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TEMPLATE SYNTHESIS OF ELECTRONICALLY CONDUCTIVE POLYMERS - A HNEW
ROUTE FOR ACHIEVING HIGHER ELECTRONIC CONDUCTIVITIES

C.R. MARTIN, R. PARTHASARATHY, AND V. MENON
Department of Chemistry, Colorado State University, Fort Collins,

CO 80523

ABSTRACT
We have recently developed a wmethod for synthesizing

microscopic fibers and tubules of electronically conduc:tive
polymers. This method entails synthesis of the polymer within the
pores of a microporous host membrane. Conductivities in the
narrowest of these "template-synthesized” tubules and fibers can be
significanfly higher than in conventional forms (e.g. powders or
thin films) of the analogous polymer. These previous conductivity
data were based on a two-point measurement of the resistance of the
host membrane after synthesis of the conductive polymer fibers
within this membrane. In this paper we will show results of
conductivity measurements on thin films composed of the template-
synthesized tubules and fibers. A four-point conductivity
measurement was used on these tnin films. These four-point
measurements corroborate the earlier two-point conductivity data
and, again, show that the template-synthesized materials are

significantly more conductive.

INTRODUCTION

We have been exploring the idea of synthesizing electronically
conductive polymers within the pores of microporous host membranes
{(1-7). The membranes employed have linear, cylindrical pores of
equivalent diameter. We call this method "template synthesis"
because the pores in the host membrane act as templates for the
nascent electronically conductive polymer. Because of this
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We have shown that the narrowest termplate-synthesized fibers

and tubules (i.e. fibers and tubules synthesized in heost membranes

with the smallest-diameter pores) can have conductivities that are

over an order of magnitude higher than conventional versions (i.e.
powders or thin films) of the analogous polymer (3,3,6;. We have
cemonstrated this enhancement in electronic conductivity for fibers
(3,5), poly(B—methyltrlophene) {3},
This enhancement in electronic
crmolecular

cmposed of polypyrrole

polyacetylene (6), and polyaniline.

czndy ity results £frcm an ennancement in the sup
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order within the template-synthesized fibers (relative to a powder

or film sample) (5). Specifically, we have shown that the polymer
Y

crainse within these fibers are highly aligned (5).
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pressure of 6x1C° psi. Four-point conduciivity measurements w2

made on these compacted thin films.

RESULTS AND DISCUSSICN

An electron micrograph of a typical thin film composed cf the
template-synthesized polyaniline tubules 1is shown in Figure .
Note that the tubular structure can not be seen .n this cross-
sectional image. This means that the tubules were crushed under
the high pressures used to compact the f£ilm. We have obtained
analogous thin films from polypyrrole tubules; however, for <h:s
polymer, the tubule structure 1s retained in the compacted thuin
film. This suggests that polypyrrole has better mechanical

preperties than polyaniline.

Fig. 2. Scanning electron micrograph of a thin rilm prepared form
0.1 um-diameter polyaniline tubules.

Conductivity data obtained from thin films prepared from
polyaniline tubules of various diameters are shown in Takle 1.
There are several interesting points to note from Table 1. First,
in agreement with our 2-point conductivity data reported previously
{(1-5), the conductivities obtained on these thin films, prepared
from template-synthesized tubules, increase as the diameter of
tubule used to prepare the thin film decreases. We have shown that
this increase in conductivity occurs because the smallest-diameter




the host membrane after synthesis of the electronically conductive
polymer fibers within this membrane. Four-point conductivity
measurements are always preferable to two-point measurements.
Furthermore, the two-point method used previously required that the
pore density and pore size in the host membrane be accurately
known. We have recently developed a method for forming thin films
of template-synthesized conductive polymer tubules and fibers and
we have conducted four-point conductivity measurements on these
thin films. These more reliable four-point measurements
corroborate the earlier two-point conductivity data. That, is the
four-point conductivity measurements also show that the template-
synthesized polymers are significantly more conductive.

EXPERIMENTAL

Nuclepore polycarbonate filters were used as the host
membranes (1-7). These membranes have cylindrical pores with
highly-monodisperse diameters. Membranes with pore diameters
ranging from 100 nm to 400 nm were used in these investigations.
In our previous investigations (3-5), tubule and fibril

polymerizations were carried out by allowing the membrane to
separate an agueous solution of the monomer from an agqueous
solution of the oxidizing agent. We have since developed an easier
method for conducting these template syntheses. 1In this method,
the host membrarfe is simply immersed into a solution containing
both the monomer and the oxidizing agent. This method is based on
the work of Kuhn et al. (8). Conductive polymer tubules are
obtained within the host membrane.

We will present data for polyaniline tubules synthesized
within these membranes. The monomer solution was 0.325 M in
aniline and 1 M in HCl. The oxidant solution was 0.125 M in sodium
vanadate, 1 M in HCl, and 0.5 M in p-toluenesulfonate. The
template membrane was immersed in the monomer solution and an equal
volume of the oxidant solution was added. Polymerization was
allowed to proceed for two hours. After polymerization, the
tubule~impregnated membrane was rinsed with 1 M HCl and the
polyaniline surface membranes were removed by polishing the faces
of the membrane with alumina powder.

The template membrane (Nuclepore polycarbonate) was then
dissolved in methylene chloride and the polyaniline tubules were
collected on an Anopore filter. A film of polyaniline tubules was
obtained on the filter surface. This filﬁ was compacted using a




tubules have highly—ordere? polymer chains (5). Second, note that
the conductivities obtained for the film prepared from the
smallest-diameter tubules is higher than the conductivity of bulk
samples of polyaniline. Bulk samples of polyaniline prepared under
the same conditions gave conductivities of 9 S cm’'.

TABLE 1

Four-point conductivity data form polyaniline films prepared from
template-synthesized tubules of various diameters.

1

Diameter of Tubules Used 'Cohductivity
to Prepare the Film (nm) (S cm™)
100 50
200 17
400 14
]
CONCLUSIONS S

We have shown that template-synthesized polyaniline tubules
can be processed into highly-conductive thin films. While not
reported on here, we have also processed template-synthesized
polypyrrole tubules into thin films. We have also shown that a
more reliable four-point conductivity measurement confirms our
early two-point measurements which showed that these nanoscopic
template~synthesized fibers and tubules have enhanced electronic
conductivities.
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