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Puttipol Nakarungsee 2014: Hydrothermal Synthesis and Optical Properties of Metal-
doped ZnO Nanostructure. Master of Science (Physics), Major Field: Physics,

Department of Physics. Thesis Advisor: Mrs. Sirikanjana Thongmee, Ph.D. 101 pages.

A process for the synthesis of zinc oxide and antimony-doped zinc oxide by
hydrothermal method are investigated. The effect of antimony doping on the structural and optical

properties of zinc oxide are analyzed.

Zinc oxide and antimony-doped zinc oxide with chemical formula: Sb Zn, O; x=0-0.5
were synthesized by hydrothermal method at 150 °C for 20 hours. Structural and optical
properties of all samples were analyzed by SEM, XRD, Raman, PL and UV-Vis to study the

influence of antimony doping on structural and optical properties.

SEM results show that all of samples are of nanoscales size with hexagonal shape
nanorod. The shapes of the samples changed from nanorods to nano-flake when antimony higher
than x = 0.30 is added. XRD patterns revealed that all samples showed hexagonal wurtzite
structure and Sb peaks were founded. The PL peaks are indicated that the amounts of Sb dopants
are lead to the defect. Raman results show the effect of Sb doping on structural and size of zinc
oxide. The crystallinity of zinc oxide is decreased with increasing amount of Sb. UV-Vis results

are indicated that the energy band gaps are dropped as the little Sb added.
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4. Teflon-lined stainless steel autoclave
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MNN 20 Teflon-lined stainless steel autoclave Haza@IU5zADU

31 Subramanian (2011)
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6. né’aaaqamsﬂu&ﬁnmammudmfmﬂ (Scanning electron microscope: SEM)
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7. sunualnInsalnd (Raman spectroscopy: Raman)
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7.2 NM31a0n (Rule of Mutual)
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8. 1n3e99ans1 ledauazddbaanInsalnil (Ultraviolet-Visible sprectroscopy: UV-Vis)
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~ ~
incident absorbed transmitted
P, » > » P,
radiation radiation radiation
reflection (P,) scattering (P,)
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3 )
3: uglu (2554)

8.1 HanNSNIIUVDI UV-Vis
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8.2.2 ﬂgﬂlaﬂlﬁﬂﬁ (Beer’s law) N1 “’E]ﬂﬁ”lﬂ']iﬁﬂaQm@ﬁﬂ?TM!ﬂlﬂﬂJ@Q!LﬁﬂﬁQﬂ
A I [ [ y 9
aanau Lﬂuﬁﬂﬁﬁuiﬂﬂ@ﬁﬂﬂﬂﬂ??ﬂﬂlﬂEUHGU?JQ?”?”
~ J ad A o ad
8.2.3 NHVDUVYT-HANIVTA (Beer — Lambert’s law) WaUNYUBULANIIALIASN])
A J Y 9 v Y I A J ad 1 Y1 9 ~
GU’eNL'U‘c’JimmaJL%WﬂaﬂﬂmﬂmﬂuﬂgmmmEJ‘i—LLa:JnJ'iﬂ ﬂaTJ‘lﬂ'ﬂ “ANVVNUDILTINGD

9
QANAUTUBYNUANMTUTUIAZANUHUIVOITITAINAI” 1TEUTUNS 191
Io
A= logT = ebc (10)
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1INAINTAOINIULEAY (transmittance, T)
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8.4 MIMIAINNUN VD IFDIN WD VWA
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9.1 HanNNI5UBY PL
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9.1.3 wamammwumé’au (Environment effect)
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2. uoudueillasnao 154 (Antimony Trichloride: SbCL,)

3. Tandenlaasenlud (Sodium Hydroxide: NaOH)

4. tonTau laoziiu waTyezdnn oxda (Ethylenediamene Tetraacetic Acid (EDTA):
[CH,N(CH,COOH),1,)

5. 1hndu 3A

6. 19NMUDA (Ethanol)
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2. BOUANTT
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4. iaoargadag
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5. NOVUINDOI
6. uIDE
7. 1304NIUATUVVURNUANNS OU (Hotplate stirrer)
1 [} 3 ) (% .
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13, 193 paFIAINEANNALIBER 0.0001 (2)

14, 19309970 TAMIRENIUVD TSN (XRD)
15. ﬂﬁ’m@amﬁﬁﬁﬁgﬁﬂmammudmﬂim (SEM)
16. 193095 nnuanTnsain (Raman)

17. iw3eag3-3dbamln Tnsalnil (UV-Vis)

18. 10503 W TagliuawudanlnInsalnil (PL)
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M
1. annafSinamsnindluvivig n3uy
anaSunaasnldnnaums
MV ”
8 1000

=).

Tag
¢ = Psuavesnsninlglumiiensy (g)
%‘ o Aq 9 1 [ 1
M = tin luranavedansn g luruieniuae Tua (g/mol)

C = anuuduvesmsazareluniis Tuanedas (mol/l)

P
Ayy 1% &

v = f5unavesaihazate(luni launiinay bnluniieiaaans (ml)
1.1 megumamuralSuaasnlFlumsdenizidedoon lag
Y v
19 Zn(NO,), (M = 297.46 g/mol) AMITNTU 0.5 mol/l azareluinau DI 50 ml
v q9 Y 9 ) ]
nu1% NaOH (M = 40 g/mol) ANNIUNUY 10 mol/l aza1eluiinau DI 50 ml tagl¥ EDTA (M

= 297.25 g/mol) ANMTUTY 0.01 mol/l azareluriinay DI 10 ml

Aurafsmnaes zn(No,), Turueniy

297.46 x 0.5 x 50
1000

=7.4365g
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Mualsuaars NaOH lunuiensy

40 x 10 x 50 _ 20
1000 <5
Amuialsuiaars EDTA Tunuiensy
297.25 x 0.01 x 50
= 0.0297 g

1000

o ' o ~ ~ @ Jsa o S A Y}
1.2 G]TOﬂ1ﬂﬂ15ﬂ1u3mﬂ§ﬂ1mﬁ1§miﬁuﬂ"liﬁﬁﬂiTz‘Vi“ﬁ\iﬂ@ﬂﬂ]’l“ﬁﬂﬁ]@ﬂﬂﬂﬂWﬁ’N

Sb Zn(olgs)O

0.05

19 Zn(NO,), (M = 297.46 g/mol) 11az SbCl, (M = 228.11 g/mol) lusas1dIU 95:5
ANUITUTUTIN 0.5 mol/L azaraluiinnau DI 50 ml Au1d NaOH (M = 40 g/mol) AU
10 mol/1 azanaluiiinay DI 50 ml waz1¥ EDTA (M = 297.25 g/mol) ANMITUTY 0.01 mol/l

Y '
aza1eluiinay DI 10 ml
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228.11 x 0.5 x 50 x 0.05
= 0.2851¢g
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40 X 10 x 50 _ 20
1000 "%
297.25 x 0.01 x 50
=0.0297 g

1000
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M3 9N 1 ﬂiuimﬁ’W’iﬂiGﬂuﬂﬁmiﬂllﬁﬁ%’ﬂﬂ’ﬂ@ﬂIlGBﬂVILi]Bﬂ’JEJWEITN

WSumensily
A20819 Sb.Zn,, 0 Zn(NO,), (2) SbCl, (g)
1 x=0.00 7.4370 0.0000
2 x=0.05 7.0652 0.2851
3 x=0.10 6.6933 0.5702
4 x=0.15 6.3215 0.8554
5 x=0.20 5.9496 1.1406
6 x=0.25 5.5778 1.4257
7 x=0.30 5.2059 1.7108
8 x=0.35 4.8341 1.9960
9 x=0.40 4.4622 2.2811
10 x =0.45 4.0904 2.5662
11 x =0.50 3.7185 2.8514
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4. wan1samswﬂmmmmiwhgmummum (Photoluminescence spectroscopy: PL)
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5. wamyIANzHRIEn3eey] - Imdaan)nInsalnil (UV-Visible spectroscopy: UV — Vis)
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