Figure 3 shows the displacement of the break point corresponding
to the transit time with increasing applied voltage V. The obser-
vation of a sharp break point in the curves suggests that trapping is
small and the field remains uniform during one transit time.

The absorption coefficient of phthalocyanine at the wavelength
of the ruby laser radiation is greater than 105 cm~1.42) This suggests
that carriers are generated at the surface.

The measurement of the transit time 7'y allows one to compute
the drift mobility from the relation

H = dZ/ VTtr.
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Figure 3. Photoresponses for several values of V. The arrow marks
indicate the value of T',;.

Observed displacement is proportional to 1/V as shown in Fig. 4.
The mobility is calculated by obtaining the slope of the plot of
T vs. 1/V. Values of mobilities obtained from the slopes are shown
in Table 1. In our experiment the drift mobility of electrons could
not be estimated because sharp break point is not observed in
electron currents. This suggests that the drift mobility of electrons
is less than that of holes.

Observed drift mobilities of holes are the same order as those of
anthracene and metal free phthaloeyanine but are much smaller than
Hall mobilities. The ratio of the Hall mobility to the drift mobility
is about 30 and is the same order as that observed in anthracene by
M. Schott et al.® The origin of the large ratio is discussed by many
authors4.1%) but has not been clarified.

Figure 5 shows that the hole mobility increases exponentially with
temperature as written in followings,

p = o exp( — E/kT),
where F is the activation energy and is 0.1 eV. The exponential
dependence of the mobility suggests that the thermal activation
process in charge transfer is important.
Values of u at 1/T = 0 are about 17-43 cm?/V.sec which are the
same order as values of Hall mobilities and are much larger than
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Figure 4. Transit time vs, 1/V for several samples.



Downloaded by [Tomsk State University of Control Systems and Radio] at 07:38 23 February 2013

306 MOLECULAR CRYSTALS AND LIQUID CRYSTALS

sample | hole mobility [tem. dep.
S3(70p) | 0.2 cm?/V.sec| exp. E=0.10ey
S4(120p) | 0.5 —_

TaBLE 1. Observed mobilities of holes in copper phthalocyanine.
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Figure 5. Mobility of holes vs. temperature.

drift mobilities of metal free phthalocyanine. This result suggests
that the central metal ion in phthalocyanine enhances the prob-
ability of the charge transfer from molecule to molecule.®

The observed activation energy of the photoconductivity in copper
phthalocyanine is 0.31 eV as shown in Fig. 6. This result suggests
the following scheme; photocarriers are generated through the
thermal activation process with 0.21 eV activation energy from
singlet exciton level and move in the crystal with 0.1 eV activation
energy.
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Figure 6. Temperature dependence of the photoconductivity.

4. Conclusion

The drift mobilities of holes in copper phthalocyanine are about
0.2-0.5 cm?/V.sec at room temperature and carriers move in the
crystal with the thermal activation energy of 0.1 eV,
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