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1 Ú ó

HOCl ´�í¥�«���z5Ô�, §¬
���Ë�¥�b	��1)�) OH gdÄ
Ú Cl gdÄ, lÚåÏ���»� [1]. Cl gd
Ä��)´ HOCl ©f3p-u�Ä� O—Cl �
�ä����, ÏdïÄ HOCl ©f�p-u�Ä
��ÄåÆ5�Òw��©�. k' HOCl ©f
���ÄÚ OCl � �Ä3��5ÍÜÚ Fermi
��®²k
�¿©�ïÄ, ÙÌ��ïÄ�{´
1��nO���²;�{ [2−6]. �²;�{�±
Jø'DÚ�1��nO��{�\�*�Ôn
ã�, ¿�;m
�¡�O�, Ï��2��'
5. ISþ®k
éõ|^�²;�{ïÄ HOCl
p-u�Ä��¤J, Ù¥��
�(Ø�n)
ÙÄåÆA:Jø
å» [5,6], IS3©fp-u
�Ä+��k�'�ïÄ¤J [7,8]

C c 5, � « # � � ² ; � { —– Ä å Æ
³ [4−6] �JÑ¿A^3©fp-u�Ä�Äå
Æ¥. òÄåÆ³���m©Û�åA^, Ø=�

±�y1��n�{���(Ø, ���±�Ñ
éõ�#�(J, �)©fÉ�z [9]!·bÄå
Æ [10]!)lÄåÆ [11,12] �&E. 3�c�ó�
¥,·�®é HOCl �ÄåÆ³�
ÐÚ�½5ï
Ä, ¿dd��
 HOCl 3��� Polyad ê (±e
{¡ P ê) e�ÄåÆ³üz5Æ [12]. �ó�¥,
·�E± HOCl ©fNX�é�, ?�ÚïÄÙp
-u�Ä��ÄåÆ³�A:, AO´ H—O � 
�Ä�ªéu Fermi ���K�, ù
ïÄò´L
·�éu�È�.e� HOCl p-uÄåÆA:
�@£.

2 HOCl NX��²; Hamilton þ�
ÄåÆ³�E�{

2.1 HOCl NNNXXX���ÄÄÄ Hamilton þþþ������²²²;;;zzz

d u HOCl © f � p - u � Ä 3 U « 7 ×
103 cm−1—1.8 × 104 cm−1 ¥�ÄåÆ5�´L,
Ïd·�ò± HOCl 3TU«��Ä Hamilton þ
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�ïÄé�. ÏL¢�êâ[Ü¿|^�gþfz
nØ, ���3TU« HOCl ��Ä Hamilton þ9
�A�Xê. Ù�Ä Hamilton þ� [2]
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3 a2), (1)

�A�Xê�L 1. Ù¥�I 1, 2, 3 ©Oé
A H—O �� �Ä�ª, H—O � O—Cl ü��
¤Y���Ä�ª±9 O—Cl �� �Ä�ª;
a+ Ú a ´�)Ú�«�Î, L«�Ä�ªéA�
þfê�O~; n L«�Ä�ª�þfê (�
�
Bå�, �©¥ò^ n 5���A��Ä�ª, Ù
éA� ��I^ q L«, Äþ�I^ p L«), ω

´�A{��ÄXê, X , y, z ©OL«ØÓ�ª�
m���5ÍÜXê. �â©z�� [2,3], HOCl ¥
� n3 Ú n2 �ª�mkr�� 2:1 Fermi ��ÍÜ,

�ù����rÝ�ü��ª�þfêk',  n1

�ª�§��m��ÄÍÜ�^�±�Ñ. Äu±
þ�Ï, 3 Hamilton þ¥^ k L«��Ä�ª
� O—Cl � �m���rÝXê, ^ ki(i = 2, 3)
L«ü��Ä�ª�þfêéu Fermi ��rÝ
�K�Xê.

L 1 HOCl ©f��Ä Hamilton þXê

ëê¶¡ ëê�/cm−1 ëê¶¡ ëê�/cm−1

ω1 3777.067 z2222 −0.04117

ω2 1258.914 z3333 −0.00171

ω3 753.834 z1122 −0.15070

X11 −80.277 z1222 0.13189

X12 −19.985 z2333 −0.01229

X22 −3.204 z1233 0.02381

X23 −10.637 z22222 0.00151

X33 −7.123 z22333 −0.00066

y111 −0.3619 k 0

y333 0.0825 k2 −0.76017

y122 −1.9534 k3 −0.24939

y133 −0.0532 k22 −0.01158

y223 −0.0802 k23 0.04075

y233 −0.2503 k33 0.00583

�Ä�TNX¥� 2:1 Fermi ��, Ø
Åð
þ n1 	, 2n2 + n3 �����N�´Åðþ (=
� P ê). l Hamilton þ�·^5ó, úª (1) �
^uïÄ n1 6 7, P 631 �¤kp-u�Ä��Ä
åÆ5� [2−4].

duÄåÆ³´Äu�²; Hamilton þ�
E �, Ï d·� I � ò � g þ f z � Hamilton
þ?1�²;z?n. ¹k Fermi ���n�
f © f � � Ä Hamilton þ, Ù é A � o + � 8
�m´ SU(3)/U(2)[13], Ïd�±|^T�8�
m é A � L « ¦ � ú ª (1) � � ² ; L �. é
u SU(3)/U(2) ��8�m, |^ Heisenberg éA
òþfz��Ä Hamilton þ�²;éA, =:

a+ ∼
√

I e iφ; a ∼
√

I e−iφ;

a+a = n ∼ I (2)

Ò�±�B/��NX�Ä Hamilton þ��²;
L�ª [14]. Ù¥ I L« Hamilton XÚ¥��^þ,
φ L«�A���, §��¤�|�KCþ (I, φ).
�
ïÄ©f�Ä3�I - Äþ (q, p) �m�5�,
·�À�)¤¼ê�

F = −1
2
q2 tanφ, (3)

Ï L � K C �, K k n2 = (q2
2 + p2

2)/2, n3 =
[P − (q2

2 + p2
2)/2]/2. d d, � ± � � ^ � K �
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I é (q, p) 5 L « � HOCl � ² ; Hamilton þ.
^ (q2, p2) �IL«, k:
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e^ (q3, p3) �IL«, Kk:
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|^þã�²; Hamilton þ=�?�Ú�ENX
�ÄåÆ³, lïÄ HOCl p-u�Ä��5�.

2.2 HOCl NNNXXXÄÄÄåååÆÆÆ³³³������EEE���{{{

��
NX��²; Hamilton þ, =�¦)Ù
ÄåÆ³, ?©ÛNX�ÄåÆA�. éu HOCl
� Hamilton þ,·�± H(q2, p2)�~. 3Ó�� P

êe�z��U?, Ñ�±L«¤/X E(q2, p2) �
¼ê, éu�½� q2, Cz p2 �Ñ E �U���
��� E+ Ú��� E−, Ò¡�ÄåÆ³ [4]. Ä
åÆ³¢SþÒ´©f�ÄNX�k�³, ´©
f$ÄÄåÆ��mCz�³U, §�N
�ÄU
?¢S “aÉ” ��³U, Ïdéu·�)ÖE,
�p-uÌãÚn)�ÄÄåÆék�Ï. Ú��
m;,!Lyapunov �ê��{ØÓ, ÄåÆ³´�
�d Hamilton þü�5, ØI�|^ Hamilton
$Ä�§?1È©, Ïd��/ü$
O��JÝ
Ú�m, ´ïÄ©fp-u�Ä����kå�ó
ä. I�÷v�^�´�^þ n2, n3 ��, ±9�
A� P ê��. ØÓ P ê�ÄåÆ³/G´ØÓ

�, �oN`5, E+ Ú E− |Ü¤��4Ü�
¡ (½�), òáuT P ��ÜU?�¹Ù¥. Ø
Ó�K�IL�e� Hamilton þO����Äå
Æ³¿Ø�Ó�, Ï~�rü«L��å�Äâ
U���Ü�ÄåÆ³&E. ÄåÆ³�¥�÷
v ∂H/∂pi = 0 �:¡��ØÄ:, §´��^þ
Ø��mCz�:, �Ò´��m�Uþ=£¦
���Ä�ª��^þ²ï��«G�. ÏLØ
Ä:,·��±©ÛØÄ:NC�U?�ÄåÆA
: [9−12].

±e�[?Ø HOCl p-u�Ä�ÄåÆ³
��
�5�.

3 HOCl ©fp-u�Ä��ÄåÆ
³ïÄ

�!Ì�ïÄ±eü��¡: 1) ØÓ P ê
e H—O � �ªéu H—O—Cl ��ª, O—
Cl � �ª�ÄåÆ³�K�; 2) P = 24 ��Ä
åÆ³, ±9Ù¥�U?���m;,�¤?�þ
f�¸.

3.1 ØØØÓÓÓþþþfffêêê n1 éééAAA������;;;... P êêê���
ÄÄÄåååÆÆÆ³³³999ÙÙÙAAA:::

±e©O�Ä HOCl NX¥ n1 = 0, 1, 2, 3 �,
ØÓ P êe� q2, q3 �IL«�ÄåÆ³, ÙU
?´ÏLcã� Hamilton þO�Ñ5, Ä�U�
å³U.Ü 2864.2 cm−1. k?Ø P ê����/,
P = 12 �NX�ÄåÆ³Xã 1(ÙØÄ:I5�
�ªÓ©z [12] eÓ).

ã 1 w«, 3 n1 = 0, 1, 2, 3 �o«�¹e, q2

�IL«�ÄåÆ³þ´��üX�� Morse ³.
3ÄåÆ³�nØ¥, �� P êéA�� Morse
³¥�$U?�½5�� [10], ùL² H—O �
 éuÓ� P êe� H—O—Cl��Ä�ªé
AU?�½5÷v�5ÆvkK� —– þ´�
$�U?½5��, �p�U?½5�Ð. ù
�·�²�n)� “U?�$�½” �Vg´Ø
Ó�. d	, ØÓ n1 éA� q2 �ÄåÆ³Ä�Ø
C, = n1 �O�é H—O � O—Cl ü��¤Y�
��Ý�Ä�ªK�é�, ��/¤é'�´,
� n1 6= 0 �, q3 ÄåÆ³�ºÜ'�Í�, /¤

�!� Morse ³����/, ��5�ØÄ:�,
�±�±. 3 n1 = 0 �TÄåÆ³´�� Morse
³, L²pUþ�U?½5�, � n1 6= 0 �, p
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U?éA��Ä�ª�½5%Cr
. ±þy�
L²: n1 �ª�,�Ù¦�ªvkÍÜ, �§� �

3%¬é,	ü��ª���ÍÜ�)K�, ù�
K�Ny3 O—Cl � �ª�½5þ.

ã 1 HOCl(P = 12) 3 n1 ©O� 0, 1, 2, 3 ��ÄåÆ³, P ê¥�¹�U?^î�L« (�ã´ q2 �IL«�ÄåÆ³, m
ã´ q3 �IL«�ÄåÆ³)

éu P ê����¹, ÄåÆ³�Cz�E,
éõ. ± P = 22�~, ÙÄåÆ³Xã 2.

ã 2 w«,ÃØéu q2 ½ q3, �X n1 �O�,
ÄåÆ³�(��5�{ü, �k�ØÄ:��
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���, ù`²�X n1 �ª�^þ�O�, ��

 n2, n3 �¤�ÄåÆNX�$Äªu {ü, 
Ø ´E,. ù�(ØL² n1 �þfêO��f

 n2, n3 �m����^. �2g<y
 n1 �ª
éuÙ¦�pÍÜ����ª�ÄåÆ1�´k
¤K��, �´� P = 12 ��/�', ù«K��

\²w.
,	, l q3 �ÄåÆ³�±wÑ, n1 = 0 ��

ØÄ: [R3∗] �X n1 �O���, �5�3uT
ØÄ:NC�Û��Ä�ª��X n1 �O�Å
ì��. ù�y��|±
 “n1 �þfêO�¬�
f n2, n3 �m����^” ù�(Ø.

ã 2 HOCl(P = 22) 3 n1 ©O� 0, 1, 2, 3 ��ÄåÆ³, P ê¥�¹�U?^î�L« (�ã´ q2 �IL«�ÄåÆ³, m
ã´ q3 �IL«�ÄåÆ³)
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ã 3 HOCl (P = 30) 3 n1 ©O� 0, 1, 2, 3 ��ÄåÆ³, P ê¥�¹�U?^î�L« (�ã´ q2 �IL«�ÄåÆ³,
mã´ q3 �IL«�ÄåÆ³)

25�Ä P ê�~���/. ± P = 30�~,
ÙÄåÆ³Xã 3.

ã 3 w«, n1 = 3 � q2 �ÄåÆ³�' n1 =
0, 1, 2 �E,
, O\
 [B2∗], [B2∗] ü�ØÄ:.
ùü�ØÄ:�Ñy¦ n1 = 0, 1, 2 ��ÄåÆ

³¥�p�n�U?éA��Ä�ª, 3 n1 = 3
�C¤
Û��Ä (©O3ü�� Morse ³¥�
Ä). ,	, q3 �ÄåÆ³�X n1 þfêØä�
O���\E,, ��N/G¿vk��UC. Ï
L� P = 22 �ÄåÆ³�é'�±uy, n1 é
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u n2, n3 ��ÍÜ�K�� P ê���k��'
X. o�ª³´: 3 P ê���, n1 éu q2, q3 �
ÄåÆ³/GK�Ø�,  P ê��ù«K�ÒC
���.

ÏLþãïÄ,·�uy�, H—O � �ª
� H—O—Cl��ª, O—Cl � �ªØÍÜ, �
�,¬K�ü«�ª��ÍÜ��¹, ?K�

NX�ÄåÆ5�. ÏLïÄ�A�ÄåÆ³�/
G±9�A�ØÄ:,·��±é�Ù/lAÛþ
©Eù«K���J, �Ñ½5©Û. ± �©z
Ñ@� H—O � �ªéuNX�ÄåÆ5�K
�Ø� [2,3], ÏL·��ïÄuy, ù�K�éu,

 P ê�´é²w�.

3.2 AAA½½½ P êêê���ÄÄÄåååÆÆÆ³³³999ÙÙÙUUU???555������
þþþfff���¸̧̧

þ!·�½5/?Ø
 HOCl NXØÓþf
ê n1 éA��;. P ê�ÄåÆ³9ÙA:, e
¡ò½þ/?ØA½ P ê�ÄåÆ³, ¿©ÛÙ�
U?���m;,��^þÈ©. ·�ÀJÄåÆ
Sº'�´L� P = 24�ïÄé�. ÙÄåÆ³
Xã 4(±e(Jþ3 n1 = 0 �^�e��).

Äk?1ØÄ:©Û. ã 4 w«,ÃØ q2 L«
½´ q3 L«, HOCl �ÄåÆ³�þÜ (pUþ«)
Ñ´ “�³”, ùÒ¿�X [R23] ´�½�ØÄ:;
.Ü ($Uþ«) Ñ´ “�³”, `² [R23∗] �´�
½�ØÄ:. Ï��³�ºÜÚ�³�.Üé
A�ØÄ:þ´½�. Ón, 3ã 4(a) ¥, [B2∗]
´½�ØÄ:,  [B2∗] ´Ø½�ØÄ:; 3

ã 4(b) ¥, [B3∗] ´½�ØÄ:, [B3∗] ´Ø½
�ØÄ:. ·�w�ã 4(a), (b) ¥�ØÄ:êþØ
Ó, ��ó, �krÄåÆ³�ü«�IL«Ñ
�Ä�, âUé��Ü�ØÄ:. ÏLÄåÆ³�
{,·��±éN´/l�*�AÛã/þé�Ø
Ä:, ù�ïÄNX�ÄåÆ5�Jø
�B.

ã 4 HOCl (P = 24) �ÄåÆ³, Ù¥ L0 � L12 L«T P

êe�U? (�ã´ q2 �IL«�ÄåÆ³, mã´ q3 �I
L«�ÄåÆ³)

ã 5 HOCl ©f (P = 24) ¥ L2, L5, L6, L7, L8, L9 �U?���mã
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�
?�Ú½þ/`²NX�U?�Ä�A
:,·�xÑz�U?� pi-qi �ã5?1©Û. l
ã/�AÛ5�5w, 3 q2 �IL«�ÄåÆ³
ã¥, L0-L2, L3-L5, L6-L7, L8, L9-L12 U?��ã

©O�¤�a, 3 q3 �IL«�ÄåÆ³ã¥,
L0-L3, L4-L5, L6-L7, L8, L9-L12 U?��ã©O
�¤�a. ±e©O^�a¥;.���m;,,
Xã 5, ã 6.

ã 6 HOCl ©f (P = 24) ¥ L2, L5, L6, L7, L8, L9 �U?���mã

L 2 HOCl ©f (P = 24) �U?��^þÈ©9Ù��U?��^þÈ©�'�

U?
(q2, p2) �m� ��U?��^þÈ©�

U?
(q3, p3) �m� ��U?��^þÈ©�

�^þÈ© È©� �^þÈ© È©�

L0 0.16 / L0 0.32 /

L1 1.22 1.06 L1 2.44 2.12

L2 2.05 0.83 L2 4.09 1.65

L3 2.37 0.32 L3 4.57 0.48

L4 3.86 1.49 L4 16.27 /

L5 4.92 1.06 L5 14.15 −2.12

L6 6.05 1.13 L6 11.88 −2.27

L7 7.35 1.30 L7 9.29 −2.59

L8 8.86 1.51 L8 6.27 −3.05

L9 2.13 / L9 4.26 −2.01

L10 1.93 −0.2 L10 3.86 −0.40

L11 1.12 −0.81 L11 2.24 −1.62

L12 0.14 −0.98 L12 0.27 −1.97

ã 5 ¥, L0-L8 ?� Morse ³¥, �ã¡È´
�XU?ü$O�, L9-L12 ?� Morse ³¥, �
ã¡È´�XU?ü$~�, Ù¥, L3-L5 �ã
¥, Ø
äk��5�Ä;,�	, �k,	�
�Cq��Ä��ã;,, ùLy�3ÄåÆ³
ã 4 ¥ L3-L5 U??uV³²¥. ã 6 ¥, L0-L2

?� Morse ³¥, �ã¡È�XU?ü$O�,

L3-L12 ?� Morse ³¥, �ã¡È�XU?ü$
~�, Ù¥, L0-L2 U?�ã¥, äkþeü�é¡
���5�Ä;,, ´Ï�Äþk��ü���;
 L8 U?dn��;,ã|¤, ´Ï�TU?�
Ä?3n�³²¥, Ø
äkü�é¡��5�Ä
;,�	, ��k��Cq��Ä��ã;,; Ó
n, L9-L12 U?dü��;,ã|¤, �´Ï�T
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U?�Ä?3ü�³²¥. ÏL±þ©Û,·�u
y, ��m;,ã�±�\�*/�N�Ä�ª�
A:.
�
ïÄ�U?¤?�þf�¸, I�¦��

�m;,��^þÈ© (=þfê), ²;��^þ
È©½ÂXe:

�^þ =
1
2π

∫
pidqi =

1
2π

× �ã¡È. (6)

Uìþãúª,·��±��L 2 �(J.
L 2 ¥, l (q2, p2) �m5w, L0-L8 U?�þ

fê´ØäO\�, L²3� Morse . [15] �Äå
Æ³p¡, U?�$þfê��, Ly��^þÈ
©�XUþ�ü$O�; ��, L9-L12 KØÓ, §
�?u� Morse ÄåÆ³¥, �XUþ�ü$�^
þÈ©3Øä~�, Ón, (q3, p3) �mp, L0-L3 U
?��^þÈ©´�Uþü$O\�,  L4-L12

U?��^þÈ©�XUþ�ü$3Øä~�, ù
�ã 4 ¥ÄåÆ³/G´�����. ,	, 3
�!� Morse ³��.?,·�uyùp�U?m
å�é'�Ä, Xã 4(a) ¥ L2 � L3 U?�^þÈ
©�� 0.32, L9 � L10 U?�^þÈ©� 0.2; Ó
�, Xã 4(b) ¥ L2 � L3 U?�^þÈ©�� 0.48,
L9 � L10 U?�^þÈ©� 0.4, ù�ÐéAd?
Ñy�Ø½ØÄ: [B2∗], [B3∗].

d	, L 2 ¥��Ñ���~��(Ø,
= (q3, p3) � m � � � U ? � ^ þ È © � C q
� (q2, p2) �m���U?�^þÈ©�� 2 �,
ù�NX� 2:1 Fermi ���ÐéA. ��5¿�
�:´, Ó�«a.� Morse ³¥��U?��^
þÈ©��¿Øî���, ù�©z [9—12] ��
��¹k¤ØÓ. l HOCl ©f P = 24 �(Ø5
w, ��U?��^þÈ©����¿Ø´Ê·(
Ø, ù�(Ø¤á�ÄÓÄåÆ³�E,§Ýk'

éu P = 24 � 13 �U?, §�¤?� “þf�¸”
ØÓ (=¤?��!� Morse ³¥), ÏdU?�m
÷v�5Æ¿Ø�Ó, ù
�É�ÄåÆ��´Ï
�§��CØÓ�ÄåÆØÄ:. ÄåÆ³¢Sþ
´ë���ØÄ:�;,, §£±
��U?�m
´ÏLÛ«��^�éXå5�.

4 o (

�©ÏLïÄ HOCl ©fp-u�Ä��Äå
Æ³, ²(
3TNXe, Ó� P �ØÓ n1 þf�
����U?ÄåÆA5. ïÄ(JL², 3 O–Cl
� �ªÚ H–O–Cl��ªk 2:1 Fermi ���
ÄåÆ�.e, H–O � �Ä�ªéuþãü«�
Ä�ª�ÄåÆ³kwÍK�, ù«K�� P ê
���k��'X. o�ª³´: 3 P ê���,
n1 éu q2, q3 �ÄåÆ³/GK�Ø�, �X P

ê�O�ù«K�ÒC��5��, ù�(JL²

 n1 �þfêO��f
 n2, n3 �m����^.
��½þïÄ, �©�ïÄ
 P ê� 24 �, T©f
NX�ÄåÆ³��U?���m;,. ©ÛL²,
��m;,�ÄåÆ³¥�ÄåÆØÄ:kéÐ
�éA'X, z�U?éA�ã�±�\�*/�
N�Ä�ª�A:. ,	, �éT P êe�ÄåÆ
³¥�U?Uì��m;,��^þÈ©?1©
a, ²(
ù
U?¤?�þf�¸, =TU?¤
?3�!��³Up. ��, ·��éü«�m�
^þÈ©�?1'�, �Ñ (q3, p3) �m���U
?�^þÈ©�Cq� (q2, p2) �m���U?�
^þÈ©�� 2 �, ù�NX� 2:1 Fermi ���Ð
éA, ¿�Ó�«a.� Morse ³¥��U?��
^þÈ©��¿Øî���.
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Abstract
The dynamical potentials of highly excited vibrational states of HOCl in the bending and O—Cl stretching coordinates with

anharmonicity and Fermi coupling are studied. The result shows that H—O stretching vibration mode has significantly different
effects on O—Cl stretching mode and H—O—Cl bending mode under different polyad numbers. The dynamical potentials and the
corresponding phase space trajectories are studied in the case that the polyad number is 24 and it is found that the quantal vibrational
energy levels could be classified by the fixed points of dynamical potentials and the quantum environments could be identified by the
numerical values of action integrals.
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