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      In recent years, fabrication of metal oxide nanoparticles is intensively gaining the interest of various chemists as well as biochemist due 
to their applications in different fields. Among all the transition metal oxides, CuO and ZnO are the important metal oxide nanoparticles 
exhibiting tremendous properties and a wide range of applications. Both CuO and ZnO nanoparticles were prepared by combustion method 
effectively with very less time. The combustion of copper(II) nitrate and urea at stoichiometric ratio results in CuO nanoparticles. 
Similarly, combustion of zinc(II) nitrate and urea at stoichiometric ratio results in ZnO nanoparticles. Both CuO and ZnO nanoparticles 
were characterized by X-ray diffraction to study the different phases present in them. The microstructure and composition of the prepared 
metal oxide nanoparticles were studied using scanning electron microscopy (SEM) and energy dispersive spectroscopy attached to SEM, 
respectively. The optical studies were carried out using UV-Vis spectrophotometer. Particle size analyser was used to determine the mean 
average particle size of the prepared metal oxide nanoparticles. The CuO and ZnO NPs were applied to gram-negative and gram-positive 
bacteria using minimum inhibition concentration (MIC) assay which demonstrated an essential antibacterial effect. 
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INTRODUCTION 
 
      The science and technology of nanomaterial research is 
one of the most attractive and promising fields for the 
utmost development in this modern era [1,2]. Generally, 
terms like nanoparticles, nanocrystals, nanofibers, 
nanotubes and nanocomposites are used in the field of 
nanoscience, and technology. Nanostructured materials 
exhibit different properties when compared to other 
materials in their bulk form [3-6]. In recent years, synthesis 
of    metal    oxide   nanoparticles  is  advancing  with   great  
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momentum due to its ability to produce materials in 
nanoscale and their applications in various fields. One of the 
main advantages of preparing metal oxide nanoparticles is 
their extremely small size and high surface ratio. Due to 
their extremely refined size; the metal nanoparticles have 
unique physical and chemical properties compared to nano 
metals. Some of the important metal oxide nanoparticles are 
CuO, ZnO, TiO2, Fe2O3, Al2O3, MgO, AgO, CeO2, ZrO2, 
etc. [7]. Among all, CuO and ZnO nanoparticles have a 
wide range of properties and applications. Therefore, the 
authors decided to prepare both CuO and ZnO nanoparticles 
and studied their properties. 
      Copper oxide (CuO) nanoparticles  are  one of  the  very 
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useful metal oxides and appear to be brownish-black 
powder. The properties like high electrical conductivity, 
toughness, excellent ductility, high hardness and 
luminescent efficiency of semiconductors have made CuO 
nanoparticles as one of the valuable metal oxides [8]. Due to 
the wide variety of properties, CuO nanoparticles can be 
used as burning rate catalyst in rocket propellant, catalyst, 
superconducting materials, thermoelectric materials, sensing 
materials, ceramic resistors, magnetic storage media, gas 
sensors, photoconductive and photothermal materials, solar 
energy transformation, high-tech superconductors, and 
semiconductors. The CuO nanoparticles are semiconducting 
in nature in the nano range and behave differently with the 
increase in the sizes. Semiconducting nature of CuO 
nanoparticles is very useful in fabricating electronic and 
optoelectronic devices like electrochemical cell, magnetic 
storage devices, gas sensors, nano fluid, field emitters and 
catalysts [9].  
      Another important class of metal oxide nanoparticles are 
zinc oxide (ZnO); they are available as white powders and 
dispersions. The general properties of ZnO nanoparticles 
include antibacterial, anti-corrosive, antifungal and UV 
filtering properties. Zinc oxide is one of the metal oxides 
having a wide range of applications. ZnO nanoparticles are 
mainly used in the manufacturing of rubber, cigarettes (used 
as a filter), beauty products (popularly known calamine 
lotion), ointment to treat skin diseases, as an additive in 
food products such as breakfast cereals, and as an additive 
in manufacturing of concrete and paints [10]. The ZnO 
nanoparticles exhibit a wide bandgap, and doping can be 
done in oxygen vacancies or zinc interstitials is n-type [11]. 
The ZnO nanoparticles have unique semiconductor 
properties, such as good transparency, high electron 
mobility, wide bandgap, and strong room-temperature 
luminescence. These unique properties of ZnO 
nanoparticles are used in transparent electrodes in liquid 
crystal displays, energy-saving or heat-protecting windows 
and light-emitting diodes [12]. 
      The properties of all the metal or metal oxide 
nanoparticles mainly depend upon size, morphology, phases 
and specific surface area. Some aspects strongly depend on 
preparation methods. Nanomaterials can be prepared by 
different methods like sol-gel method [13], deposition 
method [14], chemical  methods [15],  mechanical  alloying  

 
 
[16-20], physical methods, and various biological methods 
[2]. However, among all, combustion synthesis is an 
effective method for the easy synthesis of nanostructured 
materials. It has been used in the production of various 
metals and metal oxide nano powders for a variety of 
advanced applications. Combustion synthesis is also called 
as self-propagating high-temperature synthesis (SHS) which 
is an effective, low-cost method for production of various 
industrially useful materials [21]. A significant number of 
important ground-breaking studies have been reported in 
this field, especially for the development of new grades of 
catalysts and sensors with improved surface properties 
compared to the studies performed on the other traditional 
methods. 
      H. Sadabadi et al. [22] prepared monoclinic phase 
copper(II) oxide nanoparticles by combustion methods 
using an oxidiser copper nitrate and a fuel glycine. B. S. 
Anandakumar et al. [23] prepared black coloured powder of 
CuO nanoparticles by mixing copper nitrate trihydrate (an 
oxidizer) and malic acid (a fuel) at a temperature of 450 °C. 
They reported the use of prepared CuO nanoparticles as a 
potential catalyst for the rapid synthesis of aromatic nitriles 
from araldehydes. O. H. Abd-Elkader et al. [24] synthesised 
CuO nanoparticles using glycine assisted combustion 
method. In this method, they mixed calculated proportions 
of copper nitrate with different amounts of glycine in a 
porcelain crucible placed on a hot plate at 350 °C for           
5 min to produce brown fluffy CuO nanoparticles. K. Jhansi 
et al. [25] used cupric nitrate and citric acid to prepare CuO 
nanoparticles by combustion method and reported the 
possible use of prepared CuO nanoparticles as a humidity 
sensor. 
      N. N. H. Shah et al. [26] prepared ZnO nanoparticles 
using a cost-effective modified combustion method by 
mixing zinc nitrate hexahydrate and palm oil derived C8 
fatty alcohol in different ratios. They reported that the 
prepared nanoparticles exhibit hexagonal wurtzite structure 
and the crystallite size range was between 28-40 nm. M. 
Kooti et al. [27] reported an efficient and cost-effective 
combustion method for the synthesis of ZnO nanoparticles 
using glycine and zinc nitrate as precursors. V. Kumar et al. 
[28] and A. C. Lucilha et al. [29] used combustion method 
to prepare ZnO nanoparticles by mixing an appropriate 
proportion  of  zinc  nitrate  and  urea on a hot plate until the  
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solution underwent strong combustion. They studied the 
magnetic properties and photocatalytic properties, 
respectively. D. Syamala Bai et al. [30] synthesized ZnO 
nanoparticles using low-temperature solution combustion 
method and investigated semiconducting properties at a 
temperature range of 320-385K. 
      Research carried out in the last few years across the 
world has proved the ability of combustion synthesis to 
improve the various properties of materials, energy-saving, 
and environmental protection (eco-friendly). It is not an 
easy task to produce nanomaterials by conventional 
methods [21,31-37]. Very little literature is available on the 
preparation of CuO and ZnO nanoparticles by combustion 
method. Keeping all the advantages of combustion synthesis 
in mind, here, we report the synthesis of CuO and ZnO 
nanoparticles by combustion method. 
 
EXPERIMENTAL 
 
      The experimental procedure to prepare CuO and ZnO 
metal oxide nanomaterials is as follows. 
 
Preparation of CuO Nanoparticles 
      Chemicals required. (i) Copper(II) nitrate (Cu(NO3)2)        
(ii) Glycine or urea or sucrose or DL-Malic acid. 
      Method. Dissolve 5 g of copper(II) nitrate and                
5 g  of urea in  20 ml  distilled  water.  Stir  the  solution  for  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
homogeneity and keep the reaction solution in a silica 
crucible. Heat the reaction mixture on a magnetic stirrer at 
300 °C. Initially, the viscous gel undergoes dehydration and 
combustion starts which results in a porous nanocrystalline 
black‐coloured product. This black coloured powder is CuO 
nanoparticles.  
 
Preparation of ZnO Nanoparticles 
       Chemicals required. (i) Zinc(II) nitrate 
(Zn(NO3)2.6H2O) 
(ii) Urea or sucrose or DL-Malic acid 
     Method. (a) Dissolve 3 g of zinc(II) nitrate and 1.5 g of 
urea in 20 ml distilled water. Stir the solution for 
homogeneity and keep the reaction solution in a silica 
crucible. Heat the reaction mixture on a magnetic stirrer at 
300 °C [38]. Initially, the viscous gel undergoes dehydration 
and start combustion and results in brown transparent 
viscous gel and later results in white coloured ZnO 
nanoparticles. 
      The graphical representation of the preparation of metal 
oxide nanoparticles is shown in Fig. 1. 
      Phase analysis of CuO and ZnO nanoparticles was 
carried out using XRD (RIGAKU SmartLab) in the 2θ 
range at 30-70° using Cu Kaα1 radiation (λ = 1.54056 Å). 
The morphology of the metal oxide nanoparticles            
was  studied   using  scanning  electron  microscopy  (SEM)  

 
Fig. 1. Graphical representation of preparation of the metal oxide nanoparticles. 
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(TESCAN-MAIA3 XMU). Quantification of the elements 
present in the prepared nanoparticles was studied by energy 
dispersive spectroscopy (EDS) attached to SEM. Optical 
properties were studied using UV-Vis spectroscopy 
(Shimadzu-UV 3600 Plus); where bandgap was calculated. 
Particle size analyser (Malvern- Mastersizer 3000) was used 
to determine the average mean particle size of the prepared 
metal oxide nanoparticles. 
      All the research work starting from the preparation of 
the CuO and ZnO nanoparticles and their characterizations 
were performed at Bartin University, Turkey. Further 
antimicrobial activity of prepared metal oxide nanoparticles 
was studied. 
 
RESULTS AND DISCUSSION 
 
      Figure 2 shows the XRD diffraction pattern of CuO 
nanoparticles prepared by combustion method. From Fig. 2, 
the sharp peaks at 2θ of 35.59°, and 38.79° correspond to 
(002) and (111) planes, respectively, confirming the 
formation of single-phase CuO with monoclinic structure. 
The diffraction peaks are broadened due to the 
nanostructure of the prepared CuO nanoparticles. The 
average crystallite size of CuO nanoparticles is calculated 
by Scherrer’s formula as follows [39], 
 
      




cos
KD                                                                      (1)                              

 
where D = Average crystallite size, K = A constant equal to 
0.94, λ = The wavelength of X-ray radiation (0.154 nm),      
β = Full-width half maximum of the peak (in radians), and 
2θ = Bragg’s angle (degree). 
      By using the Eq. (1), we calculated the crystallite size 
for the peaks (002) and (111), and the values found to be 
~14 nm and ~12 nm, respectively. 
      Similarly, Fig. 3 depicts the XRD pattern of ZnO 
nanoparticles prepared by combustion method. The 
diffraction peaks at 2θ of 31.73°, 34.41° and 36.23° 
correspond to the diffraction peaks (100), (002) and (101), 
respectively, confirming the formation of hexagonal 
wurtzite structure of ZnO. The peaks are broadened and no 
peak could be attributed to impurity, confirming that the 
synthesized ZnO nanoparticles  are  highly  pure  and  nano- 

 
 
crystalline. The average crystallite size of CuO 
nanoparticles is calculated to the diffraction peaks (100), 
(002) and (101) by Scherrer’s formula [39] and the values 
found to be ~ 15 nm, ~ 12 nm and ~ 13 nm, respectively. 
      Microstructural analysis of the prepared metal oxide 
nanoparticles is performed using SEM. Metal oxide 
nanoparticles prepared from combustion method result in 
loosely bound and porous structure due to the release of an 
enormous amount of gases [9]. Figure 4 represents the SEM 
image of the low magnified general porous structure of the 
prepared ZnO nanoparticles. From the figure, we can 
observe how the small spherical particles linked one by one 
to form a giant porous structure. 
      Even though combustion reactions produce homogenous 
material of small and uniform nanoparticles, sometimes, due 
to the high temperature during combustion reaction, they 
result in the non-uniform and wide size range of particles 
because of agglomeration chances. Figure 5a depicts the 
SEM image of CuO nanoparticles prepared by the 
combustion method. SEM image shows that CuO 
nanoparticles appear spongy where the nanoparticles are 
linked together to form agglomerates of different sizes and 
shapes. Ultimately, we have prepared CuO nanoparticles to 
exhibit both spherical and rod shapes as shown in the figure. 
The size of spherical CuO is found to be 60-100 nm, 
whereas, the sizes of CuO nanorods are found to be 500 nm 
width and 3 μm length, respectively. 
      The EDS analysis was performed to study the 
composition of elements present in the prepared metal oxide 
nanoparticles. Figure 5b shows the energy dispersive 
spectroscopy analysis of CuO nanoparticles. Theoretically, 
the atomic percentage of metals (Cu) and oxygen should be 
50% each. Experimentally, the atomic percentage of copper 
and oxygen are found to be 50% and 50%, respectively.  
      Similarly, Fig. 6a shows the SEM image of ZnO 
nanoparticles prepared by combustion method. SEM image 
shows that ZnO nanoparticles appears spongy and are 
spherical in nature linked together to form a big porous 
structure. Prepared ZnO nanoparticles exhibit very fine size 
and spherical shape as shown in the figure. The size of 
spherical ZnO nanoparticles is found to be between 15-19 
nm according to the SEM image. 
      Figure 6b represents the EDS image of ZnO 
nanoparticles, and the atomic percentage of zinc and oxygen  
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are theoretically and experimentally found the same (50% 
of Zn and 50% of Oxygen). As shown by the EDS data of 
both metal oxide nanoparticles, they are stoichiometric and 
agree with the theoretical values. Aparna et al. reported that 
if the particle size is less than 20 nm then they  exhibit more  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
strain, and if the size is greater than 20 nm then particles 
show less strain [9]. As we see from the particle size from 
SEM images of both CuO and ZnO nanoparticles, it clearly 
confirms that the ZnO nanoparticles show maximum strain 
than the CuO nanoparticles. 

 
Fig. 2. XRD diffraction pattern of CuO nanoparticles prepared by combustion method. 

 

 
Fig. 3. XRD pattern of ZnO nanoparticles prepared by combustion method. 
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Fig. 4. SEM image of the low magnified general porous structure of ZnO nanoparticles prepared by combustion method. 
 

 

Fig. 5. (a) SEM image, and (b) EDS of CuO nanoparticles prepared by combustion method 
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      The UV-Vis spectroscopy was used to study the optical 
properties of the prepared CuO and ZnO nanoparticles. 
Figure 7a depicts the UV-visible spectra of CuO 
nanoparticles prepared by combustion method. Due to the 
presence of absorption edge, the type of transition and 
bandgap value can be determined [40,41]. Figure 7a shows 
a broad absorption peak at 297 nm which confirms the 
bandgap is due to the intrinsic transition of CuO [40]. The 
absorption spectra of CuO nanoparticles show a slightly 
weak fundamental absorption edge approximately in the 
range  of  219 nm  due  to  the direct transition  of  electrons  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[40]. The bandgap energy (E) of prepared CuO 
nanoparticles were calculated using the following equation 
[42], 
                                        
      


ChE 

                                                                        (2) 

where E = Bandgap energy  
h = Planks constant = 6.626 × 10-34 Joules s 
C = Speed of light = 3.0 × 108 meter/s 
λ = Cut off wavelength = 297 × 10-9 meters 
*Conversion 1eV = 1.6 × 10-19 Joules 

 

Fig. 6. (a) SEM image, and (b) EDS of ZnO nanoparticles prepared by combustion method. 
 
 

 

Fig. 7. UV-Vis spectra of (a) CuO, and (b) ZnO nanoparticles prepared by combustion method. 
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The calculated band gap energy value was found to be    
4.18 eV which was higher than the bulk bandgap value of 
3.5 eV [40]. This enhanced band gap energy value may due 
to the presence of intra-gap states and quantum confinement 
effect [40]. The CuO exhibits the bandgap energy more than 
4 eV will behave as a photocatalyst. 
      Figure 7b depicts the UV-Vis spectra of ZnO 
nanoparticles prepared by combustion method. The        
UV-Vis spectrum shows a characteristic absorption peak of 
ZnO at a wavelength of 360 nm indicating that the bandgap 
is due to the intrinsic transition of CuO. This intrinsic 
bandgap absorption of ZnO is due to the electron transitions 
from the valence band to the conduction band [43,44]. 
Absorption peak looks sharp because of the nano-sized ZnO 
particles, and that their particle size distribution is narrow 
and monodispersing [45,46] (as confirmed by the SEM 
image of ZnO nanoparticles; Fig. 5). The bandgap energy 
(E) of prepared ZnO nanoparticles were calculated using the 
Eq. (2). The calculated band gap energy value of ZnO 
nanoparticles was found to be 3.44 eV. The intense 
absorption of the ZnO nanoparticles in the UV region 
results in the medical application such as sunscreen 
protectors or as antiseptic ointments. 
      Particle size analyser was used to measure the particle 
size distribution of CuO and ZnO nanoparticles. A solution 
of CuO and ZnO was prepared separately with distilled 
water and agitated in an ultra-sonicator for few minutes to 
get an evenly dispersed solution. The instrument was set to 
zero by measuring the background correction using the 
solvent (water) only, and then the CuO and ZnO solutions 
were filled in the cell separately to measure the average 
particle size. Particle size distributions of CuO nanoparticles 
are shown in Fig. 8. As we see from the figure, the particle 
size distribution curve of CuO nanoparticles exhibit two 
strong peaks (peak 1 and peak 2). According to SEM image 
of CuO nanoparticles, they show both spherical and rod-
shaped structure. Peak 1 curve is due to the fine spherical 
particles of CuO nanoparticles, whereas, peak 2 curve 
corresponds to rod-shaped particles; whose size is more. 
CuO nanoparticles in curve 1 were determined to be ~ 40 
nm, whereas, CuO nanoparticles at curve 2 shows ~ 15 μm 
particle size. The particle size distribution curve of CuO 
nanoparticles shows a wide range of particle sizes     
ranging  from  nano  to  microns.  This is due to the possible 

 
 
agglomeration of CuO nanoparticles due to the absence of 
capping agents during combustion synthesis. 
      Similarly, Fig. 9 depicts the particle size distributions of 
ZnO nanoparticles prepared by combustion method. SEM 
image of ZnO nanoparticles shows almost spherical and 
even-sized ZnO nanostructure. The particle size distribution 
curve shows three weak peaks (peak 1, peak 2 and peak 3) 
and these peaks are not as strong as CuO particle size 
distribution curve but confirm the presence of different 
sized ZnO nanoparticles. 
      Peak 1 shows the particle size of ~ 0.4 μm, peak 2 
shows particle size of ~ 2 μm and peak 3 corresponds to the 
particle size of ~ 13 μm, respectively. The size distribution 
curve shows a wide range of particle sizes due to the 
absence of capping agents. 
      Figure 10 represents the mean average particle size of 
CuO and ZnO nanoparticles based on the percentage of 
cumulative passing. As we see from the graph, the mean 
average particle size of CuO nanoparticles was found to be 
3.7 μm and that of ZnO nanoparticle was found to be        
6.8 μm. The specific surface area of CuO and ZnO 
nanoparticles were found to be 52380 m² kg-1 and          
2002 m² kg-1, respectively. 
 
ANTIMICROBIAL ACTIVITY 
 
Minimum Inhibition Concentration (MIC)            
and Minimum Bacteriocidal/Bacteriostatic 
Concentration (MBC) 
      The antibacterial properties of CuO and ZnO 
nanoparticles were tested against three gram-positive and 
gram-negative bacteria as Enterobacter aerogenes, 
Klebsiella pneumoniae, Escherichia coli CFAI, 
Enterococcus faecalis, Staphylococcus epidermidis, and 
Bacillus subtilis. The prepared copper oxide and zinc oxide 
nanoparticles were analysed to evaluate the minimum 
inhibition concentration (MIC) required for the growth of 
tested bacteria in this study. The CuO and ZnO solutions 
were prepared at 50 mg ml-1 concentration. Bacterial strains 
were inoculated to Luria Bertani broth and bacterial growths 
were standardized to 0.5 McFarland standard turbidity    
(1.5  108 CFU/ml). The LB broth and oxides at the same 
volume were added into the first well of 96 well plates and 
then two-fold dilutions of oxides were diluted  from  50 mM  
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to 1.5625 mM using 96-well microplate that was incubated 
at 37 °C for 24 h after inoculation. The MIC value was 
determined by UV-Vis spectrum at 600 nm. The next day, 
all wells in which no observable bacteria growth were tested 
in MIC assay were used for a further test called minimum 
bacteriostatic/bacteriocidal concentration (MBC). The wells 
for MBC were selected and streaked on LB-Agar plates and 
incubated at 37 °C for overnight. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      As we mentioned earlier, the antibacterial properties of 
CuO and ZnO nanoparticles were investigated against six 
bacteria strains namely Enterobacter aerogenes, Klebsiella 
pneumoniae, Escherichia coli CFAI, Enterococcus faecalis, 
Staphylococcus epidermidis, and Bacillus subtilis using 
MIC and MBC assay. According to results, both the oxide 
nanoparticles showed antibacterial activity against tested 
bacteria (Table 1). Mostly, they demonstrated  antibacterial  

 

Fig. 8. Particle size distributions of CuO nanoparticles prepared by combustion method. 
 
 

 

Fig. 9. Particle size distributions of ZnO nanoparticles prepared by combustion method. 
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effect at 50 and 25 mM concentrations only as shown in 
Fig. 11. 
      The antibacterial activity of copper oxide was studied in 
different studies. Jadhav et al. [47], Černik et al. [48], and 
Ananth et al. [49]  examined the antibacterial properties of 
copper oxide nanoparticles  against  pathogen  bacterias like 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
gram (-) E. coli and gram (+) S. aureus, Streptococcus iniae, 
Streptococcus parauberis and Vibrio anguillarum at low 
concentration using MIC assay and reported the similar kind 
of results.  
     Similarly, the antibacterial activity of zinc oxide 
nanoparticles  was  studied  by  Xie et al.  [50]  and   Sevinç       

 

Fig. 10. The mean average particle sizes of CuO and ZnO nanoparticles on the basis of the percentage of cumulative  
                   passing. 
 

 
Table 1. Antibacterial Effect of Zinc and Copper Oxides Concentration 

 

50 mM 25 mM 12.5 mM 6.25 mM 3.125 mM 1.5625 mM Type of 

bacteria CuO ZnO CuO ZnO CuO ZnO CuO ZnO CuO ZnO CuO ZnO 

E.aerogenes M M           

K. 

pneumoniae * * M M 

        

E.coli CFAI  M           

E. faecalis * M M          

S.epidermidis M M           

B. subtilis M M           
M: MIC value. *: MBC value. 
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et al. [51] at different concentrations of ZnO nanoparticles, 
and the similar kind of results were reported. In brief, both 
CuO and ZnO nanoparticles prepared by combustion 
method exhibit significant antibacterial effect and showed 
the lethal effect to some tested bacteria in this study. The 
results show that CuO and ZnO nanoparticles could be 
possibly conceived as an antibacterial agent to preserve 
food, agriculture and daily usage. 
 
CONCLUSIONS 
 
      The combustion method of metal oxide nanoparticle 
synthesis is proved to be a very simple and robust 
technique. The CuO and ZnO nanoparticles were 
successfully prepared using urea as fuel and were 
characterized through XRD, SEM, UV-Vis spectroscopy, 
and particle size analyser. SEM images of CuO 
nanoparticles show both spherical and rod-shaped structure, 
whereas, ZnO nanoparticles show only spherical structure. 
The EDS data of both metal oxide nanoparticles confirm 
that they are stoichiometric and are in a good agreement 
with the theoretical values. UV-Vis spectroscopy of CuO 
nanoparticles depicts a broad absorption peak at 297 nm and 
the slightly enhanced band gap of 4.18 eV; this is due  to the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
presence of intra-gap states and quantum confinement 
effect. Whereas, ZnO shows sharp absorption peak at a 
wavelength of 360 nm and the calculated band gap energy 
value was found to be 3.44 eV. Particle size analysis of CuO 
nanoparticles shows two strong peaks due to the different 
shapes of prepared CuO nanoparticles (Spherical and rod 
shape). The mean average particle size of CuO 
nanoparticles was found to be 3.7 μm and that of ZnO 
nanoparticle was found to be 6.8 μm. The particle size 
distribution curve of both metal oxide nanoparticles shows a 
wide range of particle sizes ranging from nano to microns 
due to the agglomeration of the prepared metal oxide 
nanoparticles. The antibacterial studies show that CuO and 
ZnO nanoparticles could be a potential candidate for an 
antibacterial material to preserve food, agriculture and daily 
usage. 
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