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Abstract: Nanosized CuO were synthesized by sol-gel approach using bunker C fuel oil as a solvent and copper acetate as precursor. The 

prepared CuO nanoparticles were studied for their structural, morphological, optical and electrochemical properties. The XRD result reveals 

that the synthesized CuO NPs are highly crystalline with monoclinic structure having crystallite sizes in the range of 35 nm. The FT-IR 

study confirmed the presence of Cu-O stretching vibration of copper oxide (CuO) NPs. The morphology observed from the SEM images 

implies the formation of uniformly surrounded bundle of spherical particles. The UV-DRS analysis provides the optical band gap energy of 

3.47 eV. The room temperature PL emission exhibits the blue emission band at 447 nm. Electrochemical property of samples was evaluated 

by cyclic voltammetry (CV) analysis. The CV study of CuO NPs presents the peaks of oxidation and reduction exposing its supercapacitor 

nature. In addition, at a scan rate 10 mVs-1, the prepared particles show the specific capacitance of 427 Fg-1, reflecting the supercapacitor 

application of CuO nanoparticles. 
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1. INTRODUCTION 

In recent years the significance in nanomaterials has increased spectacularly due to their exclusive physical and chemical 

properties. As the experimental conditions used in the research of these materials play an important role in the particle size of the 

products, a huge variety of experimental methods have been used in the production of nanoparticles, such as the sol–gel, 

hydrothermal, sedimentations and quick-precipitation methods [1–4]. Semiconductor metal oxides like copper oxide with unique 

optical, electrical, mechanical and electrochemical properties have been used for various applications, such as gas sensors [5], 

energetic materials [6], nanofluid [7], anodes in battery [8], photodetectors [9], field emissions [10], supercapacitors [11], 

magnetic storage media [12], photocatalysis [13] and antibacterial materials [14].  In the earlier decades, different methods have 

been proposed to synthesize copper oxide nanoparticles with varying size and shape using different surfactants [17-22] and also 

synthesized using different solvent like water-ethylene glycol [23], ethanol and propanol [24] and N, N-Dimethy1acet amide 

(DMAC) [25]. Herein, we have attempted to prepare CuO NPs using bunker C fuel oil as solvent by sol-gel method. The effort 

was focused on the usage of bunker C fuel oil as a solvent on the structure, optical and electrochemical properties of the 

synthesized CuO NPs. 
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2. EXPERIMENTAL 

2.1. Materials 

CuO nanoparticles were synthesized using copper acetate dihydrate (C4H6O4Cu 2H2O, Sigma-Aldrich), sodium 

hydroxide (NaOH pellets, Merck), glycolic acid (Sigma-Aldrich), bunker C fuel Oil, ethanol and ultra pure Deionized water.  All 

reagents were used without any further purification. 

2.2. Preparation of CuO NPs 

During the sol-gel synthesis of CuO, were taken as 0.98 g of copper acetate dihydrate and 0.5 g sodium hydroxide in 50 

ml of deionized water added to 25 ml glycolic acid in 100 ml of bunker C fuel oil and magnetically stirred for 30 min at a 

temperature of 90 °C. Next, to initiate the ionization of the copper acetate 25 ml of ethanol was added drop by drop. The entire 

solution was stirred for 10 h to convert the solution into a gel. The resulting gel was washed several times with water and then 

dried at 150 °C for 2h. The dried product was then annealed at 750 °C for    8 h to get gray colored CuO powder. 

2.3. Characterization 

The X-ray diffraction patterns of the powdered samples were recorded using  X’PERT PRO diffractometer operating at 

40kV and 30 mA with Cu-Kα radiation (λ = 1.5406 Å) over the range 10° to 80° (2θ) at room temperature .  The FT-IR spectrum 

was recorded using Perkin Elmer -Spectrum TWO with a resolution of 4 cm-1. Measurements were performed with pressed pellets 

which were made using KBr powder as diluents. SEM image was recorded using JSM-6610LV scanning electron microscope. 

The diffuse reflectance spectra (DRS) were recorded at wavelength in the range of 200-2500 nm by UV-Vis-NIR 

spectrophotometer (Varian/Carry 5000). The photoluminescence (PL) emission spectra of the samples were recorded with a 

Spectrofluorometer (Perkin Elmer LS55). Electrochemical measurements were carried out using CHI 660 cyclic voltammetry in 

0.2 M tetra butyl ammonium per chlorate aqueous electrolyte using a three electrode system. Of the three electrodes, CuO, 

Ag/AgCl and a platinum wire were served as working, reference, and counter electrodes, respectively. 

3. RESULT AND DISCUSSION 

3.1. Structural analysis (XRD) 

 

Fig. 1 XRD spectrum of CuO NPs 

International Journal of Scientific Research and Review

Volume 7, Issue 6, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/100



The X-ray diffraction pattern of the synthesized copper oxide nanoparticles using bunker C fuel oil as a solvent is shown 

in Fig.1. From the figure, it is noted that the well-crystalline diffraction peaks positioned at about 32.49°, 35.49°, 38.73°, 46.24° 

and 58.33° respectively related to (110), (002), (111), (112) and (202) reflections of CuO. No characterization peaks of impurity 

phases have been detected in sample, indicating that the formed CuO NPs are having high purity. All the reflection planes are 

belonging to monoclinic crystal structure CuO, which are in good agreement with JCPDS Card No. 45-0937. The result of the 

present study is exactly matched with the results reported by other solvent based synthesized CuO NPs [26, 27 & 22]. The 

sharpness of the peaks specifies that the prepared particles are well crystallite in nature. The mean crystallite size of the particles 

was calculated from Scherrer equation D = Kλ / βcosθ., Where, D is the average size of crystallites (nm), K is crystallite shape 

factor a good approximation is 0.9, λ is the X-ray wavelength, and β is the full width at half maximum (FWHM) in radians of the 

X-ray diffraction peak, and θ is the Bragg's angle. The present study suggest that the average crystallite size is of the CuO NPs is 

35 nm [28]. 

3.2. Functional group analysis (FT-IR) 

FT-IR spectrum of CuO NPs recorded within the region of 4000– 400 cm-1 is shown in Fig.2. The broad peak observed 

between 3700 and 2100 cm-1can be ascribed to the C-H and O-H stretching vibrations of bunker C fuel oil (organic). The presence 

of peaks at 1424 cm-1 represents the aromatic bending vibration of C=C, whereas the peaks at 1736 and 1090 cm-1 are indicating 

bending vibration of C=O and C-O, respectively [29-33]. 

 

Fig.2 FTIR spectrum of CuO NPs 

The peaks appearing at 1424 and 1090 cm-1 are due to C-H stretching. On the other hand, the vibrations from 887, 850, 

and 800 cm-1 are derived from the out of the plane bending of alkenes. The presences of vibrational frequencies of CuO are 

confirmed from the peaks positioned at 441, 718, 655 and 605 cm-1. The strong absorption band appearing at around 441 cm-1 

represents the characteristics peak of Cu-O stretching vibrations [34]. 

3.3. Morphology analysis (SEM) 

The morphology of synthesized CuO NPs is observed through SEM analysis. Fig.3 shows the SEM images of CuO NPs 

recorded with different magnifications. As seen in figure, well crystalline CuO spherical particles are forming aggregated bundle 

like morphology. The observed morphology is a clear evidence for the dispersing ability of bunker C fuel oil. 
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Fig.3 SEM image of CuO NPs 

3.4. Optical property 

3.4.1. UV-Vis DRS spectrum 

The UV-DRS spectrum of CuO nanoparticle is shown in Fig.4.The DRS spectrum of CuO NPs consists of absorption at 

357 nm usually ascribed to charge-transfer from the valence band to the conduction band [35-37].  The band gap energy of copper 

oxide nanoparticles was calculated using the formula E = hc/λ., where, h is planks constant (6.626x10-34 J), c is the velocity of 

light (3 x 108 m/s) and λ is the wave length (357 nm). The estimated band gap energy of copper oxide was found to be 3.47 eV. 

 

Fig.4 UV-DRS of CuO nanoparticles 

3.5.2. PL spectrum 

The PL spectrum of the synthesized CuO NPs is shown in Fig.5. The PL analysis of solvent effected CuO NPs is very 

important because, it can present the further vital information on the quality and purity of the materials. The spectrum provides 

blue emission bands positioned at 412 and 444 nm. The blue emission originates from transition involving copper vacancy. The 

high intensity blue emission band originates from the recombination of a photo-generated hole with an electron, occupying the 

oxygen vacancy and interstitials of copper. Sasikala et al., (2015) and Pashchanka et al., (2011) reported that the blue-green 

emissions of CuO are highly desirable and they have great potential in light emitting and biological fluorescence labeling 

applications. 
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Fig.5. PL Spectrum of CuO NPs 

3.6. Electrochemical performance 

 With the motive of investigating the electrochemical properties of CuO nanoparticles cyclic voltammetry (CV) 

analysis was carried out. Fig. 6 divulges the CV curves of CuO recorded at different scan rates (10, 20, 30, 50, 80 and            100 

mVs-1) in the potential window of -2.0 V and +2.0 V. From the figures, it is clear that shape of the curves of the sample are 

rectangle hence the sample doesn’t possess conventional electric double layer capacitance (EDLC). This variation in the shape of 

curves from rectangle might be due to the pseudocapacitive properties of the synthesized nanoparticles. Furthermore, the CV 

curve potential sweep is increased on increasing the scanning rate [38]. The specific capacitance (Cs) of the samples can be 

determined from the equation =  
∆ .

 ., where, Q is the average charge during anodic and cathodic scan, m is the mass of the 

active material used in (g) and Δv is the scan rate (mV/s) [39]. The calculated specific capacitance values at different scan rates 

have been tabulated in Table.1. 

 

Fig.6 Cyclic voltammetry study CuO NPs 

Table.1. shows the specific capacitance values corresponding to different scan rates 
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Scan rate (mVs-1) Specific capacitance (Fg-1) 

10 427 

20 336 

30 127 

40 102 

50 34 

80 20 

100 10 

     

Results suggesting that high specific capacitance value of 427 Fg-1 were obtained at a low scan rate of 10 mVs-1. On 

increasing the scan rate (10 - 100 mVs-1) the value of specific capacitance gets decreased. The similar variation was reported by 

other researchers [40, 41]. The higher specific capacity value of CuO may suggest its usage in supercapacitor applications.  

4. CONCLUSION 

 Nanocrystals of CuO were successfully synthesized using bunker C fuel oil as a solvent through sol-gel method. 

Further, XRD spectrum of the synthesized CuO nanoparticles reveals the monoclinic crystalline structure with average crystallite 

size of 35 nm. The survival of functional groups was identified by FT-IR analysis. The presence of metal-oxide structural vibration 

of Cu-O was observed at around 441 cm-1. SEM image showed aggregated bundle like spherical morphology of CuO NPs. The 

optical absorption band gap of the CuO NPs was found to be 3.47 eV and PL spectrum shows the blue emission. Further, 

electrochemical property of CuO nanoparticles has been studied using cyclic voltammetry and the results indicate that CuO NPs 

at a scan rate of 10 mVs-1 exhibited a specific capacitance of 427 Fg-1 which shows the CuO synthesized using bunker C fuel oil 

is a potential candidates for potential applications in the field of energy storage device. 
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