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�Ojz)=��#[:��������
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Abstract: TiO2/SnO2 composite films were prepared on a slide glass with a sol-gel method at low

temperature. The influence of different dip-coating times of SnO2 layers on the photocatalytic activity of

TiO2/SnO2 composite films was investigated. In addition, the mechanism of the photocatalytic activity

enhancement of TiO2/SnO2 composite film was also analyzed. The results show that the photocatalytic

efficiency of TiO2 film is enhanced by using SnO2 layer as a substrate. Since the conduction band (CB)

of SnO2 is lower than that of TiO2, and the valence band(VB) of SnO2 is higher than that of TiO2,

electrons transfer from TiO2 to SnO2, while holes oppositely diffuse into the SnO2 layer . Thus, the

charge recombination is suppressed more efficiently, and more holes can reach the TiO2 surface to cause

oxidation reaction. This is believed to be the main reason for the photocatalytic activity enhancement

of the TiO2 film photocatalyst.
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1 _
TiO2 �pjdM1��7��L������5P`pU^4�℄-�P�Aki� [1,2]. �4r:Q(~ TiO2 /	℄P`p�IÆI���P~a�o~ �� 81Ærw�MLi TiO2 ~����Y� TiO2 ~61r:��+s TiO2 ��~

r: IT| [3]. Y#�W TiO2 #+P`Æk�MmÆ5`�tI+P`pud �
:�5`m��`p�J	'?	T2�
0�X�5`��`p7l +s TiO2/SnO2 5`�~r:�,iQ(K\ [4−8]. #+�eS�t�7l�����P`Æk℄MmJ	&[-[�5`�o�W�\ ee�>P`pud [4,5]. ps��4H� - ��E�?<� 2006–08–01, E�℄��?<�2006–09–24'/Y9� A�aG��l (2005C24005)mh*.� <C3 (1982– ), Æ��oq9_	 L^3U>� u q	�x	 E-mail:yanghui@zju. edu. cn
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734 5 z 5 j h � 22 >&L� TiO2/SnO2 �m5`P`p�De|�[~4pBU^ [4−10], \ MLi5`�`p�5
7��l�Bd C~y7T~��
54(~CsP�3x�55�/DL�i=& YP`pud~ TiO2 �� [11] ℄*g℄ SnO2 ��
5YyST��Cs-�3L�R	�( SnO2, )�(
TiO2 ~ TiO2/SnO2 5`��DBi1� SnO2 ���~�5`�P`pud~�R�-�+P`pud�>~|^-ai��

2 B`
2.1 �,�k{�0K [12], �H� - ��&L� TiO2 H�
:�$4�mp=����L� SnO2 H�
G�Y 0.6mol/L ~�mp=H� 50mL, �k�MXf��L�;xp=/��OpXp�>�/��qk��{/��M�P�H�{w SnO2 H�

2.2 �!8�k{	$�1/!F!5 TiO2 H�P2o�V�[�+ 60◦C :k{w TiO2 ���	( 1#. 	$�1.!(y	�G5 SnO2 H�P2o�VL� SnO2 ���T5�V[~-+( 2 �3 �4(w[�Vk�5 60◦C :), 2��{~1��~ SnO2��5 TiO2 H�P2o�V 1 [�-5 60◦C :L�{w TiO2/SnO2 5`��-+	( 2# �
3# � 4#. 	T�V���( 50cm/min.

2.3 �D~i:�F#ZQ�Æ7 (ZY FEID��SIRION℄)L=��z"~^v�:� D/max-rA℄ XZNsZ� (E�^jÆ|�X ZN/( Cu Kα,Q��� 2◦/min, 3P 0.02 ◦)-8 SnO2 H�5 60◦C:k�{/�~$4aS�:�E� HITACHID�~
F4500 ℄�PP&�=���~ PL &��#/H( 355nm, �# / #ZA1P�-+s 2. 5/1(nm),PÆ�:MÆn 700V, Q��o 60nm/min.	��( 2.4mg/L ~tk� B �H�~P`p�'#���~P`pud
< 25g T{H�`M�y�P��k� 3 !��.d! (�~TT) 2MH�P�qk+5 500W ~E�D>Z
:�E� HITACHI D� U-4100 h# - J�-PP��=uP>4ktk� B H�~;P���q>;w07�~$pJ��Rtk� B ~-'o�s(��P`pud~#�G&
tk� B ~-'o-+;P�a5JDK� [11]:

P =
A0 − At

A0
× 100%

mP P (H�Ptk� B ~-'o� A0 � At -+(P>4kH�~;P�

3 -��J4
3.1 a$T�,� XRD �R 1 s�/L�~ SnO2 H�5 60◦C :k�{/�~ XRD  &
 P?0�( SnO2 ~�D0���H�PH&*g℄ SnO2.  P?0�RJPpJU��� SnO2 4 X��e$41$R�a5=L

3.2 y8 UV-Vis SF�;�R 2 s1���~h#J�;wP& 
# J��#+ SnO2 ~/hP�>+ TiO2, �Yn�~ SnO2 ��~;w# TiO2 ��AF0h#/�
 3# 5`�P� TiO2 ��#`ig��W|T�+ TiO2/SnO2 5`�5(~U^Li�M$$G� SnO2 th-Mi TiO2 /h�L(P����\ ��/hP��iP;w#U%g� [6,7].

� 1 SnO2 G� 60◦C b9.�} XRD �%
Fig. 1 XRD pattern of the powder obtained from

SnO2 sol dried at 60◦C

� 2 ��}g"I�:vO%�
Fig. 2 UV-Vis absorption spectra of films

(a) 3#(TiO2/SnO2 film); (b) TiO2 film; (c) SnO2 film



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

4 ' ;B2��� TiO2/SnO2 4_��}�.K��*O^n� 735

3.3 y8� SEM �� 3 s1���~ SEM  !
 P TiO2 ��  Iz� SnO2 ��7MJR�O~$G��- K. Vi-gopal�C~0K�xP2 [4]. #+y	�
SnO2 ���Od~�R�5`�)�~ TiO2 ��~MJR�O~$G

3.4 y8�d�ÆA�;�R 4 s1� SnO2 ���~� TiO2/SnO2 5`�~�P#ZP& 
OvR TiO2 ~/hP�(
3.2eV(387nm), #+�yfk[�iL�~��/h�U&�>�qi��#�f>+/hP�e��hÆk�J	_�wth� P��~ 385nmr'~0Tz+thÆk_�w�h�,~ [13]. �e�L�~ SnO2 ��#+�4=L�5 355nm h#N�#D=&�P[�
 2# 5`� SnO2 �� �� TiO2 ~ÆkH&W4-/�w SnO2 thT��Y1�&[LP`Æk - Mm~5`�Ye�P7�( TiO2 �SnO2 ?m�P7�~����	 2# 5`�+�P7�|7+ TiO2 ��

e SnO2 ��h�~:�� 3# � 4# 5`�PP`

Æk - Mm� Y-[���ix~5`o��	�P7�$P�+P 4# 5`�#+ SnO2 � h��Ri SnO2 ��4MmT TiO2 �~/��tI SnO2 ��P`Æk - Mm5`:��H+�P7�qe+ 3# 5`�

3.5 �M SnO2 �G�!8��$&\�eX 5 (5`�P1� SnO2 �~���P`p�'tk� B ~�R
J	BR�5`�~P`pd� W TiO2 ��~P`pdY�+P 3# 5`�P`pd�>q(IY
#+5`���i TiO2�P`Æk - Mm�~5`��e SnO2 �~Mm\Mw TiO2 ���>i+)~~Mm����	5`�P`pd{w�>
#4{� 2# 5`��
SnO2 *,waY-[P`Æk - Mm~s��p#+ SnO2 �\5h#P>ZD~=&P`pd��	 2# 5`�P`pdU7+W~ TiO2 ��

3# 5`� SnO2 �htq�# 4 JE+�P7�qP���5`��~Æk - Mm�aY-[�5`oa���	P`p�'o�I�>
 4# 5`�~�h�Ri SnO2 ��~Mm/����i5

� 3 0���} SEM � 
Fig. 3 SEM images of different films

(a) TiO2 film; (b) SnO2 film; (c)3#(TiO2/SnO2 film)

� 4 SnO2 ?0��UZ}� TiO2/SnO2 4_��O"Y%�Q
Fig. 4 Influence of the different dip-coating times of

the SnO2 layer on the fluorescence emission spectra

of TiO2/SnO2 composite films

(a) 2#(TiO2/SnO2 film); (b) 1#(TiO2 film); (c)

4#(TiO2/SnO2 film); (d) 3#(TiO2/SnO2 film)

� 5 SnO2 ?0��UZ}� TiO2/SnO2 4_�O^n�&sj� B }�Q
Fig. 5 Influence of different dip-coating times of the

SnO2 layer on the degradation of rhodamine B on

TiO2/SnO2 composite films

(a) 3#(TiO2/SnO2 film); (b) 4#(TiO2/SnO2 film); (c)

2#(TiO2/SnO2 film); (d) 1#(TiO2 film)
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736 5 z 5 j h � 22 >^�'||Kk�����)N℄mb�) 3# 3^��� 6 �Pg TiO2/SnO2 3^��i - Kk,ZWN[ TiO2 � SnO2 .f��iKk^�)S�!) TiO2 [ SnO2 |rf (CB) ,*+) –0.34(V) [ +0.07(V) T��f (VB) ,*+) +2.87(V) [ +3.67(V) T (O�) pH=7 d|%b:���p)[10]. �� TiO2 |rf�iH�.�u SnO2 |rfS (e−cb(TiO2)→e−cb(SnO2)), �
SnO2 |fS|Kk;.�u TiO2 |fS
(h+

vb(SnO2)→h+
vb(TiO2)). �X TiO2/SnO2 3^�|N℄�i[KkH�$Y,Z�g�i[Kk3^�n�V [9].

� 6 TiO2/SnO2 4_�}O~"n��
Fig. 6 Schematic diagram of photoexcitation in

TiO2/SnO2 composite film

3.6 ��6��"%ZK�	(2HI
TiO2/SnO2+hv→{SnO2(e· · ·h)}·{TiO2(e· · ·h)}

→SnO2(e)+TiO2(h) (1)

TiO2(h)+OH− →TiO2+OH• (2)

TiO2(h) or OH•+RB→products (3)l (1) � (2) � (3) &3^�N℄mWNOJ|mg'�)Nl [4]. (1) l&f!N<XB�
TiO2 �SnO2 ED℄�iKk��?i)NN℄�iS SnO2 >|^���Kk6ZKu TiO2 >�gy TiO2/SnO2 3^�'|Kk��8�!)�ft|N℄m�?q� - IN℄m�?��8R�?V{qE TiO2 Kk,'|97| H2Ov OH−, �WZi'� (2)℄J6vmb|wwl!w (OH•),?i`�)W+_N℄m�%ri� B('� (3)).!)3^�'|Kk��8��X�;g�ri� B |,%n�

4 -4
1. 8�F� - ��$�"{gG�p8 N!f3mAT\|B
2U�3�-BJ�P

TiO2/SnO2 3^��
2. �J�| TiO2/SnO2 3^�<$�)l�

TiO2 ��|N℄mb�� SnO2 >||8
�3^�|N℄msbE8i�V�>|& 3>d�N℄msbbup�
3. TiO2/SnO2 3^�N℄msb|�;V{S")'| TiO2>|N℄�iZKu SnO2�>�$Y�Jg TiO2 N℄�i - Kk�|3^��d

SnO2 |Kk.�u'>}8
g3^�'||Kk���X!�3^�'||�N"F��'|}|�;�H�}qN℄msb8|(�53.���0PV
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