
HAL Id: hal-00513098
https://hal.science/hal-00513098

Submitted on 1 Sep 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Comparison between predissociation mechanisms in two
isoelectronic molecules CO and N2

Helene Lefebvre-Brion, Brenton Lewis

To cite this version:
Helene Lefebvre-Brion, Brenton Lewis. Comparison between predissociation mechanisms in
two isoelectronic molecules CO and N2. Molecular Physics, 2007, 105 (11-12), pp.1625-1630.
�10.1080/00268970701390180�. �hal-00513098�

https://hal.science/hal-00513098
https://hal.archives-ouvertes.fr


For Peer Review
 O

nly

Comparison between predissociation mechanisms in two isoelectronic 
molecules CO and N2 

Journal: Molecular Physics 

Manuscript ID: TMPH-2007-0032.R1 

Manuscript Type: Full Paper 

Date Submitted by the 
Author:

22-Mar-2007 

Complete List of Authors: Lefebvre-Brion, Helene; Laboratoire de PhotoPhysiqueMoléculaire, 
Orsay, France 
Lewis, Brenton; The Australian National University 

Keywords:
Molecular Spectra, Rydberg states, Energy surfaces for excited 
electronic states, Predissociations. 

URL: http://mc.manuscriptcentral.com/tandf/tmph

Molecular Physics



For Peer Review
 O

nly

���������	�
���
�
�
��� ��������� �	�
��������������� ��!�"�#���" $&%(' )*�
��+���!�"�,

-/.
021�3546027
8:9<;>=�?
@A3
?
BDCFEHG�IKJHJKB>LMEKIKJNJOBOP:PRQSENTNUWVYXZJHJZ[\B ]�^O_

`ba<cedMfhgKi�jka<lnm�o\pHqbo&orlsdMgOo�tui�j>jka*v\i�fwpOi�a<lnceo�vKxMfhlui�j>cyjzi�l{pZq|aei�jka}or~�o�v p6gOa<lui�v�cea<~�orv\�M~�orjD��`��
fFlut����

��IK�����h�<�}Cu���(�����*���:L:�*�ZTD���:IK��ID���(�������
�����H DEN¡W�ZU�EH¢£¡W¤u�6¤�¥<VOEZUWEH¦OV>§6¨�¢ª©k«O¤	QSEHG�¬¤�­5«OGª�Z¢£¡�¤NBk��®�
U�IDX6]�¯OB6°�TK¢2±N¤5¡�¨�¢2UO¬¤	¥F�Z¡W¢ª¨����>«K�\B6²K]5³NJk´µ�u¡�¨���§·¶�¤��6¤�[\BK�K¡W�HTK­�¤

����¤�¨�¤��Z¡�­�V��O­�VOE>EHG\EZ¸F¥(V>§6¨�¢£­��ZG&�6­�¢£¤5TD­�¤�¨*�HTK�¹�(TOºN¢2TK¤5¤5¡W¢£TOºKB6»�VO¤�¼�«D¨�UW¡W�HG2¢ª�ZT¹LM�ZU�¢£EHTK�HG&°�TO¢£±H¤�¡W¨�¢½U�§NBD¶}�ZT>  ¤5¡W¡W�KB>¼M¶}»¾JNXHJHJKB
¼�«K¨�U�¡��ZG£¢£�

¿ÁÀ�Â
ÃÅÄÇÆ	È�È�É&È�Ê�Ê5Ë�Ì

Í ���
�Å����"�+Z�
Î�Ï���Î����FÐZ�ÇÑÁÒ\����ÎuÑÅ���h�
Ð�"Å���AÓ���Ïu�������ÇÑ��Å�
Î�#��h"ÅÑ��WÑÅ��"���ÔOÕwÖ(��Î�Ï	$&%S#�"\+�����"���Î�Ñ���Ïk��#�Î��
��Ï����×ÑÅ�����
)*+
���Å�rÑÅ���F+Z���AÑ�����Ð
�WÑÅ#��
Î�"
��Î�Ï	+�����Ï�#�"Å"��5��#��WÑ�#��
Î�"r��ÔDÑÅ����"��(ÑÁÒ\��#�"��5��������ÑÅ���
Î�#��<)*�
������������"�Ø�Ù����<���
)*�
Ú
��Î����
��"h+Z���AÑ�����Ð
�WÑÅ#��
Î�"hÐZ�ÇÑÁÒ\����Î�ÑÅ���*Û�Ü&Ý ¿ �
�<Û�Ü ÝÞ Ì ��Î�ÏÑÅ����Û�ß ¿ �
�(Û�ß Þ Ì "AÑ��WÑÅ��"h�����F�Å�ÇÓ�#��ÇÒ\��Ïk�Z��Î�Ï:���
)*+
����#�"Å�
Î�"������F)���Ï��wÐH�ÇÑÁÒ\����Î	ÑÅ���F#�Î�Ï�#��Å���ÇÑ�+��Å��Ï�#�"�"��5��#��WÑ�#��
Î�"w��Ô6ÑÅ���*Û�ß/"AÑ��WÑÅ��"wÏ����
ÑÅ�}ÑÅ���<à�ßY"ÅÑ��WÑ���"�#�Î:ÐZ��Ñ��:ÕhÖ<��Î�Ï�$&%�Ø

á â5ã×ä5å
æ&çwèréHä�êAæ ã

ë	ì\í5îAï
ð�îòñ6óõôOö�ó\÷6øZó{ì�ñ6ïúùYñ6û&ø¾îòùYüwý6í5ð�ñ6óKðÿþ�ýOóKð
í5î���ö\ð�îÁýOó&ï ð
ý��×ó\ý����ÁøZû\÷6ø¾ý	�Yð�ì\ø�

�×û��hø
í�÷ ï
ð�ñ>ð
øZï�ý	�/ð�ì\ø ð��uý
ùSý��ÁøZþ
ö��òøZï���� ����������� ñ6ó�û ë�� � � �"!$# ì&ø ü&í5øZï
øZóKð¹ï
ð�ö&û�� îòï�í�øZï
ð
í5îòþ�ð
øZû¾ð
ý�ü&í�ý	�%�ÁøZùYï�í�ø&�òñ>ð
øZû¾ð
ý�ð�ì\øzþ�ýOùSü�ñ>í5îòï�ýOó
�hø
ð'�:ø
øZó�ð�ì&ø(�Áý��uøZï�ð)
�� û��wø
í5÷ ï
ð�ñ>ð
øZï¹ý	��ð�ì\øZï�ø ð��uý ùSý��òøZþ
ö��ÁøZï ! � � ñ6ó&û ë�� ñ>í�øzîòï�ýDø&�ÁøZþ�ð
í5ýOó&îòþ ! ë	ýOó&ï
ø&* ö\øZóKð+���	�
ð�ì\øZîÁí�ü&í5ý6üwø
í5ð�îÁøZï	ï�ì\ýOö��òûbü&í5øZï
øZóKð�ï5îòùYî��òñ>í�îÁð�îÁøZï !-, ï�îAó\÷¹ð�ì\ø ï�îòó\÷��òø/.�þ�ýOó�0&÷Oö\í5ñ>ð�îòýOózñ>ü&ü&í�ý21×îòù/ñ>ð�îÁýOó3�\îÁð�îòï	ühýOï�ï�î4�%�Áøµð
ý
í�ø&�òñ>ð
ø ð�ì\ø·ø&�ÁøZþ�ð
í�ýOó&îòþ ï�ð�ñ>ð
øZï�ý	�5� � ñ6ó�ûúë
�6�&ñ6ïµï�ì\ý2�µó7�Åý6í�ð�ì&ø·ï
ð�ñ>ð
øZïµý	��í�ø&�òø�8kñ6ó&þ�ø�ì\ø
í�ø îòó # ñ �9�Áø � !� � îòï:� ó&ý2��ó;�Åý6í�ð�ì\ø ï
ð
í5ýOó\÷úì\ýOùYý6÷6øZó\ø
ýOö&ï�üwø
í5ð�ö\í+��ñ>ð�îÁýOó�ï<�hø
ð'�:ø
øZó=
�� û��hø
í�÷úñ6ó&û>8>ñ	�ÁøZó&þ�øbï
ð�ñ>ð
øZï6�Åý6í?�wý6ð�ì
�+@�A ñ6ó&û �CB
DA ï+� ùYùYø
ð
í+� !E# ì\øZï�øYì&ñ&86øF�hø
øZó ï�ð�ö&û&îÁøZû�îòóDð
øZó&ï�î486ø&���G�-�IH ð�ñ6ì&ø&�KJ�LNM O�P �RQ�� ñ6ó&ûS�(ùSý6í�øYí�øZþ�øZóDð+�4�	�S�-�
H ühø&�òïT�hø
í�÷/ñ6ó�û>U�ø��6ø
í �RV��"!�W ý6í ø/1\ñ6ùSü9�Áø	�hð�ì\øFX�Y � B DA 8>ñ	�ÁøZó&þ�øSï
ð�ñ>ð
øYý	�Z� � îòóDð
ø
í5ñ6þ�ð�ï ø&�òøZþ�ð
í�ýOï
ð�ñ>ð�îòþ
ñ	�����[��îòð�ìúð�ì&ø
��B\DA 

�×û��hø
í�÷Sï
ð�ñ>ð
øZïµì�ñ&8×îòó\÷Yñ6ó^] �&B\D_ þ�ý6í�ø !9# ì\øZï�ø:�Áý2�:øZï
ð�ï�ð�ñ>ð
øZï�îòó|øZó\ø
í5÷	�|ñ>í5ø:` Y ��B\DA ñ6ó&û[a Y ��B\DA !b ó ë
�6�hð�ì\ø)0&í5ï�ð �cB\D 8kñ	�òøZó&þ�øYï
ð�ñ>ð
øYîòï<d Y ��B\D !3# ì&îAï ï�ð�ñ>ð
øYîòóKð
í5ý û&ö�þ�øZï ó&ý6ð ýOó9�4� ühø
í�ð�ö\íC��ñ>ð�îÁýOó&ï îòóúð�ì\ø ��B\D


�×û��hø
í�÷�ï
ð�ñ>ð
øZï��e��ö\ðYñ	�òï
ý ï�ð
í�ýOó\÷ ü&í5øZû&îòï�ï
ý×þ
îòñ>ð�îÁýOó�ï !f# ì\ø^0&í5ï
ð � B D 
�� û��wø
í5÷�ï�ð�ñ>ð
øúîòó ë
�)�hg � B D ��ø/1\ì&î4�rîÁð�ï
ühø
í�ð�ö\í+��ñ>ð�îòýOó&ïi��ì&îòþ�ì û\ý ó&ý6ð�ñ>ü&ühøZñ>í�îAó�ð�ì\ø þ�ý6í5í�øZï
ühýOó&û&îòó&÷|ï�ð�ñ>ð
øbîòó;� � �}ï�îòó&þ�øFg �cB\D þ�ý6í�í5øZï
ühýOó&û&ï îòó;� � ð
ý
ñ(j-J/kTM�lmJ ï�ð�ñ>ð
ø	�Sn Y Y �cB\D_ !3# ì&ø·ý6ð�ì\ø
í �cB\D 
�� û��wø
í5÷ ï
ð�ñ>ð
øZï ý	�	ë
��ñ>í5øpo �cB\D ñ6ó&ûrq �cB\D !%s ø)��î��t�(û&îòï�þ
ö�ï�ï�ð�ì&ø
þ�ý6í�í�øZï
ühýOó&û�îòó\÷�ü&í�øZû&îòï5ï
ý þ
îAñ>ð�îÁýOó&ï	îòóGH øZþ�ð�îÁýOó[u !
# ì\øv0�í5ï
ð �+@ 

�×û��hø
í�÷�ï
ð�ñ>ð
ø�ý	� ë
� îòï�ð�ì\ø^w �+@ ï
ð�ñ>ð
ø	�*ð�ì\ø�ñ6ó&ñ	�òý6÷Oö\ø|ý	�µð�ì\ø^` �C@KA 
�� û��wø
í5÷ÿï
ð�ñ>ð
ø ý	�K� �x ï
ø
ø # ñ �9�Áø �2y�!f# ì\ø/ï�øZþ�ýOó&û;
�� û��hø
í�÷�ï�ð�ñ>ð
ø/ý	�	ð�ì&îòï ï�ø
í5îÁøZï��<þ�ýOóz86ø
í�÷Oîòó&÷ ð
ý ð�ì&øF] � B D ï�ð�ñ>ð
ø/ý	��ë
� D �<îòï:{ � @ �

þ�ý6í�í�øZï
ühýOó&û�îòó\÷ ð
ý�ð�ì&øKa �C@KA ï
ð�ñ>ð
ø ý	�S� � !mW ö\í�ð�ì&ø
í5ùSý6í�ø	�Dð�ì\ø�0&í�ï
ð|

�×û��hø
í�÷ ï
ð�ñ>ð
ø ý	�S� � ��îÁð�ì ñ6ó~} ��@�A îÁýOó/þ�ý6í�ø	�
ð�ì\ø�� �C@ A ï�ð�ñ>ð
ø	�rì&ñ6ï�ñ/þ�ý6í�í�øZï
ühýOó&û&îAó\÷�ï�ð�ñ>ð
ø�îòó ë
�)�\ð�ì\ø6� �C@ ï
ð�ñ>ð
ø !
# ì\øvX � @�A 8kñ	�òøZó&þ�ø ï
ð�ñ>ð
ø|ý	�
� � �E��îòð�ì ð�ì\ø7u � �A � � �_ ��� ,A �	� � _ þ�ýOó�0&÷Oö&í5ñ>ð�îÁýOó3�}ì&ñ6ï�ó&ýúþ�ý6í�í�øZï�üwýOó�û&îòó\÷ � @ ï
ð�ñ>ð
ø

ý	��ï
ø
í+86øZû îòó ë
� !m# ì&îòïMùYñ&�)�hø�ø/1×ü9�òñ6îòó\øZûF�wøZþ
ñ6ö�ï
ø�ð�ì\ø � ��ý6í+��îòð�ñ	�\ý	�<ë
� ì&ñ6ïuñ6ó/îÁýOó�î4�Zñ>ð�îÁýOóYühý6ð
øZóDð�îòñ	�\í�ø&�Añ>ð�î486ø&�4�
ì&îÁ÷Oì�þ�ýOùSü�ñ>í�øZû6��îÁð�ì�ð�ì\ø\u � A ý6í+��îÁð�ñ	�Dý	�9� � !�# ì\øZg � B DA ø/1\þ
îÁð
øZû¹ï
ð�ñ>ð
ø�ý	�9� D

� �AîÁøZï�ñ>í5ýOö&ó&û)u Q$�	�	� þ
ù7� � ñ �hý286ø�ð�ì&ø
] �2B\D_ ÷6í�ýOö&ó�û�ï�ð�ñ>ð
ø ! � ó�ð�ì\ø�ý6ð�ì\ø
í�ì&ñ6ó�û3�>ð�ì\ø\g �&B\D ï
ð�ñ>ð
ø�ý	�(ë
� D �òîÁøZï�ñ>í�ýOö&ó�û �mV$�	�	� þ
ù � � ñ �hý286ø�ð�ì\ø�] �&B\D
÷6í�ýOö&ó&û|ï
ð�ñ>ð
ø ! b ó7��ñ6þ�ð��&ð�ì\ø:X �C@KA 8kñ	�òøZó&þ�ø ï
ð�ñ>ð
ø·ý	�5� � þ�ý6í5í�øZï
ühýOó&û&ï�ùYñ6îAó��4�Yð
ýYñYù/î�1×îAó\÷�ý	�}ð'�:ý/þ�ýOó�0�÷Oö\í5ñ>ð�îÁýOó&ï&�
ð�ì\øvu � A � � �_ �����A ��� _ 8kñ	�òøZó&þ�ø/.�ì\ý��Áøbþ�ýOó�0&÷Oö\í5ñ>ð�îòýOó û&îòï�þ
ö�ï�ï
øZû ñ �hý286øbñ>ð�ï�ù/ñ	���Áø
í·îòóDð
ø
í5ó ö&þ��ÁøZñ>í·û�îòï
ð�ñ6ó&þ�øZï��E��ö\ð·ñ	�òï�ý
ð�ì\ø6u � �A � � _ ��� ,A ��� �_ þ�ýOó�0�÷Oö\í5ñ>ð�îÁýOóúñ>ðN�òñ>í5÷6ø
í îòóDð
ø
í5ó ö&þ��ÁøZñ>í û&îòï
ð�ñ6ó&þ�øZï !%# ì&îAï
�òñ>ð
ð
ø
í þ�ýOó�0&÷Oö\í�ñ>ð�îÁýOó þ�ý6í�í5øZï
ühýOó&û&ï�îAó
ë
�sð
ýbð�ì\ø � � � Q � ��� , u � � þ�ýOó�0�÷Oö\í5ñ>ð�îÁýOó3�%��ì&îòþ�ìz÷Oî486øZï í5îòï�ø ð
ýbñ~�hýOö&ó&û�ï
ð�ñ>ð
ø¹ð�ì&ñ>ð ì&ñ>ü&ühøZó&ï�ð
ýbîòóDð
ø
í5ñ6þ�ðN��îÁð�ì�ñ
í�ø
ü�ö��Aï�î486øuï�ð�ñ>ð
ø x � � � Q � � V � ��� , þ�ýOó�0&÷Oö\í5ñ>ð�îòýOó y ð
ý<�Åý6í5ùnð�ì\ø�ýOö&ð
ø
í�ùYîòó&îòù�ö&ù ý	��ð�ì\ø�þ
ñ	�òþ
ö9�òñ>ð
øZûSû\ýOö��9�òø/.�ùYîòó&îòù�ö&ù
� � @ .�ï�ð�ñ>ð
øzüwý6ð
øZóDð�îòñ	��.�øZó&ø
í�÷	� þ
ö\í+86ø ���2�"!$# ì\ø|îòó&ó&ø
í�ùYîAó&îòù�ö&ù îòó�ð�ì&îòï � � @ ühý6ð
øZóDð�îòñ	�	ì&ñ6ï)

�×û��hø
í�÷úþ�ì&ñ>í5ñ6þ�ð
ø
í
þ�ý6í�í�øZï
ühýOó&û�îòó\÷�ð
ýYð�ì\ø6� �C@ ï�ð�ñ>ð
ø !
# ì\ø , @KA ï
ð�ñ>ð
øZï ý	�|� � ü%�òñ&��ñ ùYñ���ý6í í�ý��òø�îòó ð�ì\ø�ü�í�øZû&îòï�ï�ý þ
îòñ>ð�îòýOózý	�*ð�ì\ø � @KA ï
ð�ñ>ð
øZï �R���"!�# ì\ø)o , @KA 8>ñ	�ÁøZó&þ�ø

-/.
021�3546027
8:9<;>=�?
@A3
?
���O�6L JNJNX&�Z���N²k_&��¦O¡W¢2TkUT�
���O�6Le]�¯��NX
��¯NJNX&��EHTOG£¢2TK¤ ­� XZJHJZ[·»r��§>G£EH¡$� �K¡W�HTK­�¢ª¨

VkU�UW¦����2�/�$�$��I UW�HTK�>¸�I ­�EDI «��m����EH«O¡WTK�ZGª¨
P��u�T�\]�JKI2]�J2�NJ��
JNJNX2�2�H²>_
JZJZ[N[>[>[>[>[k[k[>[>[k[

Page 1 of 7

URL: http://mc.manuscriptcentral.com/tandf/tmph

Molecular Physics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

���������	�
���
�
�
��� ��������� �	�
��������������� ��!�"�#���" $&%(' )*�
��+���!�"�,

� ������� Â
Ã��
	 ���
��������������� Ã ��� ��	�	 � Ä��£Â � � ������� ÄÇÆ�Â � �
	 � 	�� ������� �
	 ����� � Ä � Ã ��� �2Ä ����� � Ä�� � � 	! �#" Â �$��%rÖ
&('*),+ -�.�/1032*465,'*798 :92*;<)=-�>�?3-�-�;�>A@,-B+ 2�?3-�:C>EDGFIHJ)K-�7AL�:C>A'�>A-�:�M('*;,H<>A@,-�8 7N8 ;O>A-�79'*P�>A8 ;,L6Q�'�+ -�;,P�-B:C>R'�>A-�:�M$8 ;TSNUV'�;JHW0�X�/$YZ'*+ [,-�:N)=-�>�?3-�-�;T5,'*79-�;O>A@J-�:9-�:\'�7A-[,;JP�-�7C>A'*8 ;]/�^K2*7G>A@J-#462*79-_5=-�7C>A[J79)=-�H�:C>R'�>A-�:�M=`=aB'�;JH�bNaB'*79-�L�8 QO-�;<c
)=-�>�?3-�-�;d:9e�[,'*79-#)J79'*PRf*-�>A:AgRMJ7A'�>A@J-�7G>R@,'*;d`]hE'*;,H�b_h�/

� � ë��
H ð�ñ>ð
ø ë:ýOó�0�÷Oö\í5ñ>ð�îÁýOó iBj x þ
ù � � y k j xmln y 
�ø�� ! H ð�ñ>ð
ø ë:ýOó�0�÷Oö\í5ñ>ð�îÁýOó i6j x þ
ù � � y k j xoln y 
�ø�� !] � B D_ u � �A � � �_ �����A � !�� � !��3p�� V	� ������� ] � B D � � � Q � � ����� � !�� � !�� u �	� u �������o ,�@ A u � A � � �_ ��� �A ��� _ �R�	�qp��	�z!
p�� ��� !��&Q u �2� ��� u �w ,&B\D_ u � �A � � _ ��� �A �	� � _ x p	Q	�	Q	��y ��� !��	�&��� ������� X ,&B\D � � � Q � ��� � �	� � �R�	�	�	�	�-!���� ��� !��&Vqp	Q�� ���$p��o Y ,/@KA u � �A � � _ ��� ,A ��� �_ �rp�� Q	V u ! ��� ��� ! Q �&Q�� ������� s ,/@ � � � Q � ��� , u � � �rp ���	����!���� ��� ! �	�	��� � u ���nmY Y � B D_ u � �A � � _ �����A �	� � _ p	�qp	�	�-! � !��	�/� ���	�c� g � B D � � � Q � �������	� � �R�	Vqp �&V-! u � ��� !�� u ��� � � u �c�X �+@ A u � A � � �_ ��� �A ��� _ �����	��� �&V-! ��� ��� ! u p ��� ���&���X Y ��B\DA u � �A � � �_ ��� ,A ��� _ �������	V���� ! ��� ��� !R�	�mQ�� ��� u � d Y �CB
D � � � Q � � ��� , u � �R�	�	V��	�z!R� � � ! Q	�	� � u ���d ,�B
DA u � �A � � _ ��� �A �Jt � A ����� �z���mV-! � ��� !�������� ������� u ,2B\D � � � Q � ��� � �Jt � �rp ���	�	�-! u � ��� !�� u V	��� � u p��v ,�@ A u � �A � � _ ��� �A �Jt%� A �������	� �&V-!���� ��� !��&Q	Q�� ���&Q�� ` ,�@ � � � Q � ��� � �Jt%� �rp u �m� V-!
p�� ��� !�� u ����� �R� ���` � @�A u � �A � � _ �����A �Jt%� A ����� ���&�	�-! Q�� ��� ! u V�� � ���/� � w � @ � � � Q � �����2�Jt%� �rp u p u p-!
p�� ��� !�� u	u �c� � u	u �` Y ��B\DA u � �A � � _ ��� �A �Jt � A ����� �m� u �-! ��� ��� !��	�2�2� ���/� � o �CB
D � � � Q � ��� � �Jt � �rp �$p �$p-!���� ��� !�� u �m��� � u ���w ,/@ A u � �A � � �_ ��� ,A �	� � _ ����� �z� u �z!R� � ��� !��&Q	Q�� ���&V��� �C@KA u � �A � � �_ ��� ,A �	� � _ ������Q	V	� u ! ��� ��� !��$p	Q�� �RQ�� � �+@ � � � Q � � ��� , �	� � ����� u � ��V-!R� � ��� ! u Q��m��� � u � �
s �+@ _ u � �A � � _ ��� �A �Zxz� _ ���	�&�	V	� � !
p�� ��� !����3p�� ���2�2� v �C@ � � � Q � ��� � �Zxm� ����������� u ! ��� ��� !��	�$p�� � u � �o Y ��B\D � � � Q � � ��� � u � � ����� u	u �m�z! � ��� ! �2� �R� �c�a � @KA u � �A � � _ �����A �=t%� A ���	�&Q	Q	Vqp-! ��� ��� !��	�&��� ���&��� { � @ � � � Q � �������=t%� ������� u �-� ! ��� ��� !�� u ���c� � u �2�a Y ��B\DA u � �A � � _ ��� �A �=t � A ���	�&Q	���Gp-! ��� ��� ! �	�	��� �RQ�� q ��B\D � � � Q � ��� � �=t � ������� ��Q���!��c� ��� !��&� u Q�� � u � �

ï
ð�ñ>ð
ø	�Fîòï
ý×þ�ýOó�0&÷Oö\í�ñ>ð�îÁýOó&ñ	�S�µîÁð�ì�X �+@KA �wñ	�òï�ýbì&ñ6ï ó\ýbø&* ö&î48>ñ	�ÁøZóKð ï
ð�ñ>ð
ø¹ý	��ï
ø
í+86øZû�îòó�ë
�6�%��ö\ðµð�ì\øpo Y ,/@KA 8>ñ	�ÁøZó&þ�ø
ï
ð�ñ>ð
ø¹ì&ñ6ï ñ6óúñ6ó&ñ	�òý6÷6ýOö&ï ï
ð�ñ>ð
øSîòóÿë
�)� s ,�@ �wîòû&øZóKð�î40�øZû^�Åý6í ð�ì\ø?0&í5ï
ðµð�îòùSø6�z�zy	ñ �6ø
ívJ&L�M	O�P �rp��"!�s ø)��î��t�(û&îòï�þ
ö�ï�ï
�òñ>ð
ø
í:ð�ì\øµîòó�û&îÁí�øZþ�ð�ü�í�øZû&îòï�ï�ý þ
îòñ>ð�îòýOó&ï�îòó|ë
� û&ö&ø�ð
ý�ð�ì&îòïMï�ð�ñ>ð
ø ! b ó(� � � ð�ì\ø�ð
í5îòü9�Áø
ð|
�� û��hø
í�÷�ï
ð�ñ>ð
øZï�þ�ý6í�í�øZï
ühýOó&û�îòó\÷
ð
ý/ð�ì\ø�îòï
ý×þ�ýOó�0&÷Oö\í5ñ>ð�îòýOó&ñ	�(ï�îòó&÷��Áø
ð


�×û��hø
í�÷Yï
ð�ñ>ð
øZï ñ>í�ø�ð�ì\ø{v ,�@KA ï
ð�ñ>ð
ø	�hñ6ï�ï
ý×þ
îòñ>ð
øZûG��îÁð�ìzð�ì\ø6` �C@�A ï�ð�ñ>ð
ø	�wñ6ó&û
ð�ì\ø w , @KA ï
ð�ñ>ð
ø	�hñ6ï�ï
ý×þ
îòñ>ð
øZû[��îÁð�ì|ð�ì\ø6� � @�A ï�ð�ñ>ð
ø ! b óúë
�6��ð�ì\ø?` , @ ï
ð�ñ>ð
ø�îAï�ñ6ï�ï
ý×þ
îòñ>ð
øZûG��îÁð�ìzð�ì\ø6w � @ ï
ð�ñ>ð
ø !
# ì\ø ,�@ ï
ð�ñ>ð
øúñ6ï�ï�ý þ
îòñ>ð
øZû ��îÁð�ì ð�ì\ør� �+@ ï
ð�ñ>ð
øúï�ø
øZùYï/ó\ý6ð/ð
ý ì&ñ&86øG�wø
øZóRý	��ï
ø
í+86øZû �6ø
ð ! H ýOùSø^�rñ6ó&û&ï��50&í5ï�ð
ñ6ï�ï�îÁ÷Oó&øZû�ð
ý ñ}| ,c@ ï
ð�ñ>ð
ø � u � � ��ì&ñ286ø~�òñ>ð
ø
í í�ø�86øZñ	�òøZû ó\ý�ï
ürîòó�ï
ð
í5ö&þ�ð�ö\í5ø � u Q�� ñ6ó&û ì&ñ286ø/ï�îòó�þ�øp�wø
øZó�í5øZñ6ï�ï�îÁ÷Oó\øZûS�
øZîÁð�ì\ø
í�ð
ý/ñF8kñ	�ÁøZó�þ�ø·ï
ð�ñ>ð
ø)� Y � @ � u Q�� �rý6í�ð
ý/ì&îò÷Oì\ø
í\8 î��&í5ñ>ð�îÁýOó&ñ	���Áø�86ø&�Aï�ý	��ð�ì\ø�w � @ ï
ð�ñ>ð
ø � u V��"!

~ �Sæ���æ����>ãE�>æDèE��êAã×äK�kå=�KéZä�êÅæDãE�����käO�m�Z�>ã�äJ�E���(�����5äK�6äJ�Z�

# ì\ø(�Áý2�:øZï
ð � B D 

�×û��hø
í�÷ ñ6ó�û;8>ñ	�ÁøZó&þ�øbühý6ð
øZóKð�îòñ	�4.�øZó\ø
í�÷	� þ
ö\íC86øZï�ý	� ë
� ñ>í5øbï�ì&ý2��ó¾îòó W îÁ÷ !�� ��îòó�ñÿû&îòñ �rñ>ð�îòþ
x þ�í�ýOï�ï�îAó\÷ y í�ø
ü&í�øZï
øZóDð�ñ>ð�îÁýOó3�&ñ ��ð
ø
í W îÁ÷ !S� ý	�5
�ø�� !E�R� �c�"!9# ì\ø�g �cB\D ï
ð�ñ>ð
ø	�&ð�ì\ø<0�í5ï
ð�ùSøZù?�wø
í�ý	�}ð�ì\ø
� � �r

�×û��hø
í�÷
ï
ø
í5îÁøZï�îAó ë
�6�\ø/1\ì&î4��îÁð�ï�ï�ð
í�ýOó\÷Sühø
í�ð�ö\í+�rñ>ð�îÁýOó&ï��\ùYñ6ó&î��ÅøZï
ð
øZû îòó|ð�ì\ø��Áý��uøZï
ðK8 î��&í5ñ>ð�îÁýOó&ñ	���Áø�86ø&�Aï�ñ6ï�ñ6ózøZó&ø
í�÷	�zï�ì&î4��ð !b ó ñ6û&û&îÁð�îÁýOóS�(ð�ì\ø���� uG�Áø�86ø&�Mý	��ð�ì&øvg ï
ð�ñ>ð
ø|îòï·ï�ð
í�ýOó\÷��4��ü&í�øZû�îòï�ï
ý×þ
îòñ>ð
øZû !S# ì�îòï ì&ñ6ï:�wø
øZó�îòóDð
ø
í�ü&í�ø
ð
øZû�ñ6ï�û&ö&ø
ð
ý�ð�ì\ø 

�×û��hø
í�÷ ."8>ñ	�ÁøZó&þ�ø|ø&�ÁøZþ�ð
í�ýOï�ð�ñ>ð�îòþ�îòóDð
ø
í5ñ6þ�ð�îÁýOó �µîÁð�ì¾ð�ì\ø d~Y � B D 8kñ	�òøZó&þ�ø�ï
ð�ñ>ð
ø �R� u �"!Z# ì\øzþ�ý6í�í�øZï
ühýOó&û�îòó\÷
þ��ÁýOï
ø/.�þ�ýOö\ü%�òîòó\÷�ùSý×û\ø&�:í�ø
ü&í�ý×û&ö&þ�øZï�í�øZñ6ï
ýOó�ñ �9�4�>�:ø&���Z�hý6ð�ì ð�ì\ø^�Áø�86ø&��ï�ì&î4��ð�ï�ý	��ð�ì\øzð��uýI0�í5ï
ð)8 î��&í5ñ>ð�îÁýOó&ñ	�Z�Áø�86ø&�òï
ñ6ó&û�ð�ì&ø?��ö�����."�µîòû\ð�ì .�ñ>ð�.�ì&ñ	���t.�ùYñ�1\îòù�ö&ù x Wfs�� U y ü�í�øZû&îòï�ï�ý þ
îòñ>ð�îòýOó^��îòû\ð�ì ý	��ð�ì\ø���� uF8×î4�&í�ñ>ð�îÁýOó&ñ	�E�òø�86ø&�<ý	��ð�ì&ø
g ï�ð�ñ>ð
ø �R� u �"!�# ì&ø�ý6ð�ì&ø
í?

�×û��hø
í�÷|ï
ð�ñ>ð
øZï�� �Jt �:o � B D ñ6ó&û �=t �:q � B D �(ñ>í�øYñ	�Aï
ýzü&í�øZû&îAï�ï
ý×þ
îòñ>ð
øZû�ñ6ó&û�îÁð îòï ð�ì&ø
ø&�ÁøZþ�ð
í�ýOï
ð�ñ>ð�îAþSîòóKð
ø
í�ñ6þ�ð�îÁýOór�hø
ð'�:ø
øZó�ð�ì\øZï
øYï
ð�ñ>ð
øZï ñ6ó�ûúð�ì&ø)d Y ��B\D 8>ñ	�ÁøZó&þ�øYï
ð�ñ>ð
øp�µì&îòþ5ì�þ
ñ6ór�hø¹þ�ýOùSü�ñ>í�øZûr��îòð�ì
ð�ì\øµñ6ó�ñ	�Áý6÷6ýOö&ï	îòóDð
ø
í5ñ6þ�ð�îÁýOó&ï:îòó~� � �Dñ6ï:ø/1×ü9�òñ6îòó&øZû/îòó7H øZþ�ð�îÁýOó � �z��ö&ðMð�ì\øZï
ø ï
ð�ñ>ð
øZï�ì&ñ286ø ó&ý6ð|�hø
øZó îAóKð
í�ý×û&ö&þ�øZû îòóDð
ý
ð�ì\ø¹ùSý û&ø&�<ý	� # þ5ì&ñ6ó\÷ .�y:í5ît���Áø
ðFJ�L
M O4P �R� u �"! � ð�ì\ø
í ñ6ö\ð�ì&ý6í5ï ì&ñ&86øSö\ð�î��Aî4�
øZû�ð�ì\ø¹ühý6ð
øZóDð�îòñ	��.�øZó\ø
í�÷	�úþ
ö\í+86øZï ý	�&ð�ñ6îòó\øZû
�Åý6í ð�ì&øFg ñ6ó�ûId Y ï
ð�ñ>ð
øZï�îòór
�ø�� !e�R� u � ð
ý þ
ñ	�òþ
ö9�òñ>ð
øSð�ì\øSü&í�øZû�îòï�ï
ý×þ
îòñ>ð�îÁýOó���îòû&ð�ì&ï ý	�uð�ì\øYö&ü&ühø
íi�òø�86ø&�òï ý	�:ð�ì\øFg
ï
ð�ñ>ð
ø �R�	�2���	Q��"!�� ý2�:ø�86ø
í&�Fð�ì\øZîÁí í�øZï5ö��Áð�ï ñ>í�øSîòóúû�îòï�ñ>÷6í�ø
øZùSøZóDði��îÁð�ìúø/1 ühø
í5îAùSøZóKð x ï
ø
ø # ñ �9�Áøpu y �hó&ý6ð ýOó9�4�^�Åý6í ð�ì&ø
g�ï
ð�ñ>ð
ø	� ��ö\ð:ñ	�òï
ý6�Åý6í:ð�ì\ø ý6ð�ì\ø
í�ùSøZù?�wø
í�ïMý	�(ð�ì&øo� � � ï
ø
í�îÁøZï �R�	V��"! b ó/ð�ì&ø þ
ñ6ï
ø ý	�(ð�ì&øK��îAû\ð�ì&ï�ý	�<ð�ì\øo��� u�ñ6ó&û �8 î��&í5ñ>ð�îÁýOó&ñ	� �Áø�86ø&�òï:ý	��ð�ì\ø�g � B D ï
ð�ñ>ð
ø	�&ð�ì&øpM������_��L���� þ
ñ	�Aþ
ö��òñ>ð�îÁýOó&ï:ý	���<îhJ�LeM O�P � ���c� ñ>í�ø ï�îÁ÷Oó�î40�þ
ñ6óDð+�4�~�Áý��uø
í�ð�ì&ñ6ó
ð�ì\ø�ø/1 ühø
í5îòùYøZóKð�ñ	�f8>ñ	�òö\øZï��hîòó��uý6í�ï
øSñ>÷6í�ø
øZùSøZóDð ð�ì&ñ6ó�ð�ì\ø¹í�øZï�ö��òð�ï�ý	�uð�ì\øSþ��ÁýOï
ø/.�þ�ýOö\ü9�Aîòó\÷|ï
ð�ö&û&îÁøZï ! � óÿð�ì\ø�ý6ð�ì\ø
í
ì&ñ6ó&û3�Dð�ì\øZîÁí�8>ñ	�òö\øZïe�Åý6í	ð�ì\øi��îòû&ð�ì&ïMý	�<ð�ì\øi8 î4��í5ñ>ð�îÁýOó&ñ	�%�Áø�86ø&�òï:ý	�<ð�ì\ø�o � B D ï
ð�ñ>ð
ø � ���c� ñ>í�ø ù�ö&þ5ì7�òñ>í�÷6ø
í	ð�ì&ñ6ó|ð�ì&ø

Page 2 of 7

URL: http://mc.manuscriptcentral.com/tandf/tmph

Molecular Physics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

���������	�
���
�
�
��� ��������� �	�
��������������� ��!�"�#���" $&%(' )*�
��+���!�"�,

� �����O��� Ã ����� Ã�� ��� Â �$�	� ��� ��	 ,

&('*),+ -�
�/
�q79-�HJ8 :9:92�P�8 '�>R8 2*;�?�8 HI>A@J:��
2*7�QI8 )J79'�>A8 2�;J'�+$+ -�QO-�+ :G2�� >A@J-���������:C>A'�>A-#2��q0GX�M]8 ;dP�4	���#^������</� ë	ñ	�òþ !E�R�	Q�� ë	ñ	�òþ !�� ���c�  1×ü ! 
�ø�� ! x ø/1×ü ! y
� � !��	� � !�� � !��	�	����! � �����
� � !��	�	� � � !�� � !��	�	� u ! � �����u � ! �qp��z� � !�� � ! �&� u ! �R���2�
� p � ! �	V u �-! p � ! �R���2�
� � ��� ! � �	Q � ! �R�	���
Q �&�	Q���! �mQ � ! �R�	���
V u �/�Gp-! �z! �R�qp��
� p-! �	���
� �	�$p � !
p V u	u ! � Q � ! � ��� ! �R� �c�
��� � ! u �	���
!#" ���
)�Ñ����(ÑÅ��Ñ���� ¿ Ï�#�"�"��5��#��WÑ�# Ó���DY����Ï�#��WÑÅ# Ó�� Ì Ï�������!u���WÑÅ�
Ø

&('*),+ -�$�/
�q79-�HJ8 :9:92�P�8 '�>R8 2*;�?�8 HI>A@J:��
2*7�QI8 )J79'�>A8 2�;J'�+$+ -�QO-�+ :G2�� >A@J-�%&������:C>A'�>A-#2��Z0�X�MK8 ;�P�4	���#^����'�</� ë	ñ	�òþ !�� ���c�  1 ü ! 
�ø�� ! x ø/1×ü ! y
� (���� � � � !��	����! � � u �
� � !���Q � !��	��� ! � � u �u � !��
� ��!
p u ! � �R� u �
� �-!
p (KQ-!�� �R� u �
! " �Å�
) ÑÅ���FÑ���Ñ���� ¿ Ï�#�"�"Å����#��WÑÅ# Ó���D/����Ï�#��WÑ�# Ó�� Ì Ï�������!:���WÑ��
Ø

ø/1 ühø
í5îAùSøZóKð�ñ	��8>ñ	�òö\øZï � � u � x ï
ø
ø # ñ �9�Áø ��y�!
# ýzø/1×ü9�òñ6îòó�ð�ì\øYì&ýOùSý6÷6øZó\ø
ýOö&ï·üwø
í5ð�ö\í+��ñ>ð�îÁýOó�ïµý	�	ð�ì\øSý6ð�ì&ø
í&�<ì&îÁ÷Oì&ø
íT.'�4�×îòó\÷ �CB
D 
�� û��wø
í5÷|ï�ð�ñ>ð
øZï·ý	��ë
�6�(îÁð îAï

ó\øZþ�øZï�ï�ñ>íC�·ð
ý îòóz86ý	�6ø�ñ ï�øZþ�ýOó&û � B D 8>ñ	�ÁøZó&þ�ø�ï
ð�ñ>ð
ø�ü&í�øZû&îòþ�ð
øZû?�-�¹ë:ý ý6ühø
í�ñ6ó�û*)·îÁí+�-� � �m��� �zoiY � B D �kð�ì&ø	ì�îÁ÷Oì68 î4��í5ñ�.
ð�îÁýOó&ñ	�%�Áø�86ø&�òïuý	�S��ì&îòþ�ì/ì&ñ286øi�wø
øZó/ý	��ï
ø
í+86øZûbí�øZþ�øZóDð+�4� �R� �c�"!�# ì�îòï�ï
ð�ñ>ð
ø îòï:û\øZï�þ�í5î��wøZû/ùYñ6îòó��4�6�-�Yð�ì\øµþ�ýOó�0&÷Oö\í5ñ>ð�îÁýOó
� � � Q � � ��� � u � � �Dþ�ý6í�í5øZï
ühýOó&û&îòó\÷ îAó~� � ð
ý¹ñ·ó\ýOó .�ý	�rï
ø
í+86øZû �cB\D_ ï
ð�ñ>ð
ø x u � �A � � �_ ��� �A ��� �_ þ�ýOó�0�÷Oö\í5ñ>ð�îÁýOó y�!-# ì&îòï|��ñ6þ�ð��
ñ6ó&ûzð�ì\ø�îòùSühý6í�ð�ñ6óDð�ùYî�1\îòó\÷¹ý	��ð�ì\øZï
ø�ï�ð�ñ>ð
øZï���îòð�ì|ð�ì\ø �	� � ñ6ó&û �m� � �cB\D 

�×û��hø
í�÷Yï
ð�ñ>ð
øZïµý	�Më
�6��ù/ñ �6ø�û&î�+ þ
ö��Áð
ð�ì\ø þ�ýOùSü�ñ>í�îòï
ýOó^��îòð�ì^� ��!

, �Sæ���æ����>ãE�>æDèE��êAã×äK�kå=�KéZä�êÅæDãE�����käO�m�Z�>ã�äJ�E���.- ��äJ�OäJ�Z�

b óI� � �Fð�ì\ø
í�øYñ>í5ø/ï
ð
í�ýOó\÷�ì&ýOùSý6÷6øZó\ø
ýOö&ï·üwø
í5ð�ö\í+��ñ>ð�îÁýOó�ïK�hø
ð��uø
øZó ð�ì\ø � @�A 8>ñ	�ÁøZó&þ�ø ñ6ó&û>

�×û��hø
í�÷zï
ð�ñ>ð
øZï �RQ��"! b ó
ë
�6��ð�ì\ø �C@ 

�×û��hø
í�÷�ï
ð�ñ>ð
øZïv��îÁð�ì ñ6ó ] �&B\D îÁýOóRþ�ý6í�ø x �Jt%� w �T@ � �=t%� { �C@ y �uñ6ó&û ��îÁð�ì ñ6ó } ��@ îÁýOóRþ�ý6í�ø
x �	� �:� � @ y ��ñ>í�ø?�uø&����û\ø
ð
ø
í5ùYîAó\øZû3�&þ�ý6í�í�øZï�üwýOó�û&îòó\÷¹ð
ý/ð�ì&ø?` � @�A � ] � B D_ � �Jt%� A � a � @KA � ] � B D_ ���=t%� A �rñ6ó&ûG� � @KA
� } � @KA � �	� � _ 
�� û��wø
í5÷/ï
ð�ñ>ð
øZï ý	�h� � �rí�øZï
ühøZþ�ð�î486ø&�4� ! # ì\ø � @ 8kñ	�ÁøZó�þ�ø�ï
ð�ñ>ð
øZï ý	�uë
�6�wþ�ý6í�í�øZï
ühýOó&û�îòó\÷Sð
ýbð�ì\ø6X � @KA
8kñ	�òøZó&þ�ø:ï�ð�ñ>ð
ø:ý	� � � �6ñ>í�ø	ó\ý6ðf86ø
í+�:�:ø&���z� ó\ý���ó ! W í�ýOùnð�ì\ø�þ
ñ	�òþ
ö��Añ>ð�îÁýOó&ï�ý	�wë:ý ý6üwø
í�ñ6ó&û
) îÁíC�z� ���2� �6ð�ì\ø
� �C@ .�ï
ð�ñ>ð
ø
ñ6û&îòñ ��ñ>ð�îAþSühý6ð
øZóKð�îòñ	�:ì&ñ6ï�ñúï
øZþ�ýOó�û�ùYîAó&îòù�ö&ù ñ>ð�ñ �hýOö\ð � ! ��� ln ��þ�ý6í�í�øZï
ühýOó&û&îAó\÷zð
ýúð�ì&ø � � � Q � ��� , u � � 8>ñ	�ÁøZó&þ�ø
þ�ýOó�0&÷Oö\í�ñ>ð�îÁýOó3�Dî ! ø ! �×îAï
ý þ�ýOó�0&÷Oö\í5ñ>ð�îÁýOó�ñ	����îÁð�ì ð�ì\ø s ,�@ ï
ð�ñ>ð
ø ! � ö&ùSø
í5ýOö&ï|8×î4�&í5ýOó&îòþ
�Áø�86ø&�Aïuý	� �+@ ï
ð�ñ>ð
øZï�ì&ñ286øi�wø
øZó
ý	��ï
ø
í+86øZûS�Kø ! ÷ ! �-�z�v� ÷Oñ2�:ñ¹ñ6ó&û7� ÷Oñ&�	ñ � �	� � ��ë	ñ6ï
ø�� � �mQ�� �×ñ6ó&û  îòû\ø&�òï+�wø
í5÷FJ&LhM O4P �R�qp��"! W í�ýOù ð�ì&ø ñ �hý286ø	�×îÁð:îòïMþ��ÁøZñ>í
ð�ì&ñ>ð ð�ì\ø û&îòñ ��ñ>ð�îòþSï5îòó\÷��Áø
ði8>ñ	�ÁøZó&þ�ø/ï
ð�ñ>ð
ø	��þ�ý6í�í�øZï�üwýOó�û&îòó\÷bð
ý ð�ì\ø s , @ ï�ð�ñ>ð
ø	��ù�ö&ï
ð îòóDð
ø
í5ñ6þ�ð�ï�ð
í�ýOó\÷��4����îÁð�ì�ð�ì&ø
� ] �2B\D � �Jt%� � � ] �&B\D ���=t%� �Kñ6ó�û � } ��@ � �	� � �C@ 

�×û��hø
í�÷ ï
ð�ñ>ð
øZï !ms øµü&í�ý6ühýOï
ø�ð
ý·ó�ñ6ùSø�ð�ì&îòï*û�îòñ ��ñ>ð�îòþ�ï
ð�ñ>ð
øNw Y �+@ !n ÷��Áý	��ñ	�Kû&ø
üwø
í5ð�ö\í+��ñ>ð�îÁýOó ý	�&ñ	���6ð�ì\øZï
ø	ï
ð�ñ>ð
øZï��>ö&ï�îAó\÷�þ�ýOö\ü9�ÁøZû·ø&*Dö�ñ>ð�îÁýOó&ï��HîAï<þ
ö\í�í5øZóKð+�4� ü9�Añ6ó&ó\øZû3����ý����Áý���îòó\÷�ü&í5ø�8 îÁýOö�ï
ï�ö&þ
þ�øZï�ï�øZï�îòó/ð�ì&ø þ
ñ6ï�ø ý	��� �6�RQ � V � ���"! ��ø��:�×ì�îÁ÷Oì .'�Áø�86ø&�5MG� �R�#� L���� þ
ñ	�òþ
ö��òñ>ð�îòýOó&ïZ�Åý6í	ð�ì\ø �C@ ï�ð�ñ>ð
øZï�ý	��ë
� �:ýOö��òûv�hø
ý	�}ï5îÁ÷Oó&î40�þ
ñ6óDð��høZó\ø�0&ð�îòózï
ø
ð
ð�îAó\÷Yö\ü�ð�ì\ø û�îòñ ��ñ>ð�îòþ ühý6ð
øZóDð�îòñ	��.�øZó\ø
í�÷	�z.�þ
ö\í+86ø:��ñ6ï�îòï���ý6í�ð�ì&îòï�û\ø
ühø
í�ð�ö\í+��ñ>ð�îòýOó !

Page 3 of 7

URL: http://mc.manuscriptcentral.com/tandf/tmph

Molecular Physics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

���������	�
���
�
�
��� ��������� �	�
��������������� ��!�"�#���" $&%(' )*�
��+���!�"�,

� ������� Â
Ã��
	 ���
��������������� Ã ��� ��	�	 � Ä��£Â � � ������� ÄÇÆ�Â � �
	 � 	�� ������� �
	 ����� � Ä � Ã ��� �2Ä ����� � Ä�� � � 	! �#" Â �$��%rÖ

1.0 1.5 2.0

Internuclear Distance (Å)

9.0

10.0

11.0

12.0

P
ot

en
tia

l E
ne

rg
y 

(1
04  c

m
−1

)

B
 1Σ+

D
’ 1Σ+

C
 1Σ+

C
’ 1Σ+

" #�Ú
�������
Ø��w#���Ð
�WÑÅ#��F+H��ÑÅ��Î5ÑÅ#���� �Á��Î�����Ú�!u�����ÅÓ���"&Ô£�
�\ÑÅ���(����Ò\��"AÑr������# Ñ���Ï��\!�Ï�ÐH���ÅÚ*��Î�ÏuÓ�������Î���� Û Ü Ý "AÑ��WÑÅ��"w��ÔD$&%�Ø�Ù&���F��Î����ÅÚ�!:"Å�������F#�"
�Å��Ô2������Î�����Ï:ÑÅ�}Ñ����<)*#�Î�#�)}��)|#�Î�ÑÅ���(Ú
���
��Î�Ï��Á"ÅÑ��WÑ��(+Z��ÑÅ��Î�ÑÅ#���� �Á��Î�����Ú�!	�����AÓ��
Ø

� �Sæ���æ����>ãE�>æDèE��â�ã×äK�Nå]�OéHä�êÅæDãE�
���käO�m�Z�>ãúäK���
	�- ��äJ�6äK�Z�

# ì\ø¹ì\ýOùSý6÷6øZó\ø
ýOö�ï üwø
í5ð�ö\í+��ñ>ð�îÁýOó�ïµîòó ë
� �hø
ð'�:ø
øZó�ð�ì\øp` ,�@ 
�� û��hø
í�÷|ï
ð�ñ>ð
øYñ6ó&ûÿð�ì\ø s ,/@ 8kñ	�ÁøZó�þ�ø¹ï�ð�ñ>ð
ø/ì&ñ&86ø
�hø
øZó ï
ð�ö&û�îÁøZû^�-�zy:ñ �6ø
í ñ6ó&û �<ñ6ö&ó�ñ&� � �mV��"! n û\ø
ühø
í�ð�ö\í+��ñ>ð�îòýOózühø
í+�Åý6í�ùSøZûzýOóÿùYñ6óm�^8×î4�&í�ñ>ð�îÁýOó&ñ	�S�Áø�86ø&�Aï�ý	�*ð�ì\øZï
ø
ð'�:ý ï
ð�ñ>ð
øZïbì&ñ6ïS÷Oî486øZó �Åý6í/ð�ì\ø�ø&�ÁøZþ�ð
í�ýOó�îòþzîòóDð
ø
í5ñ6þ�ð�îÁýOóRürñ>í5ñ6ùSø
ð
ø
í���
�j x ` , @�� s , @ y�� � u � þ
ù^� � � �mV��"!Z# ì�îòï
û&î��hø
í5ï�ï
ð
í�ýOó\÷����:��í�ýOù ð�ì\ø�þ�ý6í�í5øZï
ühýOó&û&îòó\÷ îòóDð
ø
í5ñ6þ�ð�îÁýOóYîAóp� � ��
1j x v ,�@�A�� o Y ,/@�A y�� �/���	� þ
ù � � � �z�2�"!G� ý2�:ø�86ø
í&�
þ�ýOùSü�ñ>í5îAï
ýOó��wø
ð��uø
øZó�ð�ì&ø , @ ï
ð�ñ>ð
øZï ý	��ë
� ñ6ó&ûr� � îòï û&î�+ þ
ö��Áð��høZþ
ñ6ö&ï�ø�ð�ì&ø , @ 8kñ	�òøZó&þ�øSï
ð�ñ>ð
øZï ñ>í�øYû\øZï5þ�í5î4�høZû
�z��ñbþ�ýOó�0&÷Oö&í5ñ>ð�îÁýOó x � � � Q � ��� , u � � �Åý6í ë
� ñ6ó&ûIu � �A � � _ ��� ,A ��� �_ �Åý6íi� �2y ��ì&îAþ5ìú÷Oî486øZï í5îòï
ø�ð
ýv��ýOö\í ï
ø
ü�ñ>í5ñ>ð
ø ,�@
ï
ð�ñ>ð
øZï
�µîÁð�ìzï
ð
í�ýOó\÷Yù�ö\ð�ö&ñ	�<îòóKð
ø
í�ñ6þ�ð�îÁýOó&ï !�# ì&ø ,c@KA ï
ð�ñ>ð
øZï�ý	�f� � ì&ñ286ø:�hø
øZózþ
ñ	�òþ
ö��òñ>ð
øZû�ü&í�ø�8×îÁýOö&ï+�4� � �m�2��Q ��� ñ6ó&û
ñYó\ø��nþ
ñ	�òþ
ö��òñ>ð�îÁýOó�ý	�*ð�ì\øZï
ø�ï�ð�ñ>ð
øZïµîòï�îòózü&í�ý6÷6í5øZï�ï �RQ �c�"!�# ì\ø , @ ï
ð�ñ>ð
øZïµý	�uë
�sì�ñ&86ø6�wø
øZó þ
ñ	�òþ
ö��òñ>ð
øZûG�z� � ñ	���ZJ&LM O4P �RQ u-� Q	��� ñ6ó�û ì&ñ286øi�wø
øZó/í�ø
ühý6í�ð
øZûbîòó W îÁ÷ !�� ý	� � î����fJ�LhM O4P �RQ�� � � ��ì\ø
í�ø�ð�ì\øiu ,�@ ï
ð�ñ>ð
ø þ�ý6í5í�øZï
ühýOó&û&ïMð
ý�ð�ì\ø s ,�@
ï
ð�ñ>ð
ø	� ��îÁð�ì�ñbþ
ñ	�òþ
ö��òñ>ð
øZûzi j � p	V$Q �	� þ
ù � � �RQ	��� �hï
ýOùSø��µì&ñ>ðµì&îò÷Oì\ø
í�ð�ì&ñ6ó ð�ì\ø·ø/1×ühø
í5îòùSøZóDð�ñ	�S8>ñ	�òö\ø�îòó # ñ �9�Áø � �
ñ6ó&û k j � ��� ���	� ln �RQ	��� �Mîòó�÷6ýDý×û ñ>÷6í�ø
øZùSøZóDðF��îÁð�ì¾ø/1×ühø
í5îòùSøZóDð !fW îÁ÷Oö&í�øZïpu�ñ6ó&û � þ�ýOùSü�ñ>í�ø|ð�ì\ø @ ï�ð�ñ>ð
øZïYý	�
� � ñ6ó�û�ë
� !EW îÁ÷Oö&í�ø~u�îòï·û\ø
í5î486øZûI��í�ýOù ð�ì&øF�uý6íC�ÿý	�\
�ø���ï !Z�R��� ñ6ó&û � �z�2� ��îòó&þ��Aö&û&îòó\÷|û&îòñ �rñ>ð�îòþ¹ühý6ð
øZóKð�îòñ	�4.�øZó\ø
í�÷	�
þ
ö\í+86øZïZ��ý6íuð�ì\øi`����·ñ6ó&û7X � @�A ï
ð�ñ>ð
øZï�ñ6ó&û ð�ì\ø�o)��oiY � w ñ6ó&û v , @KA ï
ð�ñ>ð
øZï	ý	��� � ! W îÁ÷Oö\í�ø � ì�ñ6ï|�hø
øZó(��ö&î��òð$�Åí�ýOù
ø/1 ühø
í5îAùSøZóKð�ñ	�<ñ6ó&ûúþ
ñ	�Aþ
ö��òñ>ð
øZûÿû&ñ>ð�ñ ���2� �wøZùSü9�Áý�� îAó\÷/ñ	�òï
ý W îÁ÷ !�� ý	� �R� ��� ñ6ó�û W îÁ÷ !3V ý	� � u p��"!3# øZóDð�ñ>ð�î486ø�ühý6ð
øZóKð�îòñ	�
þ
ö\í+86øZï|�Åý6íuð�ì\ø�wnñ6ó&û(� � @ ï
ð�ñ>ð
øZï��×ñ6ó&ûSð�ì\ø s ñ6ó&ûF` , @ ï
ð�ñ>ð
øZïuý	��ë
�yñ>í�ø îòó&þ��òö&û&øZû3�Nð
ý6÷6ø
ð�ì&ø
íZ�µîÁð�ìSñ·ï�þ�ì\øZùYñ>ð�îòþ
û&îòñ ��ñ>ð�îAþ�þ
ö\í+86ø���ý6íMð�ì&øKw Y �+@ 8>ñ	�ÁøZó&þ�øµï�ð�ñ>ð
ø ! n �òï
ý·ï5ì\ý2��ó îòó W îÁ÷ ! � �Dö&ó��Añ �wø&�t�ÁøZû3�6îòï*ð�ì\ø ,/@ ï
ð�ñ>ð
ø ñ6ï5ï
ý þ
îAñ>ð
øZû~��îòð�ì
ð�ì\ø~� �T@ ï
ð�ñ>ð
ø	�S�µì&îòþ5ìS�%��ì�î��Áø¹ó\ý6ði�6ø
ð ý	��ï
ø
í+86øZûS�(þ�ø
í�ð�ñ6îòó��4�úø/1×îAï
ð�ï��Fñ6ó&ûr�:ýOö��òû��hø�ø/1×ühøZþ�ð
øZû�ð
ýzü9�òñ2�úñ|í�ý��òø¹îAó
ð�ì\ø ühø
í�ð�ö\í+�rñ>ð�îÁýOó|ñ6ó&ûzü&í�øZû�îòï�ï
ý×þ
îòñ>ð�îÁýOóbý	��ð�ì\ø � @ ï
ð�ñ>ð
øZï !

� â5ãrçwêòå]�>éZä��wå=�>çwêA�K��æ�éHêA�Oä�êAæ ãE�µêÅãúäK��� �.- ��äJ�6äK�Z�

n þ
þ
îAû\øZóKð�ñ	�hü�í�øZû&îòï�ï�ý þ
îòñ>ð�îòýOó&ïMîòóbð�ì\ø<w �C@ 

�×û��hø
í�÷�ï
ð�ñ>ð
ø ý	��ë�� �:ø
í�ø ý	��ï�ø
í+86øZû7�z�7H×îòùYùSýOó�ïuñ6ó&û # î��4��ý6í5û �RQ	Q�� �
ñ6ó&û7�òñ>ð
ø
í\�-� n ùYîÁý6ð:J�LeM O�P �RQ	V��"!9# ì&øZï
ø ì&ñ&86ø��hø
øZó|îòóDð
ø
í�ü&í�ø
ð
øZû7�-� y	ñ �6ø
ípJ�L|M O4P �rp�� ñ6ï�û&ö\ø ð
ýSð�ì\ø ùYî�1\îòó\÷�ý	��ð�ì&ø
w �+@ ï
ð�ñ>ð
øZ��îÁð�ì ð�ì&ø s ,/@ ð
í5îÁü9�òø
ð38kñ	�ÁøZó�þ�øuï
ð�ñ>ð
ø	�>îÁð�ï
ø&�4� ü&í�øZû�îòï�ï
ý×þ
îòñ>ð
øZû ! 
µñ>ð�ì\ø
í<ð�ì&ñ6ó
�½ñ6þ
þ
îòû\øZóDð�ñ	���Nü&í�øZû&îòï5ï
ý þ
îAñ>ð�îÁýOó3��uø ü&í�ø���ø
í	ð�ì\ø ð
ø
í5ù��½îòó&û&îòí�øZþ�ð��Kü&í5øZû&îòï�ï
ý×þ
îòñ>ð�îÁýOóS����ì&îòþ�ì îAïuùSý6í5øµ÷6øZó\ø
í�ñ	� �RQ��2�"! n þ
ñ>í�ø���ö��hï
ð�ö&û��Sý	�(ð�ì&øZï
ø ü&í�øZû&îòï5ï
ý .

Page 4 of 7

URL: http://mc.manuscriptcentral.com/tandf/tmph

Molecular Physics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

���������	�
���
�
�
��� ��������� �	�
��������������� ��!�"�#���" $&%(' )*�
��+���!�"�,

� �����O��� Ã ����� Ã�� ��� Â �$�	� ��� ��	 �

1.0 2.0

Internuclear Distance (Å)

9.0

10.0

11.0

12.0

P
ot

en
tia

l E
ne

rg
y 

(1
04  c

m
−1

)

C
 3Πu

C
’ 3Πu

b
 1Πu

G
 3Πu

F
 3Πu

o
 1Πu

c
 1Πu

" #�Ú
�����h��Ø �w#���Ð
�WÑÅ#��F+Z��Ñ���Î�Ñ�#���� �ª��Î����ÅÚ�!	�����AÓ���"&Ô2�
�&ÑÅ���F����Ò\��"ÅÑ Û ß Þ ��Î�Ï	à
ß Þ �������ÇÑÅ���
Î�#��("ÅÑ��WÑÅ��"r��ÔKÕ Ö Ø�Ù����F��Î����ÅÚ�!M"��������F#�"&���ÇÔ£���Å��Î�����ÏMÑ���ÑÅ���)*#�Î�#�)}��)z#�ÎMÑÅ���FÚ
���
��Î�Ï �Á"AÑ��WÑÅ��+Z��ÑÅ��Î5ÑÅ#���� �Á��Î�����Ú�!u�����ÅÓ��
Ø

þ
îòñ>ð�îÁýOó&ï ì&ñ6ïN�hø
øZó ühø
í+��ý6í5ùSøZûG�z��ë	ñ6þ
þ
îòñ6ó&î\J�L
M O4P �RQ	��� ��H×ö�ó J�L
M	O�P �RQqp�� �(ñ6ó�û , ��ñ6þ5ì�ïpJ&L
M O4P �RV ���"!3# ì\ø�ý	��ï
ø
í+86øZû
Wfs�� U ü&í�øZû&îòï5ï
ý þ
îAñ>ð�îÁýOó���îòû\ð�ì&ï ñ>í5ø�� � w � @ x � � �2y'� � � ������� þ
ù7� � ñ6ó&û�� �rs , @ x � � V�y'� � � � �	�	Q þ
ù7� � �RV ���x ��ý6ð
øúð�ì&ñ>ð ñ þ5ì&ñ6ó\÷6ø���í�ýOù � ð
ý���� � ù�ö&ï
ðp�hø ùYñ6û\øG�Åý6í ð�ì\øG�Áø�86ø&�òï/ý	� s îòóRñ	����ü�ñ>ühø
í5ïSü�ö��%�òîòï�ì\øZû=�hø��Åý6í5ø

�ø�� !K� u ��� y�!e# ì&îòï¹ü&í�øZû�îòï�ï
ý×þ
îòñ>ð�îÁýOó ì&ñ6ïF�wø
øZó îòóKð
ø
í5ü&í�ø
ð
øZûRñ6ï û&ö\øzð
ý�ñ ï
ü�îòó .�ý6íC��îÁð¹îòóKð
ø
í�ñ6þ�ð�îÁýOó ùYñ>ð
í�î�1¾ø&�òøZùSøZóKð
( ��� � �	� ��

� V�� ( w �T@ � 
ú"Å�	� s ,�@ � � ��� �	� þ
ù � � �RV ���"! n ï	ð�ì\ø þ�ýOó�0&÷Oö&í5ñ>ð�îÁýOó&ï:ý	�<ð�ì&ø�w �C@ ñ6ó�û s ,c@ ï
ð�ñ>ð
øZï
û&î��hø
íi�z�ÿð'�:ý�ý6í+��îòð�ñ	�òï��hð�ì&îòï ï
ü�îAó .�ý6í+��îÁð îòóDð
ø
í5ñ6þ�ð�îÁýOó�îòï îAó&û&îÁí�øZþ�ð ! � óÿü !EQ�� uzý	�Z
�ø�� !|�RQ��2� �}îÁð ì&ñ6ïi�hø
øZó�ñ6ï�ï�ö&ùSøZû
ð�ì&ñ>ðMð�ì&øKw � @ 
�� û��wø
í5÷ ï
ð�ñ>ð
ø ï�ü�îòó .�ý6í+�rîÁð�îòóDð
ø
í5ñ6þ�ð�ï|�µîÁð�ìSð�ì\ø îòï
ý×þ�ýOó�0&÷Oö\í5ñ>ð�îòýOó&ñ	��` , @ ï
ð�ñ>ð
ø	�-��ì&îòþ�ì/îòóSð�ö&í5óYø&�ÁøZþc.
ð
í�ýOï
ð�ñ>ð�îòþ
ñ	�t�4�YîòóDð
ø
í5ñ6þ�ð�ï���îÁð�ì/ð�ì\ø s ,�@ 8>ñ	�ÁøZó&þ�ø ï
ð�ñ>ð
ø !_� ý2�:ø�86ø
í&�\ð�ì&îòïe

�×û��hø
í�÷�ï�ü�îòó .�ý6í+�rîÁð�ùYî�1\îòó\÷·îAïMð
ý ý?�:øZñ �/ð
ý
ø/1 ü%�òñ6îòó|ð�ì\ø ý	��ï�ø
í+86øZû�ü&í5øZû&îòï�ï
ý×þ
îòñ>ð�îÁýOózñ6ó�û^�uø�ï�ö\÷6÷6øZï
ð�ñ6ó&ý6ð�ì\ø
í�ü&í5ý þ�øZï�ï��z�|þ�ýOùSü�ñ>í�îòï
ýOó^��îòð�ì � ��!9# ì\ø ü&í�øZû&îAï�.
ï
ý×þ
îòñ>ð�îÁýOó¹ý	�hð�ì\ø�` �C@KA 

�×û��hø
í�÷ ï
ð�ñ>ð
ø�ý	�3� � �OîòóYîÁð�ï$�Áý��uøZï�ð|8×î4�&í5ñ>ð�îÁýOó�ñ	�-�òø�86ø&�òï��Kîòï*û�ö\ø�ü&í5îòù/ñ>í5î��4� ð
ý ð�ì&ø�ùYî�1\îòó\÷ ý	�
`\��îÁð�ì/ð�ì\ø�8>ñ	�ÁøZó&þ�ø ï
ð�ñ>ð
ø<X � @�A �z��ì&îòþ�ì/ï
ü�îAó .�ý6í+��îÁð�þ�ýOö&ü9�ÁøZïuð
ý·ð�ì\ø îòï
ý×þ�ýOó�0&÷Oö\í�ñ>ð�îÁýOó&ñ	�%o , @KA ï
ð�ñ>ð
ø	� îòð�ï
ø&�4�hü&í�øZû&îAï�.
ï
ý×þ
îòñ>ð
øZûp�-��ð�ì&øNo Y ,�@�A ï�ð�ñ>ð
ø �R� � �z�2�"! b ó ë
�6�	�:ø�þ
ñ6ó/ñ6ï5ï�ö&ùSø�ð�ì&ñ>ðZw �+@ îòï�ùYî41 øZû)��îòð�ìSð�ì\ø
w Y �C@ 8kñ	�òøZó&þ�ø�ï
ð�ñ>ð
ø !b ð	îòï:ð�ì&îòïZ8>ñ	�ÁøZó&þ�ø ï
ð�ñ>ð
ø���ì�îòþ5ìbþ
ñ6ó7�hø ùYî41 øZûv�z�bï
ü�îòó�.�ý6í+��îÁðMîAóKð
ø
í5ñ6þ�ð�îòýOó7��îÁð�ì ð�ì\ø s ,�@ 8kñ	�òøZó&þ�ø ï
ð�ñ>ð
ø !9# ì\ø s ,�@
ï
ð�ñ>ð
ø îòï�ü&í5ý	��ñ �9�4��ü&í�øZû&îAï�ï
ý×þ
îòñ>ð
øZûF�-�Yñ í�ø
ürö��òï�î486ø , @ ï�ð�ñ>ð
ø	� ÷6ýOîAó\÷·ð
ý�ð�ì\ø ë x ,�� y � � x ,�� y û�îòï�ï
ý×þ
îòñ>ð�îÁýOóF�AîòùYîÁð��Kñ6ï
ï�ö\÷6÷6øZï
ð
øZû[�-�zy:ñ �6ø
í~J&L�M	O�P �rp��"!�# ì&îòï�ï
ð�ñ>ð
ø	� b+b+b ,/@ �rîòï�í�ø
ü&í�øZï�øZóKð
øZûÿîòó W îÁ÷ !��-!%, ï�îòó\÷ ñ/ùSý×û\ø&�S�µîÁð�ì ñ6óúñ6ï�ï�ö&ùSøZû
ø&�ÁøZþ�ð
í�ýOó&îAþ�îAóKð
ø
í5ñ6þ�ð�îòýOó ( s , @ � 
 ��� � b+b+b , @ � � u �	� þ
ù7� � ñ6ó&û�ð�ì\øYþ��ÁýOï
ø þ�ýOö\ü9�òîòó&÷bùSø
ð�ì&ý û3���:ø/þ
ñ6ó�í�ø
ü�í�ý û�ö&þ�ø
ð�ì\ø���îAû\ð�ì|ý	� s x ��� V�y�! # ì\ø·ö\ü�üwø
í
�òø�86ø&�òï�ì&ñ286ø?�òñ>í5÷6ø
í���îòû&ð�ì&ï x ø ! ÷ ! ��� �rs ,�@ x �1� �	y'� � � þ
ù � � y �wîòó�ñ>÷6í�ø
øZùYøZóKð
��îÁð�ìbð�ì\ø ý	��ï�ø
í+8kñ>ð�îòýOózý	�fUúñ �
øZñ6ö�J&LeM O4P �RV �c� ���z�bø&�ÁøZþ�ð
í�ýOó îòùSü�ñ6þ�ð�ï
ühøZþ�ð
í�ýOï5þ�ý6üz�	�&ý	��ï
ð
í�ýOó&÷��4�/ü&í5øZû&îòï�ï
ý×þ
îòñ>ð
øZû ,�@
�Áø�86ø&�òï !

� �µæ ãré��AèE��êÅæDãE�

� ø
í�ð�ö\í+��ñ>ð�îòýOó&ïuñ6ó�û ü�í�øZû&îòï�ï�ý þ
îòñ>ð�îòýOó&ïMì&ñ286ø<�hø
øZó3�Dý6í�ñ>í�ø þ
ö\í5í�øZóKð+���F�høZîòó\÷��m�:ø&���hï
ð�ö&û�îÁøZû îAóv� ��!\� ý2�:ø�86ø
í&��îAó|ë
�)�
ð�ì\ø�ì\ýOùSý6÷6øZó\ø
ýOö�ï�üwø
í5ð�ö\í+��ñ>ð�îÁýOó�ïE�hø
ð'�:ø
øZó)�hý6ð�ì�ð�ì\ø �cB\D ñ6ó&û �+@ ï
ð�ñ>ð
øZï�ñ>í�ø�ó\ý6ð*þ�ýOùSü9�òø
ð
ø&�4��ö&ó�û\ø
í5ï
ð
ý ý û !�# ì\ø
í5ø
ø/1×îAï
ð�ï�ñÿï
ð
í�ýOó&÷úü�ñ>í�ñ	���Áø&�h�hø
ð��uø
øZó ð�ì\ø|îòó&û�îÁí�øZþ�ð ü&í5øZû&îòï�ï
ý×þ
îòñ>ð�îÁýOó�ï ý	��ï
ø
í+86øZû îòó�ð�ì\ø � @ x ý6í � @�A y ï
ð�ñ>ð
øZï¹ý	� ë
�
ñ6ó&û^� � ! ��ø�� MG�����_� L���� þ
ñ	�òþ
ö9�òñ>ð�îÁýOó&ï�ñ>í5ø·ó\øZþ�øZï�ï�ñ>íC�	�rîòó|ð�ì\ø�þ
ñ6ï
ø ý	�Më
�6�\ð
ýbþ�ýOóKð
í5î���ö\ð
ø ð
ý/ñ6óúö&ó&û\ø
í5ï�ð�ñ6ó&û&îòó\÷�ý	�
ð�ì\øµì&ýOùSý6÷6øZó\ø
ýOö&ïuühø
í�ð�ö\í+��ñ>ð�îòýOó&ï�ñ6ó&û îòó&û&îÁí5øZþ�ð�ü&í�øZû&îAï�ï
ý×þ
îòñ>ð�îÁýOó&ï !	# ì&øµþ��ÁýOï
ø þ�ýOö\ü9�òîAó\÷ ùSø
ð�ì\ý×û~�µî���� �hø�ð�ì\øZóv�uø&�t�

Page 5 of 7

URL: http://mc.manuscriptcentral.com/tandf/tmph

Molecular Physics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

���������	�
���
�
�
��� ��������� �	�
��������������� ��!�"�#���" $&%(' )*�
��+���!�"�,

� ������� Â
Ã��
	 ���
��������������� Ã ��� ��	�	 � Ä��£Â � � ������� ÄÇÆ�Â � �
	 � 	�� ������� �
	 ����� � Ä � Ã ��� �2Ä ����� � Ä�� � � 	! �#" Â �$��%rÖ

1.0 1.5 2.0

Internuclear Distance (Å)

9.0

10.0

11.0

12.0

P
ot

en
tia

l E
ne

rg
y 

(1
04  c

m
−1

)

k
 3Πc

 3Π

III
 3ΠE

’1Π3Π

E
 1Π

W
 1Π

" #�Ú
�����F,�Ø���������)��WÑÅ#��F+H��ÑÅ��Î5ÑÅ#���� �Á��Î�����Ú�!:�����ÅÓ���"&Ô£�
�&"��
)*�w��Ô6Ñ����F����Ò\��"ÅÑ Û ß/��Î�Ï	à�ßY��������ÑÅ���
Î�#��F"ÅÑ��WÑ���"w��ÔD$&%�Ø�Ù����F��Î����ÅÚ�!:"Å�������F#�"��Å�ÇÔ£������Î�����Ï
Ñ��}ÑÅ���()*#�Î�#�)���)|#�ÎuÑÅ���FÚ
�Å�
��Î�Ï �Á"AÑ��WÑÅ�(+Z��Ñ���Î�Ñ�#���� �Á��Î����ÅÚ�!	�����ÅÓ��
Ø

ï�ö&îÁð
øZû|ð
ý þ
ñ	�òþ
ö��òñ>ð�îÁýOó|ý	��ð�ì\ø ü�í�øZû&îòï�ï�ý þ
îòñ>ð�îòýOóv�µîòû\ð�ì&ï���ý6í�ð�ì\ø�ë��nùSý��ÁøZþ
ö��Áø !

� é��&ãwæZ� �R�>ç����Z�z�>ã×äJ�

# ì\ø ñ6ö\ð�ì\ý6í�ï�ð�ì&ñ6ó�� U !  îòû\ø&�AïT�hø
í�÷�ñ6ó�û s !%, ��ñ6þ�ì&ï
��ý6í�ñYþ�í�îÁð�îòþ
ñ	�hí�øZñ6û&îAó\÷¹ý	�}ð�ì&ø·ùYñ6ó ö&ï�þ�í5îÁü�ð !

� �����kå=�>ãwé(�Z�
	 ]�

� IO¥hIK��«O  ¤5¡u�ZTK�S¶�V&I��N«OTOºN¤5T&B�������;O1����r9(;>=�?��
� ~ B��N´HJ���]�²N²HJ��
I
	 X�

� IO¥hIK��«O  ¤5¡�B ¶�V&I��H«OTKºH¤5T�B � I�!(EN¨�VO¢2TKEKB � IO��UWEKBO�ZTD��" IK�>UW�Z¡ �×B������&;K1��#��9(;6=�?�� á�$%$ BD_Z²N´N_&��]�²H²H³��
I
	 ¯'
&¶�V&I��N«OTOºH¤�T&B � IO¥hIK�M«O D¤�¡�BDQzI��N«OTOºH¤�T&BO�ZTD�(" ID�>UW�Z¡ �×B������&;K1��#��9(;6=�?�� á á�) B6³>´6]�_&�ÅXHJHJN¯*�
I
	 ³+
×¼�IKQS¤�G2G£¢£TOºH¤�¡�BD¶uIK��IOCM¢ª�O�ZG�BO�ZTD�S¶�V�I��H«KTOºH¤�T&B������&;K1��#��9(;6=�?�� á�$ � B��N²O]�¯(��]�²H²��*�
I
	 ´�
×P�ID�>UW�ZVK¤5G�BKQzIK��¤5EHTK¢ÅBO�HTK��� IOPM¡W¤�¨W¨�G£¤5¡�B,�����&;K1��#��9(;6=�?��
-���BDXH´Z³K].��]�²��H¯*��I
	 �'
×P�ID�6¦D¤�G£¨� D¤�¡�º �HTK��� IKQS¤5§N¤5¡�B������&;K1��#��9(;6=�?�� á á�� B��H³N¯2�/�ÅXHJHJO]��
I
	 _�
×P�IK�<I ¶�E>EH¦ ¤5¡��HTK�/� I��	¢2¡W >§HB0��;O1�����9<;>=�?��21r1�3435� á���~ BO¯H²N¯/��]�²2���*��I
	 �'
×�uI6��I6��¤C�*¢ª¨5B6�×I6»	I ":¢2 K¨�EHT�Bk� I�6 VD�ZTOºDBk��I>��¤�¸ò¤� k±>¡W¤��Ç�}¡�¢£EHT&Bk�ZTK�&�KI ��Q�I>��EH O  ¤HB
���7��;K1��#�\9(;>=�?�� á3~�~ B ]5³N³N¯HJkX��ÅXHJHJN´*�
I
	 ²'

�KIK���2�H¤5¡�B��KIO�<IK�&¤98 �Z¢£¡�¤NB6�\I ¶�EH«O¡W¢ª¨5BO¼�IOCM¢£¤5TkU�BDP�IKQ/�ZG:8 �H¢£¨�EHT�BO�ZTK���}IK�*EN¨�UW�N¨5B;��;K1��#��9(;6=�?�� á - ) BK´&�N²/��]�²N²H¯*��I
	 ]�J'
×QzIO�(¢ª�6¤5Gª¨� D¤�¡�º �ZTD���}IK�*Ek¨�U��H¨�B�<:?=3�8�.'>
�
<	?=3Å8�.@?O;6=�?�� ~ , � B6³>_HX&��]�²N²HJ*��I
	 ]N]�
×QzIOPM¡��Z K D¤�G£¨�B��DIO��¤5¢£T A�¤HB��DI��DI>U�¤5¡�QY¤5«OG£¤5T&BD�ZTK��� IK�<IOQS¤5¤�¡�U�¨5B2���B��;O1����r9(;>=�?��,�%�&BK´k_
JO]C��]�²H²H¯��
I
	 ]�X�
×��I>�*Ek¨�U��H¨�BH�}Ik�r�Z«OTK��§NBNQzI>�(¢ª�6¤�G£¨� D¤�¡�ºDBNQzI>�}¤5TOVD�Z¡W¡�EN«K¨5BN¶uI>�}G£�H¤�¨W¨5Bk�ZTK�#� I>¥hIN�M«O  ¤5¡�BD�(7'>
�2��� 9(;>=�?���- ~ B>²O]�¯#��]�²H²Z³��
I
	 ]�¯'

� I�¥hI���«O  ¤5¡ �HTK�E" I���¤5¡FA5  ¤5¡WºKB -/.Z021�3�46027Z8HG+?K1W3�3�8�7 7'>
I¾-/.
021�3546027
8HG�3�8
4K3�3Å468�1KJD.Z0L� M�NO�(.'>K?=3�7+>�3Å?�.QPOR�@A7'3Ç.'� @A3

-Y.Z021�3�460£1
?
BKC(�HTSL�EN¨�U�¡��ZTD�\BO¥(¡W¢2TD­�¤�UWEHT&B×]�²k_
²KI
	 ]�³+
×»	IO��ID�M�+8 ¢ª¨�­5E �ZTK��¼�I ¶uI��	« 8�8 ¤�GÅBD���&9<;>=�?��S��;O1����
� � B��k´&�k´&��]�²H²K]���I
	 ]�´�
×¼�IK��EZ¸ÁU�V>«K¨*�HTK�(� IK¥hI �	¡�«K¦D¤�TO¢2¤NB����&9(;>=�?��S��;O1��#��TM1UP���R 7'3Ç7 � B&]N]�¯(��]�²>_H_V�
I
	 ]c�'
 � IK°� K�N­�VK¨�BO�(IOQzIK»w�H¨�VO¢£¡�EDB6�ZTK�¹��IO� I
6×�Z¡W¤HB0��;O1����r9(;>=�?�� á ,%$ B\]W��]�²��H²��
I
	 ]
_�
×¥hIO��ID�&¤5±N¤5G2U��ZTK��� ID°M K�H­�VK¨�B;��;O1����r9(;>=�?�� á ��, BKX&�H¯(��]�²H²kXV�
I
	 ]c�'
×»	IO�M�H¨�VO¢:8 EZU�E �HTK�¹��I����HTK�+8 EH¡W¢�B%���r-/.
0L�0G+?K1W3�3�8�.�?53�� ~ , � B\]�JH³��ÅXZJNJ2���
I
	 ]�²'

�KIw¥hIh�>¦K¡�¤�TOºH¤�¡W¨�Br�MIr�*¤�¢2TOVKEHGª�\Br� IF°M K�H­�VK¨�BD� I;" Ih��IF���ZGª�	�*¢2T�Bw�HTK�z�:Iw��IF��¤C�*¢ª¨5B����X��;O1�����9(;>=�?�� á3~ , B}]5³N³N¯O]�´

�ÅXZJNJN´*�
I
	 XHJ'
×¥hI � ID¶}�Z¡W¡�ENG2G\�ZTD�/� IOCµID�>«O K K�Z¡��+8¹B;�(7'>
�0���&9<;>=�?�� ��, BKX6]�²2�(��]�²>_Z´*�
I
	 XO]�

� I�!(EN¨�VO¢2TKE �HTK��P�I ��IO�O¡W¤5¤98 �ZT&B;�(7'>
�;���\9(;>=�?�� �\~ B\]�³>_��/��]�²2�Z³��
I

Page 6 of 7

URL: http://mc.manuscriptcentral.com/tandf/tmph

Molecular Physics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

���������	�
���
�
�
��� ��������� �	�
��������������� ��!�"�#���" $&%(' )*�
��+���!�"�,

� �����O��� Ã ����� Ã�� ��� Â �$�	� ��� ��	 �

	 XNX�
 �
IOPu�H O¡�E���¨��>¢ÅB6QzIKCF¤5¡W±kG£E>¤�U�BK�ZTK��PµI ��¶uIO�|�ZTOºDB;�F7+>%�;���&9(;6=�?�� � � B\]H]�_6]C��]�²��k_+��I
	 XH¯'
," IO��¤�¡W�O¤5T&BK��IO»	I��HENTOºV8 �KB>PµIO±
�ZTS�6¤�¡ 6×�ZTD�6¤HBO�HTK��" IKQS¤5¢ ��¤5¡�B�������;O1�����9<;>=�?�� á�$ -\B��N¯HJN¯/��]�²H²>_+��I
	 XZ³+
×QzI �<¢£�O¤5Gª¨�  ¤5¡WºKB%�KI �U! ID�*ENTK­�¢£T&B×¼�I×�&¤ �rG£E6­�V&B×��I×���H«OTK��§NB×¶uI×�&¤�UFA5¤�G½UW¤5¡�B �HTK� �DID�*Ek¨�U��H¨�BD���h-/.
0:� GV?O1�3�3Å8W.�?539� á3~&á B ¯HJH²

��]�²��k_V�
I
	 XN´�
×¥hID¶}�H­5­5¢£�HTO¢&�ZTD�·� IK°M K�H­�VD¨5B����r-/.
0L�0G+?K1W3�3�8�.�?53�� ~�~ � B��NX(��XZJHJH³���I
	 X2�'
 � I&°� K�N­�VK¨5B&¥hIr¶uIr��¢£TOTO¤5T�B�¥hI&�M�HTK¨�¤�T&B��×I��kUWEHG2U�¤NB&� I���ENºH¤�¡�±NEH¡�¨�U�B �HTK� ¥hIr¶}�N­5­5¢£�HTO¢ÅB;���<-/.
0L��GV?O1�3�3Å8W.�?539� á - � B\¯2�2�

��]�²N²N´*�
I
	 Xk_�
 � IK°� K�N­�VK¨�B � IK�×IK��IO�<¢ �N¤�8 �OB6� ID��EHºN¤5¡W±HEN¡W¨�U�B>�ZTK��¥hID¶uI ¶}�N­5­�¢ª�ZTK¢ÅB���� � ?%3 �2G×.�39�2< �#��� á�� BDXZ³��N²&��]�²H²>_+�
I
	 X2�'
," IO�(IO�bEHG ���HTK�/�DI6� IK�*¢ª­�V&B2������;O1��#��9(;>=�?��,-��&B\]�X/��]�²��H¯*��I
	 XH²'
×¼�IKQS¤�G2G£¢£TOºH¤�¡��HTK�Y¶uIK��I6Cu¢£�O�HGÅBD������;K1��#��9(;6=�?�� á�$&á B\]�JH³(��]�²N²Z³���I
	 ¯NJ'

�KIO���&�N¤5¡�B,���r-/.Z0L� G+?K1�3�3�8�.
?�3�� ~�, � BD_H´(�ÅXZJNJN´*�
I
	 ¯K]�
×QzIN�<¢£�6¤�G£¨�  ¤5¡WºKBH�}I>���Z«KTK��§HBV� IN��U�EDBN»	I>QY�
U�¨�«O¢�BN¥hI6¶uIN�M¢2TOTK¤5T&B>��Ik�*¤5¢£TOVOENG£�\BN� Ik°M K�H­�VD¨5Bk�ZTK�#� Ik¥hIN��«K D¤�¡�B
���0��;O1����

9(;>=�?�� áq~&á BKXZ²NX/�ÅXHJHJH³��
I
	 ¯kX�
 � I ���° �<Ih»*­�VD�ZTOºH���}¡W¢2G£G2¤5U�B�¥hIF�×I;�N«OG2¢£¤5TKTO¤HB0�KI �ÇQzIw��EH O  ¤HB<¶uIh�&¤�UFA5¤�G½UW¤5¡�Bw�HTK���}IF�*EN¨�UW�N¨5B����X��;O1�����9(;>=�?��B� � B �>_
¯k´

��]�²N²NX*�
I
	 ¯N¯'
×QzIOQSEHTKTO¤5¡W±>¢2G£G2¤��HTK���KI ��Q�IO�*EH O  ¤HB��}468��&9(;>=�?��;���,R � BK¯2�K]C��]�²N²H²*��I
	 ¯H³+
×�(IO¼�TD�6¡�¢ª­ZBD»	IK¥hI�":¡�E*A��O�HTOE
±×B6��IOQY­�¶}�H¡�¡WEHG£G�B>�HTK��� I ���° �(IO»*­�VD�ZTOºH���}¡W¢2G£G2¤5U�B,���&9(;>=�?���� ,�~ B6³>_HXZ²(��]�²N²H²��
I
	 ¯k´�
×��I �µI ���H¡�Gª¨�¨�EHT�B��}468��&9<;>=�?�� ���
R á á BKXHJk_&�ÅXZJNJHJ��
I
	 ¯��'
×QzI �	EV8 �
U�¨�«�BO»	IK�( K�ZUW�KB>»	IDQY�Z¤�§N�+8 �KB>�HTK�¹L�IKQY¢ �
�+8 ¢�B������&;K1��#��9(;6=�?�� á�$�, BKXZ³kXZJ(��]�²H²k´V�
I
	 ¯>_�

�KIO���&�N¤5¡�B>� I � �° �(IK»*­�VD�ZTOºH���}¡W¢2G£G2¤5U�B>�ZTK�¹¥hIK�×I��H«OG£¢£¤5TOTO¤NB2������;O1�����9<;>=�?�� á�$\~ BO¯N²N´2�&��]�²H²k´V�
I
	 ¯��'

�KIO���&�N¤5¡�B0�&;K1��#��9(;6=�?��21�1�3435� �%$%) B>¯K]�X(�ÅXHJHJk´V�
I
	 ¯N²'
×QzI\�(¢ª�6¤5Gª¨�  ¤5¡WºKB�!µI��6VO¤
	×¤5¡�B&�×I\��I&�O¤��6¤5¡F8 �ZT&B,�DI×�<I\�&¤�8 �H¢2¡W¤HB
�KI\��I&�r¢£G£G2¢£EHT&B\�}I&�*Ek¨�U��H¨�B �HTK� �DI\�*«O¢:AHBD<:?=3�8�.F?K;>=�?������

� � -\B\]�´
³k¯/��XZJHJ��*��I
	 ³kJ'
 � I×°M K�H­�VD¨5B,� I&�×I&��I\�<¢ �N¤�8 �OB×¥hI\��I&��¤5±N¤5G2U�B×� I&��ENºH¤5¡W±HEN¡W¨�U�B QzI\PM¡��Z K D¤�G£¨�B\� I\�(I&QS¤�¤5¡�UW¨�B×�HTK� �DI,�KI UW¤5¡�QS¤�«OG2¤�T&B

<:?=3Å8W.F?O;6=�?��;��� �N~ -&BO�r´N´&��]�²N²Z³���I
	 ³D]�
�!µIK��¢ÅBO��I��KIO�}«O¤�T��H¤�¡�BO�HTK��" IO��¢£¡W¨W­�V&B��×;O1�.
8�� ��;O1����2<u3�39� á�$�$ B\]H]�X&��]�²H²��*��I
	 ³>X�
×¥hI6¶}�N­5­�¢ª�ZTK¢ÅB>�}I>�}¡��ZTK�O¢ÅBk�
I>CF¤5Gª­�VO¤5±×BK¶uI6�&§>TOºN�KB6¶uI �Q" Ik�|�ZVKG£¨�U�¡ �EV8¹B>�ZTK�·� I>°M K�H­�VD¨5B
�}468��\9(;>=�?�� ����R á�� Bk³>_W�ÅXHJHJO]��
I
	 ³k¯'
×P�IK�<ID¶�E>EH¦ ¤5¡��ZTD�(� I �	¢£¡W k§NB,������;K1��#��9(;6=�?�� ) -\BK³kX
³���]�²2�>_+�
I
	 ³N³+
\�×ID�uºN�/���µ�HTK��QzI �uºN�/���OB
���r-/.
0L� GV?O1�3�3Å8W.�?539� � �&B6³>´
³���]�²>_�³��
I
	 ³>´�
×QzID¶}�H¨�¤5§NBO¥(VKPR»�VK¤�¨�¢£¨�BO°�TO¢£±H¤�¡W¨�¢2U�§�¶�EHG£G2¤�ºH¤NB>Pu«O OG£¢£T&B�]�²k_��KI
	 ³��'

�KIO���&�N¤5¡*�ZTD���}IK�r�Z«OTK��§NB����7��;K1��#�r9(;6=�?�� á3~ , BKXH¯Z³N¯NJNX#��XZJNJN´V��I
	 ³6_�
×�uIO��IK�&¤��*¢£¨�BO¼�IKL�IK��¤���§6¨5BK�×ID»	I�":¢2 K¨�EHT�BK�ZTK����ID�&¤�¸ò¤� >±k¡W¤��Ç�}¡�¢£EHT�Bk«KTO¦O«O OG£¢ª¨�VO¤��\I
	 ³��'
\�×IO�(I�":«K D¤�¡ 8 �ZT�B���1W.@?O;6=�?��DTM1�?��
1r1�3U3 � á�) B\]�JN´O].��]�²H²K]���I
	 ³k²'
×��IK¥F�H¡�UW¡�¢ª�6ºH¤NBN«KTO¦O«O OG£¢ª¨�VO¤��\I
	 ´HJ'
&¶uIO��IOP:�
U�¤�EKBO«KTO¦O«O OG£¢ª¨�VO¤��\I
	 ´O]�
×QzIO��E6­�VOGª�
¸�BO«KTO¦O«O OG£¢ª¨�VO¤��\I
	 ´NX�

�KIO¼�IK�M�HG2G�B��DIK�6­�VK�+8 ¦K¨�B �DI �ÇQzIO�*EN O D¤NBK�ZTD����IK�&¤5¸ò¤5 >±>¡�¤5���}¡W¢2ENT&B
������;K1��#��9(;6=�?�� � �&BO¯kXN_6]C��]�²k_Z¯*��I
	 ´H¯'

�KI ��Q�IO�*EH O  ¤HBK«OTO¦O«O KG2¢ª¨�VK¤��\I
	 ´Z³+
 � IK»	IO��¢£G2G������
B �:IO��ID»�«O¡WTO¤�¡�BO��IK�&¤5¸ò¤5 >±>¡�¤5���}¡W¢2ENT&BO�×I�!<�ZTKºKBO�ZTD�/�DI%6 V>«&B�������;O1����r9(;>=�?��
� ~ B6³kXk_ZX/��]�²H²HJ��
I
	 ´N´�

�KIOPµID�>¢:8�8 ENTK¨��HTK���\I�" IK»�¢£G½¸òEN¡W�\B����r-/.
0:� G+?K1�3�3�8�.�?53�� � ��B&]��>_W��]�²k_
³���I
	 ´2�'
&¶uIO¼ 8 ¢2EHU�B��DI �U! IK�*EHTD­�¢£T��HTK���KI6CF¤�¡�º��¤�¨�B,���\9(;6=�?���� á �&BO�<]�²���]�²2���*�
I
	 ´k_�
×��I&�&¤5¸ò¤5 >±>¡�¤5���}¡W¢2ENT/�ZTD� ��I�� I&�r¢£¤5Gª�\B��×;K1#GV?O1�3�3Å8�7/7'>%I&R�='>×7'� @A3
?·.QPXR�@A7'3Ç.'� @A3 -Y.Z021�3�460£1
?
B��<G£¨�¤5±>¢£¤5¡�B×¼ 8 ¨�UW¤5¡��O�+8¹B

XZJHJH³KI
	 ´2�'
×¥hID¶}�H­5­5¢£�HTO¢�B6� IK��ENºH¤5¡W±HEN¡W¨�U�B>�ZTD�·� IK°M K�H­�VD¨5B�������;O1����r9(;>=�?�� á�$\~ B��H¯HJ��/��]�²N²N´V��I
	 ´H²'
×QzIK�>«OT&B%�KIO��¢2«�BK�:I �H¢ª�ZTOºDBO�ZTK��" ID�>VD�OB ��;O1��#��9(;>=�?��21r1�3U3 � , � ��BK´HXHJ/��XZJNJNXV��I
	 �NJ'
 � IK°� K�N­�VK¨�B6�
I6CF¤5Gª­�VO¤5±×BK�HTK��¥hI×¶}�H­5­5¢£�HTO¢�B
������;O1��#��9(;>=�?�� á á , BK´
³6_&��XZJNJHJ*��I
	 �K]�

�KIOQY�VA5¤��Z«&BD¶uIK�6­�VK¤5¡F8 �HTOT&BO�HTK��" I��HE
§N¤�ANB
�����}021�3�3Å8W.'> GV?O1�3�3Å8W.�?539�,Tu1�0£7'3 �&9(;O1�> .+���,-&BDX&�N²/��]�²k_H´V��I

Page 7 of 7

URL: http://mc.manuscriptcentral.com/tandf/tmph

Molecular Physics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


