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INTRODUCTION 
Over the past few decades, metal oxide nanoparticles 

or materials have received great attention due to their 

outstanding physical, chemical properties and their 

potential applications in nanoscale devices [1]. Be-

sides, doping with different chemical elements such as 

Ni, Fe, Mn, Co, Cd etc. had key control on the physi-

cal properties of the metal oxide nanoparticles. By 

controlling the doping level, which can get metal ox-

ide nanoparticles with enhanced properties and useful 

applications in various fields [2]? Thus, there is great 

awareness to study the effect of doping their physical 

properties of metal oxide nanoparticles and the con-

centration of doping elements. In recent times, doping 

of two typess of atoms (co-doping) into a metal oxide 

nanoparticles has paying  more interest, as it could 

give a better result in a higher photocatalytic activity 

and unusual characteristics as compared with single 

element doping into metal oxides, such as (La, Ni), 

(Fe, Co) and (Mn, Co) [3]. 

CuO is a p-type transition metal oxide semiconductor 

with a narrow band ( Eg = 1.2 to 2.2 eV) and has 

monoclinic crystal structure [4]. CuO has received 

much attention because of various applications such 

as gas sensors, biosensors, solar energy, transfor-

mation, catalysis, batteries and high- Tc superconduc-

tors [5]. To fabricate co-doped copper oxide nanopar-

ticles (metal oxide nanoparticles) have various chemi-

cal synthesis methods used such as precipitation 

method [1], sol-gel method [2], hydrothermal method 

[6], spray pyrolysis method [7], SILAR method [8] 

and sonochemical method [9]. These methods require 

larger time to complete the reaction and high energy 

consuming for synthesis of metal oxide nanoparticles.  

On the other hand microwave assisted method is more 

favorable because of shorter processing time, energy 

efficiency, and which provides better control of stoi-

chiometry, enhanced purity and homogeneity.This 

paper is focused to investigate the (Zn, Co) co-doping 

on CuO nanoparticles by using microwave assisted 

method.  

 

MATERIALS AND METHODS 

Chemicals: All chemicals were purchased from 

Merck India which are used for research work. Cop-

per (II) acetate monohydrate, cobalt (II) acetate tetra-

hydrate, zinc acetate dihydrate and sodium hydroxide 

(NaOH) pellets are used. 

Synthesis Procedure: All the reagents used in this 

study were of analytical grade obtained from Merck, 

India. Copper (II) acetate monohydrate and sodium 

hydroxide (NaOH) pellets as precursors and for co-

doping, zinc acetate dehydrate, cobalt (II) acetate tet-

rahydrate are used. (Zn, Co) co-doped CuO nanoparti-

cles were synthesized by following procedure. Initial-

ly 0.02 M copper (II) acetate monohydrate was dis-

solved in distilled water and magnetically stirrer for 

15 minutes, to obtain clear transparent solution.  For 

the Zn and Co dopant, zinc acetate dehydrate, cobalt 

(II) acetate tetrahydrate  solution prepared separately 

in distilled water and has been added drop-wise com-

binedly to the above prepared solution of copper (II) 

acetate monohydrate. NaOH pellets were dissolved in 

distilled water separately. Then the drop wise addition 

of sodium hydroxide solution to  above prepared solu-

tion was carried out with constant stirring. The pre-

pared solutions were kept in the microwave oven op-

erated with frequency 2.45 GHz and power 800W. 

Microwave irradiation is carried out till the solvent is 

evaporated completely. After the microwave pro-

cessing, the prepared solution was cooled at room 

temperature. The completion time of reaction and 

color of the samples are noted at the end of reaction. 

Obtained precipitate centrifuge for 15 minutes, then 

washed with distilled water and ethanol for several 

times to remove impurities and finally obtained pre-
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cipitate was dried in an oven at 60
0
C for 24 h. The 

prepared samples have been characterized through X-

ray diffraction (XRD), scanning electron microscopy 

(SEM). 

Characterization: The synthesized (Zn, Co) co-

doped CuO nanoparticles studied by powder x-ray 

diffraction (XRD) technique with Cukα radiation (λ = 

1.54056) in the 2𝛉 range of 30-80 degree at room 

temperature. Scanning electron microscopy (SEM) 

has done for the morphology study of prepared (Zn, 

Co) co-doped CuO nanoparticles. 

 

RESULTS AND DISSCUSSION 

XRD Analysis: The characteristics X-ray diffraction 

patterns of (Zn, Co) co-doped CuO nanoparticles were 

recorded in the range of 2𝛉 between 30-80 degree as 

shown in Figure 1. The obtained XRD diffraction 

peaks for (Zn, Co) co-doped CuO nanoparticles locat-

ed at 2𝛉 = 32.099, 35.797, 38.07, 48.04, 53.456, 

58.576, 61.85, 66.470, 68.249, 72.525 and 75.513 

correspond to (110), (-111), (111), (-202), (020), 

(202), (-113), (-311), (220), (311) and (004) planes 

respectively. The standard crystallographic planes 

confirmed the formation of the CuO monoclinic phase 

which matches with the standard JCPDS. Therefore 

there is no clear change in the peak position as well as 

the peaks are found to be quite sharp and intense. 
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Figure 1: XRD spectra for (Zn, Co) co-doped CuO 

nanoparticles 

 

The average crystallite size was calculated by measur-

ing the full width at the half maximum (FWHM) by 

using Debye-Scherrer equation 

D = 0.9λ/βcosɵ 

where D is the average crystallite size, λ is the wave-

length of the incident X-ray beam (1.5418Å), 𝛉 is the 

Braggs diffraction angle and β is the peak width at 

half maximum (FWHM). The average crystallite sizes 

of (Zn, Co) co-doped CuO samples were found to be 

in the range of 11-16 nm. This indicates that crystallite 

size of nanoparticles slightly increases with increasing 

the amount of Zn and Co content of doping. 

SEM Analysis: The morphology of the powders of 

(Zn, Co) co-doped CuO nanoparticles were 

investigated by scanning electron microscope (SEM). 

(Zn, Co) co-doped CuO powder samples having  

glassy wool like structure and rod like structure 

through scanning electron microscope (SEM). Figure 

2 shows the SEM images of ( Zn, Co) co-doped CuO 

nanoparticles. 
 

 
 

 
 

 



[(CPUH-Research Journal: 2018, 3(2), 88-90) A Study of Structural and Morphological………………] 

 

 

Proceedings of 9
th

 Indian Youth Science Congress (9IYSC-2018)                                                                                                                 90 

 

 

 
 

Figure 2: SEM analysis pattern of (Zn, Co) co-doped 

CuO NPs 

                                 
CONCLUSIONS 

Zinc and cobalt co-doped CuO nanoparticles are suc-

cessfully synthesized by microwave assisted method. 

XRD patterns confirmed the formation of the mono-

clinic phase of nanoparticles. The average crystallite 

size of (Zn, Co) co-doped CuO nanoparticles is ap-

proximately 11-16 nm. This result shows that, the 

crystallite size of nanoparticles increases with the 

content of doping.  
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