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

On: 17 February 2013, At: 06:04

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

Photoconductivity in p-
diilodobenzene

Lowell M. Schwartz # , Henry G. Ingersoll Jr. &
James F. Hornig b

% Dept. of Chemistry, University of Massachusetts-
Boston, Boston, Massachusetts, 02116

b Dept. of Chemistry, Dartmouth College, Hanover,
N.H., 03755
Version of record first published: 21 Mar 2007.

To cite this article: Lowell M. Schwartz , Henry G. Ingersoll Jr. & James F. Hornig
(1967): Photoconductivity in p-diiodobenzene, Molecular Crystals, 2:4, 379-384

To link to this article: http://dx.doi.org/10.1080/15421406708083428

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



http://www.tandfonline.com/loi/gmcl15
http://dx.doi.org/10.1080/15421406708083428
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 06:04 17 February 2013

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 06:04 17 February 2013

Molecular Crystals. 1967. Vol. 2, pp. 379-384
© Copyright 1967 Gordon and Breach Science Publishers
Printed in Great Britain

Photoconductivity in p-diiodobenzene'
LOWELL M. SCHWARTZ

Dept. of Chemistry, University of Massachusetts-Boston,
Boston, Massachusetts 02116

HENRY G. INGERSOLL, JR. and JAMES F. HORNIG
Dept. of Chemistry, Dartmouth College, Hanover, N.H, 03755
Received October 5, 1966

Castro and Hochstrasser' have measured the singlet-triplet
absorption spectrum of crystalline p-diiodobenzene and interpreted
their findings as evidence of strong vibronic coupling between
molecular states. Within the band-theory model of excess charge
transport thisimplies a wide conduction band in comparison to other
molecular crystals and hence a relatively long mean-free path and
high drift mobility of the excess charge. In light of these implica-
tions we have undertaken a preliminary study of p-diiodobenzene
photoconductivity primarily to measure the drift mobilities. Such
data are particularly important at this time because of the uncertain
state of charge transport theory.in molecular crystals as discussed
recently by Glaeser and Berry.? Our study has indeed revealed
relatively high drift mobilities. In addition we have found (1) that
the action spectrum for charge generation bears no apparent
relation to the known portion of the absorption spectrum of crystal-
line p-diiodobenzene, and (2) a discontinuity in the mobility vs
temperature curve which is presently being investigated further.
Kastman 1102 p-diiodobenzene was purified by zone refining,
recrystallization from absolute ethanol, and zone refining again in
the dark. The purified material was crystallized from the melt
under argon in a Bridgmann furnace. Two ingots were grown both
of which consisted of several nearly-aligned crystals and which
cleaved easily. Different crystal samples were prepared with sur-
faces normal to the three mutually perpendicular crystallographic
t This research was supported by a grant from the National Science

Foundation to Dartmouth College.
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axes. Orientation was done with a polarizing microscope and
assignment of crystallographic direction by X-ray diffraction.?
Most crystal samples were benzene polished which temporarily
enhanced the charge carrier production. Photocurrents were
generated by light pulses from a modified EG&G Model 49-11
Microflash unit and filtered through a Bausch and Lomb High

T T
280 -
//
240 - /=06
k=) /
= /
- 200} 1 ®
< / &
ES ! s
g 160 ,’ —10-42
2 / 2
c / O
S120 / - <
o /
<@
£ 80} —40-2
40 -
t t 1 o
200 210 220 230 240

Wavelength, nm

Figure 1. The solid curve is the p-diiodobenzene quantum yield for hole
generation vs wavelength using light with spectral purity of +4 nm. The
dashed curve is part of the absorption spectrum of p-diiodobenzene dissolved
in methanol (2.0 x 10-3m) taken through 0.1 mm of solution. The broad peak
occurs at 243 nm.

Intensity grating monochromator. The crystal was mounted in the
usual sandwich-type cell. The absolute light intensity was measured
with an EG&G Model 580 Radiometer.

Hole photocurrent was found at short wavelengths. Shown in
Fig. 1 is the action spectrum for a crystal whose surface was an
unpolished cleavage plane exposed to air. Although photocurrent
was measured at wavelengths slightly below 200 nm, the peak of the
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action spectrum could not be located because of insufficient sensi-
tivity of the radiometer in thisrange. No photocurrent was detected
above 240 nm and no electron current at all was seen. The onset of
photoconductivity at 240 nm isin the UV absorption region which is
opaque to convenient spectroscopy. Absorption into the first
triplet begins around 380 nm and the spectrum is known only to
about 300 nm.* The p-diiodobenzene molecular spectrum in
dilute solution measured by Burawoy °® and repeated in this labora-
tory has an intense peak centered at 243 nm, however. The tail of
this peak is shown in Fig. 1.

The shapes of the current pulses were considerably distorted by
trapping and detrapping effects. These varied from crystal to
crystal and with temperature, but typical trapping times were
10-30 psec. With such fast trapping and high mobilities it was
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Figure 2. Hole drift mobility (cm?2/V-sec) vs absolute temperature. Figures
(a), (b), and (c) show mobilities in the a, b, and ¢ crystallographic directions,
respectively.
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necessary to use crystals of 1.6-4.2 mm thickness and field strengths
of 4000-14,000 V/em to get resolvable transit times.

Drift mobilities measured from carrier transport times are shown
in Figs. 2a, 2b, and 2¢ for photocurrents in the a, b, and ¢ crystallo-
graphic directions, respectively. The error flags represent estimated
uncertainty limits due to misalignment of crystal surfaces and to
poorly defined carrier transit times. Any variation of mobility
with applied field was generally well within these limits. The solid
lines are theoretical plots of reciprocal absolute temperature.

Room temperature drift mobilities are about 12, 4, and 1.7
cm?/V-sec in the a, b, and ¢ directions, respectively. These numbers
are to be compared with drift mobilities in other molecular crystals
shown in Table 1. In the @ and b directions in p-diiodobenzene the
mobilities are above those measured to date in this type of solid.
Although the molecular axes do not coincide with the crystallo-
graphic axes, the long iodine-iodine molecular axis has its largest
projection, corresponding to a 32° angle, on the a axis.!! This
implies significant orbital overlap through the iodines on adjacent
molecules along this axis.

TaBLE 1 Experimental drift mobilities in molecular crystals (ecm2/V-sec)

Crystallographic

Compound direction Holes Electrons
p-Diiodobenzene a 12 —_
b 4 —
c 1.7 —
Anthracene® a 1.2 1.7
b 1.8 1.1
¢ 0.8 0.4
Naphthalene? a 0.9 0.7
b 1.4 0.7
¢ 0.4 0.4
Todine$ a 2.3 —
b 0.72 —
c 2.1 —

Orthorhombic sulfur?, 10 normal to 111 2.0 7x10-4

plane
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The most surprising result of these experiments was the precipi-
tous decrease in mobility noted at higher temperatures in all
crystal samples. The effect is reversible but with hysteresis;
several hours seem to be required for a crystal cooled to room
temperature to regain the higher mobility. This may be due to a
change in crystal structure and is being studied further.
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