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ABSTRACT

Nd-yag laser with wavelength (A) =1064nm and energy 1100 mJ was used to prepare Ag nano particles
in aromatic solvent benzene for the first time in this work according to our knowledge. UV-Vis
spectroscopy, X-ray diffraction (XRD), (EDX), TEM, FTIR, Photoluminescence measurement, and
Raman shift were used to examine the optic, structural, as well as morphological features of Ag Nano
particles. According to XRD patterns, the synthesized Ag NPs exhibit a nanocrystalline and cubic (FCC)
structure. The direct optical energy gap of Ag NPs discovered to be within the range of (2.8) eV. The
Photoluminescence emission spectra and excitation spectra of Ag the emission peak fixed around 380 and
430 nm respectively. When the findings from the experiment are compared to those from the reference
sample, it becomes clear that benzene has substantially higher nanoparticle production efficiency and
smaller particle sizes.

KEYWORDS: Silver nanoparticles, Laser ablation. Benzene solvent, plasmon peak, pulsed laser

ablation in liquids.

1-INTRODUCTION

he preparation of metallic nanoparticles

employs a unique, practical, and an
important process called laser ablating of bulk
materials immersed in a solutions. Because this
method is characterized by versatility and
simplicity of use, it produces clean as well
as unpolluted metal nanoparticles with no need
for various chemicals in solution. [1-8]. Ablating
efficiency and features of created nano-silver
particles are strongly influenced by a number of
elements, such as the laser’s wavelength that
impinges the target, the effective liquid medium,
the ablation time duration, the laser power in
addition to the presence or the absence of
surfactants [9,10]. The productive of laser
ablation in liquid (LAL) can be improved via
used of a liquid flow, by choosing a low liquid
level, and by performing LAL in water. In
specific cases, water undesirably alters the
properties of the NPs, for instance, by oxidation.
Lowe-viscous organic solvents represent the best
alternatives in such a case [44]. There are other
studies that dealt with the effect of organic
solvents on the optical properties of ultra-small
particles prepared by laser ablation in solutions
[45]. Nanomaterials have recently piqued the
interest of scientists due to their unique and

crucial features as compared to bulk materials.
The characteristics of the material dramatically
change when the size of the component particle
reaches the nanoscale realm. Nanoparticles’
characteristics can mostly be determined by their
size and form. They include noble metallic
nanoparticles like Ag, Au, Pt, as well as Pd,
which have uses in biological, chemic, and
physical processes. [11,12]. Ags an example
of transition metal, silver is a soft, white, glossy
element that is within a set with copper
plus gold. Ags have good electrical, optical, and
thermal properties [13-15]. Silver nanoparticles
(AgNPs) have being employed more often in a
wide range of industries, such as medicine,
health care, food manufacturing, and consumer
products, as a result of their unique physic as
well as chemic properties. AgNPs have been
employed as antibacterial factors, in orthopedics,
drug administration, diagnostics, also as
anticancer factors, eventually enhancing the
tumor-killing actions of anticancer medications.
[16]. Improving AgNPs production efficacy and
reducing particle sizes. As opposed to that, the
synthesized AgNPs in benzene solutions have
more stability for a long time. By interacting
with hydroxyl groups, ion-dipoles in benzene
prevent the AgNPs from forming clumps [17],
which is how it prevents agglomerate (—OH).
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The purpose of this work is to investigate the
structural, morphological, and optical properties
of Ag NPs prepared using the PLAL technigque
and using the benzene as a medium.

MATERIALS PLUS CHEMIC REAGENTS

An order for 99.99% of pure Ag plates was

made  via (www.np-laser.com)to  Zhongke
(Hefei) Napu New Materials Co.  Ltd.
Additionally, the ormatic solvent

of benzene was obtained from the University of
Technology's Chemistry Branch of the
Department of Applied Sciences
Experimental part

Pulsed YAG laser ablating was used to create
Ag nanoparticles from pure silver (99.999%
pureness) that was put in an aromatic solvent-
filled beaker (benzene) [17]. The Nd-YAG laser
employed there has a wavelength, energy, and
pulse count of 1064 nm, 1200 mJ, and 2000—
2500 beats per second, respectively. The beam

NEYAG Laser
*—  1064am

4 Container

AoNPs colloidal
Plasmon palm

Ag Target

diameter is 2.3 mm. At room temperature, the
ablation process took around 25 minutes. The
colloidal solution of silver nanoparticles was
obtained; this was visually revealed by changing
the solution’s colour from transparent white to
golden yellow. The flexible synthetic method
known as the Laser Ablatingin Liquid (LAL)
allows for the quick synthesis of nanoparticles
from simple starting materials. LAL works by
focusing an intensive laser beam into a liquid or
onto a solid-liquid interface. Traditional wet-
chemical approaches for preparing colloidal
nanoparticles and nanocomposite materials have
a number of disadvantages as compared to LAL
processes. In comparison to hours or days
generally required with older procedures, for
justa few minutes of laser process and minimal
post-synthetic ~ work-up,  LAL  produces
significant amounts of nanoparticle products.
Figure 1 also depicts the experimentation setup
for laser ablating of a silver target submerged
within benzene.

Fig. (1): Schematic diagram of the laser ablating technique onnbthe left and Colloidal of" silver nanopéfficles on
the right

Characterization

The UV/VIS spectra were collected using a
Perkin ~ Elmer Lambda 365 UV/VIS
spectrometer. The FluroMate FS-2
Spectrometer's PL Lamp System was used to
capture the photoluminescence (PL). The X-ray
diffracting (XRD) spectrometer, model number
XRD-6000, SHIMADZU, Japanese, operates at
220 V/50 Hz., While the Bruker Company/
GermanyXFlash 6110/Model was used to get
EDX (Energy Dispersive X-Ray Spectroscopy).
By utilizing Model Spectrum TWO, Fourier

Transform Infra-red (FT-IR) analysis was
performed (Perkin Elmer). and by Utilizing a
PHILIPS brand CM10, Transmitting
Electronic Microscopy (TEM) was conducted,
and Raman was acquired using a system with a
preconfigured 532 nm Raman spectrometer
system.

RESULTS AND DISCUSSION

A popular analytical method for
determining particle sizes and levels of
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crystallinity in molecules as well as crystal
structures is X-ray diffraction (XRD). Ag
nanoparticles with cubic (fcc) crystal
structure and the three main peaks located at
38.18°, 44.25°, and 64.55°, respectively,
correlating to the (111), (200), and (220)

(111)

(200)

Intensity(a.u)
w
o

planes, are produced by laser ablation in
benzene and deposited on glass substrate by
drop casting. The X-ray diffraction pattern
of these Ag nanoparticles is shown in Figure
2 and is confirmed by comparison with
JCPDS Card No. 04 [18-21].
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Fig. (2): XRD analysis of silver nanoparticles

This result agrees with the result obtained
from their reference [22].

Peaks that represent the planes at 111, 200,
and 220, correspondingly, have values of 38.06,

101

200

[ntensity (a.u)

44.23, and 67.43. Those planes demonstrated
that the extract-produced AgNPs were
crystalline in character.

20 30 40 50

20 (degree)

60 70

Fig. (3): XRD graph represents the crystalline nature of silver nanoparticles. [15]

And the XRD pattern for the produced
AgNPs in other papers [23]. The face-centered
cube (fcc) structure of metal silver having a
space group of Fm-3m was indexed to the

detected diffracting peaks at 37.98 , 44.17_,
6438 and 773 in the 2h scope
which correspond to (111), (200), (220), and
(311) reflecting planes (JCPDS 04-0783) [23].
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Fig. (4) : shows the EDX spectrum. The elements found in the normal count were Si=28.36, Ag=28.02,
Na=5.16, Ca=4.98, Mg=1.27, CI=0.76, and S=0.61.

The apparent existence of Ag peaks at 3 KeV, Ag support, the Si peak at 1.75 KeV could
which are the characteristic absorption peak of  similarly be observed. The carbon signals is due
the silver nanocrystals, is demonstrated by the  to the surfactant. Showed strong noise signals
EDX spectrum of Ag nanoparticles. Because of  including Ca, Na S, Al and Mg; this may be due
the silicon wafer existence, which served as an  to the presence of impurities in benzene [24-26]
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Fig. (5): EDX of silver nanoparticls
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UV-visible spectroscopy studies of Ag NPS
UV-Vis analysis was performed. to carry out
the initial characterization of Ag nanoparticls
and their oxides are two types of nanoparticles.
Figure 4 displays a UV-Vis spectra of the
colloidal solvent of silver nanoparticles prepared
by laser ablation in benzene at range (200-1100)
nm. At the laser wavelength of 1604 nm, an

optic absorbing band having a maximum at 310
nm was discovered. This is a characteristic of the
absorbing of metal silver nanoparticles caused
by the Surface Plasmon resonances (SPR),
demonstrating the existence of Ag nanoparticles
inside the solvent. [27-30]. The colloidal
solution contains particles of various sizes
coexist, as shown by a wide absorbance band.
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Fig. (6): The UV-visible of silver nanoparticles

Intense Plasmon band absorbance at 310 nm
and modest inter-band absorbance in the 200-
250 nm range are present in the spectra,
respectively. Within our circumstances, an
analysis of the absorption of inter-band
transition at 250 nm shows that the production
efficiency of colloids rises along with an
increasing within the laser wavelength. This was
explained according to the prior reports. [24]

The tiny, spheric nanoparticles' production
and uniform dispersion are shown by the blue-
shifted, narrow SPR band [31]. The obvious
peaks at 310 nm in the absorbance spectra
showed a tendency to blue shift; such peak could
be attributed to the impact of quantum size [17].
These absorbance maxima are associated with
NPs that are spherical (or almost spherical) and
have an average diameter that is typically around
2 and 100 nm [32]. TEM pictures and the
accompanying statistical and morphological
analysis were used to confirm such findings. The
energy gap was estimated using the equation of
energy, as follows:

E=hxc/A
h=6.626 x 107", ¢ =3 x 108 m/s

In the SI system, the Planck variable h is

expressed within Joule-seconds, and

Electronvolt (eV) within the M.K.S system, .1
eV = 1.6x107 Joule
E=(1240/ 1) ev for A in nm

The curve was drawn between the value of
the absorbance multiplied by the value of the
wavelength in micrometers on the y-axis and the
value of the energy gap, which was calculated
according to the above eq. The energy gap was
calculated as a result of the intersection of the
drawn lines aligned with the obtained curve as
illustrated in Figure 5 [33-34], and its equal to
2.8 eV, this result agrees with the Ehab
Mohammed Ali research [35]. The optical
absorption of metal nanoparticles (MNPs) may
be accounted for quantum mechanically,
simulating light interactions on metal surfaces
through photoelectric absorbance plus Compton
scatter. This is because intra-band conduction
electrons are excited via photons. [30-33]. While
some conduction electrons in MNPs are held by
particular atoms, others are loose and can move
across atoms to create metallic connections that
hold the metallic nanoparticles together. When
photon energy of UV lighting with the maximum
absorbing wavelengths (max) is applied, the
conduction  electrons undergo intra-band
guantum excitation above the Fermi energy
level, which is where the conduction band of
metallic nanoparticles can be determined. The
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possibility of an attraction amid the metallic ions
and the particle's conduction electron is reduced
with smaller particle sizes. As a result, the
smaller particle's conduction band energy rises.
Larger particle sizes, on the other hand, include

a greater number of atoms, which increases the
attracting possibility amid conduction electrons
with metallic ions, lowering the energies of
metallic nanoparticles' conduction bands [36].
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Fig. (7): Tauc plot of Ag Quantum dots

The TEM analyzing verified the existence of
nanoscale particles. The average diameter of the
particles, which ranged from 3 to 24 nm, was
less than 10 nm, and they had a spherical form.
Ag nanoparticles prepared by leaser
ablating within benzene with energy of (1100
mJ) are shown in the TEM image and the
number of pulses is 2000-2500 beats/second.
The development of aspheric, monodispersed

Yoy

Fig. (8a): TEM aalysis of silver nanoparticles

nanoparticles was depicted in Figure 6 by the
TEM imaging. Metal nanocrystals with an Fcc
structure have a propensity to form twin particles
and have least energy facets around their
surface (111) [27]. The distributing of particle
sizes in Fig. 8b is depicted as having an average
size of 9 nm and a range of 3 to 24 nm. The
particles are either aspheric or elliptic in form.
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Fig. (8b): the particle size distribution of Ag

The FTIR spectra of silver nanoparticles
produced via leaser ablation in benzene are
shown in Figure 9. Different absorbance peaks
were identified by Ag nanoparticle FTIR data,
which helped assign the various
functioning groups of phytochemicals. The O=H
stretching of phenolic compounds, N-H
stretching of prime as well as secondary amines
plus amides, C=H stretching of methyl groups,
C=C stretching of alkynes, H-C=0: stretching of
aldehydes, and C=O stretching of carbonyl

76 -

groups of  flavonoids and tannins,
correspondingly, were assigned to the
absorbance peaksat 3739, 3321, 2916, 2371,
1958, and 1656 cm 1. [22] Also The peak at
1357 cm™ is representing the C=N stretch of
nitriles. The peak 1104 cm™ correlates to C-O
stretch. The peaks observed at 845, 751, 665 and
604 cm™ correlate to C—H stretch of alkenes.
Whereas the peak for Ag-NPs was found around
594 cm™[39-41]
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Fig. (9): FTIR spectrums of Ag NPs by laser ablation method.
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Figure 10 shows the Photoluminescence
emission and excitation peak of Ag NPs which
created by laser ablating in benzene. The red-
band area of the emission spectrum has a single
strong peak that represents the basic absorbance
of silver nanoparticles. The peak's center at 430
nm is attributable to electrons from gold
nanoparticles that are quantum-confined. It was
detected at around 430 nm, where a shift in the
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emission peak at a shorter wavelength was
observed, this indicates a blue shift [22], and the
excitation spectrum is detected with a strong and
intensive peak concentrated at 370 nm, where
the energy gap is measured, it is found to be
equal to 2.88 eV at 430 nm, this is the same
value as that obtained from UV-Vis
measurement [42].
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Fig. (10): Photoluminescence emission and excitation peak of Ag NPs

Raman spectra of silver nanoparticles are
shown in Figure 11. They consist of vibrational
modes at 890-1407 cm™* for Ag NPs [43] mode.
The Raman signals at 1153 cm™ arise from
modes of in-plane C-C stretching vibrations and
3315 cm-1lof O-H stretching vibrations. The
other band at 1882 cm™* is obtained due to C=0
stretching vibration of carboxylic group .

For the purpose of determining the chemical
structure of the silver nanoparticles, Raman
spectra were gathered. Raman scatter has
established itself as a key method for learning
about the local structures of various

nanoparticles. Impurity detection cannot be
totally disregarded because of the great
sensitiveness  of detecting for Raman active
species,  particularly  because  displayed
characteristics in the CH stretcharea are
challenging to interpret. According to the results
of the Raman spectra of the Ag nanoparticles, an
Ag-O mode could be attributed to a vibrating
band at 250 centimeters, and an Ag mode could
be attributed to a vibrating band at 1050
centimeters. The wide band at 820 cm-1 can
be attributed to N, N-dimetylformamide-derived
O=C-N vibrating.
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Fig. (11): Raman spectra of silver.

CONCLUSION

To sum up, The Ag NPs in benzene
solution have effectively been manufactured
utilizing the laser ablation approach. The
formation effectiveness of NPs is enhanced
along with decreasing particle sizes. As a
consequence of the current work, it is the first
time that the synthesis of the silver nanoparticles
as well asthe impact of benzene
concentrations on their characteristics have been
described. also, the present work showed that it
is possible to obtain AgNPs by laser ablation in
benzene. The achieved results show that cubic
Ag-phase with spherical shape particles forms at
the nanoscale with an energy gap of 2.8 eV.
These results indicate the possibility of using Ag
NPs in many applications (for future work) such
as drug administration, diagnostics, also as
anticancer factors, eventually enhancing the
tumor-killing actions of anticancer medications.
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