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1. Introduction

The conductivity of some polymers has been recognized for a very long time. Different types of conductive
polymers are commercially accessible. They include polythiophene (PTh), polycarbazole, polypyrrole (PPy), and
polyaniline (PAni) [1]. An inherently conducting polymer is any polymer that retains its mechanical qualities
while exhibiting the electrical, electronic, and optical characteristics of metals. Interesting electric conductivity,
optical, and electro-activity properties are present in the conducting polymers, including polyaniline [2]. The
conducting polyaniline (PAni), composed of benzenoid and quinonoid units with delocalized conjugated
structures, has several redox states, which have become the research focus in conducting polymers [3, 4]. The
conductivity and processability of PAni can be adjusted by selecting a suitable dopant and varying oxidation
states [5]. Polyaniline (PAni) has attracted great attention because of its easy synthesis pathway, relative
environmental and thermal stability, high electrical conductivity, [6, 7] relatively low cost [8] and a wide range
of applications, such as secondary batteries [9], solar cells [10], corrosion devices [11], organic light emitting
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diodes [12], bio-chemical sensors [13], and supercapacitors [14]. Additionally, the electrical, aeronautical, gas
sensing, and military industries. However, due to their introduction to the market and new applications, there has
been an improvement in the actual application of these compounds in recent years. [15]. Conductive polymers
are inexpensive, lightweight, and, more recently, straightforward to manufacture [16]. There are several methods
for preparing polyaniline, including the chemical oxidation method, the electropolymerization of aniline, and the
hydrothermal synthesis method. The latter method was used to form tiny, micro or nanoparticles with a low cost
compared to other methods that require complex devices and tools at a high cost [17]. Many studies on
polyaniline have shown that its chemical and physical properties strongly depend on the method of the
preparation and the composition of the solution through the difference in the concentration of aniline, the
polyaniline nanostructures can be controlled, and there are different types of them (i.e., nanotubes, -rods, -fibers,
and -wires) [18]. In this work, three PAni Concentrations (0.12, 0.16, and 0.2 g/l) have been prepared by
hydrothermal method to study their properties utilizing PAni to create PAni nanofibers to improve the qualities
of PAni. These powders were investigated for their structural, morphological and optical properties.

2. Experiments Section
2.1. Used Material

Aniline monomer (Ani) (99.6%, India CDH, Ltd), Ammonium Persulphate (APS) (NH,),S,0g (99.8%, India
CDH, Ltd), hydrochloric acid (HCL) (99.8%, India CDH, Ltd) Deionized water, and ethanol were used in the
present work.

2.2. Preparation of Polyaniline

Aniline was dissolved into 76 mL of deionized water and stirred using a magnetic stirring device for 20 minutes
at room temperature. Then 0.217 g of Ammonium Persulphate (APS) was added to 4 mL of distilled water while
stirring continuously for 20 minutes at room temperature. After that, the aniline solution was mixed with the
APS solution, and 1.4 mL of HCI was added drop by drop to the resulting solution. The final solution was put In
a 100 mL Teflon-lined autoclave reactor and stainless steel. The autoclave was heated at 90°C in an
electronically controlled temperature oven for approximately two to three hours. The autoclave was then quickly
and easily cooled in an ice bath. The precipitate was centrifuged and rates 2000 cycles for 10 min rinsed with
water and ethanol, respectively, until the liquid became colourless, then followed by drying for 4 hours at 60°C
in an oven to obtain the PAni powder.

2.3. Characteristics

In this investigation, the purity and crystalline quality of the phase were examined using a powdered X-ray
patterns instrument (Shimadzu 6000). The conditions for measurement were as follows: Target (CuK),
Wavelength: (1.54), Voltage (40 kV), Current (mA), Scan Angle: (5-70°), and Scan Speed (°/min). Shimadzu, a
Japanese manufacturer, provided the FTIR utilising IR Affinty-1 CE (FTIR) spectrophotometer. This method has
a resolution of (0.5 cm-1) and operates in the (4000-500 cm-1) wave number range. The specimen's morphology
was examined using a Zeiss Ultra plus 55 FE-SEM. The UV-VIS 1800 Double Beam Spectrophotometer,
manufactured by the Japanese company Shimadzu, was used to measure the surface area value and pore size
distributions. By putting a similar solution in the reference beam, the transmission of the solution was recorded

3. Findings and Discuses

3.1. Scanning Electron Microscopy with Field Emission (FE-SEM)

PAni surface morphologies at different aniline concentrations (0.12, 0.16, and 0.2 g/l) and for two periods of
time (2 h and 3 h) evinced nanofiber-like surface morphologies; this agrees with the research [19]. In Figure 1a,
1b, and 1c) under the conditions of 90°C temperature for 2 h and aniline concentration (0.12 g/l), the results
showed the formed PAni nanofibers with a diameter range of ~ 52-76 nm and for (0.16 g/I) a diameter range of ~
71-83 nm. However, as the concentration of (0.20 g/l) was increased, the size of PAni nanofibers range increased
to ~52-105 nm, respectively. And in Figure 1d, 1e and 1f at temperature 90°C for 3 h and aniline concentration
(0.12 gfl), the results elucidated the formed PAni nanofibers with a diameter range of ~ 33-55 nm and for (0.16
g/l) a diameter range of ~ 47-66 nm. Nevertheless, as the concentration of (0.2 g/l) was raised, the size of the
PAni nanofiber range reached ~ 47-73 nm, respectively; this means that the diameter range increases by
increasing the aniline concentration and decreases by increasing the time in the oven [20]. Such successful
formation of nanofibers is like the morphology of PAni [21]. By examining the SEM of the polyaniline material
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prepared at a temperature of 90°C and different concentrations (0.12, 0.16, and 0.2 g/l) of aniline and two times
(2 and 3 h) in the oven, the best results were determined at 90°C for 3 h and approved to complete the research
examinations.
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Figure 1: Polyaniline nanofibers in the presence different aniline concentrations: (a) 0.12 g/l, (b) 0.16 g/l, (c)
0.2 g/l at 90°C for 2h, and (d) 0.12 g/l, (e) 0.16 g¢/l, (f) 0.2 g/l at 90°C for 3h.

39



Journal of Applied Sciences and Nanotechnology, Vol. 3, No. 3 (2023)

3.2. X-Ray Diffraction (XRD)

Type X-ray diffraction pattern equipment was utilized to investigate the structural properties of PAni-NFs
generated by hydrothermal technique for 3 hr at a temperature (90°C). As displayed in Figure 2, the XRD
patterns of all samples have an amorphous background that agrees with references [22, 23]. The pattern of PAni
demonstrates a broad diffraction peak at 26 = 20° corresponding to the periodicity perpendicular and parallel to
the chains of PAni, which confirm the amorphous nature of PAnNi. The peak at 260 = 20° also exhibits the

characteristic distance between the ring planes of benzene rings in adjacent chains or the close-contact inter-
chain space [21].
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Figure 2: XRD pattern of PAni NFs.

3.3. Fourier-Transform Infrared Spectroscopy (FTIR)

Double-beam Fourier transforms infrared was utilized to record the IR transmission spectra. Figure 3 depicts the
spectra of PAni produced through the hydrothermal technique. The major peaked sites of each PAni are

essentially similar; a broad band at (3448 cm™) is due to the (N—H) stretching vibrations resulting from the
protonation of nitrogen.
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Figure 3: FTIR of PAni different aniline (0.12, 0.16 and 0.2 g/l) concentrations.
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The two bands at (1566-1579 cm™) and (1488-1498 cm™) correspond to the stretching vibrations of the (C=N)
quinoid and (C=C) benzenoid rings, respectively, agree with the research [23]. The peak at (1488 cm™) and
(1579 cm™) is attributed to the (C=N) and (C=C) stretching vibrations between benzenoid and quinoid units. In
contrast, the absorption peak arises at (821 cm™), which corresponds to the (C-C) and (C-H) vibration bands of
the benzenoid ring. The band at (1297-1311 cm™) may be (C-N-C) stretching vibration, while the peak at (1297
cm™) is owing to the distinctive absorption band for the (C—-N) stretching mode, attributable to the aromatic
amine structure of the polymers. The absorption peak at 3448 cm™ is associated with the vibration band (N-H) of
polyaniline, and these results are consistent with the findings of the research [24], confirming that the aniline
polymerization was successful.

3.4. UV-Visible Spectrophotometer Results

Employing a spectrometer (UV-VIS 1800 Double beam spectrophotometer), the optical transmission and
absorption spectra of Inorganic — Polyaniline solutions in the visible and NIR (200-1000 nm) bands were
examined. Figure 4 portrays the transmission spectrum of PAni between 200 and 1000 nm. It is clear that the
transmittance grows fast within the wavelength range of (310-600 nm) but then tends to increase gradually at
higher wavelengths. The spectrum illustrates an increased transmittance in the visible and infrared ranges but a
poor transmittance in the ultraviolet region [25]. Additionally, the fundamental absorption edge in the visible
part of the spectrum is sharp. Furthermore, the important absorption edge is shown to be sharp in the visible
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Figure 4: Transmittance vs wavelength (1) of PAni NFs.

The most important method for evaluating the optical energy gap (Eg) of inorganic and organic semiconductors
is the absorption spectrum [26]. The energy gap, also known as the band gap, is of important relevance since it
controls the electrical conductivity and optical absorption of PAni. The absorption coefficient (o) is determined
using Beer Lambert's relation = 2,303 A/I, where A is the absorbance, and | is the path length [23, 24]. The
absorption coefficient of PAni as a function of its wavelength is seen in Figure 5. In several amorphous
materials, the photon absorption conforming to the Tauc equation [27] is an equation of the following form:

ahv = A(hv— E,)" )

Where, (hv) is the energy of the input photon, (A) is the disordered parameter, (Eg) is the optical energy band
gap, and (n) is the power coefficient. The values for indirect and direct allowed transitions are 1/2 and 2,
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respectively [24]. For a high absorption coefficient, > 10° cm™, which relates to a direct transition, the index n =
1/2 defines the energy gap permitted for the direct transition. (hv)? graph are used to calculate the energy gap.
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Figure 5: Polyaniline absorption index as a function of wavelength.

According to Figure 6, The optical energy gap values for all the prepared samples were calculated using equation
(1) when the value of the constant (1/2 =r). And by drawing the relationship between (ahv) and the energy of the
incident photon (hv), and by drawing a tangent to the straight part of the curve to cut the photon energy axis
(ahv), as this point of intersection represents the value of the energy gap for the allowed direct transitions, as the
binding energies of pure PAni with (0.2, 0.16, and 0.12 g/l) are (2.25, 2.38, and 2.82 eV), respectively. The
possibility of the alteration of polymer structure is due to the reduction in the optical band gap. [21].
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Figure 6: Direct transitional energy of polyaniline (PAni).

The index of refraction (n) is an essential optical property of polymers intricately related to other electrical and
physical properties. Those who use optical methods must also investigate polymers' molecular, physical, and
chemical features. The coefficient of refraction (n) is an essential optical property of polymers. Asnh=n +iK, n
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represents the real component, and k represents the imaginary component. The index of refraction, n, may be

determined using the Fresnel formula [24]:

_ 4R 2712 R+1
_[(R—1)2 k] R-1 2)

Where R represents the reflectivity and k = a*A4*n represents the extinction coefficient. The extinction
coefficient k specifies the material's features about a certain wavelength of light and displays the variations in
absorption as the electromagnetic wave passes through the substance [23]. Figure 7 exhibits the reflecting
coefficient (n) values with wavelengths (L) of PAni. The refractive coefficient decreases as the wavelength
increases. The rise in the PAni Refraction coefficient at 800 nm wavelength is perhaps referred to as an increase
in the packing density, a modification of the crystalline structure, and an increase in the C—H bonds with the
agreed of paper [24].
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Figure 7: Polyaniline coefficient of refraction as a function of the wavelength.

Higher refractive index values represent more structural integrity. The refractive index (n) consists of a real part
(r) and an imaginary part, both of which depend on the real part (r) is part of the term that describes how much
the material will slow the speed of light down. The refractive index imaginary part was found from the following
relations [24].

g-n?— k? (3)
& = 2nk (4)

The real part of the dielectric constant corresponds to dispersal, while the imaginary component evinces the rate
of dissipation of electromagnetic wave propagation in the medium. The imaginary and real parts of the dielectric
constant as a function of wavelength are manifested in Figures 8 and 9 of PAni. The fluctuation of r is
proportional to n? due to the modest values of K? relative to n? (r = n?), but the variation of | is mostly dependent
on the absorption coefficient's K value [19]. Based on the Figure 7, for the value of r at 800 nm wavelength, the
reduction in optical band gap is connected to the increase in refraction coefficient. An increase in the optical
dielectric constant is associated with decreasing band gaps. Also, an increase in the optical dielectric constant
causes the addition of more charge carriers to the host material and, accordingly, a rise in the density of the state
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Figure 9: Pure polyaniline imaginary dielectric constant vs. wavelength.

3.5. Thermogravimetric (TGA)

The results of the TGA utilized to assess the thermal stability of the PAni sample created in this investigation are
displayed in Figure 10. Experiments were performed in hot airflow from 5°C min™. The samples lose a lot of
weight in three different stages, which are, respectively, caused by the evaporation of surface-absorbed water
(from room temperature to 155°C), the losses of dopant and physisorbed water (155-270°C), and the destruction
and degradation of the PAni backbone (350-600°C) with agreed of paper [28]. As the synthesis temperature rose,
the 20% loss of some weight temperature (T20%) and the maximum loss of some weight temperature (Tmax) of
the PAni NFs decreased instantly. T20% of PAni-0.16 g/l rose to 348°C, while T20% of PAni-0.2 g/l rose by
57°C. Furthermore, PANi-0.12 g/l had a Tmax that was 26°C (614°C) greater than PAni-0.16 g/l. The PAni-0.12
g/l sample exhibited greater heat stability than the other samples.
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Figure 10: Thermogravimetric curves of PAni obtained at different aniline concentrations (0.12, 0.16, and 0.2
a/l).

4. Conclusions

The polymerization of aniline has been successfully examined in the presence of different aniline
concentrations. The concentration of aniline will change the shape of produced PAni Nanofibers. XRD
confirmed PAni to be amorphous. FE-SEM studies revealed that the average diameter of PAni reduces with
decreasing concentration. FTIR measurements demonstrated the formation of PAni at various
concentrations. The optical properties elucidated that the optical band gap followed the permitted direct
transition of electrons. The thermal stability for PAni-0.12 g/l was determined to be better than that of the other
samples.
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