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Zn0O Nanowires Grown by Hydrothermal Synthesis
Using Synthesis Solution Prepared with Various Preheating Time

Im-Jun No' and Paik-Kyun Shin"*
! Department of Electrical Engineering, Inha University, Incheon 402-751, Korea

(Received March 15, 2012; Revised April 8, 2012; Accepted April 27, 2012)

Abstract: ZnO nanowires were synthesized by hydrothermal technique. Prepared synthesis aqueous

solutions were preserved by preheating

in autoclave type synthesis equipment with various

preheating time of 1 h difference. ITO-coated corning glass substrates deposited with AZO seed
layers were then inserted in the preheated synthesis aqueous solutions and ZnO nanowires were
grown for 180 min at 90C. Density, length and aspect ratio of the grown ZnO nanowires were
investigated. Composition, structural and optical properties of the grown ZnO nanowires were
analyzed. Characteristics of the ZnO nanowires were comparatively studied in relation with Zn" ion
concentration measured directly after the preheating of synthesis aqueous solution.
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Abzlol e (zinc oxide) §-3+ A7|4, B3, +
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deposition), B2 #o]A FAY (pulsed laser deposition) &
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Y 327, Ydxgeld, yxeEdy, Y:=FE F
kst ez Fdo| shssit [6) 53 FEEAN
& FAH 7vEA, gEF Aite] iAo AFHA,
AAAR 59 olf WEd B AFIFANA H3H
= 7)&o)71% 3ok wkde, AN FAFAF Y
e Aol §H4d Alzte] vad ZAn F4E Uk
Ho] Zolo SAE 7HAx ok EF HEHH F
A T YxMe FAE7] oy 42z @
T ZAd o] BE S /AR A [7]. &
ATFoAE Aglold YxdE A7 A% FE
g A FAHTEY preheating A17HE W SHAF)
3, F4E Agold Yo U, o], ARFE FA
ul7 (SEM)ez zAbeta, XA 3dEAY (XRD)
oz 1 RS BAsgY Atstold Y] 38HH
Exge b8 A (photoluminescence: PL)O.Z A}
sk =g Azk W3S Fo| preheating® ¥4 F
gl | 7ol FEE EAstd, Zn*olLFE9
Wl wa FAE Zn0 YA 5A4L v &
Hilgoen, FAFEd U olFx Wt #E%
Aoz Azg Astold YAl EAe A=
J&e n@sAh

2. 88 4y

2.1 Arzojed LpmMeo| suEtdEN ofE HFE
HEt Jois A=

Aol YeME FAS] St FERAEAEES
ol g3ldtt B A Aslold yredg 7o
e AAAAY $4& EEE dn glen, oF
el Y=AdE& A4FAZ 7I#2Z ITO (indium-tin
~oxide)7} 200 nm FXE 4§ IY SIS AR
9, ITOE F3AFe 9388 ok 9A 718%e
289 AH¥Yoz ZtzZ ofHE (10%), &2 (10
By olAxzdgE (108) 2 Dl-water (102)9] &
Az AAsz, AFE vt 719 F4vt2AE Az
A Zt} Zn0 Yicgtolo]l A4S AT FulFd FF
S8a7 Al AR EAL AFAINA FEF T
93 =& HNAEANE /HRAES dFrFe] =34
Arstolad Al (ALOs 2 wt%, ZnO 98 wi%)& 23
Hgoz Z&3 AZO 992 45 nm FHARE F33
Aot ZujZe A29EHEY FHLS £97] 7= Ar (40
scem)/O: (05 scem), FAYE 5 mtorr, 7|#2%

200C, DC ¥~ =74 (100 W, 1.1 ps, 350 kHz) =2
o2 3.

2.2 #§ME29%2| Preheating®} U AMEH 23t
ArStO}od Lic Mo ME

TEFAARE AT FAH5EHL2 zinc nitrate-
hexahydrate[(Zn(NO3): - 6H,0), 0.015 M], hexa-
methylenetetramine[HMT; CsHj2Ns, 0.015 M, poly-
ethyleninmine[PEL, 0.03 M] % ammonium chloride
[AC, 009 M]IZ 7 L €o]&4 (DI-water)oll ¥ 4
Lol A wladgulE o] &3kl 641 EFAA Ax
9. Eg9 A 89 2H2 400 mlE 6709
4Hy g dan F2532Y YyxeTE2A A%
ZHu] o] o] preheating3l 1 th. Preheating 242} 14
7F 2po| & 1-6A17F 339 2™, preheating A§F 4
F899 Zn” O|RFEE FEAY Su=vt BEEE
A (inductively coupled plasma optical emission
spectrometer, ICP-OES)& o|&3l9 FA3AH. ZnO
Ui=Ae preheating AlZHE W3AIZL A S8
AZO ZvujZo] ZZ49 ITO/coming glass 7| %S ©1
1 0T 52 1808 T AZANZAL. FEHAEE
Zn0 YixAo] Azd 7|9 FA4 FLANN wjd F
go| 24z Fatd AHATIL BAL 7HAE o] 83
AZA7] F 70C LEA 308 &< 4 AzAZ

2.3 Z0i5 ¥ SUHMYHo= MIE Mol L}
Mol MY BY

Fadgdyel o Asleld Y Aol AHEE
AZO ZujZe] 723 EAL X-4 HEA7] (x-ray
diffraction, XRD)E o] &3t ¥Asch F4€ A3t
oldd Mol EW Hel: AANEY FARAENA
(field emission scanning electron  microscopy,
FE-SEM)& o] &3t 2%, Zo] 2 AL ¥A434
ot Atgleld Al X-A BFEAY
(energy dispersive spectrometer, EDS)& o] &3] 4]
st a, Bty 5A4L 3d3E4 (photoluminescence,
PL)22 ZA}SHS O

H o
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Fig. 1. XRD pattern and FWHM value of AZO seed
layer.
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3.2 SEdEc=E MFE MI0IY LMo B
HEY

FEEAH s A Ao FHAFEAE 14T
A9 AolZ preheatingAlZ F, Z7] O FAF
S FFd 2steld Yol FE-SEM °|v]
AE 39 29 YA

SEM o|ujx EANZA3 FdgAgoz Az
stotd Y @4 F8A° preheating A7t
slo] wel i3 Zo] WistE B, AT 1
E 2 AZFE #§4 7899 preheating ¥ 3}o] o3|
2 HolE nolA AU oA A FEY9
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Fig. 2. FE-SEM images of ZnO nanoiwries prepared after
various preheating time of synthesis aqueous solution.
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Fig. 3. Length variation of ZnO nanowires prepared by
hydrothermal method (a) and Zn” ion concentration
variation according to preheating time of synthesis
solution (b).
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1Y 39 preheating A F FEZAFH e =vt HE
2RAZ 24P T4 F89 U Zn¥ol2 BE9
preheating A7+ WAzl FA FE&Jo2 Z7
FagAdEor A Asleld Yo Zo] W3}
Fol& Yeh

a9 394 B F ARl A4 78 Y9 preheating
A zte] W33 wEl AP eR AN 4dE
obd YA Zo] Wyt FHsie, §A FEY49
preheating AlZto]l Zojxd AAE Atstoldd v
o] Zol7} FolEr) oY Atstold Y] Ao
7b Fol=x ARE ZnPole¥E Wsiel WHI @
A7d & A2 o538}, preheating AF 4 F
£ | ZnPol e EE =AY ER2v HEEH
Az 24sgen, 2 Zx7 29 3 Y4 QL
t}. Preheating AlZto] ZolAFE FA F89Y 1
Zn’ o|&¥ =7t ZadE Ao ¥4I B I
FAHAA FA s FolX|7t 7HsiAE F
of U Zn'o]&3 OH ool AFstd Yo
A sed At doxd AHHez B2 3
ghuk-g-o] dojutm, FAJAIZEY] Z T} we} A
g ) Aol FAF ol2FxE FAdA o
olg] gt stehut g ZojSoA o Wo] oA
Aoy HEA ZuF YoMt dojue Aol
ofyzt ZujF SJolME Bo| dojdrt [1]. 2ER
ZojZo] Fad 7|HE ¥ AEY L5 71EE
W, AdHog Ao o]FojxA grgtr Dol
A7t 7heiAel wek FAFEN HolA el
doju}r] Aj#ste, 1 dF ol FTEE 4
oyt A wie Yol Aok pATY
[8l. B AFdME o8 FA 8 Ul ol&FE
W3lrl Yol @A uXe 9% AAE T3
k3 glch. Akstoldde] A9 2709 SAW (00013 6
el wZFAHdE (011002 7HAx2 itk o] F 53] &
oz gidd (0001)He EW dquxe d& @
o u3le ¥k AFHoR YA (0001)H3FS
et 9% wEA Ao, 23 20] JEpd Abgo}
d yYxMe SEM 4 ZAR(E HY, 1 €] ¥4
g ole] preheating AlZto] ZojFel wt ¢S B
Zg 9o d4g g4 AL FAF F Ao (1] °f
= 4 7899 preheating A7) F7t ©E o] &
FEo Zad wE Aolm, 53] Absterd yiie]
(ooonHrero g $AEA AR sl F oleFke]
A2 A9 HAH YxMe FHoRT At AFHHO
2 6o BmES g 4oz HiE oz A

3.3 Suftdloz MIE Moied LpcMol o
B2 % Ty By

FEFAAYg oz AFgd Agold Y HAES
EDS (energy dispersive spectrometer) #4H o=
ZAeke 29 40 Jeplidch 4 A3, 484
W 9A}u] g9 AL Zn' 61.17%, O: 3883% % T4
o] glen, Asleld o = g BEEEY HES
BAER g agez B A3 A s
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A5 = A
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Fig. 4. Energy dispersive spectrometer spectra of ZnO
nanowire.
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Fig. 5. Pholuminescence spectrum of ZnO nanwire.
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FAFAAULR Astold e FAT o FA
#8999 preheating A|7He WA Z o, FAE A
stold YUMo FA F£899 preheating AZF W
shol wig} WxE9 ARdAE 2 HIE HolA %
th. zejy FAHE Asteld i Zeol= A
49| preheating Al7to] ZAojF o] wel A3
Zolex: ZA¥AH L FAdAh o= preheating F
gA2gd Yo AE3 Zn® o)L ¥ 57} preheating
AlZke] Aol weEl ZHads “J”‘é.‘i—l' A% 3H4 L,
B ATE B3 §4 F49 | ol&sEg v 7
A ukg kel WS B 9\1°°] dFHUY. E
g APy o8] AFE Aserd vyxeHL ¢
A= AR 7 & (0001)83Fe2 4
A AFEHE ¥g ol Zid mE vi=d
H 2gog Qs Aol FAHUY. 274
2 AN Aol vy AEE EDS £
o &AHHH A 2 dAolA ze itsto}
Atslolad AR ol9o AHEE TFHIA
Aglold U Hglo] FHlHAG A
}‘.‘l UsAe Fddis Zs 3762 nm
7ZeEs a3z dAEQGr 1 o)L Ay
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do X WEe Ayt ¢AHA ¥ o2 Ho}
B Ao FAE Atsteld YA Aol AY
EAsA 2= $5F B3 54E AR ASol
gogglon o 33 eVe WMMER qUAE 2= A
o2 Jepgoh

ZAte| 2

o EEe WNI2dE AV @EIHIEH)Y AL
oz pRATAGE 72ATAY AAe o} £
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