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ABSTRACT: The quest for electrode materials that simultaneously offer high specific capacitance, rapid charge-discharge 

kinetics, and prolonged operational stability continues to drive innovation in supercapacitor technology. This work presents a 

comprehensive electrochemical investigation of Cr₂O₃–CuO nanocomposites as advanced electrode materials for energy 

storage applications. The electrochemical performance of pristine Cr₂O₃ nanoparticles, CuO nanosheets, and their 

heterostructured nanocomposite was systematically evaluated through cyclic voltammetry, galvanostatic charge-discharge 

measurements, quantitative capacitance-diffusion contribution analysis, electrochemical impedance spectroscopy, and 

accelerated cycling tests. The Cr₂O₃–CuO nanocomposite exhibited remarkable specific capacitance values of 182.8 F g⁻¹ 

derived from cyclic voltammetry and 604.4 F g⁻¹ from galvanostatic charge-discharge analysis, substantially surpassing the 

performance of the individual oxide components. Quantitative analysis of the charge storage mechanism revealed a 

predominantly surface-controlled capacitive process contributing 90.9% to the total capacitance, indicating rapid kinetics 

favorable for high-power applications. The nanocomposite demonstrated exceptional electrochemical durability, retaining 87.5% 

of its initial capacitance after 2000 consecutive charge-discharge cycles. Electrochemical impedance spectroscopy confirmed 

significantly reduced charge-transfer resistance and enhanced ionic diffusion characteristics in the composite electrode. The 

superior electrochemical performance arises from the synergistic interplay between Cr₂O₃ nanoparticles and CuO nanosheets, 

which creates an interconnected network facilitating efficient electron transport, promotes electrolyte accessibility to 

electroactive sites, and provides abundant redox-active interfaces. These findings establish Cr₂O₃–CuO nanocomposites as 

highly promising electrode materials for next-generation supercapacitor devices requiring both high energy and power densities. 
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1. INTRODUCTION 
 

The escalating global energy crisis and growing 

environmental concerns have intensified the search for 

sustainable and efficient energy storage technologies. Among 

the various electrochemical energy storage systems, 

supercapacitors have emerged as promising candidates due 

to their exceptional power density, rapid charge-discharge 

capabilities, extended cycling stability, and environmentally 

benign nature [1, 2]. Unlike conventional batteries that rely 

on slow faradaic reactions, supercapacitors store energy 

through electrostatic charge accumulation at the electrode-

electrolyte interface or rapid surface redox reactions, 

enabling them to bridge the performance gap between 

traditional capacitors and batteries [3, 4]. The increasing 
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demand for portable electronics, electric vehicles, and grid-

scale energy storage has further accelerated research efforts 

toward developing supercapacitor electrode materials with 

enhanced energy density without compromising power 

density and cycle life. 

Transition metal oxides have garnered substantial 

interest as electrode materials for supercapacitors owing to 

their multiple oxidation states, high theoretical specific 

capacitance, and relatively low cost [5, 6]. These materials 

store charge through pseudocapacitive mechanisms 

involving reversible faradaic reactions at the electrode 

surface, which typically yield higher energy densities 

compared to carbon-based electric double-layer capacitors. 

However, the practical application of transition metal oxides 

faces several challenges, including poor electrical 

conductivity, limited specific surface area, and structural 

instability during prolonged cycling [7, 8]. These limitations 

necessitate strategic approaches to enhance the 

electrochemical performance of metal oxide-based 

electrodes while maintaining their intrinsic pseudocapacitive 

advantages. 

Chromium oxide (Cr₂O₃) represents a chemically stable 

transition metal oxide with promising pseudocapacitive 

characteristics, attributed to the multiple valence states of 

chromium ions that facilitate reversible redox reactions [9]. 

The material exhibits good thermal stability and corrosion 

resistance, making it suitable for electrochemical 

applications. Despite these favorable properties, the 

relatively poor electrical conductivity of Cr₂O₃ significantly 

restricts its charge storage capability and rate performance, 

limiting its practical utilization in supercapacitor devices [10]. 

Copper oxide (CuO), a p-type semiconductor with a narrow 

band gap, possesses excellent redox activity and high 

theoretical capacitance arising from the reversible Cu²⁺/Cu⁺ 

redox couple [11]. The material is abundant, cost-effective, 

and environmentally friendly, making it an attractive 

candidate for large-scale energy storage applications. 

However, similar to Cr₂O₃, CuO suffers from low electrical 

conductivity and tends to undergo structural degradation 

during extended electrochemical cycling, which 

compromises its long-term stability [12]. 

The strategic integration of two or more transition metal 

oxides into heterostructured nanocomposites offers a viable 

approach to overcome the individual limitations of single-

component electrodes while harnessing their complementary 

advantages [13, 14]. The heterostructure formation creates 

nanoscale interfaces that serve as efficient pathways for 

electron transport and ion diffusion, while the synergistic 

interactions between different oxide phases enhance the 

overall electrochemical activity. The different work functions 

and electronic structures of constituent materials generate 

internal electric fields at the heterojunction interfaces, 

facilitating charge separation and reducing the charge 

transfer resistance [15, 16]. Furthermore, the high surface 

area provided by the nanoscale morphology increases the 

number of electroactive sites accessible to electrolyte ions, 

thereby enhancing the pseudocapacitive response. The 

combination of a chemically stable oxide with a highly 

redox-active oxide in a heterostructured architecture can 

effectively balance the trade-off between stability and 

capacitance, leading to superior overall electrochemical 

performance. Recent investigations have demonstrated that 

heterostructured metal oxide nanocomposites exhibit 

significantly improved charge storage performance through 

these synergistic mechanisms, making them attractive 

candidates for next-generation supercapacitor electrodes [17, 

18]. 

The novelty of the present work lies in the systematic 

investigation of Cr₂O₃–CuO heterostructured 

nanocomposites as advanced electrode materials for 

supercapacitor applications, a combination that has not been 

extensively explored in the existing literature. While 

individual Cr₂O₃ and CuO have been studied separately, the 

synergistic effects arising from their integration into a 

composite architecture remain largely unexplored. This work 

uniquely combines Cr₂O₃ nanoparticles with CuO nanosheets 

to create a heterostructured interface that leverages the high 

pseudocapacitive activity of CuO and the chemical stability 

of Cr₂O₃, while the distinct morphological features of the 

constituent materials contribute to enhanced electrochemical 

kinetics and improved structural integrity during cycling. 

Unlike conventional composite approaches that simply mix 

the components, the heterostructured design developed in 

this work ensures intimate contact between the oxide phases, 

maximizing the synergistic interactions and providing a 

rational strategy for high-performance supercapacitor 

electrodes. 

In this paper, we report a comprehensive 

electrochemical investigation of Cr₂O₃ nanoparticles, CuO 

nanosheets, and Cr₂O₃–CuO nanocomposites as potential 

electrode materials for supercapacitor applications. The 

electrochemical behavior of these materials was 

systematically evaluated using cyclic voltammetry to assess 

the charge storage characteristics and pseudocapacitive 

response at different scan rates. Galvanostatic charge-

discharge measurements were employed to determine the 

specific capacitance and evaluate the rate capability of the 

electrodes. Quantitative capacitance-diffusion contribution 

analysis was performed to elucidate the charge storage 

mechanism and distinguish between surface-controlled 

capacitive processes and diffusion-limited faradaic reactions. 

Electrochemical impedance spectroscopy was utilized to 

investigate the charge transfer kinetics and internal resistance 

characteristics of the electrodes. Finally, accelerated cycling 

tests were conducted to assess the long-term electrochemical 

stability and durability of the materials. The findings from 

this systematic investigation provide valuable insights into 

the synergistic effects of Cr₂O₃–CuO heterostructure 

formation and establish the potential of these 

nanocomposites for practical supercapacitor applications. 

 

 

2. EXPERIMENTAL DETAILS 

 
The Cr₂O₃–CuO nanocomposites were synthesized using a 

sonochemical method as reported in our previous work [14]. 

In summary, for the synthesis of CuO nanosheets, copper(II) 

nitrate hexahydrate and urea were dissolved in 100 mL of 
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deionized water under continuous stirring. Concentrated 

hydrochloric acid (6 mL) was added dropwise to the 

precursor solution, and the mixture was subjected to 

ultrasonication for 30 minutes at room temperature. The 

resulting precipitate was collected by filtration, washed 

repeatedly with deionized water and ethanol, dried at 70°C 

for 12 hours, and subsequently calcined at 600°C to obtain 

black CuO nanosheet powder. For the preparation of Cr₂O₃–

CuO nanocomposites, 250 mg of the synthesized CuO 

nanosheets were dispersed in a solution containing 

polyethylene glycol (15 mL), ethanol (10 mL), and oxalic 

acid (10 mM) under ultrasonication for 10 minutes. 

Chromium(III) nitrate nonahydrate (100 mM) was then 

added to the reaction mixture, followed by the slow addition 

of 300 mM urea while continuing ultrasonication for 15 

minutes at room temperature. The acoustic cavitation 

generated during ultrasonication created localized high-

energy conditions that promoted nucleation and growth of 

Cr₂O₃ nanoparticles on the CuO nanosheet surface. The 

precipitate was separated, washed with deionized water and 

ethanol, dried at 70°C for 12 hours, and finally calcined at 

400°C for 5 hours to yield the Cr₂O₃–CuO nanocomposites. 

All electrochemical measurements were performed 

using a CHI660E electrochemical workstation with a three-

electrode configuration. The working electrodes were 

fabricated by mixing the active material, carbon black, and 

polyvinylidene fluoride binder in an 80:15:5 weight ratio in 

N-methyl-2-pyrrolidone solvent. The resulting slurry was 

coated onto nickel foam current collectors and dried at 80°C 

under vacuum for 12 hours. A platinum wire served as the 

counter electrode and a saturated calomel electrode as the 

reference electrode, with 2 M potassium hydroxide aqueous 

solution as the electrolyte. Cyclic voltammetry was 

conducted from 0 to 0.6 V at scan rates between 5 and 100 

mV s⁻¹. Galvanostatic charge-discharge measurements were 

performed at current densities from 1 to 10 A g⁻¹. 

Electrochemical impedance spectroscopy was carried out 

over a frequency range of 100 kHz to 10 mHz with an AC 

amplitude of 5 mV. Capacitance-diffusion contribution 

analysis was performed using Dunn and Trasatti methods. 

Cycling stability was evaluated through repeated charge-

discharge measurements at 1 A g⁻¹ for 2000 cycles. 

 

 

3. RESULTS AND DISCUSSION 

 
The synthesis and detailed structural, morphological, and 

optical characterizations of the prepared Cr₂O₃–CuO 

nanocomposites have been presented in our previous work 

[14]. The present section focuses on the electrochemical 

performance evaluation of pristine Cr₂O₃ nanoparticles, CuO 

nanosheets, and Cr₂O₃–CuO nanocomposites as electrode 

materials for supercapacitor applications. 

 

 

3.1. Cyclic Voltammetry Analysis 

 

The electrochemical behavior of the synthesized electrode 

materials was initially investigated using cyclic voltammetry 

over a potential window of 0 to 0.6 V at various scan rates 

ranging from 5 to 100 mV s⁻¹. Figure 1 presents the CV 

curves of Cr₂O₃ nanoparticles (a), CuO nanosheets (b), 

Cr₂O₃–CuO nanocomposites (c), comparative CV profiles at 

50 mV s⁻¹ (d), and the specific capacitance versus scan rate 

plot (e). All three electrode materials exhibited distinct redox 

peaks in their CV curves, confirming their pseudocapacitive 

charge storage characteristics arising from reversible faradaic 

reactions at the electrode-electrolyte interface. The observed 

current response increased progressively with increasing 

scan rate, indicating good rate capability and rapid 

electrochemical kinetics of the electrodes [15, 16]. 

Among the investigated electrodes, the Cr₂O₃–CuO 

nanocomposite displayed the largest enclosed CV area and 

highest current density, clearly indicating superior charge 

storage capability. The enhanced electrochemical response of 

the nanocomposite is attributed to the synergistic interaction 

between Cr₂O₃ nanoparticles and CuO nanosheets, which 

facilitates efficient electron transport and promotes rapid 

electrolyte ion diffusion throughout the electrode matrix. The 

heterostructured architecture provides abundant electroactive 

sites and interconnected conductive pathways that 

significantly improve the overall electrochemical activity. 

The specific capacitance values calculated from the CV 

curves at a scan rate of 5 mV s⁻¹ were found to be 51.6 F g⁻¹ 

for Cr₂O₃, 34.7 F g⁻¹ for CuO, and 182.8 F g⁻¹ for Cr₂O₃–CuO 

nanocomposites. The remarkable enhancement in specific 

capacitance, representing approximately 3.5-fold and 5.3-

fold improvements over pristine Cr₂O₃ and CuO electrodes 

respectively, confirms the beneficial effect of heterostructure 

formation on charge storage performance [16]. The superior 

performance of the nanocomposite can be attributed to the 

effective combination of the high pseudocapacitive activity 

of CuO and the chemical stability of Cr₂O₃, along with the 

increased electroactive surface area provided by the 

nanoscale morphology. 

 

 

3.2. Capacitance and Diffusion Contribution Analysis 

 

To gain deeper insight into the charge storage mechanism, 

quantitative analysis of capacitive and diffusion-controlled 

contributions was performed using the Dunn and Trasatti 

methods [18-20]. Figure 2 displays the total capacitance plots 

(a–c), outer capacitance plots (d–f), and the capacitance–

diffusion contribution diagram (g) for all three electrode 

materials. The Dunn method separates the total current 

response at a fixed potential into surface-controlled 

capacitive contributions and diffusion-limited faradaic 

contributions based on the relationship between current and 

scan rate. The Trasatti method provides complementary 

information by determining the total capacitance through 

extrapolation of the inverse capacitance versus square root of 

scan rate plots. 

The calculated capacitive contributions were 

determined to be 72.71%, 87.7%, and 90.9% for Cr₂O₃, CuO, 

and Cr₂O₃–CuO nanocomposites, respectively. The 

corresponding diffusion-controlled contributions were 

27.3%, 12.3%, and 9.1%.  
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Fig. 1. Cyclic voltammetry curves of (a) Cr₂O₃ nanoparticles, (b) CuO nanosheets, and (c) Cr₂O₃–CuO nanocomposites at 

different scan rates ranging from 5 to 100 mV s⁻¹, (d) comparative CV profiles of all electrodes at 50 mV s⁻¹, and (e) specific 

capacitance versus scan rate plot illustrating the rate capability of the electrodes. 

 

 

 

The Cr₂O₃–CuO nanocomposite exhibited the highest 

capacitive contribution, indicating that surface-controlled 

charge storage mechanisms dominate the overall 

electrochemical response. This finding is particularly 

significant as it demonstrates rapid electrochemical kinetics, 

which is highly desirable for high-power supercapacitor 

applications where fast charge-discharge capabilities are 

essential [18]. The diffusion-controlled contribution of only 

9.1% suggests that the heterostructured design effectively 

minimizes the kinetic limitations typically associated with 

transition metal oxide electrodes, where slow ion diffusion 

often restricts rate performance. 

The enhanced capacitive behavior of the nanocomposite 

arises from several factors including abundant electroactive 

sites provided by the porous interconnected morphology, 

improved electrolyte accessibility due to the nanosheet-

supported architecture, and the formation of interconnected 

conductive pathways through heterostructure construction 

[20]. The intimate contact between Cr₂O₃ nanoparticles and 

CuO nanosheets creates numerous interfaces that facilitate 

rapid electron transfer and reduce the diffusion path length 

for electrolyte ions. The dominant surface-controlled 

mechanism indicates that the charge storage occurs primarily 

through fast, reversible redox reactions at the electrode 

surface rather than slow intercalation processes, contributing 

to excellent rate capability and power density. 

 

 

3.3. Galvanostatic Charge-Discharge Performance 

 

The charge-discharge behavior of the electrode materials was 

systematically evaluated through galvanostatic charge-

discharge measurements at various current densities. Figure 

3 presents the GCD curves of Cr₂O₃ (a), CuO (b), Cr₂O₃–CuO 

nanocomposites (c), comparative GCD profiles at 1 A g⁻¹ (d), 

specific capacitance plot (e), and cycling stability profiles (f). 

All three electrodes displayed nearly symmetrical charge-

discharge curves with distinct potential plateaus, confirming 

pseudocapacitive charge storage behavior arising from 

reversible faradaic reactions [17]. The symmetrical nature of 

the curves indicates good electrochemical reversibility and 

high coulombic efficiency of the electrode materials. 

The specific capacitance values obtained from GCD 

measurements at a current density of 1 A g⁻¹ were calculated 

to be 382.2 F g⁻¹ for Cr₂O₃, 231.1 F g⁻¹ for CuO, and 604.4 F 

g⁻¹ for Cr₂O₃–CuO nanocomposites. The significantly 

enhanced capacitance of the nanocomposite electrode 

compared to the individual oxides demonstrates the 

synergistic interaction between Cr₂O₃ and CuO, which 

promotes rapid charge transfer and efficient ion diffusion 

across the heterostructured interface [17]. The enhanced 

performance can be attributed to the reduced particle size, 

porous morphology, and strong interfacial coupling between 

the two oxide phases, which collectively contribute to 

increased electroactive surface area and improved 

electrochemical kinetics. 
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Fig. 2. Capacitance-diffusion contribution analysis showing total capacitance plots (a–c), outer capacitance plots (d–f), and (g) 

capacitance-diffusion contribution diagram for Cr₂O₃, CuO, and Cr₂O₃–CuO nanocomposite electrodes. 

 

 

 

The cycling stability of the electrodes was evaluated through 

repeated charge-discharge measurements at a current density 

of 1 A g⁻¹ for 2000 cycles. The Cr₂O₃–CuO nanocomposite 

demonstrated excellent electrochemical durability, retaining 

87.5% of its initial capacitance after 2000 cycles, compared 

with 64% retention for pristine Cr₂O₃ and 74.5% retention for 

CuO electrodes. The superior cycling stability of the 

nanocomposite is attributed to the robust heterostructured 

architecture that maintains structural integrity during 

repeated charge-discharge cycles. The presence of CuO 

nanosheets as a supporting matrix provides mechanical 

stability and prevents agglomeration of Cr₂O₃ nanoparticles, 

while the strong interfacial interactions between the two 

phases suppress structural degradation and capacity fading 

[17]. These results confirm the practical viability of Cr₂O₃–

CuO nanocomposites for long-term energy storage 

applications. 

Table 1 presents a comprehensive comparison of the 

specific capacitance values obtained in the present work with 

previously reported CuO-based electrode materials. The 

Cr₂O₃–CuO nanocomposite achieved a specific capacitance 

of 604.4 F g⁻¹ at 1 A g⁻¹ in 2 M KOH electrolyte, which 

significantly exceeds the values reported for various CuO-

based composites including Chs–Py/ZnO–CuO (271 F g⁻¹), 

MoSe₂/CuO (135.42 F g⁻¹), CuO/La₂O₃/GO (472 F g⁻¹), 

Cu₁₋₀.₀₇Ni₀.₀₇O (396.7 F g⁻¹), C/CuO@g-C₃N₄ (247.2 F g⁻¹), 

CuO/g-C₃N₄ (384 F g⁻¹), CuO/carbon nanosheets (183.9 F 

g⁻¹), and GO/CuO (245 F g⁻¹) [21–28]. The superior 

performance of the present nanocomposite demonstrates the 

effectiveness of the Cr₂O₃–CuO heterostructure design in 

achieving enhanced charge storage capabilities compared to 

other CuO-based systems. 

 

 

3.4. Electrochemical Impedance Spectroscopy 

 

Electrochemical impedance spectroscopy was employed to 

investigate the charge transfer kinetics and ion transport 

characteristics of the electrode materials.  

 



Synergistic enhancement of charge storage in Cr2O3-CuO heterostructured nanocomposites for high-performance supercapacitors         Hebziba and Jeevaraj                                             

© Ariston Publications 2026. All rights reserved.                                                    SciEngg Advances, 2026, Vol. 1, No. 1, 20-29 | 25  

 
 

Fig. 3. Galvanostatic charge-discharge curves of (a) Cr₂O₃ nanoparticles, (b) CuO nanosheets, and (c) Cr₂O₃–CuO 

nanocomposites at various current densities, (d) comparative GCD profiles at 1 A g⁻¹, (e) specific capacitance versus current 

density plot, and (f) cycling stability profiles over 2000 charge-discharge cycles at 1 A g⁻¹. 
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Table 1. Comparative analysis of specific capacitance values of Cr₂O₃–CuO nanocomposite with previously reported CuO-

based electrode materials, including current density and electrolyte conditions. 

 

S. No. Materials Specific capacitance 

(F/g) 

Current density 

(A/g) 

Electrolyte Ref. 

1. Chs–Py/ZnO–CuO 271 1 2 M KOH [21] 

2. MoSe2/CuO 135.42 5 mV/s 0.5 M NaClO4 [22] 

3. CuO/La2O3/GO  472 1 6 M KOH [23] 

4. Cu1-0.07Ni0.07O 396.7 1 2 M KOH [24] 

5. C/CuO@g-C3N4 247.2 1 0.5 M NaOH [25] 

6. CuO/g-C3N4 384 2 2 M KOH [26] 

7. CuO/carbon nanosheets 183.9 1 1 M Na2SO4 [27] 

8. GO/CuO 245 1 1 M Na2SO4 [28] 

9. Cr2O3-CuO  604.4 1 2 M KOH Present work 

 

 

 

Figure 4 displays the Nyquist plots of Cr₂O₃, CuO, and 

Cr₂O₃–CuO nanocomposite electrodes recorded over a 

frequency range of 100 kHz to 10 mHz with an AC amplitude 

of 5 mV. The EIS spectra for all three electrodes exhibited a 

typical profile consisting of a semicircular arc in the high-

frequency region followed by a nearly vertical line in the 

low-frequency region. The high-frequency semicircle is 

associated with charge transfer resistance at the electrode-

electrolyte interface, while the low-frequency vertical line 

corresponds to capacitive behavior and ion diffusion 

characteristics [19]. 

The Cr₂O₃–CuO nanocomposite exhibited the smallest 

semicircle diameter among the investigated electrodes, 

indicating significantly lower charge transfer resistance 

compared to pristine Cr₂O₃ and CuO electrodes. The reduced 

charge transfer resistance demonstrates improved 

electrochemical kinetics and enhanced interfacial charge 

transfer processes in the nanocomposite electrode. The 

decreased internal resistance is attributed to the 

interconnected conductive pathways provided by the 

heterostructured architecture, which facilitates efficient 

electron transport from the active material to the current 

collector [19]. The steeper slope of the low-frequency region 

for the nanocomposite electrode confirms superior capacitive 

behavior and more efficient ion transport compared to the 

individual oxides. The nearly vertical line approaching 90° 

indicates ideal capacitive behavior with rapid ion diffusion 

and minimal resistance to electrolyte penetration. 

The improved EIS characteristics of the Cr₂O₃–CuO 

nanocomposite are attributed to several factors arising from 

the heterostructured architecture. The intimate contact 

between Cr₂O₃ nanoparticles and CuO nanosheets creates an 

interconnected network that provides continuous electron 

transport pathways and reduces the overall internal resistance 

[19]. The porous morphology and reduced particle size 

enhance electrolyte accessibility to electroactive sites, 

promoting efficient ion diffusion throughout the electrode 

matrix. The strong interfacial coupling between the two 

oxide phases facilitates charge transfer across the 

heterojunction interface, minimizing recombination losses 

and improving the overall electrochemical activity. These 

favorable characteristics collectively contribute to the 

superior capacitive performance and rate capability observed 

for the Cr₂O₃–CuO nanocomposite. 

 

 
Fig. 4. Nyquist plots of Cr₂O₃, CuO, and Cr₂O₃–CuO 

nanocomposite electrodes recorded in the frequency range of 

100 kHz to 10 mHz with an AC amplitude of 5 mV, 

illustrating charge transfer resistance and ion diffusion 

characteristics. 

 

 

4. CONCLUSION 
 

The comprehensive electrochemical investigation 

demonstrates that Cr₂O₃–CuO heterostructured 

nanocomposites constitute a substantially enhanced electrode 

material system for supercapacitor applications. The 

systematic comparison with pristine Cr₂O₃ nanoparticles and 

CuO nanosheets revealed that the synergistic integration of 

these transition metal oxides produces electrochemical 

performance characteristics that far exceed those of the 

individual components. The nanocomposite achieved 

specific capacitance values of 182.8 F g⁻¹ from cyclic 
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voltammetry and 604.4 F g⁻¹ from galvanostatic charge-

discharge measurements, representing approximately 3.5-

fold and 2.6-fold enhancements over the pristine electrodes, 

respectively. These remarkable improvements stem from the 

heterostructured architecture that combines complementary 

electrochemical properties while mitigating individual 

limitations. Quantitative charge storage analysis revealed 

that surface-controlled capacitive processes dominate with a 

90.9% contribution, indicating rapid kinetics favorable for 

high-power applications where fast charge-discharge 

capabilities are essential. The diffusion-controlled 

contribution of only 9.1% suggests that the heterostructured 

design effectively minimizes kinetic limitations typically 

associated with transition metal oxide electrodes. The 

nanocomposite exhibited exceptional durability, retaining 

87.5% of its initial capacitance after 2000 cycles. 

Electrochemical impedance spectroscopy confirmed reduced 

internal resistance and enhanced charge-transfer 

characteristics, establishing the practical viability of this 

material system. The interconnected conductive pathways 

facilitate efficient electron transport while the nanoscale 

morphology ensures maximum electrolyte accessibility to 

electroactive sites, with abundant redox-active interfaces 

contributing to the enhanced pseudocapacitive response. 

These findings establish Cr₂O₃–CuO nanocomposites as 

promising electrode materials for next-generation 

supercapacitor devices. The strategic design of 

heterostructured transition metal oxide composites, as 

exemplified by the Cr₂O₃–CuO system, offers a viable 

pathway toward meeting the increasing demands for high-

performance, durable, and cost-effective electrochemical 

energy storage solutions. 
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