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Filmes compdsitos obtidos pela polimerizagcdo eletroquimica de ditienopirrol sobre
eletrodos de platina ou ITO recobertos com um filme de poli(cloreto de vinila) foram estudados
neste trabalho. Os resultados obtidos da andlise térmica e de microscopia indicam a natureza
compdsita do material. As propriedades eletrocromicas foram estudadas por
espectroeletroquimica dindmica e sdo semelhantes as propriedades do poli(ditienopirrol) puro.

Composite films obtained by the electrochemical polymerization of dithienopyrrole onto
poly(vinylchloride) coated platinum or ITO electrodes were prepared and studied in this work.
Results obtained by thermal analysis and microscopy show the composite nature of the mate-
rial. The electrochromic properties were studied by dynamic spectroelectrochemistry and re-
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semble those of the pure poly(dithienopyrrole) polymer.

Keywords: conductive polymeric composite, electrochromism, thermoplastic

Introduction

Processability is a property important for polymeric
materials in general and, particularly, for conducting poly-
mers to make them technologically useful. A convenient
route to render a conducting polymer with electro-optic
properties usable for technological processes is by its inclu-
sion in a film of a non conducting but processable host
polymer!. The combinations of two or more polymers pro-
duce a blend if the product is homogeneous or a composite
if it is heterogeneous. Electrochemical techniques were
largely used for these purposes, and conductive polymers
were included in films of polyvinylchloride (PVC)?, nitrilic
rubber’, ethylene-propylene-diene rubber* and many other
processable polymeric materials’.

Preliminary results were reported in a previous paper
describing the anodic polymerization of dithienopyrrole on
films of PVC®. Adherent films cannot be obtained by the
electrochemical polymerization of dithienopyrrole on dif-
ferent substrates. Nevertheless, an electrochemically de-
posited film of pure poly(dithienopyrrole), pDP, showed
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interesting electrochromic properties®. Films of pDP de-
posited on PVC coated electrodes also showed
electrochromic properties in comparison to the pure poly-
mer. On the other hand, they did not characterize the new
material in detail and consequently it was not clear whether
it was a composite, a blend or a copolymer. Furthermore,
they did not do morphological and thermal analysis for the
determination of the stability and the composition of this
polymeric material.

In this paper we report on results obtained by several
techniques, which better explain the characteristics and the
composition of the product obtained by the
electropolymerization of dithienopyrrole on PVC films.
We confirm the composite nature of the material and its
electrochromic properties.

Experimental

4H-dithieno[3,2-b;2’,3’-d]-pyrrole (dithienopyrrole)
was synthesized as described in the literature®. Films of
poly(dithienopyrrole) on PVC were prepared by cycling
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ITO (glass dides coated with indium-tin oxide) electrodes
coated with PV C films (thickness 2-7 nm) between -0.5
and <%-2>1.5 V in acetonitrile solutions of
dithienopyrrole (1 x 102 M) and 0.1 M
tetrabutylammonium perchlorate (TBAP) or 0.1 M
tetrabutylammonium tetrafluorborate (TBAF). The elec-
trode potentials in this work are referred to the saturated
calomel electrode, moreover, asalt bridgewas used to con-
nect the reference el ectrode and the organic electrolyte so-
[ution.

Acetonitrile (Merck p.a.) was dehydrated with CaCls,
twice distilled over CaHy, and stored under nitrogen atmo-
sphere. TBAP and TBAF were purified by crystallization
from methanal.

Dynamic spectro-electrochemical experiments were
carried out using an electrochemical cell with optically
transparent windows in the sample compartment of an
Hewlett-Packard 8452A diode-array spectrophotometer
with aresponse time of 0.1 s. The electrode potential was
controlled with aFAC 200A potentiostat driven by acom-
puter and a home made program. Cyclic-voltammetric ex-
periments were done with an AMEL Electrochemolab
instrument.

Thermogravimetry (TGA) determinations and the ex-
periments of Differential Scanning Calorimetry (DSC)
wereperformed withaDupont 9900 Thermal Analysissys
tem. The Fourier-transform infrared spectrawere obtained
with aFT-IR DX Nicolet instrument.

Results and Discussion

The cyclic voltammetries of dithienopyrrole dissolved
in acetonitrile and of films of poly(dithienopyrrole)/PVC,
pDP/PVC, are shown in Fig. 1. These were prepared on
ITO electrodes, as described in the experimental part, both
with ClO4 and BF4 as counterions. These were used to
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study the effect of anionswith different ionic radiuson the
redox processes of the composite material. Curvesaand b
demonstrate the small interference of the anion of the elec-
trolyte on the electrochemical properties of the monomer.
Curve 1c clearly demonstrate that, the PVC matrix pro-
duces a strong broadening of the redox waves, probably
caused by the hindrance for ion diffusion. The insulating
host, however, doesnot hinder thereversibility of theredox
process of pDP.

The variation of the optical spectrum as a function of
applied potential for a film of pDP (BFs as
counterion)/PVC on ITO electrode is reported in Fig. 2.
The potential was scanned at 50 mV s from 0 to +1.5V
and then back to O V (in relation to SCE). A good agree-
ment isobserved when comparing the spectraof Fig. 2with
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Figure 2. Variation of the absorbance spectra of a film of pDP on
PV C (7 mm thick) asafunction of electrode potential. Scan rate = 50
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Figurel. Cyclicvoltammetriesof 10 mM solutionsof dithienopyrrolein acetonitrile: @) TBAP0.1 M, b) TBAF as supporting electrolytes, and c)
0.7-0.8 nm thick film of pDP on PVC coated Pt electrode. Scan rate =50 mV s2.
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those previously obtained at stationary conditions with a
film of pDP(ClOy4 as counterion)/PV CP. In these previous
experiments, 2 or 3 safter the potential change, theequilib-
rium at the new condition was nearly reached, without evi-
dence of intermediate species between the initial and final
states. The redox process of the conductive polymer de-
pend on the diffusion of ions between the polymer film and
the electrolyte solution. The results obtained with
pDP/PV Cisanindication that the hindrance to theion dif-
fusion process caused by the PV C phaseis not sufficiently
large to impede the optical response of the material. More-
over, the change of the counterion (ClO4 in the stationary,
BF4 in the dynamic experiments) did not affect the
electrochromic results. The dynamic experiments (mea-
surement of the absorption spectra during a cyclic
voltammetry scan) reveal intermediate absorptions at 650
nm under an applied potential of 1.3t0 1.4V (inrelationto
SCE), in cathodic or anodic scan, Fig. 2. This absorption
was also observed in the stationary experiments’. Whenthe
filmispolarized at 1.5V the absorption islower producing
avalley in thisregion of the curve, indicating a high chro-
matic contrast between the reduced and the oxidized spe-
cies.

Thermogravimetric experiments on pure pDP samples,
with ClOs- and BF4 as counterions, are reported in Figs. 3
and 4, respectively. In both cases two different
thermogravimetric steps are visible. The first one is as-
signed to dedoping of the polymer with a mass |oss corre-
sponding to counterion elimination. Thisstepis centered at
232 °Cinthecase of ClO4, and badly defined but centered
intherange 232-300 °Cinthecaseof BF4. Themasslossis
22.5%for CIO4 and 18% for BF4', respectively. Theseval-
ues can be correlated to the mass|oss dueto dedoping. As-
suming a charge of 0.5-0.6 mC per monomer unit (as
determined previously for oxidized pDP®), total dedoping
would lead to a theoretical mass loss of 22-25% for
pDP(CIOy) and 19-22% for pDP(BF7).

The second thermogravimetric step is due to decompo-
sition of the polymer, and begins at ca. 600 °C, for both
composites. For these samples a mass decrease can be de-
tected in the range from 60 to 80 °C. This mass loss de-
creaseis not observed if the sampleis previously heated to
100 °C, and is assigned to solvent or H,O evaporation, as
observed previously for other conducting polymers!®1t,

Differential scanning calorimetry measurements, DSC,
for pDP/CIO4 reveal an endothermic process, not detect-
able in the second heating cycle, in the range from 60 to
80 °C, due to the H2O or/and solvent evaporation and to a
correlated rearrangement of the polymer chains, Fig. 5. An
exothermic processin the range from 200to 230 °Cisevi-
dentinthecaseof ClO4 doped polymer. Itisassigned tothe
counterion loss, asdemonstrated by the thermogravimetric
experiments on the same sample. Thelossof the ClO4™ dop-
ant at this temperature is also reported in a previous
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work!%1l The same process is not detectable in the BFy
doped polymer at 200 °C. The temperature was not in-
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Figure 3. Thermogravimetric analysis of a powder sample of pure
pDP (ClO4 as counterion) under Ar flow; broken lineis the first de-
rivative of the TGA curve. Heating rate = 10 °C min™.
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Figure 4. Thermogravimetric analysis of a powder sample of pure
pDP (BF4 ascounterion) under the same conditionsasFig. 3; broken
lineisthefirst derivative of the TGA curve.
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Figure 5. DSC measurement under Ar flow for pDP(CIO4 as
counterion) powder. Heating rate = 10 'C min™.
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creased over this value because of sample decomposition.
In this case, it is possible that the exothermic process re-
lated to the counterion loss occurs at higher temperatures.
No other thermal processes were detected in the range of
-120°Ct0 200 °C; thisisevidence of the amorphous nature
of the material.

Observations by optical and electron scanning micros-
copy of the products of the electropolymerisation of
dithienopyrrole on PV C coated electrodes also give evi-
dencefor compositeformation. These experiments suggest
that the polymerisation of dithienopyrrole occurs at thein-
terface between the solution and the PV C film, and along a
number of pores created by the solvent swelling into the
host polymer. When the electro-oxidation proceeds, pDP
gradudly fills these pores, and goes out from the polymer
film at the side opposite to the electrode in the form of
amorphous aggregates, as shown in the scanning electron
micrography inFig. 6. Thedistribution of pDPinto the host
polymer is uniform, as observed by optical microscopy
(not shown in this paper). A further indication that the
electropolymerization of pDP in PV C givesriseto apoly-
meric composite can be drawn by the observation of the
electrochromic behaviour of the product. Thisisvery simi-
lar to that of pure pDP, reported previously’. Also, the
FTIR spectrum of the composite resemblesasuperposition
of the spectra of its single components.

Conclusions

The product of electropolymerization of
dithienopyrrole on an electrode coated withaPVCfilmisa
polymeric composite. Moreover, while the electrochemi-
ca polymerization of dithienopyrrole do not give good
electrodic films, the films of the composite are adherent
and self supported. The conducting polymer grows from
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Figure6. Scanning electro micrography (magnification of 750 times)
of the surface opposite to the ITO electrode for the PV C-pDP com-
posite produced after 5 potentiodynamic cyclesat 0.100V stina0.1
M TBAP/acetonitrile solution contanining 10 mM dithienopyrrole.
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the electrode in the direction of the electrolyte and across
theinsulating polymer film. Adjusting the polymerization
time, the pDP film reaches the side opposite to the elec-
trodefor aPV Cthicknessof 2-3 nm. Microscopic observa
tions suggest the formation of aggregates of conducting
polymer into the PV C*“ sponge” , with an homogeneousdis-
tribution of pDP into the host polymer. The electrical con-
ductivity of thesefilms (0.6 Scm™®) isnot much lower than
that for pure pDP®’. Pure pDP shows no mass loss during
heating up to 200 °C. Above this temperature the
thermogravimetric measurements reveal polymer
dedoping. Chain decomposition occurs at 600 °C. DSC
measurements do not show phase transitionsfor pure pDP.
This may indicate a very low degree of crystallinity for
pDP. Finally, the above resultsindicate that the production
of a composite material of a thermoplastic polymer and
electrochromic pDP was achieved. The process yields a
sel f-supported and adherent el ectrochromic polymeric ma-
terial.
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