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HemATC&+DEFGHIJKLMNOPQRSTUVWXYZ[\&]^_`abcde`

fDghi\je`fDgkJcdU]^lm*nop[\qrUst&e`fDgluvwLx&

yJz{lKLM|}T~rRS��\j_`N`OYuJ��J��UC&_`ab��hi

\cdVs�yJ��J&]^opU��uvwL����U[\qrl:�hi\jyqh�

��hC&��������`�����WX&q��JuvwL����j�
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HemATC&cd�¢£_`ab¤¥,`r&z{�¦JNOPQRST~r§¨©[NOPF

`O¤¥,`UsªXu«��XVt&���hC_`ab¤¥,`�¬­U�W�je`fD

gC#®¯°h±²x�³&G´µ¶EµbD·�¸O�´µb&,-`¹ºD·�¸O�´µ

bUsªX»¼�½ª�j 

P¾¿��������`ÀÁD¸QÂÃC&Ä`Å3Å·bÆ�UsªX½ª�!Ä`Å�

ÇÈ 532 nm&Å·bÆ�ÇÈ�436�nm.j]^(O2)m*ÉJ¬­C»¼Ê³JËJ��W&Ì]L

Í^(CO)m*ÉC&Î,¤·aQ´Ï,¤P¸FÐdhÑÒx�³&CO ÓÔÕÖUV×qrh

�¼x�j 

@mØB 

O2opU����������`ÀÁD¸QhC&cdÙÚÛÀÜÝ`Þßàá[!(Fe-His)]Uâ

ã[\��`+`¤�äÂx� (å 1)j!(Fe-His)+`¤C&O2op³ 10�ns�� 100 !sU�¨X

225�cm
-1æçUäÂ��&q�Cè-éNÉ!êëìíUVWXFî`¤lm*xXWHWËJ.

Jï!227 cm
-1.stËð�Wï�ñx�jqJqrC&cd��uvJòóU 100 "sôõ�[

\qr�ñxXW\j�

Ìö&÷øJ����ÂÃ�&CO�Fî`¤rxX�WX½ª�rqù&õúJs�HÇûN

´¸CäÂ��ü&10 nsJÀÁD¸QUVWX&!(Fe-His)+`¤JÇûCè-éNÉJïrÌý

x�(åþ)jq�C&COopUVWXC&cd��Juvòól 10 nsôkUÿ xXW\qr

�!"[\j#$¿��������`ÀÁD¸QJÂÃ��&!(Fe-His)+`¤JÇûC&COo

p³ 1 ns hè-éNÉJïUÌý[\qrl%�ªXW\ 1jõúJmØCqJ{&r'(xH

Wj 

q�)hU&��pJ*+,-J.�/0á]LJ12HIJ%â��&O2opU�����

�����`ÀÁD¸QÂÃJ«34CH�ª�j���hC&yJÂÃU5�X«3x&]^

op³Jcd��uvwL�67[\qrlh8�j�
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HemAT U;WX&²<=��XW\m>uvC&CN m*ÉVs�è-éNÉJ?;J@hi

\jq��J�hC&ÛÀÜÝ`JABhi\,CDEbQFJGJHIl#8×JHªXW\

qrl{&��XW\ 2jÌö&KLJC-O·M`HIJ����&!(Fe-His)Çûl&ÛÀÜÝ

`ABGJI8UNO[\qrlP��XW\ 3jq��Jqr��&e`fDgC&Fî`¤J

oQU�ªX&qJÛÀÜÝ`ABJGJRS���uvwL�Tq[qrlñU��\j)�&

O2r COoprhÇûN´¸UVWlW���qr��&qJá8lFî`¤XYYuUZ[x

XW\\ZMË9]��\j 

� !(Fe-His)ÇûN´¸C&ÛÀÜÝ`l F cF^DÀUi\qr��&F cF^DÀJuvwL

�_`[\r9]��\jÌöh&ÌabHKLMe`fDgUVWX&GcF^DÀr HcF

^DÀJá8l&e`fDgJYZ±²UZ[xXW\qrlP��XW\ 4jq��Jqr��&

O2Jm*nopU�ªX&cd�� FcF^DÀ�cxX GcF^DÀ~ruvwLlR%t&

��UNOPF`O¤¥,`~rNOPQRSl½%�\&rW�dèQ�9]\qrlh8\j 
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