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ÏL{ü�Y9Ü¤´�, 3vk��!L¡¹5J��^Ú�?n�Ä.þÜ¤Ñ¾�, ZnO B��, ¿±
B���Ä.g|CÜ¤
 ZnO B��
�. ×£>º (SEM) *	�¾�, ZnO B���þÝ� 200 nm, B��
�º��� 2 µm; B����»�� 150 nm, �� 1.5 µm. ÏLØÓ)��ã�/mCz&?
 ZnO B�(��
/¤Ån, L²g|CL§�3ü�¤Ø�ã. ,	,ïÄ
¾lf�,é�¬1�u15��K�.

'�c: ZnO EÜB�(�, g|C, 1�u1, Y9{

PACS: 78.30.Fs, 81.16,Dn, 78.55.–m, 81.16.Be

1 Ú ó

ZnO ´ � � � Y � � N á �, - f å P U
p (60 meV). 3¿§e, ®²¢y
 ZnO B��

��-1u� [1,2]. XJò ZnO B��
��
�|C3��B��þ, ùé1Å�Ú½�u�
-1x0¥�B�ì��8¤5`ék¿Â. k©
z��, |^í��È{�±3Ä.þÜ¤ÑuÄ
.R�pÝkS� ZnO B��
� [1,2]. ,	, |
^Y9{��±3± ¡�Ä.Ü¤Ñ ZnO B�
�
� [3−5].

âf3B�þ?S?1g|C��¤B�(
�, ¬LyÑéõk��5�, 3B�ì�¥k2
��d3A^ [6], Ïd�áÚ
ïÄö�5¿. ï
Äö�^éõ�{3¤I��µeS|C�¬, r
B�âf|C3��½���
�p½ön��
÷Gµe¥ [7−10]. �´B�âf��º�©ÙÚ
pÝ©Ñ´|C�kû^�, ù���âf3B�

þ?S?1g|C�´4Ù(J�. Ïd, æ^õ
Ú¤Ø)��L§�ï ZnO EÜB�(�´�1
5p�Ü¤Ãã. ¤ØL§QUu)3M�¥, �
�±u)3�NÄ.�L¡þ. XJ¤ØÚÄ.L
¡�p�^�.¡U�$�, KÉ�¤Ø¬éN´
u) [11]. ¤±�$�L¡UéuÉ�¤Ø5`�
~­�. 3B�(����ïÄ¥, ��Ú��B
�(�ü�|C¤E,���Ún�kSEÜ(
�´4ä]Ô5�ïÄ+� [12,13]. �©æ^±�
ÚY9{, 3�$�§ÝeÚ�á��mS, ò�
��B��
�g|C3���B��þ, Ó��
y²
3Y9L§¥.¡��¤Ø�­�5.

2 ¢�L§

|^Y9{�� ZnO g|CEÜ(�. ^
n � � A ; ?1Á �, 3 n � � A ; ¥ \ \ �
Ó�c°�. � 0.1 mol/L 8`ÄoX (HMT) M
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� 15 mL \\ 50 mL àoÍ¯L�A;¥, �Ù
¥©O\\ 0.1 mol/L ��� (In(NO3)3) M� 1 mL

Ú 0.1 mol/L ��¾ (Al(NO3)3) M� 0.2 mL. �·
ÜM�¥\\ 20 mL �lfY�ëY�� 5 min.

ò�WL� Zn ¡ (1 cm×2 cm) Y²�\M�¥, ¿
ò�A;�µ. ò�A;�\§Ý� 90◦C �ó�,

¿±Y\9 2 h, ,�2e%�¿§�, 3¿§©O
�± 0 h ��W���¬�!�± 4 h ��W��
�¬�!�± 8 h ��W���¬�. �
�	�
�� (In(NO3)3) é�¬/m�K���
�Ò�
¬, Ø
vk�c°�¥V\ In(NO3)3 M�Ù{Ó
Ü¤�¬��¢�L§��. òo��¬^�lf
Y�E�W, ��L¡vkí3Ô�?1L�. Á
�¥ Zn ¡�g²LDí�!�lfY�(�W.

|^|u�×£>º (FESEM, S-4800, Hitachi)

*ÿ�¬/m, FESEM ¤��� X ��>fUÌ
¤ (EDX) ÿ½�¬¤©. |^{I J-Y HR800 �«
.ùXÚ5ïÄ�¬�1�u1 (PL) 5�. 1�
u1æ^ He-Cd -1ì 325 nm �-11
, ��
S»�N, Ôº���ê� 40 �, PL Ìæ^�Ñ�

¢�C�.

3 ¢�(J�©Û

3.1 ///mmmÚÚÚ(((���©©©ÛÛÛ

·�æ^×£>fw�º (SEM) *	n��
¬�/m. ã 1 (a) Ú (b) ©O�Ñ
3 Ä.þ
���g|C ZnO B�(��NÚ��� SEM

ã (�¬�), lã 1 (a) �±wÑ, z�B��þ
Ñ�X�à�B��
�. ã 1 (b) �±wÑ,ZnO

B��
�÷ [0001] ��)�, B����»�
� 150 nm, �� 2 µm. �
ïÄ�¬��/mü
CL§, ·�3¢�¥å��¼��¬�Ú�¬�.

ã 1 (c) ´�¬��/m, ã¥w«�´ ZnO EÜ
B�(��?1|C�c��Ä.� ZnO B��,

8�/B���þÝ�� 200 nm, B���º��
� 2 µm. ã 1 (d) ´�¬��/m, ã¥w«�´±
B���Ä.u)
1�g¤Ø, z�¤Ø:þ!
�ÑÙ3B���L¡,ZnO B��
�Äuù

¤Ø:)�/¤.

ã 1 (a) g|C ZnO B�(��N/m� SEM ã; (b) ZnO B�(���� SEM ã (�¬�); (c) 1�g¤Ø�/¤ ZnO B
�� (�¬�); (d) ±B���Ä.1�g¤Ø�� SEM ã (�¬�)
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ã 2 �Ñ
ég|C ZnO B�(�� EDX ©
Û(J. ã 2(a) ���Ä.B��� EDX ãÌ, l
ã¥�±�Ñ, ·����g|C ZnO EÜB�
(���Ä.�B��� Al �,� ZnO, Al ��
,þ� 6.4%. ã 2(b) �B��þ ZnO B��
�
� EDX ãÌ.ZnO B��
���¹ Zn Ú O ü«
��¿vkÙ¦��, ùL²g|C ZnO EÜB
�(�´± Al �,� ZnO B���Ä.)�Ñ
� ZnO B��
�.

ã 2 (a) ��Ä. ZnO B��� EDX ã; (b) B��þ ZnO

B��
�� EDX ã

3.2 ggg|||CCCLLL§§§

3.2.1 1���ã¤Ø Al �, ZnO B��
�/¤

3�A�¥, �X§Ý�,pM�¥� HMT

¬ Y ) Ñ NH3,NH3 Ú H2O ? � Ú/¤ NH+
4

Ú OH− lf, �dÓ� Zn 
��z¤ Zn2+, Ù
¥ Zn2+ � OH− /¤)�Ä� Zn(OH)2−4 , ÏL)
�Ä� Zn(OH)2−4 �p�^3 
�L¡þÄk

¤Ø, /¤
 ZnO 8�Ø (Xã 3 .¤Ø). du
M�¥�3�þ Al3+,Al3+ �±ÚLþ� OH− /
¤ AlO−

2 ¿�)ðz�^, r¦8�Ø3)�L§
¥Åì/¤ Al �,� ZnO 8�/B�� [14], X
ã 1(c) ¤«, ¢�L² Al3+ ��3é ZnO B��
�/¤äk­��^.

3.2.2 1���ã¤Ø ZnO B��
��
/¤

�X Al �, ZnO B���/¤, M�¥ Al3+

�þ�Åì~�, �� Al3+ �ðz�^�¬~
f [14]. du ZnO ´45¬N, 4´/¤��B
�(� [3,15,16]. M�¥ Al3+ þ�?�Úü$, ð
z � ^ ¬ � �, ù � M � ¥ � 3 � � þ ) � Ä
� Zn(OH)2−4 ¬Åì/¤�G�B�(�. �

3 Al �, ZnO B��þ�Ñ ZnO B��
�,

·�ÀJ3�A;e%�¿§¿�±ð§ 8 h

�, �W�¬¿éÙ?1L�. du�¬��m
3�A�¥E�, B���L¡¬��A�¥�
3õ{� OH− éÙL¡E¤���@¡?
�
)"�:. Ïd, 1�g¤ØAT3ù
"�:
þp��) [17]. duM�¥�V\
 In(NO3)3,

¤±·��&��¡´duL¡@¡
�)"�

ã 3 g|C/¤ ZnO B�(��)�Ånã

:, ,��¡ In(NO3)3 �U��V\J, ÏL~�
B��ü�45¡�¹zU, 3 ZnO B���45
¡"�:þÚ\�g¤Ø:, Xã 1(d) ¤«, ùÒ
´1�g¤Ø (Xã 3II ¤Ø). �´±eü«�¹
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·�Ü¤�¬�/mØ´g|C ZnO EÜ(�

´8��G(�, �«´�¬��/m; ,�«´
�¬��/m (�¼��¬�, ��¢�L§). Ù
¥�¬��/m��¬��/mA���, Ñ´8
�/�G(�, ù�L²�A�mÚ In(NO3)3 �
�^é/¤g|CEÜ(��'­�. Ïd, B�
�45¡²L�ã�m¬É���@¡; In(NO3)3
U~�45¡�¹zU´��3 ZnO B��þg
|C/¤ ZnO B��
��­�Ï�. ��)�L
§Xã 3 ¤«.

3.3 111���uuu111555UUU���ïïïÄÄÄ

3¿§e, ^ He-Cd -1ì 325 nm -1-u
�¬ïÄ1�u1A5. ã 4 ´g|C ZnO B�(
�� PL 1Ì.  u 385 nm �u1¸´dugd-
fEÜÚå� [18−21]. â©z�� ZnO b	u�¸
��3 380 nm �m, ·��¬�b	u�¸u)

²w�ù£, ©Û�ÏÌ�du Al ��,Úå.

,	, �â EDX Ìw« Al ��,þ� 6.4%, �,
þ�p. ���N ZnO ¥Ú\ Al ���,J, ��
,þØ��, 16fßÝJp, ��¤�U??\
��, ¦�YC°, b	¸¬u)7£ [14]. �X Al

�,þ�O\/¤­�,, Ñy��­�z, Úå
b	¸u)ù£ [22], Xã 4. Ïdb	u1¸¸ 
CzA� Al �,Úå�Y�Cz�'.

,	, 3����S�u1¸�±[ÜÑü�
u�¸. Xã 4 ¥[�¤«, �� u 541 nm ?�
É1u�, ,�� u 597 nm f�1u�.541 nm

�É1u����"� uB�¥�Û��k',

�U´��.��� "�U?��[�� [23].

éu 597 nm �f�1u�, ·�@��U
u Al

O� Zn �f/¤�,�U?. 3�\ Al ,��,Al

O� Zn �f/¤�,�U?�d���[VÇ$
u��.��� "�U?��[VÇ���¸
rÝ�uÉ¸rÝ.

ã 4 g|C/¤ ZnO B�(�� PL 1Ì

4 ( Ø

�©ÏL�Ú{ü�Y9�{Ü¤Ñ
 ZnO

E,B�(�, ÏLüg¤ØL§5ïÄ ZnO E
ÜB�(��g|CL§. du­�, Al, ¿§e
� PL 1ÌL²b	u�¸u)ù£. é��u1
¸�©¸[Ü, É1u����"� uB�¥�
Û��k', �U´��.��� "�U?��
[��; f�1u�, ·�@��U
u Al O� Zn

�f/¤�,�U?.
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One-step hydrothermal process for self-assembly of
zinc oxide nanorods array on Al-doped ZnO

nanoplate surface∗
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( Received 13 April 2011; revised manuscript received 20 May 2011 )

Abstract

Self-assembly ZnO nanorod array on Al-doped ZnO nanoplate surface is directly synthesized via a simple one-step hydrothermal

approach, without using any template, surfactant or pretreated substrates. The morphology of the ZnO nanostructure observed by the

scanning electron microscopy shows that the thickness and size of ZnO nanoplate are 200 nm and 2 µm, respectively. The diameter and

the length of ZnO nanorods are respectively 150 nm and 1.5 µm. A possible growth mechanism is proposed for the selective growth of

ZnO nanorods array on the nanoplate substrate, which contains two stage nucleation-growth processes. Finally, the influence of Al on

the photoluminescence of the sample is been discussed.

Keywords: ZnO composite structure, self-assembly, photoluminescence, hydrothermal method
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