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��
áN3ÕB��âL¡�o�Ä5{ (TPP) � Q �F1Æ·�Cz. ¢�uyòÕB��â�L¡�
l-���áÂ¸N�� TPP � Q áÂ����, ¬¦ TPP � Q �F1Æ·��ò�. ù´duÕB��âéL
¡�1>|k���L¡�l-���Or�A, 
?u-u�� TPP ©fk�p�45, ù«Or�1>|¬é
k�p45� TPP ©fk­½�^, ¤±ò�
Ù Q �Æ·. ùéu±5{�1¯J�1Äå£�k­��¿Â.

'�c: ÕB��â, L¡�l-���, o�Ä5{, Q �F1
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1 Ú ó

5{´5§	��kØÓ���Ä�ÓXÔ
�o¡. ù«AÏ����Ý��zÜÔ3g,
.¥2��3, 3)Ô!��!zÆ�+�Ñk
­�A^. Cc5, �Xé5{Ü¤!(�!õU
Ú5��ïÄØä�\, ¦�5{zÜÔ3u1
á�!1&E�;!xzJ!1Äå£�!<ó
��UÓ¼!Daì��¡¤��~kA^cå
�õUá� [1−9]. o�Ä5{ (TPP) 35{û)
Ô¥äk­��/ , §Q�±���[�É�!
Éù��õ«U,zÜÔ�1N, ��±��Ü¤
Ù¦5{û)Ô�Ä�µe [10]. 5{©f�Ý(
�¦�§äk`É�1áÂA5, Ù¥ TPP ©f
3 415 nm �mk�r�áÂ�, éA�´òÙ-
u�1�>f-u��áÂ, �¡� Soret áÂ�;
3 500 nm—650 nm �mko�gráÂ¸, éA
�´òÙ-u�1�>f-u��áÂ, �¡� Q

áÂ�. TPP �F1u�Ï~�Uiÿ�Ù Q �F
1, =3 650 nm Ú 710 nm ?�ü�F1¸, Soret
��¬Ë�F1, �´duÙ­áÂ�î­, ��
�¹eiÿØ�. 31Äå£��¡, 5{û)Ô
´Ù¥ïÄ{¤��!A^��2��/�a1

¯J. 1Äå£�´�|^1ì5-¹é1¯a�
�Ô (=1¯J) 5é¬5?1£���{ [11]. §
�Ä��n´ò�½þ�1¯J5\��öNS,
�Ù3¾GL8�|^��½ù	1ì�, 31ì
L§¥1¯J¬áÂ1U?11zÆ�A, �)é
¾
kÓ5�Ô���£��J. 1Äå£��Ø
%´1¯z�^, =1ì¹k1¯J�Ä�, 3�
�ë�eu)1zÆ�A. 1¯JáÂ1U�Äk
�-u�©f�ü­-u�, 
�ÏLXmu��
�n­�. ?un­�þ�1¯J©f½ö�Ä�
��u)�A, �)��f½u)>f=£/¤g
dÄ, gdÄ2?�Ú��½Ù¦©f�A; ½ö
����u)�A, ò>f½Uþ=£��, /¤
ü���. �ö´1Äå£��Ì�å». 5{û
)Ô��1¯Jk±e`:: é×�©��[�U

`kL8, 3¬5�äÚ£�¥´n���Ô;
äkûÐ�1áÂ5U; äkép�ü���þf
�Ç, U
k�/¢y1¯zL§¿àú¬5[�;
�±ÏL?»/¤YM55{, ¢y3NïÄ¦^.
5{�n­�þ�âfêÙØ´5gu Q ��X
mu�, Ïd Q ��Æ·��K�n­��âfê
ÙØ, ¤±5{ Q �Æ·´±5{�1¯J�1Ä
å£�¥��­��ëê.
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�©ò TPP ©fáN�ÕB��âL¡, |^
B¦�m©EF1�ÃãïÄÕB��âé TPP
©f Q �Æ·�K�. B7áB��â�/���
p�^Ï~¬Úu�B7á�Uþ=£ [12−15], �
B7áB��â�º����, k²w�L¡�l
-���áÂ¸, d�±B7áB��â��ÉN
�Uþ=£u)�^�´÷v1Ì­U^�, =�
N�F1u�¸�ÉN�áÂ¸k���1Ì­
U [14]; �B7áB��âº��u 2 nm �, ÙL
¡�l-���áÂA5Ø²w [15], d��Uþ
=£¬�B7áB��â�L¡?1 [15]. ·�3
±B7áB��â��ÉN�Uþ=£�¡�

�
ó� [16,17], u)Uþ=£�^�Ñ´÷v1
Ì­U^�, �w�
Uþ=£�(J. �©òÕ
B��â�L¡�l-���áÂ¸N�� TPP
� Q áÂ���, 
�¦^�ÕB��âº��
�, 3ù«�¹euy
ÕB��â� TPP ��p
�^¿vk á TPP � Q �F1Æ·, �
¦Ù
Æ·��
ò�.

2 ¢��{

ÕB��â���æ^�´ý��Û�{, ¦
^���´ DM-450A .ý�Û�Å (�®�¤M
#ý�Eâk�úi), Ó�|^�þi�¤ (FTM-
V ., þ°��ý��Ek�úi) iÿ�Ûþ
Ý. òpXÝ (99.99%) �¬Ná��Õ�\�u

¥, ÏL>6\9, 3pý�^�e (10−3 Pa) �
��u�Ç�ú��Û��ÕB��, �Û�Ç
� 1 Å/min. �� 10−4 mol/L � TPP �Å�M�,
òÙ%�ÛkÕ��Ä¡þ, ,�^XÀ¡��>
ò�%�ú�.², �MJ�u��­EþãL§,
Ag��Ò¬��þ!�áN3Õ�L¡� TPP
©f�. Ó�, 3ÀæÄ¡þ?1þãö�, ��ü
Õ� TPP ©f�¬.

­�ÚB¦�m©EF1ÿþ¥¦^�1

´¥%Å� 800 nm ��¦óÀ-1 (spectra-
physics), óÀ�m°Ý� 130 fs, ²þõÇ 600 mW,
Ñ Ñ ­ E ª Ç � 1 kHz. ò � ¦ - 1 X Ú Ñ �
� 800 nm 1² BBO ¬N�ª�� 400 nm 1, ²
þõÇ� 20 mW. ò�ª1²LP~�\���¬
þ, ý¡^1n&Þ��Â8 TPP �F1&Ò, ²
1Ì¤ (Bruker Optics 250IS/SM) ©1�, � ICCD
(IStar740, CCI010, Andor) P¹. ­�F1ÿþ¥,

ò ICCD �¯�mé��m°Ý�� 100 ms, æ
8õ�F1±Ï�È©1Ì��Ù­�F11Ì.
B¦�m©EF1ÿþ¥, ò ICCD �¯�mé
��m°Ý�� 2 ns, d-1ì>u SDG (spectra-
physics lasers) Ú DG535(stanford research systems)
�) ICCD �ò�>u&Ò, ��¯��mé��,
?
P¹ØÓP~�m�F11Ì, ��ÙB¦�
m©EF11Ì.

3 ¢�(J9Ù©Û

·�|^ý��Û{��
ÕB��â�, �
þi�¤þw«�ÈþÝ� 50 nm. ·�|^�f
åw�º (Digital Instrument, Nanoscop 0 a .) é
ÙL¡?1
/m�L�, ã 1 �Ñ
�fåw�
ºì¡±9â»©Ùã. lã��, 3 1 Å/min ��
ú��È^�e���Õ�´B��â�æÈ�,
Ùp�åÏ 69 nm, â»©ÙÚOãL²3Ä¡þ
)��ÕB��â�²þâ»� 20 nm.

ã 1 (a) ÕB��â���fåw�ºì¡; (b) â»©Ùã
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3ÀæÄ.ÚÕB��â�þ�È TPP ©f
�, ·�?1
��áÂ1Ì (723 PC .��©
11ÝO, þ°1Ì) �ÿþ. ã 2 �Ñ
ÕB�
�!TPP ±9üöáN��å/¤�EÜ(��
áÂ1Ì. ã¥�±wÑ, TPP ©f3 415 nm NC
k�r�áÂ¸, ¡� Soret áÂ�, 3 500 nm—
650 nm �mko�gráÂ¸, ©O� 515 nm,
549 nm, 592 nm Ú 650 nm, ¡� Q áÂ�. ÕB�
��L¡�l-���áÂ¸3 550 nm, 
�1Ì
°Ý'�°, ù´du�æÈG�e, ÕB��â
�L¡�l-����ª��E,, Ù¥Qk��
í����ª, �k��CB��â�m����
ª, õ«���ª����
���ÕB��â�
�L¡�l-���¸C�é°. EÜ(��áÂ
1Ì¥, 5{� Q áÂ��²w��p
, ù´d
uÕB��â�áÂ¸�Ðá3ù�«����.

�, 5{� Q áÂ��o�¸��érÝ�u)

Cz, ¥mü������¸, duÕB��â
��3áÂrÝ�k¤Jp, ã 3 U
��Ù�L
²ù�:. ã 3 ¥, ·�òEÜ(��áÂ1Ì~
�
ÕB��â�áÂ, ��áN3ÕB��âL
¡� TPP �áÂ1Ì, U
�Ù/L²ÕB��â
��3¦ TPP ©f� Q áÂ�¥o�áÂ¸��
érÝu)
UC, ù´ÕB��â�L¡�l-
���Or�A���.

ã 2 TPP (¢�)!ÕB��â� (áy�) ±9EÜ(
�� (:y�) �áÂ1Ì

ã 4 �Ñ
üÕ� TPP ©fÚáN3ÕB�
�âL¡� TPP ©f�­�F11Ì, Ù¥©O^
�g�F1¸�rÝ?1
8�z?n. üÕ TPP
©f� Q �F1¸ 3 650 nm Ú 715 nm, áN3
ÕB��âþ��, duÕB��â�L¡�l-
���Or�A¦� Q áÂ�¥�¥mü�¸�
rÝO\, E¤
 Q �F1þU?�þ£, ¤±L

yÑ
 10 nm �m�7£y�, 
 Q �F1eU?
ålÕB��â�L¡�l-���¸��, vk
É�²w�K�, ¸ �3 715 nm.

ã 3 üÕ TPP (¢�) ÚáN3ÕB��âL¡� TPP
(:y�) �áÂ1Ì

ã 4 üÕ TPP (¢�) ÚáN3ÕB��âL¡� TPP
(:y�) �­�F11Ì

·�éüÕ� TPP �È�ÚáN3ÕB��
âL¡� TPP ?1
B¦�m©EF1Æ·�ÿ
þ, ã 5 �Ñ
¸�Å�?�F1P~­�. ã¥
p�I´éê�I. ý¢�F1Ô��F1P~L
§÷v E �êP~5Æ, =F1rÝ�P~�m�
'X�

I(t) =
i∑

i=1

αi exp(−t/τi), (1)

Ù¥ i ´F11Ì¥u�|©��ê, αi ´z�u
�|©�'­, τi ´��u�|©�Æ·. òF1
P~­����éê�IX¥U
�8
,/w
�F11Ì¥kõ�u�|©. ã 5 ¥�±wÑ,
üÕ� TPP ©fÚáN3ÕB��âL¡� TPP
©f� Q �F1P~­�3�éê�IX¥�L
yÑ���Ç, ¤±÷vü E �êP~5Æ. ÿ�
�F1P~­�´ý ¢�P ~L§ �XÚ� A¼
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ã 5 (a) üÕ TPP (©) ÚáN3ÕB��âL¡� TPP
(¤) �F1P~­�9Ù�g�[Ü­� (¢�), XÚ�
A¼êdáy��Ñ; (b) [Ü�í�

ê�òÈ, 3·��B¦�m©EF1ÿþXÚ¥,
ICCD �¯��p��m©EÇ´ 2 ns, ��¦-
1óÀ°Ý�', ù´��~���mºÝ, ¤±
�¦-1�±�� δ ¼ê?n, 
 δ ¼ê�?¿
¼ê�òÈÑ´¼ê��, ¤±·�ÏLÿþ�¦
-1óÀ��m�A¼êÒ�Ñ
XÚ��A¼
ê. òdXÚ�A¼ê�ý¢�ü E �êP~�
òÈ, 
��¢�­�?1���¦[Ü, �±�
�F1Æ·. ·�éuüÕ� TPP ©fÚáN3Õ
B��âL¡� TPP ©f� Q �F1P~­�?
1
[Ü, ��
Ù Q �F1Æ·, Ù¥üÕ TPP
� Q �F1Æ·� 5.4 ns, 
áN3ÕB��âL
¡� TPP � Q �F1Æ·C� 8.3 ns, ��
²w
�ò�. ã 5 ¥�U�Ù/w�ÕB��â��

3¦� TPP � Q �F1P~��ú. ?u-u�
� TPP ©fk�p�45, 
ÕB��â�L¡
�l-���Or�A¬¦ÙL¡�1>|��
Or, �ÕB��â�L¡�l-���¸� TPP
� Q áÂ����, ��¡¬¦�Ù��� Q á
Â��áÂ¸rÝO�, ?
ò Q �F1U? 
�þJ; ,��¡�¬¦ffÙØ� Q áÂ�, �
v5�9µþ� Q u���äk�p45� TPP
©f�\­½, ¦�l Q áÂ�� Q u���µ
þCú, ò�
 TPP � Q �F1Æ·. éu5{©
f Q �F1Æ·�ò�, é±5{�1¯J�1Ä
å£�kÈ4�¿Â, Ù Q �Æ·�ò�, ÒO\

 Q ��Ùn­�Xmu��AÇ, ?
O\n­
��âfêÙØ, O\ü�����Ç, Uõ1Ä
å£���J.

4 ( Ø

ïÄ
áN3ÕB��âL¡� TPP ©f Q

�F1Æ·�Cz. ·�òÕB��â�L¡�
l-���¸N�� TPP ©f� Q áÂ�u)
��, ÕB��â�L¡�l-���Or�A
¬¦ TPP ©f� Q áÂ����áÂ¸�m��
érÝu)UC, éÙL¡�l-���«� TPP
�áÂkOr�A. ­�F11ÌL²ÕB��â
�L¡�l-���A5ò TPP ©f� Q �u�
U?þJ
, �¦ TPP � Q �u�¸Ñy
7£
y�. éüÕ TPP ©fÚáN3ÕB��âL¡
� TPP ©f?1B¦�m©EÆ·ÿþ, uyÕB
��â��3¦ TPP ©f� Q �F1Æ·ké�
�ò��A, ùÌ�´du?u-u�� TPP ©
fk�p�45, 
ÕB��âéL¡�1>|
kOr�A, �ÕB��â�L¡�l-���¸
� TPP � Q áÂ�u)���, éffÙØ� Q

áÂ�, �vkµþ� Q u��� TPP ©fk­
½�^, ~�
� Q u���µþL§, �¦ TPP
� Q �F1Æ·�ò�. ùéu±5{�1¯J�
1Äå£�kÈ4�¿Â.
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Extended Q-band fluorescence lifetime of tetraphenyl
porphyrins adsorbed on silver nanoparticles∗
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Abstract

The change of Q-band fluorescence lifetime of tetraphenyl porphyrins (TPP) adsorbed on the surface of silver nanoparticles is

reported. The lifetime is extended when the surface plasmon resonant peak of silver nanoparticles is adjusted to be resonant with the

Q- absorption band, which is due to the fact that silver nanoparticles bring a large surface plasmon resonant enhancement effect to the

surface light field, and the excited TPP molecules have a higher polarity. The enhanced light field will stabilize the TPP molecules of

high polarity, which causes the extended Q-band fluorescence lifetime. It has an important significance in photodynamic therapy using

porphyrins as photosensitizer.
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