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ABSTRACT

This study uses economical and ecologically friendly techniques to create
gold nanoparticles (Au-NPs) and copper nan]oparticles (Cu-NPs) utilizing
distilled water (DW) solution and the liquid pulse laser ablation (PLAL)
technique with a wavelength of 1064 nm and varying laser intensities. Using
X-ray diffraction (XRD) and absorption spectrometry, the characteristics
of Au-NPs and Cu NPs as well as Au-CuNPs were investigated. The results
indicated that a crystal structure for gold (Fcc) had formed.The appearance
of the surface plasmon resonance (SPR) peak at 523 nm in the UV visible
spectrum in the Uv-Vis data demonstrated the creation of Au NPs. Cu
NPs and Au NPs nanoparticles (Au-CuNPs) have antibacterial properties
against E. coli and Staph aureus. This is because the high surface-to-volume
ratio offers provides a more effective means of enhancing bacterial activity
as measured by the area of inhibition.
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INTRODUCTION

There are numerous opportunities to investigate
nanoparticles’ theranostic role in molecular
imaging thanks to recent developments in
nanotechnology and nanomaterials. In molecular
imaging, gold nanoparticles have been widely
used as contrast agents and drug delivery systems.
This is because of the exceptional qualities of gold
nanoparticles, such as their high chemical stability,
facile bioconjugation with different molecules, and
outstanding biocompatibility with human cells.
Gold nanoparticles can be created using different
processes including conventional chemical
* Corresponding Author Email: mae.visit.04@uotechnology.edu.iq

synthesis, radiation technologies, electrochemical,
bio-synthesizing and pulsed laser ablation in
liquid (PLAL) [1,2]. Although there are several
approaches for creating gold nanoparticles, each
has pros and cons of its own. PLAL is the most
widely used process for creating nanomaterials
because it is easy to use, inexpensive, efficient,
and environmentally benign [3-5].

The solid gold target is submerged in a liquid
solution during the synthesis of gold nanoparticles.
Through the liquid medium, the laser beam
ablates the target surface and deposits energy on
it, causing the target material to melt and heat
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locally. The target material’s surface is where
ejection and evaporation mechanisms take place,
and the atoms, clusters, and droplets that are
released cool down to form gold nanoparticles.
[6-7].

When these two substances react, gold
nanoparticles in liquid solution are created. There
is no chemical agent reduction or use of toxicity
surfactants in the PLAL approach. Consequently,
the purity, quality, and homogeneity of gold
nanoparticles are preserved by the PLAL process.
[8-9].

A superior platform and flexibility for direct
conjugation with biocompatible polymers are
offered by the purity of gold nanoparticles and
their bigger, distinct, contamination-free surface
[4,7,10]. The bacteria will die as a result of the
contents of AuNPs leaking through the outer
membrane and peptidoglycan layer after binding
to the bacterial membrane. [11]. When comparing
with copper nanoparticles (CuNPs).

MATERIALS AND METHODS
Method and materials

Laser ablation was performed using a switched
Nd-YAG laser system that produced pulses with
a wavelength of 1064 nm, a pulse width of 10
ns, a repetition rate of 1 Hz, a maximum energy
per pulse of 700 mJ, and an effective beam
diameter of 2 mm. Even if the common features
are still present, laser energy is focused on a
solid object that has been submerged in liquid. It
is anticipated that the liquid will be clear at the
laser wavelength; if not, the absorption of laser
radiation in the liquid will impair the focalization
of the beam. Working with the liquid’s free surface
is the simplest approach since it removes extra
reflection at the “covering glass/air” interface.
However, a window that is transparent at the laser
wavelength needs to be utilized to cover the liquid
when working with volatile liquids like ethanol or
acetone. The liquid or solution has a significant
impact on the production of nanoparticles in the
PLAL process. In addition to serving as a liquid
medium for suspending the source particles,
solution has a significant impact on the size,
stability, and production yield of the NPs that
are produced. Furthermore, potential chemical
processes like oxidation or reduction [12] might
take place. The size distribution and characteristics
of the NPs could then be significantly impacted by
the solution, additives included or not.
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The PLAL Mechanism

There are several physical mechanisms involved
in the PLAL mechanism. The metal target absorbs
the laser’s photon energy during the PLAL process,
which causes the irradiated area to heat up and
become photoionized. The energy from the
ablation laser is transformed into an excitation of
the metal target’s electron bonding, which breaks
the bonding at the threshold energy level. These
liberated electrons absorb incoming laser photons
and further ionize the target material, according
to the principle of Inverse Bremsstrahlung [13].
Additionally, the explosive process, vaporization,
and boiling all happened at the same time. Some of
the metal surfaces are removed as liquid droplets,
solid fragments, plasma plumes, or vapors. The
absorbed energy determines the amount of
ablated area.

The PLAL Synthetizations Method

According to a recent study, the PLAL process
is the most persuasive and promising method
for creating gold nanoparticles [14]. In certain
investigations, gold nanoparticles were created
using the PLAL approach using pulse laser
Neodymium-doped Yttrium Aluminum Garnet (Nd:
YAG) [15]. The Nd: YAG laser was chosen because
of its widespread availability and high efficiency. In
the PLAL approach, gold nanoparticles.

Laser Parameters

The shape, structure, diameter, size, and
distribution of produced gold nanoparticles are
influenced by the laser’s energy, wavelength,
fluency, pulse repetition, and ablation time. The
gold nanoparticles that PLAL generated had a
spherical form [17].

Because of its enormous surface area, this
shape is crucial for providing conjugation with
other molecules, including peptides, biomarkers,
and medicines in molecular imaging. Furthermore,
the size distribution of gold nanoparticles refers to
their quantity and pattern in a liquid media, such
as uniform or clusters, whereas the diameter of
gold nanoparticles refers to their size. [18].

Preparation of Au- cu nanoparticles

The laser ablation process, which is regarded
as one of the most crucial techniques for creating
nanomaterials and as an environmentally friendly
approach, was used to create gold nanoparticles
[2-3]. A gold pellet was submerged in three
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milliliters of deionized water to create gold
nanoparticles using a Nd:YAG laser. Laser radiation
with an energy of 700 mJ and a wavelength of
1065 nm at one hertz was then focused on the
target’s surface. Following the preparation of the
suspended gold nanoparticle solution, a high-
purity copper pellet was submerged in the Au NPs
solution, and the copper material’s surface was
then exposed to laser radiation.

RESULT AND DISSOCIATION
X-ray diffraction test (XRD) X-ray diffraction

X-ray diffraction (XRD) was used on samples
generated with a Shimadzu 6000 X-ray diffraction
equipment at a wavelength of °A = 1.54060 A and
an effort difference of 40 KV For Au-NPs made
using the laser extraction approach at an energy
of 700 mJ, Fig. 2 displays the X-ray diffraction
patterns (XRD). The characteristic peaks of Au-NPs
were found at these angles (2= 38.39°, 44.75°,
65.96°, 77.84°) at the Crystal Planes (111), (200),
(220), and (311), respectively, with a space group
Fm-3m no.225. The dimensions were a=b=c=
4.0699 °A, and the crystal angles were a=p=y =

200

150

Intensity (a.u.)
3

50 -

90 °. The energy was 700 mJ, which corresponds
to the standard card (JCPDS 01-1172). This is due
to the fact that at high energies, 700mj the laser
generates heat that is sufficient to form the cubic
phase of Au NPs [19].

High energies are used to ablate the material in
order to adjust the size of the crystals and particles
and to examine the various crystallinities of the
nanoparticles. The absence of any additional peaks
suggests that the Au-NPs that were obtained are
pure. According to the findings, Au-NPs maintain
the same cubic phase during their crystalline
development., as shown in Fig. 1.

X- Ray Diffraction for Copper

By analyzing the X-ray diffraction spectrum, one
may comprehend the crystalline growth nature
of thin films formed by the solid phase on a glass
substrate at an annealing temperature of 300°C.
In Fig 2, Cu nanoparticles are shown. In a single
phase, it produces a monoclinic structure. The
lattice’s parameters are a = 4.84 A, b = 3.47 A,
and ¢ = 5.33 A. Peak locations and intensities are
fairly consistent with the data (JCPDS file No. 05-

—— Au NPs
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Fig. 1. X-ray diffraction patterns (XRD) for Au NPs.
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661). According to planes (002) and (111), (222),
and (113), in that order Using the Debye—Scherrer
formula [20].

It was found that the average crystal size was
45 nm. Furthermore, the strongest peak was

111

Intensity (a.u)

200

discovered at 26 = 35.45°, which is in line with the
diffractions of spherical nanoparticles formed in
the structure with the [002] lattice plane.

Xrd for Cu/Au core/shell all reflections are
similar to monometallic Cu and Au nanoparticles.
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Fig. 2. X-ray diffraction patterns (XRD) for Cu NPs.
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Fig. 3. X-ray diffraction patterns (XRD) for Au@Cu NPs.

304

J Nanostruct 15(1): 301-309, Winter 2025
(@)er |



E. Sulaiman et al. / Effect of Au /Cu Nanoparticles against Bacteria

Fig. 3 shows two abroad band at 42.47o0and
49.41 (20) that can be attributed to the (111) and
(200) crystallographic planes of Cu nanoparticles,
the Cu NPs agreement with the JCPDS
standard card No. (#96-901-3024). The peaks
(111),(200),(220) and (311) planes that peaks at
(26=38.20°,44.207,63.98°and 78.02°) for Au NPs
which agreement with the JCPDS standard card

No. 96-901-2431

UV-Visible spectroscopy

One technique for figuring out how much light
is absorbed and scattered by a sample is UV-
visible spectroscopy. The optical characteristics of
nanoparticles are crucial for determining precise
details on their size, shape, concentration, and
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Fig. 5. UV for Au@Cu NPs.
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agglomeration state. The UV-visible spectra of
Au-NPs synthesized at 700 mJ with a continuous
pulse of 1000 pulses are displayed in Fig. 4. For
Au-NPs, the spectra show an absorption band
characteristic with a peak at about 521-523 nm.
This corresponds to gold’s SPR. [21].

Because the NPs in solution are primarily
spherical in shape and do not aggregate, there is
just one SPR peak. As laser energy increased, so
did the Plasmon peak’s value. The concentration
of NPs in suspension determines the intensity of
the SPR peak; hence, a larger concentration of NPs
results in a higher absorbance value. [22].

The UV-Spectra recorded from the colloidal
solution (strong red color of Au-NPs) This Fig. 5
shows a typical Plasmon band which appeared
a single but strong absorption peak centered at
about 524.5 nm.

Bacterial Samples Preparation

The bacterial strains used in this study were
Escherichia coli, which is Gram-negative, and
Staphylococcus aureus, which is Gram-positive.
They were ordered from the Ministry of Science
and Technology’s contamination research center
in Bagdad, Iraqg. The cultures of these two bacteria
were cultivated on a nutrient agar plate at 37°C.
Using a sterile loop, one colony was removed from
the plate and put in 10 milliliters of nutritional
broth. It was then incubated for the entire night
at 37°C.After that, samples with concentrations
of Staphylococcus aureus and Escherichia coli
in each medium ranging from 1 to 108 cfu/mL
were centrifuged for five minutes at 6000 rpm.
After discarding the supernatants, the cells were
suspended in 500 pL of phosphate-buffered saline
(PBS) and centrifuged three times to guarantee
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Fig. 6. Antibacterial activity of (N1) against E.Coli.
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Fig. 7. Antibacterial activity of (N2) against E.coli. A, control. B, 25%. C, 50%. D, 75%. E, 100%.
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that all media and debris were removed. Following
the removal of the last wash’s supernatant step,
the cells were suspended in 50 pL of PBS and
mixed by pipetting to assure even cell distribution
before delivery to the substrate.

Antibacterial activity

Using the agar well diffusion assay, the
antibacterial activity of the synthesized
X-SUBSTANCES was examined against strains of

Gram-positive (S. aureus) and Gram-negative (E.
Coli) bacteria [23, 26]. Aseptically, 20 milliliters
of Muller-Hinton (MH) agar were transferred
into sterile Petri dishes. A sterile wire loop was
used to extract the bacterial species from their
stock cultures [27-28]. Following the organisms’
culture, sterile tips were used to bore wells with
a diameter of 6 mm into the agar plates. Various
X-SUBSTANCES concentrations were used in the
bored wells. Prior to measuring and documenting
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Fig. 8. Antibacterial activity of (N1) against S.aureus. A, control. B, 25%. C, 50%. D, 75%. E, 100%.
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Fig. 9. Antibacterial activity of (N2) against S.aureus. A, control. B, 25%. C, 50%. D, 75%. E, 100%.

J Nanostruct 15(1): 301-309, Winter 2025
[@)er |

307



E. Sulaiman et al. / Effect of Au /Cu Nanoparticles against Bacteria

the average zones of inhibition diameter, the
cultivated plates containing the test organisms
and X-SUBSTANCES were incubated for an entire
night at 37°C. [29].

Statistical analysis

Data were statically analysis using Graphpad
prism program [30-31]. Data are represented
as mean * SD of three experiments. Indicate
statistically significant difference at p<0.05 as
shown in Figs. 6-9.

CONCLUSION

Numerous investigations have demonstrated
that there are chemical, physical, and
biological methods for creating copper and
gold nanoparticles. The chemical and physical
approaches are laborious and time-consuming.
Moreover, certain chemical procedures include
usage of dangerous compounds, which may inflict
unwanted effects to the user. Therefore, quick,
simple, and environmentally friendly procedures
are required. An attempt to do so is biological
synthesis. Research on the bioactivities of copper
nanoparticles shown how well they worked against
a variety of harmful bacteria, fungus, and algae.
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