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(1. �/&��+$#!�, .�)� 430079; 2. ���+*��"'-(�%� 200433)Æ ��64�ZG",L? TiO2 I�yEW Cu2O, Ok) p-Cu2O/n- TiO2 �EuyZ�}�)EWK�� Cu2O I?�Y�:n:m�
�C�RY�p��"�G 40∼50nm m Cu2O�I�L? Cu2O I, 200◦C �uA<.qU7�}
��G 2.06eV. .yDu<�&FL?
p-Cu2O/n-TiO2 �EuyZJ℄pem n- l.y2
�*gP'2�.yLIh5�g o `��D{:�IÆ��DXIÆ�EuyZÆ.yDu��dui�O646; O484; O649 ��℄�w�A

1 
	�E|;�Q �j/Y
n�h47-�℄~d��&H 2.0eV,S��D�I!r��7 �i6q� (9%∼11%)[1,2]. 
)a�>�ai 5% nMJi6� Cu2O -,�QzO�n���M�q�n�`e< [3]. b(��'G�	�-n Cu2O �����
1M H#H Cu(0) Q�EI Cu(�), ^P{r=8��[ Cu2O ��H��
$=bn,�Q�h47- [1,4]. Hara  � Cu2O V.�^*�j/2[^E�w��+h�5 1900h BrQ�<�G\n�i [4]. Cu2O �JWH/z[���,�QzO���+K [3,5,6], f��zH=Pln/zMJi6qr (<1%). Kb��^ Cu2O n n mA)=�N��
�N�D�
Cu2O 9FvzO [7]. gbn��A$�D��� Schottky ��nQ�Fvn Cu2O ,�QzO�!x Cu2O/Cu n Schottky ��zO�Cu2O/ZnO ; Cu2O/CdO �FvzOq~��j [7,8]. !O��-	�M� TiO2 �J�zFXM� Cu2O J�+�M� Cu2O/TiO2 �Fv�J|p*'7

2 ~
�2O_ [9] �jn�Æ�-=Ghz,% (TCO 
Y7,%'C��>A F n SnO2,zS 10Ω/ ��v! Asahi #!) �FX�> 2∼ 3µm �n	�M� TiO2 �J�rBk℄-
450◦C�v 30min. 9�{z[zwO�� TiO2/TCOH"Wz[�/WH�Jz[��;�$z[W:"z[���\50�VBn CH3COONa(0.1mol/L); (CH3COO)2 Cu(0.02mol/L)�f}|� 2005–03–07, �a�ef}|�2005–05–09ls�z� 1bQq�vRy (20207002); o 31vL1u$�~_|Ry��nr� 0
N (1968– ), U�.���o�	 E-mail: ywtang@phy.ccnu.edu.cn;
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454 Q T 5 + u � 21 �N<�Hzw�
zwOB�>L;G�+1�n�
 � 263Am>zJ / z3
 (=2�
Princeton Applied Research) - –245mV(vs SCE) FX Cu2O �J [2].9� Talysurf CCI 3000 +s
 (�2� Taylor Hobson #!) =(�Jn���+�
XSAM800 mzPQ[
 (�2� Kratos #!) �T'C!$6(℄;nv<-�/zP�
MgKα(1253.6 eV) X �aY
�� JSM-6700F}Dz� (v!� JEOL) ,?�J'Co;�k�X-19L�[�v 30min B��� UV-2550 OA��j/�/�a (v!� Shimadzu#!) =(�Jn/[=56
/zEw��9�d��X�n{z[zwO�"Wz[HM� p-Cu2O/n-TiO2 �Fvz[��z[H Pt W�:"z[H�;�$z[ (SCE), OG(�zJ
b��[:"z[�zw�H�)W.&Y (PC) VDn 0.3mol/L KI ; 0.03mol/L

I2 w�
�,�/HR` (=2� Oriel #!) HA2/%
zEw��
-�L[BI�e}����- 263A m>zJ / z3
�|p

3 qhk�v? 1  S*19OL�
g� Cu2O J�+Y?
�Æ
FX
���	�M� TiO2�Jn'CXb�FX%�~qb� 3∼5min B�Cu2O ÆkM� TiO2 'Cn�Z59�oIdK~�J�hAz[CX�%ig�9
��B�*T�[E;zEw[E��[FX%�~�%ig
/A�L��FX%���G\n�d�gFX 30min B�OLH 0◦C
J�_C1+0
��M-& 60nm, r
gOLH 30 � 45 ; 60◦C 
�FX%��(H
3.5 � 3.6 ; 8.3nm/min. 4��HOL���z[��n�bWF5L;zEw��~
��℄
� � Cu2O JnzFX
FX}$w'G*J�'NL�;
gn0

%�


> 1 08NK:EW	fm Cu2O I?
Fig. 1 Different thickness of Cu2O films deposited

at various bath temperatures and time

> 2 08K�EWm Cu2O I Cu2p Z>
Fig. 2 Cu2p X-ray photoemission spectra of

Cu2O thin films deposited at different bath tem-

peratures (a) 60◦C; (b) 0◦C? 2 S*OLH 0 ; 60◦C
zFXn Cu2OJn XPSQ[?
��S��- 932.5�
952.4eV Vn���(b�� Cu2O n Cu2p3/2 ; Cu2p1/2 v<Q�+hOL'���'f
1(�- Cu2p3/2 ; Cu2p1/2 �:g<����'G<�Q=� Cu ; CuO %_- Cu2O JG� G*�4H�ÆQ-q�nL��FFXZ�q�n Cu2O J
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2 \ /	M�o�L? Cu2O/TiO2 �Eu�IyZmC�:&6 455

> 3 08K�EWm Cu2O Im&Bn:
Fig. 3 SEM photographs of Cu2O films deposited at various bath temperaures

(a) 0◦C; (b) 30◦C; (c) 45◦C; (d) 60◦C

> 4 TiO2/TCO(a) : Cu2O/TiO2/TCO(b) �Bn:
Fig. 4 Cross section of TiO2/TCO(a) and Cu2O/TiO2/TCO(b)? 3 H-19OL[FX 2h n Cu2O Jn'Co;
- 0 ; 30◦C n�XG��i

40∼50nm jo Cu2O E#
'NOLn|�2��� Cu2O E#Æ
Db�- 45◦C [FX
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456 Q T 5 + u � 21 �
�S^*x? 3(c) (Ænxm�9v&�#�&H 200∼500nm. gOL�i 60◦C 
�
200∼500nmE#�X-�^�TIx? 3(d)(Æn	�C8v&���&H 1∼ 2µm, 4�Q�OL��B�FX%�
���9|�2�D&rIFo
�[�H*liM�� Cu2OJ�OL#s�D- 0∼ 30◦C.

> 5 0◦C(a) � 30◦C(b) kCm Cu2O � I:
300◦C(c) � 400◦(d) �uA Cu2O �Im XRDZ>
Fig. 5 XRD patterns for the Cu2O films prepared

at 0◦C (a) and 30◦C (b) and for the Cu2O films

prepared at 30◦C for 2h annealed at 300◦(c) and

400◦(d)

H*,?M� Cu2O ; TiO2 E#:gnrUi��? 4  S* TiO2/TCO ;
Cu2O/ TiO2/TCO(30◦CFX)n�Co;
℄? 4(a) ��iFX Cu2O b�#�&H
30nmn TiO2 E#TI	��J��? 4(b)��SFX Cu2O B��J�CG\�H'>��>�� 40∼50nm Cu2OE#{A�X-�^TInJ�-[> TiO2 ;�> Cu2O:g���5�l�℄[i�g�G\i�� EDAX �T|�2'G*- TiO2 >G46 Cu � Ti � O n#P�K�(H

17.47% � 23.85% � 58.68%, 4j~'G*t	 Cu2O 5Qi TiO2 >ng�G�hA
Cu2O; TiO2 -M�P�ozm`�4[bt0
* Cu2O ; TiO2 :gnrUCX�� �*3P-M� Cu2O/TiO2 �FvgnM�
? 5(a) ; (b)  S* 0 ; 30◦C FXn
Cu2O Jn X �a��?[
T* TCO Hs; TiO2 n���A� 36.419◦ � 42.298◦n��(b�� Cu2O�4n (111); (200)�Cn����+h���'NOLn��
0f�9
�<�h=S Cu; CuOn���
k Cu2O/TiO2 �X (30◦C FX 2h) -�aG 300 ; 400◦C �v 30min, *>n X �a��?[j? 5(c) ; (d). 300◦C�vB�Xn���<�G\%E�r
 400◦C�vB�G\S^*_��� CuO n����4 G�� 300◦C �vMhA Cu2O n�E
#
n;�19L��vn Cu2O/TiO2 �X (30◦C FX 2h) n=�/[j? 6. =�G�� TiO2/TCO WH:"�X
℄?G���S�'N-DD�-�ei���Xn=�6':ig� 200◦C �vn�Xb��℄)n�X��!�n=�6
4�Q��Hb��#
�X� 200◦C �vB�J��!�nAA��� �/=5�f- 300◦C Q!�L��vB�4�M�E#%l10/Q3�	Db�0
*�/n|� [5]. ��;rdZ�h4�V�Y� α 9R�L (σhν)2 = A(hν − Eg)(σ HV�Y�� hν �/PQ(� Eg H�h4dZ� A H�7-�+nC�)[6] . H*p{V�$�kI�tV�n#
�Xn=�/[|pV��+W (σhν)2 ∼ hν n+Yna���kl Eg=2.06eV, �vB�Xn Eg _C1%
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2 \ /	M�o�L? Cu2O/TiO2 �Eu�IyZmC�:&6 457H*,?*3PM��/z3�A
z�n+Y�- −0.5 ∼0.7V(vs SCE)�FO��{z[4Y={*M� p-Cu2O /n-TiO2 �Fvz[ (30◦CzFX 2h,�aG 200◦C�v 30min)-HR,�/ (/f 53mW/cm2) Y
[/z3'A
z�%En+Y�x? 7 (Æ
�-
Cu2O � p m�f�M� p-Cu2O/n-TiO2 �Fvz[K^*xmn n m/d���z3-z��� 0.3V 
8Æ
S^�f�/z3- 0V 
�S^*
eZn TiO2 z[-�/2�[>�[℄Ezn n m/d��4 G*/z3S!��M� Cu2O B�n
��M�
Cu2O/TiO2 z[��gz9l�(_-� Cu2O/ zw�� Cu2O/TiO2 xC
��Æ�|i
Cu2O 'Cn/�zP�_-���8M�
M�izw�Q3M�i TiO2, ���Fvz[K^xmn nm/d��'G*B3�I�n
4�Q���b�� TiO2 hd�Cu2O ��!�nhdJB�/A-M�P�ozm`n Cu2O � TiO2 :g��[bnrUCX
�[-�/Y
[�zP;�xQ=��|iM� Cu2O 'C�℄G�x zwFfT�
/�zPy%tKy TiO2 hd�rB �\+75Az43e�z[
4H*3PM�nV��#�s-EEM� TiO2 zO [10] ; CdS � PbS[11] qEE�dZ�h4E#


> 6 08K��um Cu2O/TiO2 Im.U�
Fig. 6 Optical transmission spectra of the

Cu2O/TiO2 annealed at different temperatures

> 7 Cu2O/TiO2 �EuyZ.y2�yZy�*Xm`
Fig. 7 Photocurrent vs Cu2O/TiO2 potential

plots���SM� p-Cu2O/n-TiO2 �Fvz[��"�G\n�w
v���� Cu2O 2.0eVndZ�<��j/V��℄
k TiO2 M��C8z[n/d�℄OAl�1i�jl�3�*�,�/n �i6�v��/�*3PQ(=�℄M� Cu2O !4�|i'C�v{��� Cu2O hdJB�� TiO2 nhdJB;*>:g[bnrUCX� Cu2O B�n/�zPQ=�M�i TiO2 nhd��lr* Cu2O �zP�x��<n_6�0
*ez[W�n/�zPnA��℄
�/zMJi63��v"� Cu2O ℄ TiO2 :goInQ�QS= TiO2 Y
n/�*3P�eM�izw��i�*z[ / w�xC�nÆ�vz3�3�*�[/z3nd�
(��;e��h4z[b"�4Hv&3�*�[/z3d�nP{r��Q(���,�/n �i6
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458 Q T 5 + u � 21 �
4 qv9�zFX�Æ- TiO2 J�li*Z��n Cu2O J�OL�FX Cu2O Jn�D}$w�=bn�d�>�-1�� 30◦C nL�[8QFXliAAnM�� Cu2O �J�/w=(v3'G� 200◦C �vBM� p-Cu2O/n-TiO2 �Fvz[��q�n=/r�/zEw=�'GM� p-Cu2O/n-TiO2 �Fvz[��f.n n m/d��Q(3�/zMJi6
_t��
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Preparation and Characterization of Nanocrystalline Cu2O/TiO2

Heterojunction Film Electrode

TANG Yi-Wen1, CHEN Zhi-Gang1,2, ZHANG Li-Sha1, JIA Zhi-Yong1, ZHANG Xin1

(1. Institute of Nano-science and Technology, Central China Normal University, Wuhan 430079, China; 2.

Laboratory of Advanced Materials, Fudan University, Shanghai 200433,China)

Abstract: This paper introduced the electrochemical deposition of Cu2O thin films on TiO2

films by cathodic reduction to form p-Cu2O/n-TiO2 heterostructure electrode. The effects of

bath temperature on film thickness, purity and morphology of Cu2O films were studied. Pure

spherically shaped Cu2O grains with 40∼50nm diameter were obtained. It is found that annealing

at 200◦C can improve the spectral transmittance of the Cu2O film and the film has a band gap

of 2.06eV. The measurements of photoelectrochemical behavior of the nanocrystalline p-Cu2O/n-

TiO2 heterostructure electrode show that such heterostructure electrode produces strong n-type

spectral response and can improve the photoelectron conversion efficiency.

Key words cuprous oxide thin film; TiO2 film; heterojunction electrode; photoelectrochemistry


