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Abstract: Nickel hydroxide (Ni(OH)2) thin films were deposited from a variety of solutions with differ-

ent pH values by liquid phase deposition. Continuous Ni(OH)2 thin films were obtained within the pH

ranging from 7.5 to 8.8. The nucleation and growth process of Ni(OH)2, and β-Ni(OH)2 crystallization

were used to discuss the influence of solution pH on the microstructures of the Ni(OH)2 films. The

thin films are made of Ni(OH)2 nanorods mainly with β-Ni(OH)2 crystallinity and there are a lot of

open pores between the nanorods in the Ni(OH)2 films. The dimensions of Ni(OH)2 nanorods change

remarkably with the pH of reactive solutions. When solution’s pH is 7.5, the length of nanorods is about

80nm and the diameter is about 50nm. When solution’s pH increases to 7.8, the length of nanorods

increases to about 180nm and the diameter is about 60nm. When solution’s pH increases to 8.0, the

length of nanorods sharply increases to about 300nm and the diameter is about 70nm. However, when

solution’s pH increases to 8.3, the length of nanorods decreases to about 230nm and the diameter is

about 80nm. When solution’s pH increases to 8.8, the length of nanorods sharply decreases to about

110nm and the diameter is about 55nm.
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zC��	eYj�W� pH `℄*'℄��QÆ	�&�P1�W� pH`*��7℄n�	'℄��2�* Ni(OH)2 ��7℄n�	'℄��2 �YZ	�T ��'R�?*�YQÆ6H8*	W� pH `%"Lf$t Ni(OH)2 ����FtW� pH `*��7℄n�	'℄�*:'℄�f5pt_:?E71��
2 0A��y�j�E41�<�1�H7℄7$W�ZA?2=eFb���gNlH� 30min, Pw*Uy	^H�~PII�z*�$��q	X" NiCl2·6H2O W1H 100mL Uy	j���~
	 NiCl2 	W��:j�W�j Ni(II) �2+&<
0.03mol/L. H NiCl2 	W�j�℄gq+&< 40%	EA��EA�	�℄q/ Ni(II) � F ;|)1��H'y�j Ni(II) � F ;|)K< 1:3. Pw�Hg��rW�j��gq+&< 25%	�	��+W� pH `���`�'y�j"W��nx�NC��	 pH `	K`99< 7.5∼8.8. ��$.
h	W�s℄7$X?j�f℄G℄9Ndeh	E41�$7$X?<℄ 333K 		8j>
�7$ 2h wKbB2��	E41�Pw<℄ 50mLUy	jNlH� 5min, ?2H�_j��?L~PII��W�� Ni(OH)2 ���2�?* X jV�j� (X’Pert Pro MPD diffrac-
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4 +OH− (3)

Deki �S [10] T<QÆW�j3�7A;|	)g�'℄��	U�eY�7� �	�T8* [7−11]: 'y��2℄*?*X�3�7AX�;|)	�rC�<7$C�1�H)�W�j�℄��	EA��)
|7W�j	EA�.>pU [NiFx](x−2)−, Yz|7${ (1)�|�:j�3�)7A;|)W�'eH-{z)W�nEA�W�	�℄q5p�+� NiF
(x−2)−
x H	W�joH	14u7$�pU [NiFx−n(OH)n](x−2)− n HF,Yz|7${ (2) �|��y�		�℄�W�j

OH− Ny (Yz|7${ (3)�|), / 7$ (2)`35p��	17$5p���Y&� NiF
(x−2)−
x2L	1nU [Ni(OH)x](x−2)−. [Ni(OH)x](x−2)− Z�4p�r7$pU Ni(OH)2 	Q���W�	?&/�?q� 333K, W�j Ni(OH)2 	e�n&��Ny�Ni(OH)2 Q�H�1gUk�MynU

Ni(OH)2 ���W�j pH `	KÆ℄*'℄�W�j Ni(OH)2 e�n&	ye��W�	 pH<7.5w�W�j Ni(OH)2 e�n&�e�U��&t?}���W�	 pH>8.8w�W�j Ni(OH)2 e�n&�y�nUyq	 Ni(OH)2 0
Ti�H�1g��nUnx	 Ni(OH)2 ���7:�	W�pM;6Y)�)Y7�&�<Q��	NY	1Q�6Y) [12,13], 'y�H2'_	 pH `�+99�z Ni(OH)2 ��	f$eYPHW�\r�$H8*W� pH `LpM Ni(OH)2 ��	E41℄*5p XjV�jC��y�/b0�N���2nÆ< β-Ni(OH)2 :k�- 1 �W� pH=8.0w Ni(OH)2 ��	 XRD-7�/5E41	'℄�H 15◦ n 38◦ Z�bSy	=:��$- 1 j��	�^	�j�7 Ni(OH)2 .w70*R�b�'y�f$	��nÆ< β-Ni(OH)2 :k (a=3.126Å,

c=4.605Å, P-3m1(164)). /- 1 W�Sb�H��



5 8 3Z��

V� pH )�XP
D	y(���&\ 891

, 1 V� pH=8.0 v Ni(OH)2 ��� X iU�i,6
Fig. 1 XRD pattern of the Ni(OH)2 thin films deposited

from the solution with pH=8.0j2hq	 α-Ni(OH)2 oH��W�H pH=7.5∼8.8 99�-zw�"WH��w����NC�nx	 Ni(OH)2 ���- 2�8*W� pH L Ni(OH)2 ��	b��AR1�

/- 2 W�Sb� Ni(OH)2 ���/ Ni(OH)2 	���u*1U�HTg���Z�nUtu-e	Q["� Ni(OH)2 ���\r�yQÆW�
pH `	7e-z14pQq-z��W� pH=7.5w���j Ni(OH)2 ���	M&> 80nm, ℄D>< 50nm; �W� pH=7.8 w���j Ni(OH)2 ���	M&Ny>< 180nm, ℄D>< 60nm; �W�
pH =8.0 w� Ni(OH)2 ���	M&QqNy><
300nm, ℄D>< 70nm. P1��W� pH=8.3 w�
Ni(OH)2 ���	M&�e>< 230nm, ℄D><
80nm. �W� pH=8.8 w� Ni(OH)2 ���M&���e>< 110nm, ℄D>< 55nm.W�j pH `	KÆ℄*'℄�W�j
Ni(OH)2 e�n&	ye�l1'℄�W�j
Ni(OH)2 Uk�pMeY� i8*W� pH `L��	��j Ni(OH)2 ���\rZ�	I�W

, 2 7)V� pH _K� Ni(OH)2 ���a���Q0
Fig. 2 SEM photographs of the Ni(OH)2 thin

films deposited from the solutions with different

pH values

(a) pH=7.5; (b) pH=7.8; (c) pH=8.0; (d) pH=8.3; (e)

pH=8.8
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r� OH− ~F\ (001) D���`vr (001) 8��I�/RF
(001) :^e�Zp+v���h Ni(OH)2 ����[B~Kv�KB(~W(�
�}U� pH=7.5 u�U�h OH− *$W(&
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������ Z

, 3 β-Ni(OH)2 �9!.U�_H�j (2×2×2 {�)

Fig. 3 Ball and stick model for β-Ni(OH)2 crystalline

structure

p&
�}U�h pH=7.8, �/Kv� 8.0 u�
Ni(OH)2 8 �x (100) l (010) :^mK�F^� pH ^�KvO:ÆO�/R:��h Ni(OH)2��KB(OoKv� Ni(OH)2 ����K$k
80nm }
Kv� 300nm, /����[BKv&
�k 50nm Kv� 70nm. }U� pH ^�vKv� 8.3 u�
r� OH− ~F\ (001) D���`vr (001) 8��I�/RF (001) :^e�Zp+v��h Ni(OH)2 ����[BKv�/ Ni(OH)2���K$1��
�}U� pH^�vKv� 8.8u�-4U�h� Ni(OH)2 li
$s℄�vp�
Ni(OH)2 ih�lR�br Ni(OH)2 ����� Zp&
�+ 4 /Æ6(U� pH ^J��� Ni(OH)2 ��� AFM P/�-+ 4 V�R`� Ni(OH)2 ��~- Ni(OH)2 ����s(/R�FSf���X�lRrt+
�PY!�/B�Ni(OH)2 ���Zp�xO�U� pH^�5
+x/3mOo+x�<B�>Dl`
�?J���ZpW�b�

AFM >D
r4�9WÆr����ZpX0�|��r6(U� pH ^J Ni(OH)2 ���/�m�$�U� pH ^>1: 7.5 � 7.8 � 8.0 �
8.3 � 8.8 u� Ni(OH)2 ���/�m�$>1:
25.2 � 79.8 � 147.1 � 95.5 � 33.2nm. &x�h�
Ni(OH)2 ���/�m�$l�6��Y!Zp1Y���/�m�$�x��hY!Zp�Kv/Kv�-4 Ni(OH)2 ��h�Y!~- Ni(OH)2����s(
WhlR���h��Y!Zp- Ni(OH)2 ���K$lKB(K��Y!Zp�����K$lKB(�Kv/Kv�}U� pH^k 7.5 Kva 7.8 u�����K$lKB(#Kv�Y!�ZpW#Kv����/�m�$k 25.2nm Kv� 79.8nm. }U� pH ^Kva 8.0u�����K$lKB(�vKv�Y!�ZpW#Kv����/�m�$�vKva 147.1nm.}U� pH ^Kva 8.3 u�-4����K$lKB(#�
�Y!ZpW#�
��b���/�m�$�
: 95.5nm. }U� pH ^Kva 8.8u�����K$lKB(Oo�
�Y!�Zp�
����/�m�$ÆOJ%� 33.2nm. e�(��/�m�$6U� pH ^YI�>D4�9WxrU� pH ^( Ni(OH)2 ��5[-T�%[�
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Fig. 4 AFM images of the Ni(OH)2 thin films deposited from the solutions with different pH values

(a) pH=7.5; (b) pH=7.8; (c) pH=8.0; (d) pH=8.3; (e) pH=8.8

4  &}U� pH ^F 7.5∼8.8 X�+xu� F�/elRLAlv�-���t Ni(OH)2 �R�+Y�����8il�: β-Ni(OH)2. U�h pH^�5
+x~!;��h�t Ni(OH)2 5[l�lZp�OoF+�}U� pH=7.5 u���h
Ni(OH)2 ����K$<: 80nm, [B<: 50nm;}U� pH=7.8 u���h Ni(OH)2 ����K$<: 180nm, [B<: 60nm; }U� pH=8.0 u�
Ni(OH)2 ����K$OoKv<: 300nm, [B<: 70nm. M/�}U� pH=8.3 u� Ni(OH)2 ����K$�
<: 230nm, [B<: 80nm; }U� pH=8.8 u�����Zp}
�
�K$<:
110nm, [B<: 55nm.�#69
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