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Abstract: The present work is an attempt to explore the impact of bismuth oxide (Bi2O3) at different concentrations 

(5%, 10%, and 15%) on the structural, optical, and electrochemical features of hydrothermally synthesized V₂O₅ 

nanoparticles. Structure characterization via X-ray diffraction (XRD) confirmed that the orthorhombic phase of V₂O₅ 

remains in all composite samples, with slight changes caused by Bi2O3. The study of optical properties involved DRS-

UV, and the results pointed to the band-gap gradual increase, notably for 15 % Bi2O3 sample. The shape changes 

as well as the particle distribution changes due to the composite formation were confirmed by FE-SEM-EDX. XPS 

study showed that the pure V₂O₅ chemical environment had been changed after the addition of Bi2O3. 

Electrochemical evaluations, achieved by cyclic voltammetry and charge-discharge cycling, revealed considerable 

improvements in capacitance as well as stability. The 15% Bi2O3/V2O5 nanocomposite electrode demonstrated 

exceptional cycling durability with the largest specific capacitance (487 F g⁻¹ at 1 A g⁻¹), and outstanding retention of 

89% after 5000 cycles among the investigated concentrations. The assembled asymmetric device with 15% 

Bi2O3/V2O5 nanocomposite and activated carbon attained an exceptional energy density of 38.4 Wh kg⁻¹ and a power 

density of 16,000 W kg⁻¹. 

Keywords: Vanadium Pentoxide (V₂O₅), Bismuth oxide, Nanocomposite, Structural Properties, Supercapacitors, 

Energy Storage. 

 

1. Introduction 

Electrochemical measurements by means of 

cyclic voltammetry and charge-discharge cycling 

revealed significant improvements in capacitance and 

stability where the sample 15 % Bi2O3/V₂O₅ exhibited the 

most optimized performance in terms of energy storage 

efficiency and cycling durability. The findings reported 

here confirm that bismuth oxide is a feasible method to 

alter V₂O₅ properties for enhanced supercapacitor 

devices [1]. Compared to other storage systems, 

supercapacitors have become attractive alternatives 

because of their unique combination of high power 

density, fast charge and discharge, long cycle life, and 

safe operation [2]. However, the relatively low energy 

density of supercapacitors still remains as one of the 

major limitations that impedes their use to be widely 

spread in high-performance applications. To resolve this 

problem, the development of advanced electrode 

materials with tailored structural and electronic 

properties has become the central research avenue [3]. 

Transition metal oxides (TMOs) are very promising to be 

used as electrode materials of supercapacitors as they 

are the main source of pseudocapacitance in these 

materials that originate from fast and reversible Faradaic 

redox reactions. Among the TMOs, vanadium pentoxide 

(V2O5) is the most promising due to its very high 

theoretical capacitance (~294 mF cm⁻²), capacity of 

being switched easily in multiple oxidation states 

(V⁵⁺/V⁴⁺/V³⁺), and layered structure which facilitates the 

intercalation of the charge carriers. Moreover, V2O5 is 

plentiful, cheap, and non-toxic, thus making it even more 

attractive for large-scale energy storage applications [4]. 

However, even with these advantages, V2O5 by itself 

faces major drawbacks because of its low intrinsic 

electrical conductivity (around 10⁻² to 10⁻³ S/cm), its 

structural instability upon cycling, and its slow ion 

diffusion kinetics, which in general, limit its application as 

a supercapacitor electrode severely [5]. 
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To address these limitations, various strategies 

have been investigated, including morphology control 

[6], nanostructuring [7], and composite formation with 

conductive agents such as carbon nanotubes or 

graphene, and metal oxide composite [8]. Among these, 

composite stands out as a highly effective method to 

tune the physicochemical properties of V2O5 without 

significantly altering its host structure [9]. Composite can 

significantly improve the performance of a material in 

several ways like enhancing the conductivity, creating 

oxygen vacancies, changing the band structure, 

increasing the electrochemical activity, and stabilizing 

the lattice during repetitive cycling. Many research works 

have been conducted to look into the effects of 

composite with transition metal oxides and rare-earth 

metals (like Cu, Bi, Fe, Mn, Ce, and Yb) on V2O5, which 

have uncovered major improvements in the 

electrochemical performance, optical absorption, and 

mechanical stability of the material [10]. Bismuth oxide 

composite is just about the most overlooked-techniques 

that can change the properties of V2O5 in a very 

impressive way. The Bi³⁺ ions have a larger ionic radius 

(1.03 Å) than V⁵⁺ (0.59 Å), thus when they are mixed into 

the V₂O₅ crystal structure, lattice distortion and 

expansion are induced [11]. The spacing between the 

layers is widened as a result of this expansion, which is 

therefore beneficial because it facilitates ion diffusion 

and makes the electrolyte more accessible. Moreover, 

the single Bi³⁺ cation is expected to generate oxygen 

vacancies and electronic defects that are key factors in 

increasing both the charge storage and the conductivity 

[12]. Moreover, Bismuth has unique electronic features 

due to the 6s2 lone pair electrons that can participate in 

charge transfer processes and increase redox activity. 

These changes in the structure and electronics, in fact, 

work together to elevate the performance of V2O5 in 

energy storage devices [13]. Various recent studies 

have been showing the benefits of Bi or similar dopants 

in oxide systems more and more. A case in point is the 

research carried out on Bi-doped TiO₂ and ZnO, which 

resulted in the suggestion of increased oxygen 

vacancies concentrations, narrowed band gaps, and 

enhanced conductivity [14, 15]. Similar phenomena 

have been observed in vanadium oxides when Cu and 

Ce doped, leading to an increase in oxygen vacancies, 

decrease in crystallite sizes, and better 

pseudocapacitance [16]. These examples point to the 

possibility that Bismuth oxide composite of V2O5 may 

yield similar or even better results. In addition, the fact 

that Bi is a non-toxic and chemically stable element 

makes it even more favourable for its use in eco-friendly 

energy storage systems [17]. On the molecular level, the 

merging of Bi can significantly alter the crystal 

morphology and the grain boundaries of V2O5 

nanoparticles. The changes in the crystal structure and 

the lattice of the material due to the presence of 

substitution sites create areas in the material that are 

distorted and, therefore, may be responsible for the 

increase in the surface area and the number of active 

sites that can take part in the electron transfer reactions 

[18]. X-ray diffraction (XRD) analyses of doped V2O5 

usually show peak broadening, this is indicative of a 

decrease in crystallite size as well as an increase in 

microstrain, therefore, both these factors are enhancing 

surface reactivity and electrolyte interaction [19]. Such 

nano scaled modifications do not only promote kinetic of 

the electrode but also serve as a volume change buffer 

during cycling, thereby the durability is increased. As far 

as optics are concerned, the Bismuth oxide composite 

can change the electronic band structure of V2O5 thus 

resulting in the change of its band gap [20]. Ultraviolet-

visible (UV-Vis) absorption spectroscopy analyses 

usually reveal red-shifts of the absorption edge of doped 

V2O5, which is indicative of band gap gradual increase 

and an increased ability of the material to absorb light. 

Even though this characteristic is mainly required for 

photocatalytic applications, it can also be linked to an 

increased carrier concentration and improved electrical 

conductivity in supercapacitors. [21, 22] Such 

improvements, at least in part, can be attributed to the 

higher electrical conductivity and faster reaction kinetics 

caused by composite formation. Electrochemical tests of 

doped V2O5 and both the fundamentally key figures of 

specific capacitance, energy density, and rate capability 

are, in many instances, improved noticeably due to 

extended redox activity and enhanced conductivity. 

Comparing to pure V2O5, Cu-doped V2O5 showed a 

specific capacitance value that was 2–3 times higher 

with positive results in charging-discharging rates as well 

as cycle stability [23, 24]. It is anticipated that a Bismuth 

oxide composite will result similar enhancement in the 

properties, mainly due to the ability to generate more 

oxygen vacancies and tune the electronic structure in a 

more effective way. In addition, the Bi redox-active 

feature can also promote pseudocapacitance, thus 

leading to a higher energy storage capacity. On the 

synthesis side, Bismuth-doped V₂O₅ nanoparticles may 

be prepared via various wet-chemical routes like sol-gel, 

hydrothermal, or solvothermal methods [25-27]. such 

methods allow correct control of composite 

concentration, particle size, and morphology. Further 

crystallinity and more uniform defect distribution can 

result from post-synthesis operations such as annealing.  

In this research, the bismuth oxide composite 

with vanadium pentoxide was realized by the 

hydrothermal route and characterized by XRD, FT-IR, 

DRS-UV, and Raman to determine the crystalline 

characteristics, functional groups, and optical properties, 

respectively. FE-SEM were used for the morphological 

study, and XPS was employed to reveal the chemical 

environment of the compound. The present work 

demonstrates that Bi2O3 incorporation into V2O5 creates 

a defect-rich hetero-interface with enhanced oxygen-

vacancy concentration and mixed-valence electronic 

structure, leading to improved charge-transfer kinetics 

and superior asymmetric supercapacitor performance. 

The novelty of the present work lies not merely in the 
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hydrothermal synthesis route, but in the defect-

engineered Bi2O3/V2O5 heterostructure that promotes 

oxygen-vacancy formation, mixed-valence states, and 

enhanced electrochemical charge-transfer kinetics for 

asymmetric supercapacitor applications. 

 

2. Materials and Method 

2.1 Materials 

Chemicals such as Bismuth (II) Nitrate 

pentahydrate Bi(NO3)3·5H2O, oxalic acid dihydrate 

(C2H2O4.2H2O2), and ammonium metavanadate 

(NH4VO3) were all procured from SRL, India, and were 

of analytical grade, no further purification was done. 

Ethanol and double-distilled water (DW) were utilized as 

solvents throughout the entire synthesis process. 

 

2.2 Preparation of Vanadium Pentoxide and 

Bi2O3 Doped V2O5 

Each chemical had been used, without any 

additional purification. Vanadium was obtained from 

ammonium Meta vanadate (NH4VO3). The preparation 

of the vanadium pentoxide required dissolving 0.005 mol 

NH4VO3 in 50 mL of H2O and C2H5OH solution, 

respectively. The pH value of the solution was adjusted 

to obtain 4 by using H2C2O4 at a molar ratio of 1:3 

(NH4VO3/H2C2O4). After 30 minutes of stirring the 

mixture with a magnetic stirrer at ambient temperature, 

the material was transferred into a 50 mL Teflon-lined 

autoclave and kept at a temperature of 180 °C for a 

duration of 24 hours (Scheme 1). Bi2O3/V2O5 

nanocomposite was produced utilizing the above 

mentioned process in three distinct percentages: 5%, 

10%, and 15%. In the vanadium precursor solution, Bi3+ 

molar percentage, was altered from 5, 10, and 15%. To 

get a homogeneous solution, the mixture was 

magnetically stirred for one hour. To obtain Bi2O3/V2O5 

nanocomposite, the solution was then placed within the 

Teflon liners, heated to 180°C for 24 hours, and then 

allowed to cool to ambient temperature, the obtained 

precipitates were repeatedly cleaned with deionized 

water and anhydrous alcohol before being dried for 10 

hours at 60 °C [28]. 

 

2.3 Preparation of Electrodes for 

Supercapacitor Applications.  

The electrochemical tests were carried out in a 

three-electrode configuration using an aqueous 

electrolyte of 2M KOH at ambient temperature. In order 

to fabricate the working electrode, Bi2O3/V2O5 

nanocomposite were added to an N-methyl-2-

pyrrolidone (NMP) solvent with carbon black and 10% 

polyvinylidene difluoride (PVDF) binder. It was well 

mixed and made a slurry [29]. After the homogenous 

slurry was made, it was applied to Ni-foil and dried for 

five hours at 80 ºC to eliminate the organic solvent. The 

electro-active material was approximately 4.5 mg cm−2. 

In a three-electrode electrochemical cell, the platinum 

foil, material-coated Ni foil, and Ag/AgCl electrodes were 

utilized as counter, working, and reference electrodes 

respectively [30]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Representation of preparation of Bi2O3/V2O5 nanocomposite. 
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2.4. Fabrication of asymmetric device 

The asymmetric supercapacitor (ASC) device 

was constructed using prepared materials and activated 

carbon as the cathode and anode materials, 

respectively. The AC and PVDF binders were mixed in a 

90:10 ratio to create the negative electrode. The NMP 

solvent was used to prepare the slurry, which was then 

applied to the Ni-foil current collector. In a hot air oven, 

the coated electrode was dried for 12 hours at 70 °C. 

Polytetrafluro-ethylene (PTFE) filter paper served as the 

separator, and PVA/KOH gel as the electrolyte. A 6 g of 

PVA and 3.58 g of KOH were blended with 60 mL of DI 

water to make the PVA/KOH electrolyte. The mixture 

was continuously stirred and heated to 90 °C to achieve 

homogeneity. All of the electrodes and the PTFE 

separator were soaked in PVA/KOH electrolyte before 

being sandwiched to form the ASC device. All 

electrochemical experiments were performed using the 

gel electrolyte, which was dried in an ASC apparatus. 

The characteristics of the supercapacitor were 

investigated using the electrochemical impedance 

spectroscopy (EIS), galvanostatic charge/discharge 

(GCD), and cyclic voltammetry (CV) methods. The 

specific capacitance value was assessed by Equation1. 

𝐶𝑠𝑝 =
𝐼×∆𝑡

𝑚×∆𝑉
           (1) 

Where Cs, I, t, m, and V indicate the specific 

capacity, input current density (A g-1), discharge time 

(s), active material weight (mg), and potential window 

respectively [30]. 

 

2.5. Electrochemical characterization  

The active materials, carbon black, and 

polyvinylidene fluoride (PVDF) were combined in an 

8:1:1 weight ratio to create the 5%, 10%, and 15% 

Bi2O3/V2O5 electrodes. The mixed substances were 

ground with N-methyl-2-pyrrolidone (NMP) solvent and 

made into an electrolyte ink. The resultant electrolyte ink 

was coated onto the Ni-Foil, and then NMP was 

evaporated in a vacuum oven at 80 °C for 12 hours. The 

resultant final electrode holds 4.5 mg of active material. 

Platinum foil was utilized as the auxiliary electrode, while 

an Ag/AgCl electrode was employed as the reference 

electrode in a 2 M KOH electrolyte for three-electrode 

electrochemical measurements. The CHI660D 

electrochemical system was used to conduct two- and 

three-electrode electrochemical studies. Activated 

carbon was used as the negative electrode, 15% 

Bi2O3/V2O5 nanocomposite as the positive electrode, 

and PVA/KOH solution as the electrolyte in the assembly 

of an asymmetric capacitor (ASC) device. The PVA/KOH 

electrolyte was made by mixing 60 mL of DI water with 6 

g of PVA and 3.58 g of KOH. To assure homogeneity, 

the mixture was constantly swirled as it was heated to 

90 °C. The ASC device's separator was made of PTFE 

paper. To guarantee complete wetting and effective ionic 

interaction within the device, the separator, anode, and 

cathode were submerged in a PVA/KOH electrolyte prior 

to assembly. After that, all of the individual components 

are layered together to create the ASC device. The 

electrochemical characteristics were investigated using 

the resultant ASC device [30]. 

 

3. Results and Discussions   

3.1 XRD Analysis 

XRD is used to analyse the structural 

characteristics of synthesized pure V2O5 and Bi2O3 /V2O5 

nanocomposite. XRD data of the samples are presented 

in Figure 1(a, b). Figure 1(a) represents the XRD pattern 

for pure V₂O₅ displays characteristic peaks 

corresponding to an orthorhombic crystal, as we 

reported in our previous report [31]. Figure 1(b) 

represents the XRD of Bi2O3 incorporated V2O5. The 

peak positions well matched with the standard data for 

Bi2O3 with a monoclinic structure, with JCPDS Card No. 

41-1449. The incorporation of Bi2O3 into V2O5 introduces 

new peaks at 2θ = 19.01, 28.94, 34.4, 40.02, 53.43, and 

58.72, corresponding to (201), (101), (002), (110), (112), 

and (202). At low Bi (5%), the Bi2O3 reflections are minor, 

indicating most Bi is accommodated in the V2O5 host. At 

10–15%, the peak intensity increases, evidencing partial 

phase segregation. Intensity of peaks increases as the 

percentage of Bi2O3 is increased from 5 to 15 %, 

indicating the incorporation of Bi2O3 into V2O5. It is 

observed that the phase was stable even when 

increasing the dopant concentration. The gradual peak 

broadening and slight peak shifting with increasing Bi 

concentration indicate reduced crystallite size, lattice 

distortion, and increased microstrain caused by Bi 

incorporation into the V2O5 lattice. The crystallite size 

was estimated from the diffraction peak using the 

Scherrer equation as shown in Table 1.

 

Table 1. Crystallite Size of the 5, 10 and 15 % Bi2O3/V2O5 samples 

S. No Sample FWHM Crystallite Size (nm) 

1 5% Bi2O3/V2O5 0.176 46.35 nm 

2 10% Bi2O3/V2O5 0.251 32.17 nm 

3 15% Bi2O3/V2O5 0.261 30.96 nm 
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The crystallite size decreased from 46.35 nm for 

5% Bi2O3/V2O5 to 30.96 nm for 15% Bi2O3/V2O5, 

confirming suppression of crystal growth and enhanced 

defect generation at higher Bi concentrations. XRD 

results suggest the emergence of minor Bi2O3-rich 

secondary phases at higher Bi concentrations, whereas 

XPS confirms strong Bi–O–V interfacial interaction and 

oxygen-vacancy-rich surface chemistry within the V2O5 

matrix. The combined XRD and XPS analyses confirm 

that Bi incorporation induces lattice defects, oxygen 

vacancies, and mixed-valence states, which collectively 

contribute to improved electrochemical performance. 

 

3.2. XPS analysis 

Figure 2 (a-l) shows the XPS spectra of 

Bi2O3/V2O5 at 5, 10, and 15% confirming the presence of 

V, O, Bi, and C elements, demonstrating successful 

incorporation of Bi into the V2O5 lattice. Survey spectrum 

of pure V2O5 is reported in our previous article [31]. The 

high-resolution V 2p spectra reveal the characteristic 

doublets of V⁵⁺ with V 2p3/2 located at 516.98 eV and V 

2p1/2 at 524.42 eV for 5% Bi, corresponding to a spin–

orbit splitting of 7.44 eV. At 10%, the V 2p3/2 and V 2p1/2 

peaks shift slightly to 517.15 eV and 524.74 eV, 

respectively, with an increased splitting of 7.59 eV, 

indicating lattice perturbation due to Bi incorporation. For 

15% Bi, the V2p peaks are observed at 516.90 eV and 

524.41 eV, with a splitting of 7.51 eV. Across the series, 

subtle broadening and the emergence of shoulders in 

the V2p region signify the partial reduction of V⁵⁺ to V⁴⁺, 

which becomes more pronounced at higher Bi2O3 

incorporation. [32, 33] This evolution suggests improved 

electronic conductivity arising from mixed valence states 

of vanadium. The O1s spectra further corroborate these 

observations. At 5% Bi, the lattice oxygen (O²⁻) peak 

appears at 529.74 eV [34]. At 10% Bi the lattice oxygen 

peak shifts to 529.96 eV, while the defect oxygen 

component grows stronger, implying an increase in 

oxygen vacancies. Similarly, at 15% Bi the lattice oxygen 

is observed at 529.89 eV with the highest contribution 

from surface and defect oxygen, confirming a 

progressive rise in oxygen-vacancy density with Bi 

content [35]. These vacancies are expected to facilitate 

ionic transport and contribute to enhanced redox activity. 

The Bi 4f spectra display well-defined doublets at 159.28 

eV, 159.52 eV, 159.03 eV (Bi 4f7/2) and 164.60 eV, 

164.97 eV, 164.35 eV (Bi 4f5/2), with spin–orbit splitting 

values 5.32 eV, 5.45 eV and 5.28 eV for 5, 10, and 15% 

nanocomposite, which is consistent with Bi³⁺ in an oxide 

environment. The composite with the Bi 4f component 

from the V2O5 matrix is also evidenced by the increase 

in the intensity and the broadening of the Bi 4f peaks 

upon Bi concentration. No phase segregation is 

observed [36, 37]. Furthermore the substitution of Bi³⁺ in 

V2O5 leads to the formation of oxygen vacancies and a 

partial reduction of V⁵⁺ to V⁴⁺ resulting in an electron-rich 

and defect-engineered lattice as revealed by the XPS 

analysis. At 5%, the structure is close to stoichiometric 

V2O5 with only a few oxygen vacancies and at 10% the 

lattice is significantly disturbed with an increase in defect 

oxygen and mixed valence behaviour [38]. At 15% the 

concentration of oxygen vacancies and the contribution 

of V⁴⁺ reaching their maximum thus resulting in the 

highest density of redox-active sites. These changes will 

facilitate the electron transfer and the electrochemical 

performance will be improved at high Bi concentrations. 

 

 

Figure 1. XRD spectrum of (a) V2O5 and (b) 5, 10 and 15% Bi2O3 /V2O5 nanocomposite. 
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Figure 2. (a, e, i). XPS survey spectrum 5, 10 and 15% of Bi2O3/V2O5 (b, f, j) Core spectrum of V 2p, (c, g, 

k) Core spectrum of Bi 4f, and (d, h, l) Core spectrum of O 1s. 

 

3.3 FT-IR analysis of Bi2O3/V2O5 nanocomposite  

FT-IR spectra for V2O5 with different 

concentrations of bismuth oxide (5%, 10%, and 15%) 

are shown in Figure. 3(a-c). The figures confirm that the 

V2O5 lattice is present after the Bi as all the samples 

have vibrational bands characteristic of orthorhombic 

V2O5, especially in the fingerprint region (400–1200 

cm⁻¹). The Bi content increases a significant decrease in 

the overall transmittance. This is indicative of enhanced 

light absorption as a result of a higher composite loading. 

Increased structural disorder and the existence of 

localized defect states can be used to explain this 

phenomenon. The bands formed at 1013, 1014, and 

1023 cm⁻¹ are the vibrational modes of the V=O and V–

O–V bonds that were stretched, respectively. The bands 

at 827, 823, and 832 cm⁻¹ signal the creation of the Bi-

O-Bi bond, thus the integration of Bi into the V2O5 lattice 

is confirmed. These peaks demonstrate broadening and 

minor changes with high Bi concentrations, which could 

mean that the lattice is distorted and that Bi ions are 

substituted or interstitially incorporated in the V₂O₅ 

matrix.  Besides that, weak bands or changes in 

intensity in the mid-infrared region close to 1600–3500 

cm⁻¹ can be assigned to surface hydroxyl groups and 

adsorbed water molecules coming from the dopant-

induced changes in surface morphology and porosity. To 

sum up, spectral changes upon Bi at higher levels 

confirm not only the incorporation of bismuth into the 

V₂O₅ structure but also reflect changes in the local 

bonding environment which may have direct implications 

for the material's optical and electrochemical properties. 

 

3.4 Raman Analysis 

The Raman spectra of V₂O₅ with 5%, 10%, and 

15% Bi2O3 as shown in Figure. 4 exhibit changes in the 

intensity and position of the peaks that indicate the 

structural and vibrational changes of the V₂O₅ lattice due 

to the Bi2O3 addition. Pure V₂O₅ is known to have very 

clear Raman features, especially around 118, 148, 233, 

290, 410, 548, 668, and 700 cm⁻¹, that can be assigned 

to the bending and stretching vibrations of V–O–V and 

V=O bonds. These vibrations serve as a reference for 

the doped samples. 
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Figure 3. (a-c). FT-IR spectrum of 5, 10, and 15% Bi2O3/V2O5 nanoparticle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Raman spectrum of 5, 10, and 15% Bi2O3/V2O5 nanocomposite. 

 

The low-frequency modes at 118 and 233 cm⁻¹ 

were associated with the Bi2O3/V2O5 lattice vibrations 

due to the movements of the translation and rotation of 

the structural units [39]. The peaks at 233 and 410 cm−1 

are assigned to V=O, and the shoulder peaks at 548 and 

668 cm−1 are related to Bi-O and Bi- O-Bi bonds, 

respectively [40]. The asymmetric stretching of the V–O 

bond contributed to the shoulder peak at 700 cm−1 [41]. 
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3.5 Optical property  

The optical absorbance and band gap 

characteristics of V₂O₅ tailored with various bismuth 

oxide concentrations were thoroughly explored by 

means of UV-Vis diffuse reflectance spectroscopy 

(DRS). The absorbance spectra shown in Figure. 5(a) 

reveal that the absorption characteristics vary 

significantly as the Bi2O3 concentration changes from 

5% to 15%. The 5% Bi2O3 sample exhibits higher 

absorbance across the visible spectrum, which is 

indicative of a strong light harvesting capability. Contrary 

to this, the 10% and 15% Bi2O3 concentrations show a 

drastic decrease in absorbance, which suggests that the 

excessive Bi2O3 incorporation might lead to changes in 

the structure or electronic properties that lower the 

optical density. The Tauc plots from Figure. 5(b-d) depict 

an indirect yet uniform tendency of the optical band gap 

energy with the increase in Bi2O3 content. 

The band gap for the Bi2O3 5% modified V₂O₅ is 

found to be 2.13 eV. In the 10% Bi2O3 sample, the band 

gap is slightly larger, about 2.14 eV. The maximum band 

gap value of 2.17 eV is attributed to the 15% Bi2O3 

sample [42]. The slow increase of the band gap with an 

increase of Bismuth oxide content can be related to the 

replacement of Bismuth that changes the local electronic 

structure of V2O5 through lattice distortion. Where there 

is only a small amount of Bismuth oxide, Bismuth acts 

as a donor and only slightly changes the electronic 

transitions. On the other hand, at high Bismuth levels, a 

blue shift can take place leading to the Fermi level 

entering the conduction band causing a significant 

increase in the optical band gap [43].  

 

3.6 Morphological Analysis 

The morphology and elemental composition of 

the Bi2O3/V2O5 nanocomposites that were synthesized 

with different proportions of Bi2O3 (5, 10, and 15 wt%) 

were extensively characterized by field emission 

scanning electron microscopy (FE-SEM) along with 

energy-dispersive X-ray spectroscopy (EDX). The 

obtained images Figure.6 (a-h) distinctly show the 

alterations of morphology and successful compositional 

tuning resulting from Bi2O3 into the V2O5 matrix. V2O5 

sample exhibits a disordered morphology comprised of 

aggregated microstructures with flake-like and plate-like 

features being the main constituents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 (a) DRS UV and (b-d) Band gap of 5, 10, and 15% Bi2O3/V2O5 nanoparticle. 
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The particles are oriented in a random manner 

and are packed loosely, thus forming a porous network 

with quite large interparticle voids. The surface is rough 

and uneven which is indicative of uncontrolled crystal 

growth and poor connectivity between grains. Such a 

morphology is representative of Bi2O3 obtained by 

conventional methods, where nucleation dominates over 

directional growth, leading to a non-uniform particle 

distribution. On introducing 5 wt% Bi2O3 Figure 6 (a, b), 

the morphology change is very significant. The structure 

lies in the layered configuration which is made up of 

stacked nanosheets that are more ordered and compact 

in their arrangement. These nanosheets appear to grow 

preferentially along crystallographic directions, which is 

a likely indication that Bi2O3 acts as a structure-directing 

agent. The better ordering and lower void spaces when 

compared with pure V2O5 are indicative of enhanced 

crystallinity and structural stability. Higher Bi2O3 up to 10, 

15 wt% Figure 6 (d, e, g, h) leads to a very complicated 

hierarchical morphology. The microstructure consists of 

joined nanosheets, co-existence of nanosheets 

alongside nanoparticles implies strong local interfacial 

interactions between Bi2O3 and V2O5 phases that 

facilitate charge transfer and surface reactions, which 

are the requirements for an effective and productive 

system. The elemental composition and chemical purity 

of the samples were also confirmed by EDX analysis 

Figure 6 (c, f, i). The spectra of all samples show sharp 

peaks that belong to bismuth (Bi), vanadium (V), and 

oxygen (O), confirming the synthesis of Bi2O3/V2O5 

nanocomposites. Besides the elemental peaks of the 

bismuth vanadate composites, no other impurity peaks 

were observed indicating a high level of purity in the 

synthesized materials. The EDX spectra confirm the 

Bi2O3 (5, 10, and 15 wt%) into the V2O5 matrix. 

Characteristically, 5 wt% Bi2O3 sample was dominated 

by V (~49.2 wt %) and O (~45.2 wt %) with a minor 

amount of Bi (~5.6 wt %) which implied that the Bi 

particles are well dispersed. At 10 wt%, the Bi content 

increases (~9.8 wt %) while the V content decreases 

(~39.4 wt %) which reflects an increased interaction of 

Bi2O3 with V2O5. For the 15 wt% specimen, the Bi level 

was further raised (~11.4 wt %) which is a clear 

indication of a higher loading of Bi while maintaining the 

V2O5 structure. The absence of impurity peaks at each 

stage confirmed that the sample was pure, and the 

pattern of changing composition indicated the effective 

formation of hetero structures as the Bi2O3 content 

increased. Combined FE-SEM and EDX studies clearly 

show that Bi2O3 plays a major role in shaping both the 

physical form and chemical makeup of V2O5-based 

composites. 

Then, to examine the spatial distribution of 

elements more thoroughly, EDS elemental mapping was 

performed, and the results are presented in Figure 7 

(mapping images). The overlay images and Bi maps 

effectively reveal the distribution pattern of Bi2O3 inside 

the V2O5 matrix. For the 5 wt% composite, Bi is uniformly 

distributed at low intensity, indicating a very fine 

distribution without significant agglomeration. Only a few 

small bright spots show slight clustering; however, the 

sample remains generally homogeneous overall. For 10 

wt% Bi2O3, the Bi signal gets stronger and more evenly 

distributed throughout the matrix, demonstrating better 

uniformity and a stronger Bi2O3/V2O5 interaction. This 

uniform dispersion is also reflected in the hierarchical 

morphology that was observed and it further implies an 

ideal compositional balance. Bi mapping for the 15 wt% 

sample identifies high-intensity localized areas, showing 

that there are still some agglomerated Bi2O3 particles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. FE-SEM images and EDX of a) 5% Bi2O3/V2O5, b) 10% Bi2O3/V2O5 and c) 15% Bi2O3/V2O5 Nanocomposite. 
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Figure 7. Elemental Mapping of a) 5% Bi2O3/V2O5, b) 10% Bi2O3/V2O5 and c) 15% Bi2O3/V2O5. 

 

Although Bi still spreads across the area, the 

existence of large clusters points to lower uniformity at 

higher loading. Overall, mapping results confirm a 

change from uniform dispersion (5 wt%) to best 

homogeneous distribution (10 wt%) and partial 

agglomeration (15 wt%), which is in agreement with FE-

SEM observations. 

 

4. Electrochemical Analysis 

The electrochemical properties of the 5% 

Bi2O3/V2O5, 10% Bi2O3/V2O5 and 15% Bi2O3/V2O5 

electrodes were demonstrated using 2 M KOH 

electrolyte in three three-electrode electrochemical cell. 

The cyclic voltametric (CV), galvanostatic 

charge/discharge (GCD) and Electrochemical 

Impedance (EIS) techniques were utilized to evaluate 

electrochemical properties. The electrochemical 

response of all electrodes was investigated using CV 

measurements at various sweep rates, extending from 5 

to 100 mV s-1, as shown in Figure 8 (a-c). 

The Faradaic processes in all CV curves are 

indicated by the appearance of prominent redox peaks, 

signifying that Faradaic redox reactions are the primary 

energy storage process in 5% Bi2O3/V2O5, 10% 

Bi2O3/V2O5 and 15% Bi2O3/V2O5 electrodes [44]. The 

redox reactions of V2O5 material include the V5+/V4+ 

and V4+/V3+ redox transitions, which occur in the bulk 

of the material in the 2 M KOH electrolyte as well as on 

its surface. [45, 46] The following chemical equation (1) 

illustrates the reactions that define the redox processes. 

𝑉2𝑂5 + 𝑥𝐾+ + 𝑥𝑒−  ⇄  𝐾𝑥𝑉2𝑂5(𝑥 − 𝑚𝑜𝑙𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝐾 +

 𝑖𝑜𝑛𝑠)               (1) 

Interestingly, Bi improves the conductivity of the 

electrodes during the electrochemical process without 

going through any redox reactions. The high ionic 

conductivity associated with Bi arises from its inherent 

defect structure and high polarizability [47]. These 

characteristics facilitate efficient charge transport, 

improving overall electrochemical performance. This is 

confirmed by the area under the CV curves. The 15% 

Bi2O3/V2O5 electrode exhibits a significantly larger area 

compared to the 5% Bi2O3/V2O5 electrode, clearly 

indicating that the higher Bi level in the 15% Bi2O3/V2O5 

electrode enhances its electrochemical activity.  

Furthermore, the high area under the CV curves 

demonstrates the high supercapacitor properties of the 

15% Bi2O3/V2O5 electrode material. [48] Additionally, the 

exceptional reversibility of electrodes is designated by 

the symmetrical nature of the anodic and cathodic 

peaks. Furthermore, as scan rates rise from 5 to 10 mV 

s−1, the CV curve does not alter, suggesting enhanced 

mass transport, superior electron transfer within the 

electrode materials, and low equivalent series 

resistance. The internal resistance of the active 

electrode material is mostly responsible for the positive 

shift in the oxidation peak potential and the negative shift 

in the reduction peak potential with increasing sweep 

rates. [49] Similar CV curves and quasi-symmetric redox 

peaks are detected as the scan rates raises, indicating 

the optimal pseudocapacitance properties and high-rate 

capabilities of electrode materials [50].  

To further explore capacitive characteristics, 

GCD tests were conducted for all electrodes with a 

potential limit of 0 to 0.6 V with 1 to 20 A g–1 of current 

density values, as shown in Figure. 8(d-f). 
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Figure 8. CV analysis of (a) 5 % Bi2O3/V2O5, (b) 10 % Bi2O3/V2O5, and (c) 15 % Bi2O3/V2O5, electrodes. GCD 

analysis of (d) 5 % Bi2O3/V2O5, (e) 10 % Bi2O3/V2O5, and (f) 15 % Bi2O3/V2O5, electrodes. (g) Rate capability, (h) 

EIS and (i) cyclic stability of all electrodes. 

  

Table 2. An analysis of the performance of the supercapacitor in comparison to the previously reported articles. 

S.No Material Electrolyte 

Current 
Density / 

Scan 
Rate 

Voltage 
Window 

Cycling Stability Performance Ref. 

1 V2O5 
nanoporous 

network 

0.5 M K2SO4 0.1 A g−1 0–1.0 V 82% after 3000 
cycles 

316 F g-1 at 
100 mA g–1 [51] 

2 Porous V2O5 
nanorods/rGO 

5 M LiNO3 0.5 A g−1 0–1.0 V 85% after 5000 
cycles 

450.5 F g-1 at 
0.5 A g-1 

[52] 

3 TiO2-V2O5 Hydroquinon
e mixed with 

1 M KCl 

2 mV s−1 0–0.8 V Not reported 310 F g-1 at 2 
mV s-1 [53] 

4 RGO/V2O5 1 M Na2SO4 10 mV 
s−1 

0–1.0 V 80% after 2000 
cycles 

218.4 F g-1 at 
10 mV s-1 [54] 

5 V2O5 
nanowires 

1 M LiNO3 2 A g−1 0–0.6 V 84% after 5000 
cycles 

351 F g−1 at 2 
A g-1 [45] 

6 V2O5 nano 
crystals 

6 M KOH 0.5 A g−1 0–1.0 V 87% after 5000 
cycles 

310 F g−1 at 1 
A g-1 [55] 

7 Carbon-
coated V2O5 

0.5 M K2SO4 1 A g−1 0–0.6 V 88% after 5000 
cycles 

417 F g−1 at 
0.5 Ag−1 [56] 

8 15% 
Bi2O3/V2O5 

2 M KOH 1 A g−1 0–0.6 V 89% after 5000 
cycles 

487 F g-1 at 1 
A g-1 

Present 
work 
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Table 3 Equivalent circuit fitting parameters obtained from EIS analysis of 5%, 10%, and 15% Bi₂O₃/V₂O₅ 
electrodes. 

Sample 5% Bi₂O₃/V₂O₅ 10% Bi₂O₃/V₂O₅ 15% Bi₂O₃/V₂O₅ 

CPEc1 ( µS. sn) cm-2 2.12 5.84 4.18 

nc1 0.84 0.78 0.81 

Rc (ohm cm2) 3.19 0.84 1.97 

CPEc2 ( µS. sn) cm-2 1.89 3.51 2.84 

nc2 0.76 0.76 0.8 

Rct (kohm cm2) 7.18 1.37 3.2 

 

The fact that all the GCD curves are nonlinear 

characteristics and that the corresponding voltage 

plateaus closely match the CV curves Figure 6(a-c) 

further demonstrates the pseudocapacitive property of 

the electrode material. Furthermore, the absence of 

distinctive electric double-layer capacitance (EDLC) 

behaviour, characterized by a nearly triangular GCD 

profile, designates that the charge storage mechanism 

of the electrode materials is principally controlled by 

faradaic redox processes.  

The outstanding conductivity property of the 

15% Bi2O3/V2O5 electrode is signified by the insignificant 

voltage (IR) drop in the discharge curves, which is lower 

than that of 5% Bi2O3/V2O5 and 10% Bi2O3/V2O5 

electrodes. The outstanding conductivity of the 15% 

Bi2O3/V2O5 electrode is further confirmed by the 

negligible voltage (IR) drop in the discharge curves, 

which is lower than those of the 5% Bi2O3/V2O5 and 10% 

Bi2O3/V2O5 electrodes [57]. The specific capacitance 

and specific capacity values were calculated using 

Equations (2) and (3), respectively. 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 =
𝐼×∆𝑡

𝑚×∆𝑉
    (𝐹 𝑔−1)        (2) 

 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
𝐼×∆𝑡

𝑚
            (𝐶 𝑔−1)        (3) 

Where I (A) denotes current density, m refers to 

electrode active material weight (mg), t corresponds to 

discharge time (s), and V denotes voltage window (V), 

respectively. Impressively, the 5% Bi2O3/V2O5, 10% 

Bi2O3/V2O5 and 15% Bi2O3/V2O5 electrodes offer the 

specific capacitance values of 328, 402 and 487 F g-1, 

whereas the specific capacity values of 197, 241, and 

292 C g-1, respectively, at 1 A g-1 of current density. At 

20 A g-1, the 15% Bi2O3/V2O5 electrode sustains 61% of 

its capacitance, which is higher than 5% Bi2O3/V2O5 

(41%) and 10% Bi2O3/V2O5 (13%) electrodes, as shown 

in Figure 8(g). The EIS spectra Figure 8(h) of all 

electrodes show the ohmic resistance and interface or 

charge transfer resistance components. The 15% 

Bi2O3/V2O5 electrode provides lower Rs (0.69 Ω) and Rct 

(1.7 Ω) values when compared to 5% Bi2O3/V2O5 (Rs = 

0.85 Ω and Rct = 2.2 Ω) and 10% Bi2O3/V2O5 (Rs = 0.33 

Ω and Rct = 8.1 Ω) electrodes.  

The electrochemical impedance spectroscopy 

(EIS) analysis of the 5%, 10%, and 15% Bi₂O₃/V₂O₅ 

electrodes was carried out using an equivalent circuit 

model consisting of solution resistance (Rₛ), charge 

transfer resistance (Rct), and two constant phase 

elements (CPE₁ and CPE₂). Among the studied 

samples, the 15% Bi₂O₃/V₂O₅ electrode exhibited 

superior electrochemical performance due to its 

balanced resistance and enhanced capacitive 

behaviour. The electrode showed low solution 

resistance (Rₛ = 1.97 Ω cm²), indicating efficient ion 

transport and good electrical conductivity as shown in 

Table 3. The higher CPE values and n values closer to 

unity confirmed improved pseudocapacitive behaviour, 

enhanced charge storage capability, and better 

interfacial homogeneity. In addition, the moderate 

charge transfer resistance (Rct=3.2kΩ cm²) suggested 

effective electron transport kinetics and stable 

electrochemical reactions. The enhanced performance 

is attributed to the synergistic interaction between Bi₂O₃ 

and V₂O₅, which improves electrolyte diffusion, 

electroactive sites, and conductivity. Overall, the 15% 

Bi₂O₃/V₂O₅ electrode demonstrated improved 

electrochemical stability and promising potential for 

advanced supercapacitor applications.  

The cyclic stability of all electrodes was 

assessed using 5000 GCD cycles at 10 A g-1, as shown 

in Figure 8(i). After 5000 GCD cycles, the 5% 

Bi2O3/V2O5, 10% Bi2O3/V2O5 and 15% Bi2O3/V2O5 

electrodes retain 81 %, 86 %, and 89% of their initial 

specific capacitance, further representing the distinctive 

electrochemical stability feature of the 15% Bi2O3/V2O5 

electrode. Among all the electrodes 15% Bi2O3/V2O5 

electrode provides the high specific capacitance, rate 

capability and long cyclic stability owing to the following 

factors: (i) the incorporation of Bi induces a more open 

and defective crystal structure, which enables easier ion 

penetration and diffusion. This enhances the ion-

accessible active surface area and contributes to higher 

specific capacitance and rate capability properties. (ii) 

The formation of nanoparticles and nanorods offers a 

large electroactive surface area property, rapid diffusion 

paths for ions and electrons, and enhanced contact with 

the electrolyte. This morphology promotes better charge 

storage, faster kinetics, and high utilization of active 

materials. (iii) High Bi concentration helps in maintaining 

structural integrity by preventing volume expansion or 

collapse during repeated GCD cycles. This pays off in 

the long-term cycling stability. Additionally, a two-

electrode asymmetric device was fabricated using AC 
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and 15% Bi2O3/V2O5 electrodes with a PVA/KOH 

electrolyte and PTFE separator. The properties of the 

Bi2O3/V2O5//AC ASC device were assessed utilizing CV, 

GCD, and EIS testing.  A charge balance between the 

anode and cathode was attained by altering the mass of 

electroactive materials (Equations (4) and (5)). 

 𝑞+ =  𝑞−          (4) 

 
𝑚+

𝑚−
=

𝐶−×∆𝑉−

𝐶+×∆𝑉+
          (5) 

Where (+) and (-) indicate cathode and anode, 

respectively. Where Q, m, C, and V denote charges, 

mass of electrode material, specific capacitance, and 

voltage limit, respectively. The charge-storage 

mechanism was analyzed using scan-rate-dependent 

CV measurements to distinguish surface-controlled and 

diffusion-controlled contributions. The relationship 

between peak current (i) and scan rate (v) was analyzed 

using the power-law equation: 

𝑖 =  𝑎𝑣𝑏            (6) 

where the obtained b-values for the 15% 

Bi2O3/V2O5 electrode were close to 0.82, indicating 

predominantly pseudocapacitive behavior with 

combined surface-controlled and diffusion-assisted 

charge storage. Further quantitative separation of 

capacitive and diffusion contributions was performed 

using Dunn’s equation: 

𝑖(𝑉)  =  𝑘₁𝑣 + 𝐾2𝑣
1

2          (7) 

The analysis revealed that the capacitive 

contribution increased with scan rate, confirming 

enhanced surface-controlled charge storage and rapid 

electrochemical kinetics for the 15% Bi2O3/V2O5 

electrode. The coulombic efficiency was calculated 

using: 

𝜂 =  (𝑄 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒/𝑄 𝑐ℎ𝑎𝑟𝑔𝑒)  ×  100         (8) 

where Q discharge and Q charge represent discharge 

and charge times, respectively. The 15% Bi2O3/V2O5 

electrode exhibited a columbic efficiency of 

approximately 96%, indicating excellent reversibility and 

stable charge-storage behavior. In addition, replicate 

electrochemical measurements were carried out, and 

the average capacitance retention after 5000 cycles was 

determined to be 89 ± 1.8%, confirming good 

reproducibility and cycling stability. The CV analysis for 

the positive and negative electrode material in 2 M KOH 

aqueous electrolyte at the scan rate of 50 mV s-1 is 

shown in Figure 9(a), which suggests that 15% 

Bi2O3/V2O5 and AC are appropriate for utilization as 

anode and cathode, respectively. The potential window 

for the 15% Bi2O3/V2O5 electrode is between 0 and 0.65 

V, and for the AC electrode displaying EDLC behaviour, 

it is between -1.2 and 0 V. As seen in Figure 9(b), a CV 

test was performed at 50 mV s-1 throughout a range of 

voltage windows from 0.8 V to 1.8 V to verify the device's 

appropriate operating voltage window. When the cell 

voltage is increased to .6 V, polarization phenomena are 

observed, suggesting that 0–1.6 V is an appropriate 

voltage window. The CV analyses of the ASC are shown 

in Figure. 9(c), which was acquired at a cell voltage of 

1.6 V over a range of scan speeds from 5 to 100 mV s-1. 

The CV curves preserve their initial shape property as 

the scan rate increases, demonstrating the superior 

reversible energy storage and increased electron 

transport property of the Bi2O3/V2O5//AC device. 

Different current densities (1 Ag-1 to 20 Ag-1) are used to 

measure the GCD analysis of the ASC device, and the 

corresponding graph is displayed in Figure 9(d). The 

Bi2O3/V2O5//AC ASC device provides the specific 

capacitance of 108 F g-1 (173 C g-1) at 1 A g-1.  The 

specific capacitance of the electrode material shows a 

gradual decline as the scan rate raises Figure 9(e). 

This behaviour can be attributed to the time-

limited nature of ion diffusion and charge storage 

mechanisms. Both EDLC and faradaic processes 

facilitate effective charge accumulation at a lower sweep 

rate since the electrolyte ions have sufficient time to 

infiltrate the internal pores and interact with the 

electrode's whole active surface area. Though as the 

scan rate rises, the available time for ion diffusion and 

redox reactions becomes limited. Consequently, only the 

outer region of the electrode material is effectively 

employed, while the inner active sites remain 

underutilized. This reduced ion accessibility at higher 

scan rates results in a lower overall charge storage, 

thereby decreasing the measured specific capacitance 

[58] The energy and power density values in Figure 9(f) 

are calculated using equations (9) and (10): 

 𝐸𝑐𝑒𝑙𝑙 =
1

2×3.6
× 𝐶𝑠𝑝 × ∆𝑉2        (9) 

 𝑃𝑐𝑒𝑙𝑙 =
3600×𝐸𝑐𝑒𝑙𝑙

∆𝑡
        (10) 

where Csp, ∆V, and ∆t signify the specific 

capacitance values, device voltage, and discharging 

time, respectively. The assembled 15% Bi2O3/V2O5//AC 

asymmetric supercapacitor device delivered a maximum 

energy density of 38.4 Wh kg⁻¹ at a power density of 800 

W kg⁻¹ at 1 A g⁻¹. At a higher current density of 20 A g⁻¹, 

the device retained a power density of 16,000 W kg⁻¹ 

with a corresponding energy density of 4.4 Wh kg⁻¹. The 

attained energy and power density values are superior 

to previous published works, such as V2O5/vertically-

aligned carbon nanotubes (32.3 Wh kg−1 and 118 W 

kg−1) [59] V2O5·0.6H2O nanoribbons (29 Wh kg−1 and 2 

kW kg−1)[60], Fe2O3 and V2O5 nanofibers (32.2 W h kg−1 

and 128.7 W kg−1) [61], V2O5/h-boron nitride (25 Wh kg-

1 and 2373 W kg-1) [46], vanadium oxides nanosheets 

(4.7 Wh kg-1 and 7.992 kW kg-1) [62], and V2O5 

nanorods/reduced graphene oxide composite (33.5 

W h kg−1 and 425.6 W kg−1).   
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Figure 9. Device analysis. (a) CV curves anode and cathode at 50 mV s-1, (b) CV analysis with different 

cell voltages, (c) CV analysis, (d) GCD analysis, (e) Specific capacitance vs Current density, (f) Ragone plot (g) 

EIS, and (h) cyclic stability analysis.  

The results of the EIS test Figure. 9(g) showed 

low resistance qualities with Rs and Rct values of 0.73 

Ω and 1.83 Ω, respectively. The cycle stability of 

Bi2O3/V2O5//AC device is further assessed via repeated 

5000 GCD cycles at a fixed current density of 10 A g−1, 

as illustrated in Figure. 9(h). After 5000 continuous 

charge-discharge cycles, the electrode material 

maintains 83% of its initial specific capacitance, 

demonstrating exceptional long-term electrochemical 

stability. The material's strong structural integrity and 

capacity to tolerate multiple redox processes without 

suffering appreciable deterioration are highlighted by 

this high capacitance retention. Since stable cycle 

performance guarantees consistent performance over 

long operating periods, it is an essential metric for 

realistic energy storage applications.  

 

5. Conclusion 

Bismuth oxide has a significant impact on the 

structural, optical, and electrochemical properties of 

vanadium Pentoxide which positions it as a highly 

efficient electrode material for the future 

supercapacitors. XRD analysis confirmed that the 

orthorhombic phase of V2O5 was retained after Bi2O3 

with obvious lattice defects that led to the enhancement 

of structural stability. The XPS spectra also pointed to 

the presence of oxygen vacancies and a mixture of 

vanadium oxidation states, both of which are very useful 

for increasing electrical conductivity and redox activity. 

When Bi–O related vibrations and lattice distortions 

appeared, complementary FT-IR and Raman studies 

showed that Bi had successfully integrated into the V2O5 

lattice. The electrical structure can be tuned through 

controlled composite, as demonstrated by optical tests 

that revealed a progressive change in band gap 

energies with increasing Bi concentration. 

Electrochemical studies validated the significant impact 

of Bi2O3 on charge storage performance. The 15% 

Bi2O3/V2O5 nanocomposite electrode demonstrated 

exceptional cycling durability with the largest specific 

capacitance (487 F g⁻¹ at 1 A g⁻¹), higher rate capability, 
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and outstanding retention of 89% after 5000 cycles 

among the investigated concentrations. Improved ionic 

transport channels were confirmed by electrochemical 

impedance spectroscopy (EIS), which also showed 

decreased charge transfer resistance. Furthermore, 

exceeding a number of previously documented V2O5 - 

based systems, the built asymmetric device with 15% 

Bi2O3/V2O5 nanocomposite and activated carbon 

attained an exceptional energy density of 38.4 Wh kg⁻¹ 

and a power density of 16,000 W kg⁻¹. 
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