Gl Ay seen
el Gl g Al aadadll 3 ) 5
Clall o slall IS/ drals

oA e 58

MNO,/CdO S sl La Dl Eilagd) ciludal (sl
Ll S A1) g Ay ) paibiadd) Al ja g Jallly daiiall
) Aasia Al
il ol Ll slal) A€l
D5l sli3d 8 agle picale da o Jo cilbllia e s 3o Ay
Ji (e
(2018 _oall sl A agle (ugslisy)

i) iy

g“ﬁ"."“ Al de daae 2

¢ 2023 21444



Republic of Iraq

Ministry of Higher Education
and Scientific Research
University of Babylon

College of Science for Women
Department of Laser Physics

Diagnosing the emission spectra of laser-induced plasma and
studying the structural and optical properties of MnO2/CdO
compound

A Thesis
A Thesis Submitted to Council of the College of Science for Women ,
University of Babylon in Partial Fulfillment of the Requirements for
the Degree of Master of Science in Laser Physics

By

Baneen Saleem Hassan

( B.Sc. in Laser Physics 2018 )
Supervised by

Dr. Mohammed J. Jader

2023A. D. 1444 H. D.



}}/

CL.W /Q_V{w}“wubuwwm%»
(o g h S Sl s

s s s s /}////‘
}a,oa

J\Jw &m\ﬁjaﬁa\»}\&) wﬁ\s«w{ -

oA ¢

mwus}j_ﬂ\s\ m\uﬁ@yuu \:”3*?&/,)&»’
e S

(.&A),u\«m 9050

20ud) & yguai
(Y0 ) didl




: tl.hd;’l

@l
lasgigd Ralagylyg laagleing gysim syitngs lisysdy gags onils oa
ploll syl qeall @b @pl o4 Lty appall @ Ul o

Qmlly ypell qully . gumgag  sug G4l GTys9 Gmpag  Guwd
c @l T alfl Latyl agtet

@im egend @il Bganall agaill 3 ols @ Jall ppaly @39 Gomia
- @=ils g9y

laals @igal. @l gay maly (omp gy gosl s
Jaly¥l grimslal . tppally glell ggoliy

. il - Al Raally dpalall aplanly RLIl a3pglly gags uile



Myaiiy sdas

asalazg as¥l @t Yy alay csa smgsall Togu g asliiad Taliiss saaall Joa (@il all smgall

Sl agamg gpsallll cpppall afl g ol 3ls smana JAI g 2 alll glemg

oysllagy @l allly gag ¢syalyall
qosnag gulial @l @ity @la il ol @illay mlumt] ayail sdy (say
laly il aly s ol Ragall aslagagig Allagll fgunga aalid¥ simly smlgn smans sgilasall
Allagll atna slagl Jal s Reyliag Ksntlas s @ aasd

gud Ralisg doly Realy @b aligll golell 812 Rulat @l @uysdsy sl 3ils odly
3 Rmtlak b @l agand lal gamgan glllelysgs glt pud Risglal lly o plll clyygs ggle
kst Jlgbe Aintlas 34 @l aasd ol @igmall auzls galy smpall ol Gliadly sZually gil
J& s alll gl gagys syl @mllys gamlly @Il slisallly s@ally asisly gl
olimgl. aglltss dlibh siudll grailly Ratladlly oell o @ loasy i 895
Jul Vgl Ratladlly gsgell mg s 54 J& lly © @illey goanl sysdilly sally angil
- (aakily ¢ alla ) s2ially mallyg gl aglyllosa



Abstract

In this study, the focus was on the role of the plasma produced by laser
ablation and its role in the production of nanomaterials by using the LIBS
technology for a group of mixtures of Mn02/CdO composite with different weight

ratios and concentrations.

From the results included in the measurement table for calculating the plasma
parameters, we note the best percentage of the mixtures was at 50% for both,
and this result is one of the important evidences in the knowledge and diagnosis
of the plasma formed by laser pulses falling on the target, where the highest
temperature was about 1.45 electron-volts and electron density 1.02*10'? (per
cubic centimeter), which helps to obtain well-defined nanoparticles and films,
especially when using more than one type of compound to produce a

nanomaterial that can be deposited and thus obtaining good thin films.

Also, the plasma parameters were calculated by changing the laser power (150-

250-350-450) mJ for the mixtures (50%Mno2/50%Cd0O, 65%Mno2/35%CdO).

Through the results, we conclude that the best parameters were at laser energies
of 100 and 350 mJ and at a frequency of 1 hertz, so they will be selected in the
work of thin films and the study of the parameters of the particles formed at this
energy and the purpose of it is to diagnose the best plasma that can be selected
in the work because it has a major role in producing Nanoparticles by laser
ablation method and identification of their optical and structural properties after

conducting tests FE-SEM Uv-Visible, X-RAY,

The results showed that two types of nanoparticles were obtained in the form of

nanospheres and aggregated optical fibers.
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LB ¢ gulill) 1 al ) Sl

E=100mJ (Cdl) &l agadlsl) juaial Carial) cishall Jaghi geiasy (1-4)J 2

A (cm™) Intensity | ION giAA; E(cm-Y) Eilcm™) Ex - Ei(cm™)
el (a.u)

3.46E-05 207.9796 @ Cd, 6.00E+08 59485.868 30656.087 28829.781

3.61E-05 626.7685 | Cd, 9.10E+08 59515.98 31826.952 27689.028

4.80E-05 724.6746 | Cd, 1.20E+08 5.15E+04 30113.99 21369.99

5.09E-05 790.6055 | Cd, 1.70E+08 51483.98 31826.952 19657.028

E=100mJ(Mnl) &) jaiall jaial Gayial) Cigal) highd g (2-4) Jsa

A(cm™) Intensity | ION giA; Ex(cm-1) Eilcm™) Ex - Eilcm™)
ghasd (a.u)

3.82E-05 | 285.795133 | Mnl 1.26E+08 43595.5 17451.52 26143.98

4.04E-05 | 758.347482 | Mnl 9.90E+07 24788.05 - 24788.05

4.24E-05 | 382.286361 @ Mnl 5.50E+08 46901.13 23296.67 23604.46

4.77E-05 | 651.952462 | Mnl 2.50E+08 44696.29 23719.52 20976.77

6.02E-05 | 238.539898 | Mnl 1.99E+08 41403.93 24802.25 16601.68

] Lgaay yaf g Adlide 433 )5 3S) i st g S pall (e il e de el (al S juiaad o3 Gl
e IS caall Jiad s THZ 22 5 5100mJ s 48Ua a4y jaill Cag yuia

e Ayl ol @l LG a Laa dilide Ciladi g o saealSll g iniall (5 jeainl Cilikal 3 ga g Jas )
Sl 2 jlEe e slaie YU il e 8 mal gl g Siniall Ciuda ) s il Caplall ailad
(2-4)JS8) 8 LS dallal) )
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Chapter Four: Results and Discussion

LB g ) ¢ aul L)) Juad)

Ay 5905 casiy LU 35, Glenall 35 sl Johy LaPll) GBS Sl dap s
GlLLYL Lalall Clalea) de sana (el HZ o355 lele Al
:olial J ghandl b daa gall 5 sy jall il

100mJ 50 3l v dibias

E=100mJ (65%Mn0,/35%CdO) g all cishll b shai s s :(3-4)J 52>

Ratio A (em™) Intensity ION gA, Ek(cm-l) Ei(cm_l) E - Ei(cm_l)
EXp (a.u)
65%Mn02 / 3.82E-05 389.813243 Mnl 1.49E-02 43595.5 17451.52 26143.98
35%CdO 4.04E-05 973.174873 Mnl 3.93E-02 24788.05 - 24788.05
4 24E-05 479.456706 Mnl 2.03E-02 46901.13 23296.67 23604.46
4.46E-05 1074.02377 Mnl 4.79E-02 47212.06 2.48E+04 22423.39
4.61E-05 311.375212 Mnl 1.43E-02 44696.29 2.37E+04 20976.77
4.77E-05 880.475382 Mnl 4.20E-02 41403.93 4 80E+03 36601.88
(50%Mn0,/50%CdO) E=100mJ) gu el ciuhall Ja ghi ;i g1 (4-4) Jg>
A (cm?) Intensity | ION 8iAix Ex(cm-1) Ei(cm1) | Eg-Ei(cm1)
ratio Laal) (a.u)
3.82E-05 378.4946 | Mnl | 1.26E+08 43595.5 17451.52 26143.98
24
50%Mn0,/50%CdO 4.04E-05 | 940.6338 | Mnl | 9.90E+07 | 24788.05 - 24788.05
43
4.45E-05 999.7736 | Mnl | 3.70E+08 47212.06 24788.05 22424.01
28
6.02E-05 310.3282 | Mnl | 1.99E+08 41403.93 4.80E+03 36601.68
4
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LB ¢ gulill) 1 al ) Sl

E=100mJ (35%Mn0,/65%Cd0) g jall ciukall ks ghad e ga: (5-4) Jga>

Ratio A (cm) Intensity ION giAik Ex(cm-1) Ei(cm1) Ek - Ei(cm1)
(el (au)
3.82E-05 | 223.23146 | Mnl 1.26E+08 43595.5 17451.52 26143.98
6
35%Mn0O,/ | 4.04E-05 | 560.35653 | Mnl 9.90E+07 | 24788.05 - 24788.05
65%CdO 7
4.46E-05 | 587.88907 | Mnl 3.70E+08 | 47212.06 23296.67 23915.39
8
6.02E-05 | 156.28134 | Mnl 1.99E+08 | 41403.93 24802.25 16601.68
E=100mJ (20%Mn0O,/80%CdO) g jall cishll b ghi mud gi: (6-4) Jg>
A (cm1) | Intensity ION giAik Ex(cm-1) | Ei(cm?) | Ek-Ei(cm1)
Ratio Exp. (a.u)
20%Mn0,/80 3.82E-05 | 220.6564 | Mnl 1.26E+08 43595.5 17451.52 26143.98
%CdO 8
4.04E-05 | 546.2931 | Mnl 9.90E+07 24788.05 - 24788.05
52
4.46E-05 | 580.9564 | Mnl 3.70E+08 4.72E+04 2.48E+04 22424.01
23
E=100mJ (80%Mn0,/20%Cd0) gu ol cihal) Ja ghi i g (7-4) Jg>
Ratio A (cm1) Intensity | ION giAik Ex(cm-1) Ei(cm1) Ex - Ei(cm1)
Exp. (a.u)
3.82E-05 270.458404 | Mnl 1.26E+08 43595.5 17451.52 26143.98
4.04E-05 695.755518 | Mnl 9.90E+07 24788.05 - 24788.05
80%Mn0,/20 4.24E-05 695.755518 | Mnl 5.50E+08 46901.13 23296.67 23604.46
%CdO 4.46E-05 | 784.889643 | Mnl | 3.70E+08 | 47212.06 2.48E+04 22423.39
6.02E-05 | 216.977929 | Mnl 1.26E+08 41403.93 4.80E+03 36601.88
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Type % | Element T (eV) ne (cm™) | Ap(cm) wp(H2) Np
MnO; 100 Mnl 1.06871935 | 8.15E+14 | 2.69E-04 | 1.61E+09 | 6.64E+04
100 Cdl 0.3657 7.92e+14 | 1.60e-4 | 1.59E+09 | 1.36E+04
CdO

20/80 Mnl 0.143098207 | 9.93E+14 | 8.93E-05 = 1.78E+09 | 2.96E+03

MnO2/CdO | 65/35 Mnl 1417237829 | 9.39E+14 | 2.89E-04 | 1.73E+09 | 9.49E+04

mixture | 50/50 Mnl 1.457712638 | 1.02E+16 | 8.89E-05 | 5.69E+09 | 3.00E+02

35/65 Mnl 1.080959679 | 1.65E+15 | 1.90E-04 | 2.29E+09 | 4.74E+04

80/20 Mnl 1.364282263 | 3.07E+15 | 1.57E-04 | 3.12E+09 | 4.97E+04

35/65 Cdl 0.143634 | 1.41E+14 | 2.37E-4 | 6.69E+09 | 7.86E+03
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Element Laser Te(eV) ne(cm>) Ap(cm) Np op(H2)

type energy(mJ)

Mnl 150 0.144656 | 2.52E+15 | 5.64E-05 | 1.88E+03 | 2.36E+08

Mnl 250 0.177246 | 2.79E+15 | 5.93E-05 | 2.44E+03 | 2.97E+09

Mnl 350 0.201728 | 2.97E+15 | 6.13E-05 | 2.86E+03 | 3.07E+09

Mnl 450 0.199432 | 2.95E+15 | 6.11E-05 | 2.82E+03 | 3.06E+09
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(A-150 - B-250 -C-350 -D-450 ) mJ

A
Intensity A(nm) A(nm) Element Oi Ai(s™) Ex-Ei(eV)
(a.u.) Exp. NIST type
81.1757216 | 405.821 405.9388 Mnl 1.4e+07 24788.05 - 49415.35
78.820034 446.25 446.108 Mnl 1.7e+07 24802.25 - 47212.06
59.592597 637.519 638.476 Mnl 1.2E+06 30425.71 -46083.89
B
Intensity A(nm) A(nm) Element g Ai(s™) Ex-Ei(eV)
(a.u.) Exp. NIST type
99.2190153 | 405.821 405.9388 Mnl 1.4e+07 24788.05 - 49415.35
48.4323713 | 542.317 542.036 Mnl 1.31e+06 17282.00 - 35725.85
96.8421053 | 446.25 446.108 Mnl 1.7e+07 24802.25 - 47212.06
C
Intensity | A(nm) A(nm) Element i Ai(s™) Ex-Ei(eV)
(a.u.) Exp. NIST type
150.356537 | 405.821 405.9388 Mnl 1.4e+07 24788.05 - 49415.35
75.7385399 | 542.317 542.036 Mnl 1.31e+06 17282.00 - 35725.85
153.412564 | 446.25 446.108 Mnl 1.7e+07 24802.25 - 47212.06
D
Intensity | A(nm) Alnm) Element | g; Ay(s?) Ex-Ei(eV)
(a.u.) Exp. NIST type
188.837012 | 405.821 405.9388 Mnl 1.4e+07 24788.05 - 49415.35
87.2099604 | 542.317 542.036 Mnl 1.31e+06 17282.00 - 35725.85
207.512733 | 446.25 446.108 Mnl 1.7e+07 24802.25 - 47212.06

haa Ay 8 Gl s NIST J il e e jlie 2y uiaiall peaial daial g 4 5o Jlshal SO L) o
dalise lilay gl dpcadiil) ddee 8 3] giad) Apulua¥) Lo 301 Cilales 48 pea 6 LgaladinY Lgie
(65%Mn0,/35%CdO) g !

58




Chapter Four: Results and Discussion 4GBl g ilidl) 3 ) ) Juaill

(65%MN0O2/35%CdO) | 3 - (65%Mno02/35%CdO)
"22.5 1 E=250m) E=150m)J
=22 A = 22 - * L 2
~ <
215 - )
= = 21 - _
D51 A =-1.7902x - 14.555 || =2 y=-7.713x+10.284
= R? =0.9591 =<
= c
205 - £ 5
=20 - .
193 _139805I0IalololElolal zlolElolal 4IoIE 03
0 Ek(eV) 0.005 T e T . i
(65%Mno2/35%CdO) (65%Mn02/35%CdO)
22 - E=350m) . E=450m)
21.5 -
N 215
=21 A oy
i g 21
220.5 - = 1.8038x - 14.062 || =2 20.5
X 2 = .
T 20 . R? = 0.9664 = y =/1.7009x - 14.23
:é, < 201 R?=0.9769
=195 (r 5 = 195 s
19 | _19 ‘r J
Ek(eV) Ek(eV)

& el Ol 3l g Jadadia Ay yha aladiindy 3 ) jad) Ay )3 Gilea gl 6l oS ) (6-4) JSEY)
(65%Mn0,/35%CdO)

Cla E¥laa s (LTE) e oall ¢l sl Alla g (a5l dlibas aladinds L 3ol cilalas Gl o
;olia) Jgaall 8 daia go LS Cilaguaadl Zpanal) Q3G 5 Lo 3301 23 53 g i g pSIVT RS 5 (slnn Jsha

ol A8 85 (65%MN0,/35%CA0) g all La Bl cilalea ilis (11-4) Jgaadl

Element Laser Te(eV) ne(cm™) Ap(cm) Np wp(Hz)
type energy(mJ)
Mnl 150 0.129707 | 2.38e+15 | 5.49e-05 | 1.64e+03 | 2.75e+09
Mnl 250 0.558836 | 1.45e+16 | 4.62e-05 | 5.96e+03 | 6.78e+09
Mnl 350 0.554623 | 1.44e+016 @ 4.61e-05 | 5.92e+03 | 6.77e+09
Mnl 450 0.588166 | 1.49E+16 | 4.68e-05 | 6.38e+03 | 6.87e+09
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	قائمة المحتويات
	الفصل الاول
	الفصل الثاني
	الفصل الثالث
	الفصل الرابع
	المصادر 2

