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any medium or format, as long as you give appropriate 

credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if 

changes were made. The images or other third party 

material in this article are included in the article’s 
Creative Commons license, unless indicated otherwise in 

a credit line to the material. If material is not included in 

the article’s Creative Commons license and your 
intended use is not permitted by statutory regulation or 

exceeds the permitted use, you will need to obtain 

permission directly from the copyright holder. To view a 

copy of this license, visit http://creativecommons.org/ 

licenses/by/4.0/ 

The present study details the synthesis and characterization of camphor 
sulfonic acid (CSA) (C10H16O4S)-synthesized polyaniline (PANI-CSA) 
and its PANI-CSA/V2O5 composite, which incorporates 50 wt. % 
Vanadium Pentoxide (V2O5). The composite was synthesized via the in 
situ oxidative polymerization of aniline (C6H5NH2), employing CSA as 
the dopant and Ammonium Persulfate (APS) [(NH4)2S2O8] as the 
oxidizing agent, with V2O5 functioning as both the vanadium source 
and structural dopant. Characterization of the synthesized PANI-CSA 
and PANI-CSA/V2O5 composites was conducted using UV-visible 
spectroscopy, X-ray diffraction (XRD), Fourier-transform infrared 
spectroscopy (FTIR), field-emission scanning electron microscopy (FE-
SEM), high-resolution transmission electron microscopy (HR-TEM), 
and Raman spectroscopy. XRD analysis indicated that PANI-CSA was 
predominantly amorphous, whereas the composite displayed distinct 
crystalline peaks of V2O5. FTIR and Raman spectroscopy confirmed 
robust chemical interactions between PANI-CSA and V2O5. 
Observations from FE-SEM and HR-TEM revealed significant 
morphological changes and the emergence of a distinct layered 
crystalline structure within the composites. Cyclic Voltammetry (CV) 
demonstrated an enhanced redox current response in PANI-CSA/V2O5 

compared to pristine PANI-CSA, indicating improved charge transport 
and electrochemical performance. The amorphous nature of PANI-CSA 
suggests a lack of long-range order within its matrix, with broad 
diffraction peaks indicative of short-range correlations typical of 
disordered polymeric systems. These structural characteristics 
influence the material's electrical and mechanical properties, thereby 
affecting its performance in practical applications. The findings 
underscore the composite's potential for use in energy storage and 
sensing systems and confirm its successful formation. 

Keywords: polyaniline camphor sulfonic acid (PANI-CSA), in-situ 
polymerization, PANI-CSA/V2O5 composite, weak acid synthesis, CIF, 

characterization. 
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1. Introduction 

Conducting polymers have attracted considerable 

research interest in recent decades due to their unique 

combination of electrical conductivity, environmental 

stability, and ease of synthesis. These materials bridge 

the gap between conventional insulating polymers and 

inorganic semiconductors, offering tunable electrical 

and optical properties along with mechanical flexibility. 

Owing to these characteristics, conducting polymers 

have found potential applications in diverse fields such 

as energy storage devices, electrochromic systems, 

corrosion protection, catalysis, and chemical and gas 

sensors [1–3]. Among the various conducting polymers 

investigated, polyaniline (PANI) has emerged as one of 

the most extensively studied materials because of its 

relatively simple synthesis process, low cost of 

monomer, good environmental stability, and unique 

reversible redox behavior [4,5]. PANI also exhibits 

multiple oxidation states such as leucoemeraldine, 

emeraldine, and pernigraniline, which enable significant 

modulation of its electrical and optical properties. The 

electrical conductivity and morphology of PANI can be 

effectively tailored through different synthesis 

parameters, including the choice of oxidizing agent, 

type and concentration of dopant acid, polymerization 

conditions, and incorporation of inorganic fillers or 

metal oxides [6]. In particular, acid doping plays a 

crucial role in converting the insulating emeraldine base 

form of PANI into the highly conductive emeraldine salt 

form. Strong protonic acids such as hydrochloric acid 

and sulfuric acid are commonly used during synthesis 

to achieve high conductivity. However, PANI 

synthesized in strongly acidic environments often 

exhibits certain limitations such as low mechanical 

strength, partial amorphous nature, structural defects, 

and relatively poor thermal stability, which can hinder 

its long-term performance in practical device 

applications [7]. These drawbacks necessitate the 

development of strategies to enhance the structural and 

functional properties of PANI. One promising approach 

to overcome these limitations is the formation of 

polymer–inorganic composites, where metal oxides are 

incorporated into the polymer matrix. The integration of 

metal oxides with conducting polymers can 

significantly improve the thermal stability, crystallinity, 

mechanical strength, and electrochemical activity of the 

material. Metal oxides such as TiO2, ZnO, Fe2O3, and 

V2O5 have been widely explored for this purpose 

because they provide additional active interfaces, 

facilitate charge transfer processes, and improve 

electron transport pathways within the polymer matrix 

[8-10]. These hybrid materials often exhibit synergistic 

properties that are superior to those of the individual 

components. Among the various metal oxides 

investigated, vanadium pentoxide (V2O5) has attracted 

significant attention due to its layered crystal structure, 

multiple oxidation states (V5+/V4+), and strong redox 

and catalytic properties [11,12]. The incorporation of 

V2O5 into the PANI matrix can enhance electron–ion 

exchange processes, increase structural ordering, and 

provide improved charge transport pathways. In 

addition, the presence of V2O5 can contribute to 

improved crystallinity, enhanced mechanical 

reinforcement, and increased electrochemical activity, 

making PANI/ V2O5 composites highly promising for 

applications in gas sensing, energy storage devices such 

as supercapacitors, and electrochromic systems [13-15]. 

Another important factor influencing the properties of 

PANI is the nature of the dopant acid used during 

synthesis. In contrast to conventional strong acids, weak 

organic acids such as camphor sulfonic acid (CSA) have 

been reported to produce PANI with improved 

morphological uniformity and enhanced environmental 

stability. CSA possesses a relatively bulky molecular 

structure, which can effectively intercalate between 

polymer chains and influence the polymerization 

kinetics. As a result, CSA-doped PANI often exhibits 

better chain ordering, improved solubility in organic 

solvents, and enhanced electrical and mechanical 

properties compared to PANI doped with small 

inorganic acids [16,17]. Despite the extensive research 

on PANI synthesized using strong acids and its 

composites with metal oxides, studies involving CSA-

doped PANI combined with V2O5 remain relatively 

limited. The synergistic interaction between PANI-CSA 

and V2O5 is expected to provide improved structural 

ordering, enhanced charge transport properties, and 

better surface morphology, which could be beneficial for 

advanced functional applications. Therefore, the present 

https://www.irjse.in/
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work focuses on the synthesis and comprehensive 

characterization of PANI-CSA and its composite PANI-

CSA/V2O5 containing 50 wt.% V2O5. The primary 

objective of this study is to investigate the influence of 

V2O5 incorporation on the structural, optical, and 

morphological properties of PANI-CSA. Particular 

emphasis is placed on understanding how the presence 

of V2O5 affects the crystallinity, molecular interactions, 

and surface morphology of the polymer matrix. The 

results obtained from this study are expected to provide 

deeper insight into the structure–property relationship 

of PANI-CSA/V2O5 composites and their potential 

suitability for advanced functional applications. 

 

2. Materials and method 
 

PANI-CSA was produced through the direct chemical 

oxidation of aniline using ammonium persulfate (APS) 

as the oxidizing agent following a well-established and 

cost-effective chemical method [18,19]. This method was 

modified with respect to reagent proportions, reaction 

temperature, and reaction times. Aniline monomer 

(C8H5 NH2, AR grade). Camphor sulfonic acid (CSA, 

C10H16O4S), Ammonium Persulfate (APS, (NH4)2S2O8), 

and Vanadium Pentoxide (V2O5) were obtained from 

Sigma-Aldrich and were used without further 

refinement. Double-distilled water (DDW) was used as 

served as the solvent for the polymerization reactions. 

 

2.1 Synthesis of PANI-CSA 

In the synthesis depicted in Figure 1, CSA (6.5 g) was 

dissolved in 400 mL of DDW with continuous stirring. 

Subsequently, 3 mL of freshly distilled aniline was 

added dropwise to this solution, with stirring 

maintained for 30 minutes while keeping the reaction 

temperature between 0 and 3°C. In a separate beaker, 

APS (8.5 g) was dissolved in 30 mL of DDW and then 

added dropwise to the aniline-CSA solution, with 

continuous stirring within the same temperature range 

(0-3°C). The solution's color gradually transitioned from 

colorless to green following the addition of APS, 

indicating the commencement of the oxidative 

polymerization of aniline. Upon completion of the 

reaction, the PANI-CSA precipitate was isolated by 

filtration and repeatedly washed with DDW to remove 

oxidant residues, unreacted monomers, and impurities. 

The resultant product was dried in a hot air oven at 

70°C for 7 hours. Finally, the dried material was gently 

ground to obtain a fine PANI-CSA powder, which was 

stored in a desiccator for subsequent analysis. 

 

1.2 Synthesis of PANI-CSA/V2O5 

The PANI-CSA/V2O5 composite was synthesized via an 

in situ oxidative polymerization technique. Initially, a 

solution comprising 6.5 g of CSA in 400 mL of DDW 

was prepared, to which 3 mL of aniline was added 

dropwise under continuous stirring and subjected to 

ultrasonication for 20 minutes. Subsequently, V2O5  

 

 
Figure 1 Reaction of PANI-CSA and PANI-CSA/V2O5. 
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powder, constituting 50 wt. % relative to aniline, was 

dispersed into the solution with persistent stirring. In a 

separate process, 6.5 g of APS dissolved in 30 mL of 

DDW was introduced dropwise while maintaining the 

temperature between 0-3°C using an ice bath. The 

resultant dark-green precipitate was isolated by 

centrifugation at 2000 rpm, thoroughly rinsed with 

DDW, and dried at 70°C for 6 hours. The obtained 

PANI-CSA/V2O5 powder was finely ground and stored 

in a desiccator until further characterization was 

conducted. A schematic representation of the PANI-

CSA/V2O5 composite synthesis is provided.  

 

3. Results and discussions 
 

UV-visible absorption spectra were obtained using a 

Shimadzu UV–visible spectrophotometer, covering a 

wavelength range of 200-700 nm. Figure 2 (a, b, c, and d) 

illustrates the UV-visible spectra of PANI-CSA and the 

PANI-CSA/V2O5 composite, as well as Tauc’s relation 

for both materials, respectively. In Figure 2 (a), two 

prominent absorption bands for PANI-CSA are 

observed at 250 nm, along with a low-intensity peak at 

330 nm, which are attributed to the π–π* transition of 

the benzenoid ring, indicating electron excitation within 

the aromatic structure [20]. The peak at 584 nm is 

associated with transitions of the quinine-imine group, a 

characteristic feature in PANI [21]. The PANI-CSA/ 

V2O5 composite displays sharper and more intense 

absorption peaks at 260 and 330 nm, which are slightly 

shifted to lower positive values, as depicted in Figure 2 

(b). This alteration in the PANI-CSA and PANI-

CSA/V2O5 composite can be attributed to the polaron 

concentration [22]. A distinct spectral red shift and an 

increase in absorption intensity corroborate the strong 

coupling between the PANI-CSA chains and the V2O5 

particles [23]. These structural modifications align with 

the UV-visible spectroscopy results, confirming 

enhanced electronic delocalization and interaction 

between the PANI-CSA chains and V2O5 particles. The 

optical bandgap was determined using the indirect Tauc 

relation. 

                    

                                                                         
(1) 

Where  is plotted of versus photon energy , 

A is constant depending on the transition probability 

and Eg is band gap energy [24]. The extrapolation of the 

linear region to the energy axis gave band gap values of 

5.5 eV for PANI-CSA by indirect Tauc’s relation, as 

shown in Figure 2 (c), and 5.2 eV for PANI-CSA/V2O5, 

as shown in Figure 2 (d). The decrease in the bandgap 

after V2O5 incorporation indicates the formation of 

additional localized energy states. This bandgap 

narrowing suggests enhanced electronic interactions 

and improved charge transport in the composite 

material [25].  

 

 
Figure 2 UV-Visible and Tauc’s relation, (a) UV-Visible of PANI-CSA, (b) UV-Visible of PANI-CSA/V2O5 composite, (c) indirect 
Tauc’s relation of PANI-CSA and (d) indirect Tauc’s relation of PANI-CSA/V2O5 composite. 
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Figure 3 XRD pattern of (a) PANI-CSA, (b) V2O5 and (c) PANI-CSA/V2O5 composite. 

 

 

X-ray diffraction analysis was conducted using a Rigaku 

Miniflex-600 diffractometer with Cu Kα radiation (λ = 

0.15425 nm), employing a step size of 0.100 and a scan 

speed of 100 min-1 over a 2ɵ range of 200-600. Figure 3 (a, 

b, and c) show the X-ray Diffraction (XRD) patterns of 

the PANI-CSA, V2O5 and PANI-CSA/V2O5 composites, 

respectively. The broad hump around 2ɵ ≈ 250, 

commonly observed in PANI, indicates the amorphous 

nature of PANI-CSA (Figure 3a). Furthermore, the well-

defined orthorhombic crystalline peaks of V2O5 (Figure 

3b) suggest the formation of a partially crystalline 

structure in the PANI-CSA/V2O5 composite (Figure 3c). 

The characteristic peaks at (001) ≈ 200, (011) ≈ 210, (110) ≈ 

260, (040) ≈ 310, (101) ≈ 320, and (130) ≈ 340 are present in 

both the V2O5 and PANI-CSA/V2O5 composite, 

consistent with the data (JCPDS No. 98-008-0600). The 

average crystallite size of V2O5 and PANI-CSA/V2O5, 

calculated using the Debye-Scherrer formula, is 

approximately 38 nm for V2O5, while that of the PANI-

CSA/V2O5 composite is approximately 42 nm. The 

incorporation of V2O5 resulted in a marginal increase in 

the crystallinity of PANI-CSA, and a comparable 

enhancement in crystallinity upon V2O5 addition has 

been reported due to the strongly acidic nature of PANI 

[26]. This suggests that PANI-CSA exhibits relatively 

improved structural ordering compared to strongly 

acid-synthesized PANI and is suitable for 

electrochemical applications. 

 

Fourier Transform Infrared (FTIR) spectroscopy was 

performed using a Shimadzu IRAffinity-1S 

spectrometer in the range of 4000-400 cm-1 to identify 

the functional groups and chemical interactions in the 

synthesized samples. Figure 4 (a, b, and c) present the 

FTIR spectra of the PANI-CSA, V2O5, and PANI-

CSA/V2O5 composites, respectively. The FTIR spectrum 

of PANI-CSA (Figure 4a), where prominent absorption 

bands appear around 781 cm-1 for C-H bending 

vibration and 576 cm-1 for C-S stretching vibration from 

sulphonic acid group, peaks around 1568 cm-1 and 1465 

cm-1 corresponding to C=C, C=N stretching vibrations 

of the quinoid diamine units (N=Q=N), C-C aromatic 

ring stretching of the benzenoid diamine unit (N-B-N), 

broad bands at 1284 cm-1 due to C-N stretching 

vibrations of secondary amine groups, bands around 

1141 cm-1 corresponds to S=O  due to effect of CSA [27].  

The peaks at 1697 cm-1 and 2937 cm-1 correspond to C=O 

strongly oxidized species and possible contributions 

from C=C, respectively [28]. The FTIR spectrum of V2O5 

(Figure 4b) shows characteristic peaks at 1220 cm-1, 1552 
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cm-1, 1739 cm-1 and 2350 cm-1 for V=O stretching 

vibration and H-O-H bending respectively, and the 

peaks at 3738 cm-1 and 3854 cm-1 correspond to -OH 

stretching vibrations [29]. Upon the incorporation of 

vanadium into PANI-CSA, several characteristic peaks 

between 1700 cm-1 and 500 cm-1 of PANI-CSA/V2O5 

(Figure 4c) became broader, more intense, and exhibited 

a noticeable shift toward higher wavenumbers, 

indicating a strong interaction between PANI-CSA and 

V2O5 and possible changes in the electronic environment 

of the polymer [30]. The spectrum of the PANI-

CSA/V2O5 composite exhibited noticeable changes 

compared to that of PANI-CSA. The slight blue shift 

(toward higher wavenumbers) observed in several 

peaks between 1700-3860 cm-1 can be attributed to weak 

van der Waals interactions and changes in the local 

electronic environment, which is commonly observed in 

PANI [30]. These spectral modifications clearly 

demonstrate chemical interactions and strong interfacial 

bonding between the polymer chains and V2O5.  

 

 
Figure 4 FTIR pattern of (a) PANI-CSA, (b) V2O5 and (c) PANI-CSA/V2O5 composite 

 

 
Figure 5 SEM Images of (a) PANI-CSA, (b) V2O5 and (c) PANI-CSA/V2O5 composite.
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The surface morphologies of the PANI-CSA, V2O5, and 

PANI-CSA/V2O5 composites were examined using a 

JEOL JSM-6360F field-emission scanning electron 

microscope (FE-SEM). Figure 5 (a, b, and c) present FE-

SEM micrographs of the PANI-CSA, V2O5 and PANI-

CSA/V2O5 composites, respectively. PANI-CSA (Figure 

5a) exhibited a uniformly distributed granular 

morphology with spherical clusters and an average 

grain size of 200 nm, which is characteristic of the 

emeraldine salt form of PANI-CSA [31]. The 

microstructure of V2O5 (Figure 5b) a well-defined 

crystalline flake-like morphology, indicating its layered 

oxide nature [32]. In contrast, the PANI-CSA/V2O5 

composite (Figure 5c) exhibited a distinct morphological 

transformation. The polymer matrix became denser and 

more compact with an increase in grain size of 

approximately 500 nm, with V2O5 particles uniformly 

embedded within the PANI-CSA network. The 

formation of aggregated clusters suggested strong 

interfacial interactions within the composite structure. 

The SEM results are in good agreement with the XRD 

analysis, wherein the average crystallite size of the 

PANI-CSA/V2O5 composite was calculated to be 42 nm 

from the XRD measurements, while the grain size 

estimated from the SEM micrographs was found to be 

approximately 500 nm, indicating that each grain is 

composed of multiple crystallites. These morphological 

changes were consistent with the XRD analyses, 

confirming the enhanced crystallinity and interfacial 

interactions in the PANI-CSA/V2O5 composite.  

 

The high-resolution morphology of the PANI-CSA, 

V2O5, and PANI-CSA/V2O5 composites was observed 

using a JEOL JEM-2100 Plus High-Resolution 

Transmission Electron Microscope (HR-TEM). Figure 6 

(a, b, and c) show TEM micrographs of the PANI-CSA, 

V2O5, and PANI/V2O5 composites, respectively. The 

TEM image of PANI-CSA (Figure 6a) shows a granular 

and fibrous morphology with irregularly shaped 

clusters interconnected throughout the matrix; low-

density and semi-transparent regions suggest partial 

nanostructure exfoliation of porous characteristics 

typical of amorphous PANI-CSA with a grain size of 

200–300 nm, which is commonly observed in strong-

acid-synthesized PANI [33]. V2O5 (Figure 6b) has a well-

defined crystalline morphology consisting of nanorods 

with smooth sidewalls. The particles appeared to be less 

agglomerated, confirming their distinct crystalline 

nature and good dispersion [34]. The V2O5 nanorods 

were uniformly embedded within the PANI-CSA 

matrix, forming dense and well-integrated 

nanostructures. The average grain size of the composite 

ranged from 400 to 500 nm, which is larger than that of 

the PANI-CSA grain size, indicating strong interfacial 

coupling and partial crystallinity enhancement due to 

composite formation. 

 

The observed homogeneous dispersion confirms the 

effective interaction and excellent interfacial adhesion 

between the PANI-CSA chains and the V2O5 particles. 

These findings are in good agreement with the XRD and 

SEM results, collectively confirming that V2O5 

incorporation leads to improved crystallinity and 

enhanced structural ordering of PANI-CSA compared 

to strong acid-synthesized PANI.  

 

 
Figure 6 HR-TEM of (a) PANI-CSA, (b) V2O5 and (c) PANI-CSA/ V2O5 composite. 



 

108 |                                                  CSA-Assisted PANI/V₂O₅ Composite: Structural and Electrochemical Insights 

 

 

ISSN 2322-0015          https://www.irjse.in                                          

 

Raman spectroscopy was carried out using a Renishaw 

INVIA 0120-20 Raman spectrometer (Renishaw UK) 

over the wavenumber range of 100-3000 cm-1 to 

investigate the molecular structure and bonding 

characteristics. Figure 7 (a, b, and c) show the Raman 

spectra of the PANI-CSA, V2O5, and PANI-CSA/ V2O5 

composites, respectively. The Raman spectrum of PANI-

CSA (Figure 7a) exhibits characteristic shoulder at 1174 

cm-1 corresponding to C-H bending vibrations of the 

benzenoid ring and a prominent peak at 1595 cm-1 

represents the C=C stretching vibration of the quinoid 

ring and peak at 1331 cm-1 corresponding to C-N+ 

stretching vibration confirming the radical cation 

moiety [35]. The spectrum of V2O5 (Figure 7b) distinct 

peaks at 142 cm-1, 283 cm-1, and 527 cm-1, attributed to 

V-O-V lattice bending vibrations, while the strong 

bands at 699 cm-1 and 997 cm-1 correspond to the V-O 

symmetric stretching and V=O stretching modes, 

respectively [36, 37]. In the PANI-CSA/V2O5 (Figure 7c) 

composite, the Raman spectra retained only the red-

shift of the characteristic peaks of PANI-CSA with no 

appearance of new Raman peaks, as shown in Figure 7. 

All major peaks correspond to the benzenoid and 

quinoid ring vibrations of PANI-CSA, indicating that 

the fundamental polymer backbone structure of PANI-

CSA was preserved after the addition of V2O5. 

 

Importantly, no new peaks emerged after the 

incorporation of V2O5, indicating that the chemical 

structure of PANI remained stable and that the 

interaction between PANI-CSA and V2O5 occurred 

primarily through physical and interfacial bonding, 

rather than chemical alteration of the polymer 

backbone. These spectral modifications corroborate the 

results obtained from FTIR and XRD analyses, 

confirming strong interfacial interactions. 

 

 
Figure 7 RAMAN spectroscopy of (a) PANI-CSA, (b) V2O5 and 

(c) PANI-CSA/V2O5 composite. 

 

 
Figure 8 Cyclic Voltammetry curve of (a) PANI-CSA, (b) CV of PANI-CSA/V2O5 composite at different scan 
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The materials were electrochemically analyzed using an 

Ai Admiral Instruments Potentiostat, and Figures 8 (a) 

and (b) show the Cyclic Voltammetry (CV) curves of 

PANI-CSA and PANI-CSA/V2O5 composites, 

respectively. A three-electrode setup with Ag/AgCl as 

the reference electrode, Pt. as the counter electrode, and 

the synthesized material coated on a stainless-steel 

substrate as the working electrode was conducted in a 1 

M KOH aqueous electrolyte and recorded at scan rates 

of 100, 80, 60, and 40 mv/s from a potential window 0.2 

of 0.6v. In (Figure 8a) CV of PANI-CSA, two sets of 

redox peaks were observed are the characteristics of 

typical PANI, the first redox peak appeared between 0.2 

and 0.25 v corresponding to the conversion of a fully 

reduced leucoemeraldine base state to the partially 

oxidized emeraldine state, this results additional π-

electrons in the conjugate backbone and improve 

electrical conductivity of PANI-CSA [38,39]. Second 

redox peak observed between 0.55 to 0.4 v to the 

conversion of emeraldine to the fully oxidized form of 

pernigraniline [40]. However, in (Figure 8b,) CV of the 

PANI-CSA/V2O5 composite has a higher redox current 

and large integral area because of the large interaction 

of PANI-CSA with V2O5, which benefits the available of 

a more layered structure and transport to charge 

carriers [41]. The incorporation of V2O5 in PANI-CSA 

exhibits a higher current response of approximately 2 

mA, as observed in the CV curves, indicating enhanced 

charge storage capability and consequently a higher 

specific capacitance of PANI-CSA/V2O5 than PANI-

CSA [42]. 

9. Conclusion 

The successful synthesis of the PANI-CSA and PANI-

CSA/V2O5 composites through in situ polymerization 

using CSA was confirmed by a series of characterization 

techniques. UV-visible analysis revealed that the 

incorporation of V2O5 into PANI-CSA resulted in strong 

interaction and effective charge transfer between the 

polymer matrix and metal oxide. FTIR spectra 

confirmed the formation of hydrogen bonds and 

chemical interactions between the -NH groups of PANI-

CSA and the oxygen atoms of V2O5. The XRD patterns 

demonstrated that the PANI-CSA/V2O5 composite had 

peaks of V2O5, revealing the partial crystallinity and 

successful intercalation of V2O5 into the PANI-CSA 

matrix. Surface morphological studies using FE-SEM 

and HR-TEM further supported these findings, as the 

spherical-granular morphology of PANI-CSA 

transformed into a more compact, aggregated composite 

structure and improved interfacial connection after the 

addition of V2O5. Raman spectroscopy confirmed the 

structural stability of PANI-CSA upon V2O5 addition, as 

the characteristic bands corresponding to the benzenoid 

and quinoid rings were retained with slight shifts and 

broadening, without the appearance of new peaks. This 

confirms the strong interaction without degradation of 

the PANI-CSA backbone. Generally, the combined 

results indicate the successful formation of a stable 

PANI-CSA/V2O5 composite with good interfacial 

interaction, partial crystallinity, and uniform 

morphology as compared to the strongly acid-

synthesized PANI. The CV results showed a marked 

increase in current response from 0.6 mA to 2.0 mA after 

adding V2O5 in PANI-CSA, indicating improved redox 

activity and electrochemical conductivity of the 

composite. The CIF structural analysis confirms that 

Polyaniline exhibits a predominantly amorphous atomic 

arrangement with slight lattice distortions, which is 

consistent with the broad features observed in the XRD 

pattern and supports efficient charge transport along 

the polymer backbone. 

 

Overall, the results demonstrate that the  V₂O₅ 

incorporation effectively enhances the structural, 

morphological, and electrochemical properties of PANI-

CSA, rendering the composite a promising candidate for 

applications in energy storage and electrochemical 

devices, with improved stability and performance 

compared to strongly acid-synthesized PANI. 
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