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(1. r{p�
~lqw�}y�mzt|vp�u�x	l�o����r{
541004; 2. r{p�
mz�s�pn��r{ 541004)b ^�9B��l!.
p�El (ITO) YJ�U�P2�
9pkB;� [(NH4)2InCl5·H2O9 (NH4)2SnCl6] kl!���%.	5N)�&oB�}k[T�P2zs=�}F
�}k�e~$��.B�}� ITO t�K (y�El) )�k7��IP.B�}�YJ ITO�U)�k7�J"�B�}k[T�np.	5N)�&o=� In3+ 9 Sn4+ ke~�?%DYJV ITO �Uk�G�P2 XRD 9P*)~+� ITO t�K (y�El) y	.,a�# . ��
p�El (ITO); B��ÆJ"Æt�KgN�6&�TB383 PV�H=�A

1 _[{��&℄#x^�℄�x^oN�NlT�_�x^}::'|k�y,s:o!�Ly,s�q(���wLO��n-x�/wZ�[�m_�y,sb�[x^m 1/4∼1/2, �t!m0q&�[x^m 1/3 .�
_02[_�y,sA}fm��Y4-��qTQxS}::�q�Gm (ITO) S��Sm"!/C0
|qn-m(gY9f)
m" ITO Sm��>��e!m"`MOw��am ITO S�Wu#	�6m��0V�j�����FmV� ITO �A�q=w�: ITO HW�,r
m"�q=w�r1�eV�j� ITO SU!/�A)|℄��!/;;� ITO S�aGP��;q0�H�℄.�m
HX}
�m" ITO HW�}�%r�R�eV�j� ITO Sr1�!/;;HS�a*��4v�2[�#��0�q�Gm��4-�mr1
�<h,R >�)�}:: ITO HW�
[X�5x!m"R ITO �V�S����m/�tH
ITO �
 ITO �[y,sqmy!gx�S93b�~va!G�q�GTHS`MOG�Z
Wu ITO �Sy!0Q3j� ITO �9�Kj�2X ITO �9#l��L��`M℄���Z��!Kj�n-m ITO �9�d���*��w�5Y��U�m ITO �Vmm"0(g [1∼7].m" ITO �LmY9��>��.Zr�A�p - dp��<���Z���ik�u�TG�By�o�ea&:E!%� >m" ITO �Lm��xA'k�G����'I"F�� 2005–11–09, I�Y!"F��2006–03–27,1X>� i5# _�82�<�X8/`sw&�3��Lvjd-0� D 7 (1981– ), \�>-���	 E-mail: rymw27@163.com
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1074 e M 7 1 � � 21 	}G�$By�:�}$By� [1∼3,5,7]. #a::dHJRmC��m" ITO ZK�V�|t��/C!�� ITO u�L (z�Gm) *�m8�

2 G\�� ��'�.U�� SnCl4·5H2O [K3�::C��m" ITO ZK�V
[/�)\-�'�qdH:�A�uw7��a�ByZlq{G[z�G��V:

2.1 <)Z2M�fÆ:x�NkF� 0.5g �mm In(OH)3 �V��>!�H�!�m�f�% (T�%�#a.C℄[ TCl/TIn)=5 a��A�u�� In2O3:SnO2=9:1(n-%) a� SnCl4·5H2O, �Cr�n-��%f�[ 20% m NH4HCO3 �'j pH=2∼3, :0+�q�j�'K{�E 80◦CB�)�jhg�TQ|L
:x�NkF� 0.36g SnCl4·5H2O, � Cl:Sn=6:1(T�%) a��A��Cr�n-��%f�[ 20% m NH4HCO3 �'j pH g[ 2 �B�q�j�'K{�lFj�'E 80◦CB�)�jhg�TQm�ML�|L

2.2 BEM�fÆ:x�NkF�j� 1.0g �mm In(OH)3 �V�� TCl/TIn [ 3 � 4 � 5 � 6 : 7 �.a�4S-m�AhmHmj� InCl3 : HCl mJ=�'�S� In2O3:SnO2=9:1(n-%)�.a� SnCl4·5H2O, �Ca�`9<}s1j�!��f�[ 0.5mol/L. U 60◦C A`<I:v4q�mOhw��.�_j�
6O*�'qQ�r�n-��%f�[ 20% m
NH4HCO3 �'j pH=6∼7, EG 0.5h ClFju�L3��`9<ts 5∼6 Y�B��U
700◦C 	� 2h )�jh ITO �V

2.3 �e��:
#$� RigaKu D/MAX 2500V X �|��,�F=Hm|L:u�Lz
m}�o�:
#x�#?m JSM-5610LV �Nx�Faman,�=H|Lz
H��o�:40D�am Zetasizer Nano S90 Q+ZK*��o,�B�uCmu�Lz
*��o

3 /%'K;
3.1 (NH4)2InCl5·H2O ( (NH4)2SnCl6 � XRD  RW 1 [U InCl3 � SnCl4·5H2O : HCl mJ=�' (>!�H�!�m�f�%[ 5:1)qa� 20% m NH4HCO3 �'j pH=2∼3, E 80◦C B�FjK{�'CoR|Lm XRD Wn��|q[ (NH4)2InCl5·H2O, /FA�z Sn4+ F�a�HmC=mm���
2[ In3+: Sn4+ m!���}{� Sn4+ >�a-��b/6� In3+, '�� (NH4)2InCl5·H2O q�
Sn4+ #�a-�<u�eqC=mm|*?��F.U XRD Wq)=4h Sn4+ F�a�HmC=mm���
W 2 0 (NH4)2InCl5·H2O manW
ZWq�.ÆRFj|Lq4A N3− � In3+ : Cl−(H+ an,g�<R), /FA Sn4+. F.� Sn4+ 6�-�<u�/FA'�� (NH4)2InCl5·H2O q�H'�L
W 3 0U SnCl4 : HCl mJ=�'qa�
NH4HCO3 �'j pH=2, E 80◦C B�FjK{�'CFj�ML�|Lm XRD Wn��|q[ (NH4)2SnCl6. Q3'�-�d'/U
6O*�'q\U| In3+-Cl− : Sn4+-Cl− m
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5 o C 6�h1��=�}F
�}k�e~$�
p�Elt�K (y�El) )�k7� 1075,rd8C=mLu

3.2 BEM�94J TCl/TIn �+$TW 4 [u�Lm*�D TCl/TIn m+G�|
ZW 4 q�.ÆRB�Cm�2*�+`�e0B�uCm�2*�}D TCl/TIn +`�xi+��f TCl/TIn =5 .C*�+G4Qy
_�a02[
6O*�'q�HC!�m-� +GFk

U 1 (NH4)2InCl5·H2O k XRD Um
Fig. 1 XRD pattern of (NH4)2InCl5·H2O

U 2 (NH4)2InCl5·H2O k_mU
Fig. 2 EDS curve of (NH4)2InCl5·H2O

U 3 (NH4)2SnCl6 k XRD Um
Fig. 3 XRD pattern of (NH4)2SnCl6 U 4 t�K)�C TCl/TIn k*E�{

Fig. 4 Relation between precursor sizes and TCl/TInQ3C!�m|?;�.\BRD|
6O*�'q TCl/TIn m+`�HC!�m-� +Gm|�
�L\B[: TCl ℄[
6�'q Cl− m�f�� TIn ℄[ In3+ m�f�� [Cl−] -,>! Cl− f�� [In3+ ] -,>! In3+ mf�� [InCl] � [InCl2] � [InCl3] �
[InCl4] � [InCl5] �.[ In3+-Cl− d8C=mLuq�WC!�mf� ([d)rf��C!�Fax7"A4�). 2[
6�'q In H Sn mT�%[ 9.77:1.00, F.[/d)rf�h�< In3+ �HmC!�
 K1 � K2 � K3 � K4 � K5 0 In3+-Cl− d8C=mLuq�WC!�mxW|?;���.F[v)W�v�W��vjW|?;
)��xW|?;�0Dh_;mXa�e��U K1 > K2 > K3 > K4 > K5. β1 � β2 � β3 � β4 � β5�.[�WC!� InCl � InCl2 � InCl3 � InCl4 � InCl5 m�O|?;�w β1 = K1 �
β2 = K1 · K2 � β3 = K1 · K2 · K3 � β4 = K1 · K2 · K3 · K4 � β5 = K1 · K2 · K3· K4 · K5. ���WC!�mxW|?;:�O|?;�\BR In3+-Cl− d8C=mLuq�WC!�\Um%(�-^+Æ (1)∼(6), qq Φ0 � Φ1 � Φ2 � Φ3 � Φ4 � Φ5 �.-, [In3+] �
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[InCl] � [InCl2] � [InCl3] � [InCl4] � [InCl5] \Um%( [8,9].

Φ0=[In3+]/TIn = 1/(1 + β1[Cl−]+β2[Cl−]2 + β3[Cl−]3 + β4[Cl−]4 + β5[Cl−]5) (1)

Φ1=[InCl]/TIn = Φ0β1[Cl−] (2)

Φ2=[InCl2]/TIn = Φ0β2[Cl−]2 (3)

Φ3=[InCl3]/TIn = Φ0β3[Cl−]3 (4)

Φ4=[InCl4]/TIn = Φ0β4[Cl−]4 (5)

Φ5=[InCl5]/TIn = Φ0β5[Cl−]5 (6)
6�'q In3+ m�f�: Cl− m�f��-,[
TIn=[In3+]+[InCl]+[InCl2]+[InCl3]+[InCl4]+[InCl5] (7)

TCl=[Cl−]+[InCl]+2[InCl2]+3[InCl3]+4[InCl4]+5[InCl5] (8)l (2)∼(6) +b� (8) +�j
TCl=[Cl−]+TInΦ0(β1[Cl−]+2β2 [Cl−]2 + 3β3[Cl−]3 + 4β4[Cl−]4 + 5β5[Cl−]5) (9)�Cl (1) +b�X+w+,(S$S. TIn �j
TCl

TIn
=

[Cl−]

TIn
+

β1[Cl−] + 2β2[Cl−]2 + 3β3[Cl−]3 + 4β4[Cl−]
4
+ 5β5[Cl−]

5

1 + β1[Cl−] + β2[Cl−]2 + β3[Cl−]3 + β4[Cl−]
4
+ β5[Cl−]

5 (10)2[ β1 �β2 �β3 �β4 �β5 [?;�TIn )|�W (10) +-QTCl/TIn hH [Cl−] A(
S�� (1) +#-Q Φ0(U>! In3+ m%() #hH [Cl−] A(
F.�t=,+��R Φ0

U 5 =� In3+ k$'C TCl/TIn k*E�{
Fig. 5 Relation between content of dissociative

In3+ and TCl/TIn

U 6 3R TCl/TIn Eit�Kk XRD Um
Fig. 6 XRD patterns of the precursors under

different TCl/TIn conditionsD TCl/TIn +Gm(uW�ÆW 5 F,
�%W 4 :W 5, �.ÆR,^m+G~/0)km
=QD| TCl/TIn m+`�UD|U�'qa��Am-X`$� In3+ H Cl− �HC!�m%(X`�(j>! In3+ m��%oq
U
6O*�'m In3+ �f�}S$�>!
In3+ m��%oqU>! In3+ mf�oq�Z�oq/
6O*�'q%|!�m3�:��(ju�Lm|8 A�?+��F.u�Lm�2*�+�
ea��Am-`h)|J�$u�L�2*�+G4Qy�_02[�Am-`h)|J�$�>! In3+ m��%oq+G4Qy�Z�8�u�L*�m�:+��(ju�L�2*�+G4Qy
D|�'qa��A-mX`��'m pH gwo�F.a�m NH4HCO3 �'m-#IXa�Z�gk�'mLO+`
#�0=�D|a��A-mX`�>!�!�mf�Ioq�Z�� ITO *�me�#A)|m8�
U'�q�F:z�G�mn-[ 1.0g, M
0.006mol,
6O*�'q�!��f�[ 0.5mol/L,F.�'�LO[ 12mL. 2X�TCl/TIn
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5 o C 6�h1��=�}F
�}k�e~$�
p�Elt�K (y�El) )�k7� 1077GX` 1, �'q HCl m-#�Xa 0.006mol, XE#�!�a 0.006mol m NH4HCO3 �q:�U!�aM 2mL 20% m NH4HCO3 �'�Z��'m�LO#�XaM 2mL. ZW 5qm�|�.ÆR� TCl/TIn Z 3 h 4, Φ0 m+GL%�'�LO< 12∼14mL a�m+G!`�wf TCl/TIn SXa$�_,^m+G}0+�m�F.�.	[C!�a�m8�ryg�:

3.3 BEM� XRD  RW 6 [4S TCl/TIn Fju�Lm XRD Wn
ZWq�.ÆR�u�LqA,rm}
In(OH)3 : InOOH. W 6 q/FA�z Sn4+ <u>mm����_02[U In3+-Cl− :
Sn4+-Cl− m,rd8C=mLuq� In3+ � Sn4+ m<u>mm|*A`A)|m0m�:�Fj>m|*?��F.U XRD Wq)=4hq���
ZWq�.ÆR TCl/TIn=3% TCl/TIn=5 mu�L���!���GJ���v�!`�_=Qu^m|*M℄!`
&: Scherrer[10] #+\Bj TCl/TIn=3 $Fju�Lm)Y|*k�M℄[ 29.1nm,

TCl/TIn=5 $[ 17.2nm. _)t1HQ+*�<4mt1}b=
Z�:4��e�u�Lm*�D TCl/TIn +`�xi+��e TCl/TIn X`$�A:-Xa�S$#Xa/ByZm:-�_�)VH/K3m����A/ >vp�w
TCl/TIn =5 .C*�+G4Qy�dH	[ TCl/TIn m�_h%[ 4∼5.)��=�*��mu�L	�Rm ITO *�#�
Z (1) +#�.ÆR Φ0 D [Cl−]mXa0e�m�F.f�L TCl/TIn )|�Xa TIn $ Φ0 6�0e�m�#�0=�.Xa TIn �4I(j ITO u�L*�X`
��X'�t1�dH	[C!�m\U�oq/
6O*�'q>! In3+ : Sn4+ mf��(j>mm)Y*�m�{��Xv�1EjhZKWm ITO �V�S$�.Q3XaO*�'q In3+ m�f�^hJ� ITO >-mWm

4 /;::C��m"�q�Gm (ITO) ZK�V
Q3'��d'/
6O*�'qC!�m\U�/��/C!�� ITO u�L*�m8�
t1-QD|
6O*�'qC!�f�m+`� ITO u�L*�+�
Q3C!�f�k�?;\BR>! In3+ m%(D>!�H�!�m�f�% (TCl/TIn �m+G(u��o/C!�� ITO u�L*�m8�
��X'�t1�JR/C!��ZK ITO *�m8�K$C!�m\U�oq/
6O*�'q>! In3+ : Sn4+ mf��_4eA&EZKW ITO �Vm H��w�.Q3XaO*�'q In3+ m�f�^hJ� ITO >-mWm
Z�AYQ3X�J�
ITO ZK�Vm >�?�oq >H#
�5OU
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Influence of the Total Concentration Ratio of Chlorine Ion and Indium

Ion on the Particle Sizes of Indium Tin Oxide Precursor (Hydroxide)

CHEN Lin1,2, WU Bo-Lin1,2

(1. Key Lab of Nonferrous Materials and New Processing Technology of Ministry of Education, Guilin

University of Technology, Guilin 541004, China; 2. Department of Materials and Chemical Engineering,

Guilin University of Technology, Guilin 541004, China)

Abstract: The complex salt method, a method of preparing indium tin oxide (ITO) nanopowders

was put forward. The complex salt crystals, (NH4)2InCl5·H2O and (NH4)2SnCl6 were synthesized,

which proved the formation of complex ions in the reaction solution. The influence of complex ions

on the particle sizes of ITO precursor was researched by increasing the total concentration ratio

of chlorine and indium ions (TCl/TIn). The influence mechanism of complex ions on the particle

sizes of ITO powders was first disclosed and put forward. The exist of complex ions decreased the

concentration of dissociative In3+ and Sn4+ and increased the controllability of ITO particle sizes,

which was favorable to the preparation of ITO nanopowders. ITO precursors were characterized

by XRD and a laser particle size analyzer.

Key words indium tin oxide (ITO); complex salt method; mechanism; precursor


