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Conducting poymers represent an objed of numerous
studies in view of their uniqgue cmbination of properties
making them prospedive for various applicaions. Most of
them can be eaily obtained in the form of films at the
eledrode surface by the oxidative dedropdymerizaion
in the solution of the rresponding monomer. This
possbility is diredly related to the high eledronic
conductivity of these materials within this potential range
which all ows the palymerization processto continue & the
outer boundary of the film.

During the recent period there is a gradual shift of the
reseach interest from the basic systems (polypyrrole,
polythiophene ad pdyaniline) to their derivatives
possessng a greaer variety of their properties. In
particular, first examples of films containing
organometallic centers have been synthesized. These
attempts are stimulated by the hope to creae new
immobilized caalysts and sensors.

These publications ded mostly with the derivatives of
the iron and platinum groups of metals. The extension of
these studies to ather transition metals, in particular to
those of groups IV-VI may open new prospeds in this
area since the mrresponding aganometallic complexes
are well known as catalysts of humerous organic readions
in solutions and pdymerizaion. We present here the first
system of this kind where the palypyrrole film is modified
by the titanocene dichloride centers, Cp,Ti(IV)Cl, (Cp =
C5H5 )

The most reliable way to immobilize a molecular
center inside a @nducting polymer film always possessng
a nsiderable porosity is provided by its chemicd
attachment to the polymer matrix. In our study it was
adhieved by the dhemicd synthesis of a new titanocene
dichloride derivative, TcRPy, where one of the
cyclopentadienyl ligands was functionalized with the
pyrrolyl ring via an aliphatic chain (Tc = CpCp'TiCl, , Cp
=GCsHs, Cp' = CsHa , R=(CHy)s, Py = NC4H,).

The redox properties of this derivative have been
studied first in solutions of acdonitrile (AN),
dichloromethane (DCM), or tetrahydrofurane (THF) at Pt
eledrode, with its comparison to the unsubstituted Tc. The
reduction of Ti(IV) to Ti(lll) is accompanied by a rapid
loss of one of chloride anions which is replacal by the
solvent molecule as a ligand in the complex. The
subsequent reoxidation in strongly coordinating solvents
(like AN) may only possble & much more positive
potentials while it is looking as an almost reversible
process in THF and DCM. The titanocene dichloride
(without pyrrole group) after its reduction had been
known to be irreversibly hydrolyzed in the presence of
water as well as to read with the disolved oxygen.
Moreover, the solubility of the modified monomer in AN
or DCM is grongly reduced compared to that of pyrrole,
the saturation concentration being about 1 mM.

These properties compli cate the dedrosynthesis of the

corresponding polymer films. In addition, the dedronic
conductivity of these films is much lower than that of
polypyrrole so that one @n notice a marked ohmic
potential drop increasing parallel to the film thickness
which shifts the wave of the monomer oxidation as well as
the onset of the palymer redox charging in the curse of
the anodic scans of the potential. This effect is espedally
pronounced in THF, thus excluding this lvent from the
possble media even for the studies of poymer redox

properties.

Our study has $own that the most favorable results
are obtained if the film synthesis is caried aut in AN
without adding water and thus modified eledrode is
transferred into DCM to study the redox properties of the
poymer matrix and Tc centers. The films formed
potentio- or galvanostaticdly or potentiodynamicdly give
similar CV resporses in the monomer free solution within
the interval of the polymer adivity, both in AN and DCM.
Low solubility of the monomer leals to the necessity to
use weak polymerization currents, e.g. 10-15 pA/cm? for i
= congt. Besides, to obtain a pronounced redox respornse
of the paymer matrix it is of crucial importance to avoid
its overoxidation during the synthesis or the further
cycling (in acmrdance with ealier results for other
pyrrole films modified with transition-metal complexes
[1-3]).

In these conditions we have observed high values of
the "polymerizaion yield" defined from the ratio of the
redox charge of the podypyrrole matrix and the
polymerizaion charge during the synthesis, 5-8 %, which
is close to that of native podypyrrole (4.5-8.5%) and
excedls the one of the polyalkylpyrroles (2.5-3.5%) [4].
The shape of this CV response wrresponds to the
"polypyrrole IlI" type[5] : the pe&ks are not espedally
pronounced, the hysteresis is small, CV curves are
proportional to the scan rate (measured within the 20-200
mV/s interval). This result is in acwordance with the
conclusions by Heinze et a [6] since our AN solutions
contained a sufficient amount of water to redize the
polymerization and the synthesis potential was not
espedaly low.

Redox transitions of titanocene groups immobili zed
inside the film can only be realized in DCM. The ratio of
the Tc reduction charge during the first scan to that of the
polymerization or to that of the polymer redox
transformation depends on the swee rate, v. For a
sufficiently slow scan these charges are independent of v,
the Tc reduction charge being 3-4 times greder than that
of the polymer matrix oxidation, in conformity to the
conventional "maximum charging degree' of the latter,
0.25-0.3. For higher scan rates the Tc reduction charge
diminishes as v 2. This dependence ca be atributed to
the incomplete film reduction because of a slow eledron
exchange between the neighbaing Tc groups inside the
film. Eledron transport parameters have been estimated.
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