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Electrical transport properties
of poly(aniline-��-�-phenylenediamine) and its composites

with incorporated silver particles

a,bRobert Moucka*, a,bMiroslav Mrlik, cMarketa Ilcikova, dZdenko Spitalsky,
a,bNatalia Kazantseva, ePatrycja Bober, eJaroslav Stejskal

aCentre for Polymer Systems, University Institute, Tomáš Baťa University in Zlín,

Nad Ovčírnou 3685, 760 01 Zlín, Czech Republic

bPolymer Centre, Faculty of Technology, Tomáš Baťa University in Zlín, T. G. Masaryk Sq. 275, 762 72 Zlín, Czech Republic

cCentre of Excellence SAS for Functionalized Multiphase Materials (FUN-MAT), Polymer Institute,

Slovak Academy of Sciences, Dúbravská cesta 9, 845 41 Bratislava, Slovakia

dPolymer Institute, Slovak Academy of Sciences, Dúbravská cesta 9, 845 41 Bratislava, Slovakia

eInstitute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic,

Heyrovský Sq. 2, 162 06 Prague 6, Czech Republic

Received 20 August 2012; Revised 17 December 2012; Accepted 18 December 2012

Statistical copolymers of aniline and p-phenylenediamine, poly(aniline-co-p-phenylenediamine)s,
were synthesised by oxidative polymerisation using various oxidants, ammonium peroxydisulphate
or silver nitrate. Depending on the choice of oxidant, copolymers or composites with silver particles
were obtained. Different molar concentrations of p-phenylenediamine in the reaction mixture pro-
vided materials of different conductivities. The influence of both the copolymer composition and
the presence of discrete silver particles on the electric and dielectric properties of the system was
studied. The results showed a decrease in the conductivity of copolymers and their composites with
the silver content compared with the content of standard polyaniline salt. The reduction in con-
ductivity was described in terms of the decreased density of hopping centres due to defects in the
copolymer structure. The dielectric relaxations observed were described in terms of their activation
energies and were linked to the corresponding conduction mechanism.
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Introduction

Conducting polyaniline (PANI) belongs to the
group of conjugated polymers with conductivity of the
order of several S cm−1. The polyconjugated struc-
ture is a result of the strictly regular assembly of ani-
line constitutional units, thus enabling charge trans-
port. The chain of conducting PANI contains more

than 95 % of para-substituted aniline units linked
head-to-tail (Hagiwara et al., 1987). Any modifica-
tion of this polyconjugated structure leads to a de-
crease in conductivity, as demonstrated by the copoly-
merisation of aniline with other monomers, such as
pyrrole (Stejskal et al., 2004) or p-phenylenediamine
(Křivka et al., 2001; Starykov et al., 2004). In
general, the oxidation of the mixtures of aniline
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