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Abstract

The electrical resistance of PPy films synthesized in the presence of sodium dodecyl sulfate (SDS) surfactant and sodium
sulfate (Na,SO,) as oxidant was analyzed in the temperature range of 24 to 80 °C. PPy was electrochemical synthesized for
20 and 60 min by using stainless steel electrodes immersed in a glass tubular reactor. A solution was prepared in deionized
water with 0.1 M SDS, 0.1 M pyrrole, and Na,SO, at 0.05 M or 0.1 M. Infrared spectra of PPy were recorded by using Fou-
rier Transform Infrared spectroscopy. PPy granular morphology was observed with scanning electron microscopy (SEM).
Electrical resistance was measured with a two-point probe method in the range 24 to 80 °C; the best value obtained was 0.2
Ohm of the sample synthesized in the presence of SDS with 0.05 M of Na,SO, concentration.

Introduction

Conducting polymers have been of great attention for their
unique properties that combining the attributes to poly-
mers with the characteristic of transport electrical charges.
Among the intrinsic conducting polymers, PPy is a prom-
ising polymer due to its straightforward polymerization,
environmental stability, and high electrical conductivity
[1-3]. PPy is widely researched for potential applications
in different areas such as dye-sensitized solar cells [4, 5],
supercapacitors [6], gas sensors [7], and microelectronic
actuators [8]. PPy can be produced in different forms like
powder [9], nanoparticles [10], or films [11]. PPy films can
be easily obtained by electrochemical polymerization [12].
The properties of PPy films such as electrical, thermal, and
morphological can be controlled by manipulating of the syn-
thesis parameters. Indeed, type oxidant, dopant or surfactant,
polymerization time, polymerization temperature, electrode
size, and monomer concentration are key factor influencing
the electrical conductivity [13].

Recently, Yussuf et al. [14] studied the influence of dif-
ferent oxidants and monomer concentrations on the PPy
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properties. It was observed that oxidants decrease the
electrical resistance as the temperature increases, leading
to an improvement in the electrical conductivity. Several
researches have studied the effect of the surfactants in the
PPy synthesis to give a better appearance and mechanical
stability and to increase its electrical conductivity. Pandit
et al. [15] synthesized PPy in the presence of different sur-
factants and found a higher conductivity when SDS sur-
factant was used. In this work, it is reported the study of the
electrical resistance at different temperatures of PPy films
synthesized in the presence or absence of SDS surfactant
and the effect of two different concentrations of Na,SO,.

Materials and methods

PPy films were electrochemically synthesized for 20 and
60 min in a glass tubular reactor with two stainless steel
electrodes separated 5 mm from each other, employing a
3 cm diameter working electrode and an 8 cm diameter
counter electrode, and the potential applied was limited to
5V and 40 mA. The solution for PPy synthesis was prepared
at 70 ml with DI water, 0.1 M pyrrole (Sigma Aldrich, 98%),
0.1 M SDS surfactant (Sigma Aldrich, 99%), and 0.1 M or
0.05 M Na,SO, (Fermont, 99.8%). The mixture was stirred
for 20 min until homogeneous on a Cimarec Thermo Scien-
tific magnetic stirrer. After synthesis, the films were washed
with ethanol, dried under an infrared lamp for 5 min and
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separated for their characterization. PPy morphology was
analyzed by using a JEOL JSM6610LV microscope, infrared
spectra were recorded with a Varian 640-R FTIR spectros-
copy, and the electrical resistance was measured each 2 °C
in the range from 24 to 80 °C with a homemade copper
plates test head and a Steren UT55 Mul-270 multimeter and
the film’s thickness was measured with a Mitutoyo Digital
H-2780 um. In order to simplify the text, the films synthe-
sized with 0.1 M Na,SO, will be defined as PPy ; and those
with 0.05 M Na,SO, as PPy, ¢s.

Results and discussion
Synthesis and aspect

PPy films synthesized in the absence of SDS have rough
and brittle appearance, and their average thickness is
186 pm, whereas the films synthesized in the presence
of the surfactant have a smoother appearance and are not
as susceptible to breakage, and their thickness is 62 and
228 pm for the PPy, o5 films synthesized at 20 and 60 min,
respectively. The film becomes thicker with increasing
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synthesis time due to the drag in process, promoting an
overgrowth of the polymer [16, 17]. It was observed that
the initial voltage in the reaction was of 2.00 V, while the
final voltage was about 2.15 V when using the controlled
separation of 5 mm between the electrodes, if this gap
changes, the initial and final voltage too.

Morphology

Fig. 1 shows the morphology of PPy, s synthesized at
20 min in the absence 1 (a) and the presence 1 (b) of the
SDS surfactant. The characteristic granular morphology
of PPy is presented in both images, PPy, s without SDS
possesses a semispherical morphology [18, 19], while
the PPy, s with SDS presents more particles agglomera-
tion resembling to a cauliflower-like structure [15]. The
morphologies of PPy, ; synthesized at 20 min and 60 min
are shown in Fig. Ic and d, respectively. The same cauli-
flower-like morphology that PPy, s with SDS presents can
be observed. This particles agglomeration could be attrib-
uted to the surfactant, which leads to enhanced polymer
growth on the working electrode.
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Fig. 1 SEM micrographs of PPy films a without SDS Na,SO, 0.05 M/20 min, b with SDS Na,SO, 0.05 M/20 min, ¢ with SDS Na,SO,

0.1 M/20 min, d with SDS Na,SO, 0. 1 M/60 min

) springer



1152

L. D. Poblette-Almazan et al.

FTIR analysis

The infrared spectra of PPy films synthesized with (Fig. 2,
blue line) and without SDS (Fig. 2, black line) show the
characteristic absorption bands of PPy and SDS, corrobo-
rating the formation of the polymer. N-H vibration peak
was seen at 779 cm™' [20], while the C—H band was seen
at 1039 cm™! [21]. The presence of C—C stretching band
was recorded at 1110 cm™! [22] and the C=C pyrrole ring
stretching at 1546 cm~! [23]. On the other hand, PPy syn-
thesized with SDS presented the following peaks, N-H
vibration at 827 cm™~!, C—H deformation at 998 cm~!, C-C
stretching at 1121 cm™!, and C=C stretching at 1522 cm™'.
There were two other absorption bands detected in PPy
with SDS that correspond to the SDS sulfonate group at
1251 cm™! [24] and the characteristic C-H stretching of the
SDS alkyl tail at 2844 and 2926 cm™! [25].
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Fig.2 FTIR spectra of PPy synthesized with (blue line) and without
(black line) SDS
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Resistance of PPy films

A change on the electrical resistance of PPy films was
observed when using SDS in the synthesis of the polymer.
The resistance of PPy, | synthesized without SDS decreases
as a function of temperature with values between 467 and
420 Q (Fig. 3a, blue line); this implies an increment on the
electrical conductivity [21]. The PPy, film synthesized
with SDS surfactant presented a diminution on the electri-
cal resistance but with a temperature dependency similar to
conductor materials, the values attached by this sample are
between 4.8 and 8.2 Q (Fig. 3a, orange line). On the other
hand, PPy, 5 film synthesized without SDS exhibited a simi-
lar behavior than PPy, ; film but with the resistance values
in the range of 270 and 190 Q (Fig. 3a, black line). Finally,
PPy, o5 film with SDS presented a resistance of 0.2 €, this
is the lower resistance measured and did not exhibit change
with temperature [14].

PPy films synthesized for 60 min (Fig. 3b) exhibited simi-
lar resistance values with the same incremental behavior as
a function of temperature than the other samples with SDS
surfactant. The resistance of the PPy, | film was a bit smaller
than the synthesized for 20 min, while the PPy, o5 resistance
was higher. The diminution of PPy, ; and PPy, (s electrical
resistance is attributed to the addition of SDS surfactant in
the synthesis of the polymer [26].

Conclusions

In the present study, PPy films were successfully synthesized
by the electrochemical oxidation method varying the oxidant
concentration and the presence of SDS surfactant during the
synthesis. The results provided by SEM confirm the granular
morphology characteristic of PPy and the FTIR spectra show
absorption bands coincident to their chemical composition.
The use of SDS surfactant in the synthesis furnishes a more
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Fig. 3 Resistance of PPy films as a function of temperature synthesized for a 20 min and b 60 min
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even aspect to PPy films and make them less susceptible to
breakage; furthermore, the films with SDS have much lower
resistances than those synthesized without it. Synthesis time
also plays an important role on the aspect of the films, since
the more the synthesis lasts, the thicker the film is. It was
found that the films synthesized with 0.05 M of Na,SO,
concentration have lower resistance values than those with
0.1 M, the lowest resistance attached was of the PPy films
synthesized in the presence of SDS surfactant for 20 min
with 0.05 M of Na,SO, concentration.

Data availability The datasets generated during the current study are
available in the ScienceDirect repository, https://www.sciencedirect.
com/.
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