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�íÏ��»��5�î­, ®��g3��b	�Ë�e)l)¤»�Ï��il�®��f, ´Ì��
8��. �©À^9`����O©f, |^lf�Ý¤�EâÚ��Orõ1f>lEâÿ�9`�3 266 nm

b	1)le�)�Ä�9�f I(2P3/2) 3ØÓà�>Øe�lf�ÝK�, ��lf�Ý¤�XÚ���X
ê N = 1.13. ¿|^TXÚïÄ
 1, 4- Å�¶�3 ∼234 nm b	Ë�e�)lÄåÆ, ©Û?Ø
)l�)�Ä
� Br (2P3/2) Ú-u� Br∗ (2P1/2) ��ÝÚ�Ý©Ù&E, �«
 1, 4- Å�¶�3 ∼234 nm b	1)l�)Ä
� Br �fÚ-u� Br∗ �f�Ï�Ñ´
u C-Br �ü½³U¡þ�¯�)l. ©¥ÏLO��¡K��Ý©Ù
���É5ëê β �, ��
)¤Ä� Br(2P3/2) Ú-u� Br∗ (2P1/2) ü�)lÏ�¥�²1�[ÚR��['
~. ,	, �©�éÅ�`�, 1, 2- Å�¯�, 1, 3- Å�Z�Ú 1, 4- Å�¶�3 ∼234 nm e�1)ÄåÆ?1'�,

©Û��V®��g©f)lÅné�Ä|ó�Ý��6'X.

'�c: 1, 4- Å�¶�, 1)l, lf�Ý¤�, XÚ�O

PACS: 33.80.Gj, 33.20.Lg, 82.80.Ms, 82.30.Lp

1 Ú ó

3�í¥, Ï���±áÂk³���b	Ë
�, éu�o<aèx±9)��¸�~­�, ´
<a7Ø����oÐ. ,
, ®��f%U»�
�íÓ§�¥�Ï� [1], ù
®��f5guóà
��¡¤^�Nõ¹®��zÜÔ, 
��b	�
1)ù
¹®�zÜÔ´ù
©f��®��f
�Ì��ª, §�DÑ�Ó§��¤�»�Ï��
�8��. X®��gáÂ��b	�u)1),

¬�)»�Ï���®��f. ®��g3�í¥
�Æ·�ûu1)�Au)��Ç, Ïd, �
©
ÛùazÜÔé�¸�K�, éÙ1)ÄåÆ?1
ïÄ´�~7��. 3L��A�cp, ®��g

b	1)ÄåÆÉ�
c¤�k�­À [2,3].

Ù¥¹õ�®��f��Ä�®��g31
)L§¥¬�)õ«®��f, Ï
äk��E
,�)lÏ�. Ïd, éV®��gÚõ®��g
1)ÄåÆ�ïÄ¤�¢�ÚnØïÄ����
: [4−13]. �éuÙ¦®��f, ÅÚ�éÏ��»
�4Ùî­, Å�V�g©f�ïÄ��´�Æ[
�ïÄ�9:¯K [14−18]. XÅ�`� [14,15], Å�
¯� [16,17] �ù
áó�Å�V®��g�b	1
)lÄåÆ®²�±¿©�ïÄ, 
é�óÅ�V
®��g�ïÄé�.

·�æ^lf�Ý¤��{(Ü��Orõ
1f>lEâ, ïÄ
;.��óÅ�V®��g
©f 1, 4- Å�¶��b	1)lÄåÆ, ¼� 1, 4-

Å�¶�1)�Ô��ÝÚ�Ý©Ù&E, ©Û?
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Ø
 1, 4- Å�¶��b	1)lÄåÆ, ¿'�á
óÚ�óÅ�V®��g�)lÅn, V)
Å�
V®��gb	)l�Uþ©Ùé�Ä|ó�Ý
��6'X.

2 ¢ �

lf�ÝK�¢�C��Ä��n� Eppink

��aq [19,20]. C�Ì��)ý�nN, óÀ�
(©få, �1�m�Ì¤ (g�), êâ&ÿÚæ
8XÚ±9-1XÚ�A�Ü©, ��©z [21].

ý�nN�)å
¿Ú>l¿ü�Ü©. ¢��
¬± 1.8 × 105 Pa � He �1ídóÀz (paker,

general valve) �\å
¿/¤�(©få, 2²�
��»� 1 mm �§� (skimmer) �å!O�!
?�Úe%�?\>l¿, �-1�^. >l¿
p��1�m�Ì¤©¤>l«Úgd�1«,

3>l«�)��Ôlfd>|\�Úlfßº
à��²Lgd�1«, &Ò�gd�1«"à
� �¯a&ÿì�Â.  �¯a&ÿìd�Ï
�� (MCP) ÚF1¶ (PS) |¤. 5g PS �F1
&Òd CCD �Å (MS-2821E, Mintron) Ú1>�
O+ (PMT, 931 A, Hamamatsu) P¹, ©O¼�1
)�¡�lf�ÝK�Ú�1�m�Ì, ¿�ª
DÑ��ã�æ8k (Model 611 Frame Grabber)

�O�Å?1êâ��Ñ�?n. ��XÚ�
�Sd�S��ì (DG535, Stanford Research Sys-

tems) ��. ¢�¥¦^�b	Åã-1�)�ª:

d Nd:YAG -1 (YG981E10, Quantel) n�ª��
� 355 nm -1, 2Ä$/�-1ì (LambdaPhysik,

ScanMate2E OG) �)��1�, 2² BBO ¬N�
ª�)b	-1. �ª�)�-1²�å� 25 cm

�ßºà��?\ý�¿, Ù ���²1u&
ÿìL¡. ¢�æ^ (2+1)REMPI &ÿ)l�Ô
Ä� Br Ú-u� Br∗, À^�V1f��áÂ�
¥m�©O� 6p4P 0

3/2 Ú 6p2S0
1/2, éA-1Å�

©O� 233.62 nm Ú 233.95 nm. æ8lf�ÝK
����Ø Doppler �AE¤� �, ¢�¥��
3 ±0.005 nm ��SéÅ�?1×£.

�¬9`�Ú 1, 4- Å�¶��½È (C.¶
ÁJúi), XÝ©O� 99%Ú 97%, ¦^���?
�ÚXz.

3 ¢�(JÚ?Ø

3.1 lllfff���ÝÝÝ¤¤¤���XXXÚÚÚ���OOO

dulfßº/¤�>|Ø´²1>|, lf
3&ÿìþ/¤l/��» r ��¡�Ý v Ú�
1�m t �3Xe'X:

r = Nvt, (1)

ª¥ N ���Xê, N ���-1�^:3�^
«� �k', ´�¢�C�k'�ëê, �´·
�I��O�ëþ.

3·�lf�ÝK�XÚ�O¥, ·�ÀJ

9`����O©f, Ï�9`�´;.�®��
g©f, �'�ïÄ®²'�¤Ù [22−24]. 9`�
3 266 nm e�)lÏ��

CH3I + hν → CH3 + I(2P3/2)

→ CH3 + I(2P1/2), (2)

=9`�©f� C—I �3 UV 1�Ëìe¬u
)ä�
)¤Ä�9�f I (2P3/2) ½-u�9�
f I∗(2P1/2). Parker �|^lf�ÝK�EâïÄ

9`�3 266 nm �1), ÿ�)l��¡Ä�
9�f��Ý��� v(I) = 584.6 m/s[24]. �âþ
ãêâ, ·�æ^ 266 nm b	-1é9`�?1
1)l, æ8lf�Ý¤�, l
é·��¤�X
Ú?1�O.

3 266 nm NC�Ðk 265.97 nm Å�éAu
Ä�9�f���Å�, ¢�æ^dÅ�, |^�
�Orõ1f>lé9`�)l)¤�9�f?
1&ÿ, æ8lf�Ý¤�. ¢�ÏLUC>Ø�
� (�± VE/VR '�ØC) 5UC I K���» R

(ÏLK� pixel 5�N) ��. ã 1 w«
ØÓ>
Ø��e9`�)l�)�Ä�9�fK�, ÏL
ØÓ>ØeK�éA� pixel ©Ù, ¿Ó�P¹z
|>Øe�1�m t, ,�[Ü Pixel-t ­�, Xã 2

¤«.

�âã 2 �±wÑ R-t kéÐ��5'X,

`²lfßº�>Ø´�5Cz�. 3ü½4>
Ø� 3200 V Ú\�4>Ø� 2300 V �à�>
Øe, ÿ�Ä�9�f� pixel ©Ù. �â Parker

�¢�(J, T pixel ©Ù�¸�AéAu�Ý
� v(I) = 584.6 m/s, �â (1) ª, �±�Ñlf�
Ý¤�C�3ü½4>Ø� 3200 V Ú\�4>Ø
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� 2300 V �ÿ���Xê N = 1.13. élf�Ý
¤�XÚ�ÿÁÚ°(�O, �e©�ïÄó�9
Ù¦¢�ó�C½
Ä:.
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3.2 1, 4- ÅÅÅ���¶¶¶���333 ∼ 234 nm ���bbb			111
)))lllÅÅÅnnn

¢�¥æ^lf�Ý¤�EâÚ��Orõ
1f>lEâ�(Ü��{�� 1, 4- Å�¶�
3 ∼ 234 nm b	1)l�)� Br Ú Br∗ 9�f
�lfK�, Xã 3 ¤«. ¢�¥æ8NCÅ�e
���^�e�K���¢��µ. �Þ¤���
��-1� ���.

éã 3 K�?1n�­�, ¿?1�ÝÈ©,

�±��ù
�¡��Ç©Ù P (v), Xã 4 ¤«.

ã 4 ¥��´·��¢�(J, ¢�´éA�p
d[Ü(J, �Ä��µ�5�D(, [Ü(JÚ
¢�(JÎÜ��~Ð. 3·��¢�p, ÃØ´
Ä� Br �f�´-u� Br∗ �f�¢��Ç©
Ù P (v) Ñ�±^��éÄ�üpd¼ê­�?1
[Ü, `² 1, 4- Å�¶�áÂ��b	1f�-u
�ü½³U¡
u)¯� C—Br �ä����)
lL§. 3 ∼ 234 nm NC, ·��ÿ�
 Cl �f
�Ô�ã�, Ùã�¥y�Ñ�©Ù, ùV« Cl �
f�ÔØ´du C—Cl ����ä��), 
´5
gu�g)lL§.

(b)(a)

ã 3 1, 4- Å�¶�3 ∼ 234 nm NC)l�)� Br

Ú Br∗ �lf�Ý¤� (ã¥�ÞL«-1 ���)

(a) Br (233.62 nm); (b) Br∗ (233.95 nm)

é­��n�©Ù?1�ÝÈ©, �±��Ù
�Ý©Ù P (v), �Ý©Ù�±^±eúª=�¤�
%NX�²ÄU©Ù P (E):

P (E) = P (v)
dv

dE
, (3)

ET =
1
2
(mBr + mC4H8Cl)

mBr

mC4H8Cl
v2, (4)

Ù¥ ET, mBr, mC4H8Cl Ú v ©O�Lo�²ÄU,

��f��þ, C4H8Cl gdÄ��þÚ��f�
�Ý��.

)lL§¥��]^Udeª5O�:

Eavl = hv − D0 + Ep
int = ET + Eint, (5)

E∗
avl = Eavl − Eso = E∗

T + E∗
int, (6)

fT =
ET

Eavl
, (7)

Ù¥ Eavl Ú E∗
avl ©O�Ä�Ú-u���f�

�]^U, hν ´ü1f�Uþ, D0 � C—Br ��
)lU, éu 1, 4- Å�¶�, Ù C—Br ��)lU
^ 1, 3- Å�Z�� C—Br ��)lUCq, � 289

kJ·mol−1 [25]. du3�(©få¥©f�=ÄÚ�
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Ä-uÑ�±�e%, 1N©f�SU Ep
int Cq�

". Eso = 44 kJ·mol−1 �L��f�g^ - ;�Í
Ü�Uþ [26]. |^þ¡�ê�, �±O��� Br∗

Ú Br Ï�²ÄUÓ�]^U�'~ fT �[�Ä
åÆëêXL 1 ¤«.
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n
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ã 4 1, 4- C4H8BrCl 3 ∼ 234 nm NC)l�)� Br (a) Ú Br∗ (b) ��Ç©Ùã

L 1 1, 4- Å�¶�3 ∼ 234 nm b	1)eUþ©Ù9�Ý���ÄåÆëê

Å� /nm Ehv/kJ·mol−1 Eavl/kJ·mol−1 v/ms−1 ET/kJ·mol−1 fT

Br 233.62 512.05 223.05 743.04 41.40 0.19

Br∗ 233.95 511.33 178.33 690.57 35.76 0.20

²ü½³U¡u)���)l�A¥�Uþ
©��±Ú\ÀÂ�.�ü«gdÄ4�5?1
��, =M�.Ú^�. [27]. M�.nØ�ÑUþ
3�¡�ÄgdÝþ�©�, 
^�.nØr©�
��Äþ�Uþ�Ä3S. �âM�nØ, ý�õ
êUþ�©���Ô�²ÄUþ, ù��©�¢�
(Jké�Ñ\. ^M�nØ5)º 1, 4- Å�¶�
1)�Uþ©�w,´ØÜ·�. XJæ^^�n
Ø, �Ä�)l¥��Ä-u, K fT = 0.23, ��©
¢�� (éA Br Ï�´ 0.19, éA Br∗ Ï�´ 0.20)

'��C, `²
 1, 4- Å�¶�1)�^^�.n
Ø)º. ��, 1, 4- Å�¶�b	1)L§¥k�
��Ü©�]^U�©��
gdÄ C4H8Cl ��
=gdÝþ.

±þ?Ø´Äulf�Ý¤���Ý©Ù, Ï
L¤���{, Ø=�±��lf��Ý©Ù&E,

��±Ó���lf��Ý©Ù&E. lã 3 �K
�¥�±²wuy-u���f Br∗ ü4©Ù²
wruÄ���f Br, ù�N
-u���f Br∗

'Ä���f Br äk�r���É5. élf�
Ý¤�¿?1�ÝÈ©, ���lf��Ý©Ù&

E, 2éd[ÜB�¼��N�Ý©Ù���É5
ëê β �, ©Û��-u���f Br∗ ÚÄ���
f Br ���É5ëê β �©O�� 1.81 Ú 1.04.

L 2 1, 4- Å�¶�3 ∼ 234 nm b	1)�) Br∗ Ú Br

Ï��R��[Ú²1�['~

Å� /nm β
�[

x///% x⊥/%

Br∗ ∼ 234 1.81±0.05 94 6

Br ∼ 234 1.04 ± 0.06 68 32

��;.�®��g©f, 1, 4- Å�¶�� A

�´d�¤�>f�) n → σ∗ �[
/¤. 3
dCq¦^ Mulliken I£ [28], A ��¹
n��
p�U�>f�, ©O´ 3Q0, 3Q1 Ú 1Q1. 3Q0 �
�ªÂñu Br∗ �Ô, �[ó4Ý²1u C—Br

���, =²1�[ (éA β �4�� 2), 
 3Q1

Ú 1Q1 ��ªÂñu Br, �[ó4ÝR�u C—Br

���, =R��[ (éA β �4�� −1). ¢�
�� Br∗ Ú Br ���É5ëê β �©O�� 1.81

Ú 1.04, 0u²1�[ÚR��[�m, ÑØ´ü
X�²1ÚR��[, ùNy
 1, 4- Å�¶�� A

�n�>f��m�3X³U¡ÍÜ. O����
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²1�[ (x‖) ÚR��[ (x⊥) �'~, XL 2 ¤
«. Br∗ � β ��C²1�[�4��, ²1�[
'~��
 94%, ù`²§Ì�5gu 3Q0 �. Br

� β �²w�u Br∗, TÏ�5gu²1�[ÚR
��[�'~©O� 68%Ú 32%.

3.3 ÅÅÅ���VVV®®®������ggg©©©fff)))lllUUUþþþ©©©ÙÙÙééé
���ÄÄÄ|||óóó���ÝÝÝ������666'''XXX

�
��Å�V®��g©f)lUþ©Ù
é�Ä|ó�Ý��6'X, �©'�
·�¤
ïÄ� 1, 4- Å�¶��c<ïÄL�Ù¦ØÓ|
ó�Å�V®��g (Å�`� [11], 1, 2- Å�¯
� [14], 1, 3- Å�Z� [15]) 3 ∼ 234 nm b	1)
ÄåÆ. Xã 5 ¤«, ùp�Ñ
ØÓ|ó�Ý�
o«ÓXÔ3 ∼ 234 nm b	1)e�Uþ©Ù.

lã 5 �±²wuy, �X|ó�Ý�O\, �]
^U©��²ÄU�'~ fT ²w~�. éu Br∗

Ú Br ü�Ï��C�ª³´���. éu Br∗ Ï
�, �X|ó�ÝO\, fT dÅ�`�� 0.54 Åì
~�� 1, 4- Å�¶�� 0.20. éu Br Ï�, �X|
ó�ÝO\, fT dÅ�`�� 0.51 Åì~�� 1,

4- Å�¶�� 0.19.

1 2 3 4

0.2

0.3

0.4

0.5

0.6

(CH2)4BrCl

(CH2)3BrCl

(CH2)2BrCl
CH2BrCl

 n
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f
T
=
E

T
/
E

a
v
l

ã 5 Å � V ® � � g (CH2)nBrCl(n = 1, 2, 3, 4)

3 ∼ 234 nm b	1)l²ÄU¤Ó'~ã

dd·���
Å�V®��g©f)lU
þ©Ùé�Ä|ó�Ý��6'X, =�X�Ä|
ó�Ý�O\, �]^U©��²ÄU�'~ fT

¥y~��ª³. ù«y�Äk39��g©f�
1)¥�uy [29]. ÁåäïÄ�|3 248 nm e^
^=óÀ©få��{?19��g©f1)Ä
åÆ�ïÄL², �X�Ä|ó�ÝO\, �]^
U©��²ÄU�'~ fT d9`�� 0.83 Åì

~��9Z�� 0.46. 
�9¶��, §3 266 nm

1)��]^U©��²ÄU�'~ fT =�{
� 0.35[30].

�X�Ä|óO\, )l�)�¡��=gd
ÝO\, l
���¡3)lL§¥�õ��=
��-u, ù��¡�SUBO\. X (6) Ú (7) ª
¤«, )l��]^U©�ü«å», �Ü©©�
��¡�²ÄU (ET), ,�Ü©©���¡�S
U (Eint). �X�Ä|ó�Ý�O\, �]^U©�
�SU�'~O\, ©��²ÄU�'~ (fT) B¥
y~��ª³.

4 ( Ø

�©À^9`����O©f, élf�Ý
¤�XÚ?1ÿÁÚ�O, ��9`�©f3 266

nm )le�)� I �f3ØÓ4�>Øe�lf
�ÝK�, ÿ�·��lf�ÝK�C����
Xê N = 1.13. |^TXÚïÄ
 1, 4- Å�¶�
3 ∼ 234 nm e�1)ÄåÆ, ©Û?Ø
)l�
)�-u� Br∗ ÚÄ� Br ��ÝÚ�Ý©Ù&E.

¢��«
 1, 4- Å�¶� ∼ 234 nm 1)�)Ä�
Ú-u���f)l�)Ï�Ñ´
u C—Br �
ü½³U¡þ�¯�)l, 
Å�f´ÏL�g)
l�). é)l�¡ Br∗ Ú Br lf�ÝK���
Ý©Ù?1©Û, �� Br∗ Ú Br ���É5ëê β

�©O�� 1.81 Ú 1.04, ddO���
ùü�Ï
��²1�[ÚR��[�'~. ,	, �©�é
Å�`�, 1, 2- Å�¯�, 1, 3- Å�Z�Ú 1, 4- Å
�¶�3 ∼234 nm e�1)ÄåÆ?1'�, ©Û
��
Å�V®��g©f)lUþ©Ùé�Ä
|ó�Ý��6'X, =�X�Ä|óO\, )l
L§¥�]^U©Ù�²ÄU�Ü©'~�5�
�, 
©��©f�=gdÝþ�Uþ'~�5�
p. ù
ïÄ4·��\�\/@£®��g©f
3b	1�^e�)lÄåÆ, �Ï���?�Ú
�oJø�½�¢�Ä:ÚnØ�â.

a�a¬é��Û�VïÄ¤p?�Æ[ Gregor

Knopp Æ¬3�©©Û¥���k^?ØÚïÆ; �©�

¢�ó�3¥��ÉÇÔn�êÆïÄ¤©f1Ì¢�¿

�¤, a�T¿�NÓ;3¢�Ïm���9%�Ï.
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Abstract

Depletion of atmospheric ozone layers is more and more serious. Alkyl halides dissociate under the solar UV radiation with the

product of free halogen atoms, which greatly damages the ozone layer and is the main culprit for the depletion of ozone layers. In

this paper, methyl iodide is chosen as a calibration system of velocity map imaging. Velocity map images of iodine atom I (2P3/2)

at different focus voltages are obtained in the dissociation of methyl iodine under an UV radiation of ∼ 266 nm by techniques of

velocity map imaging and REMPI (Resonance Enhanced Multiphoton Ionization). The magnification factor N of velocity map imaging

system is measured to be 1.13. Photodissociation dynamics of 1, 4-C4H8BrCl under an UV radiation of ∼234 nm is investigated on

this velocity map imaging system. The speed and angular distributions of the fragments Br(2P3/2) and Br∗ (2P1/2) atoms in the

dissociation are obtained and analyzed. Experimental results suggest that the dissociation of 1, 4-C4H8BrCl to both Br(2P3/2) and

Br∗ (2P1/2) atoms under an UV radiation of ∼ 234 nm happens promptly along the C-Br bond via repulsive surfaces after excitation.

The anisotropy coefficient β values are obtained from angular distributions of imaging of the fragments Br (2P3/2) and Br∗ (2P1/2)

atoms, by which the ratio between perpendicular transition and parallel transition for those two dissociation channels are calculated.

In addition, photodissociation mechanisms of CH2BrCl, 1, 2-C2H4BrCl, 1, 3-C3H6BrCl and 1, 4-C4H8BrCl at an UV radiation of

∼ 234 nm are compared, and the dependences of dissociation mechanisms of dihalogen alkyl compounds on size of the alkyl radical

are obtained.
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