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Abstract: This paper discusses results obtained on CuO/Co3O4 

nanoparticles synthesized through simple hydrothermal method 
with aid of the surfactant (Disodium citrate).  The morphology 
and structure of the samples were examined through SEM, XRD 
and FTIR studies. Electrochemical investigations of the 
CuO/Co3O4 samples were studied through CV (cyclic 
voltammetry), (CHDH) charge- discharge and (EIS) impedance 
analysis by gel electrolyte.  Specific capacitance value of 959 F g-1 

at a scan rate of 2 mV s-1 was obtained. From EIS analysis, a low 
RCT value of 1.06 Ω was attained.  Based on the electrochemical 

performance and ease synthesis method indicate that the prepared 
electrode (CuO/Co3O4) is suitable candidate for supercapacitor 
applications.  

 
Keywords : Metal oxides, gel electrolyte, Charge transfer 

resistance, Specific capacitance 

I. INTRODUCTION 

 Energy requirements of the twenty first century forced 
researchers to give over better efforts to make advanced 
materials for the applications of energy storage [1-4]. 
Pseudocapacitors are indispensable energy storage devices 
due to their Superior properties: High specific power, Fast 
recharge capability and Prolong cycle life than batteries. 
These pseudocapacitors are used in many applications: 
camera (flash equipment), Cellular phones and hybrid 
vehicles [5-8].  

The electrolytes are one of the important candidates to 
determine the capacitance of the supercapacitor.  The 
functional characteristics of the electrolyte are operating 
voltage, temperature range, ESR.   
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The characteristics of supercapacitors can be altered by 
varying the electrolyte nature (aqueous, neutral or organic 
electrolytes).   

Aqueous electrolyte exhibit lower ESR, lower breakdown 
voltage and minimum sizes of pores requirement compared to 
other mentioned electrolytes [9].   

Co3O4 is one of the most promising candidates for 
supercapacitor electrodes and has many advantages:  cost 
effective, better redox activity and  good theoretical specific 
capacitance and  better reversibility [10-13].  The partially 
substituting less expensive metals (Ni, Zn, Mg and Cu) with 
the cobalt oxide is a practical anode material for 
supercapacitor application.  Copper is not only less 
expensive, but also electrochemically active and contributes 
to the charge storage.  Compared to other reported electrode 
materials, Cu and Co – related materials are unique interest, 
due to their have greater electrochemical nature [14-17].  

In the present study, CuO/Co3O4 nanoparticles were 
prepared by hydrothermal method and it was studied for their 
potential use in pseudocapacitor applications.  

II. EXPERIMENTAL METHODS 

  The  CuO/Co3O4 was prepared by the hydrothermal route at 
120 ̊ C for 20 h.  The preparation method is as follows: 2 M of 

Cu (NO3)2.3H2O and 2.494 g of Co (NO3)2.6H2O were 
dissolved in water (40 mL).  Disodium citrate was used as a 
capping agents.  Urea was used as the reducing agent.  After 
stirring for 1 hour, the prepared solutions were change to a 
autoclave (stainless steel) and were kept at 120 ˚C (20 h).  

After this process the precipitate was rinse several times by 
distilled water. Resulting precipitate was dried (80 ˚C for 48 

h).  The completely dried material was ground and annealed 
in an atmosphere of air (600 ˚C for 5 h). A platinum wire, 

Ag/AgCl and active material were kept in three electrode 
system (counter, reference working electrode) respectively. 
The material electrode was obtained byslurry method and 
coated on a graphite sheet.   

III. RESULT AND DISCUSSION 

From the XRD pattern of CuO/Co3O4 particles prepared 
with different surfactants.  The reflection peaks indexed to 
CuO and Co3O4 phases and agreed  with JCPDS card  
(89-5899) and ( 8-1  0).  The sample annealed at 600  C 
shows the separate CuO and Co3O4 phases.   
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The pro a le reason is due to nitrate decomposition 

occurring at a ove 500  C, which leads to CuO and Co3O4 

phases [18-20].  The XRD studies clearly indicate a mixed 
phase of CuO and Co3O4.   Figure 1 shows the FTIR spectrum, 
It confirms that presence of CuO/Co3O4 particles 

 

 

FIGURE 1. FTIR spectra of CuO/Co3O4 

 

FIGURE 2.  SEM images of CuO/Co3O4 

Surface morphology of CuO/Co3O4 material was analyzed 
through SEM micrographs shown in fig 2.  It shows the 
surface morphology of the particles.  It shows CuO/Co3O4 

capped with disodium citrate particles reveals a nanoflake like 
structure. This kind of morphological structure is more 
beneficial for the supercapacitor application.  To explore the 
electrochemical features of CuO/Co3O4 nanostructure, cyclic 
voltammetry, and impedance spectroscopy measurements 
were carried out from 0 to 1.5 V.  Figure 3 shows the CV 
sketch of prepared CuO/Co3O4 electrode at various scan rates. 

 

FIGURE 3.  CV traces of CuO/Co3O4  

Authors should consider the following points: It clearly 
shows the redox peaks, it suggest that the capacitance mainly 
owing to the quick faradic redox reactions.   The high values 
of  959 F g-1 (capacitance at 2 mV s-1) were obtained. The 
superior charge/ discharge reversibility due diffusion of NO3

- 

ions and better morphology of prepared sample.  Figure 4 
shows the cyclicvoltammetry curves of prepared electrode at 
various scan rates.    The Cs values are obtained using the 
equation [21 

                                   Vm

Q
Cs




 

Where, Cs, Q , m,  V  are  the specific capacitance (F g-1), 
average charge during the anodic and cathodic scans (C), 
mass of the active material (g) and the potential window (V).   

To acquire the EIS analysis of prepared particles, the 
impedance spectrum were analysed [figure 4]. From the 
Nyquist plot the charge transfer resistance was obtained.   The 
lowest charge transfer resistance Rct (1.068 Ω). 

 

 

FIGURE 4. Nyquist plot of  CuO/Co3O4 electrode       

IV. CONCLUSION 

A In précis, we have established a simple methodology to 
fabricate CuO/Co3O4 nanoflakes via hydrothermal method.  
CV analysis indicates that the CuO/Co3O4 prepared with 0.5 
M concentration of disodium citrate is able to deliver the 
highest capacitance of 959 F g-1.  These values are reliable 
with the charge discharge analysis. The high capacity values 
combined with low RCT values indicate the prepared 
CuO/Co3O4 electrode could be a prospective material for 
pseudocapacitors.   
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