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Gold nanoparticles (AuNPs) were produced via pulsed laser ablation using a syzygium aromaticum solution.
The varying pulse rates employed were 500, 750, and 1000, with an extract in which eugenol serves as a
reducing agent. The synthesized AuNPs were analyzed using ED-XRF, XRD, UV-VIS spectroscopy, and
Transmission electron microscopy TEM. ED-XRF analysis revealed that the utilized gold alloy exhibited a
high purity of approximately 98.66%. XRD studies showed that the gold nanoparticles feature a face-centered
cubic (FCC) crystal structure, with a predominant crystalline orientation of (111). The optical analysis of
samples was conducted using a UV-VIS spectrophotometer, which indicated a surface plasmon resonance
(SPR) peak at a wavelength of 520 nm. Additionally, the energy gap values increased to 2.05 eV for AuNPs
and 2.73 eV for S. aromaticum. TEM images confirmed the presence of nanoparticles at the nanoscale.
Biological activity showed a weak effect of nano-solutions on bacterial species (S. aureus, K. pneumonia, P.

aeruginosa and A. baumannii).

1 INTRODUCTION

Over the past five decades, nanotechnology has
experienced exponential growth and revolutionized a
variety of industrial applications [1]. Environmental
science, agriculture, food technology, biotechnology,
biomedicine, and pharmaceuticals are just a few of
the fields that could be profoundly affected by
developments in this domain, which deals with
components with dimensions ranging from 1 to 100
nm [2], [3]. Metal nanoparticles (NPs) have
considerable potential because their optical,
electronic, and catalytic properties are better than
those of bulk materials [4]. Gold nanoparticles
(AuNPs) are very popular compared to other metallic
nanoparticles because they are easy to make and offer
many advantages in medicine, like treating diabetes,
cancer, heart diseases, tuberculosis, and helping with
antibiotic resistance [5], [6]. Additionally, AuNPs
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have powerful and long-lasting antioxidant
properties, making them effective against free
radicals and Reactive Oxygen Species which are
linked to many degenerative diseases [7]. As a
consequence of the interaction between
electromagnetic waves and confined electron gas,
noble metal nanoparticles exhibit surface plasmon
resonance (SPR) optical properties that depend on
their shape and size. The catalytic, biosensing,
bioimaging, cancer therapy, and drug delivery
capacities of AgNPs and AuNPs are worth
investigating further [8], [9]. There is a large amount
of research that looks at the green synthesis of AgNPs
and AuNPs employing bacteria, fungi, and plant
extracts as reducing agents [8]-[14]. Scientists have
documented the use of extracts from various fruits,
including pomegranate, blackberry, blueberry,
Emblica officinalis, turmeric, and Garcinia indica. As
shown in Figure 1 Various synthesis approaches of
AuNPs [15].
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Figure 1: Various synthesis approaches of AuNPs [15].

The dried flower bud, which is also called clove,
is a member of the Myrtaceae family. It was
originally from the Maluku Islands in Indonesia but
is now grown all over the world. Commercially
valuable components of clove trees are their buds and
leaves; four years after planting, the tree begins to
produce flowering buds. The next step is to harvest
them before they bloom, either by hand or with the
help of a natural phytohormone [16], [17]. There are
a number of medicinal and aromatic uses for cloves
in business settings. Because of their antioxidant and
antibacterial qualities, these spices are thought of as a
natural alternative to artificial preservatives in many
different types of food, particularly when it comes to
processing meat [16], [18]. Cinnamon, oregano,
clove, thyme, and mint are fragrant herbs that have
antimicrobial, antiviral, anticarcinogenic, and
antifungal properties, according to multiple studies.
Due to its exceptional antibacterial and antioxidant
properties, clove has become a prominent
spice [19]-[22]. In recent years, researchers have
synthesized gold nanoparticles from Syzygium
aromaticum extract and used them to enhance the
response of a colorimetric urea sensor. This study
showed that the particles have polygonal and
triangular shapes, ranging in size from 4 to 150
nanometers. [23]. They have also studied the
characterization and antioxidant activity of gold
nanoparticles from carnation flower water extract, the
research found the AuNPs has a maximum
wavelength at 533 nm, and particle size of

73.52 nm [24]. As shown in Figure 2 S. aromaticum
and its uses in biological activities [25].
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Figure 2: S aromaticum and its uses in biological
activities [25].

2 MATERIALS AND
METHODOLOGY

A highly pure Au plate has purity of (98.66%), this
target was cleaned using an acetone solvent in the
ultrasonic bath for (15 minutes), was cleaned in an
ultrasonic bath for (15 minutes) with an acetone
solvent, then washed with ethanol and deionized
distilled water (DDW) to remove the organic
pollutants. To prepare the clove stick extract, clove
sticks were purchased from a local company. The
sticks were cleaned and washed with DDW. Then,
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they were transferred to a 100-ml beaker, mixed with
80 ml of deionized water, and agitated at 40°C for 1
hour. The extract solution was filtered using filter
paper, placed on a magnetic stirrer for an additional
hour, cooled, and subsequently transferred to tubes
for further purification. A pulsed Nd:YAG laser (A=
1064 nm, E= 500 mJ, pulse duration 10 ns, repetition
rate 1 Hz and he pulse counts were (500,750, and
1000)) served as the radiation source for the ablation
process.

The distance from the target to the lens was 7 cm.
The beaker was placed on a rotating device to aim the
laser beam at the target for nanoparticle ablation. The
solution's color change was observed after each pulse
count. The diameter of the laser beam on the metallic
surface was measured at 2 mm.

The nanoparticles were synthesized using pulsed
laser ablation of a gold alloy. The gold was positioned
as a target at the bottom of a glass beaker holding 2ml
of S. aromaticum solution.

ED-XRF spectroscopy made in Germany (type
XEPOS). XRD utilizing a Lab-X (XRD-6000)
Shimadzu diffractometer from Japan. Absorption
spectra and Surface Plasmon Resonance (SPR) were
obtained for colloids utilizing a Double Beam 1800
UV Spectrometer produced by Shimadzu, Japan, to
ascertain effective aggregates. Transmission electron
microscopy examinations were performed using a
ZEISS LED 912 AB-100KV apparatus from
Germany. Mueller-Hinton agar was formulated by
dissolving 38 grams in one liter of distilled water,
sterilizing the solution in an autoclave at 121°C and
15 pounds for 15 minutes, thereafter, cooling it,
dispensing it onto sterile plates, and refrigerating it
until required. The antibacterial effect of the
formulated solutions was assessed utilizing the agar
well diffusion technique. A series of bacterial
colonies were transferred with a loop to prepare the
suspended bacteria, which were subsequently
introduced into tubes containing brain broth for
activation. The tubes were incubated at 37°C for a
duration of 18 to 24 hours. The suspended bacteria
were evaluated against a standard McFarland solution
comprising 1.5 x 108 cells/ml. The bacterial
suspension was thereafter applied with a sterile swab
onto Mueller-Hinton agar plates and permitted to dry.
Holes were formed in the culture medium with a
sterile cork punch, and 100 pL of the material was
individually dispensed into each hole using a
micropipette (100, 75, 50 and 25) in each well. The
efficacy of each concentration was assessed by
measuring the diameter of the inhibitory zone around
each aperture.
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3 RESULTS AND DISCUSSION

3.1 ED-XRF Results

The makeup of elements and the purity of metal used
before the pulsed laser ablation in liquids were
checked with (ED-XRF), showing about 98.66%
purity for the gold plate. Figure 3 illustrate this.
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Figure 3: X-ray fluorescence spectrum of gold metal.

3.2  XRD Results

Figure 4 depicts the outcomes of the thorough
characterization of the sample data. X-ray diffraction
characterization was conducted on the sample
(AuNPs). The Debye—Scherrer (1) was employed to
assess the crystalline size (D) of the synthesized Au

nanoparticles [26]:
KA

= T eosd’ (1)
where:
=  k: is shape factor;
= A:is the wavelength of incident x-ray radiation
=(1.5406 A for CuKa);
= fB:is the full width at half maximum (FWHM)
of the peak (in radians);
= 0:is Bragg’s angle.

The X-ray diffraction results of a gold nanoparticle
solution produced in (DDW) and placed on a quartz
slide measuring (1 cm x 1 cm) indicated that the
crystal structure is cubic. Figure 4 reveals four peaks
at angles (38.23°, 44.68°, 64.72°, 77.61°),
corresponding to the indices (111), (200), (220), and
(311). These findings align closely with the values
specified in ICDD card no. (00-001-1172) for gold.
The crystal plane orientation (111) is predominant.
Table 1 illustrates the concordance between the
standard and experimental data, exhibiting a minor
deviation in the distances of the atomic planes (d).
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The lattice strain caused by imperfections influences
the preparation of nanomaterials [27]. Laser power is
the most important factor affecting the properties,
size, and concentration of the extracted metal
nanoparticles. The solution was observed to be
discolored after several laser pulses. In the absorption

spectra of the solutions, the surface plasmon peak
could be clearly distinguished, ranging between 520
nm, which is consistent with the results XRD in the
presence of small particles with wavelengths ranging
from 3 to 30 nm in the solution, as shown in
Table 1 [28].
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Figure 4: X-ray diffraction pattern of Au nanoparticles prepared by laser ablation method.

Table 1: Structural properties of Au NPs.
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Figure 5: TEM characterization of AuNPs prepared in DDW: a) TEM image and b) particle size distribution.
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Figure 6: TEM characterization of Au/syzygium aromaticum nanoparticles: a) TEM image and b) particle size distribution.

3.3 TEM Results

Figures 5 and 6 present the TEM micrographs and
particle size distributions of AuNPs and Au/syzygium
aromaticum nanoparticles synthesized in DDW. The
TEM images reveal that the prepared nanoparticles
exhibit predominantly spherical and slightly irregular
morphologies. In addition, a noticeable reduction in
particle size was observed after the incorporation of
Syzygium aromaticum extract.

The TEM images were recorded at magnifications
of 100,000x with scale bars of 30 nm and 100 nm.
The particle size analysis was carried out using
ImagelJ software, while the statistical size distribution
histograms were generated using OriginPro 8.5
software.

The average particle sizes were estimated to be
approximately 53.05 nm for pure AuNPs and 30.88
nm for Au/syzygium aromaticum nanoparticles. The
reduction in nanoparticle size indicates the significant
role of the plant extract in controlling nanoparticle
growth and improving particle dispersion.

3.4 Optical Properties Results

Since the absorption band grows in direct proportion
to the size and aspect ratio of nanoparticles,
absorption spectroscopy was used to examine their
optical characteristics. Figure 7 depicts the UV-VIS
spectrum of fluorescent solutions created from pulsed
laser ablation of gold plates in (DDW) solutions,
respectively. The location of the surface plasmon
peak at approximately 520 nm and the absorbance
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(0.386) of the gold nanoparticles are shown in Figure
6. These parameters indicate the generation of the
nanoparticles and can be explained by the absorption
generated by the interband transition in the
nanoparticles. It is possible that electrons in noble
metals undergo interband absorption at shorter
wavelengths as a result of their transition from the
occupied d-level state to the unoccupied state in the
conduction band above the Fermi level [29]. It had a
lower peak intensity than deionized water, indicating
an increase in gold (Au) nanoparticle manufacturing
efficiency [30]. spectra can determine the energy gap
of the Au nanoparticles using Tauc's formula [31]:

(chv)" =B (hv - Eg). )

B: is a constant, hv: the photon energy, h: Plank's
constant, v: photon's frequency, n: a value of 2 or 1/2,
a: the absorption coefficient. Calculated from the
measured absorbance (A) at the wavelength of light
(M) using [31]:

A =-log 10T. 3)

Figure 7 illustrates that the optical energy gap
edge of the synthesized nanoparticles increases at
500, 750, and 1000 pulses in comparison to the
optical energy gap of deionized distilled water and
Syzygium aromaticum. The alteration in the energy
gap edge can be attributed to the decrease in
nanoparticle  size  resulting from quantum
confinement. Thus, a larger energy gap value
facilitates the uptake of small-sized particles [31].
Table 2 shows the absorption and energy gap values
of colloidal samples.
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Figure 7: UV-Visible absorption spectra of colloidal Au nanoparticles and Au/ /syzygium aromaticum.
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Figure 8: Direct band gap estimations of colloidal samples.
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Table 2: The absorption and energy gap values of colloidal samples.

Figure 9: Urbach energy estimations of colloidal samples.
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Liquid Absorbance (a. u) Eg (eV)
AuNPs 0.386 2.05
Syzygium aromaticum 1.53 2.73
AuNPs/ syzygium aromaticum at 500 pulse 0.843 3.07
AuNPs/ syzygium aromaticum at 750 pulse 2.393 2.89
AuNPs/ syzygium aromaticum at 1000 pulse 2.258 2.85
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Table 3: The inhibition zone diameter (mm) of types of bacteria at different concentrations of Au/S.armaticum.

Concentration S. aureus K. pneumonia P. aeruginosa A. baumannii
Control 0 mm 0 mm 0 mm 0 mm
25 0 mm 0 mm 0 mm 0 mm
50 0 mm 0 mm 0 mm 0 mm
75 12 mm 10 mm 0 mm 11 mm
100 13 mm 11mm 10 mm 18 mm

control

control

control

Figure 10: Inhibition zone (mm) of colloidal samples.

3.4.1 Urbach Energy

The Urbach energy (E,) was determined utilizing
equation [32]:
_ hd 3
a= aoexp(Eu . 3)

Where:

= o is absorption coefficient;

= (0: is constant;

= hv: is the photon energy;

=  Eu: is Urbach energy.

Figure 9 depicts the correlation between (Ino) and
photon energy (hv). The Urbach energy denotes the
breadth of the permitted localized states within the
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energy gap and is determined by the inverse of the
linear segment's slope in the exponential region. The
Urbach energy value rises with an increasing weight
ratio. The way Urbach energy behaves with light is
different from how the energy gap behaves, because
when Urbach energy increases, it means the localized
levels within the energy gap are getting wider. This
outcome aligns with the prior study [30].

3.5 Bioactivity Test

Clove oil, in its natural form, contains B-
caryophyllene, tannins, and phenols; it is derived
from the blossom buds of S. aromaticum. One of the
most important components of the oil is eugenol,
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which gives the plant its signature aroma. Clove oil
has a long list of traditional purposes, and several
scientific investigations have highlighted these
benefits, highlighting its antioxidant, hypotensive,
antibacterial, anti-inflammatory, and antifungal
properties [33], [34]. The advent of multidrug-
resistant bacteria has increased the prevalence of
infectious diseases globally. Consequently, the
advancement of antimicrobial agents is vital due to
the increasing burden of multidrug-resistant bacteria
originating from food. Gold nanoparticles have
demonstrated considerable antibacterial efficacy
against Gram-negative microorganisms in food.
Consequently, AuNPs may serve as an effective
alternative for developing drugs against multidrug-
resistant bacterial strains. The functions of AuNPs
may lead to significant discoveries across various
domains [35]. Figure 10 showed that the antibacterial
activity of (Au/ S. aromaticum) nanoparticles from (S.
aureus) was the highest among the other
microorganisms. The results indicated that the
antibacterial activity varied depending on the target
bacteria, including A. baumannii, P. aeruginosa,
Klebsiella pneumoniae, and S. aureus. Notably, all
bacteria showed sensitivity to the Au/S. aromaticum
nanoparticle solution at high concentrations only
Comparing the relative inhibition zone, the
antibacterial activity of the Au/S. aromaticum
nanoparticles against Staphylococcus aureus was the
highest among the other bacteria. These gold
nanoparticles exhibited antibacterial activity and had
inhibition zones of 13 and 16 mm for S. aureus and A.
baumannii, respectively.as shown in Table 3. These
results are consistent with previous
studies [36].

4 CONCLUSIONS

In conclusion, this study illustrated the effective
utilisation of an aqueous extract of S. aromaticum
flowers in the manufacture of gold nanoparticles
using pulsed laser ablation at a maximum wavelength
of 1064 nm, employing different pulse counts (500,
750, and 1000), hence indicating their potential
biomedical applications. X-ray diffraction (XRD)
examination of the synthesised gold nanoparticles
validated a face-centered cubic (FCC) crystal
structure.  Additionally, transmission electron
microscopy (TEM) research demonstrated that the
nanoparticles ~ were  spherical, predominantly
composed of gold, and measured 30.88 nm in
diameter, whereas (Au/S.aromaticum) exhibited
dimensions of 53.05 nm. The nanoparticle structure
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was additionally validated by UV-VIS spectroscopy.
These gold nanoparticles exhibited antibacterial
activity, with inhibition zones of 13 and 16 mm for
Staphylococcus aureus and A. baumannii,
respectively. This study highlighted the potential of
environmentally friendly preparation methods in
improving the physical and chemical properties of
manufactured nanoparticles and medicinal herb
extracts, for use in biomedical applications.
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