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ABSTRACT  

In the experiment SILAR method is employed to deposit copper oxide film at constant temperature on stainless 

steel substrate. The surface morphological properties of these plates were investigated by means of Scanning 

Electron Microscope (SEM).This paper includes synthesis and characterization of nanostructure CuO thin films 

using SILAR method. Now a day’s energy consumption is become most important thing. Energy get stored in the 

electrical and electronic devices by the normal capacitor is very less as compare to rated theoretical amount as 

well as the life of the normal capacitor is very less. The supercapacitor gives high energy storage amount, 

longer useful life, bigger capacity,  fast charging time, large discharging time and good environmental impact. 

Keywords: SILAR(Successive Ionic Layer Absorption Reaction), SEM(Scanning Electron 

Microscopy), CAM(Contact Angle Measurement), EIS(Electrochemical Impedance Spectroscopy). 

I. INTRODUCTION 

Supercapacitor also known as electrochemical capacitor has increasing use in many applications from last few 

years as it use in high energy storage devices. The capacitance in electrochemical capacitor can be increases by 

charging or discharging of the electrical double layer or from faradic redox reaction known as 

pseudocapacitance. The capacitance of electrochemical capacitors increase mainly due to redox transition of 

electroactive charge or discharge processes of double layer. Since the capacitance with the former property is 

based on faradic pseudocapacitance of redox reactions with electrode material. In this work, we synthesised 

porous copper oxide thin film electrodes in supercapacitors by SILAR method. The deposited copper oxide 

films were characterized scanning electron microscopy (SEM) technique. The electrochemical characteristics of 

the copper oxide films were investigated by cyclic voltammetry (CV) in 1M Na2SO4 solution. These 
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nanosructured CuO thin films designed by SILAR method are used in higher applications in various fields. 

II. EXPERIMENTAL 

2.1 Substrate Cleaning 

The substrates (6cm×1cm) were first polished with zero-grade polish paper, and then washed with soap solution 

and finally washed with distilled water. 

2.2 Deposition of Copper Oxide Films by SILAR Method 

While conducting this experiment, the stainless steel plate is used as a substrate. The cationic solution used is 

Copper Chloride(CuCl2) and the anionic solution used is Sodium Hydroxide(NaOH). 

The experiment is carried out by using two beakers. One beaker is containing 0.1 M CuCl2 solution and the 

second one is containing 0.1 M NaOH solution. 

The cleaned substrate is then dipped in  0.1 M CuCl2 Solution for 45 seconds and stirred well. After 45 seconds, 

the substrate is then dipped in 0.1 M NaOH solution and stirred well. The chemical reaction takes place as 

follows. 

i. Formation of Cu(OH)2 in alkaline medium: 

Cu + H2O → Cu(OH)2+H
+
 +e

− 
 

 

ii. Formation of CuO: 

Cu(OH)2→ CuO + H2O 

 

Fig. Successive dipping of electrode plates in cationic and anionic solutions 

By repeating this one cycle again and again we can get the thin films of Copper Oxide on the stainless steel 

substrate. The preparative parameters are given in Table 1. 
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Table 1: Preparative Parameters for Deposition of CuO using SILAR Method 

Cationic precursor 0.1 M CuCl2 

Anionic precursor 0.1 M NaOH 

Absorption Time 45 seconds 

Reaction Time 15 seconds 

Substrate Stainless Steel 

 

III. RESULTS AND DISCUSSION  

3.1 Thickness Measurement 

The plates are deposited for various time durations (e.g. 15 min, 30 min, 45 min, and so on) by using the above 

preparative parameters (as shown in Table 2) and the graph is plotted for deposited weight in g against time for 

deposition in minutes. From this experiment, we can conclude that the thickness of as deposited copper oxide 

thin films increases on increase in deposition time. For further deposition period, the deposited weight showed 

decline, which could be due to the fall-off of porous deposit.  

Table 2: Deposited weight for different tine durations 

Sr. No. Time of Deposition in min Deposited Weight in g 

1 15 0.001 

2 30 0.003 

3 45 0.005 

4 60 0.009 

5 75 0.013 

6 90 0.016 

7 105 0.021 

8 120 0.026 

9 135 0.039 

10 150 0.05 

11 165 0.04 

12 175 0.025 

13 195 0.036 
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Fig. Graph of deposited weight in g against         Fig. CuO deposited plates for different cycles 

time for deposition in minute  

3.2. Surface Morphology 

 

Fig. Scanning electron microscopy 

The surface morphology of the electrodeposited copper oxide thin films on stainless steel substrate was 

investigated. Figure 9 shows the surface morphology of maximum thickness (i.e. 0.01gcm−2) film. The SEM 

picture revealed the formation of well-adherent and porous cauliflower structure. Interestingly, with increase in 

copper oxide film thickness fuzzy and blurred surface morphology disappeared (not shown) and well-developed 

cauliflower-like morphology is seen, indicating that the surface morphology of copper oxide film was thickness 

dependent. The cauliflower-like morphology may be due to the bunch of the particles, which come together to 

form the clusters. 
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3.3 Contact Angle Measurement 

 

Fig. Contact Angle Measurement 

The contact angle is the angle, conventionally measured through the liquid, where a liquid–vaporinterface meets 

a solid surface. It quantifies the wettability of a solid surface by a liquid via the Young equation. A given system 

of solid, liquid, and vapor at a given temperature and pressure has a unique equilibrium contact angle. However, 

in practice contact angle hysteresis is observed, ranging from the so-called advancing (maximal) contact angle 

to the receding (minimal) contact angle. The equilibrium contact is within those values, and can be calculated 

from them. The equilibrium contact angle reflects the relative strength of the liquid, solid, and vapor molecular 

interaction.Generally, if the water contact angle is smaller than 90°, the solid surface is considered hydrophilic 

and if the water contact angle is larger than 90°, the solid surface is considered hydrophobic. In present case, the 

CuO deposited film showed water contact angle of 40
0
 i.e. hydrophilic in nature. 

3.4 Cyclic Voltammetry 

 

Fig. Cyclic voltammograms of copper oxide thin film in 1 M Na2SO4 electrolyte for thickness 1.8 mg cm
-2

 

https://en.wikipedia.org/wiki/Angle
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Vapor
https://en.wikipedia.org/wiki/Vapor
https://en.wikipedia.org/wiki/Vapor
https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Wetting
https://en.wikipedia.org/wiki/Contact_angle#Hysteresis
https://en.wikipedia.org/wiki/Hysteresis
https://en.wikipedia.org/wiki/Hysteresis
https://en.wikipedia.org/wiki/Hysteresis
https://en.wikipedia.org/wiki/Intermolecular_force
https://en.wikipedia.org/wiki/Intermolecular_force
https://en.wikipedia.org/wiki/Intermolecular_force
https://en.wikipedia.org/wiki/Hydrophile
https://en.wikipedia.org/wiki/Hydrophobe


 

118 | P a g e  

 

In order to investigate pseudocapacitance characterization and electrochemical reaction mechanism of copper 

oxide deposited on stainless steel substrate , the cyclic voltammetric measurements were carried out.The 

capacitance is calculated by means of the following formula 

C= I*(dV/dt)  

where I is the average current in amperes, dV/dt is the voltage scanning rate. The value of interfacial 

capacitance (Capacitance per unit area) is 0.00875 F cm
-2

 and the specific capacitance (Capacitance per unit 

weight of deposited material) is 9.75 F g
-1

. 

IV CONCLUSION 

The copper oxide thin films were synthesized and deposited on stainless steel substrate. The surface morphology 

is investigated by SEM (Scanning electron microscope), the water contact angle is measured by contact angle 

measurement test, and the Cyclic Voltammetry (CV) test gives the Interfacial capacitance of 0.00875 F cm
-2

 and 

Specific capacitance of 9.75 F g
-1

. 
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