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INTRODUCTION
Any ability to kill or inhibit bacteria or reduce 

bacterial growth is an antibacterial activity, and 
many diseases and infections are caused by 
these organisms. The study of this activity is very 
important in the development of therapeutic 
agents and in biomedical research, especially 
antibiotics, which target specific mechanisms 
within bacterial cells, such as cell wall synthesis, 
protein production, or DNA replication [1]. 
Antibacterial activity enters into many fields 
such as pharmacology, clinical microbiology, and 
biotechnology. [2].

In the intestines of humans and animals, there 
are Escherichia coli bacteria, some of which are 
harmful and some of which are beneficial. The 
restricted ones help in producing vitamins and aid 
in digestion. The harmful ones cause foodborne 

diseases with symptoms such as vomiting and 
diarrhea [3]. Contaminated food and water are a 
major source of such infections and at the  same 
time they are useful for scientific research. [4].

One of the oxides that have antimicrobial 
properties is copper oxide, which makes it a 
promising future in medical applications due to its 
ability to generate reactive oxygen species. Copper 
oxide shows strong antibacterial activity against 
various pathogens [5]. Copper oxide is used in 
wound dressings, which helps prevent bacterial 
infections [6].

Advanced and widely used techniques in 
nanotechnology and materials science for the 
synthesis of nanoparticles and thin films are pulsed 
laser deposition and pulsed laser ablation in liquid. 
In PLD, the laser is directed at a target placed 
inside a vacuum chamber, causing the atoms to 

In this study, a comparison was made between nanoparticles specifically 
copper oxide CuO prepared by two plasma methods, where the nanopar-
ticles were prepared by pulsed laser ablation in a deionized liquid, and on 
the other hand, the nanoparticles were manufactured in the form of thin 
films deposited on a glass substrate where the material was evaporated in 
a vacuum chamber by laser. In both cases, a Nd:YAG laser was used with 
a wavelength of 1064 nm, and a frequency of 6 Hz. Some tests were per-
formed on the nanoparticles such as X-ray diffraction (XRD) to study the 
crystal structure of the samples, as well as scanning electron microscopy 
(FESEM) to study the morphology of the samples and particle sizes, and 
optical properties (UV-VIS) to study the absorption and optical energy 
gaps. The samples were also tested to determine their effectiveness and use 
as an inhibitor of bacteria at different dilution concentrations.
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evaporate and deposit on the substrate [7]. As for 
PLA technology, it is a technology commonly used 
to create nanoparticles in liquids, known as pulsed 
laser ablation in liquids. This technology creates 
nanoparticles by scraping solid samples directly 
into the solution. These techniques are essential 
for developing advanced materials with specific 
properties [8].

MATERIALS AND METHODS
Nanoparticles were synthesized using pulsed 

laser deposition and pulsed laser ablation in liquid 
techniques, where the same laser parameters 
were used in both methods, where the wavelength 
was 1064 nm, the frequency was 10 Hz, and the 
number of shots was 300 shot.

In the PLD process, the target, which is an oxide 
powder, is prepared and pressed into a disc with a 
diameter of 1 cm and a thickness of 0.2 cm using 
a 5-ton hydraulic press for 5 minutes. Before the 
deposition process, where the glass substrates 
are washed with alcohol in the ultrasonic device, 
the target is placed in a vacuum chamber with a 
vacuum pressure of 10-2 Torr.

The laser is directed at the oxide target at a 
45-degree angle, as illustrated in the accompanying 
Fig. 1.

In the PLAL technique, nanomaterials are 
synthesized in aqueous solutions, specifically 
distilled water. A metal specimen measuring 1 
cm × 1 cm is submerged in a volume of 3 mL of 
the solution. The laser is directed towards the 

sample from a distance of approximately 10 cm, as 
illustrated in the Fig. 2 below. The laser parameters 
employed in this process are consistent with those 
utilized in the Pulsed Laser Deposition (PLD) 
method. “For bacterial testing, the nanoparticles 
deposited on the substrates are first scraped off, 
then ground, and finally dissolved in deionized 
water.”

Characterization of nanoparticles the nano-
solution prepared using the PLA technique is 
deposited onto a glass substrate placed on a 
hot plate via drop casting. In this process, the 
samples prepared by both methods are deposited 
as thin films for subsequent testing. The crystal 
structure was investigated using a SHIMADZU 
6000 X-ray diffractometer system. Additionally, 
Field Emission Scanning Electron Microscope 
(FE-SEM) measurements were conducted to 
capture atomic-scale images of the materials, 
making it a crucial tool in nanotechnology. The 
absorbance and energy band gap of the samples 
were determined through UV-Vis measurements. 
The UV-Vis measurements were conducted using 
a dual-beam spectrophotometer, model Shimadzu 
UV-1800.

Antibacterial tests After synthesizing the CuO 
nanoparticles, the initial concentrations for each 
sample were determined using Atomic Absorption 
Spectroscopy (AAS) and expressed in parts per 
million (ppm), a dilution process was carried 
out to achieve various concentrations. These 
concentrations were used to assess the impact 

 

 

  

  

Fig. 1. PLD chamber using Nd:YAG laser.
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and efficacy of each concentration on the targeted 
bacterial strains, with four distinct concentrations 
selected for each sample.

To prepare Mueller-Hinton agar, 38 grams of 
the powder is dissolved in 1 liter of distilled water. 
The mixture is then heated while continuously 
stirred until completely dissolved. The solution is 
sterilized by autoclaving at 121°C for 15 minutes. 
After sterilization, the solution is cooled to 
approximately 50°C before being poured into petri 
dishes. The plates are left to solidify for about 15 
minutes. Once solidified, the plates are inverted 
and stored at 4°C.

The antibacterial activity of synthesized 
CuO Nano-film via pulsed laser deposition and 
nanoparticles by Pulsed Laser Ablation (PLA) 
was evaluated against Gram-negative and Gram-
positive bacteria using the agar well diffusion 
method. Approximately 20 mL of Mueller-Hinton 
agar was aseptically placed in sterile Petri dishes, 
and bacterial strains were inoculated from stock 
cultures. Wells were created in the agar, and 
different concentrations of CuO samples were 
added. The plates were incubated overnight at 
37°C, and the diameters of the inhibition zones 
were measured and recorded.

 

  

  

Fig. 2. PLA System using Nd:Yag laser.

Sample 
CuO 

hkl 2θ (Deg.) FWHM (Deg.) dhkl Exp.(Å) C.S (nm) 

PLD 

(110) 32.32 3.20 2.77 2.58 
(002) 35.31 1.11 2.54 7.49 
(111) 38.70 1.07 2.32 7.90 
(112) 43.48 2.94 2.08 2.91 
(202) 48.88 0.65 1.86 13.46 
(020) 53.26 1.21 1.72 7.32 
(113) 61.45 0.98 1.51 9.41 

(311) 65.80 0.82 1.42 11.49 

PLA 

(002) 35.50 1.78 2.53 4.69 
(111) 38.60 1.97 2.33 4.27 

(112) 43.70 0.93 2.07 9.20 

 
  

Table 1. Structural parameters of CuO Nano oxide between two methods.
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RESULTS AND DISCUSSION 
The sample synthesized using the PLD 

technique exhibited distinct crystalline peaks at 
positions 32.32°, 35.31°, 38.70°, 43.48°, 48.88°, 
53.40°, 58.20°, 61.50° and 67.50° on the 2θ axis. 
These peaks correspond to the (110), (002), 
(111), (112), (202), (020), (113), and (311) planes, 
respectively, aligning well with the reference 
data for CuO. Similarly, as illustrated in Fig. 3, 
the sample fabricated via the PLA technique 
displayed crystalline peaks at 35.50°, 38.60°, and 
43.70°, which are associated with the (002), (111) 
and (112) planes, respectively. These results are 
consistent with [9]. This comparison highlights 
the structural characteristics of the CuO samples 

prepared by the two methods.
The data obtained reveals a noticeable contrast 

between the two samples prepared using different 
techniques as shown in table 1. The samples 
prepared via PLD exhibit sharper peaks with 
higher intensity, suggesting a more orderly and 
well-defined crystalline structure. In contrast, 
the samples prepared by PLAL show greater peak 
broadening, indicating possible variability in the 
crystal distribution or irregularities in crystal size. 
This analysis demonstrates the significant impact 
of the preparation method on the crystalline 
properties of the material. PLD results in higher 
quality crystals and less crystal size when compared 
to PLAL, reflecting a greater degree of crystallinity 

 

  

Fig. 3. XRD patterns of CuO prepared by PLAL and PLD.

 

 

 

 

 

 

 

 

 

  

 

 
Fig. 4. FESEM images for CuO Prepared by PLA technique.
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and structural uniformity in the former technique 
[10-11].

FESEM images confirm the distinct morphologies 
of the nanostructure. The images presented 
in the figure indicate that the synthesized CuO 
nanoparticles exhibit a regular spherical shape 
and uniform size distribution.

FESEM images confirm the diverse shapes of this 
nanostructure. The images presented in the figure 
indicate that the synthesized CuO nanoparticles 
exhibit a regular spherical morphology and uniform 
size, with an average grain size of approximately 
32.967 nm have range between (20nm-60nm) for 
the nanoparticles prepared using the PLA method, 
as illustrated in Fig. 4. These findings are consistent 
with the results reported in reference [12].

The sample prepared using the laser deposition 
method was characterized through FESEM 
imaging, as depicted in the figure. The images 
reveal that the CuO NPs possess a consistent 
spherical morphology with uniform particle sizes. 
The average particle size is approximately 22.283 
nm, with a size distribution ranging from 10 nm 
to 40 nm, as shown in Fig. 5. These results are 
consistent with those reported in the literature 
[13].

(PLAL) focuses a high-energy laser pulse onto 
a solid target immersed in a fluid, ablating it and 
creating nanoparticles distributed throughout 
the liquid. The liquid helps calm and stabilize the 
nanoparticles, often resulting in larger particles 
with a broader size distribution [14]. In contrast, 
(PLD) focuses the laser onto a solid target in 
a vacuum or controlled gaseous environment 
where the material evaporates and condenses 
onto the substrate [15]. This process results in 
more homogeneous nanoparticles due to faster 

condensation and the absence of a liquid medium. 
Therefore, nanoparticles produced by PLAL tend 
to be tend to be larger and more diverse in size. 
In contrast, nanoparticles produced by PLD are 
smaller and more homogeneous, benefiting from
a more controlled deposition environment [16].

The absorbance of the colloidal nanoparticles 
was measured using UV-vis spectroscopy. The 
nanoparticles were synthesized using PLA at a 
wavelength of 1064 nm in a distilled deionized 
aqueous medium. The sample was then placed 
in a quartz cuvette using distilled deionized water 
as a reference. In addition, the absorbance of the 
same oxide of the prepared nanoparticles was 
determined in vacuum using the pulsed laser 
deposition (PLD) method, as shown in Fig. 6 below.

It is clear that the sample prepared by PLA 
method has higher absorption than the sample 
prepared by PLD method, with the absorption 
trending towards peak values near the green and 
red regions of the visible spectrum. The observed 
increase in absorption, as shown in the y-axis, is 
directly proportional to the increase in the nano-
size of the materials. This increase in absorption 
can also be attributed to the increase in grain size 
and the light scattering effect resulting from the 
roughness of the surface of the CuO thin film [17]. 

The energy gap of pure copper oxide can be 
determined, where the energy gap values generally 
depend on the crystal structure of the nano oxide 
and the arrangement and distribution of atoms in 
the crystal lattice. Additionally, it is influenced by 
the regularity of the crystal. The energy gap value 
(Eg) is calculated by extrapolating the straight line 
from the plot of (αhν)² vs hν using various plasma 
techniques. The measurements for PLD and PLA 
are presented in Fig. 7.

 

 

 

  

Fig. 5. FESEM images for CuO Prepared by PLD technique.
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increase in band gap energy with decreasing 
particle size is due to the quantum confinement 
effect, where smaller particles restrict electron 
movement, causing energy levels to become 
quantized. This separation of energy levels raises 
the energy required for electrons to move to the 
conduction band, resulting in a larger band gap 
[18].

Atomic Absorption Spectroscopy (AAS), The 
AAS analysis was performed. Table (2) presents 
the concentrations of nanoparticles synthesized in 
distilled water using PLD and PLAL techniques for 
CuO.

It is evident that the particle concentration 
produced by the PLAL method is higher than 
that produced by the PLD method. This can be 
attributed to the fact that the PLAL technique 
increases the temperature of the target, which 

enhances the detachment of nanoparticles, 
facilitating their dissolution into the solution [19].

Antibacterial activity, Figs. 8 and 9 illustrate the 
extent of bacterial inhibition, where E. coli bacteria 
show a distinct inhibition zone at all four tested 
concentrations (12.5, 25, 50, 100 ppm) of CuO 
samples In both techniques. These results indicate 
that CuO possesses antibacterial properties, 
successfully limiting the growth of E. coli at 
different concentrations. As the concentration 
of CuO increases, the size of the inhibition zone 
also expands, demonstrating a dose-dependent 
antibacterial effect. This reinforces the potential 
of CuO as an effective antibacterial agent against 
E. coli.

From the above observations, it is evident that 
the sample prepared using the PLA method in 
liquid demonstrates a higher bacteriostatic effect 

 
  

  

Fig. 6. UV-Visible absorbance of CuO prepared by PLA and PLD.

 

 
  

Fig. 7. Variation of (αhν)2 with photon energy (hν) of CuO prepared by PLA and PLD.



1360

S. Muslim, and A. Abbas / Antibacterial Activity of CuO Nanoparticles

J Nanostruct 15(3): 1354-1361, Summer 2025

than the sample prepared by the PLD method In all 
concentrations In all concentrations, as shown in 
the table below. This disparity can be explained by 
the fact that the colloidal solution, which contains 
nanoparticles dispersed uniformly, interacts more 
efficiently with bacterial cells. Additionally, this 
can be linked to the variation in nanoparticle 
concentrations, as confirmed by AAS analysis. The 
results indicate that the inhibitory effect becomes 
more pronounced with increasing nanoparticle 
concentrations [20].

CONCLUSION 
It can be concluded that the nanoparticles 

synthesized using the PLAL technique have a 
slightly larger size compared to those produced by 
Pulsed Laser Deposition (PLD). This size difference 
is mainly attributed to aggregation phenomena 
that occur during the interaction of the laser with 
matter in distilled water, leading to solutions with 
a higher concentration of nanoparticles compared 
to those synthesized via PLD. Moreover, the 
present study indicates that antibacterial efficacy 

 

 

  

  

Fig. 8. Antibacterial activity of (CuO PLAL) against E.coli. A, 

 

 
Fig. 9. Antibacterial activity of (CuO PLD) against E.coli. A, Control. B, 12.5 µg/mL. C, 25 µg/mL. D, 50 µg/mL. E, 

100 µg/mL.

samples 
Concentration 

ppm 
PLAL 2.5 
PLD 1.2 

 
  

Table 2. The concentration of samples prepared by PLDand PLAL.
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is concentration-dependent, with an increase 
in nanoparticle concentration correlating with 
enhanced bacterial inhibition.
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