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ABSTRAC: This study involved creating billets by varying the ratio of one element while keeping the ratios of four other 

elements constant. The metals Fe, Pb, Zn, Al, and Ni were utilized in the samples. In the first sample, the ratio of Fe (1.111g 

) Pb(3.333g), Zn (1.111g ) Al ( 1.111g) and Ni(1.111g). The LIBS method was employed to conduct spectral analysis on a 

sample composed of all five metals. there was thermal equilibrium inside the plasma, and the excitation temperature was 

determined by analyzing the Pb emission lines that were observable in the sample. The study found that specific heat 

capacity plays a significant role in whether temperatures decrease or increase. 

 Keywords: laser induced breakdown spectroscopy (LIBS), Heat capacity and density, specific heat capacity. 
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1. Introduction 

Laser –induced breakdown spectroscopy( LIBS) 

This approach may be summed up as follows 

.Plasma is produced when a high-intensity laser 

pulse is used on a particular sample. The sample 

might be either a solid, liquid, or gas. A high-

intensity laser pulse is focused on the target, 

where a significant quantity of energy is 

delivered, raising its temperature[1]. It melts, 

evaporates, and ionizes the material on the 

surface, and this leads to the formation of 

plasma because of the high energy applied to the 

sample. The plasma begins to expand and form 

through an ionized gas[2]. The excited electrons 

start to return to the ground level during this 

time, which is a lower energy level [3]. After 

that, an energy difference occurs that leads to 

the emission of photons called the emission of 

the plasma spectrum, as each element of the 

periodic table has its own spectral imprint that 

differs from the spectrum of the other 

element[4]. Through these spectra, the materials 

in the sample can be characterized by means of 

optical detection devices. This technique has 

made tremendous achievements in laser 

technology and detectors,  effective techniques 

for analyzing different materials and minerals 

[5]. One advantage of LIBS technology is that it 

depicts in detail the elements and basic 

structure, as well as the plasma, which can be 

diagnosed by measuring the temperature (Te) 

and the electron density (Ne) [6]. LIBS © Dbayh et al., 2023. This is an open-access article 
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technique can be considered an appropriate 

technique for a range of different 

applications[7]. It has high accuracy and also 

does not need sample preparation in advance 

and can be used to determine the chemical 

elements in various studies, including the study 

of soil knowing the age of the 

elements[9,10.11]. and their components in the 

fields of medicine, heritage culture, as well as 

measuring plasma parameters and determining 

the concentrations of elements in different 

materials [8]. Lead (Pb) is a heavy metal with a 

silvery-bluish color, it is malleable and tensile, it 

has low electrical conductivity, and good 

corrosion-resistant [8]. Table 1 represents some 

of the chemical and physical properties of lead 

and other elements. 

Table (1): Physical properties of lead and some metals[8] 

chemical 
element 

melting 
point c 
 

Mass 
number 

specific 
heat 
capacity 
J/Kg .c 

AL 660.25 27 900 
Pb 327.6 207 128 
Ni 1453 59 445 
Fe 1535 56 450 
Zn 419.73 65 389 

 
2. Materials and Methods 

A group of minerals were purchased in the form 

of powders of Fe, Al, Zn, Ni and Pb, and these 

materials were of high purity. After that, hose 

metals were mixed in different proportions by a 

mixing device, as shown in Table (2), and then 

we compressed the samples with a piston with A 

pressure of 10 tons, five samples of different 

concentrations, were obtained, then we cleaned 

each sample with ethanol, and the five samples 

were dried by entering them into a hot oven for 

one hour, at 100 C, The samples became ready 

for work.. After that, the five samples were 

subjected to the LIBS system where the laser 

used was a laser N d: YAG laser wavelength of 

(1064 nm) with a pulse width of 10 ns and the 

wavelength range was between (165 nm and 816 

nm). The convex lens used to concentrate the 

laser beam on the target had a focal length of 10 

cm, a fundamental diameter of 5 mm, a focused 

diameter of 0.9 mm and, a power intensity of 

(100 m J) for the laser pulse. Adding the sample 

to the sample holder involved an environment 

with Ambient air, after which the plasma's 

emission was gathered in front of the plasma, 

keeping an eye on the path of the laser beam. 

using an imaging lens with a diameter of 15 

mm. and focused onto optical fiber type 

(SMA,905µ m/0.22 NA), which delivered the 

plasma light to the entrance slit of spectrum 

analyzer model with a (1200 Line/mm) grating 

and (50µ m) slit dimension. Through eq (1) [1], 

the plasma temperature was obtained and eq( 2) 

[1], the electron density, was obtained. KBT (ev 

) = (𝑬𝒌$𝑬𝒊)
𝐥𝐧(𝑰𝒊∗𝒈𝒌∗𝑨𝒌𝒊∗ג𝒊𝒋/	𝑰𝒊∗𝒈𝒊∗𝑨𝒋𝒊∗ג𝒌𝒊)

                     (1) 

Where (𝐴 𝑘𝑖 ) is the transition probability	𝐔	(𝐓)	 

is the partition function.( 𝐸0) is the excited level 

Energy. (𝑇	𝑒) is the temperature.( K ) is The 
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Boltzmann constants.(ג) is the wavelength. For 

correct evaluation of the lines' wavelengths(	ג), 

intensities ( I ), And Transition Probabilities(𝐴 

𝑘𝑖)[1,12,13].

	
		𝒏	𝒆		$		𝟏.𝟔∗	𝟏𝟎𝟏𝟐	 .		𝑻

𝟏
𝟐.(	∆𝑬	)𝟑		(𝟐)	

 

Where T (K) is the plasma temperature. And ΔE 

is the highest energy transition for which the 

Condition holds[1] . 

Table(2): Mixed metals in different proportions 

sample 
S1 

mixing ratios 

Al 14.583% 
Pb 41.666% 
Ni 14.583% 
Fe 14.583% 
Zn 14.583% 

sample 
S2 

mixing ratios 

Al 14.583% 
Pb 14.583% 
Ni 14.583% 
Fe 41.666% 
Zn 14.583% 

sample 
S3 

mixing ratios 

Al 41.666% 
Pb 14.583% 
Ni 14.583% 
Fe 14.583% 
Zn 14.583% 

sample 
S4 

mixing ratios 

Al 14.583% 
Pb 14.583% 
Ni 41.666% 
Fe 14.583% 
Zn 14.583% 

sample 
S5 

mixing ratios 

Al 14.583% 
Pb 14.583% 
Ni 14.583% 
Fe 14.583% 
Zn 41.666% 

 

 

   Figure 1: Schematic diagram of LIBS experimental 
setup 

3.RESULTS AND DISCUSSION 

3.1. SAMPLE ANALYSIS 

An experiment involving five samples 

composed of varying amounts of Pb and other 

elements. was conducted. The combining of 

materials in different ratios, aimed to utilize 

LIBS (Laser-Induced Breakdown Spectroscopy) 

technology to identify the emission lines 

specific to Pb in each sample. To accurately 

determine the emission lines, we evaluated the 

spectra obtained from the samples and employed 

the atomic Spectra database provided by the 

National Institute of Calibration and Technology 

(NIST).Upon completion of the experiment, we 

collected a diverse range of wavelengths from 

the five samples. The wavelengths obtained 

using the LIBS approach are presented in tables 

labeled as 3, 4, 5, 6, and 7. The corresponding.  
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Table (3): Lines of  Pb in sample 1. 

λ(nm) 
LIBS 

λ(nm) 
NIST 

Intensit
y 

(a.u) 

Aki (s-1) 
Transitio

n 
potential 

E+07 

G
 k 
 

EK 
(cm-1) 
higher 
level 

energy 
416.51

4 
416.80

3 
213.5583 12 5 45 443.17 

240.28
5 

240.19
3 

236.4241 2.4 3 49  439.61 

406.76
4 

406.21
3 

198.7016 9.2 3 46 
068.438 

367.40
1 

367.14
9 

317.5818 3.1 3 48  
686.934 

205.61
6 

205.32
8 

162.3619 1.02 3 48  
686.934 

 

Table (4): Lines of  Pb in sample 2. 

λ(nm) 
LIBS 

λ(nm) 
NIST 

Intensity 
(a.u) 

Aki (s-1) 
Transit

ion 
potenti

al 
E+07 

G
 k 
 

EK 
(cm-1) 
higher 
level 

energy 

416.514 416.803 203.4622 12 5 45 443.17 
240.285 240.193 202.2143 2.4 3 49  439.61 
406.764 406.213 270.9693 9.2 3 46 068.438 
367.401 367.149 346.9902 3.1 3 48  686.934 
205.616 205.328 175.0061 1.02 3 48  686.934 
figures 2, 3, 4, 5, and 6, respectively. The main 

focus of our analysis was to determine the 

presence and concentration of the Pb element 

within these five samples. 

In Figure(2) for the first sample, The 

wavelengths and intensities of Pb were obtained 

(416.51 nm Pb  I) intensity(213.5 a.u) , (240.285 

nm Pb  I) intensity(236.42 a.u) , (406.76nm Pb  

I) intensity(198.70 a.u), (367.40 nm Pb  I) 

intensity(317.58 a.u) ,( 205.61 nm Pb  I) 

intensity (162.36 a.u). 

In Figure (3) for the first sample, The 

wavelengths and intensities of Pb were obtained 

(416.51 nm Pb  I) intensity(203.46 a.u)  (240.28 

nm Pb  I) intensity(202.21 a.u) , (406.76nm Pb  

I) intensity(270.96 a.u), (367.40 nm Pb  I) 

intensity(346.99 a.u) ,( 205.61 nm Pb  I) 

intensity (175.00 a.u). 

 Fig. (2): Spectrum of sample 1. 

 Fig. (3): Spectrum of sample 2. 

Table (5): Lines of  Pb in sample 3. 

λ(nm) 
LIBS 

λ(nm) 
NIST 

Intensity 
(a.u) 

Aki (s-1) 
Transition 
potential 

E+07 

G k 
 

EK 
(cm-1) 
higher 
level 

energy 
416.514 416.803 234.906 12 5 45 443.17 
240.285 240.193 245.2111 2.4 3 49  439.61 
406.764 406.213 254.8094 9.2 3 46 068.438 
367.401 367.149 347.8477 3.1 3 48  686.934 
205.616 205.328 200.0178 1.02 3 48  686.934 
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 Fig. (4): Spectrum of sample 3. 

 Fig. (5): Spectrum of sample 4. 

 Fig. (6): Spectrum of sample 5. 

 

In Figure (4) for the first sample, The 
wavelengths and intensities of  Pb  were 
obtained (416.51 nm Pb  I) intensity(234.90 a.u)  
(240.285 nm Pb  I) intensity(245.211 a.u) , 
(406.76nm Pb  I) intensity(254.80 a.u), (367.40 
nm Pb  I) intensity(347.84a.u) ,( 205.61 nm Pb  
I) intensity (200.01a.u). 

Table (6): Lines of  Pb in sample 4. 

λ(nm) 
LIBS 

λ(nm) 
NIST 

Intensity 
(a.u) 

Aki (s-1) 
Transition 
potential 

E+07 

G k 
 

EK 
(cm-1) 
higher 
level 

energy 
416.514 416.803 217.3912 12 5 45 443.17 
240.285 240.193 248.848 2.4 3 49  439.61 
406.764 406.213 277.5783 9.2 3 46 068.438 
367.401 367.149 381.0387 3.1 3 48  686.934 
205.616 205.328 190.7059 1.02 3 48  686.934 
 

In Figure (5) for the first sample, The 
wavelengths and intensities of Pb were obtained 
(416.51 nm Pb  I) intensity(217.39 a.u)  (240.28 
nm Pb  I) intensity(248.84 a.u) , (406.76nm Pb  
I) intensity(277.57 a.u), (367.40 nm Pb  I) 
intensity(381.03 a.u) ,( 205.61 nm Pb  I) 
intensity (190.70 a.u). 

Table (7): Lines of  Pb in sample 5. 

λ(nm) 
LIBS 

λ(nm) 
NIST 

Intensit
y 

(a.u) 

Aki (s-1) 
Transiti

on 
potential 

E+07 

G 
k 
 

EK 
(cm-1) 
higher 
level 

energy 
416.514 416.803 200.3896 12 5 45 443.17 
240.285 240.193 258.3448 2.4 3 49  439.61 
406.764 406.213 233.0656 9.2 3 46 068.438 
367.401 367.149 351.2574 3.1 3 48  686.934 
205.616 205.328 153.398 1.02 3 48  686.934 
 

In Figure (6) for the first sample, The 
wavelengths and intensities of Pb  were obtained 
(416.51 nm Pb  I) intensity(200.38 a.u)  (240.28 
nm Pb  I) intensity(258.34a.u) , (406.76nm Pb  
I) intensity(233.06 a.u), (367.40 nm Pb  I) 
intensity(351.25 a.u).using the saha-Boltzmann 
equation, the average electron temperature and 
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density of pb were obtained as shown in Table 
(8). 

Table (8): represents the average temperature and electron 
density of Pb  in the five samples. 

samples Element temperature 
rate  (K ) 

electron 
density rate 

sample (S1) Pb 2514.1 7.25937×1015 

sample (S2) Pb 2518.3 7.26448×1015 

sample (S3) Pb 2523.3 6.45984×1015 

sample (S4) Pb 2527.8 7.28241×1015 

sample (S5) Pb 2517.8 7.26472×1015 

 

In the first sample, through our observation of 

the average Temperature of Pb, which was 

(2514.1)K, and the Density of electrons 

(7.25937×1015), while the mixing ratio for Pb 

metal was 41.666%. As for the second sample, 

the average temperature of Pb was (2518.3) K, 

and the electron density was (7.26448×1015) the 

mixing ratio of Fe metal was 41.666% and in the 

third sample the temperature of Pb was (2523.3) 

K and the density of electrons was 

(6.45984×1015) while the mixing ratio of Al 

metal was 20% and in the fourth sample the 

temperature of Pb became (2527.8)K and 

density electrons (7.28241×1015) while the 

mixing ratio of Ni metal was 41.666%. In the 

fifth sample, the temperature of  Pb was 

(2517.8)K and the density of electrons 

(7.26472×1015) when the mixing ratio of Zn  

was 41.666%. As shown in Table (8) 

       3.2. DATA ANALYSIS 

The first sample of Pb element exhibited an 

electron temperature (Te) of 2514.1 K and 

an electron density (Ne) of 7.25937E+15 

when the lead percentage was 41.666%. 

With a specific heat capacity of 128 J/Kg·c, 

Pb showed a low thermal energy capacity. 

Increasing the mass or quantity of Pb 

resulted in a higher heat capacity, reducing 

its ability to absorb heat and subsequently 

decreasing its temperature. This also caused 

a decrease in the percentage of excited 

electrons escaping.In the second sample, Pb 

had an electron temperature (Te) of 2518.3 

K and an electron density (Ne) of 

7.26448×1015 when the lead percentage was 

41.666%. The specific heat capacity of iron 

(Fe) was 450 J/Kg·c, indicating a high heat 

capacity. Increasing the mass led to an 

increased heat capacity, reducing Fe's ability 

to absorb heat. Other elements, including Pb, 

experienced an increase in temperature. The 

third sample yielded an electron temperature 

(Te) of 2523.3 K and an electron density 

(Ne) of 6.45984×1015 for Pb when the 

aluminum (Al) percentage was 41.666%. 

aluminum's heat capacity of 900 J/Kg·c is 

considered high. Increasing the mass 

resulted in a decreased ability of Al to 

absorb heat, while other elements, including 

Pb, exhibited higher temperatures. In the 

fourth sample, Pb had a temperature (Te) of 

2527.8 K and an electron density (Ne) of 

7.28241×1015 when the nickel (Ni) 
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percentage was 41.666%. The specific heat 

capacity of nickel was 445 J/Kg·c, indicating 

a high heat capacity. Increasing the mixing 

ratio led to a decreased heat absorption by 

nickel, causing an increase in the 

temperatures of other elements, including 

Pb. In the fifth sample, Pb displayed a 

temperature (Te) of 2517.8 K and a density 

(Ne) of 7.26472×1015 when the zinc (Zn) 

percentage was 41.666%. Zinc's specific 

heat capacity of 389 J/Kg·c was lower than 

that of other elements, resulting in greater 

heat absorption. As a result, the temperature 

of Zn increased while the temperatures of 

other elements, including Pb, decreased. 

 
4.  Conclusion 

 
Based on the obtained results, it can be 

concluded that when the specific heat capacity 

of an element increases, its ability to absorb heat 

decreases. This indicates an inverse relationship 

between specific heat capacity and heat 

absorption ability. Therefore, an increase in 

specific heat capacity of a material results in a 

decrease in the ability to gain heat, leading to a 

decrease in temperature for Pb electrons. 

additionally, alloys offer the advantage of 

decreased thermal conductivity with an increase 

in mass. By introducing other elements to 

modify heat capacity, density, and specific heat 

capacity, it becomes possible to manipulate the 

plasma parameters of a specific metal, such as 

Pb, by adjusting the model parameters. 
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