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It is well known that during the dedrochemica
formation of conductive poymers a stoichiometric
amount of anions from solutions is incorporated into the
polymer to neutralize the pasitive charge of the polymer
chains. But the role of anions is not limited only to
guaranteang of the eledroneutrality of the poymer
during synthesis and eledrochemicd treament.

An esential role of anions appeas aready
during the dedropdymerizaion. It is generally acceted
that the dedrochemical polymerization of polypyrrole
(PPy) proceals via the formation of oligomers. Semi-
empiricad guantum-chemicd calculations have shown that
anions essentially stabilize the dharged digomers formed
[1]. More detail ed analysis has shown that the interadion
between positively charged oligomer and an anion
depends esentially on the nature of the anion. It was also
established that syn-conformation leads to the formation
of helicd chains of PPy, it is quite probable that such
form of poymer chain is common. The helicd form of
PR/ chains was established experimentally by STM
studies in the first state of formation d the paymer
depasit [2]. It was aso established that anions have
remarkable influence on the formation of the morfology
of the palypyrrole film [3,4].

The dedrochemicd properties of the PPy film
depend considerably on the mobility of anions in the
polymer. The mohility of ionsin the polymer depends on
the properties of the polymer and the ion. We have
studied the influence of the properties of ions on the
voltammetric behavior of PRy filmsin close detail .

The PPy films deposited in the presence of
different anions [ClIO,, NOs, CI', SO,%, dodeqylsulfate
(DDS), naphtalene-2-sulfonate and naphtalene-1,5-
disulfonate] were studied by cyclic voltammetry in
solutions of various eledrolytes.  Water, methanol,
ethanol and acdonitrile were used as lvents. The
changes in the chemical compaosition of the films during
eledrochemicd treament were determined by eledron
probe microanalysis (EPMA). In addition to the common
single-layer films ome hilayers of PPy films doped with
anions of limited (DDS) and good mohility (CI") prepared
by consecutive dedrodeposition were studied.

It was established, that if the mobhility of anions
is good as in the cae of ClIO; or NOjs, there is no
esential difference between the first, second and the
following voltammograms, and there is a good
proportionality between the peek current I, and the
potential sweep rate v. Such behavior of conducting
polymer films can be described by the model of “fre€
ions[6,7]. The mohility of halogenide-anions such as CI’
and Br" in PPy films is amost as good as ClOjor NOs
and the shapes of the voltammograms are similar.

The difference in the mohility of anions can be
related to their different interadion strength with the
conducting palymer chain. The strength of interadion of
the ions with the charged pdymer chain was estimated
using semi-empiricd quantum chemicd cdculations. The
complexation enthalpies of the aions with pyrrole
oligomer dications in both syn- and anti- conformation
were cdculated. The diloride and bromide anions ow
relatively similar stabili zation energies smewhat higher
apart from the nitrate and perchlorate anions. The double

charged sulfate forms a different class with much higher
stabili zation energies that the single charged anions. The
cdculated stabili zation enthalpies are in good redprocd
correlation with the experimental mobilities of the anions
in the polymer.

If the mobility of anions in the polymer is not
goodasin the cae of SO,% or DDS, the situation is much
more complicated: the voltammograms are lessreversible,
the first and the following wvoltammograms are
remarkably different. It was established that during the
reduction of the PRIDDS or PP|SO, films
eledroneutrality of the film is established not mainly by
anions leaving the film but by the incorporation of cations
from the solution into the film [4,8]. The nature of the
caions has a remarkable influence on the dependence of
the pe&k current i, on the potential scan rate (Fig 1.).
The dectrochemicd properties of PRy|DDS and PPy|SO,
films can be described by the model of exchangeable
“bond” ions[7].

It was found that the shape of cyclic
voltammograms for PPy|DDS films depends esentially
on the solvent used and in methanolic media the shape of
CV curves for PRy|DDS films is more similar to those
ohbtained in aqueous olutions with small inorganic
anions. The main reason d this phenomenon is obvioudy
conneded with the good swelling ability of PPy in
organic solvents.
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Fig. 1. The dependenceof the pek current ip on sweep
rate v for PRy|SO, film (1um) in 0.1 M (aqueous) solution
of 1) Li,SO4 ; 2) N&SO, ; 3) K;S0O, ; 4) Cs,SO,
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