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æ^-1ð11)Eâÿþ
 5, 15-� (ÊÍ�Ä), 10-�Ä Corrole, 5, 10, 15-n (ÊÍ�Ä) Corrole 9Ù�
A Ga �ÜÔ�n­�]�áÂ1ÌÚÄåÆµþL§. ÿþ(JL², o« Corrole �¬3 440—540 nm Å���
Säkn­�áÂ&Ò�áÂ¸ u 450 nm. Ã�^�e, 7á Ga Corrole �n­�Æ·'éA�gd Corrole n
­�Æ·á; k�^�e, K��. ddíÿ, 7á Ga �f��\~�
�é Corrole ©fn­��d«�Ç. |^
­�ù	u1{ÿþ
o« Corrole �¬�ü���­�u11Ì. O�(Jw«, 7á Ga �f��\¦� Corrole

�ü���þf�Çk¤eü. (JL², 7á Ga �f�)�­�f�Aé Corrole n­�ÄåÆÚü�����
)k�½�K�.

'�c: Corrole, 7á Ga �f, n­�, ü���

PACS: 78.47.da, 33.20.Ea

1 Ú ó

Corrole (�«#.Ü¤á�) ´äk 18-π �Ý
>f(��a5{��zÜÔ [1], 7á Ga Corrole

´¥%äk­7á Ga �f��a Corrole �Ü
Ô (Corrole � Ga �ÜÔ)[2]. Cc5, §�Úå

<��5�õ�'5��uy3Jw�'£��
¡äkd3�A^cµ [3,4]. Agadjanian � [5,6] �
5�´�|^7á Ga Corrole �rF1A5, r
ù
zÜÔ��&�©f5IP1N�x3)Ô
NS�;,, ^u¬5��ä, �¦�*	�7
á Ga Corrole �xEÜÔ¬gÄ3¬5[�SL
8¿àk¬5[�, 
�~|���3e5. Ïd,

ïÄ7á Ga Corrole 31Äå£� (photodynamic

therapy, PDT)[7,8] Ú1Äå&ÿ (photodynamic de-

tection, PDD)[9,10] �¡�A^�~­�.

@Ï�ïÄL², Corrole ���«#.1¯
J, 31Äå£��¡��J'5{� 50 ��
m [11], ¿��±³�J[��)�Ú=£ [8]. 3
1Äå£�L§¥, ü���´���'­��
�J. <�®²uy, ­�f�A [8] UJpü��
��þf�Ç, Ï�­�f�AU
r?Xmu
� (intersystem crossing, ISC) L§ (1¯Jd1�
-uü­��[�1�-un­�), Ó�Xmu
�L§´�)ü������­�L§ [12]. dd
�Ñ, Corrole �n­�´�)ü�������'
­��LÞ�, Ïd3ïÄü�����)L§¥,

ïÄ Corrole �n­�´�~7��.

dc, $m{� [2] ®��L: 7á Ga �f�
\� Corrole �, F1Æ· á, ù´du­�f�
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Ar?
-u��^;ÍÜ. �
?�ÚïÄ7
á Ga �f�\ Corrole ¥�)�­�f�Aén
­�ÄåÆL§Úü����)�K�, �©± 5,

15-� (ÊÍ�Ä), 10-�Ä Corrole, 5, 10, 15-n (Ê
Í�Ä) Corrole 9Ù Ga �ÜÔ��ïÄé�, Ø
=æ^-1ð11)Eâÿþ
ù
 Corrole �n
­�]�áÂ1Ì9ÄåÆµþL§, 
�$^ù
	u1{ÿþ
§��ü���­�u11Ì. |
^n­��Æ·Úü���­�ëê©OO�

ùo« Corrole n­���d«��Ç (kT

q ) �ü�
���Ç (Φ∆). 3dÄ:þ, ?�Ú©Û
7á Ga

�f�)�­�f�Aé Corrole n­�ÄåÆÚ
ü����)�K�, ùéu7á Ga Corrole zÜ
Ô31Äå£�+��A^äk��¿Â.

2 ¢��{

2.1 ���¬¬¬OOO���

¢�¥¤^��¬duHnó�ÆzÆ�z
óÆ�4°�¢�¿Ü¤ [13,14,2], Ù©f(�X
ã 1 ¤«. ã 1(a) � 5, 15-� (ÊÍ�Ä), 10-�
Ä Corrole, {¡ F10, ã 1(b) �Ù Ga �ÜÔ, {
¡ F10-Ga; ã 1(c) � 5, 10, 15-n (ÊÍ�Ä) Cor-

role, {¡ F15, ã 1(d) �Ù Ga �ÜÔ, {¡ F15-

Ga. ¢ � ¥ ò � ¬ M ) u ` � M J ¥, ß Ý þ
� 25 µmol/L, �¬³� 10 mm þ��='Ú®,

Ø���¬M�´ÏLeÈØ�{�E?1 8 g
¿��µ¦?uý�G�
��. ¤k�¢�êâ
þ3¿§eÿ�.

ã 1 �¬�©f(�ª (a) F10; (b) F10-Ga; (c) F15; (d) F15-Ga

2.2 ¢¢¢���¤¤¤ììì

� ¬ � ­ � á Â 1 Ì ´ ^ { I PE ú i )
� � PerkinElmer Lambda 850 . b 	/� � 1 Ì
¤ÿ�.

�¬n­�]�áÂ�ÄåÆL§ÿþ´|
^-1ð11)C� (�ã 2), -u11
´��
óÀ°Ý� 25 ps, ­EªÇ� 10 Hz � YAG -1

ì (EKSPLA PL2143 .) ÑÑ���ª 532 nm �
1, ÙüóÀUþ�� 5.7 mJ, ©Û1
´ 150 W

�ëY��. ëYÅã�©Û1R�u-u1�\
���ÏL�¬��üÚ¤ (WDG30-Z .), ²L
üÚ¤©1�, È�+ (AD500-8 .) ¬ò©Û1
rÝ�Cz=��>&Ò¿d�°� 350 MHz

�c���ì (SR240A .) ò&Ò��, ��d
200 MHz �êi«Åì (Tektronix, TDS2024B .)
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P¹êâ.

ü���­�u11Ì´^d=I EDIN-

BURGH úi)��|ÜªF1Æ·Ú­�1Ì
¤ÿ�, T1Ì¤d�� TM300 -uüÚ¤Ú�

�u�üÚ¤�¤, Ù¥u�üÚ¤?ë�X�$
§1>�O+ (Hamamastu R5509-72 .), �&ÿ�
Å���� 600—1700 nm. ¢�¥¤^-uÅ�
� 550 nm.

ã 2 n­�ÄåÆ¢�1´ã

3 ¢�(J�©Û

3.1 ­­­���áááÂÂÂ111ÌÌÌ

ã 3 � Corrole �¬�­�áÂ1Ì. dã 3

�wÑ, 4 « Corrole �¬3 418 nm NCþäk�

r� B � (Soret �) áÂ, 
3 500—650 nm �m
��3�f� Q �áÂ. 3 Corrole �¥%�\7
á Ga �f, F10-Ga � B �áÂ' F10 �áÂr,

F15-Ga � B �áÂ½' F10 �áÂr. ù�U´
Ï�3�\7á Ga �f�, Corrole ���²¡5
CÐ, k|u π >f��Ý.

ã 3 o« Corrole �¬�­�áÂ1Ì

3.2 nnn­­­���]]]���áááÂÂÂ111ÌÌÌ

� ¬ F10-Ga, F10 Ú F15-Ga, F15 3 Ã � ^

�e�]�áÂ1Ì©O�ã 4. 3ã 4(a), (b)

¥, F10-Ga, F10 ��N1Ì©O3 440—540 nm

Ú 440—520 nm ��S´�áÂ�áÂ¸þéA
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3 450 nm. ù
�áÂA8u1�-un­��
�p�-un­���[ (T1—Tn). d	, l F10-

Ga Ú F10 �1Ì¥*	�, 3 540—590 nm ��
SÚÅ��u 440 nm ?þkKáÂ, ¿�uyK
áÂ¸éAu­�áÂ1Ì¥ (�ã 3) �áÂ¸,

Ïd, �±ä½ù´Ä�¤x&Ò. Ó��¬ F15-

Ga Ú F15 �]�áÂ1Ì�©Oaqu F10-Ga

Ú F10 �]�áÂ1Ì, �ã 4(c), (d). o«�¬�
]�áÂ1Ìþ3P¹��m 5, 55, 205 µs eu
)UC. �X�m�í£, 3�áÂ?, §��1
�Ý��Øä~�; 
3KáÂ?, 1�Ý��
KO\. ¿��ÿþ
¤k Corrole �¬3k�^
�e�]�áÂ1Ì, §�þ�3Ã�^�e�1
Ì�q.

ã 4 o« Corrole �¬3Ã��¹e�]�áÂ1Ì (a) F10-Ga; (b) F10; (c) F15-Ga; (d) F15

3.3 nnn­­­���ÄÄÄåååÆÆÆ

F10-Ga, F10 3Ã�^�eÚk�^�e�
n­�ÄåÆ­�©O�ã 5(a) Ú (b); F15-Ga,

F15 3Ã�^�eÚk�^�e�n­�ÄåÆ
P~­�©O�ã 5(c) Ú (d). o« Corrole �¬
�n­�ÄåÆP~­�þ3�áÂ¸�Å�
� 450 nm ?ÿ�, þUéÐ/$^ü�ê¼ê
[Ü, [ÜÆ·�L 1. ã 5(a) Ú (b) ±9ã 5(c)

Ú (d) �'�, uy¤k�¬3Ã�^�e�n
­�Æ· (�¦þ?) ����uk�^�e�
n­�Æ· (B¦þ?), ùAT´8u��d«
�J [15]. Ó�lã 5(a) Ú (c) ¥�uy, 3Ã�
^�e, F10-Ga �n­�Æ·áu F10, F15-Ga �
n­�Æ·½áu F15; 3k�^�e, F10-Ga �
n­�Æ·�u F10, F15-Ga �n­�Æ·½�
u F15. ©ÛL²: 7á Ga Corrole 3Ã�^�e

�n­�Æ·'�A�gd Corrole á, ´du7
á Ga �f�\ Corrole ���)
­�f�A,

­�f�AU\¯XmB��Ç, �Ó��¬ 
án­���kÆ· [16]; 7á Ga Corrole 3k�
^�e�n­�Æ·'�A�gd Corrole �, ´
Ï�7á Ga Corrole �n­�Ø=��¬��d
«, Ó���¬� Corrole ¥%�7á Ga �fu
)�f��^, l
ü$
7á Ga Corrole n­
���d«��Ç, ¦�3k�^�e7á Ga

Corrole � n ­ � Æ · � u � A � g d Corrole

(��1¯J�Ù¦7ázÜÔ½kdy�, �©
z [17]).

�
½þ/©Û�é Corrole n­��d«�
A, ·�$^eª [18] O���d«�Ç kT

q :

kT
q =

[
1
τT

− 1
τ0
T

]
1

[O2]
, (1)
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Ù¥ τ0
T, τT ©O´�¬3Ã�^�eÚk�^�

e�n­�Æ·; [O2] ´3¿§^�e`�¥k�
^�e��ßÝ, � 2.1×10−3 mol/L[19]. O���
o« Corrole � kT

q �L 1. �±wÑ F10-Ga � kT
q

�' F10 ��, F15-Ga � kT
q �' F15 ��.

L 1 o« Corrole �¬n­�3Ã�Úk�^�e�n­�Æ·

±9��d«�Ç

�¬ τ0
T/µs (Ã�) τT/ns (k�) kT

q /109 mol·L−1·s−1

F10-Ga 64 419 1.13

F10 91 218 2.18

F15-Ga 67 502 0

F15 104 241 1.98

3.4 üüü���������­­­���uuu111111ÌÌÌ

F10-Ga, F10 Úo�Ä5{ (TPP) �ü���
­�u11ÌXã 6(a) ¤«; F15-Ga, F15 �ü�

��­�u11ÌXã 6(b) ¤«. ¤k�¬�ü�
��u1��þ3 1240—1320 nm ��S�u1
¸3 1270 nm. �
½þ©Û, ·�$^eª [20] O
�
§��ü���þf�Ç Φ∆:

Φ∆ = Φ∆(std)
I

I(std)

(
1 − 10−A(std)

)
(1 − 10−A)

, (2)

Ù¥ Φ∆(std) ´IO�¬�ü����Ç; I , Istd ©
O´¤ÿ�¬ÚIO�¬�ü���u1¸?r
Ý; A Ú Astd ©O�L¤ÿ�¬ÚIO�¬3-u
Å� 550 nm ?�áÂ. o«�¬�ü���u1
¸?rÝ I ±93-uÅ� 550 nm ?�áÂ A �
L 2. æ^ H2TPP �IO�¬ (Ù Φ∆ � 0.7[21]), Ù
3-uÅ� 550 nm ?�áÂ´ 0.1685, ü���u
1¸?rÝ´ 3676. O��� F10-Ga, F10, F15-Ga,

F15 � Φ∆ ©O� 0.57, 0.70, 0.52, 0.58. K F10-Ga

� Φ∆ ' F10 �$, F15-Ga � Φ∆ ' F15 �½$,

¤± Corrole ¥%�\7á Ga �f�, ü����
þf�Çeü.

ã 5 o« Corrole 3Ã�Úk�^�ü«�¹e3n­�áÂ¸�Å� 450 nm ?�n­�ÄåÆ­� (a) F10-Ga, F10 (Ã
�); (b) F10-Ga, F10 (k�); (c) F15-Ga, F15(Ã�); (d) F15-Ga, F15(k�)

$m{� [2] ��, 7á Ga �f�\� Corrole

�, F1Æ· á, ù´d­�f�AE¤�. ­�
f�AUr?Xmu�L§, \¯Xmu��Ç,

?
k|uü�����). �´3�©¥·�u
y Corrole ¥�\7á Ga �f� Φ∆ �keü, �
Ò´7á Ga �f�­�f�A¿vkJpü��
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���). (Üü����)�L§, ��ü��
��)���L§´ Corrole lÙn­��Ä�©
f��Uþ=£L§ [12]. Ïd, ü����)��
ÇØ==� Corrole �Xmu�L§k', ��6
u Corrole lÙn­��Ä�©f��Uþ=£�
Ç. TUþ=£´� Corrole n­���d«ù�
L§5¢y [22]. ,
, lO�� kT

q ¥uy, F10-Ga

� kT
q ' F10 ��, F15-Ga � kT

q ½' F15 ��, ù
�ª�Uü$
 Corrole lÙn­��Ä�©f
��Uþ=£�Ç, l
¦� Corrole ¥%�\7
á Ga �f�Ùü����þf�Çeü.

d	, $m{� [2] ���L, Corrole ¥%�\
7á Ga �f�, ¦�F1u�u)7£. F1u
�7£�UO\1�-u�ü­��Ä��Uþ

�, ?
�O\
1�-u�n­��Ä��Uþ
� [23]. ù�Uü$3Uþ=£L§¥ Corrole ��
©füö�m�1Ì­U, �â Forster Uþ=£n
Ø [24], øN�ÉNüö�m1Ì­U�~�¬ü
$Uþ=£�Ç, ¤±�ª¦� Corrole ¥%�\
7á Ga �f�ü����þf�Çeü.

L 2 o« Corrole �¬�­�1Ônëê±9ü����Ç

�¬ A I Φ∆

F10-Ga 0.2216 4078 0.57

F10 0.3977 7410 0.70

F15-Ga 0.2113 3524 0.52

F15 0.3332 5546 0.58

ã 6 o« Corrole �¬±9 TPP �ü���­�u11Ì, Ù¥-uÅ�� 550 nm (a) F10-Ga, F10, TPP; (b) F15-Ga, F15

4 ( Ø

�©± 5, 15-� (ÊÍ�Ä), 10-�Ä Corrole, 5,

10, 15-n (ÊÍ�Ä) Corrole 9Ù Ga �ÜÔ (F10-

Ga, F15-Ga) �ïÄé�, ©Oæ^-1ð11)
EâÚ­�ÿþEâïÄ
 Corrole ¥%�\7
á Ga �f�é Corrole n­�ÄåÆL§Úü�
��þf�Ç�K�. (JL², Corrole ¥%�
\ Ga �f�, Ã�^�e�n­�Æ· á, k�

^�e�n­�Æ·C�, dd~�
 Corrole n
­���d«��Ç. 7á Ga �fé Corrole �
)�­�f�A¿vkJp Corrole �ü���
þf�Ç, �
ü$
 Corrole �ü���þf�
Ç, �U´du7á Ga �f��\~�
 Corrole

�n­���d«��Ç, l
ü$
 Corrole l
Ùn­��Ä���Uþ=£�Ç. ïÄ(J�
�7á Ga Corrole ^u¬5£��?�ÚïÄJ
ø�Ï.
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Abstract

In this paper, the triplet-state transient absorption spectra and the dynamic processes of 5, 15-bis (pentafluorophenyl)-10-(phenyl)

corrole, 5, 10, 15-tris (pentafluorophenyl) corrole and their corresponding free-base corroles are measured by the laser flash photolysis

technique. The measurement results show that the wavelength region of triplet-state absorption of these corroles ranges from 440 nm

to 540 nm and the absorption peak wavelength of each sample is 450 nm. The insertion of metal Ga atom into corrole ring shortens the

triplet lifetime of corrole under anaerobic condition and makes triplet lifetime longer under aerobic condition, which reduces oxygen

quenching rate. The steady-state emissions of singlet oxygen of these corroles are also measured by the infrared luminescence method.

The results show that the insertion of metal Ga atom makes singlet oxygen quantum yield of corroles slightly decrease. The results

indicate that the heavy atom effect generated from metal Ga atom influences the triplet-state dynamics and singlet oxygen generation

of corrole.

Keywords: Corrole, metal Ga atom, triplet-state, singlet oxygen
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