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 ZnO K>�e,�V?�Bp�pR� (SEM),H
p�pR� (TEM) C X 
v�
 (XRD) �?b
s-C�:x�(*h�.e:8(w*Q|� ZnO �:
=y�:"s<*D�X 0.025mol/L 
 Zn(NO3)2·6H2O C C6H12N4)w*t 70◦C 
9 4h J
 ZnO K>�
WÆl�U 100nm, WÆB|U 1µm, %H3�n��s-e� c y\Al{ÆB�.e�q"K
 ZnO K>�e,�Gx�( [j
;3:"�	r ZnO K>�e,GX 389nm O
DF

�N	
��X 466nm OD,#%q|
	
��' 1 �
 ZnO K>�e,
 TiO2 �G
)s�tU$8*
TB383 WZ�M=
A

1 id&M� (ZnO) �-vw)d�zY�`�*N6+�℄~�t.VoX��t.	!\kNYYhV 3.3eV, Y�'
4�b�N6+�O���e"(/��N�ay�d:�b���{P�a GaN kK;`�G-��to	�{� Yang[1] gvH*l1;a) ZnOL?wf-dY4
�s}�'bY^)v=EH-X!}E� ZnO L?t.dth	-X&M�L?�f-O�Ez<d4��q�[
��N��7Y8$NqJ [2] �4q�Z2 [3] [
0?6_ [4] g�AE5�d:�b�	!}m|d&M�L?�0CAl��d/+� (VLS)[5], M�`xFX� (MOCVD)[6,7], F�� [8] [Y4��� [9] g��rb�℄CI
���)i\}!�2"I&M�L?�f-X6Fd:�	
Vayssieres[10] 9�-v�M��YUk�r#L)!}m|d ZnO L?��m�Y

200nm 	F	 Yang[11] gv"�DsO��CLmYUk�{�-= ZnO xoH�rKY<vx+ur#L!}m|d ZnO L?�f-	7sO��CBA6ÆdU�&r�9�f�(�
Pd	VR�_=$mY8Uk�
�-=wI� TiO2 �H�rK9�i\*t�YX�TMr#L!m|�d ZnO L?�f-�/;9)x+R}�℄�;d>z	
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2 Le#"
2.1 O/�!u6�d Zn(NO3)2·6H2O(�4���x{�M)Eu,.) D C6H12N4(4�dU0��n1adM)D) �V�
Q	
2.2 ZnO D��q;�s�
2.2.1 TiO2 I2�s��&E�-&m�40t � (CP)68.07mL, x^a*1P 46.65mL, 5r^�1P�
19.29mL, �z~��Yup� 1h. (�40t��a*1P��1P� =1:4:1(I�&)). 1�&E&ma*1P 134.01mL, n��* 6.83mL, �4 (s&R}V 37%)0.5mL IX��uQE�U	 (n��*��4 =2:0.03(I�&)) �KmQE+_z~��Yu�/d.p�
15min. ZxoGM 24h K�\��I{H	
2.2.2 TiO2 �A�s�m8U�a*1PDn��*f���r'�	9�|� - =���=�2}V 3.0cm/min.��)4���P-=K�Y�r}9k�[ 10min, W�n�=��PKI 750◦C kÆ��/�\ 1h.

2.2.3 ZnO D��q;�s��{E TiO2 � Hd8U*X�z 100mL 0.025mol/L d�4� (Zn(NO3)2.6H2O) D
0.025mol/L d4�dU0� (C6H12N4) d*x+u�Y 70◦C Æ: 4h K�gx+�r�pK��8UmL�a*1PDg2*fj/�r'�3#+i��	
2.3 ZnO D����r'Vd�;9��Cq�qS� (JEOL JSM-6700 FESEM, )
q� 5.0kV) DI�q�qS� (JEM-2000EX TEM, )
q�V 160kV). 'Vdt.9� X �w�J �. (XRD,

D/MAX-500, ��O Cu Kα).

2.4 ZnO D���j(R_9�<44[. (RF-5301PC, 3 Xe eV4O) YY
0C λ=338nm ;v ZnO L?�f-�Hd<44[	
3 3)+Q<
3.1 ZnO D��q;��rK 1(a) V8U��
�dwI�x TiO2 L?$�d SEM aU	SKu�3�L TiO2L?$����U�$�X�V 15∼25nm. rK�Lm
�?d8U��z 0.025mol/L d
Zn(NO3)2·6H2O D C6H12N4 *x+u 70◦C Æ: 4h K�mL�g2*f�'��bayK
1(b, c) 6�d SEM aU	SK 1(b) u�3�a ZnO L?�YX�TM�Cd�Up��℄�}�W 3.0×1010/cm2. SK 1(c) u�3�L ZnO L?�u~V4'�	�K 1(c) ud
ZnO L?�y	)F_� ZnO L?�dm�Xp�3Y 40∼50nmkg�℄uX�(m�Y
100nm 	F	B?-g-2D�C�gd�!�
s5Æ:�gd_C� ZnO L?�dC}PS 100nm _o℄S?	
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1094 ` V 5 * � � 21 ��Æ: 4h KbadE ZnO L?�d8U�za*1PuE
�bayK 2 6�d\& ZnO L?�d TEM aU	℄m�JC}U$J SEM aU^E	3L?�℄ud-�
�jq� ��badq� �yK 2 u>K�+E6bd ZnO L?�V\~�� [0002]�|�C	

J 1 (a) 7S>���ÆT
uH� TiO2 K>#��G
 SEM `T
 (b,c) �,UKl��,<uH� TiO2 �G
7S>�ÆB
 ZnO K>�e,
h C  
 SEM `T
Fig. 1 (a) SEM image of rutile TiO2 films that dispersed uniformly on a silicon wafer; (b) a low

magnification SEM image and (c) a high magnification SEM image of ZnO nanorod arrays grown on the

silicon wafer coated with rutile TiO2 films

J 2 [% ZnO K>�
 TEM `T
Fig. 2 TEM image of a single ZnO nanorod

The inset is the corresponding electron diffraction

K 3 �Lm
�-= TiO2 �Hd8U���Cd ZnO L?�f-d XRD K[	�
�j� �kwuM�� 2θ V 30◦ � 47◦�{dU�8U Si d ��[Y 2θ=36.3◦ �
63.0◦ �69.7◦ �{dwI� TiO2 �O�OEY
2θ=31.7◦�34.4◦�36.2◦�47.5◦�56.6◦�62.8◦�
67.9◦ �{Lsd ZnO d ��	f ZnO V4�o��t.	℄~"A(V� a=0.3249nm,

c=0.5206nm. �I4� ZnO, BA� (100) D
(101) A ���d (JCPDS 36-1451). �$℄rbd ZnO L?�f- (101) Ad ���d�{)�8VwI� TiO2 d (101)AJ ZnOd (101) Aws6p	 (002) Ad ��d_d+E) ZnO L?�� [0002]℄Bm|�C	

3.2 ZnO D��q;�j(R_K 4 V!\k;bdYÆ:R}V 0.025mol/Ld Zn(NO3)2·6H2O D C6H12N4 *x+u
70◦C Æ: 4h K6bd ZnO L?�f-Hd4p
44[	 ZnO �Hd4p
4�{)E
380nm	Fd�O
��D 510nm 	Fd74
��	℄u�^�Hu&�ZA&r!�\�Cd�Hotr���Kb7PLs	CK 4 ��L�6r#d ZnO L?�f-Y 389nm
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�� 1095�{E-$dd�O
���
{)�CI�CY�dYgRa�E��d	D�Y 466nm	FLs)-$&r}d
���℄
4W�2��gN��NJt.udotE0	CI<ELs 510nm d
���+E_=r#bad ZnO L?�f-�Hds&rB�E%Bd�O
4�N	

J 3 Kl��,<uH� TiO2 �G
7S>�ÆB
 ZnO K>�e,
 XRD JZ
Fig. 3 XRD pattern of ZnO nanorod arrays

grown on a silicon wafer coated with rutile TiO2

films

J 4  [j ZnO K>�e,
;33ZJ
Fig. 4 Room-temperature photoluminescence

spectrum of ZnO nanorod array film

3.3 IhE� ZnO ^>�k[K 5 �2Dx+R}k�Cd ZnO d SEM aU	^x+R}k	�! (0.0025mol/L)��^�bad}d ZnO L?� (yK 5(a) 6�), ℄id-~m�XQV 60nm, Td-~m�XQV 150nm, C}XQV 2µm. �^x+dR}_b�! (0.25mol/L) ����uG�LsX&d��Fr�Y8dU��^2Nba-Xd ZnO L?��mFr�g2*��fj�yK 5(b) 6��bad ZnO $�
��wM		
�NJ ZnO Y2Dd pH nkd�Ce� [12] E0�Y}4Ru�x+u~$IC|}�-GIf~}�-GVXA	5x+h}d_b�~$)V�|}�o$}	

J 5 1Cw*Q|jÆB
 ZnO 
 SEM `T
Fig. 5 SEM images of ZnO grown in the solution with different concentration

(a) 0.0025mol/L; (b) 0.25mol/L
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1096 ` V 5 * � � 21 �
4 3<9�LmY8Uk�{-=wI� TiO2 �H�Y 0.025mol/Ld*x+ur#L!m|�d ZnO L?�f-	;#t=+E� ZnO L?�V\~�&I4�~g��E� (002) ~A℄B�Cd<i�℄m�XQV 100nm, C}QV 1µm. f�f-�H�E%Bd�O4p
4�N�Vr# ZnO �OY4_gL?_l=+)-Aj\�NdL�	�7VY
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ZnO Nanorod Arrays Grown on the Substrate Coated with TiO2 Films

YANG An-Li, CUI Zuo-Lin

(Key Laboratory of Nanomaterials, Qingdao University of Science & Technology, Qingdao 266042, China)

Abstract: ZnO nanorod arrays were obtained on a silicon wafer coated with rutile TiO2 thin

films by a hydrothermal method. They were characterized by X-ray diffraction (XRD), scanning

electron microscope (SEM), transmission electron microscope (TEM), and selected area electron

diffraction (SAED). The effect of the concentration of the solution was also investigated. The

results reveal ZnO nanorods prepared in mixture of 0.025mol/L of Zn(NO3)2·6H2O and C6H12N4

at 70◦C for 4h are about 100nm in average diameter and about 1µm in length, which possess

wurtzite structure with a c-axis growth orientation. The room temperature photoluminescence of

the as-prepared ZnO films exhibits a strong UV emission at about 389 nm and a weak emission at

about 466nm.

Key words ZnO nanorod arrays; TiO2 films; hydrothermal


