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using SEM. The SEM micrographs showed similarities 
between homo- and copolymers. A mechanism was sug-
gested for the formation of copolymers proceeding via 
radical cations of indole, pyrrole and that of the possibly 
formed copolymer.
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Introduction

Functionalized conducting polymers and copolymers have 
been in the focus of considerable attention due to their 
interesting electrical and optical properties and conceivable 
applications in the last three decades [1–3]. Among them, 
considerable attention has been drawn to polymers and 
copolymers of pyrrole and indole prepared by electrochemi-
cal oxidation [4–6] due to several advantages, especially 
fairly good thermal and electrochemical stability [7, 8] and 
high redox activity [9]. Moreover, PIn is a good candidate 
for applications in electronics, as electrode in batteries, in 
electrocatalysis as anticorrosion coating and in pharmacol-
ogy [10].

Interest in the electrochemical polymerization of 
indole is further simulated by its close structural simi-
larities with pyrrole; actually many statements about 
polyindole structure and polymerization mechanisms 
are obtained from polypyrrole studies. Electrocopolym-
erization of pyrrole, substituted pyrroles and indole has 
been applied by several groups to generate copolymers 
[12–14] and has offered a wide array of materials with 
high redox activity, stability and different conductivity [3, 
11]. In situ characterization and, more specifically, in situ 

Abstract Electrochemical formation and properties 
of intrinsically conducting homo- and copolymers of 
polypyrrole (PPy), poly-N-methylpyrrole (PNMPy), pol-
yindole (PIn), poly(pyrrole-indole) [P(Py-In)], poly(N-
methylpyrrole-indole) [P(NMPy-In)] on gold electrode 
were studied comparatively. Characterization of the sam-
ples was performed by cyclic voltammetry, in situ UV–Vis 
and FTIR spectroscopy methods, in situ resistance meas-
urements and scanning electron microscopy (SEM) tech-
niques. The voltammograms exhibited different behavior 
for various concentration ratios of the monomer in the feed 
with redox peaks observed at different positions. Positive 
shifts of the oxidation peaks were observed for copoly-
mers synthesized using higher concentrations of mono-
mer during the electropolymerization. In situ UV–Vis and 
FTIR spectroscopy results showed a spectroscopic behav-
ior of the copolymers intermediate between those of the 
homopolymers. The resistance of copolymers generally 
grew with increasing (In)/(Py) and (In)/(NMPy) concen-
tration ratio. This was most likely due to a smaller amount 
of pyrrole units in the copolymer backbone yielding a less 
extended π-conjugation system along the copolymer back-
bone. In comparison, the resistance of P(NMPy-In) was 
higher than that of P(Py-In) copolymers. The morphology 
of polymers and copolymers was studied and compared 
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