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Abstract 

     Polyaniline (PANI) was prepared by polymerization via the chemical oxidation 

of aniline monomer with ammonium persulfate as the initiator. The interfacial 

polymerization method was used to prepare PANI/1-butyl-3-methylimidazolium 

tetrafluoroborate [BMIM][BF4] polyionic liquid (PIL).  The obtained PANI/ 

[BMIM][BF4] PIL was investigated by the XRD, EDX, SEM, FTIR, and UV-

Visible characterizations. X-ray diffractogram of PANI showed five prominent 

characteristic peaks at 27.1°, 24o, 21.8°, 19.8°, and 18.2°. This demonstrates the 

semi-crystalline character of the polyaniline produced through the interfacial 

polymerization process. Incorporation of [BMIM][BF4] into PANI reduced the 

crystalline phase and enhanced amorphicity. From the EDX pattern, several 

elements appeared in this test; oxygen had of the highest weight percentage of 

54.2%. The  SEM image showed a clear hierarchal porous structure with nano-sticks 

particles and forms a cross-linked framework between PANI and [BMIM][BF4]. 

From FTIR spectra of PIL, a prominent absorption peak at 3163.26 cm-1 was noted 

because of the N-H stretching vibrations present in the polymer. The UV-Vis spectra 

for PANI/[BMIM][BF4] polyionic liquid showed three peaks between 200 and 1060 

nm. These bands result from π → π* and n → π* transitions, which are related to the 

excitement absorption of benzenoid and quinoid groups. 

 

Keywords: Polyaniline, [BMIM][BF4] ionic liquid, interfacial polymerization, 

polyionic liquid. 
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 الخلاصة 
انيلين         البولي  تحضير  كبريتات  تم  مع  الانيلين  لجزيئات  الكيميائية  الأكسدة  طريق  عن  البلمرة  بواسطة 

.  لتحضير البولي انيلين/ السائل متعدد الأيونات تم استخدام طريقة البلمرة السطحية  الأمونيوم كبادئ. بعد ذلك  
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عليه الحصول  تم  الذي  الأيونات  متعدد  السائل  انيلين/  البولي  فحص  الأشعة    خصائص  بواسطة   تم  حيود 
السينية  السينية,  بالأشعة  الطاقة  تشتت  الماسح,  مطيافية  الالكتروني  المجهر  الحمراء  ,  تحت  الأشعة  مطيافية 

يظهر مخطط حيود الأشعة السينية للبولي    . المرئية -  الاشعة فوق البنفسجية  مطياف و   باستخدام تحويل فورييه
 انيلين القمم المميزة الخمس الرئيسية      o27.1°, 24°18.2 ,°19.8 ,°21.8 ,على  التوالي. 

اندماج السائل متعدد    ,البينية  يوضح هذا الطابع شبه البلوري للبولي انيلين الناتج من خلال عملية البلمرة        
 .  الأيونات في البولي انيلين يقلل الطور البلوري و يعزز الطور غير المتبلور 

السينية  الأشعة  نمط  للطاقة,  من  اعلاها عنصر    المشتته  كان  الأختبار,  هذا  في  عدة عناصر ظهرت  هنالك 
بمعدل   المجهر  %54.2الأوكسجين  صورة  اظهرت  الماسح.  واضحة    الألكتروني  هرمية  مسامية  مع  بنية 

جزيئات العصي النانوية و تشكل ايضا هيكل مترابط بين البولي انيلين و السائل متعدد الأيونات. من طيف  
    cm 3163.26-1  ن الممكن رؤية قمة امتصاص كبيرة عندم  الأشعة تحت الحمراء للسائل متعدد الأيونات, 

البوليمر  N-Hللاصرة   في  ال   الموجودة  للبولي   .تمددية بسبب الاهتزازات  البنفسجية  فوق    يظهر طيف الأشعة 
بين   تتراوح  قمم  ثلاث  الأيونات  متعدد  السائل  من  ,    nm(to 1060 200)انيلين/  النطاقات  هذه  تنتج 

   الانتقالات 
متصاص الاثارة لمجموعات البنزينويد و الكينويد. , و التي ترتبط بأ  π → π* و n → π* 

 
Introduction  

    One of the most technologically promising organic polymers is polyaniline (PANI) [1-3]. 

High flexibility, simplicity in synthesis, affordability, environmental stability, excellent 

optical and magnetic properties, the ability to control electrical conductivity by altering either 

the oxidation or protonation state and the affordability of the aniline monomer are a few of the 

many key factors that made PANI unavoidable in almost every aspect of daily life [4-6]. 

PANI is an organic semiconductor and conducting polymer that belongs to the family of 

semirigid and flexible rod polymers [7,8]. It has a significant potential for use in conductive, 

smart materials in optical and electrical research. It is the second most commonly used 

electrically conductive polymer after polypyrrole (PPy). PANI is regarded as an appropriate 

microwave-absorbing material for use in antistatic fabric, sensors, stealth materials, etc., [9-

12]. The most popular process for producing PANI is oxidant polymerization [4]. Aniline, an 

oxidant, and an acidic media are necessary to synthesize PANI in chemical methods [13,14]. 

However, interfacial polymerization is the most common technique for preparing polyionic 

liquid [15]. 

 

     Unlike conventional polymers, polyionic liquids (PILs) are repeating units that resemble 

the structure of a typical ionic liquid and contain at least one ion center in a polymer chain 

[16-18]. The key benefits of PILs over Ionic Liquids (ILs) and polymers are their higher 

thermal stability, flexibility, improved processability, durability, and nontoxicity [19-21]. A 

specific class of polyelectrolytes known as polymeric/polymerized ionic liquids, or polyionic 

liquids (PILs), contains an IL species in the cationic or anionic centers [22,23]. PILs have 

generated a lot of attention in polymer chemistry and materials science, not only due to how 

they combine the special qualities of ILs with the structure of macromolecules but also 

because they have the potential to add new qualities and functions [24,25]. The earliest 

studies on PILs can be traced back to the 1970s when cationic vinyl monomer free radical 

polymerization became increasingly popular [26]. 

 

      PIL preparation can be done in one of two ways. The easiest and most popular method is 

the direct radical polymerization of IL monomers [27]; The other method involves using IL 

monomers to modify the polymer after polymerization [28,29]. To introduce an 

environmentally friendly effect into the reaction system, Gao et al. chose ionic liquid (IL) as 
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the organic phase. They succeeded in producing PANI nanoparticles with sizes of 30-80 nm 

from the interfacial polymerization of aqueous/IL [30]. 

 

     In this study, a new polyionic liquid was synthesized by polymerizing polyaniline in an 

ionic liquid. Adding ionic liquid improves the ionic transport characteristics of conducting 

polymers while maintaining their high electrical mobility. 

 

      Fourier transform infrared spectrometer (FTIR) and ultraviolet-visible spectrometer (UV-

Vis) were used to determine the chemical structure of PANI. SEM and X-ray diffraction 

(XRD) were used to confirm the morphology of the synthesized PANI fibers. The findings 

demonstrated that the PANI and ionic liquid's ion and electron mixing properties enhance the 

processability of the nanoporous PANI film with good performances. 

 

Experimental  

Materials 

       Aniline, C6H5NH2, and ammonium persulfate(APS), (NH4)2 S2O8, which were used to 

prepare PANI, were purchased from Thomas Baker (Chemicals) Pvt. Ltd, India. Hydrochloric 

acid (HCl) and sulfuric acid (H2SO4) were purchased from CDH, India. Ionic Liquid, 1-butyl-

3-methylimidazolium tetrafluoroborate [BMIM][BF4] (purity > 98.0%) (Mw = 226.02 g/mol) 

was purchased from Sigma-Aldrich (USA). All the solutions were prepared and rinsed with 

deionized water. 

 

Preparation method 

       The chemical process of oxidative polymerization was used to synthesize PANI. 50 ml of 

1.5 M hydrochloric acid (HCl) and 4.3 ml of aniline monomer were combined to prepare a 

monomer solution. A second solution was prepared by mixing 8.4 g of ammonium persulfate 

(APS) powder with 50 ml of 1.5 M HCl. The two solutions were then mixed in a glass beaker. 

The combination was agitated for two hours at 50 °C before adding 5 ml of 2 M H2SO4 to the 

finished product. PANI polymer was formed when the solution changed from a clear color to 

one that was blackish-green. The interfacial polymerization method was used to prepare 

PANI polyionic liquid by adding 5 ml of [BMIM][BF4] ionic liquid to the prepared PANI 

solution with continuous stirring for 1 hour at 25 °C. The preparation and structure of the 

polymerization of PANI polyionic liquid are shown in Figure1 and Figure 2, respectively. 

 

 
Figure 1: Schematic diagram of the preparation of PANI/[BMIM][BF4] polyionic liquid. 
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Figure 2: Schematic structure of the polymerization of PANI and PANI/[BMIM][BF4] 

polyionic liquid. 

 

Characterization techniques 

      The X-ray diffraction spectra of PANI and PANI/[BMIM][BF4] polyionic liquid were 

obtained with an X-ray diffractometer (Aeris Research – Benchtop XRD) with Cu-Kα 

monochromatic radiation (λ = 1.5406 Å) at ambient temperature and 2θ between 10° and 80°. 

Scanning electron microscopy (SEM) with energy dispersive X-ray spectroscopy (EDX) 

(Axia ChemiSEM) was used to observe the morphology of the sample, as well as to analyze 

the elemental composition in the prepared polyionic liquid. The formation of PANI-

[BMIM][BF4] PIL and interaction between PANI and [BMIM][BF4] were determined by 

FTIR using Shimadzu FT-IR spectrometer (Made in Japan) in the region 4000-400 cm-1 at a 

resolution of 1 cm-1. The UV-Vis (ultraviolet-visible) spectra of PANI-[BMIM][BF4] PIL 

measurements were made at room temperature in the wavelength range of 190 – 1100 nm 

with a Lambda 35 UV-Vis spectrometer (Perkin Elmer, United States). 

 

Results and Discussion 

XRD analysis 

      The XRD pattern of the prepared PANI polymer is shown in Figure 3. The primary 

distinctive peaks of PANI polymer were observed at 27.1°, 24°, 21.8°, 19.8°, and 18.2° 

related to the emeraldine salt of PANI indicative of the (200), (002), (020), (001), and (011) 

crystal planes, respectively. The strong peaks in the pattern indicate that polyaniline is a semi-

crystalline polymer because it contains benzenoid and quinonoid groups [31]. This finding 

suggests that the semi-crystalline character of the polyaniline polymer was produced by the 

interfacial polymerization pathway [32]. 
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Figure 3: XRD pattern of PANI. 

 

     The XRD pattern of the polyionic liquid PANI/[BMIM][BF4] is shown in Figure 4. From 

the figure, one can note that the PANI/[BMIM][BF4] polyionic liquid XRD pattern contains a 

broad hump, which attributes to the addition of [BMIM][BF4] ionic liquid, which acted as the 

plasticizer and therefore reduced the crystalline phase due to the molar amount of 

imidazolium ion. The PANI chain's electrons were rearranged as a result of the imidazole 

heterocycle's existence [33]. In addition to delivering mobile ions, ionic liquid has been 

discovered to also increase amorphicity. Hence, its addition is likely to change the degree of 

crystallinity [34]. The degree of crystallinity is impacted by the structural changes in the 

polymer, which is caused by the complexation of the ionic liquid cations with the polymer 

backbone [35]. 

 
Figure 4: XRD pattern of PANI/[BMIM][BF4] polyionic liquid. 

 

EDX studies 

     EDX spectroscopy was used to evaluate the chemical composition of PANI/[BMIM][BF4] 

polyionic liquid, as depicted in Figure 5. Table 1 shows the elemental composition of 
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PANI/[BMIM][BF4] polyionic liquid with their percentage distribution by weight.  According 

to Table 1, oxygen comprised most of the polyaniline, accounting for 54.2% of the total 

weight. The presence of oxygen and sulfur is assumed to derive from ammonium 

peroxodisulfate ((NH4)2S2O8), which is produced when sulfuric acid oxidizes polyaniline 

[35,36]. Carbon (the second abundant element with an average weight of about 22%) was 

formed by the molecular formula C6H5NH2 of aniline [36]. 

 

     The effective bonding of the ionic liquid to the polymer backbone is demonstrated by the 

elevated sulfur (S) and oxygen (O) contents in the EDX spectra. The peaks for the elements 

sulfur (S), oxygen (O), and carbon (C) could be seen at three different energies: 2.5, 0.68, and 

0.34 keV. These peaks could each be attributed to SKα, OKα, and CKα, respectively. A 

significant increase was seen for each absorbing element when the input photon's energy was 

equivalent to the binding energy of an electron shell in the absorber, such as K, L, or M, etc. 

[36]. This required the least energy to create a void in that specific shell. According to reports, 

the characteristics of the mesoporous PANI/[BMIM][BF4] polyionic liquid were improved by 

the addition of the S components [37]. 

 

Table 1: The elemental composition of PANI/[BMIM][BF4] polyionic liquid.   

Element Atomic % Atomic % Error Weight % Weight % Error 

C 30.7 0.4 22.0 0.3 

O 56.8 0.4 54.2 0.4 

Si 0.1 0.0 0.2 0.0 

S 12.3 0.1 23.5 0.1 

 

 
Figure 5: EDX analysis of PANI/[BMIM][BF4] polyionic liquid. 

 

SEM analysis 

     The surface morphology of the synthesized PANI/[BMIM][BF4] polyionic liquid was 

investigated by SEM, as shown in Figure 6. It represents a clear hierarchal porous structure 

with nano-sticky particles, which may result from the various degrees of polymerization. 

From Figure 6, it can be observed that the PANI/[BMIM][BF4] polyionic liquid particles are 

entangled with each other to form a cross-linked framework and corresponding meso and 

macroporous structures [33,37]. The surface morphology of the prepared PANI/[BMIM][BF4] 

polyionic liquid is comprised of tiny, equally distributed crystalline grains with a lamellar 

structure [34, 35]. These grains' tiny sizes were impacted by the incorporation of the 

[BMIM][BF4] ionic liquid during polymeric polymerization. The resultant membrane 
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exhibited an increasing degree of amorphicity when the [BMIM][BF4] ionic liquid was 

introduced during polymerization [36,38]. The XRD results stated above were also used to 

support the claim that increased IL content enhances amorphicity [34,39]. 

 

 
Figure 6: SEM micrographs of PANI/[BMIM][BF4] polyionic liquid. 

 

FT-IR Studies 

      The FT-IR spectrum is shown in Figure 7 for the polyionic liquid PANI/[BMIM][BF4]. It 

exhibited a broad absorption band at 3163.26 cm-1 due to the polymer backbone's N-H 

stretching vibrations [40].  

 

 
Figure 7: FTIR spectrum of PANI/[BMIM][BF4] polyionic liquid. 

 

     The typical transmittance bands of pure PANI are detected at 1504 cm-1, corresponding to 

the C=C stretching of the quinoid ring; at 1400.32 cm-1 corresponding to the C=C stretching 

of the benzenoid ring; at 1230.58 and 1307.74 cm−1 related to the C-N stretching; and at 

848.68 and 1172.72 cm−1 corresponding to the C-H stretching. Para-substituted imidazole 

rings are responsible for the transmittance bands at 884.68 cm−1 [33,41]. The peaks obtained 
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at 1056.99 and 582.5 cm−1 are due to the dopant surfactant's sulfonate (S=O) group stretching; 

this indicates a high degree of electronic delocalization [42-44]. 

 

UV-Vis studies 

     The UV-Vis spectrum of PANI/[BMIM][BF4] polyionic liquid is shown in Figure 8. It 

shows three peaks between the wavelengths (200 and 1060) nm. These bands resulted from 

transitions called π → π* and n → π*, which are related to the excitation absorption of 

benzenoid and quinoid, respectively [19,20]. The benzenoid units of the linear polyaniline 

chain's π → π* electronic transitions are responsible for the HCl and H2SO4 doped polyaniline 

derivative's prominent absorption bands at 1058 nm [45-47]. The weak absorption band 

between 292 and 426 nm is due to the n-π* exciton transition between the HOMO of the 

benzenoid ring and the LUMO of the quinoid ring [21,22]. The UV-Vis study demonstrated 

that the presence of [BMIM][BF4] ionic liquid in the polymer backbone affected the position 

of the absorption bands caused by π → π* electronic transitions and the extent of the n → π* 

exciton transitions [48-50]. 

 

 
Figure 8: UV-Vis spectrum of PANI/[BMIM][BF4] polyionic liquid. 

 

Conclusion  

     in this work, PANI/[BMIM][BF4] polyionic liquid was successfully synthesized by 

interfacial polymerization. In addition to offering mobile ions, ionic liquid was proved to 

increase amorphicity according to the XRD tests. The degree of crystallinity was impacted by 

the complexation of the ionic liquid cations with the polymer backbone during the structural 

alteration of the polymer. The surface morphology of the prepared PANI polyionic liquid was 

made up of tiny, uniformly distributed lamellar-shaped crystals with a crystalline structure. As 

the [BMIM][BF4] ionic liquid was incorporated during polymerization, the resulting 

membrane became increasingly amorphous. The complex formation and interaction between 

PANI and [BMIM][BF4] ionic liquid was confirmed by FT-IR and XRD analysis. The 

position of the absorption bands as a result of the number of n → π* exciton transitions and 

the π → π* electronic transitions were demonstrated by the UV-Vis studies. 

 

 

 



Mahmood et al.                                        Iraqi Journal of Science, 2024, Vol. 65, No. 8, pp: 4325-4335 

 

4333 

 
References 

[1] D. Li and R. B. Kaner, "Processable stabilizer-free polyaniline nanofiber aqueous colloids," 

Chemical Communication, vol. 26, pp. 3286–3288, 2005.  

[2] S. Goswami, S. Nandy, E. Fortunato and R. Martins, "Polyaniline and its composites engineering: 

A class of multifunctional smart energy materials," Journal of Solid State Chemistry, vol. 317, p. 

123679, 2023. 

[3] J. Manuel, T. Salguero and R. P. Ramasamy, "Synthesis and characterization of polyaniline 

nanofibers as cathode active material for sodium-ion battery,” Journal of Applied 

Electrochemistry, vol. 49, pp.529–537, 2019.  

[4] U. S. Waware, G. J. Summers, A. M. S. Hamouda and Mohd Rashid, " Synthesis and 

characterization of polyaniline, poly(3-fluoroaniline) and poly(aniline-co-3- fluoroaniline) 

derivatives obtained by chemical oxidative polymerization methods," Polymer-Plastics 

Technology and Engineering, vol. 57, no. 10, pp. 1015-1025, 2018. 

[5] P. Singh and R. A. Singh, "Preparation and characterization of polyaniline nanostructures via an 

interfacial polymerization method," Synthetic Metals, vol. 162, no. 24, pp. 2193–2200, 2012. 

[6] Y. Guo, D. He, A. Xie, W. Qu, Y. Tang, J. Shang and R. Zhu, "Preparation and characterization 

of a novel poly-geminal dicationic ionic liquid (PGDIL),"  

Journal of Molecular Liquids, vol. 296, pp. 111-116, 2019.  

[7] H. Kh. Rasheed and A. A. Kareem, " Effect of Multiwalled Carbon Nanotube Reinforcement on 

the   Opto-Electronic   Properties   of   Polyaniline/c-Si   Heterojunction", Journal   of   Optical 

Communications, vol. 42, no. 1, pp. 25-29, 2021. 

[8] C. Basavaraja, D. G. Kim, W. J. Kim, J. H. Kim and D. S. Huh, "Morphology and Charge 

Transport Properties of Chemically Synthesized Polyaniline-poly(ε-caprolactone) Polymer 

Films," Bulletin of the Korean Chemical Society, vol. 32, no. 3, pp. 927-933, 2011.  

[9] S. Padmapriya, S. Harinipriya, K. Jaidev, V. Sudha, D. Kumar and S. Pal, "Storage and evolution 

of hydrogen in acidic medium by polyaniline," International Journal of Energy Research, vol. 42, 

no. 3, pp. 1-14, 2017. 

[10] M. Z. Dzulkipli, J. Karim, A.Ahmad, N. A. Dzulkurnain, M. S. Suait, M. Yoshizawa-Fujita, L. T. 

Khoon and N. H. Hassan, "The Influences of 1-Butyl-3-Methylimidazolium Tetrafluoroborate on 

Electrochemical, Thermal and Structural Studies as Ionic Liquid Gel Polymer Electrolyte," 

Polymers, vol. 13, no. 8, pp. 1-17, 2021. 

[11] P.C. Innis, J. Mazurkiewicz, T. Nguyen, G.G. Wallace and D. MacFarlane, "Enhanced 

electrochemical stability of polyaniline in ionic liquids," Current Applied Physics, vol. 4, no. 2-4, 

pp. 389–393, 2004. 

[12] S. A. Hasoon, "Electrochemical   polymerization   and Optical Vibrations of Polyaniline Films,” 

International Journal of Innovative Research in Science, Engineering and Technology, vol. 3, pp. 

9763-9772, 2014. 

[13] T. A. Hassan, I. M. Al-Essa, E. A. Al-Ajaj, A. K. M. Ali, " Fabrication    of    Polyaniline–Carbon 

nanofibers    for Hydrochloric Acid and Ammonia Sensing at Room Temperature,” Engineering 

and Technology Journal, vol. 32B, no. 4, pp. 710-719, 2014. 

[14] A. S. Wassfi and M. A. Abed, "Characterization of silver polyaniline nanocomposite thin films 

prepared by microwave induced plasma," Iraqi Journal of Physics, vol. 13, no. 28, PP. 1-9, 2015. 

[15] H. Kh. Rasheed and A. A. Kareem, "The Potential Barrier and Thermal Stability Dependence on 

PI Thickness of Al/PI/c-Si Schottky Diode", Iraqi Journal of Science, vol. 61, no. 12, pp. 3235-

3241, 2020.  

[16] M. H. Suhail, O. G. Abdullah and G. A. Kadhim, " Hydrogen sulfide sensors based on PANI/f-

SWCNT polymer nanocomposite thin films prepared by electrochemical polymerization," 

Journal of Science: Advanced Materials and Devices, vol. 4, pp. 144-149, 2019. 

[17] N. J. Abdullah, A. F. Essa and S. M. Hasan, "Optical and Structural Properties of Prepared 

Polyaniline – Graphene (PANI/GN) Nanocomposite," Iraqi Journal of Science, vol. 62, no. 1, pp. 

138-146, 2021. 

[18] S. R. Mohammed, M. M. Ismail and I. M. Ibrahim, "Characterization of Prepared Polyaniline 

Nanofibers Based on a Hydrothermal Variation of Aniline Concentration," Journal of Applied 

Sciences and Nanotechnology, vol. 3, no. 3, pp. 37-46, 2023. 

https://www.sciencedirect.com/journal/journal-of-solid-state-chemistry
https://www.tandfonline.com/journals/lpte20
https://www.tandfonline.com/journals/lpte20


Mahmood et al.                                        Iraqi Journal of Science, 2024, Vol. 65, No. 8, pp: 4325-4335 

 

4334 

[19] R. S. A. Al-Khafaji, "Synthesis of Blend Polymer (PVA / PANI)/Copper (1) Oxide 

Nanocomposite: Thermal Analysis and UV-Vis Spectra Specifications," Iraqi Journal of Science, 

vol. 62, no. 11, pp. 3888-3900, 2021.  

[20] M. G. Hamed, A. G. Enad and E. T. Abdulla, "Synthesis and electrical properties of conductive 

polyaniline/ SWCNT nanocomposites," Iraqi Journal of Physics, vol. 15, no. 34, PP. 106-113, 

2017. 

[21] J. M. H. Jabir, "The optical properties of (PVA+PVP) + PANI blends," Iraqi Journal of Physics, 

vol. 13, no. 28, PP. 162-169, 2015. 

[22] H. R. Humud, "Nonlinear Optical Properties of Pure and Ag/Polyaniline Nanocomposite Thin 

Films Deposited by Plasma Jet," Iraqi Journal of Science, vol. 57, no. 2C, pp. 1408-1414, 2016. 

[23] H. S. Mahmood S. M, "Effect of gamma irradiation and ZnO nano particles on the A.C electrical 

conductivity of polyaniline," Iraqi Journal of Physics, vol. 15, no. 32, PP. 130-135, 2017. 

[24] H. R. Humud, J. M. Najem and Q. Khames, "Structure and optical properties of PANI/MWCNTs 

nanocomposites thin films prepared by plasma jet polymerization," Iraqi Journal of Physics, vol. 

15, no. 34, PP. 55-64, 2017. 

[25] A. A. Jabor, K. A. M. Ali, H. M. Ajeel, A. K. Litaif and R. H. Mukalaf, "Preparation of 

polyaniline polymer and using it as a vapor sensor of acids," Iraqi Journal of Physics, vol. 11, no. 

22, PP. 33-39, 2013.  

[26] R. J. Abdulnabi and A. A. Kareem, "Fabrication and Characterization of High-Performance 

Crosslinked PVA/PMDA Doped withH2SO4 ,"  Iraqi Journal of Science, vol. 63, no. 5, pp. 2006-

2016, 2022. 

[27] H. S. Abdullah, "Electrochemical polymerization and Raman study of polypyrrole and 

polyaniline thin films," International Journal of Physical Sciences, vol. 7, no. 38, pp. 5468-5476, 

2012. 

[28] S. A. Hasoon and S. A. Abdul-Hadi, "Chemical Synthesis and Characterization of Conducting 

Polyaniline," Baghdad Science Journal, vol. 17, no. 1, pp. 106-111, 2020. 

[29] S. S. M. Alabdullah, H. K. Ismail, K. S. Ryder and A. P. Abbott, "Evidence supporting an 

emulsion polymerization mechanism for the formation of polyaniline," Electrochimica Acta, vol. 

354, pp. 1-21, 2020. 

[30] H. Gao, T. Jiang, B. Han, Y. Wang, J. Du, Z. Liu and J. Zhang, "Aqueous/ionic liquid interfacial 

polymerization for preparing polyaniline nanoparticles," Polymer, vol. 45, no. 9, pp. 3017–3019, 

2004. 

[31] A. A. Kareem, H. Kh. Rasheed and A. R. Polu, "Effect of phosphoric acid molarity on the 

structural, thermal, mechanical, and electrical properties of polyimide/polyaniline 

nanocomposites", Journal of Reinforced Plastics and Composites,vol. 42, no. 13-14, pp. 1-7, 

2023. 

[32] B. S. Singu, P. Srinivasan, S. Pabba, "Benzoyl Peroxide Oxidation Route to Nano Form 

Polyaniline Salt Containing Dual Dopants for Pseudocapacitor," Journal of The Electrochemical 

Society,  vol. 159, no. 1, pp. 6-13 , 2012. 

[33] S. Li, C. Yang, S. Sarwar, A. Nautiyal, P. Zhang, H. Du, N. Liu, J. Yin, K. Deng and X. Zhang, 

"Facile synthesis of nanostructured polyaniline in ionic liquids for high solubility and enhanced 

electrochemical properties," Advanced Composites and Hybrid Materials,  vol. 2, no. 2, pp. 279–

288, 2019. 

[34] R. nayebi, G. D. tarigh and F. Shemirani, "Porous ionic liquid polymer: A reusable adsorbent 

with broad operating pH range for speciation of nitrate and nitrite," Scientific Reports, vol. 9, no. 

1, pp.1-12, 2019. 

[35] S. Shalu, S. K. Chaurasia, R. K. Singh and S. Chandra, "Thermal Stability, Complexing Behavior, 

and Ionic Transport of Polymeric Gel Membranes Based on Polymer PVdF-HFP and Ionic 

Liquid, [BMIM][BF4]," The Journal of Physical Chemistry B, vol. 117, no. 3, pp. 897−906, 2013. 

[36] S. Ahn and S. Bae, "Synthesis and Characterization of a Multi-Walled Carbon Nanotube–Ionic 

Liquid/Polyaniline Adsorbent for a Solvent-Free In-Needle Microextraction Method," Molecules, 

vol. 28, no. 8, pp. 1-13, 2023. 

[37] A. Krishna, C. Laslau, G. I. N. Waterhouse, Z. D. Zujovic and  J. Travas-Sejdic, "Effect of ionic 

liquid on polyaniline chemically synthesized under falling-pH conditions," Chemical Papers, vol. 

67, no. 8, pp. 95–1001, 2013. 

https://www.sciencedirect.com/journal/electrochimica-acta
https://www.sciencedirect.com/journal/electrochimica-acta/vol/354/suppl/C
https://www.sciencedirect.com/journal/electrochimica-acta/vol/354/suppl/C
https://www.researchgate.net/profile/Bal-Singu?_sg%5B0%5D=3uvk-CEzjmFoHcMh5HGff_rZ8JkWd-hshxRWJeCv7gP6E8hvnfAZu7VvJquI_DRl-i0NPLc.W265DGQGjVpsuXYFrTrMgzp-V0-u7o0w4rTLsNSuZr4ErraOtLG_BFf4pAvPbyi74UcH7sYuIGVye1L_aRroXg&_sg%5B1%5D=aMR_6Ad9FXCjXZSJebtZF24Pxh9Im7ZkIooQvKbbwzMJwBvfmQhZWST4V_zzSL1kpouRR6g.yr2V2ac967JqNPVGvIH0-M1-H3hs-Prhi5eoejtv2LV1j5ceMLaKNEv00OpuOr1P9OumznBsryfMAkLevmEFPw
https://www.researchgate.net/profile/Srinivas-Pabba?_sg%5B0%5D=3uvk-CEzjmFoHcMh5HGff_rZ8JkWd-hshxRWJeCv7gP6E8hvnfAZu7VvJquI_DRl-i0NPLc.W265DGQGjVpsuXYFrTrMgzp-V0-u7o0w4rTLsNSuZr4ErraOtLG_BFf4pAvPbyi74UcH7sYuIGVye1L_aRroXg&_sg%5B1%5D=aMR_6Ad9FXCjXZSJebtZF24Pxh9Im7ZkIooQvKbbwzMJwBvfmQhZWST4V_zzSL1kpouRR6g.yr2V2ac967JqNPVGvIH0-M1-H3hs-Prhi5eoejtv2LV1j5ceMLaKNEv00OpuOr1P9OumznBsryfMAkLevmEFPw
https://www.researchgate.net/journal/Journal-of-The-Electrochemical-Society-1945-7111
https://www.researchgate.net/journal/Journal-of-The-Electrochemical-Society-1945-7111
https://link.springer.com/journal/42114
https://www.researchgate.net/journal/Scientific-Reports-2045-2322?_sg=iRt3hzoFrTT_VNOeYnY2-xczZpnTefdfjhsHdh3uM-r5GQmV1zGEdSRcVg6C9QHN3z0RCW_ltV6Wu3vKSqQRsCsvapyqiQ._dSc8qNRi5ks1whyDqm9AW5noQENESKa7u40Q6CMGZ282CAmq4ePXHV7rncgsdq2TUQl3HLcMg1-CWid3amwig


Mahmood et al.                                        Iraqi Journal of Science, 2024, Vol. 65, No. 8, pp: 4325-4335 

 

4335 

[38] J. Liu, J. Shen, J. Wang, Y. Liang, R. Wu, W. Zhang, D. Shi, S. Shi, Y. Wang, Y. Wang, Y. Xia, 

"Polymeric ionic liquid—assisted polymerization for soluble polyaniline nanofibers," Frontiers of 

Chemical Science and Engineering, vol. 15, no. 1, pp. 118–126, 2021. 

[39] A. A. Shah, M. Kamran, S. Bilal and R. Ullah, "Cost Effective Chemical Oxidative Synthesis of 

Soluble and Electroactive Polyaniline Salt and Its Application as Anticorrosive Agent for Steel," 

Materials, vol. 12, no. 9, pp. 1-19, 2019. 

[40] N. Bıcak, B. F. Senkal and E. Sezer, "Preparation of organo-soluble polyanilines in ionic liquid," 

Synthetic Metals, vol. 155, no. 1, pp. 105–109, 2005.  

[41] L. I. Abd Ali, H. K. Ismail, H. F. Alesary and H. Y. Aboul‑Enein, "A nanocomposite based on 

polyaniline, nickel and manganese oxides for dye removal from aqueous solutions," International 

Journal of Environmental Science and Technology, vol. 18, no. 7,  pp. 2031–2050, 2021.  

[42] Y. Jiang, A. Y. Wang and J. Q. Kan, "Selective uricase biosensor based on polyaniline 

synthesized in ionic liquid," Sensors and Actuators B-Chemical, vol. 124, no. 2, pp. 529–534, 

2007. 

[43] C. Laslau, Z. D. Zujovic and J. Travas-Sejdic, "Theories of polyaniline nanostructure self-

assembly: Towards an expanded, comprehensive Multi-Layer Theory (MLT)," Progress in 

Polymer Science, vol. 35, no. 12, pp. 1403–1419, 2010. 

[44] M. C. Li,  C. A. Ma, , B. Y. Liu and Z. M. Jin, "A novel electrolyte 1-ethylimidazolium 

trifluoroacetate used for electropolymerization of aniline," Electrochemistry Communications, 

vol. 7, no. 2, pp. 209–212, 2005. 

[45] M. Usman, M. Adnan, M. T. Ahsan, S. Javed, M. S. Butt and M. A. Akram, "In Situ Synthesis of 

a Polyaniline/ Fe−Ni Codoped Co3O4 Composite for the Electrode Material of Supercapacitors 

with Improved Cyclic Stability," ACS Omega, vol. 6, no. 2, pp. 1190−1196, 2021. 

[46] A. A. Kareem, "Thermal and electrical properties of polyimide/PANInanofiber composites 

prepared via in situ polymerization", Materials Science-Poland, vol. 36, no.2, pp. 283 – 287, 

2018.  

[47] K. T. Vadiraj and S. L. Belagali, "Characterization of Polyaniline for Optical and Electrical 

Properties," IOSR Journal of Applied Chemistry, vol. 8, no. 1, pp. 2278-5736, 2015. 

[48] S. A. Hasoon and S. A. Abdul-Hadi, "Optical, Structural and Electrical Properties of 

Electrochemical Synthesis of Thin Film of Polyaniline," Baghdad Science Journal, vol. 15, no. 1, 

pp. 73-80, 2018. 

[49] Zh. A. Boeva and V. G. Sergeyev, " Polyaniline: Synthesis, properties, and application,"  

       Polymer Science Series C, vol. 56, no. 5, pp. 144–153, 2014. 

[50] M. Gusain, R. Nagarajan and S. Kumar, " Highly ordered polyaniline: synthesis, characterization 

and electrochemical properties", Polymer Bulletin, vol. 77, no. 8, pp. 3277–3286, 2020. 

 

 

https://link.springer.com/journal/11705
https://link.springer.com/journal/11705

