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Äu/�¯z��>³ (DSC) 1�4����(�, ïá
¹k1´ò=�>fëY5�§. O�Ú©Û
Ø
ÓáÂ^�Ú��^�e�N�1>6ªÇ�AA5, ïÄ
 DSC SÜ1´ò=é>fDÑA5�K�. ÏLØÓ
�þ�rÝN�1>6ÌÿÁL², ïá��.�N
 DSC SÜ1´ò=�N�1>6ªÇ�A. ÄåÆïÄ(
JL², 3¹k���� DSC ¥, >fDÑÄåÆL§�6u1áÂXê!��þÝ±9��â��Uå�Ï�.

DSC SÜ1´ò=�����²�>fW¿,  á
>f3�²¥�Ê3�m, ~�
Ð¼/øÐK�, ¦>fDÑ
L§\¯.

'�c: /�¯z, ��>³, 1´ò=, >fDÑ

PACS: 82.20.Wt, 73.40.Qv, 78.20.Bh

1 Ú ó

1991 c Oregan � [1] 35Nature6uL��|
^éDån (II) �ÜÔ/�ÚB�õ� TiO2 ��
��Ñ�/�¯z��>³ (DSC), ¼�
 7.1%�
1>=��Ç. DSC ÕA�(�Ú1>Uþ=�
�n×�ÚåISþ�2�'5 [2,3]. DSC �1�
4é\�1�áÂ�Ç´��K�>³5U�
�Ï�. �
¦�U/õáN/�, DSC ¥æ^�
âº��� (� 20 nm) �B�õ� TiO2 ��. ù
«���,'L¡Èép, �´é1�Ñ�5U
�� [4]. ~^� N719 /�3 400—800 nm Åãá
ÂUåØÓ: 400—600 nm áÅ«áÂ�r; 600—
800 nm ��ÅãáÂ�f. ¤± 600 nm Åã±þ
�\�1�Ü©ØU�áÂ��ÏL N719 ¯z
�B�õ� TiO2 ��, ddE¤1U�����.
�
Jp DSC �Ç, 3/�¯z� (1¹5�) �

þàCX�â�»� 300—400 nm ���â TiO2

�� (���) 5O\é1���, ¦�\�1ò=
�/��EáÂ±��O�áÂ1�8� [5]. y
ké����ïÄ�Ñ´ÏL*	m´>Ø!á
´>6!W¿Ïf±9Uþ=��Ç�÷*5U
Cz5ïÄ���é DSC 5U�K�, ���
éu1´ò=�5�>³SÜ>fDÑ��*L
§CzïÄ�é�.

DSC ¥1)>fDÑL§8c�Ø´�©�
Ù, Äu 1855 c Fick uy�*Ñ½Æ�>fëY
5�§�,´ïÄ DSC DÑL§���.. ©
Ûù«�.�N�1>6ªÇ�A�±�©�B
/ïÄ>fDÑÄåÆL§ [6,7]. �´ëY5�§
¥�>f�)�´Äu\�13¯z�SUì�
���¥�êP~£ã�. � DSC O\��â
����, \�1���ò=��¹ÒØ·Ü^
ù«ëY5�§5©Û.

�©Äu DSC �1�4����(�ïá�
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�¹k1´ò=�>fëY5�§, �[ØÓ��
G¹e�N�1>6ªÇ�A. ÏL¢�5énØ
O�(J?1�y, Ó�¼�>fDÑÄåÆ~ê
©Û1´ò=é>fDÑA5�K�. �©ïá�
�.òéïÄ DSC Ån!çÀ#./�!ÿ°/
��áÂ��Ú���(��OkÈ4¿Â.

2 ¢�L§

ÏLj�<MEâ3�>Àæ (TEC-15, LOF)
þ<M TiO2 ��¹5� (�â�»� 20 nm) Ú�
�� (�â�»� 300 nm), k�¡È� 0.25 cm2.
TiO2 ��¯zæ^ßÝ� 5 × 10−4 mol/L � N719
/�, ��E��m� 12 h. Uì©z [5] �{5
\`�ÄZQ>)� (0.08 mol/L I2, 0.1 mol/L LiI,
0.5 mol/L 4- Ò¶ÄDå (TBP) Ú 0.6 mol/L 1,2- �
`Ä -3- ZÄgu9 (DMPII)) |C¤>³. 1¹
5��þ�� 2.6, 10.7 Ú 29.3 µm, ���þÝ�
� 5 µm. Ø¹��� DSC éA>³?Ò� a1, a2

Ú a3; ¹��� DSC éA>³?Ò� b1, b2 Ú b3.
rÝN�1>6Ì (IMPS) ÏLrÝN�1Ì

¤ (CIMPS, Zahner úi, �I) ÿÁ: 1d Expot
°Ä�Å�� 625 nm LED Jø, N�1r��
Ì��´�µ1r� 10%, ªÇ��� 0.1 Hz—
3 kHz, \�1lB� TiO2 ����ì�. TiO2

����Çæ^N�È©¥�b	��©11Ý
O (UV-vis TU-1901, �®ÌÛ) ÿ½, Å�ÿþ��
� 350—800 nm.

3 (JÚ?Ø

ã 1(a) � TiO2 ��¯zc���é\�1�
K�. ��/�¯z� TiO2 �3Å��u 450 nm
�Åã��Ç$u 10%, ��â������U
å�r, 3Å� 400—800 nm ��S����1�
�3 55%—30%. ã 1(b) � TiO2 ��¯z���
�é\�1�K�. TiO2 ��áN/��3 400—
600 nm �m���Çk
eü, Ù¦Åãvk�
��Cz. �1¹5�CX��â����, 400—
600 nm Åã1���ÇÄ�ØC, ù´Ï�dÅã
?u N719 /��ráÂ«, �Ü©\�1Ñ�/
�áÂ; 600—800 nm Åã?u N719 /��fá
Â«, ÏL1¹5��\�1���ò=£1¹
5�, �\�1Å�O\, /�áÂÇÅìü$, 

��ÇÅì,p.
���¹e, DSC ¥>f��)!DÑÚEÜ

L§�±dëY5�§5£ã [6,8]:
∂n(x)

∂t
= G(x) + T (x) − R(x), (1)

ª¥, n(x) �>fßÝ, G(x) �>f�)L§,
T (x) �L>fDÑL§, R(x) �L>fEÜL
§.

� � � � � � � � � � � � � � ��� �� �� �� �� �� �
	 
 �

	 
 �
�
�

� � � �
� � � � 	� � � �

� � �
� � � � � � � � � � � � � � ��� �� �� �� �� � � � �

ã 1 ���é¯zc� TiO2 ��Ñ�1Ì�K�
(a) ¯zc; (b) ¯z�

ª�SïÄ>fDÑÄåÆL§¥, Ï~3
½��µ1&Ò I0 þU\�uN���Ì6Ä
1&Ò�Ó�^u DSC, d�>f�)L§ G(x)
� [6]

G(x) = ηαI0(1 + ξ e iωt) e−αx, (2)

ª¥, α ´áÂXê, η ´>f5\�Ç, I0 ´\�
1Ïþ, x ´ TiO2 ��ålÀæÄ.�ål, ζI0

´�uN��Ì (ζ ¿ 1), ω �N��ªÇ. dup
ßÝ>)��¶-�^, 1)>f3��¥´±*
Ñ/ª?1DÑ�, >f�EÜL§��@�´
O�?�A. Äu±þ�Ä T (x) Ú R(x) �±L«
� [6,9]

T (x) = Dn
∂2n

∂x2
, R(x) =

n

τn
, (3)
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ª¥, Dn ´>f*ÑXê, τn ´>fÆ·. �
â (1)—(3) ª�Ñ>fëY5�§�

∂n

∂t
= ηαI0(1 + ξ e iωt) e−αx + Dn

∂2n

∂x2
− n

τn
. (4)

/Ï (4) ª�±©Û DSC ¥N�1>6ªÇ�A
A5, ?ïÄ>f�Ñ$L§ (=rÝN�1>
6Ì IMPS).

� DSC O\��â���� DSC ¥1´'
�E,, �Ñ�>Àæþ�1��, 3 DSC ¥u)
�1´�±dã 2 L«. \�1 I0 lß²�>À
æ (TCO) \�, du/��áÂ�ì Lambert-Beer
½Æ¥�êP~, áÂXê� α. �1ÏL�þ
� d �1¹5������â���.¡�, \�
1P~� I0 e−αd, ������ò=£>³SÜ.
(2) ª´Äu\�13¯z�SUì����¥�
êP~£ã�, ¤±\�1���ò=��¹
ÒØ·Ü^ (4) ª5©Û. �Ä����1´ò=
Ï�, ùpòïá��¹k1´ò=�>fëY5
�§. �������Ç� R′, ò=��1E,�
ì Lambert-Beer ½Æ¥�êP~, K�uN���
ÌN�1ë�e�>f�)L§ G(x) �

G(x) =ηαI0(1 + ξ e iωt)

×
(

e−αx + R′ e−αd · e−α(d−x)
)

. (5)

�� � � �� � � � � � 	 
� � � � � � 	 

ã 2 ¹k���� DSC ¥1´«¿ã

���ØUC>f�DÑÚEÜL§�Ån, K¹
k1´ò=�>fëY�§�
∂n

∂t
=ηαI0(1 + ξ e iωt)

(
e−αx + R′ e−αd · e−α(d−x)

)
+ Dn

∂2n

∂x2
− n

τn
, (6)

ù�Ò�±|^ïá��. (6) ª5O�ØÓ��
^� R′ eN�1>6ªÇ�AA5. ¦) (6) ª�
>.^�� [6]

kextn (0, t) =D
∂n

∂x

∣∣∣x=0,

∂n (x, t)
∂x

∣∣∣x=d =0, (7)

ª¥, kext �Ä. � (x = 0) >f�Ä��Ç.

1áÂXê��ê α−1 �13��¥�áÂ
�Ý, §���þÝ d �'� αd ��, L²��
é1�áÂ�r. ã 3(a) �3fáÂ (αd = 0.4)
^�e IMPS �ªÇ�A φ � Nyqusit ã�[�,
îp�I®8�z. d�áÂ�Ý�� 10 µm, �
u TiO2 ����þ, �Ü©\�1�±���
�â���, ���ò1ò=£>³SÜ. ã 3(a)
L² IMPS �ªÇ�A�6u R′ Cz, �X��
Ç R′ O��, IMPS �Åì�¢¶����£
Ä. üÚ1�1>=z�Ç (IPCE) �±d IMPS ª
Ç ω = 0 ��¢¶�:�� [10]. IPCE Ó��6
u R′ Cz, �X��Ç R′ O�, IPCE ÅìO\.
ã 3(b) �3ráÂ (αd = 1.6) ^�e IMPS �ª
Ç�A φ � Nyqusit ã. �fáÂ^�ØÓ, dud
�/��áÂ�r, 1�áÂ�Ý�� 2.5 µm, �
u TiO2 ����þ, �Ü©\�1vk����
�, ¤± IMPS �ªÇ�AÚ IPCE �6 R′ �§Ý
��.

� � � � � � � � � � � � �� � � � �� � � � �� � � � �� � � � ��	
	 



� �  � � � � � � �� � � � � �� � � � � �� � �
� � � � � � � � � � � � �� � � �� � � �� � � �� � � � �� � � � � �� � � � � �� �  � � � � � �

ã 3 �þ d = 4 µm, >fÆ· τn = 0.1 s, >f*ÑX
ê Dn = 2 × 10−6 cm2·s−1 �, ØÓáÂ^� IMPS �
ªÇ�A�[ (a) fáÂ^� αd = 0.4; (b) ráÂ^
� αd = 0.4
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� � � � � � � � � � � � � � � �� � � �� � � �� � � �� 	 
� 

	 �� � 	 �

� � � � �� � � �� � � �� � � ��
	 �� � � �

 � �� � � � � � � � � �� � � �� � � �� � � �� � � � � � � � � � � ��� � !" #$ !%#&
�� � !" #$ !%#&
�� � !" #$ !%#&

� � � � � � � � � � �

� � � � � � � � � � �

ã 4 UC¹5�þÝ����é IMPS ªÇ�A�K�
(a) d = 2.6 µm; (b) d = 10.7 µm; (c) d = 29.3 µm

�
�yO�(J, �\�1áÂ�Ý�½�,
UC��þÝ��uUC R′. éu N719 /�¯z
� DSC, ÀJ 625 nm ��\�1ÿÁ IMPS 5�
y�.O�(J. ã 4 �UC1¹5�þÝ���
�é IMPS ªÇ�A�K�. ��þ� 2.6 µm �,
du����, �Ü©\�1U
BL¹5��
���ò=, d�éAu R′ ����¹. �Ø¹
��� DSC �', ¹k��� DSC � IPCE O�

C 4 �; ��þO\� 29.3 µm �, �ké�Ü
©\�1U
BL������ò=, d�éA
u R′ ����¹, ¹k��� DSC � IPCE �O

� 15%. ��þ� 10.7 µm �, R′ ?uþãüö
�m, IPCE O��� 68%. ¢�(J�ïá¹k1
´ò=�>fëY5�§O��(JÎÜ�Ð.

Ï L O � Ú ¢ � ( J L ², 3 ¹ k � � �
� DSC ¥, ïÄ DSC >fDÑL§Ø=��Ä
1áÂXê!��þÝ, ���Ä��â���Ï
�. ã 5 �ØÓ�þe���é>fDÑ�m τd

�K�. O\���� DSC >fDÑ�m á, L
²���U
¦>fDÑL§\¯, ¿�����
�ù«\¯DÑy�cÙ²w. du TiO2 �Y�
¥�3éõ¥�ê©Ù��², �²����mØ
ä/��>f, ��¥�>f�\�²�ÏL9-
u£���¥, =¤¢� “Ð¼/øÐ” L§. >f
d-u�/�5\ TiO2 �������>Ä.Â
8���DÑL§Øä/É��²�Ð¼/øÐK
� [11]. ��þ� 2.6 µm �, �Ü©\�1���
�ò=��/�2ÝáÂ, ¤±U
����NC
� TiO2 ��¥5\�õ�>f. �Ø¹����
', >fO¤�U?J,�����²�>fW¿,
>f�U3�f��²����m��>f. ù«
�¹e>f3�²¥Ê3�m á, Ð¼/øÐK
�~�¦�>fDÑL§\¯ [12]. �þO\��
���ò=�\�1~�, >fO¤�U?,pØ
X 2.6 µm ²w, ¤±>fDÑ\¯§Ýü$.

� � � � � � � � � � � ��� � � �� � � �� � � �� � � �
� � 	 
� �

ã 5 ØÓ�þe���é>fDÑL§�K�

4 ( Ø

�©Äu DSC 1�4�V�(�, �Ä\�
1����ò=Ï�, ïá
��1´ò=�ëY
5�§. /Ïïá��., ©ÛØÓ��ÇÚ1á
Â^�e�N�1>6ªÇ�A. ¢�L², ïá
��.�N
 DSC SÜ1´ò=�N�1>6ª
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Abstract

In this paper, an electron continuity equation with light path folding is developed based on the reflection structure of photoanode

in a dye sensitized solar cell (DSC). The characteristics of modulated photocurrent frequency response are calculated, and the effects

of light path folding on electron transport property are studied under different absorption and reflection conditions. Intensity modulated

photocurrent spectroscopy measurements show that the established model reflectes the actual characteristic of the response to modulated

photocurrent frequency when the light path is folded inside the DSC. The kinetic of electron transfer process depends on the light

absorption coefficient, film thickness and large particle reflection ability and other factors in DSC with reflector structure. The deep

trap is filled and residence time of electron in trap is shortened. It is attributed to the fact that the light path folding reduces the effect

of trap/detrap and accelerates the electron transportation.
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