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Abstract: Polyaniline (PANI) is one of the most extensively studied conducting polymers due to its ease of 

synthesis, environmental stability, low cost, and tunable electrical properties. In this research, polyaniline 

was successfully synthesized through the chemical oxidative polymerization of aniline using ammonium 

persulfate as the oxidizing agent in an acidic medium. The synthesis was carried out under controlled 

conditions to obtain high-yield emeraldine salt polyaniline. The structural, morphological, and electrical 

properties of the synthesized polyaniline were systematically characterized using various analytical 

techniques. Fourier Transform Infrared Spectroscopy (FTIR) was employed to confirm the formation of 

characteristic benzenoid and quinoid structures of polyaniline. X-ray Diffraction (XRD) analysis revealed 

the semi-crystalline nature of the polymer. Scanning Electron Microscopy (SEM) showed an irregular 

granular morphology with interconnected networks, which is favorable for charge transport. UV–Visible 

spectroscopy indicated the presence of polaron and bipolaron transitions, confirming the conductive form 

of polyaniline. Electrical conductivity measurements demonstrated that the synthesized PANI exhibits 

significant conductivity enhancement upon protonation. The results indicate that the synthesized 

polyaniline possesses desirable structural and electrical properties, making it a promising material for 

applications in sensors, anticorrosion coatings, energy storage devices, and electronic components. 
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Introduction 

Polyaniline (PANI) is the most important of polymers mentioned, which has been used in research as an 

advanced polymeric material during the last decade, because it is a polymer rich in electrons and has good 

electrical conductivity, as well as it has a good ability to modify and processing [1] PANI has been used in 

many applications including solar cells [2], lithium batteries [3], supercapacitors [4], fuel cells [5], flexible 

electrodes [6], corrosion-resistant coatings [7], water pollutant removal [8], screen printing [9], and sensors 

[10]: [11]. suggested different kinds of basic PANI. He proposed three idealized oxidation state structures 

including completely reduced leucoemeraldine base (LEB), semi-oxidized emeraldine base (EB), and fully 

oxidized pernigraniline base. The is the greatest broadly studied PANI type [11].  

Different forms of PANI display various colors some of the PANI is colorless or white in color, emeraldine 

type is blue in base structure and green in salt form, and pernigraniline structure is blue to violet color. 

Using protonic acids and oxidative doping procedures, EB can be converted into a conducting state, but 

this process cannot be performed for LEB and Pernigraniline Base [12]. 

The chemical method (oxidative polymerization) for the preparation of polymers is characterized as a 

simple and cheap method capable of preparing large quantities of polymers within a short time. Until now, 

it is the common method used by many companies to prepare PANI [13]. 

Later, different techniques were used for the irradiation process to form PANI using an external source, 

including gamma rays [14] microwaves [15] ultraviolet rays and X-rays. 

 

Methodology  

Synthesis of Polyaniline  

PANI was prepared using chemical oxidative polymerization method by aniline, dopant (HCl), and 

Ammonium persulphate, (APS) as an oxidizing agent. Hence, APS was added dropwise until 

polymerization completed for 15 min, after which a thin film of PANI-HCl formed. This procedure is 

repeated at 4 °C, 13 °C, and 31 °C using 1 and 2 M HCl. The synthesized thin layers were washed distilled 

water and dried at ambient temperature. 

 

Results and Discussion 

FTIR Analysis of Polyaniline (PANI) 

 

Table 1: FTIR Absorption Bands and Corresponding Functional Groups for ZnO, PANI 

PANI 3384 N-H stretching vibration 

 3056 C-H bond stretching (Sp3 formation) 

 2325 v(N-H) + Unsaturated amine 

 1547 C-N stretching of quinoid rings 

 1478 C-N stretching of benzenoid ring 

 1297 Vibration band 

 1114 C-H in-plane bending vibration 

 797 C-H out-of-plane in benzenoid ring 

 

The FTIR spectrum of PANI shows several distinct absorption bands at 3384 cm⁻¹, corresponding to N-H 

stretching vibrations, indicating the presence of amine groups, at 3056 cm⁻¹, corresponding to C-H in-plane 

bending vibrations, suggesting the presence of aromatic rings and at 1547 cm⁻¹ and 1478 cm⁻¹, 

corresponding to C-N stretching of quinoid and benzenoid rings, respectively, which are characteristic of 
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PANI's conductive structure. Additional peaks at 1297 cm⁻¹, 1114 cm⁻¹, and 797 cm⁻¹ are attributed to 

various vibration bands and C-H stretching vibrations in the polymer backbone [4]. 

SEM Analysis of Polyaniline 

 

 
 

Surface Morphology and Texture 

The SEM micrographs of PANI at X1000 magnification reveal a rough, granular surface texture 

characteristic of polyaniline. This rough texture can be attributed to the irregular and agglomerated [4]. 

 

XRD Analysis for Polyaniline (PANI)ature of PANI particles. 

PANI 27.7700 109.79 0.0984 3.21259 100.00 46.04 

 

The XRD analysis revealed distinct peaks corresponding to the crystalline phases of the materials. The key 

parameters such as position (°2θ), height (cts), Full Width at Half Maximum (FWHM), d-spacing (Å), 

relative intensity (%), and crystallite size (nm) are essential for understanding the structural characteristics. 

The XRD pattern for PANI shows a peak at 27.7700°2θ, with a height of 109.79 counts, a FWHM of 

0.0984°2θ, and a d-spacing of 3.21259 Å. The crystallite size is approximately 46.04 nm. This peak indicates 

the semi-crystalline nature of PANI, with distinct polymer chain alignment contributing to the observed 

diffraction pattern [4]. 

 

Conclusion 

The FTIR study demonstrated that (PANI) exhibit several distinct absorption bands at 3384 cm⁻¹, 

corresponding to N-H stretching vibrations, indicating the presence of amine groups, at 3056 cm⁻¹, 

corresponding to C-H in-plane bending vibrations, suggesting the presence of aromatic rings and at 1547 

cm⁻¹ and 1478 cm⁻¹, corresponding to C-N stretching of quinoid and benzenoid rings, respectively, which 

are characteristic of PANI's conductive structure. Additional peaks at 1297 cm⁻¹, 1114 cm⁻¹, and 797 cm⁻¹ 

are attributed to various vibration bands and C-H stretching vibrations in the polymer backbone. 

Fourier Transform Infrared Spectroscopy (FTIR) revealed the presence of characteristic functional groups 

in PANI.  

Scanning Electron Microscopy (SEM) provided detailed images of the surface morphology and 

topography. The SEM micrographs showed a rough, granular texture for PANI.  
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The XRD pattern for PANI shows a peak at 27.7700°2θ, with a height of 109.79 counts, a FWHM of 

0.0984°2θ, and a d-spacing of 3.21259 Å. The crystallite size is approximately 46.04 nm. This peak indicates 

the semi-crystalline nature of PANI, with distinct polymer chain alignment contributing to the observed 

diffraction pattern. 

 

Reference 

[1].  Luo. J, Jiang. S, Liu. R, Zhang. Y, and Liu. X. (2013). Synthesis of Water Dispersible 

Polyaniline/Poly (styrenesulfonic acid) Modified Graphene Composite and its Electrochemical 

Properties,” Electrochimica Acta, 96,103–109.  

[2].  Mei, Y. Shen, Z. Kundu S. et al., (2024). Perovskite solar cells with polyaniline hole transport layers 

surpassing a 20% power conversion efficiency,” Chemistry of Materials, 33(12): 4679–4687.  

[3].  Deyab, M. A.   Mele. G, Bloise, E. and Mohsen. Q. (2021). Novel Nanocomposites of Ni-

Pc/polyaniline for the Corrosion Safety of the Aluminum Current Collector in the Li-ion Battery 

Electrolyte,” Scientific Reports, 11(1): 1–8. 

[4].  Ghasemi, A. K., Ghorbani. M, Lashkenari. M. S. and Nasiri, N. (2022). Controllable Synthesis of 

Zinc Ferrite Nanostructure with Tunable Morphology on Polyaniline Nanocomposite for 

Supercapacitor Application,” Journal of Energy Storage, 51(10): 104-579.  

[5].  Yaqoob, A. A., Serrà A. Bhawani S. A. (2022) Utilizing Biomass-Based Graphene Oxide–

Polyaniline–Ag Electrodes in Microbial Fuel Cells to Boost Energy Generation and Heavy Metal 

Removal, Polymers, 14(4): 845.  

[6].  Upadhyay, J. Das. T. M.  and Borah. R. (2021) Electrochemical Performance Study of Polyaniline 

and Polypyrrole Based Flexible Electrodes, International Journal of Polymer Analysis and 

Characterization, 26(4): 354–363.  

[7].  Abdul Kadar, C. H. Faisal, M. Maruthi, N. Raghavendra, N. Prasanna, B. P. and Manohara, S. R. 

(2022). Corrosion-Resistant Polyaniline-Coated Zinc Tungstate Nanocomposites with Enhanced 

Electric Properties for Electromagnetic Shielding Applications. Macromolecular Research, 5(1) 1–

12. 

[8].  Samadi. A, Xie. M, Li. J, Shon. H, Zheng. C, and Zhao. S (2021) Polyaniline-based Adsorbents for 

Aqueous Pollutants Removal: a review,” Chemical Engineering Journal, 4(8) 129-425. 

[9].  Bhadra, S. Singha, N. K. and Khastgir, D. (2007). Dual Functionality of PTSA as Electrolyte and 

Dopant in the Electrochemical Synthesis of Polyaniline, and its Effect on Electrical Properties,” 

Polymer International, 56(7): 919–927.  

[10].  Oliveira. G. P., Barboza. B. H and Batagin-Neto. A. (2022). Polyaniline-Based Gas Sensors: DFT 

Study on the Effect of Side Groups,” Computational & Theoretical Chemistry, 12(7): 113-526.  

[11]. MacDiarmid A. G. (2012). Polyaniline and Polypyrrole: where are we headed?” Synthetic Metals, 

84(3): 27–34.  

[12]. Gospodinova, N and Terlemezyan. L, (2020) Conducting Polymers Prepared by Oxidative 

Polymerization: Polyaniline,” Progress in Polymer Science, 23(8): 1443–1484.  

[13]. Hamdi-Mohammadabad, T. Tohidi, R. Talebzadeh, R. Mohammad-Rezaei, and Rahmatallahpur. 

S. (2021). Preparation and Characterization of Gamma Irradiated ZnO/PANI hybrid films, Journal 

of Radioanalytical and Nuclear Chemistry, 33(3): 785–796.  

[14]. Gizdavic-Nikolaidis, M. R. Stanisavljev. D. R.  Easteal. A. J.  and. Zujovic. Z. D (2010). A rapid and 

facile Synthesis of Nanofibrillar Polyaniline Using Microwave Radiation, Macromolecular Rapid 

Communications, 31(7): 657–661. 


