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æ^>zÆ�{3�>� ITO/TiO2 ��þ�È
kùÚ CdSe ��, ¿�� TiO2/CdSe õ��NX,ïÄ
õ
����(�Ú1>zÆ5U. ¢�L², CdSe ��÷X (111) ��J`)�, õ��(��þÝÚb	 - ��1á
ÂrÝ�X�È�ê�O\
O\. ÏLÿ½õ��>4�1>zÆ5UL², ���NX�m´>ØÚá´>6
�Ý��, 1>zÆ5U�Ð.
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5��Ø�2)�U
¤��ÆïÄ�­
:. ��U���«'À��2)U
É�
<
��2�'5. TiO2 Ú ZnO ´ü«­����U
>³�4á� [1,2], Ù)�¤�$!­½5p!Ã
À/, ®²¢yó�z)�. �´duÙ�Y�°,
áÂÌ�u)3b	1«, �½§Ýþ��
Ù3
��U>³¥�A^. ¤±<�Ï~¦^¯zJ
5¯z TiO2 Ú ZnO, ±JpÙé��1¥��1
Ü©��A. ~X, /� [3−8]!��Nþf: [9−11]

ÚkÅÔ [12−14] Ñ���¯zJJp TiO2 ��
�1áÂA5. II-VI x��N CdSe duÙ�N�
º�!�ê!1áÂ5!�Y(�±93ü�1
f-u���)õ�-f�`ûA5
�2�'
5 [15−17], Ïd�Ñ
yk���>³�é�½
Å����1?11>=��Û�, ~�^5¯
z TiO[9,16]

2 , �U¢y��1Ì��1Ì=�. 8c
�� CdSe ��{éõ, �)zÆú�È [18,19]!ó

À-1�È [20]!ëYlf�áN�A{ [21,22]!
M�v�{ [23]!©få	ò{ [24]!>zÆ�È
{ [25−28] �. Ù¥>zÆ�È{ö�{ü!¤�
$!¢�^�{ü��!´u�¡È�È, Ïd
|uó�z)�¦^. �©æ^>zÆ�{��

 TiO2/CdSe ��>4, ¿�Ó TiO2/CdSe õ��
NX ((TiO2/CdSe)n, n = 1–4). ©Û
 TiO2/CdSe
���Ô�ÚL¡/m, ÿ�
õ��(��b
	 - �� (UV-Vis) áÂ­�¿ïÄ
Tõ��(
��1>zÆ5U.

2 ¢ �

2.1 ÁÁÁJJJÚÚÚááá���

CdSO4·8/3H2O Ú SeO2 	 u Aldrich ú i,
Na2S, H2SO4, ¯UÚZÑþ�©ÛX (I�8ì
zÆÁJk�úi). TiO2(P25 ��m) Ú ITO �>
Àæ (Ω/6 15, ßLÇ > 86%) ©Od2²uåÜn
´k�úiÚÜ��¬Jø. ¢�¥M���þæ
^�lfY�MJ.
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2.2 ITO/TiO2 ������������

¢�¥¦^�Ä.� ITO �>Àæ, ¦^cÄ
.©O^Dº�W'°!ZÑ!ÃY¯UÚ�l
fY�(�W 15 min, ,��uZH�¥ZH�
^. ¡� 0.1 g TiO2 �(©Ñu 10 mL ÃY¯U¥,
,�æ^^æ{3 ITO L¡± 2500 r/min ^æ�
� TiO2 ��. ¤� TiO2 ��3 450 ◦C �íí¨
eò» 1 h.

2.3 CdSe ������999õõõ������(((������������

æ^ CHI660C >zÆó�Õ�n>4NX
� � CdSe � �, ó � > 4 � ITO/TiO2, 9 Ï >
4�É¡, ë'>4�[þ>4 (SCE). >)�
� 14 mmol/L SeO2, 0.25 mol/L CdSO4 Ú 0.25 mol/L
H2SO4 �·ÜM�. |^Ì�ÏS�ª, >Ø×£
��l –0.35 V � –0.75 V, ×£�Ç� 30 mV/s, ×
£�ê� 20 �. >zÆ�ÈL§3¿§e�¤, �
È�¤���3 400 ◦C �íí¨eò» 1 h.

õ � � N X � � L § � ü � � � q, = ­
E TiO2 ^æÚ CdSe >zÆ�ÈL§. z��
�� TiO2/CdSe ��Ñ�ò»?n.

2.4 555UUUÿÿÿÁÁÁ

� �/m æ ^ F � > f ú i ) � � JSM-
5610LV .× £ > f w � º (SEM) * ÿ. ¦ ^
�IÙ°�úi� AXS D8 DISCOVER . X �
�û�¤ (XRD) ©Û���¬�¬N(�. |
^ HATICHI U-3900 . UV-Vis áÂ1Ì¤ÿÁ
õ � � ( � � á 1 A5. æ ^ þ ° u � ) �
� CHI660C >zÆó�Õÿ½õ��(��1
>zÆ5U, ¢�3�=ì®¥?1, Pt ¡�9Ï
>4Úë'>4, 0.2 mol/L Na2S �>)�. 1

� 150 W �� (λ > 300 nm).

3 ¢�XÚ9ÿþ(J

3.1 CdSe ������������ÈÈÈLLL§§§

>zÆ�È´>)�¥¹5lf3>4�
M�.¡þu)�z���A�L§. �¢�
¥ CdSe >zÆ�È�n�±L«Xe [28,29]:

SeO2 + H2O → H2SeO3, (1)

H2SeO3 + 6H+ + 6e− → H2Se + 3H2O, (2)

H2SeO3 + 2H2Se → 3Se + 3H2O, (3)

H2Se + Cd2+ → CdSe + 2H+, (4)

ã 1 ¥ CdSe >zÆ�È�Ì�ÏS­��w
«
 CdSe �ÈL§, �±w��> K�×£�,
Se Ú Cd lf�Ó�È/¤ CdSe ��, 
��×
£�Lõ� Cd q­#�z� Cd2+ £�M�¥, �
z¸�� –0.6 V[29].

ã 1 >zÆ�È CdSe ���Ì�ÏS­�

ã 2 Ø Ó � ¬ � XRD ã Ì 1, ITO; 2, ITO/TiO2; 3,
ITO/TiO2/CdSe ò»c; 4, ITO/TiO2/CdSe ò»�

3.2 CdSe ������������***(((���

ã 2 �Ñ
 TiO2/CdSe ��� XRD ãÌ. ­
� (b) � 25.3◦, 37.9◦ Ú 48.1◦ ©OéAu TiO2

� (101)!(004) Ú (200) ¬ ¡. � CdSe � � >
� È � ITO/TiO2 L ¡ ¿ u 400◦C � í í ¨ e
ò»�, ­� (d) � 25.3◦, 42.0◦ Ú 49.8◦ Ñy

² w � k ¸, © O é A u CdSe � (111)!(220)
Ú (311) ¬¡. ¤� CdSe �á�¬� (PDF-#19-
0191), äkð ¶(�, ¬.(���, ¬�ëê
� a = b = c = 6.077, ¿� CdSe ��´÷X (111)
��J`)��. ·��(J`², ò»?n�
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±Jp CdSe ���(¬5U. $^ Scherrer ú
ª D = kλ/β cos θ(Ù¥ D ´�ââ», λ ´ X �
��Å�, β ´�p¸°Ý, θ ´ Bragg û�¸é
A��Ý, k ´~ê, �� 0.9), O������¬
¥ CdSe âf�²þâ»�� 25 nm.

ã 3(a) Ú (b) w«
 ITO/TiO2 þ�È� CdSe
���L¡/m. �±wÑ��´d�
�»
3 100—200 nm � ì q æ È 
 ¤, 
 ù
ì q
q ´ d CdSe B � â f à 8 
 ¤ �, � Ú ? ª
(progressive) �n�¤Ø�)�Ån��� [25,30],

� ª/¤ � â G ! Õ t õ � � �. ã 3(c) �
n � � N X (TiO2/CdSe)3 � � ¡ ã. TiO2 �
þ Ý � � 200 nm, CdSe � þ Ý � � 600 nm,
=�� TiO2/CdSe NX�þÝ�� 800 nm. �
X�ê�O\, õ��(��þÝ���O\.
����m�p�U, .�Ø´é²w. ùÌ�
´Ï� TiO2 �^æu CdSe L¡�, Ü© TiO2

¬ ? \ � CdSe � Y � ¥, ² L p § ò » � �
TiO2 �� CdSe �(Ü�\;�, ©.���\
Ø²w.

ã 3 CdSe ���L¡/m (a) �� 1.5 ��; (b) �� 4.5 ��; (c) (TiO2/CdSe)3 n��(���¡ã

ã 4 (a) �È3 ITO L¡� CdSe ��� UV-Vis áÂ1ÌÚ
éA� (αhν)2 � hν ¼ê'X; (b) (TiO2/CdSe)n õ��NX
� UV-Vis áÂ1Ì

3.3 õõõ������(((������111ÆÆÆÚÚÚ111>>>zzzÆÆÆ555UUU

ã 4(a) �Ñ
���È3 ITO Ä.þ� CdSe
� � � UV-Vis á Â 1 Ì (± ITO á Â � � .),
|^úª αhν = A(hν − Eg)1/n[31] O� (ª¥ h

� Planck ~ê, ν �1ªÇ, A �~ê, Eg ����
�Y, α �áÂXê, α = ln(A)/d, A ��¬� UV-
Vis áÂrÝ, d ���þÝ, n �~ê, é���Y
��N n = 2, ém��Y��N n = 1/2), ¿|
^	í{�� CdSe ���B�°Ý Eg � 1.8 eV.
�¬G CdSe ��N (Eg = 1.74 eV) �', CdSe �
��1Æ�YÑ�O�, ù´þfº��AÚå
�. ØÓõ��NX� UV-Vis áÂ1Ì²8�
z?n�(J±uã 4(b). �±wÑõ��NX
3 350—700 nm ��SÑkéÐ�áÂ. �X�ê
�O\õ��(��áÂrÝ��AO�, cÙ
3 450—700 nm �Å���. ù`²�þ�O\(
¢�±Jpõ��NX���1áÂA5.

ã 5(a) �Ñ
 (TiO2/CdSe)n õ��(�3k
Ã1ì^�e]�1>6�Ý��m�Cz­�.
Ã1ì�XÚÿ��>6�Ý�C", 
1ì^
�eNX¥��4>6�Ý:ìO\, � 7 s �>
6ªu­½, L²d>6(¢�1>6. ��1
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ã 5 (TiO2/CdSe)n õ��(�3kÃ1ì^�e� (a) ]�
1>6�Ý; (b) m´>Ø��m�Cz­�

�m/'G����1>6�Ý­�­EûÐ, `
²TNXäkéÐ�zÆ­½5Ú1­½5. �
ü� TiO2/CdSe ��>4�', (TiO2/CdSe)2 NX
�1>6�ÝO\
�� (�� 0.18 mA/cm2), `
²k�õ�1)16fë�/¤>6. 3�K1
ì�]m�¬�)�����1>6, `²1ì
��4>6�Ò4>6�m�3¿�. ù«y�
3�c�ïÄ¥�k¤��, ´>f�>)�¥
�z��lfEÜ
Úå� [32]. � TiO2/CdSe �
êO\� 3 �Ú 4 ��, NX�1>6�Ýq:
ìeü, Ï�þÝ�O\¦1)16f3Â8c7
LDÑ���ål [33], Ïd�O\
16fEÜ
�ÅÇ, l
¦1>6�Ý~�. þÝ�O\�K
�
õ��(���>5 (O\
V>{), l
~
�
m´>Ø [34,35], �Xã 5(b) ¥kÃ1ì^�
e (TiO2/CdSe)n õ��(�m´>ØCzª³. Ï

d���1>6�ÝÚm´>Ø (0.5 V) þ3þÝ
·¥� (TiO2/CdSe)2 (���.

3.4 111>>>===���ÅÅÅnnn

ã 6 �Ñ
 ITO/TiO2/CdSe NX¥1)16f
��)9=£�«¿L§. ���1ì�� CdSe
�/¤ > f - �Çé, d u CdSe � � � U þ
' TiO2 ��Uþp, ¤±>fN´l CdSe ��
��[� TiO2 ���þ�, ,�6� ITO ÀæL
¡, l
¢y
>f��Çé�©l [16]. M�¥
� S2− Ú S2−

n �z��éØä�� CdSe Ö�>f
¿�Ñ�Ç, l
�¤£´,/¤1>6.

ã 6 ITO/TiO2/CdSe XÚ¥1)16f�/¤Ú=£«¿ã

4 ( Ø

�©ÏL>zÆ{��
 CdSe ��¿3 ITO
�>ÀæL¡�Ó (TiO2/CdSe)n õ��(�. ²ò
»?n� CdSe ��÷ (111) ¬¡��J`)�, �
Ô�á�ð ¶(�. CdSe ¯z TiO2 �±²wJ
p TiO2 �1>zÆ5U, (TiO2/CdSe)n õ��(
����1áÂrÝ��ê (þÝ) �O\²wO
r, �±���(� (TiO2/CdSe)2 �á´>6�Ý
Úm´>Ø��. õ��NX�1>�A(¯, 5
U­½, k"��>4á��Ó#.�þf:¯z
��>³ì�.
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Abstract

The red-brown CdSe thin films are electrochemically deposited on conductive ITO/TiO2 film surfaces, and the multilayer

TiO2/CdSe structures are constructed. The microstructures and the photoelectrochemical properties of multilayer TiO2/CdSe struc-

tures are investigated. The results show that the CdSe thin films are grown preferentially along the (111) direction. The thickness

and UV-Vis absorbance intensity of multilayer films increase with the increase of layer number of TiO2/CdSe structure. The results

obtained from photoelectrochemistry measurement indicate that the optimal photoelectrochemical current response and open-circuit

voltage are obtained in a biolayer TiO2/CdSe system, which therefore demonstrates the favorable photoelectrochemical properties.

Keywords: CdSe film, multilayer film structure, electrochemical deposition, photoelectrochemical property

PACS: 82.47.Jk, 72.80.Ey

* Project supported by the National Natural Science Foundation of China (Grant Nos. 50902123, 51172208 and 60806045), the Visiting Scholars
Fund of State Key Laboratory of Silicon Materials (Grant No. SKL2011-20), the Excellent Young Talents Foundation of Key Laboratory of
Advanced Textile Materials and Manufacturing Technology (Zhejiang Sci-Tech University) (Grant No. 2011QN05) and the Scientific Research
Foundation of Zhejiang Sci-Tech University (Grant No. 0813824-Y).

† E-mail: liuaiping1979@gmail.com

108201-6


