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Äu Peterson ��� ab initio ³U¡, $^O²;;��{ïÄ
=Ä-ué O + HBr → OH + Br �AÄ
åÆ¥þ5��K�. ?Ø
�-EU� 0.3 eV �ØÓ=Äþfê�¹e�4z�©Ñ��¡±9£ã k–j′ ü¥
þ�'Ú k–k′–j′ n¥þ�'�©Ù¼ê p(θr) Ú p(φr). O�(JL²: �X=Äþfê�O\, �Ô�=Ä4z
~f, ��Ô�c�Ñ�ÓÌ�/ .

'�c: =Ä-u, ¥þ�', O+HBr �A, O²;;�

PACS: 34.50.Lf, 82.20.Ln

1 Ú ó

O+HX(X �L F, Cl, Br, I �®x��) �AØ
=´�a;.� - � - �þ|Ü/ª�Ä��
A, ��A¥��¹
 H �f�=£L§ [1]. Ø
d�	, 3�í²6�¤u)��A¥ O(1D) ë�
�zÆ�A´Ì6�A, ùÙ¥, O(1D) +HX ù�
a�A�ÄåÆ5�q´Nõ¢�ÚnØïÄ�
é�. �, ù�a�A�õê´�U�A, �AL
§¥�)�Ü©�Ô¬?up�Ä-u�, ùéz
Æ-1��)é�, ¤±3©fÄåÆ+�ù�
´�a��ïÄ�;.�A.

3�C�A�cp, <�l¢�ÚnØü�
¡éù�a�A?1
'��\�ïÄ. 3¢�
�¡, Balucani Ú Beneventi � [2] |^��©f
åEâïÄ
�X� O(1D)+HX ��A; Füsti-

Molnar[3] O�
 HOBr NX�cn��$ü�
�³U¡; Sinha � [4] æ^-1p�F1(Ü4
z9æõÊV1ÌEâïÄ
 HOBr NX�1

)lÄåÆ5�. 3nØ�¡, Peterson � [5] |
^p��õ|��p�^ (multireference configu-

ration interaction, RCI) �{Ú cc-PVTZ �OÄ|
?1
 ab initio O�, ��
 HOBr NX�³U
¡ (potential energy surface, PES) é����6'
X. 3d PES �Ä:þ, Gogtas[6] æ^þfåÆ�
�{ïÄ
 O(1D)+HBr→OH+Br �A�ÄåÆ5
�. /+�� [7] �¤õ/æ^
¹�Å��{ï
Ä
ù��A�Iþ5�X�AÅVÇà�A�
¡99�Ç~ê�.

@£Ä�zÆ�A [8,9] �¢�, ØU�ïÄ
zÆ�A�Iþ5�, ��ïÄ�A�¥þ5
�. ¥þ5���53uzÆ�Al��þ
5`´��É5�, ù«��É5´d���f
m��p�^å9éX�AÔÚ�Ô�³U¡
p��)�, �kr�*zÆ�AL§¥�Iþ
5�Ú¥þ5�?1nÜ�ÄâU�Ñ�AÄ
åÆ���ã�. 8cé O+HBr �A�ÄåÆï
Ä�õ8¥3Iþ5��ïÄ�¡, ù¿�

��¥þ&E, ¤±ïÄ O+HBr→OH+Br áNz
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Æ�AL§�¥þ�'5�´�~7��. �
©|^ Peterson � ab initio PES, æ^O²;;
� (quasi-classical trajectory, QCT) ��{ [10,11] ï
Ä
=Ä-ué O+HBr→OH+Br �A¥þ5��
K�.

2 O²;;�nØ

2.1 OOO²²²;;;;;;���OOO���

Peterson PES ´^	í���Ä|� MRCI

� ab initio � { [ Ü Ñ � ) Û L � ª [12], ^
T PES O�Ñ�1Ìëê�±�¢�¥(½�
1Ìëê�'[, Ù�p�^³�õNÐmª�

VHOBr(R1, R2, R3)

=
3∑

i=1

V (1) + V
(2)
OH(R1) +(2)

HBr (R2) + V
(2)
BrO(R3)

+ V
(3)
HOBr(R1, R2, R3), (1)

ª¥, R1, R2 Ú R3 ©O�L OH, HBr Ú BrO �

m�ål,
3∑

i=1

V (1) ´üN��Ú, Ï~ÀJ�f?

uÄ���Uþ�"³U. V (2)(R) ��N�, ÷v
� R → ∞ �, V (2)(R) → 0. V

(3)
HOBr(R1, R2, R3) �

nN�, �6u HOBr ©f�AÛ�., dn�Õ
áCþ5L«, ¿�?Û���fªuÃ¡��,

nN�Òªu". Ød�	, ·�¤^�ù� X1A′

PES '�kA:, =3T PES �Ñ��?k���
³², ùòK�T�A�áNÄåÆ5�. 3 QCT

�O�L§¥, ²;� Hamilton �§´n��m¥
�ê�È©, ê�È©�O(§Ý´ÏLu�z�
;��oUþÚo�Äþ´ÄÅð5¢y. O�L
§¥, À-EU� 0.3 eV, ¿��AÔ©f�Ð©
�=�©OÀ� v = 0 Ú j = 0, 6, 12, �AÔ©f
¶�Ð©4�Ú� �|^ Monte Carlo nØ?1
�Å��. �A�È©Ú�À� 0.1 fs, $1;�ê
� 50000 ^.

2.2 ���ÔÔÔ���===ÄÄÄ444zzz

O�L§¥æ^�%�IX5£ã k,k′ Ú j′

�©Ù, Xã 1 ¤«, k L«�AÔ��é�Ý, ²
1u z ¶; k′ L«�Ô��é�Ý, §� k |¤
� x-z ²¡Ò´Ñ�²¡, üö�m�Y� θt �Ñ

��; θr Ú φr ©OL«�Ô=Ä�Äþ j′ �4�
Ú� �.

ã 1 £ã k, k′ Ú j′ �©Ù��%�IX

Ï~�¹e, £ã k–j′ ü¥þ�'�¼ê©
Ù�±^�X�� Legendre õ�ª [13−16] ÐmL
«, =

P (θr) =
1
2

∑
l

(2l + 1)a(l)
0 Pl(cos θr), (2)

ª ¥ X ê a
(l)
0 =

π∫
0

P (θr)Pl(cos θr) sin θrdθr =

〈Pl(cos θr)〉 ¡�4zXê, k)ÒL«é¤k�
;�¦²þ; � l ´óê�¡Ù���Xê, l ´Û
ê�¡Ù�½�Xê.

£ã k–k′–j′ n¥þ�'�4�©Ù¼ê�±
^ φr �¼ê5L�, T¼ê�±^ Fourier ?ê [17]

Ðm

P (φr) =
1
2π

(
1 +

∑
even,n12

an cos nφr

+
∑

odd,n>1

sinnφr

)
, (3)

ª¥, an = 2〈cos nφr〉, bn = 2〈sinnφr〉. 3O�¥,

n = 1, 2, 3, · · · .

£ã�A¥ k–k′–j′ n¥þ�'��n��©
Ù¼ê�±^ PDDCS L«. 3�%�IXe, ��
'��©Ù�±L«� [18,19]

P (ωt, ωr) =
∑
kq

[k]
4π

1
σ

dσkq

dωt
Ckq(θt, θr)∗, (4)

ª¥ [k] = 2k + 1, (1/σ)(dσkq/dωt) ´ PDDCS,

Ckq(θt, θr) =
√

4π/(2k + 1)Ykq(θt, θr) �?��¥
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�¼ê. 3éõ1p�V©f�A�¢� [20] ¥, d
u1�¡´d1©f²ü©f)l¤, ��¡©
f�Ð�õ4ÝÌ�� k = 0 Ú k = 2, ¤±<�
é k = 0 Ú k = 2 � PDDCS '�a,�. �©
�O�
 (2π/σ)(dσ00/dωt), (2π/σ)(dσ20/dωt),

(2π/σ)(dσ22+/dωt) Ú (2π/σ)(dσ21−/dωt).

3 (J9?Ø

p(θr) ©ÙØ=�±£ã�f - ©f-E�
A [21−27] ¥� k–j′ ü¥þ�', ��UJøk
'�Ô=Ä���&E. lã 2 ¥�±��, p(θr)

3 θr = 90◦ ?Ñy¸�¿3d?¥y¶é¡©Ù,

ù¿�X�Ô�=Ä�Äþ j′ r�/��uR�
u�AÔ��é�Ý��. Ød�	, lã¥��
±w�, p(θr) �¸�'��, �, �X=Äþfê
�O\, p(θr) ©ÙC°, ¸���5�$, ùL²�
Ô�=Ä�Äþ j′ ���'�f, �, �X=Ä
þfê�O\ù«��§Ý3Åì~f. ��¡,

ù´Ï�T�Aáu - � - .�þ|Ü�ª,

�â�Ac�o�ÄþÅð, �AÔ�;��Äþ
Ì�=z��Ô�;��Äþ, Ï¦�Ô�=Ä
�Äþ��'�f; ,��¡´du3T�A PES

�Ñ��?k���³², ù��
���Æ·=
ÄäÜÔ�)¤, l¦�Ô©fl�³²�Ñ�
=Ä��'�f.

ã 2 �N k Ú j′ ü¥þ�'� p(θr) ©Ù

k–k′–j′ n¥þ�'�&EÚk'�Ô=Ä�
Äþ½��ÄåÆ&E�±d p(φr) ©Ù5?1
£ã. Xã 3 ¤«, p(φr) �©Ù¿Ø'uÑ�²

¡ (= φr = 180◦) é¡, ¿�3 φr = 90◦ Ú 270◦

?k¸�, �3ùü?�¸���Ø��, ù�
��A
�Ô�4z. d	, � j = 0 �, p(φr)

3 φr = 90◦ ���²w�u3 φr = 270◦ ��, ù
`²�Ô=Ä�ÄþØ=��u y ¶, ��½
�u y ¶����; � j = 6 �, p(φr) 3 φr = 90◦

������u3 φr = 270◦ ��, ù`²�Ô
=Ä�ÄþEª�u½� y ¶�����, �´
ù«½�§Ý3~f; ,, � j = 12 �, p(φr)

3 φr = 270◦ ���²w�u3 φr = 90◦ ��, ù
`²�Ô=Ä�Äþd�C�½�u y ¶��K
��, �½�§Ý�~f
.

ã 3 �N k − k′ ²¡Ú k − j′ ²¡� p(φr) ©Ù

PDDCS �±£ã k–k′–j′ n�¥þ�m�
�p'éÚ�Ô©f�Ñ��¹. ã 4(a) £ã
�´ PDDCS ¥� (2π/σ)(dσ00/dωt), §��Ñ�
� θt k', �N�´�Ô��©Ù�¹. lã¥
�±wÑ, 3n«=Äþfêe�Ô©fþLy
�Øé¡�c��Ñ�, ��X=Äþfê�
O\, ù«Øé¡�c��Ñ��§ÝCzØ�.

ã 4(b) £ã�´ (2π/σ)(dσ20/dωt), §Ø=�Ñ�
� θt k', ��´ 〈3 cos2 θr − 1〉 �¼ê, �N�
´�Ô��Äþ���A�. lã¥�±w�, §
� (2π/σ)(dσ00/dωt) ¥yÑ���©Ùª³, ¿
�X 〈3 cos2 θr − 1〉 ´K�, L²�Ô©f�=Ä�
Äþ j′ 3R�u k ���kr����. ��X
=Äþfê�O\, ù«��§Ý3~f.

ã 4(a) Ú (b) ùü��¡þ� q = 0 ��/.

éu q 6= 0 ��¹, PDDCS 3 θt = 0 Ú π ��� 0,

ù´Ï�3dÑ���4à�?, k–k′ Ñ�²¡´
Ø(½�. 3 lÑ���4à�?, PDDCS � �
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ã 4 Ó « - E U (Ec = 0.3 eV) e, � A Ô
© f � = Ä - u (j = 0, 6, 12) é PDDCS � K
�. (a) L « é (2π/σ)(dσ00/dωt) � K �; (b) L «
é (2π/σ)(dσ20/dωt) �K�

Ø � 0, Ï  � ± J ø ' u φr © Ù � & E.

ã 5 Ú ã 6 Ò ´ q 6= 0 � � ü � PDDCS,

= (2π/σ)(dσ22+/dωt) Ú (2π/σ)(dσ21−/dωt), Ù
¥ (2π/σ)(dσ22+/dωt) ��� 〈sin2 θr cos 2φr〉 ¤
� '. (2π/σ)(dσ22+/dωt) � � �, ¿ � X �
Ô�� u x ¶; ��K, ¿�X�Ô��u y ¶. ý
é���, `²��§Ý�r. (2π/σ)(dσ21−/dωt)

K� 〈− sin 2θr cos φr〉 k', ���, `²�Ô��
u÷X x − z ���, ��K, `²�Ô��u÷
X x + z ���. lã¥w´�, =Ä-uéü
ö�K�'�²w. ã 5 ¥, éu¤k�Ñ��,

PDDCS (2π/σ)(dσ22+/dωt) ��A�Ñ�K, L²
�Ô©f3 y ¶äkr����, � O+HBr �
A3 θt = 32◦ NC4z�r. ,, �X=Äþf
ê�O\, ù«4z§Ý´¥yÅì~f�ª³.

lã 6 �±wÑ, PDDCS (2π/σ)(dσ21−/dωt) 3Ø
Ó=Äþfêe�4zª³��'��, �r�4
z��u)3Ñ�� θt = 20◦; ¿��X=Äþf
ê�O\, (2π/σ)(dσ21−/dωt) �ÅÄ§Ý�´Å
ì~f, =��É5Cf.

ã 5 Ó«-EU (Ec = 0.3 eV) e, �AÔ©f�=Ä-
u (j = 0, 6, 12) é (2π/σ)(dσ22+/dωt) �K�

ã 6 Ó«-EU (Ec = 0.3 eV) e, �AÔ©f�=Ä-
u (j = 0, 6, 12) é (2π/σ)(dσ21−/dωt) �K�

4 ( Ø

�©æ^ QCT �{3äk1Ì°Ý� Pe-

terson ab initio PES Ä : þ, ï Ä 
 = Ä - u
é O+HBr→OH+Br �AáNÄåÆ5��K�.

O�(JL²: �X=Äþfê�O\, �Ô©
f OH �=Ä�Äþ���Ú½�§Ý´Åì~
f�. d	, =Äþfê�O\é�A�Ñ�§Ý
K�Ø�, T�AE±c�Ñ��Ì. F"�©�
ó�U�8�ïÄ�aq��AJøk^�&E.
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Quasi-classical trajectory approach to the influence of
the rotational excitation on the stereodynamics of the

reaction O+HBr→OH+Br∗

Li Hong Zheng Bin Meng Qing-Tian†

( College of Physics and Electronics, Shandong Normal University, Jinan 250014, China )

( Received 25 November 2011; revised manuscript received 14 January 2012 )

Abstract

Quasi-classical trajectory method is used to investigate the influence of rotational excitation on the vector properties of the dy-

namics for the reaction O+HBr→OH+Br based on the ab initio potential energy surface. At the collision energy 0.3 eV, we discuss

the polarization-dependent differential cross sections, the distribution P (θr) describing k–j′ correlation, and the distribution P (φr)

describing k–k′–j′ correlation. The calculated results suggest that the product rotational polarization becomes weaker as the rotational

quantum number increases and the products are mainly forward scattered.

Keywords: rotatioanal excitation, vector correlation, O+HBr reaction, quasi-classical trajectory
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