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Abstract
Bactericidal effect of copper oxide is still a growing area of research even though a lot of experiments have been 
carried out by the researchers. The present work was designed to explore structural and optical properties 
of micro-size copper oxide particles (µCuO) synthesized using microwave irradiation. Synthesized samples 
were characterized with ultraviolet-visible spectroscopy, Fourier transform infrared spectroscopy, x-ray 
diffraction and scanning electron microscopy. Scanning electron micrographs revealed the formation of 
rod-shaped copper oxide in micron size. X-ray diffraction pattern showed the synthesized microparticles are 
in monoclinic phase. Solutions of µCuO with various concentrations from 1% to 15% were prepared using 
dimethyl sulfoxide for the antibacterial study. Starting from 2% concentration, µCuO started to produce a 
good inhibition zone around the Bacillus subtilis bacteria. The prepared µCuO displayed splendid results 
in bactericidal activity against Bacillus subtilis bacteria. Higher concentrations of the µCuO showed strong 
action against bacterial growth. Micro-size copper oxide can also be used as an antibacterial agent like nano-
size copper oxide.
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INTRODUCTION
Many experiments for bactericidal effects have 

been done with various metal oxides such as TiO2, 
ZnO, and SiO2 etc. [1]. When metal oxide reacts 
with water, it produces highly reactive species 
such as superoxide, hydroxyl radical, and hydrogen 
peroxide and these species can inhibit bacterial 
growth [2]. Several bacteria, fungi, and viruses 
have become resistant to available nanomaterials. 
Moreover, new microbial species are naturally 
evolving. That is why; there still remains a 
requirement for developing strong antibacterial 
material [3]. One of the most used metal oxides 
for bactericidal effects is copper oxide. Out of the 
various forms of copper oxide, cupric oxide (CuO) 

is more stable and hence can be used as a good 
bactericidal agent [2]. From previous reports, it 
is seen that CuO NPs exhibit strong antibacterial 
activity against a wide range of gram positive and 
gram negative bacteria. But some bacteria such as 
S. aureus (+) and B. subtilis (+) are found to be less 
sensitive to CuO NPs [1].

The size and shape of the particles have a 
promising impact on the microbial-resistant based 
devices and also in the therapeutic agents with 
antibacterial, antioxidant, anticancer and drug-
delivery properties [4].

The cell wall constituents of the bacteria are 
sensitive to the differently shaped CuO NPs. Sheet 
shaped CuO are reported to be active against gram 
positive bacteria, while spherical CuO are more 
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effective against gram negative bacteria [1]. That 
is why copper oxide nanoparticles have an ample 
use in the biomedical domain. 

CuO particles of smaller sizes depict drastically 
different physical and chemical properties in 
comparison to their bulk. The preparation of micro 
or nano-size CuO can be carried out by various 
methods such as sol-gel, co-precipitation etc. [5-
6]. Different sizes and shapes can be achieved 
via several methods such as, sonochemical 
[7], electrochemical methods [8], etc. CuO 
particles have promising applications in catalytic 
activity, antibacterial effects etc. It is seen that 
nanostructures with smaller sizes, narrower size 
distributions and higher degree of crystallization 
could be obtained using microwave (MW) 
heating rather than using conventional heating. 
Microwave as a heating source has the advantage 
of fast reaction rate, higher reproducibility, better 
product purity, higher yields, and scalability 
compared to conventional heating [9]. 

Copper nanomaterials are well established as 
antibacterial agents [10], However rampant use 
of nanoparticles pose a threat to the environment 
because these can easily assimilate in human or 
animal bodies and consequently interaction with 
their body cells can cause significant damage. 
Whereas, for micro-size particles, there is a 
lesser chance of causing environmental damage 
because, of their have larger size. Studies on the 
applications of CuO particles largely pertain to 
their nano forms, whereas reports on the micro-
sized particles are almost non-existent. Thus, our 
endeavor is to check the bactericidal effect of 
micro-size CuO. Bacillus subtilis was taken for this 
study.  

EXPERIMENTAL
Materials

Copper (II) acetate monohydrate [Cu(CH3COO)2.
H2O, 99.9%] was purchased from Sigma-aldrich, 
Merck and sodium hydroxide [NaOH, 99.5%] 
was purchased from Thermo Fisher Scientific 
cooperation. All chemicals are of analytical grade. 
De-ionized water was used for preparing all the 
solutions during the experiment.

Preparation of CuO Microparticles
An aqueous solution of 0.5 molar copper 

acetate of monohydrate and 2.0 molar solution of 
sodium hydroxide were prepared separately with 
50 ml deionized water under rigorous magnetic 

stirring. The solutions were mixed and stirred to 
get a transparent solution at room temperature. 
The mixture was taken in a borosil beaker and 
placed in a domestic microwave oven of power 
800 W and frequency 2.45 GHz. After 5 minutes 
of microwave irradiation the dark black precipitate 
was achieved. The precipitate was separated by 
centrifugation at 3000 rpm for 10 minutes and 
washed with distilled water and ethanol for several 
times to eliminate the impurities. The obtained 
product was dried in air at room temperature for 8 
h to get CuO samples.

Characterization Techniques                       
A Multiskan SkyHigh Microplate UV-Vis 

Spectrophotometer was used to find the UV-Vis 
absorption peak and hence to find the band-gap of 
the synthesized particles. The FT-IR spectra for the 
synthesized CuO sample were recorded using FTIR 
Spectrum Two Spectrometer (PerkinElmer) in the 
range (4000-400) cm-1. For FTIR measurement, the 
synthesized sample and KBr was taken in a ratio 
of 1:5 and ground finely with pestle and mortar. 
Using a hydraulic press thin pallet was prepared 
to take the measurement. Crystallite size was 
measured with powder X-ray diffraction (PXRD). 
Rigaku Ultima IV was used for the PXRD data. CuKα 
radiation was used in the XRD measurements. The 
measurements were taken in the 2θ range from 
2o to 80o in steps of 10o, with a sampling time of 
one second per step. Using the Scherrer equation, 
the crystal size was calculated. Scanning electron 
microscopy (SEM) was performed using the JEOL-
JSM-6390 model to reveal the particle size and the 
morphology of the sample.

RESULTS AND DISCUSSION
XRD analysis

To identify the crystalline structure and phase 
of the synthesized material, the powder x-ray 
diffraction (PXRD) technique was engaged. PXRD is 
a non-destructive analytical technique for studying 
detailed structural information of crystallographic 
materials. X-rays are diffracted at the planes of 
the crystal, in a material sample. The atomic 
arrangement is identified by the peaks produced 
due to constructive interference of the x-rays and 
the crystalline sample [11]. The XRD pattern of the 
CuO samples is displayed in Fig. 1(A). The peaks 
were found at the 2θ values of 32.49o, 35.54o, 
38.74o, 48.73o, 53.48o, 58.25o, 61.52o, 66.25o, 
69.14o, 75.11o corresponding to the indices (110), 
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(002), (111), (202), (020), (202), (113), (310), 
(220), (222), crystal planes, respectively. These 
values agree with the monoclinic phase of CuO. 
There is no peak matching to Cu(OH)2 and Cu2O in 
the XRD pattern which confirms the production of 
pure CuO crystalline phase [12]. Using the Debye-
Scherrer formula [13], the average crystallite size 
of the particles was found to be 67.69 nm.

kD
cos
λ

β θ
=  		�    (1)

Where,  k  is the shape factor (0.9),  λ is the 
wavelength of the applied x-ray, β  is the full width 
at half maximum,  θ  denotes diffraction angle. The 
highest peaks (002, 111) were considered for the 
calculation of the crystallite size. But the equation 
(1) is best fit for spherical particles, and hence the 
obtained crystallite size can be considered as an 
approximate value.

FT-IR spectra analysis 
FTIR spectroscopy is a basic tool for 

spectroscopic study. It is used for the determination 
of the functional groups present in the material 
[14]. FT-IR transmission spectrum of the sample 
is shown in Fig. 1(B). The peaks at 485 cm-1 and 
600 cm-1 are assigned as Cu-O stretching mode 
vibration [15]. The peaks at 1403, 1554 cm-1 are 
due to the C=O stretching. The sharp peak at 1636 
cm-1 is attributed to the covalent bond between 
-OH and CuO. The sharp and broad transmittance 
peak at 3425 cm-1 is due to O-H stretching 
vibrations of the hydroxyl group of CuO [16].

The functional group available in the sodium 

hydroxide precursor acts as a reducing agent to 
reduce the copper (II) metal precursor. Carbonyl 
and hydroxyl groups are very important for the 
formation and stabilization of prepared samples 
to avoid agglomeration [17].

UV-Vis spectra analysis
Various reports on copper oxide have shown 

that the UV-Visible absorption peak for copper 
oxide is found in the range (200 – 400) nm. 
The position of the peak depends on the size 
of the particles. With increasing size, particles 
absorb lower energy resulting in red-shift of the 
absorption peak [3].

UV-Vis absorption data from the sample was 
taken for the study of optical properties. A 0.05 M 
solution of the synthesized material diluted to 25 
mL distilled water was taken in a quartz cuvette of 
1 cm path length. UV-Vis absorption spectrum was 
measured using a spectrometer. The wavelength vs. 
absorption graph is shown in Fig. 2(A).  The absorption 
peak was observed at 357 nm wavelength.

The optical band gap of the samples was 
calculated by Tauc’s equation,

αhν = A (hν- Eg)
q 	�   (2)

				  
, where hν is the photon energy, A is a constant 

and its value depends on the transition probability. 
Depending upon the nature of transition q value 
is equal to 2 or ½ for allowed indirect and direct 
electronic transition respectively. The value of the 
absorption coefficient (α) can be calculated from 
the relation:

 

Fig.1. (A) Powder XRD pattern, (B) FT-IR spectra of the synthesized µCuO. 

  

Fig. 1. (A) Powder XRD pattern, (B) FT-IR spectra of the synthesized µCuO.
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α = 4πk/λ	�   (3)

, where ‘k’ is the absorption index and ‘λ’ is the 
wavelength of the incident photon [18].

Using the above equations, the direct and 
indirect band gaps of the sample was measured. 
Tauc’s plots were drawn from the UV-Vis absorption 
data and shown in the Fig. 2(B) and 2(C). As it was 
seen from the Tauc’s plots, the direct band gap of 
the sample was 2.71 eV and indirect band gap was 
1.72 eV.	

 
SEM results

The SEM images of the sample are shown in 
the Figs. 3(A), 3(B) and 3(C). The images show the 
surface morphology of the synthesized particles 
in three different resolutions. It can be seen that 
the microwave assisted method produced rod-
shaped CuO microparticles. Using the SEM data, 

two histograms are produced to find the average 
size of the particles as shown in Fig. 4(A), and 4(B). 
The average diameter and length of the particles 
are around 5.74 µm and 16.9 µm, respectively. The 
particle size of the sample is found larger than its 
crystallite size. 

Generally, it is well-known that the particle 
size is always larger than the crystallite size [19]. 
However, a vast difference between the sizes of the 
sample obtained with two different instruments 
can be seen. This is assumed to happen due to the 
agglomeration of the particles.

Antibacterial Activities of CuO Microparticles
 The antibacterial activities of µCuO were 

examined against a type of Bacillus subtilis bacteria 
using a well diffusion method. The bacterial isolate 
was inoculated in the Luria Agar (LA) plate using 
spread plate method. Wells were made using 

 

 

 

 

 

 

 

 

 

 
Fig.2. (A) UV-Vis absorption spectra of the synthesized µCuO, (B) Tauc’s plot for direct band gap of the µCuO, (C) Tauc’s plot for indirect--band 
gap of the µCuO. 
  

Fig. 2. (A) UV-Vis absorption spectra of the synthesized µCuO, (B) Tauc’s plot for direct band gap of the µCuO, (C) Tauc’s plot for 
indirect--band gap of the µCuO.
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gel punchers. Different concentrations (1%, 2%, 
4%, 8%, 10%, and 15%) of µCuO dissolved in 
DMSO were poured in these wells. The plate was 
incubated at room temperature (~ 27oC) for 24 
h. After incubation, the result was recorded. The 
experiment was performed in triplicates and the 
results were presented as mean value ± standard 
error of mean.

The photographs in Fig. 5 (A) are showing 
the inhibition zones around the wells and 
corresponding graphical representation is shown 
in Fig. 5 (B). It is observed that µCuO are able 
to inhibit bacterial growth. And the inhibition 
zones were found to be larger with increasing 
concentration of µCuO [20]. The area of inhibition 
zone are calculated for all the concentration and 

 

 

Fig.3. SEM images of µCuO at different resolutions as (A) x1500, (B) x3500, and (C) x10000. 

  

  

Fig. 3. SEM images of µCuO at different resolutions as (A) x1500, (B) x3500, and (C) x10000.
 

 

Fig.4. Histogram prepared from the SEM images for (A) Average diameter, and (B) Average length of µCuO. 

  

Fig. 4. Histogram prepared from the SEM images for (A) Average diameter, and (B) Average length of µCuO.

 
Fig.5 (A). Bacterial inhibition zones for Bacillus subtilis for different concentrations of µCuO; 5 (B) Graphical representations the zone of 

inhibition of µCuO against Bacillus subtilis. 

 

Fig. 5 (A). Bacterial inhibition zones for Bacillus subtilis for different concentrations of µCuO; 5 (B) Graphical representations the zone 
of inhibition of µCuO against Bacillus subtilis.
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described in the Table 1. In this experiment it was 
found that DMSO has no antibacterial activity and 
the µCuO exhibited bacterial inhibitory effects 
at 2% concentration and the zone of inhibition 
was found to be increased with increasing 
concentration of µCuO. Highest zone of inhibition 
was found at concentration of 15% µCuO. However, 
no antibacterial activity was observed against 
Bacillus subtilis at 1% of µCuO concentration.  

CONCLUSIONS
The results show that the method followed 

was successful in synthesizing CuO in rod-shaped 
microparticles. The formation of µCuO was 
confirmed by XRD and SEM analysis. The direct and 
indirect band gaps of the microparticles were found 
in the semiconductor range as 2.71 eV and 1.72 
eV respectively. The growth of the Bacillus subtilis 
bacteria was successfully inhibited by the µCuO. The 
result clearly suggests that micro-size CuO rods can 
be used as antibacterial agents. This result is very 
significant from the point of view of environmental 
concerns as microparticles will pose little threat to 
the ecosystem in comparison to the nanoparticles.    
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