
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:45
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

IR Behaviour, Conductivity
and Stability of Fecl3–Doped
polyparaphenylene (p-C6H4)x
Paula Yli-lahti a , Henrik Stubb a , Heikki Isotalo a ,
Pekka Kuivalainen a & Lasse Kalervo b
a Technical Research Centre of Finland,
Semiconductor Laboratory, SF-02150, Espoo, Finland
b Chemical Laboratory, SF-02150, Espoo, Finland
Version of record first published: 17 Oct 2011.

To cite this article: Paula Yli-lahti , Henrik Stubb , Heikki Isotalo , Pekka Kuivalainen
& Lasse Kalervo (1985): IR Behaviour, Conductivity and Stability of Fecl3–Doped
polyparaphenylene (p-C6H4)x , Molecular Crystals and Liquid Crystals, 118:1, 305-308

To link to this article:  http://dx.doi.org/10.1080/00268948508076229

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/10.1080/00268948508076229
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
45

 2
0 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Crysr. 1985, Vol. 118. pp. 305-308 

0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

0026-8941 /85/ I I84-0305/$10.00/0 

1R BEHAVIOUR, CONDUCI‘IVITY AND STABILITY OF FeC13-DOPED 
POLYF’AFWHElinENE ( P-C6H4) 

PAULA YLI-LAHTI’ , HENRIK STUBB’ , HETKKI ISOTALO’ , PEKKA 
KUIVALAINEN~ m LASSE KALERVO~ 
Technical Research Centre of Finland, Semiconductor 
Laboratory1 , Chemical Laboratory2, SF-021 50 Espo , Finland 

Abstract The correlation between Udc and the IR abso ption ra- 

FeClg-doped and pure (P-C~H~)~, respectively, is presented. 
The stability of doped (pCgH4)x is studied. 

tio A130/A805 of the peaks at 1180 cm-1 and 805 cm- y for 

INTRODUCTION 

It is known that doping of conjugated organic polymers such as po- 
lyacetylene (PA) and polyparaphenylene (PPP) causes new absorption 
peaks in the infrared (IR) spectrum accompanying the increase in 
conductivity ( 0 ) .  The IR behaviour of undoped and AsFg-doped PPP 
has been reported earlier. 9 * Whereas the doping induced IR pro- 
perties of PA have been accounted for by the presence of soliton 
defects, this interpretation cannot directly be transferred to PPP, 
which does not possess a degenerate ground state and is therefore 
not expected to accomodate single solitons. However, Bredas et al. 
have shown that soliton - antisoliton pairs could be stable in do- 
ped PPP and induce a quinoid structure of higher energy between 
the two defects.3 A theoretical study of the IR spectra and struc- 
ture of PPP has been presented by Rakovic et a1.4 

In our earlier studies of FeC13-doped PPP we have observed dc- 
ping induced new peaks as indication for local deformations of the 
benzoid structure of PPP towards a quinoid one due to doping.5 This 
paper presents the correlation we have found between Ode and the 
absorption ratio A1180/A805 of the peaks at 1180 cm-l and 805 cm-l 
for the doped and pure polymer, respectively. This ratio becomes a 
measure of the amount of electrically active dopant whereas other 
methods such as atomic absorption in some cases detect electrically 
inactive contributions. The absorption ratio may therefore below 
saturating conductivities be used as a noncontact method for deter- 
mining Ode, as in the ageing studies on PPP also presented in this 
work, 
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306 P. YLI-LAHTI er al. 

EXPERIMENTAL PROCEDURE AND RESULTS 

Powder of PPP was polymerized f r o m  benzene using the method of 
Kovacic et a1.5 and the powder doped with FeC13 as described by 
Pron et al.7 
absorption. omeasurements were made using the four point method on 
pressed pellets. The IR studies were performed on a Perkin Elmer 
983 spectrometer using KBr technique. The transmission level was 
measured setting the transmission of the empty spectrometer at 
100 %. The absorption ratio A1 ~~/A805 of the peaks at 1180 0n-l 
jnd 805 --I for the doped anh pure polymer, respectively, was 

The dopant concentration was determined by atomic 

TABLE I Samples studied 

Sample 
. 

A1 1 80/A805 Doping a dc 
( n -1cm-I) (mol%)* 

- 1 0 
2 2 x 0,8 0,03 
3 7 I O - ~  193 0,08 

5 7 x lo-* 291 0,59 
4 I o - ~  290 0,12 

6 
7 

* atomic absorption 

Y . . . . . . .  . . . . . .  
I00 zoo0 1200 400 

WAVENUHBER [cm-1) 
ABSORBANCE RATIO A,,m /A, 

FIGURE 1. IR transmission of PPP FIGURE 2. udc of doped PPP plot- 
for various doping levels. ted vs. IR absorbance ratio 
(j,) dopant induced peak? at 990, A1 180!A805. (A A) sample 7 after 
1180, 1275 and 1530 cm- . 1 yr in At- or air respectively. 

( 0 )  sample 2 after 1 yr in fr. 
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0 

SAMPLE 2 Ar 

AIR 
I 

0 10 20 30 LO 50 60 " .- . .. 
TIME IWEEKSI 4000 2000 1200 400 

WAVENUMBER lcm-1) 

FIGURE 3. IR absorbance ratio F I Z U E  4. IR tPanSmiSSlOn Of do- 
:,,180/&05 as a function of 
tune for doped PPP stored in 
A r  or sir. 

determined and plotted vs the measured a. The samples studied in IR 
andomeasurements are listed in Table 1. iR spectra of PPP of dif- 
ferent doping level are shown in Fig. 1 .  Doping induced new peedts 
(J . )  of increasing intensity coincide with those reported for AsF5 
d0ping.l A lower transmission with increasing a is also seen in yig. 
1 . The increasing absorption ratio A1 180//+305 with iric.- .easing is 
shown in Fig. 2. The stabilities for materials stored in Ar or air 
are presented in Figs 3 and 4 showing the decrease in absorption 
ratio A1 80/&j0 and increase in transmission level ~ respectively, 
as a function 02 tine. The cori-esponding conductivities of samples 
2 and 7 after one year in Ar or air a- shown in Fig. 2. 

ped PPP (sample 7) after 1 yr in 
A r  or air compared to pure PPP 
(sample 1 ) .  

DISCUSSION 

Using the same arguments as in the case of PA8, we can state that 
the doping induced new peaks in the IR spectra are not due to spe- 
cific vibrations of the dopant molecules cr between the molecules 
and the polymer chain, because the peaks are the same for AsF5- and 
FeC13-doping, but they we intrinsic vibrations of the polymer 
chain in the doped material. Recentlv we have found peJ.!? induced 
by H C l O  doping at 1275 and 1545 cm-l, the peak at 11 80 cm-l being 
obscui-?8 by dopmt material absorption. According to Racovics et 
a1.4 a peak at 1298 cm-l close to our measured 1275 cn-" is rela- 
ted to the quinoid structure of doped PPP.Thus the new IR peaks m y  
be evidence for local deformations of the benzoid structure of PPP 
towavds 2 quinoid one due to doping.5 The decreased IR transmis- 
sion with increasing doping in the whole frequency range studied is 
explained by free charge carriers. 

stable than PA. We have exmined the stability both measurinq the 
conductivity and rhe absorption ratio A1 180/A805 for comparing 

Doped PPP is generally observed to be unstable but still more D
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308 P. YLI-LAHTI et al. 

results. As shown in Figs 2 and 3 both methods give the same re- 
sults. Storing in Ar gives good stability, the decrease inobeing 
hardly observable in one yez. In air however, the stability is 
less god, as the conductivi y decreases from the original value of 

seen in the IR measurements both as an absorption ratio Al18 /A805 
lowering as well as a transmission level rising. This indica?es 
that the conductivity deci-ease upon ageing in doped PPP is due to 
slow deformation back to the benzoid structure. 

2 0 -1cm-1 to 7 x 10-3 a -Im- f . The conductivity decrease IS also 
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