=X
\'-lq..m.
AT

doala) 4 pan) dzalal)
el — sl A
5Ly ) auad

Sl 31 L) Balal Al il Gailaadd) dw) o
LY A pall 9 (MQ) ppaielally a2kaal(ZNO)
(CBD)sipassll abaally casu 5

S Al 7z 5 ey Adalyl) alas |

Cla bz b e 30 i pdl cas
dadyl Ay yanl) daalad) — el 38 M

gLl agle B (siale) Lladl 3 5aY) cldlaial YiaSiod Adlu ) oda cuatd
02026/ 2025 (38 5all & 1447/1446: ala) plad)



31) ¢ 9 pagau P Y igathaatl) Ay yandl) daalad)
| ] iGN, el 591

2026/ 01 /29 :abya ;\U ,,'* oy ) g Lladh bl jall 5 00)
(ueip U1 ddlad | 83l ¥| Ay duiibivg duipd 5]l

Alila Al JSS5 Blal) 22026 / 01 /20 b sdeall 52026 4l (58) 4 daalall pusi ) [asdl ) i Dae
S 8 8 ke [l e Aasiall el il / Ganadd 3 (Lsiealdl) L1 s eyl ds o e Jpanll dpde A

Ll yie g p 5kt faiS
G5 ity Agusally (MG) paseaidlally Lashal((ZNO) A i) i3l apuas] 300 dpily 55l paibuadd) dul
ACBD) (sassll plaall
B e dall) (5555
N guac i yall Laals fAaalall il oy paaJllae 5 2
s ol dadls fhadlall I alyf e 203

Slelaa delis 02026/ 01 /29 (@8 sall Guadll fo g glaa (o sde Laall fieldl ol e dale uds Lalll e

bl s il A eandil (A1 pdliadll y Gl da) 3 ggially galedl W) gisa o iy ALl A28l 40

Lk £ R e iy Ll ABlia y LgTUlaial Sinl y Ll Clal pa cigtisiad (o383 77 08 5 e AU oL s

A28 Aal plas) clad g

B3l 2y sl flnalal Cla bz e 2 1
iyl fsdal sl e ae 3 2

ok Zaals fAnalal Y a3 3




DAY
oalall gaga #U g Lail Alu )l adde calaidl Le (e 38150 alls 535 yie /U1
dﬁu.oeds.l?ll.g_ucﬁtgi}idssuu)na&ui}‘JJ}L«.\.\A‘\Q}EJL&}”U_\AS C«u.u.u&.l‘
sl 5l & ALY Gl e Ve il glaall s je | jaiae Leie 3alEELY) 5 Allu )l Cana s

838 g 4L 5 5 el Sl AL (5 5 (pmlaad Ly kil

gl

22026/3/11 : Ful



Abstract

This study provide clarifies the effects of Mg doping (0 — 10%) on the structural,
morphological, and optical characteristics of magnesium-doped zinc oxide (Mg-doped
Zn0) nanorods. According to XRD result, a (002) peak shift from 34.4° to 34.49° and a
24.8% drop in crystallite size to 31.8 nm at 10% Mg are indicators of a stable wurtzite
structure with progressive lattice contraction. From homogeneous, densely packed
nanorods with an inter-rod spacing of about 500 nm in pure ZnO to wider, rougher
nanorods and hexagonal structures at 10% Mg, SEM shows a morphological evolution that
reflects changed growth kinetics. Increasing Mg incorporation (0 to 0.71 wt%) is EDX
spectroscopy, with higher concentrations showing better doping efficiency. Reduced p-d
repulsion and quantum confinement effects are responsible for the blue shift in the
absorption edge (380 nm to 326 nm) and band gap widening (3.26 eV to 4.24 eV) seen by
UV-Vis spectroscopy. Optimal optical clarity is indicated by visible transmission peaks at
6-8% for 10% Mg, whereas. These results highlight 10% Mg is balances improved optical
performance, morphological refinement, and structural integrity. As a result, Mg-doped
ZnO nanorods are attractive options transparent conducting oxides, and smart windows

layer.

Keywords: Zinc oxide nanorods; Magnesium doping; Chemical bath deposition; Optical

transmission; Crystal structure; Morphological evolution.
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(Chapter introduction ) J«adll 4asia 3.1
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(Chemical Substances and Experimental Preparation )
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(Preparation of Growth Solution and Electrodeposition of Rods)
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(Growth Mechanism and Chemical Processes)
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[84]: Al dau ) Alaasll iV alaalls el 028 Jilad Sy

(CeH12Na) + 6H.0— 6HCHO + 4NHs (3.1)
NHs + H.0 > NH** + OH (3.2)
In(NO3), = Zn,* + 2NO5~ (3.3)
Zn*" +20H — Zn(OH): (3.4
Zn(OH), — ZnO + Hz0 (3.5)
nZn0 + xMg — (Zn0),_,: Mg + xZn (3.6)
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(Characterization and Analysis Techniques) Jsaill s ciua gil) Ciluiss 3.4
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Parameter Pure ZnO 3% Mg-ZnO 6% Mg-ZnO 10% Mg-ZnO
(002)Peak Position (26) 34.40° 34.45° 34.47° 34.49°
Crystallite Size (nm) 423 38.7 35.2 31.8
Dislocation Density & 0.00055 0.00066 0.00080 0.00098
(nm?)
Lattice Parameter a (A) 3.249 3.247 3.244 3.241
Lattice Parameter c (A) 5.206 5.204 5.201 5.198
FWHM of (002) Peak (°) 0.246 0.255 0.267 0.284
Microstrain(pe) 3484 3595 3684 4010
Volume (nm?) 47.592 47.515 47.4000 47.257
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(Discussion of the Effect of Magnesium Doping on the X-ray Diffraction
Patterns of the Samples)
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(UV-Vis Optical Spectroscopic Study of Magnesum-Doped and Undoped ZnO
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Sample Absorption Edge Max Absorption Visible Region Band Gap
(nm) (a.u.) Absorption (a.u.) (eV)
Pure ZnO 340 3.7 0.2 3.78
Zn0-3%Mg 335 3.8 1 4.09
Zn0-6%Mg 330 3.9 15 4.22
Zn0-10%Mg 326 3.9 1.8 4.29
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