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DOPING OF NOVEL PHENYLENE DERIVATIVE POLYMERS
RELATING TO ELECTRICAL CONDUCTIVITY

D.R. RUEDA, T.A. EZQUERRA, M.E. CAGIAO, F.J. BALTA CALLEJA,
and J. ALONSQO-LOPEZ:*

Instituto de Estructura de la Materia, CSIC,

Serrano, 119. 28006 Madrid. Spain.

*S.E.A. Tudor, Madrid. Spain.

Abstract Poly-p-phenylene, prepared in this laboratory,
commercial poly-p-phenylene sulphide and two new high
temperature thermoplastic polymers (polyarylethersulphone
and polyaryletherketone) have been doped by means of SbCl_.
Measurements of electrical conductivity at room temperatu?e
carried out in situasa function of doping time are reported.

INTRODUCT ION

The electrical conductivity of doped polymers can take-up charac-
teristic features of semiconductors and metals depending on the
specific reaction of dopant with the polymer and on the dopant
concentrationl. Conducting polymers like polyacetylene, poly-p-
phenylene and polypyrrol, exhibiting highest conductivity levels,
are, however, neither soluble nor melt processable. In the present
study we report preliminary data on the doping aspects of two new
commercial, melt processable polymers - Polyarylethersulphone (PES)
and Polyaryletherketone (PEEK) - in relation to their electrical
conductivity levels reached. Antimony pentachloride, SbClS, a rela-
tively weak electron acceptor dopant, was used. Poly-p-phenylene
(PPP), and poly-p-phenylene sulphide (PPS), were additionally
investigated owing to the lack of data for this dopant, and used

as reference systems.

EXPERIMENTAL

PES and PEEK are melt processable, aromatic polymers having out-
standing properties at high temperatures. Their formulae are:

263
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[-9-50,-¢-0-] =~ (PES) and [~$~C0-¢-0-¢-0-] (PEEK) where ¢ denotes
a phenylene ring. PES is an amorphous polymer with a softening

point of 235°C. PEEK is a crystalline polymer with a high melting
point (33Q°C)2.
80 um thick from the melt. The sample of poly-p-phenylene, PPP,

Both PES and PEEK were crystallized into films of

was prepared following the Kovacic method3. Both PPP and commercial
PPS (Ryton) were sintered in the form of 300 um thick films at room
temperature and 0.75 GPa. Doping with SbCI5 was carried out within
a glass cell under 10_2torr static vacuum at room temperature.
Conductivity measurements were carried out in situ. All the samples
were cut into parallelepipeds of 10x5xt mm with two Pt wires
attached at their shortest edges using electroconductive cement.

A Keithley source of dc current was employed. The relative weight

uptake, infrarred spectroscopy and wide angle X-ray diffractometry

were used to a first characterization of doped samples.

RESULTS AND DISCUSSION

The IR spectra from the surface of PPP and PPS films (using KBr
method) and of PES' solution cast film (<10 um thick) do not exhibit

appreciable changes after doping with SbCl The wide angle X-ray

5°
diffractograms show, in contrast, a dramatic loss of peak intensity
as a function of doping time (Fig. 1). This is due to the high

2.9-1) of the dopant intercalat d

mass-absorption coefficient (800 cm
within the polymer. By removing a thin 10 um surface layer of the
treated polymer the initial diffracted intensity is totally
recovered. This result implies that doping takes place preferen-
tially at the surface and that diffusion of the dopant into the
sample proceeds slowly. Fig. 2 illustrates the evolution of the
conductivity, g, for PPP and PPS with doping time. For PPP o rises
instantly (~1 min) some twelve orders of magnitude. It shows a
maximum after 8 min and finally levels off to a nearly constant

value after 5 h. Under application of a vacuum of IO—Ztorr a

decrease of about 2 decades after 16 h is observed. In the case of
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Fig. 1. WAXD diffractograms using CuKa radiation, a) from a
sintered film (750 um thick) of PPP doped with SbCl
for 3 h {relative weight increase of ~3%), b) the 5
same sample after peeling off a thin 10 um layer.

Fig. 2. Electrical conductivity of SbCl_. doped PPP (8) and PPS (®)
as a function of doping time. Afrows indicate when
dynamic vacuum was applied.
PPS the initial rise in o is slower than for PPP and after 30 min
shows a rather broad maximum. Here the ¢ level is 3 orders of
magnitude smaller than for PPP. For t>3 h a gradual further
increase in 0 is detected.

Fig. 3 illustrates the variation of o for PES and PEEK as a
function of doping time. In case of PES G reaches a maximum
(10-7ohm-1cm—1) and drops again to insulating levels after 6 min.
However, we noted that the relative weight increase after 30 min
doping was ~15%. After heating the SbC]5 glass vessel at 66°C o
reaches again a well defined maximum, one order of magnitude
higher, and levels off to 10-7ohm_1cm-1 after 22 min. In the case
of PEEK the level of 0 at room temperature is nearly undetectable.

0 shows a maximum after 2 min of doping. By heating of SbCl_ at

_ _ 5
62°C this sample reaches a o value of 107ohm 1cm 1. Here the
increasing rate of o is much slower than for PES and a very broad

maximum is observed. The appearance of a o maximum could be
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Fig. 3. Room temperature ¢ of SbCl. doped PES (0) and PEEK (@) as

a function of doping time. Full symbols refer to o of the
same samples after heating the SbC15 vessel {see text}.

related to the presence of new ionic species for the dopant.
Summarizing, while further additional information to explain

satisfactorily the kinetics of o for PES and PEEK is required, the
present preliminarly results and the Jlevels of o previously
reported for PPP, PPS and PPO treated with other related doping
agents (ASFS, SbFs)h’5 open up avenues for these aromatic processa-
ble polymers, after doping, as thermoplastic semiconducting mate-
rials. Indeed, one can expect that PES could reach 0 values similar

to PPS and that the o level for PEEK could lie between PPS and PPO.
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