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Abstract 

The electrical and optical properties of Polyaniline thin films can vary depending on various factors 

such as the synthesis method, doping level, film thickness, and processing conditions. Polyaniline is a 

conductive polymer that can exhibit both metallic and semiconducting properties depending on its 

oxidation state, doping level, and molecular structure. Chemical Bath Deposition (CBD) is versatile 

technique and it is used to deposit various materials, such as metal oxides, semiconductors, and thin 

films for various applications like solar cells, sensors, coatings, and others. The present work is 

focused on the synthesis and characterization of Polyaniline (PANI) - thin films. The PANI thin films 

were prepared by the chemical bath deposition method. Thin films were prepared on glass substrate. 

The electrical and photo luminous properties were studied successfully using standard 

characterization tools. The resistivity of PANI films was found to be 28.82 × 10 4 Ω.m. It was 

confirmed that prepared thin films of PANI also shows good electrical, and optical results.  
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1. Introduction: 

  Polyaniline (PANI) is a conducting polymer and organic semiconductor that has been of interest 

since the 1980s due to its electrical conductivity and mechanical properties [1]. It is a conducting polymer 

that has gained significant attention in the field of materials science due to its unique properties. It is derived 

from the inexpensive monomer aniline and can exist in three idealized oxidation states: leucoemeraldine 

(white/clear and colorless), emeraldine (green for the emeraldine salt, blue for the emeraldine base), and 

pernigraniline (blue/violet). The emeraldine base form is considered the most useful due to its high stability 

at room temperature and its ability to become highly electrically conducting upon doping with acid [2, 3]. 

PANI has been used in various applications, including printed circuit board manufacturing, antistatic and 

ESD coatings, corrosion protection, sensors, and electrochromic devices. The conductivity of undoped 

PANI is approximately 6.28×10−9 S/m. It has band gapes of 4.3 and 2.7 eV in its reduced and oxidized 

forms respectively [4, 5]. It has high chemical stability. Polyaniline exhibits a relatively small bandgap, 

mailto:hrlsatish@gmail.com


Volume 10 Issue 1                                                      @ 2024 IJIRCT | ISSN: 2454-5988 

IJIRCT2402010 International Journal of Innovative Research and Creative Technology (www.ijirct.org) 2 

 

making it a semiconductor material. It has a relatively high dielectric constant (~20-30), indicating its ability 

to store electrical energy in an electric field. PANI has also been used in the production of microwave 

shielding, photothermal therapy, rechargeable batteries, photovoltaic cells, and other advanced applications. 

Its versatility, allowing for easy processing into films, fibers, and nanoparticles, makes it useful for 

applications in composite materials, coatings, and flexible electronics [6, 7]. PANI is a flexible and 

lightweight material that can be used in applications that need to be flexible, like sensors and wearable 

electronics [8]. The energy needed to excite electrons from the valence band to the conduction band is 

determined by the bandgap, which also affects the materials optical and electrical conductivity 

characteristics [9, 10]. Since polyaniline's characteristics are adjustable, there are numerous uses for it. 

Because of its flexibility and low weight, it can be used in wearable electronics, electronic displays, flexible 

batteries, and other flexible electronics technologies [10-13]. Polyaniline thin films can be prepared using 

the chemical bath deposition (CBD) method, which is a cost-effective and versatile technique for 

synthesizing thin films. The CBD process involves the oxidative polymerization of aniline in a chemical 

bath, typically containing an inorganic acid and an oxidant. The method allows for the controlled deposition 

of PANI thin films on various substrates at low temperatures. The present research work is presented the 

novel method for synthesis and preparation of PANI thin films and the characterizations of prepared PANI 

thin films.  

 

2. Experimental work 

  The thin films of PANI were prepared on glass substrate using chemical bath deposition method. In 

this method, the bath consists of aniline, an oxidant (ammonium persulfate), and an acid (hydrochloric acid). 

The substrate (electrically nonconductive) were washed using acetone. The substrates immersed in the 

chemical bath. After start reaction using magnetic stirrer at normal room temperature and pressure. The 

PANI thin film were formed on the substrate through the oxidative polymerization of aniline. Fig. 1 shows 

the experimental set-up of preparation and synthesis of thin films of PANI by using chemical bath 

deposition method. 

 
Figure 1: Preparation of thin films of PANI using CBD 

 

3. Result and Discussion 

  The electrical characterizations of prepared PANI thin films were carried out using static electrical 

characterization system. In this system the films were used as resistive film resistor and half bride circuit 

method was employed. In the electrical characterizations the resistivity, temperature coefficient of resistance 

(TCR) and activation energy at lower and higher regions were investigated using equations 1, 2 and 3 

respectively [15, 16].  
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Where,  

ρ = Resistivity of prepared film, R = resistance at normal temperature, b = breadth of film,  

t = thickness of the film, L = length of the film. 
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Where, ∆R = change in resistance, ∆T = temperature difference, and Ro = Initial resistance of the film. 

∆𝐸 =
𝑙𝑜𝑔 𝑅

𝑙𝑜𝑔  𝑅𝑜
 × 𝐾𝑇                                         (3) 

Where, ΔE = Activation energy, R = Resistance at raised temperature, R0 = Resistance at room temperature.  

The optical or photo luminous characterizations were investigated using homemade photo luminous system 

[17]. This system consist of light source, lux meter, sample holder and distance variation arrangement as 

shown in Fig. 2.  

 

  
Figure 2: Schamatic of photo luminous characterizations system 

  

The electrical properties of polyaniline thin films are a key aspect of their characterization. PANI thin films 

exhibit electrical conductivity, which can be modulated by various factors such as doping level, film 

thickness, and the method of preparation. The conductivity of PANI thin films can be enhanced by doping 

with acids and other dopants, leading to a significant increase in electrical conductivity. The electrical 

properties of polyaniline thin films are important for optoelectronics applications due to their ability to 

conduct electricity and their optical properties. The electrical conductivity of PANI thin films can be 

enhanced by doping with various acids and dopants, which can increase the conductivity by up to ten orders 

of magnitude. Fig. 3 shows the ttemperature versus resistance plot of PANI thin films. From Fig. 3, it was 

observed that as surrounding temperature increased the resistance of the film was decline, attributed 

semiconducting nature of the films.   
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Figure 3: Temperature v/s resistance plot of PANI thin films 

  

The Arrhenius plot is a graphical representation of the relationship between the temperature and the rate of a 

chemical reaction, which is often used to study the activation energy of a process [18]. In the context of 

PANI thin films, the Arrhenius plot can be used to analyze the relaxation times of the film's dielectric 

properties, which are influenced by the film's morphology, doping level, and temperature. The Arrhenius 

plot of PANI thin films is shown in Fig. 4. The resistivity of the prepared PANI thin films was found to be 

28.82 × 10 4 Ω.m. The TCR of PANI films was found to be -0.00576/°C. The activation energy at lower 

temperature region and at higher temperature region was found to be 0.1207 eV and 0.3123 eV respectively. 

 

 
Figure 4: Arrhenius plot of PANI thin films 
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Figure 5: Intensity versus photocurrent plot of PANI thin films 

 
Figure 6: Distance versus photocurrent plot of PANI thin films 

  

At different wavelengths of 640, 550, 510, and 450 nm, the light sensing characteristics of films were 

examined using color filters of red, yellow, green, and blue as well as a photoresponse characterization 

system. The photoresponses characterisation static system consists of a fixed power supply of +5VDC, a 

color filter holder, a sample holder, a 5 Watt light source, and a distance adjustment function. In this 

arrangement, the light intensity-dependent change in current was investigated by shifting the films and light 

source. A shift in film current with an intensity variation across a range of 2 to 40 cm was found using a Lux 
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meter. By positioning the filter close to the PANI films, shifting it to a different point or altering the 

distance from the light source, and then measuring the photocurrent response, the photocurrent through the 

film was measured. Intensity versus photocurrent plot of PANI thin films shown in Fig. 5. Fig. 5 reveals that 

as intensity increases the optical response of the film in the form of photocurrent is raised.  The current 

response of PANI films to different color filters is depicted in Fig 6. Fig. 6 shows that as the distance was 

increased, the photocurrent of the films decreased. This plot shows that the PANI films can be used to build 

optical devices because of their optical or light response. 

 

Conclusion 

 Thin films of PANI were synthesized and prepared on glass substrate using chemical bath deposition 

method. The prepared films were shown semiconducting in nature from electrical characterization. It was 

confirmed that prepared thin films of PANI shows good electrical, and optical results. 

 

Acknowledgment:  

The authors thanks to Research Centre in Electronic Science, L. V. H. College Panchavati, Nashik, India, 

for providing laboratory facilities. 

 

References 

1. Owusu-Sekyere, K., Nkrumah, I., Nkum, R.K. and Singh, K., 2016. A Study of Optical Absorption of 

Polyanline thin films prepared by Chemical Bath Deposition (CBD) Method. International Journal of 

Advanced Research in Engineering and Technology, 7(2). 

2. Tran, H.D., Wang, Y., D’Arcy, J.M. and Kaner, R.B., 2008. Toward an understanding of the formation 

of conducting polymer nanofibers. ACS nano, 2(9), pp.1841-1848. 

3. Almuntaser, F.M., Baviskar, P.K., Majumder, S., Tarkas, H.S., Sali, J.V. and Sankapal, B.R., 2019. 

Role of polyaniline thickness in polymer-zinc oxide based solid state solar cell. Materials Science and 

Engineering: B, 244, pp.23-28. 

4. Zare, E.N., Motahari, A. and Sillanpää, M., 2018. Nanoadsorbents based on conducting polymer 

nanocomposites with main focus on polyaniline and its derivatives for removal of heavy metal 

ions/dyes: a review. Environmental research, 162, pp.173-195. 

5. Dhand, C., Das, M., Datta, M. and Malhotra, B.D., 2011. Recent advances in polyaniline based 

biosensors. Biosensors and Bioelectronics, 26(6), pp.2811-2821. 

6. Das, T.K. and Prusty, S., 2012. Review on conducting polymers and their applications. Polymer-

plastics technology and engineering, 51(14), pp.1487-1500. 

7. Eftekhari, A., Li, L. and Yang, Y., 2017. Polyaniline supercapacitors. Journal of Power Sources, 347, 

pp.86-107. 

8. Stejskal, J., 2020. Interaction of conducting polymers, polyaniline and polypyrrole, with organic dyes: 

polymer morphology control, dye adsorption and photocatalytic decomposition. Chemical Papers, 

74(1), pp.1-54. 

9. Rasmussen, S.C., 2020. Conjugated and conducting organic polymers: the first 150 years. 

ChemPlusChem, 85(7), pp.1412-1429. 

10. Tang, Z., Liu, S., Wang, Z., Dong, S. and Wang, E., 2000. Electrochemical synthesis of polyaniline 

nanoparticles. Electrochemistry Communications, 2(1), pp.32-35. 

11. Kinyanjui, J.M., Wijeratne, N.R., Hanks, J. and Hatchett, D.W., 2006. Chemical and electrochemical 

synthesis of polyaniline/platinum composites. Electrochimica Acta, 51(14), pp.2825-2835. 

12. Yang, Y. and Wan, M., 2002. Chiral nanotubes of polyaniline synthesized by a template-free method. 

Journal of materials chemistry, 12(4), pp.897-901. 



Volume 10 Issue 1                                                      @ 2024 IJIRCT | ISSN: 2454-5988 

IJIRCT2402010 International Journal of Innovative Research and Creative Technology (www.ijirct.org) 7 

 

13. Qi, M., Xie, D., Zhong, Y., Chen, M. and Xia, X., 2017. Smart construction of polyaniline shell on 

cobalt oxides as integrated core-shell arrays for enhanced lithium ion batteries. Electrochimica 

Acta, 247, pp.701-707. 

14. Yu, S., Patil, B. and Ahn, H., 2020. PANI//MoO 3 fiber-shaped asymmetric supercapacitors with roll-

type configuration. Fibers and Polymers, 21, pp.465-472. 

15. Tupe, U.J., Zambare, M.S., Patil, A.V. and Koli, P.B., 2020. The binary oxide NiO-CuO 

nanocomposite based thick film sensor for the acute detection of Hydrogen Sulphide gas 

vapours. Material Science Research India, 17(3), pp.260-269. 

16. Wagh, S.L., Tupe, U.J., Patil, A.B. and Patil, A.V., 2022. Influence of Annealing Temperature on 

Structural and Electrical Properties of Screen Printed Lanthanum Oxide Thick Films. Iranian Journal 

of Materials Science & Engineering, 19(4). 

17. Patil, A.B., Tupe, U.J., Halwar, D.K., Deshmane, V.V. and Patil, A.V., 2023. Investigation of 

structural and optical properties of graphene derivatives as a route for optical sensing. Materials 

Today: Proceedings, 73, pp.418-426. 

18. Duggleby, R.G., 1984. Regression analysis of nonlinear Arrhenius plots: an empirical model and a 

computer program. Computers in biology and medicine, 14(4), pp.447-455. 


