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Abstract— This work reports the synthesis, characterization, 

and electrochemical analysis of composites comprised of copper 

nanoparticles grafted on graphitic carbon nitride (g-C3N4) for 

cost-effective, high-performance supercapacitor applications. A 

facile synthesis method was adopted to impregnate copper 

nanoparticles over g-C3N4 sheets, and structural and 

morphological characterizations evidenced successful in situ 

grafting of Cu/g-C3N4. Different electrochemical investigations 

were accomplished to estimate the supercapacitive behavior of the 

designed electrode material. These electrochemical analyses 

unveiled that the designed nanocomposites showed superior 

electrochemical performances than pristine g-C3N4. Equivalent 

series resistance of 1.61 Ω was obtained for Cu/g-C3N4, which is 

lesser than base material g-C3N4 sheets (2.19 Ω) from the Nyquist 
plot of EIS spectra. An asymmetric solid-state supercapacitor was 

designed, and a specific capacitance of 265.25 Fg-1 at 0.5 Ag-1 

current density was found, along with an energy density of 36.87 

Wh/kg at a power density of 2.50 kW/kg. Moreover, good cyclic 

consistency of 79.4 % capacitance retention was obtained at 5 Ag-

1 at 5000 cycles. These electrochemical performances indicate that 

Cu/g-C3N4 nanocomposites have a vast potential to use in energy 

storage perspective. 

 
Index Terms— Copper nanoparticles, electrochemical analysis, 

specific energy, graphitic carbon nitride, specific power, 

supercapacitors. 

I. INTRODUCTION 

s the year passes, the importance of energy production, 

storage, and conversion has increased due to the 

expansion of human civilization. With the rapid 

growth of industrial innovation and technological up-

gradation, the existing fossil fuel cannot fulfill the required 

energy demand of the increasing human population. Until 2016, 

fossil fuels contributed 62.88% of the world's energy demands, 

and 25% of the total global greenhouse gas emissions were 

responsible for this combustion of fossil fuels [1-4]. Hence, it 

becomes an utmost responsibility to balance the existing 

ecosystem by replacing green, reasonable, and high-capable 

renewable energy sources and storage devices for fossil fuels. 

Supercapacitors have been attracted to the recent energy storage 

applications among energy storage devices like capacitors, 

batteries, fuel cells, etc., owing to their capability to bridge the 

 
Corresponding author : Sebina Yesmin 

Sebina Yesmin and Rajdeep Dasgupta are with the Department of Electronics 

and Instrumentation Engineering, National Institute of Technology Silchar, 

788010, Assam, India (email : sebina.nits@gmail.com ; rdg.nits@gmail.com). 

Inamul Hussain is with Aditya College of Engineering, Surampalem, East 

Godavari, 533437, Andhra Pradesh, India (email : ihinamul07@gmail.com).  

high-performance energy density of the battery with the high-

performance power density of the capacitor by utilizing its 

quick storage and even discharge of energy properties [5]. The 

performance of an electrochemical device relies on the 

materials used in the designing processes, and the selection of 

electrode materials for supercapacitors is crucial due to the need 

for a high surface area, suitable electrical conductivity, 

chemical solidity compatible with different electrolytes, and 

permeability of electrolyte solutions [6] altogether. 

Supercapacitors are categorized as electrochemical double-

layer capacitors (EDLC), pseudocapacitors, or hybrid 

capacitors grounded on the electrode materials and charge 

buildup processes [5]. Various carbonaceous materials [7] can 

store charges and deliver energy by developing double layers of 

charges on electrode/electrolyte interfaces, whereas redox 

materials like transitions metal oxides [8] and conducting 

polymers [9] are employed as pseudocapacitor electrodes where 

storing charges take place via faradaic mechanisms. Composite 

hybrid capacitors use carbonaceous material, metal oxide, and 

conductive polymers, which integrate the functionality of 

EDLCs and pseudocapacitors. 

      Graphitic carbon nitride (g-C3N4), with its peculiar graphite 

layout, can have numerous photocatalytic, pollution 

degradation, energy storage, etc., applications [10-12]. Due to 

the advantages associated with g-C3N4, like easy preparation, 

cost-effectiveness, and excellent thermal and chemical stability, 

different heterostructures based on g-C3N4 have proven to be 

attractive electrode materials for supercapacitors [14-21]. 

Noble metals can have the prospective to be employed as 

electrode material for supercapacitors for their excellent 

conducting properties and high electrochemical stability in 

different electrolytes [22]. Hence, many quality works were 

reported based on copper, silver, gold, platinum, etc., for metal-

based electrode material for supercapacitors [23-33]. In this 

work, the enhancement of electrochemical performances was 

accomplished by impregnating copper nanoparticles over g-

C3N4 sheets by improving the specific capacitances by 

augmenting the conductivity, surface area, and porosity g-C3N4 

with a facile, low-cost synthesis process. The evaluation of 

electrochemical analysis was carried out by different methods 
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like cyclic voltammetry (CV), galvanostatic charge-discharge 

(GCD), and electrochemical impedance spectroscopy (EIS), 

and these analyses are significant in estimating various 

performance factors associated with supercapacitors [34]. 

II. EXPERIMENTAL WORK 

A. Materials 

Melamine (C3H6N6), Copper (II) nitrate [Cu(NO3)2], 

Sodium borohydride (NaBH4), Acetone, N-Methyl-2-pyridine 

(NMP), Polyvinylidene Difluoride (PVDF), and Acetylene 

Carbon (AC) were bought from Himedia India Ltd., and 

without any further refining, they were used. 

B. Preparation of g-C3N4 and Cu/g-C3N4 

A simplistic method was adopted to synthesize pristine g-

C3N4 using melamine as the precursor, where 5 gm of the 

precursor was calcined at 5500 C for 4 hrs in a crucible with the 

half-covered lid at 100 C/min heating rate in a muffle furnace. 

Exfoliation of the acquired yellow substance from the 

calcination process was done at 5000 C, and the final bulk g-

C3N4 was stored for further use. 

Impregnation of copper nanoparticles over g-C3N4 sheets 

was accomplished with a modest coprecipitation process 

followed by ultrasonication. Pristine g-C3N4 was converted into 

g-C3N4 nanosheets by ultrasonicate 100 mg of g-C3N4 for 30 

minutes after being dispersed in 100ml of distilled water. 

Highly pure 0.05 mmol of Cu(NO3)2 were added to the 

dispersed solution of g-C3N4 in continuous mixing, and the 

reaction’s temperature was increased until it reached 600C. 

Then, with 1gm of sodium borohydride, NaBH4, the reaction 

turned into a blackish color due to the reduction process and 

formation of Cu nanoparticles. This reaction was stirred 

continuously for 4 hrs and allowed to reach normal temperature. 

Afterward, the precipitation was collected with centrifugation 

and washing precipitation with acetone to remove unwanted 

substances. Finally, the product was obtained after being dried 

overnight in a hot air oven, and a graphical illustration of the 

overall material preparation is presented in scheme 1. 

 
Scheme 1. Graphical illustration of synthesis processes 

C. Preparation of electrodes 

Conductive graphite sheets of a thickness of 0.6 mm are 

used as the substrate for fabricating the working electrodes. The 

synthesized materials were made in the form of an electrode to 

investigate the electrochemical performances. The working 

electrodes were prepared by blending the synthesized 

composites with AC and PVDF in the ratio of 80:10:10 in the 

aqueous solvent of N-Methyl-2-pyridine in an agate mortar for 

30 minutes. A surface area of 1 cm2 of graphite sheet was used 

to coat the slurry, and finally, the working electrode was ready 

for electrochemical testing after drying overnight at 800C. The 

loaded mass of the as-prepared composites on the electrode was 

~2.6 mg/cm2. 

D. Fabrication of membrane and asymmetric solid-state 

supercapacitor device 

An asymmetric solid-state supercapacitor system was 

designed by combining two different electrodes in a gel 

H2SO4/PVA electrolyte, which was prepared with H2SO4 and 

PVA. Concentrated H2SO4 (3 ml) and PVA (3 g)  were stirred 

continuously in 25 mL of distilled water at 80°C till a 

transparent solution was formed. The solid-state device was 

fabricated by combining these two electrodes disjointed by 

prepared H2SO4/PVA gel electrolyte. This arrangement was 

pressed at 100 kg/cm2 for 10 minutes and kept at 80 °C 

overnight to set the prepared electrolyte. The total mass of the 

fabricated electrodes was 3.6 mg, whereas the working and 

counter electrode masses were 2.6 mg and 1 mg, respectively. 

E. Material characterization 

Structural and surface morphology of synthesized 

materials were carried out by X-ray powder diffraction (AXS 

XRD with Cu-Kα source),  FT-IR (Bruker 3000 Hyperion 

microscope), thermogravimetric analysis (Perkin Elmer STA 

6000), scanning electron microscope, and high-resolution 

transmission electron microscope (JEOL JSM-6390LV and 

JEM 2100). 

F. Electrochemical characterization 

All electrochemical tests were executed on a Zahner 

Zennium workstation, with Platinum wire and Ag/AgCl as 

counter and reference electrodes, respectively. 

III. THEORY 

Both CV and GCD analysis can assess the specific capacity 

of supercapacitors. Equations (1), (2), (3), and (4) are used to 

calculate different parameters of supercapacitors [35]. 

 𝐶𝑠= ∫ 𝐼 𝑑𝑣𝑉2𝑉1𝑚𝑣(𝑉2−𝑉1)              (1) 

 𝐶𝑠𝑝= 𝐼×∆𝑡𝑚(𝑉2−𝑉1)                   (2) 

 𝐸 =  12×3.6 × 𝐶𝑠𝑝 × (𝑉2 − 𝑉1)2          (3) 

 

 𝑃 =  3600×𝐸∆𝑡              (4) 

 

      where, Cs and Csp are the specific capacitance (Fg-1) 

calculated from CV and GCD, respectively, m is the mass of 

the electrode  material (g), 𝑣 is the scanning rate (V/s), (V2-V1) 

is the potential window (V), I is the discharging current (A), ∆t 
is the discharging time (sec), E (Wh/kg)  and P (W/kg) are the 

specific energy and specific power. 

      EIS analysis is carried out to investigate the kinetics of 

charge, and the EIS spectrum can identify several interfaces 

(e.g., electrodes/electrolytes) by calculating resistive and 

capacitative circuit parameters of equivalent circuits analogous 

to Nyquist plots [36]. The Nyquist plot obtained from the EIS 

data usually shows a semicircle in the high-frequency region, 

and it depicts the equivalent series resistance (ESR) between 

charge transfer (Rct) and electrolyte resistance (Rs). The low-
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frequency region describes the electrolyte and electrode 

interface, which is depicted as a straight line with an inclination 

to the real axis. This diffusion phenomenon forms a Warburg 

impedance which represents a diagonal line with a 45° incline 

on a Nyquist plot. The capacitance of the electrode will be 

improved if the semicircle area has a smaller arc. A lesser span 

of the arc portion in the Nyquist plot offers less equivalent 

resistance owing to the effective electrons transfer between 

electrode materials. The diffusing reactants diffuse at low 

frequency as they can not travel as far at high frequencies, 

which results in higher Warburg impedance at a low frequency 

than in the high-frequency region. Apart from Nyquist and 

Bode, Complex capacitance analysis can also provide 

information related to capacitive studies [37]. With the 

variation of the frequency spectrum, the real (C’(ꙍ)) and 

imaginary (C’’(ꙍ)) part of the complex capacitance (C(ꙍ)) can 

be obtained using (5), (6), and (7) 𝐶(ꙍ) = 𝐶′(ꙍ) − 𝑗𝐶’’(ꙍ)  (5) 𝐶′(ꙍ)= −𝑍’’(ꙍ)ꙍ|𝑍(ꙍ)|2   (6) 𝐶′′(ꙍ)= 𝑍′ (ꙍ)ꙍ|𝑍(ꙍ)|2   (7) 

where Z(ꙍ) is the complex impedance, |Z(ꙍ)| is the impedance 

modulus, Z’(ꙍ) and Z’’ (ꙍ) are the real and imaginary parts of  

Z(ꙍ), ꙍ= 2πf, is the angular oscillation, and f is the frequency. 

IV. RESULTS 

A. Structural analysis 

The X-ray diffractograms of g-C3N4 and Cu/ g-C3N4 in Fig. 

1 (a, b) depict broad peaks at 2θ = 13.1° and 27.6° consistent 

with (100) and (002) planes. 

 

 
Fig. 1. XRD (a, b), FTIR (c), and TGA (d) analysis of 

synthesized materials 

      Both g-C3N4 and Cu/g-C3N4 are amorphous in nature 

though the addition of Cu nanoparticles visibly decreases the 

intensities of the typical g-C3N4 peaks. The Cu/ g-C3N4 does not 

contain any significant peaks besides the g-C3N4 peaks due to 

the lack of crystallinity in Cu nanoparticles. 

      The chemical bonding of the elements present in g-C3N4 

and Cu/ g-C3N4 are demonstrated with FTIR studies in Fig 1 

(c). The stretching of 1° and 2° N-H in g-C3N4 gives a wide 

peak in the range 3091-3291 cm-1. The stretching of C-N and 

ring breath of s-triazine motifs are observed in 1240-1710 cm-1 

and 809 cm-1. The Cu/g-C3N4 attains FTIR spectra akin to the 

g-C3N4 with a slight redshift due to a lack of covenant bonding 

between the Cu and g-C3N4 framework. These findings 

corroborate the non-covalent grafting of nano Cu over g-C3N4 

sheets. 

 
Fig. 2. Full scan XPS spectra of g-C3N4 and Cu/g-C3N4 (a, b), 

HRXPS of C 1s (c, e), N 1s (d, f) in g-C3N4 and Cu/g-C3N4 

respectively; Cu 2p (g) in Cu/g-C3N4. 

       

      The elemental composition and the detailed surface 

chemical statuses of g-C3N4 and Cu/ g-C3N4 are examined by 

XPS analysis. The XPS survey in Fig. 2 (a, b) confirms the 

purity of procedures of the synthesis with the presence of C, N, 

and O in g-C3N4 and C, N, O, and Cu in Cu/ g-C3N4. In Fig. 2 

(c, e), the peaks in the C 1s spectrum of g-C3N4 and Cu/ g-C3N4 

are assigned for C-C and N=C=N2. The signals of N 1s in Fig. 

2 (d, f) are deconvoluted into three components for C=N-C, N-

(C)3, and sp3 –NH2. A satellite peak is also observed in the 

HRXPS of N 1s. The Cu 2p spectra are split into two primary 

peaks at 930 eV and 949.7 eV for Cu (0). A feeble satellite 

signal at 941.1 is also detected in the HRXPS widths in Fig. 2 

(g). Notably, the HRXPS of C and N in Cu/g-C3N4 show no 

additional covalent interaction other than those present in g-

C3N4, which infers successful synthesis of non-covalently 

grafted Cu nanoparticles over g-C3N4 sheets. 

B. Thermal stability 

      Energy storage systems, particularly high-temperature 

supercapacitors, are widely used in many power applications. 

TGA examines the thermal stability of the synthesized 

materials in the nitrogen (N2) atmosphere. Fig. 1(d) shows that 

the thermal decomposition of Cu nanoparticles over g-C3N4 

sheets is almost 680 °C. The prominent weight decay starts 
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from 552 °C. It is attributed to the oxidation of C in s-triazine 

motifs and the resulting evolution of CO, CO2, etc. The 

enhancement of thermal decomposition of Cu nanoparticles is 

owing to the high thermal firmness of g-C3N4, the base 

substance. 

A. Structural analysis 

      The surface morphology of bulk g-C3N4 and Cu/ g-C3N4 are 

displayed in Fig. 3(a, b), where corrugated 2-D nanolayers are 

seen due to the stacking of prolonged 2- D s-triazine ring 

structures. Again the evident increase in surface deficiencies in 

Cu/g-C3N4 than that in bulk g-C3N4 is due to exfoliation through 

ultra-sonication and amalgamation of Cu nanoparticles. The 

overall morphologies of synthesized materials are presented in 

Fig. 3(c, d). The HRTEM image for g-C3N4 confirms wrinkly 

2-D layers with discrete pores. The HRTEM depiction for Cu/g-

C3N4 displays the Cu grafting over the g-C3N4 layers. ED 

patterns for both g-C3N4 and Cu/ g-C3N4 nanohybrid in Fig. 3(e, 

f) approve of the amorphous structure. 

 

 
Fig. 3. SEM, HRTEM, and ED images of g-C3N4 (a, c, e) and 

Cu/g-C3N4 (b, d, f), respectively. 

B. Electrochemical analysis 

With regard to energy presentations, the efficiency of 

various electrode materials of supercapacitors is commonly 

investigated using CV, GCD, and EIS. Both electrode and 

electrolyte play a crucial part in investigating the overall 

performances of electrochemical energy storage devices. 

Hence, different electrolytes, i.e., 0.5 M H2SO4, 1 M Na2SO4, 

and 1 M KOH, were used to choose the suitable electrolyte by 

performing the CV measurements in different electrolytes from 

-1 to 1 V voltage range in the same scan rate. The synthesized 

Cu/g-C3N4 material showed the best response in an acidic 

media than the neutral or alkaline electrolyte. Owing to the 

minor dimensions of the H+ ions, the movement of cations has 

increased with acidic electrolytes, making it easy to diffuse 

from the electrolyte to the electrode material. Hence, to carry 

out all electrochemical measurements, a 0.5 M H2SO4 acidic 

medium was used. 

 

 
Fig. 4. CV plots of (a) g-C3N4 and Cu/g-C3N4 at a scan rate of 

200 mV/s, (b) Cu/g-C3N4 at several scan rates, CD plots of (c) 

g-C3N4 and Cu/g-C3N4 at 0.5 Ag-1 current density (d) Cu/g-

C3N4 at several current densities, (e) Specific capacitances Vs. 

scan rates (f) Specific capacitances Vs. current densities. 

      

Fig. 4(a) illustrates the capacitative behavior of synthesized 

materials at 200 mV/s scan rates. The calculated specific 

capacity of Cu/g-C3N4 (267.30 Fg-1) is higher than g-C3N4 

(19.23 Fg-1) due to the higher area in the CV plot of Cu/g-C3N4 

as more area under CV plot lead to higher capacitance. 

Apparently, a rectangular symmetric curve with minor redox 

peaks has been perceived, confirming reversible and fast 

faradaic electrical reactions and a pseudo-capacitative material 

[38]. For scan rates of 5, 10, 50, 100, 150, and 200 mV/s, the 

specific capacity for Cu/g-C3N4 was found as 1076.92, 1009.62, 

557.69, 380.77, 314.10, and 267.30 Fg-1, respectively shown in 

Fig. 4(b). From all these values, it is seen that the capacitance 

declined with the greater scan rates owing to the diffusion effect 

[39], shown in Fig. 4(e). There are active and inactive locations 

on the electrode's surface. Active sites contribute more to the 

electrochemical reaction at a lower scan rate, causing a higher 

capability at a lesser scan rate. In addition, ions produced during 

electrochemical reaction may not have adequate time to 

immobilize inside the electrode, which reduces charge 

accumulation and hence the specific capacitance at a higher 

scan rate. 

 GCD analysis plays a crucial role in determining various 

electrochemical parameters like specific capacitance, specific 

energy, specific power, cycle constancy, capacitance retention, 

etc. A voltage span of 0-1 V was used to carry out entire GCD 

measurements. The energy storage competency of the electrode 

materials is proportionate to the discharging time detained from 

GCD. Fig. 4(c) shows GCD graphs of all synthesized material 
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which illustrates that the charge-discharge time interval of 

Cu/g-C3N4 is greater than g-C3N4, which results in a better 

specific capacitance of Cu/g-C3N4 (282.50 Fg-1) value than g-

C3N4 (47.6 Fg-1) at 0.5 Ag-1 current density. Fig. 4(d) depicts 

the GCD of Cu/g-C3N4 at various current densities and specific 

capacitances obtained areas 282.50, 253.50, 223.13, 192.8, 

158.10, 134.40, and 109.5 Fg-1 at current densities 0.5, 1, 1.25, 

2, 3, 4, and 5 Ag-1, respectively. GCD plots showed a decline in 

discharge time, with rising current density, causing a reduction 

in specific capacitances, which is observed in Fig. 4(f). This is 

because the IR drop rises with an increasing current density, 

which is the system's internal resistance [39]. It was observed 

that Cu/g-C3N4 has higher rate capabilities than g-C3N4 as it 

showed a prolonged drop of specific capacitance with an 

increase in current density. 

     To confirm results attained from the CV and GCD study, 

EIS investigations are performed to learn more about diffusion 

between materials and the electrode and charge kinetics by 

realizing the impact of different electrode material resistances. 

One principal objective of this work was to establish an RC 

circuit to scrutinize the charging kinetics and diffusion control 

phenomenon of electrode materials through EIS. The overall 

EIS measurement of nanocomposite Cu/g-C3N4 is widely 

studied with Nyquist, Bode, and complex plots of capacitances 

in the frequency span of 0.1 Hz to 1 MHz with an AC 

perturbation of ±5 mV. 

 
Fig. 5. Nyquist plots (a, b), Bode plots (c,d) of all synthesized 

material, equivalent circuit (b inset) (e), and (f) Complex 

capacitance analysis of all synthesized material. 

      Nyquist plots of the synthesized materials are shown in 

Fig. 5(a, b) and depict the frequency responses. The analogous 

electrical equivalent circuit obtained from the Nyquist plots is 

shown in Fig. b inset, and the physical realizations for the 

electrical parameters in this equivalent circuit are shown in Fig. 

b. The resistance of electrolyte Rs, of Cu/g-C3N4 is less than g-

C3N4 as Cu/g-C3N4 is chemically more stable in acidic 

electrolytes, which results in less electrical resistance of Cu/g-

C3N4  than g-C3N4, shown in Fig. 5 (b). Continuing to this range 

is a semicircle representing Rct, the resistance between 

electrode and electrolyte, which spans from high to low-

frequency spectrum. The lesser value of Rct for Cu/g-C3N4 than 

g-C3N4 is attributed to less electrical resistance caused by the 

morphology of Cu/g-C3N4 than g-C3N4 as higher ionic 

relocation and higher charge accumulation were offered by the 

morphology of Cu/g-C3N4. Fig. 5 (b) depicts that, Cu/g-C3N4 

replicates a lesser semicircle arc than g-C3N4 and gives Rct 

value of 1.66 Ω, which is less than g-C3N4 (2.19 Ω) due to their 

successful in situ grafting of Cu nanoparticles on g-C3N4.  

       

Bode plots can illustrate the magnitude and phase 

responses with the variation of frequency. In the high-frequency 

range, the phase curves showed the same resistive response, and 

then they started to deviate slightly in the low-frequency sector, 

as observed in Fig. 5 (d). Phase angle values were found as 54.7 

and 41.8 for g-C3N4 and Cu/g-C3N4, respectively, representing 

that all samples had capacitive behavior. Complex capacitance 

responses of composites are analyzed based on EIS 

measurement and shown in Fig. 5 (e, f). It is seen that the 

capacitance falls with increasing frequency, and lastly, it 

remains reasonably stable at high frequencies. Both real and 

imaginary parts of C(ꙍ) of Cu/g-C3N4 display greater values 

than g-C3N4 as C’(ꙍ) represents the electrode capacitance. In 

contrast, C’’ (ꙍ) reveals invariable energy dissipation and 

depicts a tranquillity process during ion transport. 

  A comparative study of the electrochemical characteristics 

of the presently developed Cu/g-C3N4 supercapacitor with 

recently developed supercapacitors based on different 

composites of g-C3N4 and Copper is given in Table I. 

 

TABLE I 

PERFORMANCE COMPARISON OF OUR RESULTS 

WITH SOME OTHER RELATED PREVIOUS WORKS 

 

 

C. Measurements of specific capacitance, energy density, and 

power density of designed supercapacitor device  

An asymmetric supercapacitor was fabricated to check the 

hands-on viability of the designed material as a supercapacitor's 

electrode.The CV and GCD experiments were analysed using 

different scan rates (5, 10, 50, 100, 150, and 200 mV/sec) and 
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current densities (0.5, 1, 1.25, 2, 3, 4, and 5 Ag-1) are shown in 

Fig. 6 (a, b) respectively. Further cyclic stability of Cu/g-C3N4 

was performed at 5 Ag-1 current density for 5000 cycles, and 

79.4 % capacitance retention was obtained. High capacitance of 

265.25 Fg-1 and specific energy of 36.87 Wh/kg was achieved 

at 0.5 Ag-1 current density, and it shows a remarkable specific 

power of 2.50 kW/kg at 5 Ag-1. 

 
Fig. 6. (a) CV plots at variable scan rates, (b) CD plots at 

variable current densities, (c) Specific capacitance at different 

cycle numbers at 5 Ag-1, (d) Cycle constancy with 5000 cycles, 

and (e) Ragon plot of supercapacitor device. 

The evaluation of parameters specific capacitance (Cs, Csp), 

Energy density (E), and Power density (P) obtained from a 

three-electrode system and designed asymmetric 

supercapacitors using (1), (2), (3), and (4) are summarized in 

Table II. 

TABLE II 

ELECTROCHEMICAL PERFORMANCE OF Cu/g-C3N4 

THREE-ELECTRODE SYSTEM WITH DESIGNED 

ASYMMETRIC SUPERCAPACITOR DEVICE 

 

 
EIS analysis of the asymmetric supercapacitor device 

was performed and different plots of EIS analysis such as 

Nyquist, Bode and Complex capacitance plots are plotted and 

shown in Fig. 7. From the EIS analysis of the device, we have 

found the Rct value of 1.66 Ω, which is slightly higher than the 
Cu/g-C3N4 electrode material and similar pattern of Bode plot 

were observed where the phase angle of the device found as 

44.8. However, from the complex capacitance responses, it is 

seen that the capacitance falls with the rise in frequency, and 

finally, it remains reasonably stable at high frequencies 

following the similar path as Cu/g-C3N4 electrode material. 

 

 
Fig. 7. Nyquist plots (a), Bode plots (b, c) and Complex 

capacitance analysis (d) of the asymmetric supercapacitor 

device. 

V. CONCLUSION 

      A new electrode material comprising the conductivity 

features of Cu nanoparticles with very tunable base material g-

C3N4 is reported in this article. The enhancement of the 

electrochemical performance of the base material was achieved 

by grafting the Cu nanoparticles over the g-C3N4 sheets. The 

designed Cu/g-C3N4 nanocomposites showed superior specific 

capacitance of 265.25 Fg-1 at 0.5 Ag-1 current density and 

offered outstanding rate capability. Notable stability was 

achieved with 79.4% capacitance retention along with a more 

incredible energy density of 36.87 Wh/kg at a power density of 

2.50 kW/kg. Moreover, the equivalent circuit model analogous 

to the EIS data revealed the flow of electrons between the 

various interfaces by calculating different electrical parameters 

associated with the electrical model. Due to the unique 

morphological arrangement of grafted Cu nanoparticles over g-

C3N4 sheets, the equivalent series resistance of Cu/g-C3N4 was 

found as 1.66 Ω, which is lesser than the g-C3N4 sheets (2.19 

Ω). As a result, Cu/g-C3N4 provided overall enhanced 

electrochemical characteristics compared to the base material, 

and our research on low-cost metal nanocomposite offers an 

innovative outlook on the energy storage research domain. 
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