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Abstract

In this work, the optical emission spectrum technique was usegh&dyze the
spectrum resulting from the CdO:Sn plasma producedabgr Nd:YAG witha
wavelength of (1064) nm, duration d)(ns, and a focal length of (1@m in the
rangeof energyof 500-800 mJ. The electron temperature)(Was calculatedising
the in_ratio line intensitiesmethod, while the electron density.(nwas calculated
using SahaBoltzmann equationAlso, other plasma parametergere calculated
such as plasmg,) , De by &) ahdeDelyd numberAd). At mixing ratiosof
X=0.1, 0.3 and0.5, the CdQy :Srx plasma spectrum was recorded for different
energies The changein electron temperature and the densitiese studied as a
function of the laser energie®utcome measurealueof the electron temperature at
the ratioof X = 0.1was(1.0791.059 eV, while at X=0.3 the T rangewas(0.952
0.92] eV andat X=0.5it was(0.9280.906)eV.

Keywords: Laser Induced Plasma Spectroscop(tIPS), Opticd Emission
Spectroscopic (OESEadmium oxide (CdO), Tin (Sn).
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Introduction

Laserinduced plasma spectroscopy (LIRSYonsidered to benaestablished analytical technique
used for the rapid determination of the elemental composition of sarhffsalso can be defined as
atype of analytical technique of atomic emission spectroscopy with which any type of, mh#trer
in liquid, solid or gaseous state can be analytgdn LIPS, a plasma is generated on the surface of a
target by focusing laser beamwhich excites and ionizes the target materide plasma is emitted
from the surface of the target material immediately after the laser beams photons reach that surface.
Optical detection of certain atomic and molecular species is obtaineshdlyzing tleir emission
spectra from laseinducedplasma The choserexperimental conditions strongly affect the analytical
performance of LPS. Parametersuch asvavelength of laser light, laser pulse energy, pulse duration,
observation time duration, ambient gas pressure, type and propertiestariget, and the geometric
setup of the optical instruments strongly influence the performanceP8f [2]. Atomic conponents
emit distinctive light that is received from opticbers and transferred to the spectreter for
analysis[3]. Optical emission spectroscopy (OB%s recently gainedh great deal of consideration
for portrayal dependent ahe LIPS. The ratiomethod is one of the most common techniques for the
optical emission spectrum. It is used in calculating the electron temperahilesthe Boltzmann plot
method is one of the best methods falcalating the electron densif4]. In this experimentthe ratio
methodis usedasa common method for calculating thkectron temperaturat which the intensity of
a two of atomic or ion spectral lines at the same ionization stage can be calculathd. Ibtal
thermodynamic equilibriunfLTE), the plasmaemperature is calculatday the following equation

[5]:
Yoo ————— 1)

A
where | and } refer tothe intensityg is the statistical weighh i s t he transition pr
wavelength E; and E arethe energyvaluesof the excited state in\&, and k isthe Boltzmann
constant. Electron density describes the numbdreef electrons per unit volum&ahaBoltzmann
equation utilizes spectral lines of the same element and successive ionization Biag&aha
Boltzmann equation is given &

T @8t pmm 4 TA (2)

where

E

YA, 3)

X, is the ionization energin eV, g, is the statistical weight of transition from level (2) to level (1),
0, is the corresponding wavelength of transition from le{@l to level (1), and A, is a transition
probability of transition from leve(2) to level (1).While the plasma frequency is calcuthfeom the
equation 7]:

A — (4)

This frequencydependsonly on the plasma densitfhe plasma frequency is one of the most
important plasma parametdd. The Debye length is the fundamental characteristic of the behavior
of plasmaasit represents the distance in which the individquatticleaffectsanother charged particle
that carries a reverse charge inside the medium of the pldBeigye length(Clp) is directly
proportional to the square root of the electron temperature and inversely to the electron density
according td8]:

T
Ao T X T FTE— (5)

where n. is the density of the electrgrT, is the electrotemperatureande is the electron charge
The number of particles in the DgbsphergNp) is dependent othe electron density and electron
temperatue and it representsseconccondition for plasma existence,X>>1 as followdq9]:

b =M Te (6)
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Experimental part
In this experiment, plasma waggenerated using pud laser on sat target CdO:Sn The
experimentabrrangementf laserinducedplasmaspectroscopy (IBS)is shown in Figurel.

The plasma was generated by @®Wtched pulsed laser Nd:YA®ith a wavelength of (1604)m
and frequency of (6) Hz The pulse laserenergywas shifted utilizing streak light -@witch delay
throughthe laser controller andvas estimated byenergy meterThe laser beam was fo@d on the
target making an angleof 45° with it. The laserbeam evaporates and ionizes thgget material,
creating a plasma plume above the tasgetace. Optical emission spectroscopy (OeShniquewas
usedfor the determination oflectron temperatures, densitiesmd plasmafrequency The lengh of
Debye and Debye numbeere determined mathematicallyhe spectrometer that is used must be fast
with the sameresporse timein every shat Thus,Surwit (S3000UV-NIR) spectrometewas usedn
the setup to determine emission wavelengths tesd high efficiency goals relying upon grinding
utilized in it andreactingto a wavelengtlof 200-900 nm.The spectrum of plasma with differerdlue
of energiesvaspreparé by mixing CdO with Sn at different percentag=0.1, 0.3, 0.5)while the
laser pulse energy varied from 500 to 800 Eath spectrum was obtained over a wavelength range of
(300-700) nm.The results werdiscussed and comparedth the National Institute of Standards and
Technology data (NIS@atabase The plasma parametewrere then evaluatddO].
Results and Discussion

The plasma resulting from the interaction of laser beams with the surface of the target material

contains electrons and ions in an excited stateddition to neutral atormendradiation The process
of plasma analysisias performedy measuringhe parameters of the electron temperaturg é@nhd
the electron densitgn.). The knowledge of the plasma temperature and density of the plasma species
is important for understanding the atomic iiation and excitation processes occurring inside the
plasma. The optical emission spectra of CdO:Sn plasamrecorded usingan optical emission
spectroscopy technique with 1064 nm-XAG laser. Figires(2, 3 and ¥, respectively show the
spectroscopipatterns for laser induced time CdO:Sn component at X=0.1, 0.3 and 0.5 perceatage
of target plasmaconfined inthe air in the spectral rangef (300700 nm with E=(500- 800) mJ.
These results agredth those of an earlier woid 1].
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Figure 2-Emission spectra induced by 1064 nm laser, with different laser energled®®nat
X=0.1 target irtheair.
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Figure 3-Emission spectra induced by 1064 nm laser, with different laser energies for CdO:Sn at
X=0.3 target irtheair.
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Figure 4-Emission spectra induced by 1064 nm laser, with different laser energies for CdO:Sn at
X=0.5 target irtheair.

Tables(1, 2 and 3showel ect ron temperature (Te), &l ectror
plasma frequency {f and Debye number @)l for CdO:Snat X=01, 0.3 and 05, respectivelyTargets
at different laser pulse energies by the ratio method can be calculated through the intensity ratio of a
pair of spectral lines of atom or ion of same ionization st@gieria for the plasmawere achieved
through the results pdfandtNh & was bhavenrthat,figpdacreasenweith e r s
laser energy because it is proportional wigh n w hpiarid & inkrease with it

(A

Table 1-Plasma parameters for CdO: &1X=0.1 with different laser energies.

Laser energy (mJ) Te (eV) ne (cm’) fo(Hz) Ao (cm) Np
800 1.079 3.97E+17 5.7E+12 1.1E04 2.4E+06
700 1.070 3.70E+17 5.5E+12 1.2E04 2.5E+06
600 1.067 3.63E+17 5.4E+12 1.2E04 2.5E+06
500 1.054 3.25E+17 5.1E+12 1.2E04 2.6E+06
Table 2-Plasma parameters for CdO: Sn at X=0.3 with different laser energies.
Laser energy (mJ) | Te (eV) ne (cm®) f,(Hz) Ao (cm) Np
800 0.952 1.44E+16 1.1E+12 5.6E04 1.1E+07
700 0.941 1.29E+16 1.0E+12 5.9E04 1.1E+07
600 0.923 1.08E+16 9.3E+11 6.4E04 1.2E+07
500 0.921 1.05E+16 9.2E+11 6.5E04 1.2E+07
Table 3-Plasma parameters for CdO: Sn at X=0.5 with different laser energies.
Laser energy (mJ) Te (eV) ne (cm’®) fo(HZz) Ao (€M) Np
800 0.928 1.13E+16 9.6E+11 6.2E04 1.2E+07
700 0.924 1.08E+16 9.3E+11 6.4E04 1.2E+07
600 0.921 1.05E+16 9.2E+11 6.5E04 1.2E+07
500 0.906 9.85E+15 8.9E+11 6.7E04 1.3E+07
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The variamcesof (Te) and (neas determined bthe Ratio Metbd using two lines of cadmiu(cd
I in this part) forCdO:Sn at X=0.1, 0.8nd 0.5areshown in Figures (a, b and ¢ respectivelyfor diff
erent laser energies.
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Figure 6 (a,b,c}Theelectron temperatur@ ) andelectrondensity(n,) change as a function of laser
energyfor CdO:Snatdifferent ratics.
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The values of T were obtained from the Ratio method as shown irur€i§(a,b,c), via the
analysis oftherecorded Cd | peaks for plasma induced on CdO:Sn compontrgair. A 1064 nm
laserwas usedvith different laser energiesf 500, 600, 70@Gnd 800 mJ. From theresults,it can be
noted that the electron density and the electron tempemaiireeincreasetvith the increasén laser
energy.The reason fotheseincreasess thatthe laser peak energy hasteong and important effect
on the emission lines intensities, where the intensities of the spectral lines increase with increasing the
laser peak energy because the mass ablation rate of the target also increases. The increase in laser
energy will also iorease its absorption in the plasmesulting in more ablationwhich leads to
increasing the number of excited atoms and hence the peaks of spectral line intehgpitssna
emission. This results agrees wiitfat previously reported 2].
Conclusions

Plasma CdO:Srmwas produced usingr Q-switched Nd:YAG lasent a wavelengtiof (1064 nm)
with different energieof 500 - 800 mJ. Optical emission spectroscopic studies were performed to
determine the dependencies of plasma parameters, such as alecsityand electron temperature
The plasmaparameters were estimated in terms of their dependence on the laser €herggsults
indicatedthat the values of T, n. and f were increasedvith the increase ofaserenergyin the
atmosphergwhile the values ofNp a n ¢ wexe decreasedVe notetha, when doping increases (i.e.
CdO decreaseandSn increass) in the mixture the intensityemission lines obothSnand CdOwere
clearly increased as well as the peaks becameyeshakll plasma parameterssatisfied plasma
conditions.
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