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polymerization method at room temperature. The polymerizations were carried
out with and without stirring process under ultraviolet (UV) irradiation. The
polyaniline was characterized by FTIR, XRD, SEM, SAA, and Four Point Probe. It is
found that UV irradiation and stirring could increase the surface area and

conductivity of polyaniline. The surface area obtained for stirred and unstirred
polymerization were 37.9 m?/g and 29.0 m?/g, respectively. Moreover, conductivity

values for stirred and unstirred polymerization were found as 1.22 S/cm and 1.08

S/cm respectively. This result shows that polyaniline synthesized by stirring

Original content from this work may be
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Commons Attribution 4.0 International
License.

treatment obtained uniform morphology, smaller size, greater crystallinity, higher
BET surface area, and higher conductivity than that that of without stirring.
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1. Introduction

Conductive polymers are attracting because of their
advantages due to good conductivity, good stability, and
easy preparation [1]. Among conductive polymers,
polyaniline is one of the most intensively studied, because
its conductivity can be controlled through doping-de-
doping, high stability, and more soluble in organic solvents
[2]. Besides that, polyaniline has a low-cost monomer and
good redox reversibility. Therefore, polyaniline can be an
ideal polymer candidate for many applications [3], such as
biosensors [4], corrosion protection [5], storage
applications [6], and battery charging [7].

There are several methods that can be used to
synthesize polyaniline including electrochemistry [8],
electrospinning [9], interfacial polymerization [10], inverse
emulsion polymerization [11], and plasma polymerization
[12]. However, these methods require high energy
consumption, high cost, and complicated method due to
sophisticated instruments usage. Nevertheless, there is a

method that offers simple and lower costs, namely
oxidative polymerization [13].

The physical and chemical properties of polyaniline can
be affected by several variables, such as the concentration
of aniline, acid and oxidizing agent, a ratio between
monomer and oxidizing agent, temperature, and
polymerization time [14]. The role of UV irradiation in the
synthesis was also known can increase the formation of
polyaniline with higher porosity and surface area [15]. It is
also known that the conductivity of polyaniline increases
with increasing temperature. On the other hand, the
conductivity will decrease as the temperature decreases

Based on these facts, this research is intended to
synthesize polyaniline by using oxidative polymerization
technique and UV irradiation in room temperature will be
applied for obtaining high conductivity and surface area of
deposit.
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2. Materials and Method

The chemical materials used for the synthesis were
Merck aniline (PA) 99.9% (CsHsNH2) 0.2 M as monomer,
Merck HCI (PA) 2 M as an acid dopant, and ammonium
peroxydisulfate (APS) (PA) 0.1 M as an oxidant. A total of
1.82 mL of 0.2 M aniline, 1.66 mL of 2 M HCI, and 2.1899
grams of 0.1 M ammonium peroxydisulfate (APS) were
mixed at room temperature. The synthesis was carried out
with a ratio aniline mole: APS = 2:1. Before the
polymerization process, 1.82 mL of aniline and 2.1899
grams of ammonia peroxydisulfate (APS) were added to
each of 5 mL of 0.2 M HCl. Then polyaniline was
synthesized by mixing the two solutions and then the
polymerization process was carried out under UV
irradiation using laminar water for 1 hour. In this stage,
two stirring variations were applied which were stirred and
unstirred solution. The stirred solution was stirred until
formation of green precipitate. Meanwhile, the unstirred
solution remains untreated until formation of green
precipitate as well. The green precipitate was then rinsed
3 times using distilled water. Afterwards, the precipitate
and filtrate were separated using a centrifuge. The
resulting precipitate was then dried in a desiccator for 3
days. Furthermore, the polyaniline precipitate was made in
the form of a film by pressing it with a pressure of 8 tons
for 3 hours at room temperature and 3 minutes at 225 °C.

The electrical conductivity of polyaniline films were
measured using Keithley 2700 nano voltmeter and Keithley
6200 Four Point Probe. Infra-red spectra were obtained
using a SHIMADZU Prestige-21 FTIR Spectrometer. Sample
morphology was characterized using SEM JSM-6510LA
SEM JEOL. Diffraction patterns of the polyaniline were
obtained using PANalytical Empyrean X-ray diffractometer.
Surface area was determined using adsorption-desorption
isotherm with nitrogen. Samples were measured by
degassing at 150 °C for 6 hours carried out by the
Micromeritics ASAP 2020 Surface Area Analyzer.

3. Results and Discussion
3.1 FTIR Characterization

FTIR spectra of the synthesized polyaniline are shown
in Figure 1. Figure 1a shows typical polyaniline peaks from
the sample that synthesized without stirring method. The
peaks at wavenumbers 1581.63 cm™ and 1442.75 cm™
represent the presence of C=C stretching of the quinoid (Q)
and benzoid (B) rings, respectively [16]. The peak at
wavenumber 2926.01 cm™ indicated C-H stretching on CH>
[17]. Moreover, the peak at wavenumber 3431.36 cm™
give sign to the presence of N-H stretching of the
secondary amine [18]. Some of the bonds in the range of

2800 to 4000 cm? were caused by N-H stretching
vibrations in the polymer structure and C-H stretching of
CHs or CHz [17]. The typical peak of PANI-ES was observed
at 1043.49 cm™. This peak shows the conductivity band in
PANI-ES, namely the vibration of B-NH*=Q/B-NH* which
formed due to the doping reaction. This peak is very
intense and wide. Strong absorption at the peak B-
NH*=Q/B-NH* were associated with the electrical
conductivity and electron delocalization in PANI-ES [19].
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Figure 1. FTIR spectra of unstirred (a) and stirred (b) synthesized
polyaniline.

Figure 1b shows the spectra produced by PANI-ES with
stirring method. It is known that the peaks at 1512.19 cm-
1 and 1460.11 cm? show the deformation of the quinoid
and benzenoid rings, respectively. C-N stretching of
secondary aromatic amines is shown at 1259.52 c¢m™
(Vivekanandan et al., 2013). Furthermore, typical peak of
PANI-ES is exhibited at 1114.86 cm™ which shows the
conductivity band in PANI-ES, namely the vibration of B-
NH*=Q/B-NH* formed due to the doping reaction as well
as unstirred method. This peak is very intense and wide.
Strong absorption at the peak B-NH*=Q/B-NH* s
associated with electrical conductivity and electron
delocalization in PANI-ES [19].

3.2 SEM Characterization
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Figure 2 illustrates micrograph of unstirred and stirred
synthesized polyaniline. Based on Figure 2a, the
morphology of the unstirred polyaniline has a non-uniform
shape that consists of fiber and granular forms. The fiber
diameters were around 100-400 nm. Meanwhile,
polyaniline synthesized with stirring treatment has a
uniform shape of fibre with diameter about 80-100 nm, as
shown in Figure 2b. SEM micrographs of polyaniline
samples with stirring method showed better nanofiber
characteristics than without stirring. Based on these
results, it can be concluded that the sample with stirring
method has smaller diameter and more homogeneous
than polyaniline which is synthesized without stirring. This
is due to the exposure of UV light that can spread to entire
surface resulted in enhancing the formation of PANI-ES. In
the PANI-ES synthesis without stirring, only the top surface
of the solution that was exposed to UV light, consequently
the polymerization process did not take place optimally
and led to uneven morphology formation [20].

Figure 2. Micrograph of unstirred (a) and stirred (b) synthesized
polyaniline.

Based on the SEM results, the morphology of
polyaniline synthesized with stirring had a better nanofiber
shape than polyaniline without stirring. Hence, the overall
diameter of the particles also has a smaller size. This
micrograph also shows that the synthesized polyaniline
has several pores or cavities. The small polyaniline pores
provide a wider surface area which allows it to react more
quickly with other compounds.

3.3 XRD Characterization

The diffractogram in Figure 3a shows the XRD
diffraction pattern of the PANI-ES film. Based on the results
it shows that the amorphous phase and the peak of
polyaniline were found at 26 = 19.7787° and 24.8643° for
unstirred PANI-ES RT film and at 8.7823°, 20.7468°, and
25.244° for stirred PANI-ES RT films. The typical peak of
polyaniline is at 26 = ~25° [3]. Peak 26 = ~19° indicates
amorphous peak of polyaniline and peak at 26 = ~9.0°
indicates crystalline peak [16]. This diffraction pattern is
almost the same as the diffraction pattern of powdered
polyaniline in the PANI-ES film without stirring. Peaks of
9.0° did not appear due to low crystallinity. The crystallinity
values obtained for unstirred and stirred polyaniline films
were 10.15% and 10.19% respectively.

Figure 3b shows the XRD diffraction pattern of PANI-ES
powder. The XRD pattern of unstirred polyaniline-ES
powder showed 2 high diffraction peaks at 26 = 20.0896°
and 25.244°, While stirred polyaniline shows peak at 26 =
8.7145° 20.0067° and 25.612°. The crystallinity values
achieved from unstirred and stirred polyanilines were
13.06% and 13.56%, respectively. The amorphous phase
and typical peaks of polyaniline were revealed at 19.77°
and 24.86 ° for unstirred polyaniline and at 20.74° and
25.24° for stirred polyaniline. In this characterization, the
obtained crystallinity values obtained for unstirred and
stirred polyaniline films were 11.21% and 11.09%,
respectively.
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Figure 3. XRD pattern of unstirred (a) and stirred (b) synthesized
polyaniline.
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3.4 SAA Characterization

SAA works based on the BET (Brunauer Emmett-Teller)
method. The BET surface area value produced on
polyaniline synthesized without stirring was 29.0072 m?/g
and with stirring was 37.895 m?/g. There was an increase
surface area of the sample synthesized with stirring in the
polymerization process. This result is greater than the
value obtained by Ayad et al. (2012) with the same method
but without UV irradiation, which was 20.02 m?/g [21]. The
increasing surface area can be caused by the influence of
the UV irradiation during the polymerization process. It is
known that UV irradiation can make polyaniline to become
nanostructures with various reaction conditions and
maximize the formation of polyaniline nanofibers where
these fibres indicate a porous mash-like sample [15]. The
large surface area of polyaniline can support fast electron
transport and high ion diffusion, thereby improving its
electrochemical performance. Polyaniline with large
surface area and good electrical performance is a
promising candidate in renewable material development
applications. Polyaniline with these characteristics can be
applied as sensors, energy storage, solar cells, electrodes,
and so on. With a large surface area, the application of
polyaniline in the material will be more effective.

Figure 4 shows the adsorption-desorption of the PANI-
ES without (Figure 4a) and with stirring (Figure 4b) method.
It can be observed that the data shows a type IV isotherm
with a hysteresis loop around a high relative pressure. For
relative pressure values higher than 0.8 during the process,
an increase sharp in the adsorption volume was seen.
Hysteresis loops occurred due to capillary condensation in
the mesopores [21]. This indicates that this sample has a
mesoporous type.
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Figure 4. Adsorption-desorption PANI-ES without (a) and with (b)
stirring method.

2.5 FPP Characterization

The conductivity value of stirred and unstirred
polyaniline synthesized were 1.22 S/cm and 1.07 S/cm
respectively. This result is greater than the conductivity
value of pure polyaniline that synthesized without UV
irradiation process as measured by Vivekanandan et al.
(2011), with a value of 0.27 S/cm. The increase in the
conductivity value was affected by UV irradiation and
stirring process. UV irradiation can increase the formation
of a more uniform morphology of the nanofiber structure
[22]. Moreover, the stirring process can make the growth
of polyaniline more homogeneous, smaller in diameter,
and larger surface area. The PANI-ES structure with these
characteristics can increase the electron transfer process
in the polymer chain and thus increase the conductivity of
polyaniline.

4. Conclusion

Based on the results, it can be concluded that a high
conductivity polyaniline can be successfully synthesized
through oxidative polymerization method under UV
irradiation at room temperature. Stirring during
polymerization produced polyaniline with a more uniform
morphology of fibre, smaller fibre size, greater crystallinity,
higher BET surface area, and higher conductivity compare
to that of prepared without stirring.
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