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Hydrothermal Synthesis of ZnO Nanorod Arrays and Their Morphology Control
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Abstract: By using the hydrothermal method, the ZnO nanorod arrays with different morphologies

were synthesized on ZnO nanoparticle-coated transparent conductivity glasses (TCO) at low tempera-

tures by controlling the pH value of precursory solutions. The ZnO nanorod arrays were characterized

by X-ray diffraction (XRD), scanning electron microscope (SEM), transmission electron microscope

(TEM), high-resolution transmission electron microscope (HRTEM) and ultraviolet-visible spectropho-

tometer (UV-Vis). Furthermore, the mechanism was primary discussed. The results show that the ZnO

nanorod is a single crystal and it grows along c axis. When the pH value is about 10.5, the array is

well-aligned and the diameter of the nanorod is uniform. Optical characterization shows that the optical

transmittance of the film is higher than 80% in the visible wavelength and its band gap is about 3.25eV.
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1 eaG[+IN�)_�+;�>w��h��pj;T	M��w�h:�~ 3.37eV, V+l!|~ 60meV, M��R l�	G[+)_�	21��2(�|#Æ�wEz\� [1,2]. rg�41�_5=Hw ZnO yh;T2�&�1lEÆ [3]R Grätzel eE|�R�m [4−7]. v���� ZnOyhyVw �T��_gb� - L - ?=HjD
(VLS)[8,9] w ��[<� Kk� (CVD)[10] ��[<Kk� [11] �A[<� [12,13] �q�� [14] z	�
L ��� ZnO yVQ�|��Mz���Wl�R5z\�ur�N6w�v	 Vayssieres znKN6���rg�4=HUQ ZnO {hqyV��w�"dr 1µm[12]. ��=�h�rg�43KNAG[+/I&��w �E ZnO yVur-2�_�b=N�%2N���"
(wyhR3OK� 2006–06–26, R._23OK�2006–09–119?\J� �LL�e0r:A"u�xg�" (20041003068-09); 	f7X;`F$i

f�oh;>� F$b (1981– ), ��ZH>$<� U`CYN� gM�� E-mail: ywtang@phy.ccnu.edu.cn
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404 � h 9 R : � 22 *�yV [15−17]. Zhang z%GZ Vayssieres w �r0L4�u{h��.?%Q�W
��R pH ��{h�.eR�>wX! [18]. !9&=ZY#��nK5���)Lw pH ��r3KK ZnO /Iwg�4���UQ.e5Tw ZnO yh�yV��yh��"
(�H""
f	
2 PbDDbZI�b^+ (Zn(CH3COO)2·2H2O),�P\� ((C4H11O2N), Z=yg\� ((CH2)6N4), &^+ (Zn(NO3)2·6H2O), R�YP\�,~"�℄	
2.1 ZnO I/m(�jw����b^+e�P\�Q 5: 6(t�") )b�YP\
� 60◦C U��� 30min, ur�1rp�j	�p�0� (TCO: �n0L,k_NAE Fw SnO2 �s�'! Asahi <[) �/#�Zi<jr4U�j
i< (k 24cm/min), M��3�
O/W�p��	ba([
� 500◦C ue 30min,���M��p�0�4purNA�i�,nw
ZnO s� ZnO I"k 10nm.

2.2 ZnO jE/m(� (CH2)6N4 )b�A!Y�%�
x+
Zn(NO3)2·6H2O �N 60mL )L�E Zn2+ e
(CH2)6N4 ��,~ 0.1mol/L, ^J����Z�Y��)L pH �� 8.6�9.0R 10.5("-&O~ 1�
2 R 3#). � ZnO sp�0�	b 3 3'\%P��W)z�"-n+4U��)L�r 95◦C C�W 4h, ���M�W�U0��r ZnO �is4p*.NA ZnO yVs (-���)L�WwyVs&O"-~ 1 � 2 R 3∗), Z�A!YT��0�,kw�1K�R�
wA!	
2.3 ZnO jE/+kGZ X 8�C8O (sG� Bruker D8) !	�sw�j�>Æ=Z1")0m� ('! JEOL,

JSM-6700F) CCH�,k.eÆ�p�0�4��=w ZnO yVs�".r�YP\
J:�rr8� ('! JEOL, JEM-2100, JSM-2010) �CC	Z UV-2550 �w - 2�E"EE�u ('!�
Shimadzu <[) �NEÆQ	
3 =57TFGZ X 8�C8Ov\Q-�5p pH �l����urw�sw XRD t���I�� XRD t

�g! p�t 1 6UQ 2∗ Hw�I	t
V ∗ *Gw$~ TCOw�8$w�2θ ~ 34.42◦ �36.2◦ R
62.7◦ w$"-�Wb�2FW~ a=0.3245nm �
c=0.5206nm wZ ZnO �jw (002) � (101) �
(103) �kw�8�$�e*�t� (JCPDS Card

No.75-0576) N��,p ZnO �j~�+;�>�.�)_p�w [002] t\�%	t 2(a) � 2(b) R 2(c) "-~H� 1 � 2 R 3∗w SEM t#	℄t2��-�yV.e5p�l,=H�i,n	 2(a) 
yh��G_8%4=H���,�"
f�4��a��8O{���%2NÆ 2(b) 
yh�)_EYw,k��,�"
( (30∼70nm), �8O~Z%.�JI4��aÆ 2(c) 
yh�,kEY�Of(,nwZ?��>��"k 80nm, �%2N	t 2(d) Ie 2(b) t�Ww ZnO yVwÆk0

s 1 ZnO �rv X 7�B7�
Fig. 1 XRD pattern of the ZnO film

s 2 4ok��;Gv ZnOxUv|j ((a) pH=8.6,

(b) pH=9, (c) pH=10.5) Q
j SEM s ((d) pH=9)

Fig. 2 SEM images of ZnO array prepared in different

conditions((a) pH=8.6, (b) pH=9, (c) pH=10.5)and

its cross-section SEM image ((d) pH=9)
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3 	 E#a�x
X"�
�FZ*xUn
-d4
 405mt#�yh�[� TCO g�	%=H��%gN��OyV.F�.��e��|"H_5	r.�0Lw8"�2Q-rN)/I�wpIZi<���w ZnO yh/I�ryV=H
&~���
5�2~6Y#=Nw ZnO Aep�0�|w�2����r_TAw&Z�pC�ZnO &��_Gb ZnO yh�w	%=H [19]. t
yh�wH�k 1µm.t 3 bGIH� 2∗ w TEM t#�℄t2��yh�N�"WN�5a�wet 2(b) R 2(d) w
SEM .e �W	rt 3(a) 
&9N8yh�&9��!C8���I*t 3(b) bG�t
C8��p,�2�yh�Ok��.2*	~Z� ZnO�>�we XRD �I &	t 3(c) I,yh�w
HRTEM t#��Gyh��[P�N�A c � %=H	℄4UDD�I2��Y#XD�Z�Y��)Lw pH��=Nw ZnOyV.e_TfX!	�Yr{3KP
5�i;}2\��YT Zn2+,pCJ&��s�e Zn2+ .N�S
 [20].x�Y��)L pH �k 6.5, )L
�_m64 Zn(OH)2, `��Ywx+�)L
�W� (1) �0��1K�5�u�	m)L
 Zn2+ �Wx�W� Zn(OH)2 )b�Y
���W (2) �0	

Zn2++2OH− →Zn(OH)2 ↓ (1)

Zn(OH)2+4NH3 →[Zn(NH3)4]
2++2OH− (2)

[Zn(NH3)4]
2++4OH− →[ZnO2]

2−+4NH3+2H2O (3)

[ZnO2]
2−+H2O→ZnO+2OH− (4))Lw pH=9.0 C�7'_fN�1 Zn(OH)2/Io8" [Zn(NH3)4]

2−,ri#j�U�C�[Zn-

s 3 ZnO wf� (pH=9) v TEM -ds (a), j7wf�v SAED s (b) Qds (b) �Vvv HRTEMs (c)

Fig. 3 TEM image of ZnO nanorods (a), SAED

pattern of single nanorod (b) and HRTEM image (c)

corresponding to (b)

(NH3)4]
2+ ad��W (3) =N [ZnO2]

2−, [ZnO2]
2−��W (4) =N ZnO {��w){�rh��uw ZnO �I4NP�℄b ZnO A c �
8=H

[21], bQ�IA c � %��H1	`�)L

[Zn(NH3)4]

2+ w~6�Zn(OH)2 5�)�Q3S����E�WuQ�0	℄b)L
�Yw��T(� P (3) w�W℄^Tf� ZnO �j=H℄�
8�U_yh�r=H %�"5,n (*t
2(b) bG).

3# )Lw��Ir 2# )LgW4w6}x�Y� pH �dr 10.5 C� Zn(OH)2 g!�Wx�
(� P (2)), _C)L'Q��)L
_fNw+�`A!	℄br_ pH ����Yw��
f�U_�W (3) �0w"
_
�`�~(Q [ZnO2]

2−w=N℄^�U_ ZnO �j=H_
���x��yh��",n	Q 1# ��)L (pH=8.6)�uwyh�|p�-rZ%.w�>X���Z%.��~(�w2|Iyh�_8=Hb��m_8r c(0001) ko�N�C� c(0001) k&>1N3d�1��l)j=HKP^_ib�N6?%	m��)Lw pH ��N6uf (pH>10.5)C�DD,p5d_yV=N�9�3Krp�0�4 ZnO /IJ)�Q�wIU~)L
�Yw��ef�Eu P (3) %}�W %�0	
Zn2+ $Æx�Q+�`S
.F
r	Q TCO &>"��NH� 1 � 2 � 3∗ w�w -2�ÆQ��N�I,p-�H�wÆQ����wD-	t 4 6UQH� 2∗ w�w - 2�ÆQ�	℄>2 - "�	℄ A=–lgT (�
� A ~ÆE�� T~r8") u_,p�r 500∼800nm w1H�|

s 4 ZnO xUv�v - 1�
P�Qg�v �
Fig. 4 UV-Vis absorption of the ZnO nanorod array

Inset shows the determination of energy gap



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

406 � h 9 R : � 22 *z�rE�JK 80%. �b��h��pj�ÆQ�W σ b" P (σhγ)2=A(h γ − Eg), �
 σ ~ÆQ�W�hγ IE!|N�Eg ~��h:�A ~e;T_BwFW	�H�wÆQE�
wW(�0XD.& (σhγ)2-hγ wB��� ( t 4 Bt), 2Q�u�Wwyh ZnO yVsw�h:� Eg=3.25eV,w3�e ZnO 7j;Twh�g!N�	
4 =FnKY#�rh�Æ_yh ZnO /Iwp�0�4���U ZnO yh�yV��yh�~k��A c �t\=H	 pH �� ZnO yV.ewX!Tf	DD,p�rZ�Y�� pH �C��NE)L
w Zn2+ `S�urwyV�%2N��",n�H""
1	E<�O�I,p�ZnO yV�sr2�E�rK^1�JS& Grätzel �Rw�pjZ6;T	,�WZ
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