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bstract

Electrochemical composite thin film formation (∼0.6–0.7 �m) of thiophene and N-methylpyrrole on carbon fiber microelectrodes (diameter
7 �m) was carried out by cyclic voltammetry in order to understand and improve the surface properties and capacitance behaviour of carbon
bers. Carbon fiber microelectrodes were coated with polythiophene and N-methylpyrrole was electrografted onto the thiophene electrode. The

lectrocoated carbon fiber surface mophology was characterized by scanning electron microscopy and atomic force microscopy and by FTIR-
eflectance spectroscopy for their composition. The effect of monomer concentration and scan number on electropolymerization has also been
nvestigated. The impedance behaviour of composite electrodes was characterized by electrochemical impedance spectroscopy. The composite of
olythiophene and poly-N-methylpyrrole exhibits better charge storage properties than polythiophene coated carbon fiber microelectrodes.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Electrically conducting polymers and their composites attract
uch attention because of their high charge storage ability.
onducting polymers possess several advantages as electrode
aterials in batteries. First, the electrochemical properties can

e controlled at the molecular level by manipulating monomer
tructure [1] or by doping [2]. Second, surface area can be con-
rolled by the conditions used for polymerization and/or by the
ubstrate onto which the polymer is coated.

Carbon fibers (CF), which are a new breed of high-strength
aterials, are mainly used as reinforcements in composite mate-

ials such as CF-reinforced plastics, carbon–carbon composites,
arbon fiber reinforced materials, and carbon fiber reinforced
ement. Carbon fiber composites are ideally suited to applica-
ions where strength, stiffness, lower weight, and outstanding
Please cite this article in press as: A.S. Sarac et al., Electrochemical compo
fiber microelectrodes: Morphology, characterization by surface spectrosc
(2007), doi:10.1016/j.porgcoat.2007.01.008

atigue characteristics are critical requirements. They also find
pplications where high temperature, chemical inertness, and
igh damping are important in addition to having good electri-
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al conductivity, thermal conductivity, and low linear coefficient
f thermal expansion [3].

There has been much interest in supercapacitors because of
heir practical applications as energy storage devices for memory
ackup of computers and for electric vehicles [4–6].

Polypyrrole is one of the most extensively studied conducting
olymers due to the ease of synthesis, good redox properties,
tability in the oxidized form, ability to give high electrical
onductivity and useful electrical and optical properties [7–10].
oly-N-methylpyrrole (PNMPy) has attracted attention as a pos-
ible alternative to polypyrrole for technological applications in
pite of its lower conductivity [11].

Polythiophenes (PTh) have shown considerable promise for
aterials applications due to exceptional electrical properties

nd their environmental stability [11–14]. On the other hand, the
igh oxidation potential of thiophene compared to the polymer
auses some degradation of the polymeric film, which has been
he subject of a wide variety of studies.

Polythiophene and polypyrrole (PPy) have good electri-
site formation of thiophene and N-methylpyrrole polymers on carbon
opy, and electrochemical impedance spectroscopy, Prog. Org. Coat.

al properties, however, PNMPy exhibits poor environmental
tability, also PTh suffers from brittleness, low elongation,
nd poor processibility. In order to solve these problems,
ethods of preparing composites and copolymers, reforming
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