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Abstract 

CuO nanostructured thin films, both undoped and Fe-doped, were successfully deposited onto 

ITO substrates using the ultrasonic spray pyrolysis (USP) technique. The structural, 

morphological, optical, and electrochemical characteristics of CuO were systematically 

investigated as a function of Fe incorporation. X-ray diffraction results verified the formation 

of the monoclinic CuO phase. However, noticeable changes in peak intensity and crystallite 

size were observed after Fe addition. Moreover, SEM images revealed that Fe doping modified 

the surface morphology and promoted the growth of larger polyhedral grains. Elemental 

mapping further verified the uniform distribution of Fe within the CuO matrix. Optical 

measurements showed an increase in absorbance and a slight widening of the band gap with 

increasing Fe content. In addition, photoluminescence intensity decreased after doping, 

indicating changes in defect structure and charge recombination behavior. The electrochemical 

performance was evaluated using cyclic voltammetry, galvanostatic charge–discharge, and 

impedance spectroscopy in 1 M KOH electrolyte. The Fe-doped CuO electrodes exhibited 

significantly enhanced specific capacitance compared to undoped CuO. This improvement was 

attributed to increased surface activity and improved charge transfer properties. Thus, Fe 



incorporation effectively enhanced the electrochemical behavior of CuO thin films, making 

them promising candidates for supercapacitor applications. 

Keywords:  Fe doped CuO, supercapacitor, CV and GCD 

Introduction 

Semiconductor materials based on metal oxides have gained significant interest owing to their 

distinctive physical and chemical characteristics. Among them, copper oxides stand out because 

of their low toxicity, good chemical stability, and wide natural availability. Copper oxides 

commonly exist in two stable phases at room temperature, namely CuO (tenorite) and Cu2O 

(cuprite). In addition, CuO exhibits p-type conductivity, which originates from copper 

vacancies or oxygen-related defects within its structure. Therefore, CuO has been widely 

studied for applications such as photovoltaic devices [1, 2], gas and humidity sensors [3, 4], 

high-temperature superconducting devices [5], and supercapacitors [6]. 

Recently, electrochemical supercapacitors have gained significant interest as advanced energy 

storage systems. They provide fast charge–discharge capability, long cycle life, high power 

density, and safe operation. Moreover, they are suitable for applications including hybrid 

vehicles, portable electronics, and military technologies [1, 2]. Based on their charge storage 

mechanisms, supercapacitors are commonly classified as electric double-layer capacitors, 

pseudocapacitors, and hybrid capacitors [3–5]. Electric double-layer capacitors store energy 

through electrostatic charge accumulation at the electrode–electrolyte interface. In contrast, At 

or near the electrode surface take place the reversible faradaic redox reactions through which 

pseudocapacitors operate. 

By the properties of the electrode material is largely determined the performance of a 

supercapacitor [6]. Therefore, developing new electrode materials with improved conductivity 

and higher surface activity is essential. Transition metal oxides have attracted attention for this 

purpose because they exhibit multiple oxidation states and reversible redox behavior. Among 

them, CuO is considered a promising candidate due to its electrochemical activity and low 

production cost. However, its practical performance is often limited by moderate electrical 

conductivity and restricted ion diffusion. 

To modify the structural and electronic properties of semiconductor oxides is considered doping 

an effective strategy. The incorporation of foreign ions can influence crystallinity, defect 

concentration, charge transport, and surface reactivity. In particular, Fe doping has the potential 



to enhance redox reactions and improve electrochemical behavior. Fe ions may alter the 

electronic structure of CuO and increase the number of active sites. Thus, Fe incorporation can 

contribute to improved charge transfer characteristics and higher specific capacitance. 

In this study, CuO nanostructured thin films, both undoped and Fe-doped, were grown on ITO 

substrates by the ultrasonic spray pyrolysis method. Their morphological, structural, optical, 

and electrochemical attributes were systematically analyzed. Special attention was given to 

their supercapacitive behavior in an alkaline electrolyte. Thus, this work aimed to elucidate how 

Fe doping influenced and improved the electrochemical performance of CuO thin film 

electrodes. 

Experimental 

To evaluate the influence of Fe incorporation, structural, morphological, optical, and 

electrochemical characterizations were carried out. To examine phase formation and 

crystallinity was performed the X-ray diffraction (XRD) analysis. Using energy dispersive X-

ray spectroscopy (EDX) and scanning electron microscopy (SEM) were analyzed the surface 

morphology and elemental composition. Optical properties were investigated by UV–Vis 

spectroscopy and photoluminescence (PL) measurements. Using cyclic voltammetry (CV), 

galvanostatic charge–discharge (GCD), and electrochemical impedance spectroscopy (EIS) 

techniques was assessed the electrochemical performance. 

Using the ultrasonic spray pyrolysis technique were fabricated pure and Fe-doped CuO thin 

films on soda lime glass substrates. Copper nitrate trihydrate (Cu(NO3)2·3H2O, Sigma-Aldrich, 

99%) and iron nitrate nonahydrate (Fe(NO3)3·9H2O, Sigma-Aldrich, 99%) were used as 

precursor materials. A 0.1 M copper nitrate solution was first prepared in distilled water. For 

doping, iron nitrate was added to the solution at concentrations of 0.5 and 1 wt%. Before 

deposition, the glass substrates were cleaned sequentially in distilled water, acetone, and diluted 

HCl solution. On a heated platform maintained at 400 °C were then placed the cleaned 

substrates. The temperature was monitored using a thermocouple with an accuracy of ±5 °C. 

The precursor solution was atomized using an ultrasonic nebulizer operating at a frequency of 

100 kHz. The generated aerosol droplets were transported to the heated substrate surface by 

filtered compressed air. During deposition, the solution flow rate was adjusted to 1.25 mL/min, 

and the total sprayed volume was 50 mL. The substrate holder was rotated at 20 rpm to ensure 

uniform film formation. At 35 cm was maintained the distance between the spray nozzle and 



the substrate, and to 45o was adjusted the spray angle. Using the gravimetric weight difference 

method was determined the thickness of the deposited films. All samples exhibited an average 

thickness of approximately 350 nm. Additional experimental details regarding instrumentation 

and measurement conditions were consistent with those reported in our previous studies [7–9]. 

Results and Discussion  

The X-ray diffraction measurements were performed to assess the influence of Fe incorporation 

on the crystal structure of the CuO thin films. The diffraction patterns of the undoped and Fe-

doped samples were shown in figure 1. The undoped CuO film exhibited characteristic 

diffraction peaks at approximately 32.99° (110), 35.99° (002), 39.19° (111), 53.96° (020), and 

68.43° (220). These reflections were consistent with the monoclinic CuO phase (JCPDS No. 

02-1225). Therefore, the formation of phase-pure CuO in the undoped sample was confirmed. 

With the introduction of Fe, noticeable variations in peak intensities were observed. The 

diffraction peaks became more pronounced as the Fe concentration increased, which suggested 

modifications in crystallinity. However, additional reflections appeared at around 49.32° and 

66.68° in the Fe-doped samples. These peaks corresponded to Fe-related oxide phases (γ-Fe2O3) 

according to JCPDS No. 79-0007. A similar observation was previously reported by Youxia Li 

et al. [10]. Thus, the presence of Fe influenced both phase composition and structural 

characteristics. 

In order to examine the structural modifications in greater detail, several crystallographic 

parameters were calculated from the XRD data. The interplanar spacing (d), average crystallite 

size (D), microstrain (ε) and dislocation density (δ) were determined using the following 

equations: 𝑛𝜆 = ܦ (1)         ߠ𝑛݅ݏ2݀ = ௞ఒఉcos⁡ ఏ         (2) 

δ = 1஽2          (3) ɛ = ఉ4௧௔௡ఏ         (4) 

where, θ is the Bragg diffraction angle, k is the Scherrer constant (0.9), λ is the wavelength of 

the X-ray (=1.54 Å), β is the FWHW, n is the order of the diffracted beam,. 



In Table 1 were summarized the calculated structural parameters The crystallite size (D) was 

found to decrease progressively with increasing Fe content. This reduction indicated that Fe 

incorporation induced slight lattice distortion and hindered grain growth. Similar behavior has 

been reported in the literature [11]. In addition, microstrain (ε) and the dislocation density (δ) 

values increased as the dopant concentration rose. Since these parameters are directly related to 

structural imperfections, their increase suggested a gradual deterioration in crystallinity with Fe 

addition [12]. Therefore, although Fe doping enhanced certain diffraction peak intensities, it 

also introduced structural strain and defect formation within the CuO lattice. Overall, the XRD 

analysis demonstrated that Fe incorporation significantly modified the microstructural 

properties of CuO thin films. 

The undoped and Fe-doped CuO thin films were characterized by SEM coupled with EDX to 

evaluate their surface morphology and elemental composition. The corresponding micrographs 

and spectra are presented in figure 2(a–c). The undoped CuO film exhibited a polyhedron-like 

morphology with grains distributed in multiple orientations. In addition, relatively smaller and 

round-shaped particles were observed between larger grains. These morphological observations 

were consistent with the structural tendencies identified from the XRD analysis. The 

coexistence of larger faceted grains and smaller rounded particles suggested the contribution of 

different crystallographic orientations. Specifically, the dominant (002) and (111) planes were 

associated with larger faceted grains, whereas the (110), (020), and (220) orientations were 

likely related to the smaller structures. Upon Fe incorporation, noticeable morphological 

changes were recorded. For the 0.5 wt% Fe-doped sample (figure 2b), the grains appeared more 

defined and exhibited an increase in average size compared to the undoped film. Furthermore, 

when the Fe concentration was increased to 1 wt% (figure 2c), the polyhedral grains became 

more prominent and further enlarged. Therefore, Fe doping clearly influenced grain growth 

behavior and surface texture. Similar grain morphologies have been reported by Singh et al. 

[13] and Thi et al. [14], which supported the reliability of the present observations. To the 

observed grain enlargement and morphological modifications was attributed the incorporation 

of Fe ions into the CuO lattice. The substitutional or interstitial occupation of Fe at Cu sites 

likely modified the nucleation and growth kinetics during film formation. Moreover, the 

presence of smaller nanoparticles within the structure was beneficial for charge transport. 

Reduced particle size shortened the diffusion path length for electrons (e-), which could enhance 

electrochemical activity. Thus, Fe-doped CuO thin films were considered favorable for both 

gas sensing and supercapacitor applications [15,16].  



In figure 2, Elemental mapping and the EDX spectra further confirmed the successful 

incorporation of Fe into the CuO matrix. The undoped sample exhibited only Cu and O signals, 

indicating proper stoichiometric formation. In contrast, Fe-doped samples displayed additional 

Fe peaks while maintaining appropriate O/Fe/Cu ratios. The uniform spatial distribution of Fe 

within the films demonstrated homogeneous doping without significant phase segregation. 

Therefore, the EDX results verified the compositional integrity of the synthesized samples. 

Overall, SEM and EDX analyses revealed that Fe incorporation modified the surface 

morphology, increased grain size, and successfully integrated into the CuO structure, which 

was expected to influence electrochemical behavior. 

The room-temperature photoluminescence spectra of the undoped and Fe-doped CuO thin films 

are presented in figure 3. The PL analysis was performed to evaluate the optical emission 

behavior and defect-related transitions within the CuO structure. All samples exhibited three 

main emission features under 325 nm excitation. A strong green emission band was observed 

around 555 nm. In addition, a violet emission near 390 nm and a red emission around 730 nm 

were detected. These emission bands were characteristic of CuO-based nanostructures and were 

consistent with previous reports [17–25]. To near-band-edge recombination was attributed the 

emission peak located at approximately 390 nm. This transition was associated with the intrinsic 

band structure of CuO and indicated band-to-band electron–hole recombination processes. The 

green emission centered at 555 nm was related to defect levels within the CuO lattice. Due to 

the presence of copper vacancies, CuO intrinsically classified as a p-type semiconductor. 

Therefore, the 555 nm emission was associated with deep-level defects originating from these 

intrinsic structural imperfections [26]. Such defect states acted as recombination centers within 

the band gap. The red emission band observed near 730 nm was attributed to oxygen vacancy-

related transitions. These vacancies facilitated recombination processes between trapped 

electrons and holes, leading to defect-mediated luminescence [24–28]. Thus, the PL spectrum 

reflected the defect structure of the synthesized films. Upon Fe incorporation, a noticeable 

reduction in PL intensity was recorded. This decrease suggested changes in defect concentration 

and recombination dynamics. The reduction in emission intensity was associated with 

modifications in crystallite size and structural disorder, as also indicated by the XRD results. 

The presence of Fe ions likely introduced additional non-radiative recombination centers, which 

suppressed radiative transitions. Therefore, Fe doping altered the defect structure and optical 

recombination behavior of CuO thin films. The PL analysis clearly demonstrated that impurity 



incorporation influenced the electronic transitions and defect-mediated emission 

characteristics. 

Using UV–Vis spectroscopy at room temperature were examined the optical properties of the 

undoped and Fe-doped CuO thin films. In figure 4. the absorbance spectra recorded within the 

wavelength range of 600–900 nm. In the visible region was exhibited a characteristic absorption 

profile by the undoped CuO film. With increasing Fe concentration, a noticeable enhancement 

in absorbance intensity was observed. Therefore, Fe incorporation influenced the light–matter 

interaction behavior of the CuO thin films. The increase in optical absorption suggested 

modifications in electronic structure and defect-related transitions within the material. The Tauc 

relation for direct allowed transitions was employed to estimate the optical band gap energy 

(Eg): (ߙℎߥ)2 = ߥℎ)ܣ −         ௚)                                                                             (5)ܧ

where hν denoted the photon energy, α represented the absorption coefficient, Eg corresponded 

to the bandgap energy and A was constant. The band gap values were determined by 

extrapolating the linear region of the (αhν)2 versus hν plot to the photon energy axis at (αhν)2 = 

0, as illustrated in figure 5. The undoped CuO film exhibited a band gap energy of 1.72 eV. 

After Fe incorporation, the band gap slightly increased to 1.74 eV for 0.5 wt% Fe doping and 

1.76 eV for 1 wt% Fe doping. With increasing Fe content, a gradual widening of the band gap 

was detected, indicating that impurity incorporation altered the electronic band structure. This 

behavior could be attributed to lattice distortion, defect modification, and possible changes in 

carrier concentration induced by Fe ions. Therefore, Fe doping influenced not only structural 

and morphological characteristics but also the optical transition behavior of the CuO thin films. 

Therefore, the UV–Vis analysis demonstrated that Fe incorporation modified absorption 

behavior and slightly shifted the optical band gap toward higher energy values. 

By cyclic voltammetry measurements in 1 M KOH electrolyte using a three-electrode 

configuration was investigated the electrochemical behavior of the undoped and Fe-doped CuO 

thin film electrodes. The voltammograms recorded at scan rates of 10, 20, 30, 40, 50, and 100 

mV/s are presented in figure 6(a) and 6(b). Into the charge storage mechanism and the redox 

activity of the electrodes provided insight the CV curve. The current response varied 

systematically with scan rate, reflecting the kinetics of the electrochemical reactions occurring 

at the electrode–electrolyte interface. An increase in current density was observed as the scan 

rate increased, which indicated enhanced polarization behavior. The general shape of the CV 



curves suggested pseudocapacitive behavior dominated by reversible faradaic redox reactions. 

The electrochemical response depended strongly on scan rate, potential window, electrolyte 

composition, and electrode characteristics. Therefore, the morphology and dopant 

concentration of the films played a significant role in determining capacitance performance. 

The specific capacitance values calculated from the CV curves were summarized in Table 2. 

For the undoped CuO electrode, the capacitance decreased gradually as the scan rate increased. 

This behavior was attributed to insufficient ion diffusion at higher scan rates. At elevated sweep 

speeds, the electrolyte ions had limited time to penetrate the inner active regions of the 

electrode, resulting in reduced effective utilization of the material. In contrast, the Fe-doped 

CuO electrode exhibited a different trend. The specific capacitance increased up to 20 mV/s 

and then decreased at higher scan rates. This improvement at lower scan rates suggested that 

Fe incorporation enhanced charge transfer efficiency and provided additional electrochemically 

active sites. However, similar to the undoped sample, capacitance decreased at higher scan rates 

due to diffusion limitations. All in all, a significant enhancement in specific capacitance was 

observed after Fe doping, as clearly demonstrated in figure 6(c). The improved performance 

was associated with structural modification, increased surface activity, and improved electrical 

conductivity induced by Fe incorporation. These findings were consistent with previous 

electrochemical studies reported in the literature [29–32]. 

The charge–discharge characteristics of the undoped and 1% Fe-doped CuO electrodes were 

evaluated using galvanostatic charge–discharge measurements in 1 M KOH electrolyte. The 

corresponding curves recorded at various current densities are shown in figure 7(a) and 7(b). 

Both electrodes exhibited charge–discharge profiles resembling quasi-linear and symmetric 

behavior, indicating reversible electrochemical processes. Efficient ion exchange between the 

electrolyte and the electrode surface during the redox reactions was indicated by the nearly 

symmetric shape of the curves. In addition, with the internal resistance present in the electrode 

system was associated the small IR drop detected at the beginning of the discharge process. To 

assess cycling stability, repeated charge–discharge measurements were conducted for 250 

cycles at a current density of 1 A/g. The stable profile of the curves indicated good 

electrochemical reversibility and structural integrity of the electrodes.The capacitance value 

  :with the GCD state was calculated by the following equation (௦ܥ)

௦ܥ⁡  = ⁡ ூ௠.೏ೇ೏೟ = ூ௱௧௠.௱௏              (6) 



The calculated capacitance values are listed in Table 2. For the undoped CuO electrode, the 

specific capacitance decreased from 77 F/g to 2 F/g as the current density increased. Similarly, 

the Fe-doped CuO electrode exhibited a decrease from 330 F/g to 107 F/g at higher current 

densities. This decline at elevated current density was attributed to insufficient time for 

electrolyte ions to access all electrochemically active regions, particularly within pores and 

inner surfaces. Therefore, only part of the electrode effectively contributed to charge storage at 

high current density conditions [29–32]. During the charge–discharge process, K+ ions in the 

electrolyte participated in charge transfer reactions with Cu species at the electrode surface. The 

applied current density strongly affected the extent and rate of these redox reactions. At lower 

current density (1 A/g), the Fe-doped electrode exhibited longer discharge times, which 

reflected improved charge storage capability. The improved capacitance behavior of the Fe-

doped CuO electrode was attributed to enhanced conductivity and increased electrochemically 

active surface contributions induced by Fe incorporation. Similar trends were reported for 

doped CuO-based electrodes in previous studies [33–36]. In addition, the literature reported 

that Fe-doped CuO electrodes could reach their highest capacity at a scan rate of 5 mV/s and a 

current density of 0.5 A/g under optimized conditions [37]. Thus, the present results were 

consistent with earlier findings and further supported the beneficial role of Fe incorporation in 

CuO electrode systems. 

To further evaluate the charge transfer characteristics of the undoped and 1% Fe-doped CuO 

thin film electrodes, electrochemical impedance spectroscopy measurements were conducted. 

The impedance spectra were recorded in 0.1 M KOH electrolyte over a frequency range of 0.01 

Hz to 100 kHz at room temperature. The corresponding Nyquist plots are presented in Figure 

7(c). In the high-frequency region, a semicircular feature was exhibited by the Nyquist plot, 

followed at lower frequencies by an almost linear portion. With the charge transfer resistance 

occurring at the electrode–electrolyte interface was associated the semicircle detected in the 

high-frequency domain. A smaller semicircle diameter indicated lower interfacial resistance 

and faster electron transfer kinetics. In contrast, an increase in semicircle diameter reflected 

slower charge transport behavior. For the Fe-doped CuO electrode, the semicircle diameter was 

comparatively reduced, suggesting improved conductivity and enhanced interfacial charge 

transfer. This improvement was attributed to structural and electronic modifications induced by 

Fe incorporation. At lower frequencies, the linear portion of the Nyquist plot represented 

diffusion-controlled processes within the electrode material. The slope of this region was 

related to ion diffusion behavior. The impedance response also reflected contributions from 



surface roughness, non-uniformity, and possible inhomogeneous current distribution across the 

electrode surface. Therefore, the capacitive behavior was not ideally homogeneous, which was 

consistent with the observed constant phase element (CPE) behavior. It should be noted that 

several resistive components contributed to the overall impedance. These included ion diffusion 

resistance at the electrode–solution interface, surface film resistance, and possible contributions 

from intermediate species formed during electrochemical reactions. The difference between the 

intercepts at high and low frequencies along the real impedance axis corresponded to the overall 

polarization resistance of the system. To quantitatively analyze the impedance response, the 

experimental data were fitted using the ZView software with a Randles equivalent circuit 

model. In this model, Rs represented the solution resistance, Rp denoted the polarization 

resistance, and CPE described the non-ideal capacitive behavior of the electrode surface. The 

equivalent series resistance (Rs) was determined to be approximately 1.439 Ω·cm2. This 

parameter directly influenced the power delivery capability of the supercapacitor. The fitted 

polarization resistance (Rp), CPEdl, and CPE exponent (n) values were calculated as 1.372 × 

10⁶ Ω· cm2, 34.13 × 10⁻⁶ Ω⁻¹·s· cm-2, and 0.918, respectively. The CPE exponent value close 

to unity indicated nearly capacitive behavior, although slight deviations confirmed surface 

heterogeneity. Correspondingly, the EIS analysis demonstrated that Fe incorporation reduced 

interfacial resistance and improved charge transfer properties. Therefore, the impedance results 

further supported the enhanced electrochemical performance observed in CV and GCD 

measurements..  

Conclusion 

In this study, CuO nanostructured thin films, both pure and Fe-doped, were successfully 

synthesized on ITO substrates through the ultrasonic spray pyrolysis technique. The prepared 

films were systematically evaluated in terms of their structural, morphological, optical, and 

electrochemical properties. The formation of the monoclinic CuO phase was confirmed by 

XRD analysis. With increasing Fe concentration, noticeable changes in diffraction peak 

intensity and crystallite size were observed. In addition, secondary phase reflections related to 

Fe oxide were detected at higher doping levels. The calculated structural parameters indicated 

a reduction in crystallite size along with an increase in dislocation density and microstrain, 

demonstrating that Fe incorporation introduced lattice distortion. The SEM observations 

revealed that the undoped CuO films exhibited polyhedron-like grains with mixed orientations. 

After Fe doping, grain growth became more pronounced and surface morphology was modified. 

The elemental mapping and EDX analyses verified the uniform distribution of Fe within the 



CuO matrix, confirming successful incorporation of the dopant. The photoluminescence 

measurements demonstrated characteristic emission bands corresponding to near-band-edge 

and defect-related transitions. A reduction in PL intensity was observed after Fe incorporation, 

indicating modifications in defect concentration and recombination dynamics. UV–Vis analysis 

showed that optical absorbance increased with Fe doping, while the band gap slightly shifted 

toward higher energy values. Electrochemical measurements revealed that Fe doping 

significantly improved charge storage behavior. The Fe-doped CuO electrode exhibited higher 

specific capacitance values compared to the undoped sample, particularly at lower scan rates 

and current densities. GCD and EIS analyses further confirmed improved charge transfer 

characteristics and reduced interfacial resistance in the doped system. Fe incorporation 

effectively enhanced the electrochemical performance and modified the electronic as well as 

structural properties of the CuO thin films, as demonstrated by the overall results. Therefore, 

as promising candidates for supercapacitor applications were considered the Fe-doped CuO 

nanostructured thin films synthesized via the USP technique. 
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Figure 1. XRD results of undoped and Fe doped CuO thin films 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 2. SEM images and EDAX results of undoped and Fe doped CuO thin films. 

 

 



Figure 3. The photoluminescence spectra of undoped and Fe doped CuO thin films. 

 

Figure 4. The absorbance spectra of undoped and Fe-doped CuO nanostructured thin films. 
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Figure 5. The optical band gap energies of undoped and Fe-doped CuO nanostructured thin 

films. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 6: CV plot of (a) undoped (b) and 1% Fe doped CuO (c) spesific capacitance of undoped 

and 1% Fe doped thin films electrode deposited on ITO substrate  
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Figure 7: Charge-discharge curve of (a) undoped (b) 1% Fe doped CuO nanostructure electrode 

at 1A/g current density (electrolyte: 1M KOH, reference electrode: Ag/AgCl, saturated KCl) 

(c) Electrochemical impedance spectrum of the Fe doped CuO electrode 
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Table 1.  Eg and XRD parameters (β, d-spacing, D, δ, ɛ) of undoped and Fe doped CuO thin 

films 

Sample Eg Pos.  β d-spacing D δ ɛ 

name (eV) (°2θ)  (°2θ) (Å) (nm) (104 nm-2) (10-3 %) 

CuO 1.72 36.05 0.28 2.489 54.98 3.31 66 

0.5% Fe 1.74 35.06 0.29 2.557 53.10 3.55 68 

1% Fe 1.76 36.06 0.35 2.489 43.02 5.40 84 

 

Table 2.  Specific Capacitance values from CV and GCD versus scan rate and current density 

of undoped and 1% Fe doped CuO thin films 

          

 Specific Capacitance values  
from CV  

Specific Capacitance 
values from GCD 

 

Scan rate  CuO Fe doped CuO CuO Fe doped CuO Current Density  

(mV/s) (F/g) (F/g) (F/g) (F/g) (A/g) 

10 96 327 77 330 1 
20 79 328 37 120 3 
30 72 318 15 112 5 
40 66 303 2 107 10 
50 62 287       

100 47 211       

 

 

 


