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Effect of TiO Addition on Morphologies and Luminescence Properties
of ZnO Crystals Fabricated by Vapor Transport Method
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Abstract ZnO micro/nanocrystals are formed by a vapor transport method. Mixtures of ZnO and TiO powders are used as
the source materials. The TiO powder acts as a reducing agent to reduce the ZnO to Zn and plays an important role in the
formation of ZnO micro/nanocrystals. The vapor transport process is carried out in air at atmospheric pressure. When the weight
ratios of TiO to ZnO in the source material are lower than 1:2, no ZnO micro/nanocrystals are formed. However, when the
ratios of TiO to ZnO in the source material are greater than 1:1, the ZnO crystals with one-dimensional wire morphology are
formed. In the room temperature cathodoluminescence spectra of all the products, a strong ultraviolet emission centered at
380 nm is observed. As the ratio of TiO to ZnO in the source material increases from 1:2 to 1:1, the intensity ratio of ultraviolet
to visible emission increases, suggesting that the crystallinity of the ZnO crystals is improved. Only the ultraviolet emission
is observed for the ZnO crystals prepared using the source material with a TiO/ZnO ratio of 2:1.
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Fig. 1. SEM images of the products prepared through vapor transport method using (a) ZnO powder and ZnO/TiO powders mixed with
weight ratios of (b) 2:1, (¢) 1:1, and (d) 1:2.
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Fig. 2. XRD patterns of the products prepared through vapor transport method using ZnO/TiO powders mixed with weight ratios of (a)

2:1, (b) 1:1, and (c) 1:2.
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Fig. 3. EDX spectra of the products prepared through vapor transport method using ZnO/TiO powders mixed with weight ratios of (a)

2:1, (b) 1:1, and (c) 1:2.
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Fig. 4. Room temperature CL spectra of the products prepared through vapor transport method using ZnO/TiO powders mixed with weight

ratios of (a) 2:1, (b) 1:1, and (c) 1:2.

sjEoltt. ZnO/TIO A&HI7E 101, 1282 S
TS ARgEEte] AE SR B A EA
O ol9ell= Ti Bt HFEA B 9
A Tz A P 239 PR Y P4

Az

S T7b =2 Zn0YS & 4 Slrh B3 Zndt O
ojglellE oW Ewas HEEA B3] Wl 13

d Fxo A F4e Zn0 AA L Sl dsiA 4%
3= Vapor-Liquid-Solid(VLS) /3771l <J3l] 2d-ds1A]
931 Zujj7} §lo] A= Vapor-Solid(VS) 237710l
o8] gAstcta AgEn™ zn0o/Tio F#FH|7F 122
¢ W5 BES AREste] AGE AFsHES] EDX Y
oAM= Ti Y&rt AFERA 2%t XRD HEAA =
okt 740 Zn,TiO, (113)¥ =7} #Z= Atk XRD &

Ao Dad A5 o] EDX HAlo] Zadt A5
At Br] wiEo] ZnO & A EE FH = o

Al ekzke] 7n,TiO, A1 27} 37 AH| Aoz Agkgr).
Fig. 4= ZnO/TIO A&7} 2HzF 2:1, 1:1, 128 &
gl S Algste] AAE Atsl AANES e
oA I CL AFE-o|th, RE Ao W
=7t =3, 4 vbgo] 380 nm¢l AHeIA G
whgo] AFEATE ZnO A7 olA 380 nm 2] A}
o o7z} Aol 71915k Aoz dEA 3
A=7b Eohe A Zn09] A%
Yepdth ') 39, znO/Ti0 2%
S ARt AdE A
gk, Wsg 939 FA Tt
HEE AT} 7HA

LA

2 e
o ol
e

o
o 10 oM 1

¢

N o2
T
)
"

éJR

o He

N
X4

=
p‘L
-

o,
o

O N
PRE
Ze g

e

o
p

A
[\
EO

o

L2 S7tes 7%
A3, A#gH7t 128 o

AR
g Ao BAWA %3 Utk Zn0

74

18 b 2 30 o oX ox &
o

oo > g
g K=

il

o] TiO9] H7I= ZnO 279l A9 Wd 54& ¢
A UEE & S ik ol2RH 98 #2e] Zno

o T Tioe] A7k AR AHHE Zn0
3] ARl LU

2

EE

4. =

ZnO/TIO £ &S
1A 2o A J3
ARSI & AUk Tio >
< 7Znd} ZnO(X < NE FAA71E A o
th §Ho] e Zn ZnO«(X < 1)7F BA =] 1000 °C
o] 2moXM= 71 dEle] Znd ZnOy(X < 1)7} 2HAYs}
L F7] T ARAet wkgEte] ZnO AR o] A
nfolAZ AP o7 ettt Znool thek TiO
AU 7L 101 oldel 98 Euel 9o A g
W B4l Zn0 Aol A AT 873E Zn0 4
oA 380 nm¢] FA IFE 7H A whgo] #
Atk FE EZolA znool diek Tioe] A7}

T & 999 wEE AFEA A A9
el gt #AFSh Zn0 U8 £l Tio9]
A st I Fadel Zno AA <] AFe] 7t
7VeFe] 71 ZnO AA<] ARA A}

g 1o 2

Acknowledgment

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea(NRF) funded by the Ministry of Education(NRF-
2018R1D1A1B07047440).



594 o]z

References 6. H. Lv, D. D. Sang, H. D. Li, X. B. Du, D. M. Li and G
T. Zou, Nanoscale Res. Lett., 5, 620 (2010).

7. Z. Zhang, S. J. Wang, T. Yu and T. Wu, J. Phys. Chem.
C, 111, 17500 (2007).

8. P. Yang, H. Yan, S. Mao, R. Russo, J. Johnson, R.
Saykally, N. Morris, J. Pham, R. He and H. J. Choi, Adv.
Funct. Mater., 12, 323 (2002).

9. X. Wang, J. Song and Z. L. Wang, Chem. Phys. Lett.,
424, 86 (20006).

10. S. C. Lyu, Y. Zhang, H. Ruh, H. J. Lee, H. W. Shim, E.
K. Suh and C. J. Lee, Chem. Phys. Lett., 363, 134 (2002).

1. Z. Zhou, C. Zhan, Y. Wang, Y. Su, Z. Yang and Y. Zhang,
Mater. Lett., 65, 832 (2011).

2. M. Biswas, E. McGlynn and M. O. Henry, Microelectron.
J., 40, 259 (2009).

3. Y. S. Lim, J. W. Park, S. T. Hong and J. Kim, Mater. Sci.
Eng., B, 129, 100 (2006).

4. C. X. Xu, X. W. Sun, Z. L. Dong and M. B. Yu, Appl.
Phys. Lett., 85, 3878 (2004).

5. B. D. Yao, Y. F. Chan and N. Wang, Appl. Phys. Lett.,
81, 757 (2002).



