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Abstract:
In this study, gold and silver nanoparticles (Au NPs, and Ag NPs) were prepared by laser ablation in
water using Nd:YAG laser at wavelength is 1064 nm, 1 Hz frequency. The prepared nanoparticles
were deposited on a silicon wafer of (100) direction by dip coating technique. The FE-SEM results
showed the nanoparticles that the spherical shapes with the average size (13.9, 12.09) nm and The
structural properties were identified using the XRD results were showed the crystal size that were
(10.9, 12.1) nm for each of the Au NPs, Ag NPs, respectively.
The plasma parameters were studied from the emission spectra such as temperature, Debye length,
and electron density, and there were some differences between the bulk target and the nano-
enhanced target. The results showed some differences in the peaks of atomic transitions in terms of
intensity. The variation in the mechanism of laser-matter interaction with exist of the nanoparticles
causes to enhances the emission line more than two folds. The generation mechanism of seeds
electron may reduce the breakdown threshold, so increase the intensity of characteristics lines and
enhance the LIBS detectability, especially for the wavelength range from 400 to 550 nm. Both
plasma number density and plasma temperature increased nano-enhanced plasma by Au NPs or
Ag NPs compared with the bare surface. It is possible to benefit from the improvement in some
optoelectronic applications.
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1. Introduction

Solids, liquids, and gases can be analyzed with the use of
the laser induced breakdown spectroscopy (LIBS) method
in numerous applications include contamination detection
[1], environmental monitoring [2], material analysis [3],
food authentication [4], etc. In LIBS, plasma generated by
a laser beam focused on the target material’s surface excites
and ionizes it. Immediately following the photons from the
laser beams striking the surface of the target, plasma is emit-
ting from the surface material. Some atomic and molecular
species can be optically detected by examining the spectra
of emission from laser-induced plasma [5]. The selected
experimental parameters, including the target type and qual-
ities, target type and properties, ambient gas pressure, laser
light wavelength, laser pulse energy, pulse duration, and
observation time duration, have a significant impact on the
analytical effectiveness of LIBS [6]. A spectrometer is

used to analyze the emitted radiation from plasma column.
The obtained plasma spectrum provides quantitative and
qualitative data such as the target composition [7]. The
emission lines intensity and broadening of specific wave-
lengths provide information about plasma temperature and
electron density [8]. According to the assumption of lo-
cally thermodynamic equilibrium, the intensity distribution
of the spectral lines be obeying to Boltzmann distribution
principle. So, the plasma temperature (Te) is overrule the
existence states in each level. In addition, the probability of
transitions (A ji), and the statistical weight of the excitation
level (g j) also effect the lines intensity, as [9]:

I ji =
N

U(T )
g jA jihν jie

−
E j

kBTe (1)

where E j is the upper level energy. By taken the natural
logarithm for both sides, this relation converted to so called
Boltzmann-Plot [10]. The temperature of plasma is calcu-
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lated from spectral lines using the emitted lines of a selected
species from the inverse of the slope of the linear relation
between left hand side against the upper level energy [11]:

ln
[

λ jiI ji

hcA jig j

]
=− 1

kBTe
(E j)+ ln | N

U(T )
| (2)

where: λ ji and I ji are the wavelength and line intensities.
N and U(T ) represent the density of states of the emitted
species, and partition function, respectively.
The Stark effect is significant in the case of the laser induced
plasma by the electric field generated by the plasma sheath
around ions. So, the number density of electrons can be
calculated through the following relationship [12].

ne =

(
∆λ

2ω

)
×Nr (3)

where ω , and Nr represent the electron impact factor and
electron density from previously determined data for a spe-
cific transition, respectively.
The plasma frequency is set so that any perturbation of the
plasma’s semi-neutral equilibrium produces electric fields;
this frequency, which is exclusively dependent on plasma
density, is one of the most essential plasma parameters
which estimated by the following equation relationship [13]:

ωp =

√
nee2

meε0
(4)

where me is the mass electron of electron, ε0 is vacuum
permittivity.
The Debye length (λD) is one of fundamental property of
plasma behavior, describing the range of plasma shielding
itself from an external electric field by rearrange the nearby
charged particles, which leads to the generation of an op-
posite field that blocks the field. As seen in the following
equation, the Debye length is directly proportional to square
root of the electron temperature over electron density.

λD =

√
ε0kBTe

nee2 (5)

The Debye length λD must be very little when compar-
ing with plasma dimension to achieve the quasi-neutrality
(λD ≪ L).
Other plasma criteria say that there must be many electrons
inside a “Debye sphere” to fulfill the collective behavior
condition:

ND =
4πne

3
λ

3
D ≫ 1 (6)

The major goal of this study is to study different spectral
properties of nanomaterial using LIBS techniques to calcu-
lation of plasma parameters for optical emission spectra of
gold nanomaterial’s.
In plasma-matter interaction differ for nanoparticles due to
their different characteristics. As nearly isolated thermally
system of Nano scale structures, so might increase the ab-
lation efficiency due to rapidly rising their temperature to
evaporation point [14]. As a result, surface nanoparticles
can reduce the breakdown threshold causing more ablation

process [15]. On the other hand, the interaction of electric
fields with the plasmonic particles can cause to emit elec-
trons by different technique of field effect from the surface
as a result of local enhancement in the electromagnetic field
of the incident radiation. These electrons act a started seeds
for plasma breakdown [16].
Aglio et al. (2018) [17] investigated on the fundamental of
enhancement mechanisms of LIBS by utilizing NPs. On var-
ious samples, including metals, transparent substances, and
biological fluids, the interaction of high-intensity lasers with
metal substrates and the laser-ablation processes boosted by
nanoparticles were studied. Sherbini et al. (2019) [18] in-
vestigated on the signals improvement of LIBS by different
types of metal NPs by using Nd:YAG laser. They examined
the influence of NPs size, laser wavelength and energy to
generate best signals compare with bulk samples. Quan-
titative modeling infers improved detectability of atomic
species in biological and chemical samples. Hameed et al.
(2022) [19] studied the emission lines of LIBS from three
metallic targets (Cu, Ti and Ni) with laser pulses of 70 MW
laser power in air. The electron temperature was determined
using the ratios method, which in the ranges of 0.34−0.44
eV, 0.28−0.42 eV, and 0.34−0.45 eV for Cu, Ti, and Ni
respectively.
Khan et al. (2022) [20] employed the NELIBS technique to
study the distinguishability of spectral lines. A colloidal of
Cu NPs was generated by pulsed laser ablation in distilled
water and dried on the Al surface. The study was investi-
gated with different laser intensity and NPs concentration
in unit area. The optimal NPs concentration and laser influ-
ence was 45 µL/cm2, and 28.3 GW/cm2 respectively.
In this work, we study the effect of plasmonic metal nanopar-
ticles to enhance the plasma characteristics induced by
pulsed laser from Si targets which can be usefull in some
optoelectronic applications.

2. Materials and methods
Nd:YAG laser had a fundamental wavelength of 1064 nm,
a pulse width of 10 ns, and repetition frequency of 4 HZ.
Pulse energy of 100 mJ were employed in the LIBS for
plasma emission spectra from Au. The pulsed laser was
focused on the sample using the fluorescence lens, with a
focal length of (10 cm) to reduce the incoming spot diam-
eter from 5 mm from the laser head to 0.027 mm on the
sample. The target was situated inside the sample holder at
the focal point of the lens. The optical fiber was positioned
and configured so that it made an angle of 45° with the laser
axis at a distance of 5 cm from the sample. The aperture
of the optical fiber has a diameter (NA = 0.22/200 m), and
a lens at the intake of the fiber gathers and concentrates
the plasma emission into it. The plasma emission fibers
are then presented to the slit within the spectrum analyzer
model (Spectra View 2100), using a silicon Charge-coupled
device (Si-CCD), which consists of a number of detectors
to record spectral lines with (600 Lines/mm) notches. The
detected light turned into digital signals. The spectra was
captured with a 0.8 nm precision spanning at the wave-
length range of (200−900) nm as demonstrated in Figure 1.
The accuracy of all spectrum data was checked using the
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Figure 1. (a) schematic diagram of a Laser induced break
down spectroscopy (LIBS) [12], (b) Dip-Coatng device .

NIST database.
The Au and Ag nanoparticles are created through the pro-
cess of laser ablation in distilled water using the nano pulsed
laser to the pure gold target. We noticed that the colloidal
solution may have been due to the synthesis of the nanoma-
terial by the scraping process and the color of the deionized
water turned purple. The suspension samples of Au NPs
were deposited the solution containing the nanoparticles on
a silicon base with a diving device as shown in Figure 1(b).
Precipitated thin films are prepared by the dipping method,
after preparing the nanoparticle solution, the base (silicon)
is immersed in the solution for 120 seconds and extracted
for 60 seconds at a temperature of 80 ◦C, and we repeat
several times to obtain a deposited film of gold nanoparti-
cles on silicon a sample with a film thickness of around 200
nm. This process was repeated with the generated from the
silver bullion process.

3. Measurements and results
The optical absorbance spectra of the Au NPs, an Ag NPs
suspensions in distilled water prepared by 400 pulses of
fundamental wavelength of Nd:YAG laser were shown in
Figure 2. The absorption pattern for Au NPs shows a plas-
monic broad peak at 525 nm, while the plasmonic band foe
the Ag NPs appeared at 400 nm wavelength, which are the
characteristics local surface plasmon resonance LSPR of Au
NPs and Ag NPs, respectively. These absorption bands due
to the interaction of incident electromagnetic wave with the

confined oscillated charged within nan orange. The band
broadening indicate on wide range of nanoparticle size dis-
tribution [21].
The FE-SEM images displays in the Figure 3 at two magnifi-
cation powers of 50.0 kX and 200.0 kX, for the Au NPs, Ag
NPs deposited on Si wafer. The Au NPs appeared to have
spherical shapes which had almost the same size uniformly
deposited on the substrate. The Ag NPs also have spherical
shapes of about 12 nm diameter, but aggregate to each other
forming accumulations of about 200 nm diameter. These
aggregations were occurred due to the oxidization capabil-
ity of silver metal Also, the nano samples appeared to have
almost spherical structures.
Figure 3 shows the granulate cumulating distribution num-
ber percentage for the diameters of Au NPs, Ag NPs de-
posited on Si wafer determined by Image J software. The
spherical shapes of Au NPs have uniformly sprayed over
the surface of narrow distribution from 13 to 29 nm with an
average diameter of 19.49 nm. Wide particle size distribu-
tion appeared for the Ag NPs spread from 13 to 39 nm.
In order to evaluate the structural properties of the prepared
nanoparticle sample, a nondestructive analytical technique
of X-ray diffraction (XRD) was employed. The XRD pat-
terns for Au NPs, and Ag NPs, deposited on a (100) Si
wafer were shown in Figure 4. Polycrystalline structure
with four peaks for each sample located at diffraction an-
gles of 2θ = 38.3301°, 44.3124°, 64.5285°, and 77.5933°
corresponding to crystalline planes (111), (200), (220), and

Figure 2. UV-VIS absorbance for Au NPs and Ag NPs
suspension in distilled water.
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Figure 3. Represents of FE-SEM Images for(a)Au NPs, (b) Ag NPs on Si.

(311) according to JCPDF No. 96-901-2954 and 96-901-
2432 standard cards. The addition intense diffraction peak
corresponding to the (400) Si substrate located at diffraction
angle 69°. The Ag/Si and Au/Si XRD diffraction peak po-
sitions are similar, and the Au could not be separated from
metallic Ag by this XRD characterization; this is the same
as the source when comparing the data [22].
The interspacing of crystalline planes dhkl wad determine ac-
cording to Bragg’s law, while the crystallite size determine
according to Shcerrer’s formula [23], as listed in Table 1.
Figures 5 and 6 show a comparison between emitted spectra
for LIBS from bare Si target with that coated by the two
types of metal nanoparticles Ag NPs, and Ag NPs, respec-
tively.
By using the Boltzmann plot method, which was employed
in this study, the emission spectrum of the element Si II
from Si Au-coated, Si Ag-coated, Si was obtained with
seven values that were chosen for their high intensities and
compared with the NIST database [24]. Based on this infor-
mation, Table 3 was used to calculate the plasma parameters,
including electron temperature, plasma frequency, electron

density, Debye length, and the number of particles in the
Debye sphere.
The emitted lines were matched with the atomic and ionic
lines for Si (Si I, and Si II) and for the two used metals. It is
clear that the intensity of the lines is higher and more distin-
guishable for samples coated by the two types of nanopar-
ticles, especially within the range from 400 to 550 nm,
compare with the bulk Si targets. As an example, the
Si II (504.1 nm) line enhanced in intensity about 2.1 fold
after nano enhancement by Au NPs. Also, revealing that the
spectral lines be more broadening for the nano-enhanced
samples, which indicates an increase in the plasma density
[25].
The probability of breakdown increased as a result of reduc-
ing the breakdown threshold on the sample surface. The
metal nanoparticles act as nearly as thermally insulated, so
they are rabidly heated by irradiation causing evaporation
or sublimation of the NPs [26].
Electron temperature (Te) were determined by Boltzmann-
Plot, as shown in Figure 7, using the intensities of Si II
lines and their parameters from NIST site [26] as listed in

Figure 4. XRD Spectrum for gold thin film at (ELaser= 100 mJ , f = 4 Hz, No. of pulse = 600).
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Table 1. XRD parameters of gold and silver nanoparticles.

Sample 2θ (Deg.) FWHM (Deg.) dhkl Exp.(Å) C.S (nm) hkl

Au NPs /Si

38.3301 0.8502 2.3464 9.9 (111)
44.3124 0.8752 2.0425 9.8 (200)
64.5285 0.8251 1.4430 11.4 (220)
77.5933 0.8251 1.2294 12.4 (311)

Ag NPs /Si

38.1925 0.7802 2.3545 10.8 (111)
44.4499 0.6601 2.0365 13.0 (200)
64.5285 0.7701 1.4430 12.2 (220)
77.5933 0.8251 1.2294 12.4 (311)

Table 2. NIST parameters for the used emitted line for Si II in Te determination.

Wavelength (nm) gk Aki (s−1) Ei (eV) Ek (eV)

290.569 3.06×108 9.838769 14.104461
321.003 3.17×108 10.07388 13.935169
385.602 1.76×108 6.859448 10.07388
504.103 2.80×108 10.066443 12.525262
546.643 1.30×108 12.525262 14.792721
566.956 4.00×108 14.199804 16.386036
597.893 2.26×108 10.07388 12.146991
634.710 2.34×108 8.121023 10.07388

Table 3. Parameters of plasma induced from Si target and that enhanced by Au NPs, and Ag NPs.

Target Te FWHM ne ×1018 fp ×1012 λD ×10−4 Nd ×104

(eV) (nm) (cm−3) (Hz) (cm)

Si 3.958 2.500 1.042 9.165 0.145 1.33
Au-coated Si 4.341 3.500 1.458 10.844 0.128 1.29
Ag-coated Si 4.441 3.000 1.250 10.040 1.400 1.44

Figure 5. Comparison between the emitted spectra from bare Si target with that coated by Au NPs.
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Figure 6. Comparison between the emitted spectra from bare Si target with that coated by Ag NPs.

Figure 7. Boltzmann plot for LIBS from Si target and en-
hanced with Au NPs and Ag NPs.

Figure 8. Lorentzian fitting corresponding to Si II (634.71
nm) line for LIBS from Si target and enhanced with Au NPs
and Ag NPs.

Table 2.
Figure 8 displays the Lorentzian fitting for the Si II (634.71
nm) line for LIBS from the Si target and that enhanced with
Au NPs and Ag NPs. The full width of the emitted line (∆λ )
was taken from the best Lorentzian which was employed to
determine electron number density for each case according
to the data of electron impact width (ωm) for this selected
line [27].
Other plasma parameters, including plasma frequency ( fp),
Debye length (λD) and Debye number (Nd) were calculated
using the Equations (4), (5), and (6), respectively as listed
in Table 3. The plasma parameters satisfy the plasma crite-
ria. The NELIBS decrease the ionization threshold and so
increases the electron density. The electron also can be emit-
ted from samples coated by the plasmonic nanoparticles due
to the interaction with laser radiation which causes emitted
electrons by field effect emission. On the other hand, in-
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creasing Te is a result of enhancing energy absorption by
the nanoparticles.

4. Conclusion
In the present study, we have focused on the plasma spectra
which is emitted from gold and silver metals under the
influence of laser pulses. In addition, the Au NPs and
Ag NPs are generated experimentally by pulsed laser
ablation method with nanosecond laser pulses at 1064 nm
at 600 number of pulses. The results indicated obtaining
quantitative plasma confinement, and thus the dimensions
of the nanoparticles are very small which candidate for
use in multiple scientific applications based on the plasma
parameters resulting of the emission spectra. The silicon
substrate have a clear effect on the results the LIBS of
plasma characteristics induced by pulsed laser as a result of
the variation in the mechanism of laser-matter interaction.
Furthermore, the generation mechanism of seeds electron
may reduce the breakdown threshold, so increase the
intensity of characteristics lines and enhance the LIBS
detection capability, especially for low absorption materials.
Also the plasma temperature and plasma number density
of silver is higher than that of gold, this is due to the
wavelength of the laser used to heat metals. The FE-SEM
results show of the metal nanoparticles of quasi-spherical
morphology with an average size (13.20) nm. In addition,
the XRD patterns show of the metal nanoparticles of
polycrystalline cubic structure, as well as the average
crystallite size were (10.9, 12.1) nm of the Au NPs, Ag
NPs, respectively.
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