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Abstract—Metal and metal oxide particles are intensively pursued because of their prominence in different fields of applications 
in Science and Technology. In this paper, copper oxide nanoparticles are synthesized by wet chemical precipitation method and 
are characterized by using XRD (X ray diffraction), SEM ( Scanning Electron Microscopy) and EDAX ( Energy Dispersive X ray 
Spectroscopy) . XRD data reveals that copper oxide was formed as CuO and it has monoclinic structure.The particle size of the 
nanoparticles formed have sheet like structures with approximately 20-30 nm width and 100-200 nm length.This method is 
convenient, easy and effective in comparison to the known methods of synthesis of nanomaterials like thermal decomposition of 
precursors, co- implantation of metal and oxygen ions and ultrasonic spray pyrolysis. 
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——————————      —————————— 

1 INTRODUCTION                                                                     

2 EXPERIMENTAL 
 For synthesis of copper oxide nanoparticles, 2.9 gms of copper 
nitrate is mixed with 1.2 gms of polyvinylpyrrolidone (PVP) 
and 100 ml of distilled water. Stir this solution using magnetic 
stirrer and heat the solution till it reaches 600C. Take 1M of 
sodium hydroxide solution. Once the desired temperature is 
reached, add sodium hydroxide solution to above solution 
drop by drop. Heat and stir for one hour. Black precipitate will 
be formed. Centrifuge it and oven dry at 500C for two hours to 
get copper oxide nanopowder. 
Cu(NO3)2+ 2NaOH →Cu(OH)2 +2NaNO3 

Cu(OH)2  →CuO +H2O 
The pH of the solution plays an important role in the synthesis 
of copper oxide nanoparticles. For 0.2M, 0.4M, 0.6M, O.8M 
concentration of sodium hydroxide blue solution is obtained  
and the pH is of the order of 4-8 but for 1 M solution of 
sodium hydroxide black precipitate is formed indicating the 
formation of copper oxide nanoparticles. The pH of the 
solution is 10.5. 

3 RESULTS AND DISCUSSIONS 
3.1 X ray Diffraction Spectroscopy 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 

Transition metals are large in number and have number of 
applications in different field of applications. CuO is one of 
the useful metal oxide and which has many applications in 
different fields. Copper oxide nanoparticles are of special 
interest because of their efficiency as nanofluids in heat 
transfer applications. It has been reported that 4% addition of 
CuO improves the thermal conductivity of water by 20% [1]. 
CuO is a semiconducting compound with a narrow band gap 
and used for photoconductive and photothermal 
applications[2].   
 CuO-NPs have been prepared with different sizes and shapes 
via several methods such as sonochemical [3],  direct thermal 
decomposition [4],  electrochemical methods [5],   colloid-
thermal synthesis process [6], and microwave radiation [7].   
In the present manuscript, we have synthesized CuO 
nanoparticles by simple aqueous precipitation method. This 
method involves a simple, cheap and one step process for 
synthesis of CuO nanoparticles. The synthesized nanoparticles 
were characterized by XRD, EDAX and SEM. 
 The unique property of CuO is it acts as a semiconductor. 
Semiconductor materials have been particularly interesting 
because of their great practical importance in electronic and 
optoelectronic devices, such as electro chemical cell [8], gas 
sensors[9] , magnetic storage devices [10], Nano fluid [11], and 
catalysts [12] etc.  
The favorable band gap of CuO (1.0 eV to 2.08 eV) makes it 
useful for solar energy conversion and it can be used for solar 
cell window preparation.  
In the synthesis of metal oxide nanoparticles, polymers are 
used to stabilize the aggregation of metal atoms. 
Polyvinylpyrrolidone (PVP) is the most commonly used 
polymer in the preparation of metal oxides because of its 
distinct shape, dissolved metal salts, and transport facility. 
PVP consists of repeating chains of polar groups, which help 
dissolve metal salts and facilitate transport. Without PVP, the 
metal nanoparticle is unstable. This instability causes rapid 
destruction of the membrane [13]. 
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 Figure 1 XRD spectra of copper oxide nanoparticles 
Fig. 1 shows the XRD pattern of prepared CuO Nano particles. 
All the peaks in diffraction pattern shows monoclinic structure 
of copper oxide nanoparticles. The peaks are compared with 
JCPDS card no.[89-5895] and miller indices are identified. The 
lattice parameters were calculated from XRD data using the 
formula 
 
 
 
 
Lattice parameters are a = 4.84 Å, b = 3.47 Å, c = 5.33 Å. 
The average grain size calculated by using Debye -Scherrer 
formula is approximately 52.09nm.  
Formula for the calculation of grain size  
 

0.9
cos

D
β θ

=  

 
Where β is full width half maxima of the peak in XRD pattern 
 θ is peak obtained angle. 
 λ is X- ray wavelength. 
 
3.2 Energy Dispersive X ray Spectroscopy 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 2: Energy Dispesive X ray spectra of copper oxide 
nanoparticles 
Fig. 2 shows Energy Dispersive X-Ray Analysis of copper 
oxide nano particles and the data indicates the nano powders 
are nearly stoichiometric. There are no traces of other 
impurities like carbon etc. in the EDAX spectra. The EDAX 
result confirms the formation of pure CuO nano particles. 
Table 1: Elemental composition of Cu and O in Copper oxide 
nanoparticles using EDAX analysis 
 

Spectrum O Cu 

Spectrum 1 59.27 40.73 

Spectrum 2 61.23 38.77 

Mean 60.25 39.75 

 

 
3.3 Scanning Electron Microscopy 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
Fig. 3 Scanning electron Micrograph of zinc oxide 
nanoparticles 
The actual size of nano particles is estimated from SEM 
micrograph. Most of the nanoparticles have size around less 
than 50 nm and which is in correlation with the particle size 
analyser data. The SEM graph also shows that the copper 
oxide nanoparticles are sheetlike or rodlike in shape. 

4 CONCLUSION 
A very versatile, non toxic and environmental friendly 
approach for the synthesis CuO nanoparticles is presented in 
this paper. XRD pattern revealed copper oxide nano particles 
have monoclinic structure. From EDAX analysis the copper 
oxide nano particles are pure and free from impurities.. SEM 
photograph shows good agglomeration of CuO nano particles. 
This facile, reproducible and low cost approach should 
promise us a future large scale synthesis of nanostructures for 
many applications in nanotechnology. 
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