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

On: 20 February 2013, At: 12:49

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

Optical, Transport and
Magnetic Properties of Durham

Polyacetylene
M. E. Horton # , D. D.C. Bradley ®, R. H. Friend % ,
C. K. Chai®&D. C. Bott ”

& Cavendish Laboratory, Madingley Road, Cambridge,
UK

® BP Research Centre, Sunbury-on-Thames,
Middlesex, UK
Version of record first published: 17 Oct 2011.

To cite this article: M. E. Horton , D. D.C. Bradley , R. H. Friend , C. K. Chai & D.
C. Bott (1985): Optical, Transport and Magnetic Properties of Durham Polyacetylene,
Molecular Crystals and Liquid Crystals, 117:1, 51-54

To link to this article: http://dx.doi.org/10.1080/00268948508074594

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/10.1080/00268948508074594
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 12:49 20 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 12:49 20 February 2013

Mol. Cryst. Lig. Cryst. 1985, Vol. 117, pp. 51-54
0026-8941/85/1174-0051/$10.00/0

© 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd.
Printed in the United States of America

OPTICAL, TRANSPORT AND MAGNETIC PROPERTIES OF
DURHAM POLYACETYLENE

M.E. HORTON, D.D.C. BRADLEY and R.H., FRIEND
Cavendish Laboratory, Madingley Road, Cambridge, UK

C.K. CHAI and D.C. BOTT :
BP Research Centre, Sunbury-on-Thames, Middlesex, UK

Abstract We present the results of optical transmission,

AC and DC conductivity and ESR experiments on films of

Durham route polyacetylene. While the properties of doped
films resemble those of Shirakawa polyacetylene, those of the
undoped polymer show differences which may be related to the
short conjugation length of the Durham material.

INTRODUCTION

Transformation of the precursor BTFM—TCDT]' gives dense films of
polyacetylene without catalyst residue. Resonant Raman spectro-
scopy shows a predominance of short conjugated chains2 comprising
30 - 40 (CH) units, so that it is unlikely that solitons are the
dominant defect species, Doping reactions are relatively slow

because of the dense morphology of this materiala.

OPTICAL AND INFRA-RED PROPERTIES

The optical gap in fully isomerised Durham polyacetylene is higher
than that observed in the Shirakawa polymer, and the absorption
peak lies at 2.3 eV rather than 1.8 - 2,0 eV, in agreement with
Raman data showing short conjugation lengths. Doping induces mid-
gap features (figure 1), but at 1 eV rather than 0.75 eV, The
infra-red dopant induced features are similar to those found in

Shirakawa polyacetylene4, showing a broad band at 900 cm'l, and a
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FIGURE 1 Optical transmission of undoped and AsF5 doped
Durham polyacetylene.
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CONDUCTIVITY

The DC room temperature conductivity of Durham polyacetylene is 10_7

(ncm)_l, an order of magnitude lower than that of Shirakawa poly-
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FIGURE 2 AC conductivity of Durham polyacetylene.
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acetylene. The temperature dependence of conductivity can be fitted
at low temperature to a relationship of the form axexp—(To/T)%, with
T, = loloK, compared with 2.109 in Shirakawa material. Above room
temperature, conduction is activated with Ea = 0.4 eV. The low
temperature AC conductivity. shown in figure 2, displays ow=w®
behaviour with an exponent of about 0.8 between 10 Hz and 100 kHz,
but the temperature dependence is activated (Ea = 0.15 eV), rather

than the T" dependence observed by Epstein et al.5

Durham {CH), ESR spectra

(1) undoped

{2) after exposure to Imbar
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FIGURE 3 ESR signal of the Durham polymer before doping and
after 0.1% AsF5 doping.

ESR

Undoped films of trans-polyacetylene show a broad line at g=2.0010
with an intensity corresponding to about one spin per 2000 (CH)
units. The line reaches its final magnitude after a few hours of
the transformation reaction, and broadens only slightly between
room temperature and 4K. Very light AsF5 doping removes the broad
line, and produces a narrow (0.3G) line (figure 3), with ¥ reduced

to 1% of its original value. Iodine vapour doping reduces the line
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intensity as doping proceeds, but there is no change in the width or

profile of the line.

CONCLUSIONS

The properties of doped Durham polyacetylene strongly resemble
those observed in the Shirakawa polymer. Those of the undoped
polymer are related to the predominance of short conjugated
sequences in the material.

This work will be presented in greater detail elsewhere.
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