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Accepted: 2019/11/02 conductive polymers, which include high electrical
conductivity, low ionization energy, and low energy transfer,
these polymers have been widely considered. One of the most
important conductive polymers is polypyrrole, which is widely
used in sensors and biosensors, light-emitting diodes,
capacitors, batteries, and membranes. The electrochemical
method of synthesis of conductive polymers has received more
attention because it produces a thin and uniform layer with the
ability to control the exact thickness.

Method: In this study, pyrrole-formylpyrrole copolymer (Py-
co-FPy) is synthesized by constant current polymerization at
480 pA constant flow for 200 seconds in an aqueous solution
of lithium perchlorate, pyrrole (Py) and formylpyrrole (FPy).
Results: The properties of the pyrrole-formylpyrrole
copolymer were studied by FESEM field emission electron
microscopy, STEM scanning transmission electron microscope,
TGA gravimetric calorimetry and EIS electrochemical
impedance spectroscopy. Field emission electron microscopy
images show that the synthesized pyrrole-formylpyrrole
copolymer (Py-co-FPy) has a hollow helical structure. The
results of impedance studies also show that the pyrrole-
formylpyrrole copolymer increases the flow of ions through
the pyrrole-formaldehyde copolymer to the electrode surface,
so that the electron conductivity of the pyrrole-formylpyrrole
copolymer is 2.5 times higher than that of polypyrrole.
Conclusion: Due to the high conductivity of pyrrole-
formylpyrrole copolymer, this compound can be used in many
applications in sensors, biosensors, Dbatteries, and
supercapacitors. The results of thermometric analysis of
gravity show that pyrrole-formylpyrrole copolymer has higher
thermal stability than polypyrrole.
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Extended Abstract

Introduction

Conducting polymers have obtained great
attention in several fields owing to their
remarkable electrochemical and mechanical
characteristics such as low ionization
energy, high electrical conductivity.
Furthermore, extensive attention has been
focused on the copolymers, due to their
astounding  electrical, physical, and
electrochemical characteristics. Recently,
chemical copolymerization of formyl pyrrole
(FPy) and pyrrole (Py) using acidic catalysts
in the copolymerization was reported. In this
study  (Py-co-FPy)  copolymer  was
successfully prepared through the electro-
copolymerization process in an aqueous
solution containing pyrrole, formyl pyrrole,
and lithium perchlorate (LiClO4). The
synthesized copolymer showed high
electrochemical activity and improved the
surface coverage in comparison with PPy
alone. The conjugated structure between Py
and FPy in the presence of the methine
group can cause the enhancement of
conductivity compared to polypyrrole.
Moreover, the impedance data revealed that
the (Py-co-FPy) copolymer has 2.5 times
lower charge transfer resistance (Rc)
compared to (PPy).

Materials and Methods

Chemicals including pyrrole, formyl pyrrole
and lithium per-chlorate were analytical
reagent grade and purchased from Merck
(Germany). All aqueous solutions were
prepared using deionized water with a
resistivity of ~18 MQ cm. All glass apparatus
were kept in 1.0 mol L-1nitric acid when not
in use. Pyrrole was purified by vacuum
distillation, shielded from light, and kept at
4-C until the electro-copolymerization
solution was prepared.

All electrochemical studies were performed
using a Galvanostat-Potentiostat; Autolab
302N controlled by Noval.10 software,
Metrohm, Switzerland. A three-electrode cell
was used for all the measurements; a glassy
carbon electrode GCE with a diameter of 3
mm as the working electrode, a platinum
auxiliary electrode, and a saturated calomel

50

as the reference electrode (SCE) (BAS Inc,
Japan). The surface evaluation was
performed by field emission scanning
electron microscopy (FESEM) in a Hitachi
SU8000 (Japan) microscope and the energy-
filtering transmissions electron microscope
(EFTEM) LIBRA 120 equipped with an
Olympus SIS ITEM Version 5.0 (build 1243)
(Carl Zeiss, Germany). Thermogravimetric
analysis (TGA) was performed on a Perkin-
Elmer TGA 4000 instrument at a heating rate
of 10 - C/minin N, atmosphere.

Findings and Discussion

The electro-copolymerization of (Py-co-
FPy) was successfully carried out in an
aqueous solution containing monomers of
(Py),(FPy), and LiClO4. The FESEM study
revealed that this copolymer has several
whelk-like helixes structures; most of the
whelks have a small hole on their apices with
an average diameter of about 45 nm, which
can be a reason for the enhancement of
charge transport through the copolymer
film. Moreover, the conjugated structure
between Py and FPy in the presence of the
methine group causes the improvement of
conductivity compared to polypyrrole.

Conclusion

It was revealed that the Py-co-FPy
copolymer has more thermal stability
compared to polypyrrole. This copolymer
exhibits interesting properties and has a
strong potential to be used in several
applications such as sensors.
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