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The possibility of producing pure and impurity-free
nanostructures makes laser ablation in liquids an interesting
technique for producing nanostructure. This physical
approach is easy, safe, economical, and fast compared to
biological and chemical preparation techniques. In this
work, the technique was applied to prepare gold
nanoparticles using a pulsed Nd: YAG laser with constant
energy and repetition rate. The wavelengths were varied,
and three harmonics were used (1064, 532, and 355 nm).
Ablation was performed using different pulse numbers
(300, 400, and 500 pulses) for each harmonic, and
deionized water was used as the liquid medium, resulting
in a colloidal solution of a reddish-pink color that contained
gold nanoparticles. The resulting nanoparticles were
characterized both structurally and optically. In general, the
average crystalline sizes of the resulting nanoparticles
ranged between (9 - 15 nm), which appeared in different
shapes as some samples were elliptical and some were
spherical depending on the size and concentration resulting
from changing the ablation parameters, where their average
diameters ranged between (11- 46 nm). These parameters
also affected the width and height of the absorption peak of
the nanoparticles, which represents the surface plasmon
resonance. It was thus found that (532 nm) is the best
wavelength for preparation in this study.

267


https://doi.org/10.29072/basjs.20260114
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

M. M. Ibrahim et al. Bas ] Sci 44(1) (2026) 267-289

1. Introduction

In the last few years, the process of laser-material interactions has gotten more attention in
preparing metal colloids. Mafune et al. demonstrated the possibility of submerging the
transition metals in liquid media and then targeting it using an operation for laser ablation. Such
a procedure can produce metal colloidal' without contaminating ions [1]. In the 1990s, the
ablation of metals in a liquid (as a solution) using the pulsed laser technique had appeared. Such
techniques contain essential features based on their relative straightforwardness since they rely
on irradiating a solid target with millijoule lasers in a liquid medium [2]. When the three
dimensions of the particles are on the nanometer scale, these particles are called nanoparticles
(NPs), also called quantum dots, which are extremely small crystals that behave as individual
atoms whose properties can be controlled [3, 4]. The NPs' important properties, such as
chemical, electronic, mechanical, and optical properties, are different from the material of
microscopic or the biggest. In general, there are two types of approaches to preparing
nonmaterial's: the first is a top-down approach, which includes several methods based on the
principle of removing nanoparticles from solid materials [5], and the second is a bottom-up
approach, which includes many methods that usually begin with the atoms that combine to
generate nanostructures [6]. Such nonmetric particles are attractive for electronics, catalysis,
and medicine; increased requests for NPs have come due to their compatibility with various
applications due to their properties, such as geometric shape, composition, size, and
arrangement [7, 8]. Characterizing the surface composition of NPs and their precise control, in
addition to their crystalline structures are very important in all cases due to their high surface
reactivity and multifunctional capabilities [3]. Nanoparticles of Gold (AuNPs) have obtained
wide acceptance and great interest among all the other various NPs widely available among
researchers due to their wide range of applications, such as in sensors [9]. Much of the scientific
research has focused on the methods of the synthesis of NPs based on the reduction of gold
compound precursors such as AuCl [10, 11]. During the past ten years, various AuNPs with
different shapes were investigated, noting that the surface plasmon resonance (SPR) of AuNPs
has been designed by tuning and controlling their sizes. In particular, the anisotropic properties
of AuNPs are most attractive due to their unique optical, magnetic, electrical, and plasmonic
properties, as well as a variety of modern forms and applications of AuNPs are influential in
the optical, catalytic, and biomedical fields [12]. Some of the intelligible advantages of applying
AuNPs are when the diameter is very tinny on the order of or less than (5 nm), they can used
as a catalyst, transform airborne pollutants into innocuous molecules [13], used AuNPs in

therapeutic medicines and treating cancerous tumors in the body and the ability of AuNPs to
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convert specific wavelengths of light into heat [14]. Due to their various electronic and optical
properties, AuNPs have been used in cell imaging using different techniques [6]. AuNPs play
an important role in electrochemical sensors due to their chemical stability and excellent
electrical conductivity [15], also, the surface of AuNPs can contribute to detection and
biometrics by selectively bounding to biomolecules by appropriate functionalization [16, 17].
AuNPs have shown amazing applications for diagnostic, as well as therapeutic utilize, such as
biosensor applications, accurate drug delivery of nano-vehicles to diseased tissues, and tumor-
targeting capability for cancer therapy [12]. Laser irradiation at a wavelength close to SPR
wavelength can fragment NPs and aggregates when applied to colloidal solution [13], and
additional laser irradiation had a more significant effect on the size distribution of NPs in water
compared to glucose solution. Initial NPs are more stable in glucose solution and have a
narrower size distribution due to the stabilization impact of glucose solution [18]. Figure 1
shows applications of AuNPs in various fields [19]. NPs can produce via ablation from a solid
target utilizing laser short-pulses [20]. Laser ablation uniquely resolves the cytotoxic effects
reported for nanoparticles resulting from chemical synthesis, where a big advantage of laser-
generated NPs is the exclusion of byproducts or toxic substances since chemical precursors are
not needed [21, 22]. When the laser energy is used on a solid or liquid surface, the material is
heated when the target absorbs the laser's energy, causing evaporation because of the high
temperature and, as a result, turning the material into plasma. The ablation rate (the number of
particles removed using a laser pulse) depends on the laser energy, its inflow in the material,
and the material optical characteristics [23]. One of the methods used to produce and
manufacture colloidal NPs in several types of solutions is the laser ablation method [24]. The
method of laser fragmentation in liquids (LFL) is considered to be fine particle dispersions [20].
One of the most significant benefits inherent in this process is the decrease of byproducts
generated in the laser ablation process, as only the basic fluid and the target material are
required. In addition, it allows the synthesis of alloy NPs, noting that these NPs are in high
demand in catalysis, nanomedicine, or other manufacturing [8, 25]. Figure 2 shows the sketch
of the main experimental features of pulsed laser ablation in liquid (PLAL) [26]. Deionized
water is the most commonly used in PLAL in the studies of NPs synthesis, where phase, size,
surface chemistry, morphology, and composition are investigated [27, 28]. Studies have proven
the stability of AuNPs prepared by the PLAL technique by characterizing its solution
absorbance and morphology [21]. This technique proves the possibility of obtaining AuNPs
without functionalization, and offer size distributions that defined by the parameters of

technique, which enables control over the AuNPs diameters, which is crucial for their usage in
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colorimetric sensing [27]. Recently, the PLAL technique has been used to produce AuNPs with
narrow size distribution using surfactants to quench the growth. The advantages of laser-
generated AuNPs include high purity with unique surface properties [29]. The parameters of
the laser ablation play a fundamental role in the properties of the resulting NPs, most notably
the wavelength, number of pulses, and pulse energy [30-37]. There are several studies regarding
the effect of laser parameters on the properties of the resulting AuNPs. Hisham et al. [38]
studied the laser beam energy on the prepared AuNPs and found that with increasing energy
the size of the NPs decreases until they reach their critical size at which the particles become
insensitive to laser energy. When the energy exceeds this size, the NPs begin to clump together
again and their size increases. The wavelength also affects the size and quantity of the NPs. As
LaHaye et al. [39] have shown, the ablation threshold is lower when shorter wavelengths are
used, this has been confirmed by studies on the laser ablation of various NPs [32]. Changing
the laser wavelength plays a crucial role in pulsed laser ablation, as it affects the pulse energy
and consequently the ablation rate and the quality of the treated material. This is because it
influences the material's absorption properties, which in turn affects the level and quality of the
resulting ablation. Shorter wavelengths lead to more effective ablation compared to longer
wavelengths. This is due to the higher photon energy, which increases the material's absorption
coefficient as the laser wavelength decreases. This suggests that using shorter wavelengths may

result in more effective ablation [40].
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Figure 1. AuNPs applications [19] Figure 2. PLAL mechanism [27]
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This work aims to synthesize AuNPs using the ablation technique with a pulsed Nd: YAG
laser in deionized water. The used methodology includes the prepared of AuNPs using PLAL
at different wavelengths and pulse numbers and then the structural and optical characterization

of the resulting NPs to reach the best parameters for preparation as a preliminary study towards
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various future investigations. The novelty of this work lies in conducting a systematic study to
evaluate the effect of multiple laser wavelengths and pulse counts and to determine the optimal
parameters for controlling the properties of gold nanoparticles free from impurities and
chemicals on their surface, enabling their use in fields that require high-purity particles for

medical or environmental applications.

2. Materials and Methods
2.1. Materials

The materials used in this work are simply a piece of high purity gold and deionized water

as a liquid medium for the ablation process.

2.2. Methods

The practical part of this study was conducted in the Optics and Laser Laboratory at the
College of Science at Tikrit University. Colloidal solutions containing AuNPs were prepared
using the ablation technique with a pulsed Q-switch Nd: YAG laser from Beijing Sincoheren
S&T Development Co., Ltd — China, with energy (100 mJ) and a repetition rate (3 Hz) using
three wavelengths (1064, 532, and 355 nm) and changing the number of pulses (300, 400, and
500 pulses) for each wavelength, these pulse numbers were chosen based on experiments
conducted under working conditions, where reaching this number of pulses caused a color
change in the resulting colloidal solutions, which serves as evidence of NSs formation in these
solutions. This work focused on the effect of wavelength and pulse number using a constant
energy (100 mJ), but it's important to note that the pulse energy loss occurs during the transition
to second and third harmonics. This loss is a gradual decrease due to the light passing through
nonlinear crystals to double the frequency. The loss is often in the form of heat. However, this
loss is compensated for by the fact that the photon energy will be high during the transition to

second and third harmonics as a result of the frequency doubling.

The pure gold slice was placed inside (5 ml) of deionized water, and the laser source was
at a height of (15 cm) above the sample, while the liquid level up the target sample was (5 mm).
After that, the optical and structural properties of the prepared solutions were determined using
the X-ray Diffraction (XRD) technique, Field-Emission Scanning Electron Microscope
(FESEM), the Energy Dispersive X-ray (EDX) microanalysis, and UV-visible (UV-Vis)
spectrophotometer. The drop casting method was used to prepare the samples as thin films to

determine their structural and morphological properties using XRD and FESEM techniques,
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respectively, where the prepared nano-solution is distilled using a pipette on a glass slide and

placed on the hotplate stirrer to be at a temperature (~ 40 °C) to dry it [23].

3. Results and Discussion

3.1. Optical Properties (UV-Vis Analysis)

The colloidal solutions resulting from the preparation process appeared reddish-pink in
color for all the prepared samples because they contained AuNPs. It was noted that the color
intensity increases with the pulse number increase, which indicates NPs concentration increase
formed in the colloidal solution, as in Figure 3, which generally shows that the preparation at

the wave-length (532 nm) produces a redder solution compared to the other two wavelengths.

The first measurements of the prepared solutions were by measuring the absorbance spectrum
using the UV-Vis technique. The absorption spectrum in Figure 4 for all prepared samples
shows the appearance of a peak indicating SPR of the AuNPs around the wavelength (527 nm),
resulting from the coordination of the collective oscillation of the surface electrons of the
material with the frequency of photons of light falling on them, which caused the color of the
solution containing the nanoparticles to change. It was observed that increasing the number of
pulses from (300 pulse) to (400 pulse) for all wavelengths used led to an increase in absorption
intensity, as evidenced by an increase in peak height and width. This resulted from an increase
in the concentration of NPs, since the number of NPs ablated within the liquid increased with
the number of pulses. However, with an increase in the number of pulses to (500 pulse), the
absorption intensity decreased. This is attributed to the accumulation of ablated NPs on top of
the target sample, which causes some obstruction to the laser pulses reaching the target for
further ablation. In other words, this accumulation reduced the ablation efficiency [41]. A slight
red shift in the SPR peaks of the prepared NPs at the three wavelengths can be observed with
the increasing number of pulses due to their increasing sizes, indicating a change in the energy
level of the material [42, 43]. The resulting difference in the broadness of the peaks at different
concentrations of the prepared NPs at the different preparation parameters is due to the
difference in their size distributions. When comparing this spectrum for the samples prepared
with the highest number of pulses and for the three wavelengths, it is noted that the highest
absorption intensity belongs to the sample prepared with the wavelength (532 nm), which is
consistent with what was obtained in the colors of the colloidal solutions, which showed that
the most concentrated solutions are those prepared with this wavelength, as in Figure 4.d. In
other words, from this figure, it is clear that the wavelength (532 nm) led to an increase in the
concentration of the prepared AuNPs and the regularity of their size distribution by observing
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the broadness and height of the absorption peak, in addition to increasing the energy levels of

these particles as a result of the peak blue-shift [44-46]

Figure 3. Prepared AuNPs colloidal solution colors

0.65 7 =300 Pulse
=400 Pulse
0551 —500 Pulse
; 0.45 -
g 0.35 A
2
:
Z 0.25 -
0.15 1
0.05 T T T T T T
290 390 490 590 690 790 890
Wavelangth (om)
(a)
035 1 —300 Pulse
03 ] =400 Pulse
—500 Pulse
;’, 0.25 -
g
2 0.2
=
:
= 0.15 -
0.1 -
0.05

290 390 490 590 690 790 890
Wavelangth (nm)

(©)

0.75

0.65 1
5l 0.55 1
£
 0.45 4
=
2
g 0.35 4
3 g5 | —300Pulse

——400 Pulse
0.15 4
——500 Pulse
0.05 r T T T T T
290 390 490 590 690 790 890
Wavelangth (nm)
(b)

0.85 1 —1064nm

075 4 —532nm
e — 355 nm
3
& 0.5
b
2045
2
o
z 0.35
“

0.25

0.15

0.05 + T T T r T T

290 390 490 500 690 790 890
‘Wavelangth (nm)
(d)

Figure 4. Absorption spectrum of AuNPs prepared with different pulse numbers at: (a)
1064 nm, (b) 532 nm, and (c) 355 nm, (d) Comparison of the absorption spectrum when

preparing with the highest number of pulses at the three wavelengths
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3.2. Structural Properties Analysis

The crystallinity of prepared AuNPs was analyzed by the XRD technique, and
corresponding XRD patterns were shown in Figure 5.a,b,c that the AuNPs exhibited four
distinct peaks corresponding to the standard JCPDS card no. (00-004-0784) [48] of face center
cubic (fcc) lattice with preferential directions whose levels are represented by Miller indices
(111), (200), (220), and (311), it has been shown that the dominant trend is at (111) for all
prepared NPs, where the highest intensity of diffractive X-rays; is recorded. The crystalline
sizes of the synthesized NPs (D) were calculated using the Scherer equation [20] (Equation 1)
by analyzing the results of the XRD test', by calculating the full width of half maximum
(FWHM = B) of the peaks belonging to the diffraction angles (20) were obtained for all samples,
noting that the wavelength of the used X-rays is (A = 1.54 A):

0.91
D= Beost Eq.1

It was found that the crystalline average sizes of NPs for the prepared samples are small,
ranging between (9 — 15 nm). Their values were as follows (10.7, 10.5, and 14.8 nm) for pulses
(300, 400, and 500) respectively when preparing with wavelength (1064 nm), and (11.5, 10.4,
and 9.8 nm) for pulses (300, 400, and 500) respectively when preparing with wavelength (532
nm), and (9.9, 9.4, and 10 nm) for pulses (300, 400, and 500) respectively when preparing with
wavelength (355 nm). XRD data are shown in Table 1. The increase in the crystalline average
size of incoming NPs at the highest number of pulses of the two wavelengths (1064 and 355
nm) is due to the occurrence of accumulation and aggregation of the resulting NPs as a result
of increasing concentration. It is obvious that changing the wavelength while maintaining
constant ablation energy has a significant impact on the pulse energy; switching to a shorter
wavelength produces less pulse energy, which affects ablation efficiency [40]. The effect of
using the wavelength (532 nm) in the preparation is noted, as increasing the pulse number led
to a regular decrease in the crystalline size of the NPs, which indicates that this wavelength is
the most appropriate in preparing AuNPs under the current working conditions comparatively
with the other two wavelengths as shown in Fig 5.d, this was proven by the results of the
analysis of the optical properties regarding the use of this wavelength. In this figure, all
crystallographic orientations and properties were analyzed relative to the (111) plane as it

exhibited the primary diffraction peak, ensuring a consistent baseline for comparison across all
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samples. The diagram in this figure shows the irregularity in the increase or decrease in the
crystalline size of the synthesized NPs using the first and third harmonics (1064 and 355 nm)
when increasing the number of laser pulses, with a clear increase in the average size observed
at the highest number of pulses, specifically using the wavelength (1064 nm), while it became
clear that the second harmonic (532 nm) is the most suitable for controlling the average size by
regularly obtaining smaller size as the number of pulses increases. Although the same number
of pulses are used for all wavelengths, the pulse energy varies according to the wavelength,
being lower as the wavelength decreases, as we mentioned earlier, and this is a crucial factor in

the ablation process.
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Figure 5. XRD patterns of AuNPs prepared with different pulse numbers: (a) at 1064 nm,
(b) at 532 nm, (c¢) at 355 nm, (d) Comparison of crystalline sizes for all synthesized NPs
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Table 1. XRD data of prepared AuNPs

A (nm) Pulseno. 20 (deg) hkl B(deg) d(mm) D (nm)

37.5 111 0.9 0.2395  9.3180

1064 300 44.5 200 1 0.2033  8.5800
64.9 220 0.7 0.1435  13.443

78 311 0.9 0.1223  11.353

38.5 111 1 0.2335 84114

1064 400 44.5 200 0.9 0.2033  9.5334
64.5 220 1 0.1442  9.3897

78.5 311 0.7 0.1217  14.649

39 111 0.6 0.2306  14.040

1064 500 44 200 1.5 0.2055  5.7099
65 220 0.5 0.1433  18.831

78 311 0.5 0.1223  20.436

38 111 0.7 0.2365 11.998

532 300 44.5 200 0.9 0.2033  9.5334
64 220 0.7 0.1453  13.377

77 311 0.9 0.1236  11.274

38.2 111 1.5 0.2353  5.6025

532 400 44.5 200 0.9 0.2033  9.5334
64.8 220 1 0.1437  9.4053

78 311 0.6 0.1223  17.030

38.5 111 1.5 0.2335 5.6076

532 500 44 200 1.5 0.2055  5.7099
64.5 220 0.7 0.1442  13.413

77.5 311 0.7 0.1230  14.546

38 111 1.6 0.2365 5.2492

355 300 43.5 200 0.9 0.2077  9.4998
64 220 0.9 0.1453  10.404

77.8 311 0.7 0.1226  14.577

38.2 111 1.2 0.2353  7.0031

355 400 429 200 1.5 0.2105  5.6881
64.5 220 0.9 0.1442  10.433

77.5 311 0.7 0.1230  14.546

38.8 111 1.5 0.2318 5.6128

355 500 43.3 200 0.9 0.2087  9.4932
64 220 0.9 0.1453  10.404

76 311 0.7 0.1250  14.396
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The results of the analysis of the FESEM technique regarding the surface morphology of the
prepared gold NPs are shown in Figs. 6 — 14, which show images of the AuNPs at two scales (100
and 500 nm). These images showed, in general, the resulting NSs composed in with different shapes
depending on the laser parameters, specifically the wavelengths and their effect on the pulse energy,
as well as the effect of the number of pulses, as some samples were elliptical and some were
spherical, and this depends on the preparation conditions and the resulting concentrations. The
results showed that the NSs produced by using the wavelength (1064 nm) at the three numbers of
pulses used were elliptical in shape, tending to form larger aggregates that tend towards a cubic
shape, and their diameters ranged between (11 - 34 nm). As for the prepared NPs at a wavelength
of (532 nm), their diameters ranged between (26-32 nm) and they were spherical in shape and also
tended to form aggregates. The same was true for the prepared NPs at a wavelength of (355 nm),
while their average diameters ranged between (24-46 nm). The formation of aggregates and clumps
is due to the high concentration of formed NPs in their colloidal solutions due to the increase in the
laser energy density rate, which consequently led to an increase in the diameter average of NPs.
When the laser strikes the target, it generates a high-temperature, high-pressure plasma. As this
plasma cools rapidly (especially in liquids), the vaporized atoms begin to clump together, forming
tiny nuclei that move within a bubble created by the laser. These nuclei then collide continuously,
merging to form clusters. The high surface energy of the NPs makes them unstable, causing them
to clump together to reduce this energy and achieve a more stable state. There is no protective
coating to prevent the formation of these clusters, particularly with PLAL, which is clean and does
not use chemicals that could inhibit cluster formation [48], led to a size disparity and, thus, a
difference and irregularity in the size distribution. Shorter wavelengths possess high photon energy,
leading to the vaporization of a larger quantity of matter. This increases the vapor concentration in
the reaction region, promoting the agglomeration, clustering, and rapid growth of particles before
they stabilize. The differences in the average of diameters of the resulting NPs are attributed to the
wavelength effects used in ablation, as the wavelength directly controls the mechanism of energy
absorption and the size of the resulting particles according to the absorption efficiency, the ablation
threshold and the plasma interaction. At long wavelengths, the plasma blocks the laser from the
target, which reduces the fragmentation efficiency and increases the growth of particles by fusion
[49]. Based on the FESEM results, it is clear that the NPs synthesized at wavelength (532 nm) are
the best as they have spherical shapes and smaller diameters. Spherical AuNPs have several useful
properties, such as optoelectronic capabilities related to shape and size [50], high biocompatibility,

low toxicity, and high surface-to-volume ratio [51].
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Figure 6. FESEM images of AuNPs synthesized at 1064 nm, 300 pulse with the scales:
(a) 100 nm, (b) 500 nm
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Figure 7. FESEM images of AuNPs synthesized at 1064 nm, 400 pulse with the scales:
(a) 100 nm, (b) 500 nm
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Figure 8. FESEM images of AuNPs synthesized at 1064 nm, 500 pulse with the scales:
(a) 100 nm, (b) 500 nm
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Figure 9. FESEM images of AuNPs synthesized at 532 nm, 300 pulse with the scales: (a)
100 nm, (b) 500 nm
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Figure 10. FESEM images of AuNPs synthesized at 532 nm, 400 pulse with the scales:
(a) 100 nm, (b) 500 nm
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Figure 11. FESEM images of AuNPs synthesized at 532 nm, 500 pulse with the scales:
(a) 100 nm, (b) 500 nm
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Figure 12. FESEM images of AuNPs synthesized at 355 nm, 300 pulse with the scales:
(a) 100 nm, (b) 500 nm
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Figure 13. FESEM images of AuNPs synthesized at 355 nm, 400 pulse with the scales:
(a) 100 nm, (b) 500 nm
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Figure 14. FESEM images of AuNPs synthesized at 355 nm, 500 pulse with the scales:
(a) 100 nm, (b) 500 nm
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Figures 15, 16, & 17 show the results of EDX analysis of the prepared AuNPs at wavelengths
(1064, 532, and 355 nm) respectively, which is useful in knowing the proportions of the
chemical elements present. It turned out that the samples are composed of AuNPs in large,
dominant proportions, which indicates the purity of the preparation technique used to obtain
these nanoparticles. Additional peaks are observed in the EDX spectra, and the reasons back to
technical or chemical aspect . This due to the presence of impurities on the surface of the sample
or inside the instrument chamber, such as carbon or oxygen, or these peaks may result from the

interaction of electrons with the sample carrier, such as copper or aluminum [52].

. Spectrum 4
I
Weight%  100%

Figure 15. EDX analysis of AuNPs synthesized at 1064 nm: (a) 300 pulse, (b) 400 pulse,
(c) 500 pulse
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Figure 16. EDX analysis of AuNPs synthesized at 532 nm: (a) 300 pulse, (b) 400 pulse,
(c) 500 pulse
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—
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(©
Figure 17. EDX analysis of AuNPs synthesized at 355 nm: (a) 300 pulse, (b) 400 pulse,
(c) 500 pulse

282



M. M. Ibrahim et al. Bas ] Sci 44(1) (2026) 267-289

The results of the optical and structural properties analysis of the synthesized AuNPs show
that the most suitable wavelength for their preparation under the current working conditions is
(532 nm) compared to the two wavelengths (1064 and 355 nm), as the absorption spectrum of
the NPs synthesized with this combination gave the highest peak and good width in comparison
due to the regularity of the size distribution. Also, the XRD pattern showed that the size average
decreased regularly with increasing the number of laser pulses. Additionally, from the surface
morphology, it was found that the NPs prepared with the wavelength (532 nm) were regular
with smaller diameter averages and a spherical shape, which allows a higher interaction area

for various potential applications, this is agree with the previous studies [53, 54].

4. Conclusions

In this study, AuNPs have been synthesized by PLAL at different ablation wavelengths and
pulse numbers. The presented NPs had an average crystallite size range (9 - 15 nm), and
Composed in a different shape as some samples were elliptical and some were spherical, and
this depends on the preparation conditions and the resulting concentrations which in turn
depend on number of laser pulses and the wavelengths and their effect on the pulse energy. The
Au nano-colloidal solutions appear reddish-pink and present an SPR around (527 nm). It turns
out that the most appropriate wavelength for their preparation under the current working
conditions is (532 nm) compared to the two wavelengths (1064 and 355 nm), as the crystallite
size was smaller and the concentration of nanoparticles was higher, in addition to the high
intensity of their absorption, where there is stable and high laser absorption at this wavelength
by AuNPs. Based on these results, it is possible to produce AuNPs through a simple and low-

cost method that can be used in a variety of potential applications.
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