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 5(6)CFL(5(6)-

Carboxyfluorescein, {¡ 5(6)CFL) /�¯z TiO2 B�âfNX�1�>f=£ÄåÆ. 5(6)CFL /�¯z TiO2 B
�âfU/¤>Ö=£EÜÔ, ù8Ïu/�©f�-u>f�Å¼ê Ψ(D∗) �>Ö©l�Å¼ê Ψ(D+ + e−)

�m�ÍÜ�^. �-u 5(6)CFL /�¯z TiO2 B�âfNX�, >f±ü«ØÓ�ª5\ TiO2 B�âf�
�: 1�, ÏL 5(6)CFL /�©f�-u�5\; 1�, l>Ö=£EÜÔ (5(6)CFL/TiO2) ��5\. �m©EF
11ÌL², 3YM�¥X 5(6)CFL /��F1±Æ·� τ1 = 41 ps (74.4%) Ú τ2 = 3.22 ns (25.6%) �V e �ê
P~, 
 5(6)CFL /�¯z TiO2 B�âfNX�F1©O±�m~ê� τ1 = 44 ps (90.4%), τ2 = 478 ps (8.6%)

Ú τ3 = 2.41 ns (1.0%) �n e �êP~. �©�ïÄó�U
�/�¯z��U>³�1�>f=£ÅnJøkd
��ë�.

'�c: �m©EF11Ì, 5(6)CFL /�, 1�>f=£, >Ö=£EÜÔ

PACS: 05.70.−a, 32.50.+d , 78.47.D−, 78.47.jd

1 Ú ó

�áN/�©f� TiO2 B�âf�m�1�
>f=£´Nõ­�A^+�¥���Ä�L§,
X AgBr �K [1]!/�¯z��U>³ [2]!¢Y
?n!>zÆ!1>zÆ!©f>fÆ!)Ô©
ÛzÆÚ)ÔåÆ [3] �. 'u/�¯z TiO2 B�
âfNX.¡?�>f=£ÄåÆL§, duÙ¤
�'�$!=��Çp!�á�]
´L±9�
¸·AÐ�A:, <�®?1
�þ�nØÚ¢�
ïÄó�, ��
wÍ�?Ð [3−7], Ù8�´�

J¦�p�1>=��Ç¿ü$��U>³�¤
�. /�¯z TiO2 B�âfNX.¡?�>f=
£ÄåÆÌ�ïÄK�>f5\�Ç!_�>f
=£�A�ÇÚ>ÖEÜ�A�Ï�. �â Marcus
nØ��, >f5\�Ç~êÌ�dNX�­|
U!>fÍÜÝ
�ÚogdU(½ [8], 8c®�

�¯�>f5\�mºÝ�� 6 fs (10−15 s)[9]. ,
��¡, /�Ä��_�>f=£�A�ÇÚ>Ö
EÜ�A�ûuMJ!>)�!B���Ná�
�/m±93B���Ná�L¡�áN�/�
©f�lf�ê8, Ù¥_�>f=£�A�Ç�
�mºÝ3 ps (10−12 s) � ms (10−3 s) �m���
Cz [9]. �
¼�k����U=��Ç, <�7
L(½�¯>f5\�B���Ná����Å
nÚ5�±9ú>ÖEÜ�A��'Ï�, ÏL`
zB���Ná� (TiO2, ZnO, SnO2, WO3 Ú CdS
�) �(�, ~Xæ^ü�bv¶� TiO2 B��½
B�+��G(�®U¼�=��Ç� η=9.3%�
/�¯z��U>³ [10−14]. /�1¯JÏ~¦^
ÃÅ/� (± N3, N719 Úç/��7áõDå�
ÜÔ�Ì) ÚkÅ/� (~^Ü¤/�9U,/�
X�Î�!�É�ÚF1���), Ù¥ÃÅ/�±
­½�9åÆ5�ÚûÐ�1Æ�A5U®3/
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�¯z��U>³¥��
2�A^, æ^4äu
Ðcå� C101 /�¯z��U>³�=£�Çp
� η=11.3%[15]; 
äk¬«õ!¤�$!á1Xê
pÚ��O5r�kÅ/�3/�¯z��U>
³�Ä:ïÄ¥åX4�­���^ [16]. Ïd, é
1�>f=£ÄåÆ�'�>f5\�Ç!_�
>f=£�A�ÇÚ>ÖEÜ�A�ïÄ3/�
¯z��U>³¥äk­��Ä:�^.

��ïÄó�ÀJ 5(6)- áÄF1� (5(6)-
Carboxyfluorescein, {¡ 5(6)CFL) ¯z TiO2 B�
âfNX��ïÄé�. ù´du TiO2 B�âf
��>431�>Ö=£L§ïÄ+�¥, ±��
U>³�A^�µ�, /�¯z TiO2 NX´��
�~`D�ïÄé�, 8c<�®²éÙ?1
�
þ�ïÄ, È\
´L�]�, Bu?�Ú��\
ïÄ; ,	, duÙ�¸lÐA5, ±9�p�1>
=��Ç, Ï
¤�4äuÐdå�­��á�N
X [3]. 5(6)CFL /��©f(�äk 2 �áÄì, l

´� TiO2 B�âfL¡� Ti+4 lf/¤ π—d
>f=£. 31�>f=£�¯�L§�¢�ïÄ
¥, �¦�m©E]�áÂÚF11ÌEâ´<�
ÊHæ^��¯1ÌÆÃã [4], ÏLé1Ì�©Û
¼��A1�>f=£�Ç~ê. ��ÚCù	
«��¦�m©E]�á1ÌEâduÉ�/�
-u�!�lf�!Ä�ÚÉ-u���ØÓ>
f��K�
k¤�� [17]; 
æ^�m©EF1
1ÌEâ(½�>f=£�'��¹å»�é{
ü [17], ?
�±(½1�>f=£L§¥�_�
>f=£�Ç [18,19]. o�, �
�[/n)>f
5\� TiO2 B�âf���Ån!5�!�ÇÚ
(½_�>f=£�Ïf, �©ïÄ
 5(6)CFL ¯
z TiO2 B�âfNX�1�>f=£�F1A5
±(½TNX�_�>f=£�Ç, ��¯z��
U>³�¢SA^Jø7��ë�.

2 ¢��{9 TiO2 B�âf�L�

TiCl4(GR p ? X, Aladdin); 5(6)- á Ä F 1
� (5(6)-Carboxyfluorescein, { ¡ 5(6)CFL, 99%,
Acros); ßÛ� (�3©fþ 3500, þ°¢4�)
Ô�Ek�úi); ¢�¿g��lfY; IOb
v¶(� TiO2 ®"	u Sigma-Aldrich, Ùâ»�
� 16 nm.

�¦-1ì (Spectra Physics, Ti:Sapphire); 1
Ì¤ (Bruker Chromex 500 is/sm); Or.>ÖÍÜ
C� ICCD (iStar DH720, Andor); �m'éü1
fOêì (Time Correlated Single Photon Counting,
TCSPC. 1
: BDL-375 nm ps -1ì; &ÿì: ID-
100-20; ü1fOêk: SPC-130); ��©11Ý
O (720PC ., þ°); D/Max-rb ^=�4 X ��û
�¤ (Cu Kα, λ = 0.15418 nm, 12 kW); TECNAI G2

F30 300 kV |u�p©Eß�>fw�º (\�>
Ø� 300 kV).

ã 1 (a) ¢��� (¢�) ÚIO (áJ�) � TiO2 B�â
f� XRD '�; (b) IObv¶(� TiO2(á:�) Ú¢��
� TiO2 B�âf (¢�) � Raman 1Ì'�

� © æ ^ Y ) { � � TiO2 B � â f,
ò 1.5 mL § Ý � −20 ◦C � TiCl4 � ú / %
\ 100 mL §Ý� 1 ◦C ��lfY¥, %\L§
3�u 1 ◦C §Ý^�e?1, >%>×���
YM�, ¿3ù�§Ýe�±¤� TiO2 �NM
� 45 min. �
Jp��M��­½5, Aò TiO2

�NM�3¿§e^ 4—5 L �lfYßÛ 7—
8 h, ò�NM�� pH �N�� 3.0. Xã 1 ¤
«, ÏL¢���ÚIOv¶(� TiO2 B�âf
� XRD(X-Ray Diffraction) Ú Raman 1Ì'��
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�, ¢���� TiO2 B�âfäkéÐ�v¶(
�, ��3�Ü©�7ù�(�, = XRD ¥� (310)
¡Ú Raman 1Ì¥� 243 cm−1 ?��Ä�. X
ã 2 ¤«, ÏLé¢���� TiO2 B�âf�À
J«�>fû� (selected area electron diffraction,
SAED) Ú¬��p©E>fß� (high resolution
transmission electron microscopy, HRTEM) ���v
¶(�, Ù¬�~ê� 0.351 nm. Xã 3 ¤«, Ï
Lé¢��� TiO2 B�âf� TEM (transmission
electron microscope, TEM) /mì¡©Û��, ^ù
«�{¤����NM�¥ TiO2 B�âf¬â©
Ù��þ!!���� 10—15 nm[6,9,20].

ã 2 (a) TiO2 B�âf�ÀJ«�>fû� (SAED) ã; (b)
¬��p©E>fß� (HRTEM) ã

� TiO2 B�âf�ßÝ�� 10.8 g/L, � 3
°T�NM� 20 ml ©O�� TiO2 B�âf�
ßÝ� A(TiO2) = 5.6 g/L, B(TiO2) = 4.4 g/L
Ú C(TiO2) = 3.6 g/L �ÃÚß²�NYM�, Ù
?Ò©O� A, B Ú C. ^�lfY�� 500 ml ß
Ý� 2.0 × 10−6 mol/L � 5(6)CFL YM�. �
¼

� 5(6)CFL /�¯z TiO2 B�âf�>Ö=£E
ÜÔ (5(6)CF/TiO2), U VTiO2 : V5(6)CFL = 1 : 1
� N È ' · Ü ¼ � TiO2 B � â f � ß Ý © O
� M1(TiO2) = 2.8 g/L, M2(TiO2) = 2.2 g/L
Ú M3(TiO2) = 1.8 g/L � 5(6)CF/TiO2 �·ÜÔ,
?Ò©O� M1, M2 Ú M3. ¤���¬�¢ÔX
ã 4 ¤«, ��¯z� 5(6)CFL /��ôÚu)

wÍ�Cz.

ã 3 TiO2 B�âf� TEM ß�/mì¡

ã 4 pH = 3.0 � 5(6)CFL /�¯z TiO2 B�âf�ì¡
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3 ¢�(J9Ù©Û

3.1 5(6)CFL/TiO2 >>>ÖÖÖ===£££EEEÜÜÜÔÔÔ���///¤¤¤

�
ïÄ 5(6)CFL /�¯z TiO2 B�âf
�1�>f=£L§, ÄkI�n) 5(6)CFL /
�©f� TiO2 B�âf�m�(Ü�^Ú>Ö
=£EÜÔ�/¤. TiO2 B�âf�kÅ/�
©f [21,22] ÚÃÅ/�©f [23−25] �m>Ö=
£EÜ�/¤´���©ÊÏ�y�. Xã 4 ¤
«, d·Üc�ôÚ�Cz�� 5(6)CFL /�©
f®²áN3 TiO2 B�âfL¡þ, ¿)¤

#��Ô, = 5(6)CFL/TiO2 >Ö=£EÜÔ. ã 5
� 5(6)CFL /�©f�(�±9� TiO2 B�â
f�m�U��ë�^, éu 5(6)CFL /�©f,
5(6)  ��áÄ� TiO2 B�âfäk�r�(
Üå; ¿ÏL¢���
>Ö=£EÜÔ�²
ï~êÚ�1Xê©O� 2.8 × 10−4 (mol/L)−1

Ú 2820 L·cm−1·mol−1[18]. Huber[20] ÏL π-d >f
�[�� 7á>Ö=£�©f;�nØïÄ

/�¯z TiO2 B�âf�>Ö=£EÜÔ�
/¤Ån, uy>Ö=£EÜ�/¤L§�L«
� TiO2 + Dye → [TiOδ−

2 · · ·Dyeδ+]Complex. Ïd,
ÏL¢�ÚnØïÄ�±y¢ 5(6)CFL /�¯
z TiO2 B�âf�>Ö=£EÜ�3.

ã 5 5(6)CFL /�©f(�9Ù� TiO2 B�âf�m��ë�^

éu 5(6)CFL /�¯z TiO2 B�âfNX,
b�/�©f�-u>f�Å¼ê Ψ(D∗) �>
Ö©l�Å¼ê Ψ(D+ + e−) �m�ÍÜ�^ï
á
��Uþ� E± = Em ±

√
∆ + V 2 �·Ü�,

Ù¥ Em = (E1 + E2)/2, ∆ = (E1 − E2)/2, V �
-u>f��>Ö©l��m�p�^�ÍÜ~
ê, E1 Ú E2 ©O�ùü���É�6�U?�U

þ [26,27]. �Ä TiO2, du>Ö©l��Uþ'-
u>f��Uþ� (E(D+ + e−) < E(D∗)), ¤±
1Æ�[�Uþ�$� (E−, >Ö©l�) Ly�
­�áÂ1Ì�ù£, 3e�!ò?1�[/ïÄ.
�Ä�áN3 TiO2 B�âfL¡þ� 5(6)CFL /
�©f, Ù¥��Ü©/�©fTÐ�áN3 TiO2

B�âfL¡þ, 
,�Ü©/�©fdu>Ö
=£�^ò� TiO2 B�âf/¤>Ö=£EÜ
Ô (5(6)CFL/TiO2). Xã 6 ¤«, �ÀJ·�Å��
1-uTNX�, KTÐ�áN3 TiO2 B�âf
L¡þ� 5(6)CFL /�©f�-u�-u� (.),
>fÏL/�-u�5\� TiO2 B�âf��
� (/), Ø5\>f�/�©fÏLu�F1£
�Ä� (2). ,
, é 5(6)CFL/TiO2 �-u¬/
¤>Ö©l, ��>f��l 5(6)CFL/TiO2 5\
� TiO2 B�âf��� (1); �>f�/�©f
�lfEÜ�¬�)>Ö=£u1 (charge transfer
emission)(0). 5\�>f�dL¡�Ð¼½3�
�S²{µþÚ��L§, ���/��lfu
)EÜ�A, =_�>f=£ kB

ET, >Ö=£u1
ÚEÜ�Aü�L§�8�_�>f=£ [18,19].
ã 6 �Ñ
ïÄNX�1-u (., 1)!>f5
\ (/)!_�>f=£Ú>Ö=£u1 (0) ��
n«¿ã, Ù¥ S∗/S+ �/�-u���lfé,
Egap � TiO2 B�âf��Y, traps �>fÐ¼�.

ã 6 5(6)CFL /�¯z TiO2 B�âfNX�>f=£�n«¿ã

3.2 ­­­���áááÂÂÂÚÚÚFFF111111ÌÌÌ

y3l­�áÂ1ÌÚF11Ìü�¡ï
Ä 5(6)CFL ¯z TiO2 B�âfNX�1�>f
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=£L§. ã 7 ¤«� pH = 3.0 Ú C5(6)CFL =
10−6 mol/L �, 3 �ØÓ TiO2 B�âfßÝ M1,
M2 Ú M3 �¬�­�áÂ1Ì. 3 440 nm ?�1
�áÂ¸Ä�þØ� TiO2 B�âfßÝ�Cz

Cz; ,
, 1�áÂ¸ (470 nm) �X TiO2 B�
âfßÝ�O\
u)ù£ÚÐ°. du 5(6)CFL
�MuY�ßÝé�, Ïd, �±üØ 5(6)CFL /
�©fàÜ
���áÂ1Ì�ù£Ú\°. ©
z [18] �ïÄL² 5(6)CFL/ TiO2 NX�áÂ1Ì
�ù£ÚÐ°Ø´dB�âfL¡ pH ��K�
ÚÙ��¥º�ó4Ý�/¤���, 
´du/
�©f�-u>f�Å¼ê Ψ(D∗) �>Ö©l�
Å¼ê Ψ(D+ + e−) �m�ÍÜ�^���. Ï
d, ­�áÂ1Ì1�Ý�O\Ú#áÂ��Ñ
yL² 5(6)CFL /�©f� TiO2 B�âf�m�
r>fÍÜÚ>Ö=£�p�^ (=� 7á>
Ö=£).

ã 7 pH = 3.0 � 5(6)CFL /�¯zØÓßÝ TiO2 B�â
f�áÂ1Ì (¢�L«X 5(6)CFL, áJ�L«X TiO2 B�
âf, :�L« 5(6)CFL/M1(TiO2), á:�L« 5(6)CFL/M2

(TiO2), J�L« 5(6)CFL/M3 (TiO2))

ã 8 � pH = 3.0 �ßÝ 1.0 × 10−6 mol/L
� 5(6)CFL /�Ú 5(6)CFL ¯z TiO2 B�âf�
áÂ1ÌÚF11Ì�'�. 5(6)CFL /�©f
�áÂ¸ u 440 nm, 
 5(6)CFL ¯z TiO2 B�
âfNX�áÂ¸ù£� 470 nm, �3 5(6)CFL
/ � © f � á Â 1 Ì ¥   u 470 nm � á Â p
3 5(6)CFL ¯z TiO2 B�âfNX�áÂ1Ì
¥��. ��3 TiO2 B�âf�F11Ì (400 nm
�¦óÀ-u) �¸ d 415 nm ù£� 430 nm. �
¦^ λex = 400 nm ��¦óÀ-u�¬�, 1fØ
=-u�áN3 TiO2 B�âfL¡� 5(6)CFL /
�©f, 
��Ó�-u>Ö=£EÜÔ (5(6)CFL/
TiO2). 5(6)CFL /�©f�-u��>fÏL/

��-u�5\ TiO2 B�âf���, Ó�,�
Ü©>f£�Ä�¿uÑF1; 
é/¤>Ö=
£EÜÔ (5(6)CFL/TiO2) �/�©f�-u¬�
�>Ö©l��/¤, >fÏL>Ö=£EÜÔ�
�5\ TiO2 B�âf���; ��, �5g��¥
�>f� 5(6)CFL/ TiO2 ��lfu)EÜ�A�
ò/¤>Ö=£u1. Ïd, éu 5(6)CFL /�¯
z TiO2 B�âfNX, ­�F11Ì�ù£8Ï
ul 5(6)CFL /�©f-u�Ú 5(6)CFL/ TiO2 E
ÜÔ� TiO2 B�âf���1�>f=£.

ã 8 pH = 3.0 � 5(6)CFL /�¯zßÝ� M2(TiO2) =

2.2 g/L � TiO2 B�âfNX�áÂÚF11Ìã (¢�ÚJ
:�©OL«X 5(6)CFL �áÂÚF11Ì, áJ�Úá:�
©OL« 5(6)CFL/M2(TiO2) �áÂÚF11Ì)

3.3 ���mmm©©©EEEFFF111111ÌÌÌ

ÏL¦^�m'éü1fOêì (TCSPC) ÿ
þ 5(6)CFL ¯z TiO2 B�âfNX��m©E
F11ÌïÄ1�>f=£L§¥�_�>f=
£�Ç. 3/�¯z TiO2 B�âfNX¥, TiO2

B � â f � � > � ¥ � > f ( e−cb(TiO2)) � /
��lf�EÜ�A�_�>f=£�m�~
¯ (Xã 6 ¤«), ù�L§�>Ö=£u1�L«
� S+ + e−cb(TiO2) → S + ~ν, (F1). Xã 8 ¤
«, ÏLB�âfNX�áÂÚF11Ì�'�
��3TNX¥�3Xþf�Ç$�F11Ìù
£�>Ö=£u�. Ïd, ÏL©Û/�Ú/�¯
z TiO2 B�âfNX�F1P~Æ· (=��P
~¤©�Æ·Ú'­) �'�ÒU(½ TiO2 B�
âf��¥�>f�/��lfEÜ�A�_�
>f=£�m~ê [18,19]. ã 9 ¤«� pH = 3.0 �
ßÝ 1.0 × 10−6 mol/L � 5(6)CFL /�Ú 5(6)CFL
¯z TiO2 B�âf�F1P~­��'�. -u
1�Å� λex = 375 nm ��¦óÀ, &ÿ1Å��
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ã 9 pH = 3.0 � X 5(6)CFL / � Ú 5(6)CFL / � ¯ z
ß Ý � M2(TiO2) = 2.2 g/L � TiO2 B � â f N X � �
m © E F 1 1 Ì ã (Ú ¤ Ú © © O L « X 5(6)CFL /
� Ú 5(6)CFL/TiO2 � ¢ � ê â, á : � Ú ¢ � © O L «
X 5(6)CFL /�Ú 5(6)CFL/TiO2 �[Ü­�)

λPro = 510 nm. ã 9 ¤«, Y¥� 5(6)CFL /�
Ly�F1Æ· τ1 = 41 ps (74.4%), τ2 = 3.22 ns
(25.6%) �V e �êP~, 
��3 TiO2 B�â
f�, 5(6)CFL /�¯z TiO2 B�âfNXLy
��m~ê©O τ1 = 44 ps (90.4%), τ2 = 478 ps
(8.6%) Ú τ3 = 2.41 ns (1.0%) �n e �êP~. w
,, 5(6)CFL /�Ú 5(6)CFL /�¯z TiO2 B�â
fNXF1P~L§�O����Ï´du�ö
/¤
#�� 7á>Ö=£ (LMCT) �, ü�¯
¤© (τ1 = 37 ps Ú τ2 = 478 ps) 8Ïu>Ö=£E
ÜÔ�_�>f=£�Ç, Ù¥�¯�P~¤©´
durÍÜEÜÔ�_�>f=£�A, 
�¯�
P~¤©K´�fÍÜEÜÔ�_�>f=£�
A [18]. úP~¤© (τ3 = 2.41 ns) K8Ïu�áN

3 TiO2 B�âfL¡� 5(6)CFL /��F1P~
Æ·, §Ø¬��>f5\ TiO2 B�âf���.

4 ( Ø

�©ÏLY) TiCl4 ��{��
 TiO2 B�
âf, Ù¬â��� 10—15 nm Ú§äk¬�~ê
� 0.351 nm �bv¶(�; ¿lF11ÌA5�
¡ïÄ
 5(6)CFL ¯z TiO2 B�âf�1�>f
=£ÄåÆ. áÂ1Ì1�Ý�O\!#áÂ�
�ÑyÚF11Ì�ù£L² 5(6)CFL /�©f
� TiO2 B�âf�m�r>fÍÜÚ� 7á>
Ö=£EÜ�/¤, ù´du/�©f�-u>f
�Å¼ê Ψ(D∗) �>Ö©l�Å¼ê Ψ(D+ + e−)
�m�ÍÜ�^. �-u 5(6)CFL /�¯z TiO2

B�âfNX�, >f±ü«ØÓ�ª5\ TiO2

B�âf��: 1�, ÏL 5(6)CFL /�©f�
-u�5\; 1�, l>Ö=£EÜÔ (5(6)CFL/
TiO2) ��5\. �m©EF11ÌL²3YM
�¥X 5(6)CFL /��F1Æ·©O±�m~ê
� τ1 = 41 ps (74.4%) Ú τ2 = 3.22 ns (25.6%) �
V e �êP~, 
 5(6)CFL /�¯z TiO2 B�â
fNX�F1Æ·©O±�m~ê� τ1 = 44 ps
(90.4%), τ2 = 478 ps (8.6%) Ú τ3 = 2.41 ns (1.0%)
�n e �êP~, Ù¥, ü�¯¤©8Ïu>Ö=
£EÜÔ�_�>f=£�Ç, ú¤©8Ïu�á
N3 TiO2 B�âfL¡� 5(6)CFL /�¯z�F
1P~. o�, �©�ïÄó�U
�/�¯z�
�U>³�1�>f=£ÅnJøkd��ë�.
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Abstract
Anatased TiO2 nanoparticles were prepared by controlling hydrolysis of the TiCl4. Time-resolved fluorescence experiments were

carried out to study the photo-induced electron transfer dynamics in the system of the 5(6)CFL dye-sensitized TiO2 nanoparticles. For

the aboved system, the formation of the charge transfer complex is attributed to the coupling interaction between the wave functions

of the excited electronic state of the dye (Ψ(D∗)) and the charge separated state (Ψ(D+ + e−)). On excitation of 5(6)CFL dye-

sensitized TiO2 nanoparticle system. The injection of electrons into the conduction band of TiO2 nanoparticles takes place in two

different ways: through the excited state of the 5(6)CFL dye and through direct injection from the charge transfer complex. The time-

resolved fluorescence experimental results indicate that the free 5(6)CFL dye in water has double-exponential decay with lifetimes

τ1 = 41 ps (74.4%) and τ2 = 3.22 ns (25.6%). However, 5(6)CFL dye-sensitized TiO2 nanoparticles have triple-exponential decay

with lifetimes of τ1 = 44 ps (90.4%), τ2 = 478 ps (8.6%) and τ3 = 2.41 ns (1.0%). Our research will provide a valuable reference for

the mechanism of dye-sensitized solar cell.

Keywords: time-resolved fluorescence, photo-induced electron transfer; 5(6)CFL dye, charge transfer complex
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