


Fig. 1 Chemical structure of the studied compounds.

[I. Experimental

All electrochemical experiments were carried out in a glove
box in nitrogen atmosphere. The supporting electrolyte used
was 0.1 M tetrabutylammonium hexa’uorophosphate,
BusNPFg, dissolved in water-free acetonitrile (Aldrich). Cyclic
voltammetric experiments were carried out with a platinum
foil-working electrode covered with a dip coated polymer “Im
from chloroform solution (6 mg ml~%) at a sweep rate of
100 mV s7%. As counter electrode a platinum foil and as quasi-
reference electrode (QRE) a silver wire coated with AgCl were
used. The potential of the QRE was determined as 50 mVs.
NHE by calibration with a ferrocene redox couple. The
electrolyte solution was kept in a glove box “lled with nitrogen
to exclude moisture and oxygen during the electrochemical
processes. The electrochemical equipment consisted of a
computer controlled potentiostat Jaissle 1030 PC.T.

For the spectroelectrochemical studies, thin “Ims of POPT,
PEOPT and POMeOPT were drop cast from chloroform
solution onto a germanium re”ection element covered with a
thin layer of evaporated platinum. The ATR-FTIR spectro-
electrochemical measurements were carried out in a three-
electrode spectroelectrochemical cell with the described
re’ection element as working electrode, a platinum foil coun-
ter electrode, and a silver wire/silver chloride quasi-reference
electrode; details of the method are described in ref. 23. The
spectroelectrochemical cell setup is shown schematically in
Fig. 2. The spectroelectrochemical cell was sealed with paran
to prevent leakage of the electrolyte solution. The cell was
placed in the FTIR compartment and the instrument was
purged with nitrogen continuously throughout the experi-
ment. The electrolyte solution for the in situ spectroelectro-
chemical experiments was 0.1 M B{NPFg in acetonitrile. A
continuous "ow system for the electrolyte was used where the
electrolyte (placed in an external container in glove box) "ows
in and out of the electrochemical cell using te”on plastic tubes.

Fig. 2 The spectroelectrochemical cell set up scheme.

A Bruker IFS66S spectrometer with a mercury...cadmium...
telluride (MCT) detector cooled with liquid nitrogen was used.
The spectra were measured with a spectral resolution of 4 ¢th
Spectral changes were recorded consecutively during potential
sweeps of 5 mV 5. To obtain speci“c spectral changes during
individual electrochemical reaction processes, a spectrum just
before the considered reaction was chosen as the reference
spectrum. The subsequent spectra were related to this refer-
ence spectrum, showing only the spectral changBsduring the
process. The spectra are plotted a®[—log(Tatr)], Where
Tatr is the transmission in ATR geometry. For each spec-
trum, 32 interferograms were coadded covering a range of
about 60 mV in the cyclic voltammogram.

The UV-Vis absorption spectra of casted “Ims from chloro-
form solution (6 mg ml~%) on glass substrates were recorded
using a Varian Cary 3G UV-Vis spectrophotometer.

The cyclic voltammograms of POPT, PEOPT and POMeOPT
are depicted in Fig. 3. It can be seen that all three polymers can
be both oxidized (p-doped) and reduced (n-doped). The
p-doping and n-doping of POPT, PEOPT and POMeOPT
were also con‘“rmed by in situ FTIR spectroscopy as
presented below.

A common method to extract the energy level values of the
highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) is to correlate them
with the onset of oxidation and reduction peaks in the cyclic
voltammogram; usually the onsets are estimated from the
intersection between the tangent at the rising of oxidation
and reduction current peaks and the tangent to the back-
ground current. The potential values are corrected for the
potential value of the QRE and the value of the potential of
the NHE in the Fermi energy scale (a value of 4.75 eV is used
for the latter®®. The values for HOMO and LUMO levels
extracted in this way are reported in Table 1 together with the
corresponding potential values (the latter are also indicated in
Fig. 3 by solid arrows).

The values extracted from cyclic voltammograms are in the
same range of previously reported values (HOMO of-5.66 eV
and LUMO of —3 eV for POPT* HOMO of —5.3 eV and
LUMO of —3 eV for POMeOPT?®and an energy gap of 2.6 eV
for PEOPT?2 as extracted from optical absorption maximum
as no CV data were reported for this molecule). The values are
not exactly the same because the graphic procedure of extract-
ing HOMO and LUMO energy levels from cyclic voltammo-
gram experiments is not devoid of ambiguity, as the drawing
of the tangent to the curve at the rising of oxidation/reduction
peak is not univocal. In order to eliminate this ambiguity we
used FTIR spectroelectrochemistry to determine the potential
values of the beginning of the electrochemical doping during
the cyclovoltammetric experiments. If a spectrum just before
the doping process starts is chosen as reference, the di erence
spectra relative to the reference start with a straight line. When
doping occurs, the characteristic IRAV and electronic absorp-
tion features appear. The potential value of the “rst spectrum
showing these spectral features is taken as the value for the
determination of the HOMO and LUMO levels of the material
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Fig. 6 Absorption spectra of samples cast from chloroform solution.

Table 2 Energy gap of the three materials (in eV)

Material ESR, Eghimax Esao ERp
POPT 1.72 2.56 2.87 2.28
PEOPT 1.61 2.65 2.44 2.02
POMeOPT 1.95 214 2.53 242

The energy gapEgg’p estimated from cyclic voltammetric
data, the energy gapEyy, estimated fromin situ FTIR results,
the energy gapEggi, from the onset of the optical absorp-
tion and the energy gap from the maximum absorption peak
EQPpr®™ are compared in Table 2. The values forEgh, are
similar to values found in literature (1.7 eV for POPT from
ref. 27, 1.75 eV for PEOPT from ref. 28 and 2.0 eV for
POMeOPT from ref. 29).

Di erences in the electronic gap obtained by optical absorp-
tion and by electrochemistry are not unusual for conjugated
polymers. Photon absorption processes may be related to
excitonic levels or, in the band picture, to electronic levels
di erent to the band edge levels. On the other hand, electro-

during oxidation and reduction. The results may have high
importance for the characterization of materials used for
organic electronic and optoelectronic devices, where the
properties related to p- and n-doping are of crucial interest.
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