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ABSTRACT

In this work, the pulsed laser ablation technique was used, which is considered a good and distinctive method. Gold nanoparticles
(AuNP) were prepared using an Nd-YAG laser with specific parameters, wavelength 1064 nm, constant ablation energy 1000 m],
frequency 1 Hz, and different number of pulses (300, 600, and 900 pulse/sec). Deionized water was used as the medium liquid. The
purpose of this study was to examine the change in these parameters on AuNP using a variety of Xrd, FESEM, Uv-Vis, force-hardness,
and compression measurements. The pure cubic crystal structure of gold nanoparticles was analyzed using XRD. Subsequent FESEM
images (average diameters 78.07nm, 49.15nm, 37.67nm) indicate that the particles had highly spherical and quasi-spherical shapes.
Using ultraviolet analysis, the absorption band of gold nanoparticles was found and the wavelength was (518, 519, 524) nanometers,
respectively. There were three different power gaps (1.895, 2.005, and 2.084) eV. In addition, mechanical property tests were
conducted, where 2 ml of gold nanoparticles were mixed with (3 grams) of traditional dental filling. The hardness value increased by
(3%). The results also showed an increase in the stress and strain value and an increase in Young’s modulus. Hence, an increase in the
compressive strength. This indicates that AuNP affects the mechanical properties and enhances their effectiveness.
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1. INTRODUCTION

Because nanomaterials have better physical and chemical
properties than their bulk counterparts, their application has
greatly expanded in a variety of industries, including
electronics and medicine [1]. Particles in the condensed phase
with sizes ranging from 1 to 100 nm are referred to as
‘nanoparticles’ (NP) [2]. NP are incredibly small in size and
have a large surface area relative to their volume [3]. It has
recently been demonstrated that the pulsed laser ablation in
liquid medium (PLAL) method is a very effective tool for
achieving the goal of changing the particle sizes of prepared
nanostructured materials [4]. This method is based on the use
of high-intensity pulsed laser ablation to create an interaction
between the laser material, the target surface, and a plasma
column that has been completely immersed in the liquid
medium|[5]. This circumstance creates unique
thermodynamic conditions with high temperatures and
pressures, enabling the production of very small molecules
located at the nanoscale [6]. This arrangement can be used
with different materials to create different shapes and sizes of
nanostructured materials using the same techniques. This
method can be considered an easy, affordable, and efficient
way to synthesize various desired materials with a high
degree of purity[7]. In addition, unlike other synthetic
techniques, where potentially harmful contamination of the
environment is prevented by fabricating nanostructured
materials within the liquid path, for the reasons mentioned
above, this technique is frequently used when examining the
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effects of its effective parameters on particle sizes [8].
A variety of laser parameters including laser fluence,
wavelength, pulse width, and irradiation time may be
useful in PLAL screening of size-dependent prepared
samples at the nanoscale [4]. The visible spectrum has
unique optical properties of gold AuNP which result from
the surface plasmon oscillation of free electrons induced
by light [9]. When light is absorbed, this special property
raises the temperature of the surrounding environment
and has multiple uses [10]. The size, shape, and medium in
which nanoparticles are found influence the colors they
exhibit at the nanoscale. Due to their inert nature,
durability, high contrast, non-toxicity, and compatibility,
AuNP are widely used in biotechnology and biomedicine
and have also been found to be the least toxic and safest
agents for drug delivery [11, 12]. The production of gold
nanoparticles can be enhanced simply by changing the
laser wavelength, spot size, impact, pulse duration,
repetition rate, and liquid medium [13-15].

2. MATERIAL AND METHODS

The target material was a gold (Au) plate with dimensions
of (1 cm 1 cm and 2 mm) high and of high purity of about
99%. The target underwent cleaning and washing with
ethanol followed by ten minutes in an ultrasonic acetone
bath to remove impurities and then a
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final rinse with distilled water. The target was placed
inside a glass jar containing 5 ml of deionized water
medium before ablation, after exposing the target to a
vertical laser beam, a cavitation bubble was created as a
result of intense pressure and fluid entrapment, in
addition to a plasma column formed on its surface. This
phenomenon occurred when a distance of 12 ¢cm was
determined between the laser-focusing lens and the
refraction of light on the surface of the target material as
explained based on Figure 1. Parameters related to a laser
with a constant energy of 1000 m], operating at a
frequency of 1 Hz, and the number of pulses (300, 600, and
900 pulse/sec) were used in the ablation process. Dental
fillings were purchased from dental supply stores. The
liquid containing gold nanoparticles was evaporated from
10 milliliters to 2 milliliters and kneaded with a dental
filling. The filling was placed in special molds and then the
filling was hardened using a UV machine.

Laser Source e—p
1064 nm

Laser Beam w——p

Focusing Lens =——p-

/ ~

Glass Container —p\_§

Distilled Water

Figure 1: Schematic illustration of the pulsed laser ablation
method.

Gold nanoparticles were prepared at room temperature
after which the well-known drop casting method was used
to prepare an AuNP film. Then measure the XRD of the
membrane using a Bruker D2 Phase diffractometer; The
scanning range was from 10° to 90° for 2 and was plotted
using Origin Lab 2023 software. Field emission scanning
electron microscopy (FESEM) was used to study the
morphology of the AuNP. The Image ] program was used to
calculate the size of the particle diameters, and the Origin
Lab 2023 program was used to draw and analyze the
results. The mechanical properties (hardness and

compressive strength) of the AuNP with dental fillings
were also calculated and drawn using the Origin Lab 2023
program.

3. RESULTS AND DISCUSSION
3.1. XRD ANALYSIS

Figure 2 shows the XRD pattern analysis view of an AuNP
prepared using an optimized laser ablation sample
prepared optimal sample at a pulse rate (900 pulse/sec).
Miller index and full-width-half-width (FWHM) index were
used to calculate crystallite size using Scherer's equation.
Their XRD patterns are somewhat similar to those values
in the ISBN (JCPDS 98-016-3723) and analysis has
demonstrated that the particles are of the face-centered
cubic type. The angles and grid parameters are (a=f=1=
90°) and (a = b = ¢ = 3.05), respectively. Three peaks
appear at angles 38.25, 44.51, and 64.79, as appears in
(Table 1). These angles correspond to the (111), (002), and
(022) directions, respectively, associated with the particle
directions. No film was obtained for the samples prepared
at 300 and 600 pulses due to the low concentrations
prepared.

Au900

(111)

(002)

Intensity (arb.unit)

(022)

30 ' 40 50 60 70 ‘ 80
20 (dagree)

Figure 2. The XRD patterns of AuNP were produced at 900
pulse/sec.

Table 1. Experimental and standard results of X-ray diffraction of AuNP

20 (deg) | 20 (deg) FWHM | crystalline dnx (A°) dnia (A°) (hkl) hZ+k?+
Practical | Standard (deg) size "D" Practical Standard 1
(nm)
38.24 38.26 0.2460 35.71 2.34 2.35 (111) 3
4451 44.47 0.5904 15.19 2.02 2.03 (002) 4
64.74 64.71 1.1808 8.32 1.44 1.43 (022) 8
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3.2. FESEM RESULTS

Figure 3 Indicates a view of FESEM measurements of
AuNP at (300, 600, and 900) pulse/sec. AuNP has
spherical and quasi-spherical shapes and these
measurements show irregular geometric structures with
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average diameters of 318.33, 202.76, and 159.12 nm,
respectively. A decrease in average diameter was achieved
as a result of reactive spraying which occurred as a result
of increased pulsation. Table 2 indicates the results.
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Figure 3. Result of FESEM at the number of pulses (300, 600, and 900 pulse/sec) for AuNP.
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Table 2. The results of FESEM for AuNP at (300, 600, and 900) pulse/sec.

Pulses of number

Particle of shape

Average of size

300 Spherical 78.07 nm

600 Semi- 49.15 nm
spherical

900 Spherical 37.67 nm

3.3. OPTICAL RESULTS
3.3.1. UV-VIS SPECTRO

Figure 4. Interprets the results of the UV spectrum acquired
by laser ablation of gold (Au) metal at different pulse
numbers (300, 600, and 900 pulse/s) and constant energy.
It also demonstrates that colloidal products are
responsible for the nanoparticle's transmittance and UV-
visible optical absorption spectra. A darker color indicates
higher nanoparticle concentration. The intensity and
repetition rate of laser pulses used for ablation have been
shown to affect the position and width of the surface

plasmon resonance (SPR) absorption peak [12]. Moreover,
the intensity of the SPR absorption peak increased with the
internal color change relative to the number of pulses as it
increased from 300 to 900 pulses per second. The high
quantum confinement of AuNP is claimed to be responsible
for the variable and higher absorption peak intensity. Since
the ground state and excited state transitions require more
energy due to the quantum confinement effect, smaller
AuNP may have different absorption peaks [13]. Both the
peak position and strength of the SPR absorption peak
increased as they both showed a shift between (518, 519,
and 524 nm). As the number of laser pulses increased, the
absorption of AuNP increased to (0.158, 0.226, 0.243 IU),
in this order.

0.25
— 300 Pulse
— 600 Pulse
900 Pulse
S0.20 -
2
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(&)
C
©
o
S
o
8 0.15 4
20
0.10 T T T
400 500 600 700 800
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Figure 4. The results wavelength-dependent absorption of AuNP at 300, 600, and 900 pulse/sec.

3.3.2. ENERGY GAP ANALAYSIS

UV-visible absorption spectra can be used to calculate the
energy gap directly or Eg (eV) using Einstein's photon
energy equation.

Eg = hC/ )\max .........
Where Amax is the maximum absorption wavelength, c is the

speed of light, and h is Planck's constant. The following
Tauc equation can also be used to determine the
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conduction band energy of Au nanoparticles indirectly
from their absorption spectra:

(ahv)2=B(hv-Eg) wesesss
Where o is the absorption coefficient, hv is the photon
energy, and Eg is the energy gap. Equation (2), which plots
(ahv)? versus (hv) and extrapolates the linear part of the
curve to the energy axis, can be used to determine the
energy gap range of nanoparticles [18,19]. Figure 5
indicates the energy gap of AuNP prepared at a number of
pulses (300, 600, and 900 pulse/sec). The value of the
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energy gap increases from 2.760 to 3.06 eV when the
number of pulses increases, as clear in Figure 5. The energy
gaps were 2.760 eV for the sample prepared at 300 pulses,
2.835 eV for the sample prepared at 600 pulses, and 3.06

eV for the sample prepared at 900. a beat. The sample with
the highest number of pulses has the largest energy gap and
the sample with the smallest number of pulses has the
lowest energy gap; Their values are listed in Table (3).
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Figure 5. The energy gap for AuNP at (300, 600, and 900 pulse/sec).

Table 3. Demonstrates the energy gap values of AuNP in different pulses of numbers.

[P}Ell\;is number (pulse/sec) SPR (nm) Eg (eV)
300 518 1.895
600 519 2.005
900 524 2.084

3.4. MECHANICAL PROPERTIES

The optimal sample prepared at a pulse rate of 900
pulse/sec was selected for mechanical testing (hardness
and compressive strength). The liquid containing gold
nanoparticles (10 mL to 2 mL) was evaporated at a
temperature of 50 °C. The liquid was then combined with 3
grams of dental filling and a glass bowl was then placed
over a heat source set at 50°C. The filling was then poured
into special molds. The molds were cylindrical in shape,
with a height twice the diameter, according to the
American Society for Testing Materials ASTM (D2240)
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standard [20]. It was treated with ultraviolet rays until it
hardened. They were then removed from the mold for
mechanical testing.

3.4.1. HARDNESS

A durometer (Shore D) was used to measure the hardness
of the samples and this requires a smooth and flat surface
with a diameter larger than 30 mm. Diameter, depth, and
distance from the edge more than 12mm all have a great
influence on the hardness. The hardness tester is easy to
use and works well and the tool can be easily removed to
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enable this method[21]. Figure 6 indicates the results of the
Shore D hardness test for pure dental filling samples at
(84%) and dental fillings supported with gold
nanoparticles at (87%). The highest value for the Shore D
hardness measuring device is (100%). The results showed
higher hardness values for the AuNP dental filling
compared to the pure dental filling. The reason is that the
hardness values will increase when AuNP is added to
strengthen and reinforce the (pure) dental filling base
material. The strength of materials increases as a result of
their plastic deformation [22]. The resistance of dental
filling composites needed to maintain interparticle
alignment also increases with increasing concentrations of
nanomaterials, which is also the reason for the increased
hardness. For all these reasons, nanomaterials will
eventually penetrate the matrix, enter the substrate and
the matrix, and enter the spaces between them. This will
ultimately result in a larger contact area which increases
the contact and bonding between the nano-supported
material and the pure dental filling. All this will strengthen
the overlay layer and increase the hardness measurements.
These results are almost consistent with the results of the
researcher (Aly) [23]. Table 4 also explains the results.

100

84% 87%

80

60

40+

Pure

(Hardness shore D) (MPa)

20 4

Sampales

Figure 6. Hardness of dental filling with AuNP, number of
pulses (900 pulse/sec).
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Table 4. Hardness values for pure dental fillings with AuNP at

900 pulse/sec.
Simple Hardness (Shore -D)
MPa
Pure 84 %
Pure + Au NP 87 %

3.4.2. COMPRESSIVE STRENGTH

Compressive strength testing aims to confirm the behavior
of the material or its response to pressure load. To do this,
basic variables such as ductility and stress are measured.
Compressive force is the amount of pressure needed to
cause the sample to rupture under a compressive load
during the chewing process where pressure is a major
factor [24]. Figure 7 displays the stress-strain curves of the
specimens: (a) pure dental filling. (b) AuNP-supported
dental filling. The yield point is defined as one of the high
points in the resistance of the body at which the material
changes from a state of elastic deformation to plastic
deformation [25]. From Figure 7, we notice that the yield
point is less clear in the pure dental filling and clearer in
the dental filling with AuNP due to the longitudinal fixation
of the samples, where the samples are subjected to a load.
The load was gradually increased until the sample was
crushed, and due to the ability of AuNP to increase the
surface area, we noticed an increase in the compressive
strength by using dental fillings with gold nanoparticles.
We also notice an increase in Young's modulus between
pure dental fillings and dental fillings supported with gold
nanoparticles [26]. Table 5 also displays the results.

60 —
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_} deformation
T T T T T
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Figure 7. Displays Compressive strength value: (a) Pure dental filling. (b) Dental filling with AuNP.
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Table 5. Young's modulus, maximum stress, and maximum strain for pure dental fillings and dental fillings with AuNP are

presented.
Simple Young's modulus N/mm? Max stress N/mm?2 Max strain
Pure 8.72 57.44 3.076
Pure+ AuNP 10.55 71.80 4.57

4. CONCLUSION

In this study, a pulsed laser ablation technique in liquid
was used with different pulse numbers in which spherical
and colloidal AuNP were prepared in deionized water.
Ultraviolet-visible (UV-Vis) analysis was one of the
spectroscopic analytical techniques used to characterize
NP synthesized in deionized water as well as XRD and
FESEM examination as well as study of mechanical
properties. The ultraviolet-visible (UV-Vis) results
showed that there was an increase in the surface plasmon
resonance with an increasing number of pulses and an
increase in the energy gap with an increasing number of
pulses. The FESEM results also showed a decrease in
particle size with increasing number of pulses. The results
of the mechanical properties showed an increase in the
hardness between the pure dental filling and the dental
filling with gold nanoparticles, as well as an increase in the
compressive strength value. From this, we conclude that
the preparation of gold nanoparticles can be used in
biological and biomedical procedures as well as in
developing the mechanical properties of dental fillings in
a liquid medium possessing suitable optical properties.
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