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C2 (a3ΠΠΠΠu)���� NO, N2O, O2, H2 � NH3
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�� ��� C2(a
3Πu) ���� NO, N2O, O2, H2, NH3 �	
��
���. C2(a

3Πu) �����

266 nm�� C2Cl4���, �������(LIF)�� C2(a
3Πu) ������� !"�
#$�%&,

'( C2(a
3Πu)���� N2O, NH3�)	
*+,-:

2N Ok = (1.63 ± 0.20) × 10−13 cm3
�mol−1

�s−1,
3NHk

= (5.92 ± 1.00) × 10−14 cm3
�mol−1

�s−1. C2 (a3Πu)���� NO, O2, H2����	
��
���: kNO =

(5.46 ± 0.10) × 10−11 cm3
�mol−1

�s−1,
2Ok = (1.58 ± 0.16) × 10−11 cm3

�mol−1
�s−1,

2Hk < 1.0 × 10−14

cm3
� mol−1

�s−1. ��	�������
����: C2(a
3Πu) ���� NH3� H2�	��� !"

#, $�	
%&'()*+,-./.

��� C2 (a3ΠΠΠΠu)��� ������ 	
��
�

C2 ����������	
��
����

��������������. ������ !

"#�$�
%�&'�()*���+,[1~11]. -

. C2����&'/01234�56�78�9

:;<�&'-*���=>?@. / C2 ���A

O2, H2 � NH3 B�CDE�&', -FG%���

���HI�JK
�LM. N/ C2 ���A NO,

N2ODE�&', /0178�O�PHQRST�

�
(prompt NOx)�&'�UVW��. XY, C2 Z

��[\]^_�`ab��� , c��d 1 +
g(X Σ )

�e�[f�ghd(a3Πu)5ijkl 610 cm−1. N

mn[obd�pqrZst�uVv�(wVx/

E Mulliken y 1 + 1 +
u g(D X )Σ ← Σ � Swan y(d3

Πg ←

a3
Πu)), mz{|}~���[&'�X�obd�

��/�ODE������. �N, -. C2 ��

��&'�����O������ , ��>��

� C2����K�����. =�, C2���u��

���pb��(IRMPD)���p�(UV Photolysis)

�����  , ¡}¢£%¤�>�r/¥5i¦

§�DE¨©Oª«¬­�&'[11~23]. Wittig B[14~18]

® IRMPDK� C2, &'� C2���A�¯°	
�

�
�±�²Vb�DE; McDonald B[19~21]®��

p����K� C2���, / C2���A�³	


��
DE��´µEª«�&'; ¶·, Fontijn²

¸[22,23]® 193 nmgpp� C2Cl4K� C2(a
3Πu) ��

�, ��K
�¹º/ C2 (a3Πu) A NO� O2DE�

�´µEª«�&'.

»¼�½¨DE�¯�, �]�, ¾¿À 865 Pa

�ÁÂÃ , Ä®gpp� -gpÅÆÇpÈÉ&'

C2 (a3Πu) ���A NO, N2O, O2, H2� NH3�DE,

��¹º C2(a
3Πu) ����j/Ê´ËDEY��

Ì�.¯, ÍÎ C2(a
3Πu) ���Am³²VbDE

�HI]Ï, ¦�%¤ÐÑ, Ò� C2(a
3Πu) ���

A H2� NH3�DE��[Ó
�Ô���, ÕDE

�Ö×�ØÙÚ��[5Û.

1 ��

DEÜ���ÝÞß�gpp�-gpÅÆÇp

(LP-LIF)àá, �1â����ã-äå�¤æ[24,25].

C2 (a3Πu) ����� 266 nm�gp(Nd: YAGçè

é, New Waveêë, ìíî5ïÀ 5.0 mJ)p� C2Cl4

K�, gpð���[ñò� 50 cm �óôõö÷

ñøDEÜ���ù, ú��ð Nd: YAG (Spectra

Physics, GCR-170, 10 Hz)ûüýþgp(Sirah)��¹

ºp, p�p�¹ºp���j/���DEÜ�,

¹ºp��� 516.5 nm�gh C2��� Swan (d3Πg

← a3Πu) �(0, 0) y, ýþgp�5ï� 2 mJ/íî.

����gp	
p/>���� , Rp�p�¹

ºpÙ���¯°�p�� , >������¹º
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¾ÇpN�¹º C2 (d3Πg → a3Πu)(0, 1)y�h
Çp

(563.5 nm)��� C2 (a3Πu) ����j/Ê´Ì�.

h
Çp��¸õö�����,�(0.7 nm FWHM)

��poè��(R928, Hamamatsu)����� , �

�����Ï�Ú�� !(TDS380, Tektronix)"#

�$%Ã���Ö&�ª«V'�(% . p�p�

¹ºp�)*Y���íî��h�! (Stanford

Research DG535)�+,, )*Y�£ 0 Ì�ø-.

&/.

�>����, f0ª#(C2Cl4/Ar; DE
/Ar;

1Ar)® 3[2ï½ï��!(D07-7A/2M, 34)Vx

��, ���56�ÆÖDEÜ�, 7�#�89�

�DEÜ� , Þß�:�Vb C2Cl4 �Ê´�

6.0×1013 mol�cm−3; DE
�Ê´;<£ 1.0×1014

mol�cm−3 Ì�ø 1.0×1015 mol�cm−3; DEÜ��

¾¿À 865 Pa, :�Vb C2Cl4 �V¿� 0.5 Pa, m

�=>�>�����?@�Ì� . �:�Vb

C2Cl4��p�K�� C2 (a3Πu)���A¨�´��,

® Ar��B#��3���CDDE
� C2 (a3Πu)

���E��ïbd�VF; ú��3, cuG�8

C2 (a3Πu)����DE
H
�¹ºI�H´.

>�1, JKLM C2Cl4 (rN, O98%), NO(P

4_Q#�R , O 99%), N2O(P4_Q#�R ,

O99.7%), O2(P4_Q#�R , O99.999%), H2(P

4_Q#�R , O 99%), NH3(P4_Q#�R ,

O99.999%)�STUr��VW��¿�#�XY

1�, 6Z# Ar(P4_Q#�R, 99.999%) [ª�

\~1.

2 �����

>���� 266 nmgpp� C2Cl4K� C2 (a3Πu)

���, ]®gpÅÆÇp(LIF)¹º C2(a
3Πu)���

�j/Ê´ËDEY��Ì�, �� C2(a
3Πu)���

ADE
�DEHI]Ï . �G C2 �����d

1 +
g(X )Σ �e�[f�ghd (a3Πu)5iljk 610

cm−1, �^ C2 (a3Πu)�Q_R�DE
DE�, DE


`aNÆb��d�f�d¯�cde���

C2 (a3Πu)�Q_ . �fQ�®XYÚ��ghÃ ,

C2 (a3Πu)Q_u5�¨©O��wÃ:

C2(a
3Πu) + DE
 1k→ K
 (1)

C2 (a3Πu) + DE
 2

2

k

k ′
→← C2

1 +
g(X )Σ + DE
 (2)

C2 (a3Πu) + Ar 3

3

k

k ′
→← C2

1 +
g(X )Σ + Ar (3)

C2 (a3Πu) 4k→H
 (4)

(1)� C2 (a3Πu)�DE
Q_���, (2)�(3)Vx��G

DE
�B#(Ar) `aÆb� C2(a
3Πu) ↔ C2

1 +
g(X )Σ

¯�cd��. >����, :�Vb C2Cl4 �Ê´

=DE
�Ê´WÎ�G?ij�i·kÁÂ�M

l. mnGr¨©Ooß, �j�iDE·kÁÂÃ,

C2(a
3Πu)����Ê´ËDEY��Ì�.¯wÃ:

[C2 (a3Πu)](t) = [C2 (a3Πu)](t= t 0)exp(−kpt) (5)

kp= k[DE
] + k0, (6)

¥� kp�j�i�Q_HI, t �p�p�¹ºp�

)*Y�, k0�RDE#��¥q��/ C2(a
3Πu)�

���Q_HI, k � C2(a
3Πu)����DE
Q_

�HI]Ï. �G¯�cd�Ú�, krs C2(a
3Πu)�

��ADE
�DEHI]Ï�¯�cdHI]Ï

ftV. 0DE
� N2O, NH3� NO B�uab¸

M�Vb, �G¥�d�����´A C2(a
3Πu)��

X, mn��vw�x, `ayz�¯�cd\]²,

Wittig B[17,19]��&'h=0 C2Am�{VbDE,

¯�cd�HI� k < 3×10−14 cm3
�s−1

�mol−1. 2G

�&' C2(a
3Πu)A N2O, NH3� NO�DEY, ¯�c

d��|�}~ , >�ºÎ�HI]Ï>!r·k

�`VbDE�HI]Ï; N O2 ��d�f�d,

/ C2(a
3Πu)��\]-µ , `ayz�¯�cd�

C2(a
3Πu)Q_�Ô��� , ±�ÎøDEHI]Ï ,

�5ÍÎ C2(a
3Πu) → C2

1 +
g(X )Σ ¯�cd�HI]Ï.

� 1��j�i·kÁÂÃ, |}®gpÅÆÇ

p(LIF)¹º C2(a
3Πu)����j/Ê´ËDEY�

�Ì�. >���ºøE��C2 (a3
Πu)����Ê´

��À 8 µs �ø¶", Ë�Ë)*Y��ì�Ï�

�, mn C2(a
3Πu)����Ê´A)*Y��.¯,

j�i�Q_HI kp� 8 µs��>�Ïn�ê�(5)

®¶²f����Îø. � 1{��Þß� C2 (a3Πu)

ËDEY�Ì���/Ï� , >�������¦

�.

Ë*DE
Ê´���j�i�HI]Ï kpË

��", kpA2�DE
Ê´.¯wê�(6). �^,

/{��>�ÁÂ(wjX��´�¿©), �ÌDE


�Ê´�ºï C2(a3Πu)���Ë)*Y��Q_,

£NÎø�XDE
Ê´Ã�j�iDEHI]Ï
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� 1 �� 865 Pa, �� 298 K�, C2 (a3Πu) ��	�
�

��(266 nm)�
��(516.5 nm)��������

����

���������	, 
���
�����

� 2 �� 865 Pa, �� 298 K�, ������� �

C2(a3Πu )+ O2�!"#�(�)� C2(a3Πu )+ NO�!"#�

(▲)�$��%&�
������������	

k�, � 2������	
��
� k�� O2� NO�

�����.

����(6)���, ���� C2(a
3Πu)!"#

$��%	
&	
���
�. '(), *+ 865

Pa �,-., C2(a
3Πu)!"#$/0	
&	
��

�
�%12 1, /%3456 1σ.

�1 C2(a
3Πu)$ N2O, NH3� NO789�	
,

"1�:;<�=�>?@A, C2(a3Πu)�BC��


�DEFGH6I89	
���
� , J��

C2(a
3Πu)$ N2O � NH3	
���
�8K6(1.63

± 0.20) × 10−13 cm3
�mol−1

�s−1�(5.92 ± 1.00) × 10−14

� 1 ��� C2(a3Πu)����	
��
���

����(��: 10−11 cm3
�mol−1

�s−1)

��� ���� �	
� �


H2 <10−3 LP-LIF ��

3×10−3 IRMPD-LIF [16]

5×10−4(300 K) LP-LIF [18]

O2 1.58�0.15 LP-LIF ��

2.7�0.3 IRMPD-LIF [16]

NH3 (5.92�1.00) ×10−3 LP-LIF ��

NO 5.46�0.10 LP-LIF ��

7.5�0.3 IRMPD-LIF [16]

5.43� 0.34(300 K) HTP [22]

N2O (1.63�0.20)×10−2 LP-LIF ��

cm3
�mol−1

�s−1. C2(a
3Πu)� NO������(5.46 ±

0.10)×10−11 cm3
�mol−1

�s−1, �	
�� Wittig�[14]

�(7.5 ± 0.3) × 10−11 cm3
�mol−1

�s−1
�����,

�� Fontijn[23]��(5.43 ± 0.34) × 10−11 cm3
�mol−1

��

s−1 (300 K)�����. ����, �� RMW ��

���� !"#�$%&'()*+,-. : 	

/ RMW �01234567(IRMPD)�-89:

C2(a
3Πu);<=&'����>?:@�ABCD�

E , �FGH������� !"#; I	-. ,

RMW �JK��9> CN(B→X)� CN(A→X)LM

N4�O�P������� !, �Q C2
1 +

g(X )Σ

���FR��
�9:ST.

U C2(a
3Πu)� O2 ���KVW, <XYZGH

[\]^�KV�_, 4`9:�?:@� C2
1 +

g(X )Σ

� C2(a
3Πu)UYZa0*b�cdef , ghR

C2(a
3Πu)ij��� !���kPlm. Fontijn �

JK9>�O��d C2
1 +

g(X )Σ � C2(a
3Πu)nK[\

]^cdefo C2
1 + 3

g u(X , a )Σ Π � O2����� 

!(p 3.0×10−12 cm3
�mol−1

�s−1)[23]. <X C2
1 +

g(X )Σ

� C2(a
3Πu)� O2 ����� !�� , q O2 R

C2(a
3Πu)�rs�(t, %u( C2

1 +
g(X )Σ vwxyU

�z{* , C2(a
3Πu) �ij�� !|}~���

O2YZ���C2 (a3Πu) → C2
1 +

g(X )Σ [\]^���

 ![15]. U�|�W, C2Cl4�/9:C2
1 +

g(X Σ � a3Πu)

;<=����, �/� ��� C2
1 +

g(X )Σ �vw

x, ��C2
1 +

g(X )Σ �����#p/�C2(a
3Πu)��

� 430 �(�� !���: k(1C2) = (2.6 � 0.2) ×

10−10 cm3
�mol−1

�s−1, k(3C2) = (6 � 0.5) × 10−13
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cm3
�mol−1

�s−1)[17], U C2Cl4 a � v w x � w

C2
1 +

g(X )Σ �z{*, ��� C2(a
3Πu)� O2 ��� 

!�(1.58 ± 0.15)×10−11 cm3
�mol−1

�s−1, 
��[22]

���� C2
1 +

g(X )Σ � C2(a
3Πu)� O2������#

�	,!��, &)��U�|�W, C2(a
3Πu)� O2

����������, u
����X C2(a
3Πu)[

\]^dC2(X
1
Σ

+
g)���. U�� ¡¢£¤¥, �

� � �� ¦� Wittig � [17]� � � C2(a
3
Πu)→

C2
1 +

g(X )Σ [ \ ] ^ � � � (2.7 ± 0.3) ×10−11

cm3
�mol−1

�s−1
�	H.

<§ 1 &¨, C2(a
3Πu)� H2���� ©ª, «

[\]^¬­®�|�%¯�ST , °8±²u�

��� !�³´¦, µ/±²��£¤�¶·, 


���W���[17], ����u¶·/���.

3 ����

(¸ C2(a
3Πu)� NO¬ O2���¹º�3, R�

���»��¼½¾�¿�[14,17,22,23]. ÀX C2(a
3Πu)

� N2O ��, |�
�§Á�/	,
�ª���,

<X N2O/ÂÃ�5, ÄÅÆÇ-È� ZÇ, ÉÊ,

�5� 2Py 65&Ë�	,ÌWÍÎ65�# π Æ,

2Px 65¾&Ë�	,# π Æ , RX�ÏÐ(7Ñ

π Æ�°»�5, U� C2(a
3Πu);<=���KVW,

<X C2(a
3Πu)/	,Ò65=Ó , �� pσ Ô��

N2O�5W� πÔ�Õ9:Ö×a0, � C2(a
3Πu)pσ

Ô�~�	,65/�RØ� , &'�KÙ@W�

�ÆÔ�a0
�lm , ghGH���ÚÛÜy

U	,'Ý, �) C*����� !��.

(¸ C2(a
3Πu)� H2���»�, Wittig�[17]U�

5Ô��½�=Þ~, �� C2(a
3Πu)ßÚd H-HÆË

�àá� C2H2�5� C = CH2KÙ@. âh, gã�

ä���5Ô�Ö¸å~&æ² , u��yU	,

� E�'Ý(p 20 eV), �) C*ßÚ��çè

/é&'�. Pasternack �[19]U|��=Þ~, ��

u���êë'� 5.99 kcal/mol, JKR9>�'�

¬RØì�í, ã���:� C2H(X2Σ+)� C2H(A2Π)

î/&'�, ï��ðñ���(21.3 ± 2) kcal/mol�

10 kcal/mol, Uu=Þ~, ò²óô���»�. �

�õ�R��»���ö , ��0 gaussian 98 U

B3LYP/6-311G(d, p)÷e~R C2(a
3Πu)� H2� NH3�

��øù��½·ú. û>Ï�A�ü�ýX§ 2,

þ�·ú'�����'�.(å 3)
�����	

� 2 � B3LYP/6-311G(d, p)������	
���


��

�� ����/cm−1

CC(a3Πu) 1692
CCH 311, 1973, 3521
H2 4422
CCHH (TS) 915i a), 303, 703, 827, 1700, 1751
NH3 1000, 1666, 1666, 3479, 3606, 3607
NH2 1535, 3331, 3417

CCHNH2 (TS)
1376i a), 182, 214, 459, 565, 790, 1262, 1328,
1578, 1749, 3388, 3490

a) i ��	�

� 3 CBS-QB3//B3LYP/6-311G(d, p)���������

(kJ/mol)

�û���»�.

·ú
�§Á C2(a
3Πu)� H2� NH3���/ó

ô�
�KV. RX C2(a
3Πu)� H2���, U���

ÚÛJ�yU 34.32 kJ/mol�'Ý, nK	,KÙ@

(TS), ��:� C2H(X2Σ+) + H, ��ðñ� 47.61

kJ/mol, �� Zhang�
[26]�·ú� 32.52 kJ/mol�

��'Ý
�	H. �Q, JKR C2(a
3Πu)� NH3�

��·ú, L� C2��d	, H$5~Ë�KÙ@,

uKV��K 12.12 kJ/mol�'Ý, âo� C2���

H $5F�óÅ*P:��9> C2H(X2Σ+)� NH2,

�q�ð² 38.04 kJ/mol ��ñ. ·ú§Á, RX

C2(a
3Πu)�H2¬NH3���, óôÚÛJ�yU	,

'Ý, �q C2(a
3Πu)� H2���'Ý(34.32 kJ/mol)


� NH3 ���'Ý(12.12 kJ/mol)E�3 , ��

C2(a
3Πu)� NH3����� !�

3NHk = (5.92 ± 1.00)

× 10−14 cm3
�mol−1

�s−1h� H2����� !çè

�é²�	|��|/���.
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4 ��

���0 LP-LIF -8¹º� C2(a
3Πu);<=�

	[ý°»��5��� , ��������� 

!. ïW�C* C2(a
3Πu);<=� NH3���5��

�� !
3NHk = (5.92 ± 1.00) × 10−14 cm3

�mol−1
�s−1

)¬� N2O����� ! 2N Ok = (1.63 ± 0.20) ×

10−13 cm3
�mol−1

�s−1. ��, ��� C2(a
3Πu);<=

� NO� O2ij��� !, U0 C2Cl4a�vwx

w�C2
1 +

g(X )Σ R���[ST��ò*, RC2(a
3Πu)

;<=� O2 ���øù�¼½. ��õ�R��»

���ö , ��U B3LYP/6-311G(d,p)÷e~R

C2(a
3Πu);<=� NH3 � H2���øù�·ú, 


�§Á, C2(a
3Πu);<=�NH3, H2���)óô�
,

U��ÚÛJ�yU	,'Ý, �����|�
�

/���. ø	��|�¹º¬E÷e��½·ú(

�X�� !"Ú��`���KV.

�� ��������	
��(
��: 20373065), �

�����������(
��: G1999075304)���	


���(
��: KJCX2-SW-H08)����.
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