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Abstract

Laser ablation of a silver target immersed in distilled water using Nd:YAG laser
with a fundamental wavelength of 1064nm was carried out to fabricate silver
nanoparticles (Ag NPs) with different laser energy in the presence and absence of
magnetic field. UV-Visible spectrum showed that the nanoparticles are almost
spherical in shape. The number of Ag NPs increased by increasing laser energy
while their particle size was reduced by increasing laser energy without magnetic
field. In the presence of magnetic field, the size of Ag NPs increased slightly by
increasing laser energy. According to AFM results, the presence of magnetic field
did not affect the average diameter of Ag NPs. The presence of a magnetic field
causes a change in grain size of Ag NPs with increasing laser energy. While XRD
data illustrated that the magnetic field causes an increase in the crystallite size of
Ag NPs.

Keywords: Laser ablation, Surface Plasmon Resonance (SPR), Silver nanoparticles,
Magnetic Field.
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1. Introduction

In liquids, pulse laser ablation (PLA) of solids is a technology for generation of nano-particles [1].
This technique has been studied in recent years because of the present numerous potential in laser
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material micro-processing, including nanomaterials and nanostructures synthesis [2]. Laser-assisted
formation of nanoparticles is the result of a laser beam bump on a target and the subsequent removal
of material from the target surface, promoted by the liquid enclosed by vapor. At sufficiently high
laser fluence, the target surface layer suffers melting. The medium around the target, which is liquid
under normal conditions, departs to the overheated gaseous state. Compared to other methods,
typically chemical methods, PLA in liquid is a simple and “green” technical method that normally acts
in water or organic liquids under ambient conditions [2-4].

Metal nanoparticles are more attractive because of their physical and chemical properties which
depend on their size. Formation of metal nanoparticles by laser ablation of solids in a liquid
environment is an reciprocal method to the well-known chemical methods and is characterized by
relatively simple experimental setup. In comparison with the chemical methods, laser ablation
generates metal nanoparticles while the surface is not contaminated with residual ions originating from
the recants. It is well known that the optical absorption spectra of metal nanoparticles are dominated
by surface-plasmon resonance (SPR), with the shift to longer wavelengths with increasing particle size
[5]. Noble metals such as silver nanoparticles (NPs) have received immense attention due to their
excellent electrical, optical, physical, chemical and magnetic properties [6-8]. The localized surface
plasmon resonance (LSPR) is another characteristic of silver nanoparticles that is the effect of the
collective oscillation of the excited conduction electrons by the incident electromagnetic radiation.
When the light interplays with spherical Ag nanoparticles of a few nanometers, the incident
electromagnetic field radiation shifts the conduction electrons from their restoring force, resulting in a
collective oscillation of the electrons at a characteristic frequency. The resonance of LSP occurs near
400nm for Ag NPs. At the same time, the oscillation of the electrons produces a polarization in the
opposite sense in the surrounding medium of the generated particle. This polarization abates the
strength of the restoring force over the nanoparticle, leading to a shift in LSPR depending of the
surroundings characteristic [7]. Noble metal nanoparticles have been very attractive for biochemical,
biophysical and biotechnological applications due to their extraordinary physical properties,
particularly due to their sharp plasmon absorption peak in the visible region. Another important
benefit of Ag NPs synthesized by pulsed laser ablation in liquid (PLAL) is its chemical stability for a
duration of months. Additionally, Ag NPs typically demonstrate surface enhanced Raman scattering
(SERS) in the visible region, where they may cause a severe increase in various optical cross-sections,
along with laser deposition, chemical reduction, photo reduction, electrochemical reduction,...etc [9].
The synthesis methods, stability, and characteristics of Ag NPs have become the subject of many
researches in recent years. Currently, nanomaterials based on Ag NPs are applied in chemical, optical,
electronic, and textile industries, as well as in pharmaceuticals, cosmetology, medicine, food
production and packing. They play an important role as substrates for the production of catalytic
materials, sensors, conductors, detergents and antimicrobial coatings [10-12].

The aim of this work is to study the influence of magnetic field on the characteristics of Ag NPs
prepared by laser ablation at different pulse laser energy.

2. Experimental part

Ag NPs were prepared by laser ablation of high purity silver (99.999%) circular target with
distilled water in the presence and absence of magnetic field (Figure-1). Q-switched Nd:YAG laser
with fundamental wavelength of 1064 nm, pulse duration of 10 ns and 6 Hz repetition rate at different
pulse energy (500, 600 and 700 mJ) was used for the ablation of the Ag target which was rotating
through the distilled water. Silver circular bulk was placed at the bottom of a water container, with its
surface being at the focal point of a 100 mm convex lens. Height of water on the silver target was 10
mm. The volume of the water in the ablation container was 3 ml and the silver target was ablated with
a number of shots of 500 pulses at different laser pulse energies. A magnetic field of 4.4 mT was
applied using a permanent magnet.
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Figure 1-Schematic diagram of eperimental setup for laser ablation of silver disc target immersed in
distilled water.
3. Characterization of the Synthesized Silver Nanoparticles

Several experimental methods are available to characterize the synthesized AgNPs. The localized
surface plasmon resonance of silver nanoparticles was characterized by using UV-Vis
spectrophotometer [Shimadzu model) over a wavelength range of 190-1100 nm. The size and
morphology of AgNPs were characterized by AFM (Angstrom advanced SPM-A 3000 model) and the
presence of elemental silver was confirmed through X-ray diffraction (SHIMADZ XRD 600C)
analysis with Cu-ka x-ray tube (A=1.5418A° V=40 kV, 1= 30 mA). The interaction between distilled
water and AgNPs was analyzed by Fourier transforms infrared spectroscopy (FTIR) (SHIMADZU)
that provides a record of absorption of electromagnetic radiation by a sample in the range of
wavenumber of 400-4000 cm™.
4. Results and Discussion
4.1 Influence of Pulse Energy on the Ag Nanoparticles Solution

Figure-2 shows the photos of the Ag NPs prepared in distilled water in the presence and absence of
magnetic field at different pulse energies. One can observe that the color of Ag NPs solution in
distilled water changes from light yellow to yellow with increasing laser energy with the magnetic
field. The color of the Ag NPs solution changed gradually to brown in the absence of magnetic field.
Color changes that were observed with increasing laser energy can be due to the amount and sizes of
nanoparticles [13]. By decreasing the size of Ag NPs, their color changed from yellow to brown. If we
compare the samples in the presence and absence of magnetic field, we can conclude that the amount
of Ag NPs increased without magnetic field, but the size of Ag NPs was smaller.

500mJ 600mMmJ 700mJ 700mJ 600mJ 500mJ

[ WwWithout Magnetic Field l with Magnetic Field

|
Figure 2-Ag nanoparticles samples in distilled water in the presence and absence of magnetic field.
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4.2 X-ray Diffraction

The XRD analysis was employed to determine the phase distribution and crystallinity of the
synthesized nanoparticles. Typical XRD patterns of the dried powder of the prepared Ag- NPs is
shown in Figure-3.

The peaks appearing in Figure-3 are namely those at (200) and (220) and are due to the Ag cubic
structure (JCPDS data file No.4-0783), which also indicates a high purity of the prepared Ag NPs. The
sharpness of the reflection peaks provides a clear evidence for the enhanced crystallinity of the Ag
nanostructures. The mean crystallite sizes of Ag-NPs were estimated from Debye- Scherer formula
[6,8]:

0.894
~ B cosh M
where D is the mean crystallite size, A is the wavelength of the X-ray radiation, 6 is the diffraction
angle, and B is the full width at half maximum (FWHM). The structural parameters of Ag-NPs are
shown in Table-1.

From the data indicated in Table-1, it is clear that the average crystallite size achieved without
magnetic field is equal to 32.26 nm. While when the magnetic field was applied, the average
crystallite size became 39.93nm.
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Figure 3-X-ray diffraction pattern of Ag nanoparticles in the presence and absence of magnetic
field.

Figure 3-X-ray diffraction pattern of Ag nanoparticles in the presence and absence of magnetic field.

Without Magnetic Field
20 (deg) \ (hkl) d-spacing (A% FWHM (deg) Crystallite Size (nm)
44.2995 (200) 2.04615 0.31 27.357
64.5879 (220) 1.4418 0.25 37.169
With Magnetic Field
44.213 (200) 2.04688 0.25360 33.432
64.4629 (220) 1.44429 0.20 46.43

4.3 UV-VISIBLE Analysis

The UV-Visible spectrum of Ag solution that prepared at different pulse laser energies in the
presence and absence of the magnetic field is plotted in Figure- 4. The UV-Visible spectrum in Figure-
4A shows an SPR peak of Ag nanoparticles at 410, 399 and 404 nm at pulse laser energy that ranged
between 500, 600 and 700 mJ, respectively. The appearance of this SPR peak in this range is due to
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Mie scattering [14]. The UV-Visible spectrometer is the effective method to evaluate the size and
shape of nanoparticles in water. It has been reported that the spherical shaped AgNPs have an
absorbed SPR band at around 400-420 nm [13,14]. This result indicated that the synthesized Ag
nanoparticle has a spherical shape. In addition, the results show that the SPR peak intensity was
increased with increasing laser energy. The increase in SPR intensity was associated with an increase
in the number of the formed AgNPs [15]. Therefore, this result indicated that the number of the
formed Ag nanoparticles increased with the increase in laser energy. The results also showed that the
SPR peak was shifted to shorter wavelength (blue shifted) with increasing laser energy, which
indicates the formation Ag NPs with larger size. In addition, the absorption curve gives an evidence
that laser energy affected the LSPR position, indicating that there was no symmetric nanostructures
produced for all fabrication conditions.

Figure -4B demonstrates the UV-Visible spectrum of Ag nanoparticle solution prepared at
different laser energies in the presence of a magnetic field. The spectrum shows that the SPR Peak
appeared at 407, 400 and 403 nm when the pulse laser energy was 500, 600 and 700 mJ, respectively.
The SPR peak was shifted toward a shorter wavelength with increasing laser energy. This shift implies
that the nanoparticle size increased with increasing laser energy, according to Mie theory [13]. The
comparison between Figures- 4A and 4 B shows that the SPR peak was slightly devoid toward shorter
wavelength when the magnetic field was applied. This result indicated the fact that the Ag
nanoparticle size slightly increases in the presence of a magnetic field. This behavior can be explained
by the fact that the silver material is diamagnetic material, so that silver atoms have no unpaired
electrons, which results in a zero net magnetic moment. Therefore, sliver material displays a very
weak response against the applied magnetic field due to realignment of the electron orbits when a
magnetic field is applied. They do not retain magnetic moment when the magnetic field is removed
[15]. The intensity of SPR peak was increased in the presence of magnetic field. This means that the
number of Ag nanoparticles increases in the presence of magnetic field.
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Figure 4-UV-Visible spectrum of Ag nanoparticle in distilled water synthesized at different
pulse laser energy; A) without magnetic field and B) with magnetic field.

4.4 AFM analysis

The morphology of the synthesized Ag NPs was analyzed by atomic force microscope (AFM) at
different laser energies in the presence and absence of magnetic field. This technique can provide a
visualization of individual particles and groups of particles and in three dimensions, unlike other
microscopy techniques. Figures 5 and 6 show the AFM images of AgNPs synthesized at different
pulse laser energies in the absence and presence of magnetic field, respectively. One can observe from
Figure- 5 that the average depth of AgNPs was 18.51, 2.23 and 6.08 nm which corresponds to pulse
energy of 500 mJ, 600 mJ and 700 mJ, respectively. On the other hand, when the magnetic field was
present, the results in Figure- 6 show that the AgNP depth was changed to become 7.72, 5.54 and
24.72 nm, corresponding to laser energy of 500, 600 and 700 mJ, respectively. The average diameter
and roughness of Ag NP in the presence and absence of magnetic field are tabulated in Table- 2. The
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table indicates that the average diameter of the AgNPs was reduced and then increased with the
increasing of pulse laser energy values, with and without magnetic field respectively. The increase of
the average diameter can be explained by the fact that, with increasing laser energy, the ablation
process is accompanied by melting the Ag target surface, with less evaporation and NP auto-
absorption of laser photons. This absorption leads to the formation of smaller particles as a result of
fragmentation of larger ones [11]. While the increase in the average diameter of Ag NP with
increasing laser energy from 600 mJ to 700 mJ may be attributed to the rapidly decreased ablation
efficiency with increasing the laser pulse energy. This behavior was ascribed to the occurrence of
auto-absorption processes leading to fragmentation of larger particles and consequently decreasing the
average diameter of AgNPs [11].

Without Magnetic Field

Laser Energy (mJ) Average Diameter (nm) Roughn(er]srsr]f\verage
500 79.08 4.16
600 55.68 0.523
700 65.26 0.509
With Magnetic Field
500 73.54 1.72
600 63.61 1.38
700 68.11 6.42

1035, 94 ™
nm

Figure 5-AFM images of Ag nanoparticles prepared at different pulse laser energies A) 500Mj, B)
600mJ and ¢) 700mJ without magnetic field.
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Figure 6- AFM images of ag nanoparticles prepared at different pulse laser energy A)
500mJ, B) 600mJ and C) 700mJ with magnetic field.

In addition, Table- 2 illustrated that the average roughness of Ag NPs film surface decreased with
increasing pulse laser energy in the absence of magnetic field. This effect is due to the decrease in
grain size with increasing pulse laser energy [16]. While in the presence of magnetic field, the average
roughness of Ag NPs film surface was decreasing and then increasing with increasing pulse laser
energy. This result implies that the grain size is changed with the change in pulse laser energy when
the magnetic field is applied.

4.5 Fourier Transform Infrared Spectroscopy (FTIR)

Size distribution and characterization of the Ag nanoparticle synthesized by laser at the different
laser energies with and without magnetic field were explored further using FTIR. Figure 7 shows the
FTIR spectrum of Ag NPs prepared at different pulse energies (500, 600 and 700 mJ) in the absence of
magnetic field. The spectrum shows a broad peak at 3421.48 to 3448.49 cmin the high frequency
area together with a sharp peak at 1635.52cm ™", corresponding to the stretching and bending vibration
of OH groups of water molecules [17,18]. The absorption peaks corresponding to 690 cm™ are
representing Ag-O deformation [19]. The peak that belongs to the vibration of the Ag-Ag metallic
bonds cannot be seen in this graph because the FTIR used the mid-infrared ray (4000-400 cm™) that is
not suitable to measure the vibration frequency of metal-metal bonds [20].
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Figure 7-FTIR spectrum of Ag NPs prepared at different pulse energies without magnetic
field.

When the laser energy increases, the FTIR spectrum shows that all absorption peaks are reduced
and shifted, which depends on laser energy.
Figure-8 demonstrates the FTIR spectrum of AgNPs prepared at different pulse energies in the
presence of the magnetic field.
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Figure 8-FTIR spectrum of Ag NPs prepared at different pulse energies in the presence of
magnetic field.

Figure-8 shows the FTIR spectrum of Ag NPs prepared at different laser energies in the presence of
magnetic field. The spectrum reveals absorption peaks at 3446.56, 3452.34 and 3450.41 cm™ at laser
energy of 500, 600, 700 mJ, respectively, together with one sharp peak at 1635.52 cm™ which is
attributed to the stretching and bending vibration of OH groups of water molecules [17,18]. One small
absorption peaks at cm™ corresponded to the Ag-O bond which appears when the pulse energy is
equal to 500 and 600 mJ, and this peak disappeared when laser energy became 700 mJ. The spectrum
shows that the absorption peaks in the spectrum were shifted toward smaller wavelengths when the
laser energy increased from 500mJ to 600 mJ, . Then there was no shift in the absorption peak when
the laser energy became 700 mJ, which could be due to agglomeration and the formation of larger
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particles. Consequently, we can conclude that the AgNPs characteristics such as size and shape change
with the changes in laser energy in the presence of magnetic field.
5. Conclusion

Preparation of silver NPs by the Q-switched Nd:YAG laser ablation method at different pulse laser
energies in distilled water, in the presence and absence of the magnetic field, was investigated. The
results show that Ag NPs in these experimental condition are almost spherical in shape. The number of
Ag NPs was increased by increasing laser energy, while particle size of the Ag NPs was reduced by
increasing laser energy without magnetic field. While, in the presence of magnetic field, Ag NPs size
slightly increased by increasing the laser energy. The amount of Ag NPs was increased in the presence
of magnetic field using the same laser energy. According to AFM results, the presence of magnetic
field did affect the average diameter of Ag NPs. The presence of a magnetic field resulted in a change
in grain size of Ag NPs with increasing laser energy. While, XRD data illustrated that the magnetic
field caused an increase in the crystallite size of Ag NPs.
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