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Abstract

The primary focus of this paper is the optical absorption spectrum, denoted as I'n, of gold (Ag) plasma,
analyzed through the stimulated laser breakup spectroscopy technique. To establish the precise relationship
between light beam energies and the plasma characteristics, measurements of emission line intensities and
plasma properties were conducted. The electron density (ne) and temperature (Te) were calculated using
the classic Boltzmann plot method and the McWhirter criteria. At the critical wavelength of 1064 nm, the
data points for electron density (ne) ranged from 2.3x10"17 to 3.7x10717 mm, while the temperature (Te)
spanned from 6064K to 4507K. For Ag-ba, the electron density varied between 9.36x10716 to 1.19x10"17
cm”-3. The overall electron temperature (Te) exhibited a sharp increase with rising light beam energy, a
common trend observed across the studies, as electron density also increased proportionally with energy.
Key Words: Nanomaterial Composites, LIBS, Plasma Variable, Electron Energy Number, and Electron
Temp, Silver Langmuir.

I. Introduction

(Since its discovery in the 1960s, the Laser Induced Degradation Spectroscopy (often abbreviated as LIBS)
technique has garnered the attention of researchers spanning many generations. This kind of delicate
technique relies on (optical revelation) with respect to a wide variety of molecules and atoms types in order
to acquire subsequent emission from laser-motivated gas. The control of the chemistry and physical features
of a wide variety of materials, including liquids, minerals, minerals, polymers, aerosols, biological products,
and.....etc., may unquestionably benefit from the use of this technique, since it is widely regarded as an
effective method .

As a result of the uncomplicated nature of such experimental setting, the process does not present any
challenges and may be compared to many kinds of elemental research. During the step that came before,
we needed the assistance of a pulsed device to generate micro plasma upon that material's surface. By
having prior knowledge of the ionization plume emission, this elemental analysis may be done with more
competence. The stimulate foam or, in these other words, the induced gas by optical is influenced by a
variety of distinct factors that determine the advantages of desired target, characteristic of surroundings,
laser's wavelength, period of burst, and so forth and so forth forth. The first work on the spectrum analysis
was done with (LIBS), which may be connected with. There in 1980s, this method became more popular
for use in scientific research as both a clinical instrument . Because of its great conductivity, it is being
studied in conjunction with other metals for a wide variety of applications as plasmonic nanomaterials .
The characteristics of dispersion as well as the characteristics for corona of silver are particularly significant
in laboratory plasma diagnosis or for various technological applications, such as the manufacture of
clusters, the interconnection of low-voltage instruments, nanoparticles, and metals films.

Il. Experimental Work

The set-up of the experiment that applied for the measure of silver plasma is clarified as:

The laser Nd: YAG working at 1064 wavelengths . The pulses with the maximum energy is directed
towards the cause of the burn and is administered (850mJ). The self - renewal of the lasers could be altered
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by the use of the beam's control, and this was accomplished by use of a power meter (Pro Quantel 0.001)
by delaying the flash light's Q-switch.

The optical device instrument consists of a converging lens with just a telephoto lens of ten centimeters as
well as mirrors made from brass and designed for plane reflection. These mirrors have a width of fifty
millimeters and a width of ten millimeters (5mm). The spectral emission that was noticed by making use
of a vigorous tempo of radiation that had been recorded during the same circumstances. The (photonic fiber)
that originates from ocean optics was used in order to collect the plasma electromagnetic waves.

Co (core diameter: 600 microns, elevated) have just a beam splitter lens that is situated in the correct angle
which accompanies laser radiation. its field of vision ranges from 0 to 45 degrees. The HR 5000
spectrometer has been linked to the fiber optics inside that contains of 14 diffraction which is accessible
m), which lid'to entry cut (5, 10, 25, 100, plus 200 the region from (200-1100micrometers) of spectral with
just a sharpness of optical approximately (0.03nm), and also the duration for integration is about (3.8ms-
10sec).

The object was targeted using ocean optical on even a 3D experiment stage, which had been moved to avoid
the target caused by irregular pitting. The platinum target was formed in the format of a rectangle and also
was 4 centimeters across with only a height of 3.0 millimeters.

I11. Result and Discussion

The Spectrum of Optical Emission for Silver Bulk

The laser Nd: Rest and relaxation was set at 1064 nanometers, and the length of the pulse were 6
nanoseconds, while the repetition rate being 10 hertz. This created a plasma comprising silver. The strength
of the light that was specified to the substratum for the Mag target was recorded as having been emitted by
the plasma.

(140 versus 225 mJ) were noted at the agribusiness substrate for such emitters of serum the with direction
of spread at the requisite environment, and indeed the consequence of Ag emitters was within a spectrum
of (approximately 100 to visible range) first from wavelength range such as the Plum. (2-3 but instead 4),
that either clearly demonstrates that the astral regions recieved well separated, that as Asst emission
resultant both by unbiased atoms or particles of Ag.

Ag (1) is associated with the (200-595 nm) of something like the spectrum area between is associated with
Ag (1); however, on the contrary hand, the (260-404 nm) range appears attendance both A (1) plus Ag (1),
and then for (360-520 nm), there also emerged neutral cationic Ag atoms with the mingled streaks. 546.55,
786.77, but also 827.35 wavelengths) were used to generate the signals of the spectra lines around, and
indeed the NBS (Ins) database server was utilized in order to make the identification.

Because of the surprised wave's competitors at the objective of the Metal substrate, the created plasma had
a relatively limited duration and a drawn-out course. The setup states that are overwritten by parallel
transitions are shown in (Tablel) together with their respective transition probabilities.

This band was a decent determination that exhibits doublet organization from an assortment of layers which
were stimulated and degraded to reduced ranks. This gives it more significance and makes it more useful
spectroscopically about plasma temperatures and the amount of electrons in the liquid. The transformation
from 4d9 5p3F3 into 4d95s 3 D2 but also 4d95p3P2 into 4d95s 3D3 Mag (I1) with the least wavelength
property compared to the earlier formulation.
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Figure 1. Emission profile of neutral versus ionized silvery plasma, created by a photons lamp at such
a 5 millimeter distance mm, with 140 mJ total laser energy, encompassing the area with a spectral

range of 200-900 wavelengths.
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Figure 2. The emitted spectrum of free and ionized silvery plasma, created by such a 1064 nm light
at a wavelength of 5 mm with 225 mJ pf laser pulses, encompassing the range of 200-900 wavelengths

in the broad window

14000 3

12000

5004g
520ag|

10000

S66Ag i

:

intensity (a.u)
g
=)

4000

2000

600

500
wavelenght{nm)

200 300 400

7r7agil

700 800 S00

Figure 3. Emission pattern of neutral versus ionized silvery plasma created by a 1064 nm light at
such a wavelength of about five mm, with a laser pulses of 200 michael jackson, encompassing the

area with a spectral windows of 200-900 wavelengths.
The Plasma Temperature
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The Bayesian plot method was used to compute the temperatures of the sensor silver plasma. This method
requires that the anticipated plasma that satisfies the LTE scenario be thin visually. Additionally, the
number concentrations in the active state follow standard Boltzmann allocation. Under these conditions,
the velocity of the electrons that has been calculated via the line and argent for the identical state of
guantization as (Howard, 2002) is shown in equation outlined in the following:

he Algl | oEi/KThC AUBL | -Ei/KT

4n AMjU(T) 4 AjU(T)
The inevitable of handrail is denoted by the letter h, the inevitable of Thermodynamics is denoted by the
letter Kk, the velocity of light has been denoted by the letter c, the thermostat of the bloodstream is denoted
by the letter T, and indeed the component of separation is denoted by the letter U (T). Yet another, the
possibility of transformation is denoted by the letter Aij, while glycemic index represents the depravity of
the top floors and Ei . by the process of taking this same log transformation of the value and reorganizing
it. (2),

IgA Ei hcn
In (L) = — +1In ( T)
g],ZA I KBT "-l'T[UT

temperature estimate. Table 1 included both the detection approach as well as the spectrum lines that were
seen. The plot generates a line that looks like straight ahead, and the temperatures of the plasma can be
pulled from the slope of -1/kTe.

Plasma was produced by varying the laser resources and energy among both 125 but also 200 mJ. This
same Boltzmann plot figures (5, 6, but also 7) were used to decide the Te. During the laser heartbeat
exposure period, an area adjacent to the exterior of the particular compound regularly soaked up the
luminance, which is responsible around charged particle permits for air temp obtaining and based on
Boltzmann narrative figs (5, 6, but also 7), the plasma material is heated among both 6564, 5228, but also
4507 kelvin.

Around the surface, another temperature rise is caused by inverse bremsstrahlung pumping, which occurs
when laser eradiation gets absorbed. However, a reduction in temperature occurs when thermal energy is
swiftly transformed into angular momentum.

Table 1. Spectroscopic data of Ag lines used for temperature calculation [11]

Wavelength Transitions Statistical | Transition gﬁf:g:ﬁlm :
(nm) weight probability A(s 1) 1)

gi gk

328.068 4d10 5p 2P3/2----- 4d105s281/2 | 2 4 1.4x108 30472.703
338.289 4d105p 2P1/2---4 1955 251/2 2 2 1.3x108 29552.061
520.907 4 d105d 2D3/2--4d°5p 2P1/2 2 4 7.5x 107 48743.969
546.550 4d105d 2D5/2--4d105p 2P3/2 4 6 8.6x107 48764.219
768.77 4d106s 251/2--4d105p 2P1/2 2 2 42556.152
827.351 4d106s 281/2-- 4d105p 2P3/2 4 2 42556.152
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Figure 4. Boltzmann plot for (5) neutral spectral lines produced by the 1064 nm Nd:YAG laser
irradiation with 140mJ
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Figure 5. Boltzmann plot for (5) neutral spectral lines produced by the 1064 nm Nd:YAG laser
irradiation with 200mJ
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Figure 6. Boltzmann plot for (5) neutral spectral line produced by the 1064 nm Nd:YAG laser
irradiation with 225mJ
The Electron Density Number
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As a result of the fact that the nuclear and polyatomic states ought to be staffed and depopulated
predominately by electron accidents, rather than through radiation, there is a requirement for an electronic
structure that is adequate to guarantee a high risk of a crash. This is because of the situation described
above. In accordance with the McWhirter criteria (McWhirter, 1965), the following is the corresponding
cutoff point of the charge distribution:

Ne =21.6x1012T /2 AE3

When T (K) is indeed the temperature of the ionized and E (band gap energy) is really the basic difference
seen between states that are anticipated to be located in local equilibria (LTE) around 11600k temperature,
then equation (3) results in ne less than 1015 cm-3. Under these circumstances, the collision was responsible
for the majority of the radiation emission in the plume. The number of electrons per unit volume that was
computed for various laser intensities.

As shown in the results of Table 2, take notice that the number of electrons in the density varies among
(9.36x1016 to 1.19x1017cm-3). This was discovered that the quantity of electrons in the cherry was rising
when the laser powers were increased. This occurred as a result of the plums absorbing and reflecting laser
photons. As the expunction flounce is increased, a greater number of species, ions, and electrons are
produced, and the femtosecond pulsed reacts with these species.

Table 2. The Plasma temperature and electron density number at different laser energy

Laser pulse energy (mJ) T.(k) N,cm3

200 6064 9.36x1016
225 5228 1.19x1017
140 4507 1.0x10v7

V. Conclusion

This study primarily focused on doing a comprehensive examination of nanosecond precision plasma of
core Ag. For the purpose of collecting temporary ionization spectra inside the spectral region of (200-900)
wavelengths, the technique of spectral disclosures is being used. We conducted an investigation of the
particles temperature as well as its electronic structure to use a model of local equilibrium conditions. The
findings indicate that now the plasma characteristic Ag bulk.
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