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Abstract 

 

This article a spectroscopic research on laser-produced Tin and Zinc plasmas using the optical 

emission spectroscopy (OES) technique. Plasmas can be produced from a solid tin and zinc 

targets irradiated with a pulsed laser in room environments. The spectrum is recorded for the Sn, 

Zn laser plasma Nd: YAG with a wavelength of (1064) nm, a duration of (9) ns, and a frequency 

of (6) Hz and a focal length of (10) cm within the energy range (300-800)mj. By using the ratio 

line strength formula, the electron temperature (Te) can be calculated and the result is for Zinc 

(Zn) plasma (2.11 ev) and tin (Sn) plasma (1,227 ev). The Saha-Boltzmann equation will be used 

to calculate electron density (ne) in this method and the values for zinc (Zn) (3.3 cm-3)and tin 

(Sn) (2.1 cm-3). The plasma parameters, such as plasma (fp), Debye duration (λD), and Debye 

number (ND), were calculated in the proposed document. 
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1. Introduction 
Laser Induced Breakdown Spectroscopy [LIBS] is a common tool for supporting precise quantitative physical 
analysis in situ . As the excitation source, it utilizes a high energy laser pulse . It can be used to analyze any 
substance, such as gas, solid or liquid, regardless of its physical stateWith the aid of its laser mediated 
plasma emission signals, it tracks certain atomic and molecular species[1]. This works on the surface of the 
target material with the laser beam and produces the plasma . In this process, the laser beam excites and 
ionizes the target material The plasma emission will begin on the target surface of the material as soon as 
the laser photon reaches the target surface . The laser-induced plasma emission spectra can detect atomic 
and molecular species for optical application. The collection of experimental conditions affects LIBS empirical 
outcomes. LIBS output is affected by laser pulse energy, pulse rate, observation time rate, atmospheric gas 
pressure, target type, properties of the target material, geometric configuration of optical instruments [2,3]. 
Such parameters have a major impact on LIBS efficiency. Driven pulsed solid laser plasma plays a crucial 
role in laboratory astrophysics, applied sciences, x-ray laser plasma sources [4]. Latest analysis has shown 
that LIBS has been used to analyze biological samples such as tissues, diverse forms of bacteria, gall stones 
and aerosols . Laser-induced plasmas [LIP] are used as spectroscopic sources to gain substantial benefits 
[5,6,7]. The important effect on optical emission spectroscopy is seen by LIP. The prevailing technique to 
produce the plasma electronically from the plasma aroused species is considered[8]. The optical radiation 
spectrum using the ratio principle is one of the characteristics of the LIPS Basically, it is used to measure 
electron temperature and density . In this process the energy of the electrons are distinguished[9]. The 
thermodynamic equilibrium equation defines the plasma temperature with (LTE) [10] .  

(1) 
in represent equation the intensity, is referred by the intensity l1, l2 and g is the statistical weight.   
Equation 2 g is the statistical weight. λ is a wavelength, A is referred as the probability of transition. K is the 
Boltzmann Continuous factor. E1 and E2 are referred as the excited state energy values in eV., The number 
of free electrons per unit volume are determined by the electron density. The equation is developed from the 
principles of BotzmannSaha , spectral lines of the same element and successive stages of ionization [11].   

 (2) 

Equation 2 is representing the transition wavelength from level (2) to level (1) e  is thedensity of electron,

 is the ionizing energy eV . 
where:  

 (3) 

In the above equation  are the transition statistical weitht from level (2) to Level (1).  is represente the 
transition probability from level (2) to Level (1). The plasma frequency can be obtained from the following 
equation [12].  

 (4) 
The frequency is dependent on the plasma density. One of the most important plasma parameters is plasma 
frequency [12]. Debye length the important function of plasma. The distance is reflecting the charged particle 
which is going to impact on individual particle. It brings a reverse charge within the plasma medium. The 

Electron mass ,  the permittivity the Debye length D It is proportional  equalent to the square root of 

the temperature  of the electron and inversely to the density  of the electron according to [13].  

(5) 
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In the above equation ne represent the density of the electron.  represents the temperature of electron 

and 2  represents the electron charge. The number of particles in the Debye sphere are represented by 

. It is proportionate to electron density and electron temperature. It is also representing the second 

condition for plasma existence. >>1[14].  

(6) 
 
2-Experiment details 
The experiment is performed on solid targets for Sn and Zn by using pulsed laser. This method produced the 
plasma. It is achieved using [LIPS] laser induced plasma spectroscopy. The laboratory structure for using 
LIPS is shown in Figure-1 below.  

 
Fig -1 Laboratory arrangement for LIPS setup 

 
The plasma is produced in this experiment by a Q-switched pulsed laser Nd: YAG with a wavelength of 1064 
nm and a frequency of 6 Hz . Q-Switch delay via laser controller is used in this phase to streak light . Pulse 
laser energy is transmitted by the energy meter and measured . The pulse of a laser is created by the 
arrangement of the operating 450 angles .The laser beam hits material which evaporates and ionizes the 
substance formulate the plasma plume on the surface of the targeted material . The functional emission 
spectroscopy method is used to distinguish the electron temperature, density and frequency of this method 
The mathematically measured length of Debye was. The spectrometer enriches this operation In each fired, 
spectrometers are primarily used. The Surwit [S3000-UV-NIR] spectrometer is used in this experiment to test 
the system's emission wavelength (200-1000) and high-performance throughput [15].  
 
3-Results and Discussion 
3-1 Influence of Laser Energy on the Emission Spectrum 
The effect of pulse laser energy on the emission spectrum of Sn and Zn plasmas at (200-1000) nm 
wavelength range has been studied in more detail in this section.  
3-1-1 Sn plasma 
Figure-2 displays the emission spectrum of Sn plasma from varying laser energies at ambient air 
pressure.Many properties can be seen in this figure that there are many neutral Tin (Sn I) peaks in the 
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spectrum at wavelengths between 284.5 , 303.66 , 713.73 , 326.1 , 334.73 , 380.53  and 452.84  nm.The Sn 
II ionic emission lines also occur at 533.73 , 558.88 , 580.2 , 645.39 , 684.4 , 719.5  and 777.25 nm 
wavelengths.The amplitude of both peaks increases as laser energy increases.Moreover, based on the 
findings shown in Figure-2, the overall emission line strength of Sn I is much higher than that of Sn II.These 
findings suggested that the produced plasma contained more atomic Sn than ionic Sn.This reality can be 
clarified as the ionization processes occur a very short period of less than a millisecond before atomization, 
according to the plasma generation process.Thus, by the recombination process, the electrons extruded by 
atoms during ionization are further arrested by ions.Therefore, because of recombination, the ions emit their 
energy as photon emissions. Furthermore, because Sn atoms have high ionization energy(I.e. high ionization 
energy is required), Sn atoms have low ionization potential due to different atomic number. 

 
Fig - 2Effect of laser energy (300-800)mJ on the Sn target at (200-100)nm 

 

3-1-2 Zn plasma 
Figure-3 displays the Zn plasma emission spectrum of varying pulse laser energies at a wavelength range of 
200-1000 nm at ambient pressure in the air.From this figure, one can observe that there are several peaks of 
the neutral Zn I atom that occur in this spectrum at wavelengths 334.73 and 637  nm.At wavelengths of 
277.81 , 481.4 , 492.73 , 611.12 , 758.83  and 777.69  nm, the ionic emission lines of Zn II appearThe 
strength of all the emission lines also increases with the increase in the pulsed laser energy to increase the 
mass density, the contrast increases, and the excitation increases. The overall strength of Zn I emission lines 
is far higher than that of Zn II, according to the findings shown in Figure-3.The Zn plasma emission spectrum 
revealed Zn to be more ionic than atomic Zn. The lower ionization energy of Zn atoms allows Zn atoms to 
ionize and thus causes Zn II emission lines to rise. It can be inferred, according to the findings in Figures-(2, 
3), that the appearance of atomic and ionic elements in any elements in the target emission range depends 
on the ionization energy of the target atoms. 
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Fig-2 Effect of laser energy (300-800)mJ on the Zn target at (200-100)nm 

 

3.2 Influence of Target Metal on the Electron Temperature 

For Sn and Zn plasmas, the electron temperature (Te) emitted by lasers in the air at atmospheric pressure 
can be obtained from the tow line  ratio equation (1).For the calculation of the electron temperature at varying 
laser energies, the atomic lines of Sn I and the ionic lines of Zn I elements are used (300, 400 ,500 ,600, 700 
and 800 mJ). Table-1 and Table 2 tabulate the parameters of the Sn I and Zn I spectral lines. The electron 
temperature was measured and plotted in Figures-4 and 5 and using the data tabulated in Tables-1 and 2 
and Equation (1).From this table, several characteristics can be noted, with increasing laser intensity, the 
electron temperature in both plasmas increases. This activity has been related to the transfer of laser thermal 
energy to electron kinetic energy due to increased forward peaking of laser energy of steady laser spot size 
[16].Under the same terms, the electron temperature value of Zn plasma is higher than that of Sn plasma. 
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3.3 Influence of Target Metal on the Electron Density 
The effect of laser energy on the electron density of Zn and Sn target is measured and plotted in Figures-4 
and 5, according to equations (2), Table-1 and 2.This figure shows that the number of electrons is inversely 
associated with the ionization energy of metal targets. Where the electron density of plasma would be 
greater for smaller the metal ionization potential mainly caused by the mass ablation and consequent denser 
vapor plasma plume creates higher electron density. With rising laser energy, the electron density of the two 
target plasma under study is increasing.In addition, the electron density of both plasmas increases with the 
rise in laser radiation, depending on the ionization energy. The absorption of laser photons in plasma by 
electron-neutral Inverse Bremsstrahlung can be due to this rise in electron density with increased laser 
intensity (IB).The excitation temperature and ionization temperature increase as the energy consumed 
increases, and so does the plasma's electron density. 
Table 1-Spectroscopic parameters of Sn 

 
Table 2-Spectroscopic parameters of Zn  

 

Laser 

energy (mJ)
Te (eV)

ne*10^
16 

(cm
^-

3
)

fp (Hz) *10
12 λD *10^-3(cm) Nd * 10^7

300 0.988 0.3 0.527 1.355 3.591

400 1.048 0.6 0.682 1.079 3.031

500 1.092 0.8 0.812 0.925 2.709

600 1.162 1.4 1.045 0.742 2.312

700 1.196 1.7 1.169 0.672 2.157

800 1.227 2.1 1.289 0.617 2.033

Laser 

energy (mJ)
Te (eV)

ne*10^
19 

(cm
^-

3
)

fp (Hz) *10
13 λD *10^-5(cm) Nd * 10^6

300 1.927 2.1 4.091 2.438 1.260

400 1.944 2.2 4.192 2.390 1.247

500 1.977 2.4 4.381 2.306 1.223

600 2.000 2.5 4.517 2.250 1.207

700 2.038 2.8 4.738 2.165 1.183

800 2.110 3.3 5.178 2.016 1.141
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Fig- 4 The variation of electron temperature and electron density with laser energy in Sn at atmospheric 
pressure. 
 

 
Figure-5 The variation of electron temperature and electron density with laser energy in Zn at atmospheric 

pressure. 
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3.4 Effect of Target Metal on the Plasma Frequency 
The difference of the electron frequency with the laser energy of Zn and Sn plasmas is drawn in Figures-6 
and 7 by the equation (4). Data points indicated an increase in plasma frequency with an increase in laser 
intensity for the two plasmas targets (Zn , Sn) in the figure-6 and 7.This behaviour is caused by an increase 
in the concentration of electrons, with an increase of laser intensity contributing to an increase in plasma 
frequency. The outcome also revealed that the plasma frequency value in Zn plasma is higher than that in 
Sn plasma. This effect was due to the fact that the concentration of electrons increased when the targets' 
ionization energy was reduced. 

 
Fig-6 The plasma frequency with laser energy in sn 

 

 
Fig-7 The plasma frequency with laser energy in Zn 

 
3.5 Influence of Laser energy on the Debye Length and Plasma Parameter 
In figure (8 and 9) explains the influence of laser energy on the duration of the Debye length and the plasma 
parameters measured by using equations (5) and (6), respectively. The data that calculated were tabulated 
in the Table-1.The findings revealed the length Debye and plasma parameters decreased as laser energy 
increased. The values of Debye length and plasma parameter of Sn plasma are greater than of Zn plasma. 
This behaviour of both parameters attributed to the fact that the electron density increase with decreasing of 
the ionization energy of the target atoms. 
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Fig- 8 the Debye Length with laser energy in Sn 

 
Fig-9 the Debye Length with laser energy in Zn 

 
4. Conclusions 
The effects of laser energy and the properties of a laser target on the absorption spectrum and plasma 
properties of Zn and Sn plasmas are illustrated in this review. The recent studies have shown that the 
increase in laser energy implies an increase in the strength of the emission line towards either target(Zn, Sn). 
The intensity of the atomic emission lines was even higher than that of the ionic lines. For any feature in the 
emission spectrum of the target, the presence of atomic and ionic emission lines depends on the ionization 
energy of the target atoms. Moreover, the properties of the plasma depend on the ionization energy of the 
target element and the laser energy also through this work, the difference between the electron density of Zn 
(3.3 * 1019) (cm-3) and Sn (2.1 * 1019) (cm-3), where The electron density is greater in Zn than in Sn, and 
so is the difference in electron temperature, which is directly proportional to the electron density of Zn (2.11 
ev) Sn (1.22 ev). This difference is due to the different degrees of variation of the elements. 
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