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1-(2-Cyanoethyl)pyrrole was chemically polymerized in acetonitrile by using iron(in) perchlorate as an
oxidizing agent. Poly[1-(2-cyanoethyl)pyrrole] obtained as black powder was hydrolysed with potassium
hydroxide to convert cyano groups of the polymer to carboxyl groups. The hydrolysis of the cyano groups
was confirmed by means of i.r. spectroscopy. The electric conductivities of these polymers were investigated
and it was shown that poly[1-(2-cyanoethyl)pyrrole] behaved as a conductive polymer while the hydrolysed

polymer behaved as an insulator.
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Introduction

Polypyrrole is well known as an electrically conductmg
polymer and is synthesnzed by both chemical' = and
electrochemical methods®’. Modification of polypyrrole
with biological materials such as enzymes, antibodies
and antigens is an attractive approach in their applica-
tion as biosensors®

1-(2-Cyanoethyl)pyrrole possesses a reactive cyano
group which can be easily hydrolysed to a carboxyl
group and, therefore, can give a new functional
conducting polymer. For instance, pyrrole covalently
modified with enzymes was prepared by the amido
bonding between amino groups of the enzymes and the
carboxyl groups obtained by hydrolysis of the cyano
groups of 1-(2-cyanoethyl)pyrrole, which was electro-
chemically polymerized to give the polypyrrole carrying
the enzyme!l.12. However, there are few research works
about chemically oxidative polymerization of 1-(2-
cyanoethyl)pyrrole and its electrical properties. In this
paper, the chemically oxidative polymerization of 1-(2-
cyanoethyl)pyrrole and the hydrolysis of the cyano
groups of poly[l-2(cyanoethyl)pyrrole] (PPy-Et-CN)
are studied. The electrical properties of polymers are
also studied for application to electronic devices and
biosensors.

Experimental

1-(2-Cyanoethyl)pyrrole and iron(u1) perchlorate
hydrate were purchased from Aldrich Chemical Com-
pany, Inc. and used without further purification.
Guaranteed reagent grade commercial potassium hydro-
xide, hydrochloric acid and acetonitrile were used
without further purification.

Chemically oxidative polymerization of 1-(2-cyano-
ethyl)pyrrole was carried out as follows: 2.69mg of
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iron(111) perchlorate was mixed in acetonitrile (50 ml) and
added to 0.8ml of 1-(2-cyanoethyl)pyrrole at room
temperature. The precipitate was washed with a large
amount of acetone, filtered and dried in vacuo.

The yield was determined by the following equation:

precipitate {g)

yield (%) = 1-(2-cyanoethyl)pyrrole used (g)

x 100

The hydrolysis of the cyano groups of PPy-Et-CN was
carried out as follows: a suspension of 0.25 g of PPy-Et-
CN in 100 ml of 5% potassium hydroxide solution was
stirred at 50°C for 30 h, and acidified with hydrochloric
acid.

Lr. spectra of the obtained polymers were measured
using a Shimazu FTIR-8100M spectrophotometer.

The conductivity of these polymers was measured as
follows: disc plates (the disc area was 1.33cm?® and the
thickness was 0.71 mm) were made at a pressure of
500 kgfem™ ? by a hand press and gold was deposited on
both sides of the disc plates as electrodes. Voltages from
—2to +2V were applied between the two gold electrodes
and current changes were measured by an Advantest
TRB652 digital electrometer.

Results and discussion

Figure 1 shows the relationship between the yield of
precipitate and reaction time. This result indicated that
the precipitate formation was completed within 5min
and the yield levelled off at ~ 30%. Elemental analysis of
the precipitate gave the following resuits: C, 53.5wt%;
H, 42wt%; N, 17.9wt%. The results suggested that
PPy-Et-CN was synthesized successfully.

Figure 2a shows the i.r. spectrum of PPy-Et-CN
obtamed The absorption peak in the region 2240-
2280 cm ™! attributed to the —C= =N stretching vibration is
evidence that 1-(2-cyanoethyl)pyrrole was polymerized
by the chemically oxidative process. Figure 2b shows
the i.r. spectrum of hydrolysed polymer. Not only the
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absorption peak of —C=N stretching vibration in the
region 2240-2280cm ! but also that of C=0 stretching
vibration in the region 1650—1700cm ! was observed.
This result suggests that part of the cyano groups on the
surface of PPy-Et-CN powder were hydrolysed. The
hydrolysed polymer (PPy-Et-COOH) contained cyano
groups in some degree. The conversion of the cyano
groups to carboxyl groups was determined to be ~ 14%
by titration with sodium hydrogen carbonate'?.

In addition, the conductivity of PPy-Et-CN and PPy-
Et-COOH was measured. Figure 3 shows current—
voltage (I-V') plots of both polymers. The conductivity
of PPy-Et-CN and PPy-Et-COOH was calculated to be
of the order of 1077 and 107 Scm™', respectively. I~V
plots of PPy-Et-CN showed the ohmic characteristics
with the gold electrode. On the other hand, /- plots of
PPy-Et-COOH showed a slight hysteresis curve. It is
considered that the carboxyl groups of PPy-Et-COOH
induced dielectric polarization when the voltage was
applied. Considering the conductivity of PPy-Et-COOH,
this polymer exhibited insulating properties, because
iron(un) perchlorate in the polymer was dedoped during
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Figure 1 Relationship between reaction time and yield in the
polymerization

the hydrolysis of the cyano groups. [ron(in) perchlorate
can be regarded as a dopant in PPy-Et-COOH. Figure 4
shows the ir. spectra of iron(ui) perchlorate. The
absorption peak was observed in the region 1050-
1200 cm ™" This absorption peak was not observed in the
case of PPy-Et-COOH but PPy-Et-CN (see Figure 2).
We have been investigating the application to electric
devices and biosensors of these functional conductive
polymers such as PPy-Et-CN and PPy-Et-COOH. For
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Figure 3 /-V plots of (a) poly[1-(2-cyanoethyl)pyrrole] and (b) the
hydrolysed product of (a)
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Figure 2 1.r. spectra of (a) poly[l-(2-cyanoethyl)pyrrole] and (b) the hydrolysed product of (a)
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Figure 4 Lr. spectrum of iron(i) perchlorate
example, we have preliminarily tried the covalent References
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