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Abstract 

      In this study, the plasma formed by the preparation of Se and Tin (Sn) using a 

Nd: YAG laser with a wavelength of 1064 nm in air, which was then studied using 

the technique of optical emission spectrum, was presented (OES).The laser-induced 

plasma parameters such an electron temperature (Te) were identified using two-ratio 

methods, using Stark broadening methods to determine the density of electrons (ne). 

According to the findings, there is a correlation between the amount of laser energy 

that is applied and the increase in the emission intensity of the spectral lines. In the 

case of Se plasma, an increase in laser energy causes a rise in the temperature of the 

electrons. While increasing the temperature of the electrons by increasing the 

amount of laser energy, the temperature of the Sn plasma gradually lowers. By 

increasing the laser energy, the electron density of both selenium (Se) and tin (Sn) 

can be increased. In addition, the parameters of the plasma were discovered. Such 

parameters as the Debye length (λD), plasma frequency (Fp), and Debye Number 

(ND). 

 

Keywords: Selenium (Se), Tin (Sn), Optical Emission Spectroscopy (OES), Nd: 
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 Nd: YAGبواسطة الليزر النبضي المنتجة  Tin (Sn)و  Se للعناصر حساب معلمات البلازما
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 الخلاصة:
 λ بطول موجة  Nd: YAGليزر  بأستخدام  Tin (Sn)و  Se تحضير منمتكونة البلازما اله الدراسة ، تم تقديم في هذ 

تم تحديد معلمات البلازما (. OES)تقنية طيف الانبعاث الضوئي تمت دراستها بعد ذلك بأستخدام نانومتر والتي  1064 =
بواسطة طرق توسيع ( ne)، وكثافة الإلكترون  الثنائية باستخدام طريقة النسبة( Te)المستحثة بالليزر مثل درجة حرارة الإلكترون 

تؤدي , بلازماSeفي حالة  طوط الطيفية زيادة شدة انبعاث الخالمطبقة و هناك علاقة بين كمية طاقة الليزر ,النتائج  وفقا. ستارك
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 Seكثافة الالكترون لكل من  تدريجيا .عن طريق زيادة طاقة الليزر ,يمكن زيادة Tin(Sn)تنخفض درجة حرارة البلازما , الليزر
وتردد  (ND) ، عدد ديباي (λD) ديباي ، مثل طول ,معاملات البلازما الاخرى  اكتشاف تم , .بالاضافة الى ذلكTin (Sn)و

 .تظهر جميع معلمات البلازما تتأثر بطاقة الليزر(. FP)البلازما 
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1. Introduction 

      Optical emission spectroscopy (OES) is the simplest hardware technology, and it is one of 

the plasma diagnostics tools that have been used for industrial applications, and this 

technology is used to find the spectrum produced by the plasma produced by Nd:YAG laser 

in air, with λ = 1064 nm [1]. 

 

       Laser induced breakdown spectroscopy (LIBS) is a technique that uses high-energy laser 

pulses of atomic emission spectroscopy to excite optical samples. Generating of plasma by 

high energy laser pulse’s reaction with a metal surface to analyze [2]. 

Analytical plasma is stimulated when vaporized and excited by laser pulses during 

bombardment of the target element [3]. 

 

       When the laser is applied on the sample, it evaporates and ionizes in small quantities. In 

addition, this technique is an important method for quickly determining or detecting the 

composition of the sample and it also used to analyze any type of material, whether in the 

solid, liquid, or gaseous state[4]. 

 

       The primary studies on the principles and emission of the LIBS technique involve two 

parts. The first part includes studies plasma parameters and laser-material interaction studies 

plasma parameters, such as sample material physical parameters and laser properties. The 

second part seiduts mechanisms for plasma. Development that depend on space and time [5]. 

Selenium (Se) is present in a small amount in rock-forming minerals and it is considered one 

of the main pollutants of the environment, as the biochemical cycle of selenium has not yet 

been identified but is dominant by microorganisms which play a crucial role in methylation, 

volatilization, and ntdiceuer-eoudaeuer.Se oxyanions (selenate and selenite) dominate in 

aqueous systems can be reduced by microbes (enzymatically, or indirectly) to comparatively 

insoluble, immobile, and non-toxic forms (e.g. Se°) [6]. 

 

      Tin (Sn) is found in igneous rocks in the earth's crust and is similar to technically useful 

elements such as copper, cobalt, lead, nickel, and cerium and is essentially equal to the 

abundance of nitrogen [7]. 

 

      In antiquity, the origin of tin (Sn) was lost. When pure tin was not yet isolated and used 

for specific purposes, people turned to bronze, which is Tin (Sn) alloy mixed with copper that 

may be found in a wide variety of products today, including food cans and bearings. Organ 

Tin (Sn) compounds, such as Vulgaris, which is used in fungicides and biocides that are 

hazardous to humans, are deemed non-toxic. Tin (Sn) on the other hand, is regarded toxic [8]. 

 

2. Materials and Methods 

       This study formed the plasma using a pulsed laser on the solid elements (Se and Sn).The 

experimental arrangement of the LIBS technique from shown in (Figure.1). The pulse laser ( 

Nd: YAG ) with a wavelength of 1064 nm and a frequency of 6Hz with the laser pulse energy 

varied from 400 to 700mJ was used to generate the plasma. The target material laser beam 

was concentrated on the target, making a (45°) angle with it In order to obtain the largest 

surface area of the element on which the laser focuses. Optical emission spectroscopy (OES) 

was used to determine the electron’s temperature, plasma frequency, and densities. When the 

findings were compared to those in the NIST database, it was found that there was no 

significant difference between the two sets of data [9]. 
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Figure 1: Laser-Induced Breakdown Spectroscopy. (LIBS) System Configuration 

 

3. Covering equations 

The electron temperature (Te) can be determined from the following expression[10]. 

 
𝑰𝟏

𝑰𝟐
 = 

𝒈𝟏 𝑨𝟏 𝝀𝟐 

𝒈𝟐 𝑨𝟐 𝝀𝟏
  𝒆𝒙𝒑  [−

𝑬𝟏−𝑬𝟐

 𝑲𝑻𝒆
 ]                                  ……….. (1) 

 

        Where: 𝐼 is the intensity, 𝜆 is the wavelength, 𝑔 is the statistical weight, 𝐴 is the  

transition probability, 𝐸 is the energy of the excited level of these spectral lines, 𝑇e is the 

electron temperature, and  K is the Boltzmann constant. 

The electron density can be estimated depending on the spectral line widths through the 

following relation [11]. 

 

𝒏𝒆= (
𝝀𝑭𝑾𝑯𝑴

𝟐𝒘
) × 10

16
                          ………….. (2) 

         
Where 𝑛𝑒 is the electron density [cm

-3
[ ,λFWHM refers to the Stark full-width at half-

maximum, and w is the electron impact parameter. 

 

Evaluate plasma frequency (Fp) by the equation [12]. 

𝒇𝒑 = 
𝒘𝒑

𝟐𝝅
    and   𝒘𝒑= (

𝒏
𝒆   𝐞𝟐

𝜺 ̥𝒎𝒆
) 

1/2
                                 ……….. (3) 

 

Where 𝑚𝑒 is the electron rest mass . 

 

The Debye length (𝜆𝐷 ) in cm from the following equation [12]. 

𝝀𝑫 = (
𝜺̥ 𝒌𝑩 𝑻𝒆 

𝒏𝒆  𝒆𝟐 ) 
1/2   

= 743√
𝑻𝒆

𝒏𝒆

𝟐
                                          ………. (4) 

 

Where 𝞮 ̥ is the vacuum permittivity, 𝑘𝐵 is Boltzmann constant, and e is the electron charge. 
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The Debye number (ND) can also be calculated from the following equation [12]. 

 

𝑵
𝑫 =

𝟒𝝅𝒏𝒆
𝟑

   (𝝀𝑫) 
3
                                       …………… (5) 

 

4. RESULT AND DISCUSSIONS 

4.1. Description of the Emission Spectra 

      In this study, the plasma emission generated by the fundamental wavelength (1064nm) of 

the Q-switched Nd: YAG laser was studied. The set of experiments with the 1064 nm laser 

focused on the selenium and Tin (Sn) surfaces and the emission spectra of the respective 

plasma were recorded. The target material was evaporated and ionized by a laser beam, 

forming a plasma plume on the target surface. The emission spectra of the laser-generated 

selenium and Tin (Sn) plasma are produced depicted in Figures 2 and 3 respectively, space 

the spectral area from 200–700 nm. These spectra may be found in the spectral region from 

200–700 nm. The most notable Se spectral lines are shown in (Figure 2) as Se I (at 475.5276 

nm), Se I (at 587.2707 nm), Se II (at 407.545 nm), and Se II (at597.893 nm). 

 

 
Figure 2: The plasma emission spectra of Se target as a function of energy. 

 

 (Figures 3) show the prominent Sn spectral lines are Sn I (at 283.99765 nm), Sn I (at 

452.47344 nm), Sn II (at 479.20732 nm), and Sn II (at 656.97 nm). These transitions of two 

elements are identified by using the spectral database of the National Institute of Standards 

and Technology (NIST) [9] 
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Figure 3: The plasma emission spectra of Tin (Sn) target as a function of energy. 

 

      In this work, the intensities of Se II lines at 268.2216 nm and 597.893 nm are measured at 

different laser energy. Figure 3 shows the effect of laser energy on emission lines intensities. 

When the laser energies increase, we observed an increase in the spectral emission lines of the 

element due to the increase in the extraction of electrons and the occurrence of the ionization 

process, and an increase in the plasma absorption of laser photon . 

 

4.2.  Electron temperature measure. 

        Electron temperature (Te) was determined by Equation (1); its changes with laser energy 

for selenium and tin targets are shown in Figure 4 and Figure 5, respectively. As the plasma 

approaches maximum expansion velocities, the thermal energy is rapidly converted to kinetic 

energy, causing an increase in the plasma temperature. This result agrees with Mohammed et 

al. [13]and Qindeel et al. [14].  But in (550 nm) to (600 nm), the decreasing in temperature is 

due to the rapid transformation of thermal energy into kinetic energy when the plasma 

expands [15][16]. While Figure 5 swehs the temperature of tin (Sn) is seen to increase in the 

spectral range of (350 nm-550nm)  while a slow variation of electron temperature was seen 

for the spectral range(600 nm-750 nm) [14]. 
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         Figure 4: Electron Temperature of Se.    Figure 5: Electron Temperature of Tin (Sn). 

    

4.3. Electron density measure. 

        The electron density was estimated depending on the spectral line widths through 

Equation (2). Figures 6 and 7 show the changes of the electron density for the selenium (Se) 

element and the tin (Sn) element, respectively as a function of laser power. It is noted that the 

electron density for both elements increases as the laser power increases. This led the 

temperature to rise.  

 

 
  Figure 6: Electron Density of Se.              Figure 7: Electron Density of Tin (Sn) 

 

4.4.  Other plasma parameters (plasma frequency, Debye length and, Debye number). 

        Plasma frequency(Fp) was evaluated using Equation (3), and it was plotted as a function 

of laser power (Figures 8 and 9. It was observed that the plasma frequency rises for both the 

selenium (Se) element and the Tin (Sn) element when there is an increase in the laser power. 

 

       The Debye length (λD) is measured in centimeters from the following equation (4). 

Figures 10 and 11 represent the Debye length for both selenium and tin with increasing 

energy. 

 

         The Debye number (ND) can also be calculated from the following equation (5). Figures 

12 and 13 represent the Debye number for both selenium and tin with increasing laser power.  
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Table 1 represents the plasma parameters of Se with different laser power. 

The second table represents the plasma parameters for tin with different laser power. 

 

 
     Figure 8: plasma frequency of Se.         Figure 9: plasma frequency of Tin (Sn). 

 

 
                 Figure 10: Debye length of Se.              Figure 11: Debye length of Tin (Sn). 

 

 
               Figure 12: Debye number of Se.           Figure 13: Debye number of Tin (Sn). 

 

6

7

8

9

10

11

12

13

14

350 450 550 650 750

F
p
×

1
0

1
2
 (

H
z)

 

pulse laser energy(mJ) 

6

7

8

9

10

11

12

13

350 450 550 650 750

F
p
 ×

1
0

1
2
 (

H
z)

  

pulse laser energy(mJ) 

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

350 450 550 650 750

λ
D

×
1

0
-5

 (
cm

-5
) 

pulse laser energy(mJ) 

0.02

0.03

0.04

0.05

0.06

0.07

0.08

350 450 550 650 750

λ
D

×
1

0
-5

 (
cm

) 

pulse laser energy(mJ) 

0.0013

0.5013

1.0013

1.5013

2.0013

2.5013

350 450 550 650 750

N
D
 

pulse laser energy(mJ) 

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

350 450 550 650 750

N
D
 

pulse laser energy(mJ) 



Saeed and Aadim                                      Iraqi Journal of Science, 2023, Vol. 64, No. 3, pp: 1219-1227 
 

1226 

Table 1: plasma parameters for Se with laser different energy 

E (mJ) Te (eV) ne ×10
18 

(cm
-3

) fp×10
12 

(Hz) λD ×10
-5

(cm) Nd (cm
-3

) 

400 0.917 0.68 7.378 0.087 1.840 

500 1.061 1.13 9.525 0.072 1.775 

600 1.058 1.35 10.434 0.066 1.613 

700 1.304 1.58 11.270 0.068 2.044 

 

Table 2: plasma parameters for Tin (Sn) with laser different energy. 

E (mJ) Te (eV) ne ×10
18 

(cm
-3

) fp×10
12 

(Hz) λD ×10
-5

(cm) Nd (cm
-3

) 

400 0.716 0.75 7.777 0.073 1.205 

500 1.000 1.05 9.202 0.073 1.681 

600 0.951 1.35 10.434 0.062 1.375 

700 0.954 1.73 11.794 0.055 1.222 

 

5. Conclusion: 

       Finding the plasma emission produced by the Q-switched Nd: YAG pulsed laser on Tin 

(Sn) and Se elements by basic wavelength 1064 nm in the air at atmospheric pressure has 

been accomplished by the use of the optical emission spectrum (OES) method. In this study, 

the properties of the plasma as well as the effect of the laser energy on it were explored at 

various laser energies ranging from 400 to 700 mJ. The two wavelengths in ratio approach 

was utilized in the determination of the electron temperature, and the Stark broadening 

methods for spectral lines were utilized for the computation of the electron density. The 

energy of the laser causes a rise in the intensity of the emission spectrum. In selenium (Se) 

plasma, the temperature of the electrons rises as the laser energy increases, whereas in tin (Sn) 

plasma, the temperature first rises and then falls. When the laser intensity is raised, there is a 

corresponding increase in the electron density for both Se and Tin (Sn). On the other hand, 

laser energy has an effect on all of the plasma parameters, including the Debye length (D) and 

the plasma frequency (Fp), as can be seen in Figures 8 and 9.  
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