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æ^SÂ õë�|��p�^�{Ú�'��Ä aug-cc-pV6Z, é BF gdÄ X1Σ+ Ú a3Π ��³U­�
?1
ïÄ. O�´3 0.095—1.33 nm �ØmåS?1�. �¼��O(�(J, O�¥��Ä
 Davidson ?�!
�éØ?�9Ød�'?�é³U­��K�. �éØ?�æ^��{´�� DouglasKroll M�îCq, ?�O�
´3 cc-pV5Z Ä|Y²þ?1�. Ød�'?�¦^�´ cc-pCV5Z Ä|. |^���³U­�, [ÜÑ
�«?�
e BF gdÄ X1Σ+ Ú a3Π ��1Ì~ê De, Re, ωe, ωexe, ωeye, Be Ú αe!¿�¢�(J?1
'�. (JL
²: �Ä Davidson ?�!�éØ?�ÚØd�'?�����1Ì~ê��C¢�(J. |^?���³U­�,

ÏL¦)»��= Schrödinger �§, é�
=Äþfê J = 0 �ùü�>f���Ü�Ä�, ¿O�
z�>f�
c 20 ��Ä���ÄU?!.5=Ä~êÚl%ÆC~ê, Ù��®k�¢�(J����. �©���1Ì~
êÚ©f~ê��
ép�°Ý, U�?�Ú�1Ì¢�Jø���ë�.

'�c: Ød�'?�, �éØ?�, ³U­�, 1Ì~ê

PACS: 31.15.vn, 31.15.ae, 31.50.Df, 31.50.Bc

1 Ú ó

Cc5, �XI�Ú�Ê¯��uÐ, é�1
ìÞÜ�9á�5U��¦�5�p. BN äkF
zÆ@¡!>5UÐ�A:, ´<�éÏ�p5U
�9á�. ,
Tá�3íÄ\9�´��¡, /
¤ BO, NO, BF Ú BS ��Ô. ù
�Ô©f½gd
Ä3p§�í¥¬�)1Ë�. ¼�ù
©f½g
dÄO(�1Ì9©f5�, é&ÿ�¡¤/¤�
1Ë�!¿?�Ú&Ä BN á���¡Ånk­
�¿Â.

@3 1949 c, Chrétien � [1] u 190—210 nm �
�SÒ*ÿ�
 BF gdÄ�u�Ì, òÙ�r�
��Ì�8á� X1Σ+ ← A1Π �[, ¿©Û
T

Ì��=ÄÚ�Ä(�. 1957 c, Onaka[2] |^b
	u�Ìé B11F gdÄ X1Σ+ ← A1Π Ì�?
1
?�ÚïÄ, ¼�
 X1Σ+ Ú A1Π �,
�
O(�1Ì~êÚ©f~ê. 1958 c, Barrow � [3]

��
é BF gdÄ a3Π , b3Σ Ú c3Σ ��=Ä©
Û(J. ÏLêâ[Ü, Barrow ��Ñ
ùA�>
f��Ü©©f~ê. 1971 c, Lovas � [4] *ÿ
�
 10B19F Ú 11B19F gdÄÄ��=Ä�[, [
ÜÑ
 11B19F gdÄÜ©1Ì~êÚ©f~ê.

1979 c, Huber � [5] ò�O(�¢�1Ì~êÂ
8u¦��;Í¥. 3d��, EkØ�¢�*	
�ù�gdÄ, ¿éÙ X1Σ+ Ú a3Π ��1Ì?
1
ïÄ. X 1981 c, Zahniser � [6] |^�N��
4+-1ÿþ
 11BF gdÄ��Ä�rÝ; 1985

* I[g,�ÆÄ7 (1OÒ: 10874064 Ú 61077073), àH�p��EM#<â|±Oy (1OÒ: 2008HASTI T008) ÚàH���eg
,�ÆïÄOy (1OÒ: 2011C140002) ]Ï��K.
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c, Nakanaga � [7] ¦^ù	-1�4+1Ì{*
ÿ
 11BF gdÄ��[Ì, ¿[ÜÑTgdÄ�
Ü©©f~ê; ��. nØ�¡, é BF gdÄ1Ì
5�ïÄ�©z����õ [8−16]. V)Ú©Ûù

(J��±�Ñ, 1) �õê¢�9nØO�ó�
Ñ8¥3 BF gdÄ�1Ì~êþ, éÙ©f~ê
�ïÄé�, 
�nØ(J�¢��m��3X�
�� �; 2) nØO�Ì�8¥3Ä�þ, é a3Π

��ïÄé�. ���¡
) BF gdÄ�5�, I
�éÙ X1Σ+ Ú a3Π ��1Ì~êÚ©f~ê?
1�[��ïÄ.

� © Ä k ^ S Â   õ ë � | � � p �
^ (MRCI) � { [17,18] Ú � ' � � Ä aug-cc-

pV6Z[19], 3 0.095—1.33 nm �Ømå��Sé BF

gdÄ X1Σ+ Ú a3Π ��³U­�?1O�.

� � � � O ( � ( J, O � ¥ � � Ä 
 � é Ø
? � [20,21]! Ø d � ' ? � [22] Ú Davidson ?
� [23,24]. �X, |^���³U­�, ÏL¦)
»��= SchrÖdinger �§, é�
 J = 0 �ùü
�>f���Ü�Ä�. O�
z�>f�c 20

��Ä���ÄU?!.5=Ä~êÚl%ÆC
~ê¿�¢�êâ?1
'�(JL², �©��
�1Ì~ê�~O(!��Ü©©f~êáÄg
��.

2 nØ�{

æ ^ MRCI � { [17,18] Ú � ' � � Ä aug-

cc-pV6Z[19] O� BF gdÄ X1Σ+ Ú a3Π ��
³ U ­ �. O � ¥ k ¦ ^ � � ¹ 5 � m g U
| (CASSCF) �{¼�ë�Å¼ê, 2|^ù�
ë�Å¼êéNX�Uþ?1O�. ®²y², é
u BF ù���NX, MRCI �{�©k�. Cc
5, ¦^ù��{®O�
õ�©f½gdÄ�
1Ì9©f~ê [25−31], Ù(JÑ��
ép°
Ý. �©³U­��O�´3 MOLPRO 2008.1 §
S� [30] ¥?1�.

BF gdÄá C∞v :+. du Molpro2008.1

§S� [32] g����, ¢SO�¥7Lr C∞v

:+�z� C2v f+. C2v +k 4 �Ø��L
« a1/b1/b2/a2. éu MRCI O�, ¹5�m�ÀJ�
~­�. äN�¹ 14 �>f� BF gdÄ, ©Û�

Ñ§%@ë�$��©f;�� 10 �, ©O´ 6

� a1, 2 � b1 Ú 2 � b2 ;�. Ù¥ 8 �áu¹z
;� (4a1, 2b1 Ú 2b2), ©OéAu B Ú F �f�
2s2p ; �; 2 � á u 4 � � ; � (2a1). é a3Π

>f�, �æ^ù 10 �©f;� (6a1, 2b1 Ú 2b2)

?1O��, ¤��³U­�Q1w!qÂñ.

� é X1Σ+ > f �, � æ ^ ù 10 � © f ; �
(6a1, 2b1 Ú 2b2) ?1O��, ¤�³U­�Ø1
w. ���1w�³U­�, I�ò�õ�;�
�\¹z�m. �öuy, �ò 2 � a1 ;�!
1 � b1 ;�Ú 1 � b2 ;�J\�¹z�m¥�
(d�ë�Ä�³U­�O��©f;�� 14

�, ©O´ 8a1, 3b1 Ú 3b2), ¤�³U­�Q1
w!qÂñ.

O�¦^�Ú���� 0.02 nm. �´3²
ï �NC, �¼�³U­��[!, Ú�â�
� 0.002 nm.

|^ Molcas 7.4 §S�¥� VIBROT �¬ [33]

[Üþã³U­�, =��� BF gdÄ X1Σ+

Ú a3Π ��1Ì~êÚ©f~ê. äN/, VI-

BROT �¬ÏLê�¦)»��= SchrÖdinger �
§���=U?, ¿ÏL?�Ú[Ü�=U?��
1Ì~ê. ¤�(J�uL 1 ¥.

p°Ý�³U­�O�7L�ÄØd�'?
�. �µdØd�'?�é1Ì~ê�K�, �
©3 0.095—1.33 nm �ØmåS¦^ cc-pCV5Z Ä
| [22]!ÏL�ÄØd�'�A (�>f�') Ú
Ø�ÄØd�'�A (È(ØCq), ©Oéùü�
>f��³U­�?1
O�. |^ cc-pCV5Z Ä
|¿�Ä�>f�'O�Ñ�³U�~��A:
� cc-pCV5Z Ä|3È(ØCqe���³U�,

=¼�Ød�'?�é³U��z. òù��z
�V\� aug-cc-pV6Z Ä| [19] O�Ñ�³U¥,

B��²Ød�'�A?��³U­�. I�`²
/´, O�¦^�^� (X4��;�ê!¹z;
�ê9O� ��) � aug-cc-pV6Z Ä|���Ó.

¦^ VIBROT �¬é³U­�?1[Ü, ¤�1
Ì~ê�uL 1 ¥ (3L 1 ¥, �©ò|^Ød
�'?���³U­�[ÜÑ�1Ì~êP�
+CV).

=B´é BF ù«�©f, �éØ�A3p°
Ý³UO�¥��©­� [20,21]. �µd�éØ�
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Aé BF gdÄ X1Σ+ Ú a3Π �1Ì~ê�K�,

�©u 0.095—1.33 nm �Ømå��S!¿3 cc-

pV5Z Ä|Y²þO�
�éØ?�. O�´3�
� Douglas-Kroll M�î (DKH2) Cqe?1�, |
^ cc-pV5Z-DK Ä|¿¦^ DKH2 Cq���³U
�~�=3 cc-pV5Z Ä|e�³U�, =��³U
��éØ?��. òù�?��\� aug-cc-pV6Z

Ä|�³UO�(J¥, B��²�éØ�A?�
�³U­�. �O�Ød�'?��q, ùp¦^
�O�^� (4��;�ê!¹z;�ê9O�
 ��) � aug-cc-pV6Z Ä|����Ó. Ó�¦
^ VIBROT �¬é³U­�?1[Ü, ¤� X1Σ+

Ú a3Π ��1Ì~ê��uL 1 ¥ (3L 1 ¥, �

©ò|^�éØ?���³U­�[ÜÑ�1Ì
~êP� +DK).

òØd�'�A9�éØ�A�?��Ó�
\� aug-cc-pV6Z Ä|�³UO�(J¥, B��
²ùü«�A?��³U­�. ¦^ù�³U­�,

�ö3 VIBROT �¬¥Ó�[ÜÑ
�A�1Ì
~ê, XL 1 ¤� (L 1 ¥, �©òd����1Ì
~êP� +CV+DK).

�;���Ø��5�5�Ø�, �©��Ä

 Davidson ?� (L 1 ¥P� MRCI+Q). ��þ,

ù�?��Ä
>f�n­-uÚo­-u. 3ù
�?��Ä:þ��Ä
�éØ?�9/½Ød�
'?�, [ÜÑ�1Ì~ê��uL 1 ¥.

L 1 Davidson ?�!�éØ?�9Ød�'?�é BF gdÄ X1Σ+ Ú a3Π �1Ì~ê�K�

De/eV Re/nm ωe/cm−1 ωexe/cm−1 ωeye/103 cm−1 Be/cm−1 αe/102 cm−1

X1Σ+

MRCI 7.9087 0.12671 1394.08 11.4793 90.9572 1.50591 1.84772

+DK 7.9016 0.12670 1393.45 11.4754 93.9640 1.50633 1.84953

+CV 7.9655 0.12631 1405.15 11.6342 21.7812 1.51564 1.86391

+CV+DK 7.9583 0.12629 1404.54 11.6321 22.1818 1.51607 1.86574

MRCI+Q 7.8541 0.12673 1392.06 11.5195 8.48277 150556 1.85386

+DK 7.8471 0.12671 1391.43 11.5191 9.04510 1.50597 1.85572

+CV 7.8982 0.12632 1402.94 11.6990 22.5235 1.51549 1.87280

+CV+DK 7.8912 0.12630 1402.32 11.7969 22.8798 1.51593 1.87470

©z [5] 7.8866 0.12625 1402.1 11.84 — 1.5072 1.98

a3Π

MRCI 4.6093 0.13151 1305.49 8.62968 292.745 1.39600 1.30286

+DK 4.5820 0.13150 1304.81 8.60687 295.400 1.39621 1.30135

+CV 4.4971 0.13059 1334.80 9.54886 197.324 1.41616 1.36977

+CV+DK 4.4698 0.13058 1334.16 9.53521 198.950 1.41641 1.36895

MRCI+Q 4.5102 0.13175 1294.08 8.42546 332.734 1.39069 1.29544

+DK 4.4826 0.13174 1293.40 8.40584 335.104 1.39089 1.29434

+CV 4.3668 0.13077 1325.34 9.39978 228.194 1.41211 1.46375

+CV+DK 4.3193 0.13076 1324.69 9.38710 229.704 1.41234 1.56324

©z [5] 4.2683 0.13081 1323.86 9.20 — 1.4135 1.58

3 (J�?Ø

3.1 111ÌÌÌ~~~êêê

lL 1 �±wÑ, 1) � MRCI �{Ø?1?
Û ? � �, Ã Ø ´ X1Σ+ � ´ a3Π �, Ù 1 Ì
êâ�¢�� [5] ÑØ´�ÎéÐ. �, X1Σ+

��l)U De �pÑ¢�� 0.28%!� X1Σ+

Ú a3Π ��²ïØmå Re pÑ¢���©O�
k 0.32%Ú 0.53%, � a3Π �� De �% l¢�
� [5] 7.9%. 2) 3 MRCI Ä:þ�æ^�éØ?
�, ü�Ì�1Ì~ê De, Re, ωe Ú ωexe þÑk
~�, Ù°ÝoNþÑ�Uõ. 3) 3 MRCI Ä:þ
�æ^Ød�'?�, Ø X1Σ+ �� Re �!a3Π
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� Re, ωeye Ú De �k¤eü	, Ù{���Ñ
k²wþ,. d�Ä�� De Ú ωe '¢��E
©OpÑ 1.0%Ú 0.22%, Ù(J�,Ø´éÐ. 4)

3 MRCI Ä:þÓ�æ^�éØ?�ÚØd�'
?�, lL 1 ØJwÑ, ÙÌ�1Ì~ê!cÙ
´ De �E l¢�(J [5] ��.

e¡?Ø3 MRCI+Q O�(J�Ä:þ?1
�«?����¹. oNþ, 3 Davidson ?��Ä
:þ?1�éØ?�ÚØd�'?�, ���1Ì
~ê�¢�(J [5] ���§Ý'�?1 Davidson

?����A�¹ÐØ�. 1) �éØ?�¦ X1Σ+

Ú a3Π ��Ì�1Ì~ê De, Re, ωe Ú ωexe þ
C�. 2) é X1Σ+ �5`, Ød�'?�¦ De,

ωe Ú ωexe C�!�¦ Re C�. ù«Czª³¦
� X1Σ+ �1Ì~ê�~�C¢�� [5]. äN/,

X1Σ+ �� De, Re, ωe Ú ωexe  l¢�� [5] ©O
=k 0.15%, 0.06%, 0.06%Ú 1.19%. é a3Π �
ó,

Ød�'?�¦Ì�1Ì~ê De, Re, ωe Ú ωexe

þC�, l
�¦Ù�\�C¢�(J [5]. äN/,

a3Π �� De, Re, ωe Ú ωexe  l¢�� [5] ©O=
k 2.31%, 0.03%, 0.11%Ú 2.17%, Ø a3Π �� De

Ú ωexe  l¢�(J��	, Ù{1Ì~êþ�

¢�(J�ÎéÐ.

�öÏLL 1 ¥�'�uy, �¢�(J�
�C�O�(J´3 MRCI+Q �Ä:þÓ��
Ä Ø d � ' ? � 9 � é Ø ? � � ���, ù �
(Ø��nØýÏ�Î. X1Σ+ �� De, Re, ωe,

ωexe, Be Ú αe  l¢�� [5] =� 0.06%, 0.06%,

0.02%, 0.36%, 0.58%Ú 5.3%, a3Π � � De, Re,

ωe, ωexe, Be Ú αe  l¢�� [5] �=k 1.18%,

0.04%, 0.06%, 2.03%,0.08%Ú 1.06%, Ñ´��Ð
�. âd, �ö¦^ MRCI+Q/aug-cc-pV6Z+CV+DK

nØY²���1Ì~êÚ©f~ê���©
��ª(J. �Bu'�, �öò MRCI+Q/aug-

cc-pV6Z+CV+DK nØY²���1Ì~ê�Ü
©;.�¢�(J9Ù¦nØO�(J�¿�
\L 2 ¥.

®kØ�©z�� BF gdÄ1Ì~ê�O
�(J. �@�nØó�´d Nesbet[8] u 1964 c
�¤�. Nesbet ¦^ HF �{Ú���Ä|O�

 BF gdÄÄ��³U­�!¿[ÜÑ
�A
�1Ì~ê. Huo[9] u 1965 c¦^gU|�{Ú
���Ä|O�
TgdÄÄ��³U­�!
¿?1
 Dunham ©Û, ��
eZ1Ì~ê. Ó

L 2 MRCI+Q/aug-cc-pV6Z+CV+DK nØY²���1Ì~ê�¢�(J9Ù¦nØO�(J�'�

êâ5
 De/eV Re/nm ωe/cm−1 ωexe/cm−1 ωeye/102 cm−1 Be/cm−1 αe/102 cm−1

X1Σ+

�© 7.8912 0.12630 1402.32 11.7969 2.28798 1.515193 1.87470

¢� [2] — 0.12652 1402.1 11.84 5.6 1.5107 1.65

¢� [5] 7.8866 0.12625 1402.1 11.84 — 1.5072 1.98

¢� [7] — 0.12628 — — — —

nØ [8] 7.49 0.1272 1413.8 9.9 — 1.495 —

nØ [9] — 0.12457 1496 12.07 — 1.559 1.8511

nØ [10] — 0.1272 1413.8 9.9 — 1.495 —

nØ [11] 7.83 0.1280 1330 — — — —

nØ [12] — 0.12312 — — — — —

nØ [13] — 0.12697 1403.7 11.35 — — 1.8146

nØ [14] 7.8043 0.1271 1385 10.9 — 1.497 1.86

nØ [15] 6.0355 0.12778 1368.43 21.293 — — —

nØ [16] 7.7211 0.1272 1124.3 10.54 — 1.4948 1.87

a3Π

�© 4.3193 0.13076 1324.69 9.3871 22.9704 1.41234 1.56324

nØ [10] — 0.1318 1369.4 4.3 — 1.392 —

¢� [5] 4.2683 0.13081 1323.86 9.20 — 1.4135 1.58
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L 3 MRCI+Q/aug-cc-pV6Z+CV+DK nØY²��� J = 0 �� BF gdÄ X1Σ+ � G(υ), Bυ Ú Dυ �9�¢�(J�'�

υ G(υ) /cm−1 Bυ /cm−1 Dυ /106 cm−1

�© ¢�� [2,12] �© ¢�� [7] �© ¢�� [7]

0 698.53 698.1 1.50666 1.50723 7.08154 7.1

1 2077.35 2076.7 1.48775 1.48831 7.07025 7.11

2 3432.94 3433.2 1.46897 7.05733

3 4765.60 4764.8 1.45031 7.04317

4 6075.61 6074.9 1.43178 7.03541

5 7363.05 1.41323 7.07746

6 8627.00 1.39415 7.26812

7 9864.15 1.37347 7.63138

8 11069.19 1.35097 7.84166

9 12240.12 1.32844 7.77401

10 13379.60 1.30643 7.89342

11 14488.22 1.28408 7.88531

12 15567.06 1.26242 7.87403

13 16617.75 1.24081 7.86888

14 17641.18 1.21980 7.82787

15 18638.79 1.19899 7.78068

16 19611.54 1.17878 7.75111

17 20560.53 1.15882 7.65869

18 21486.79 1.13940 7.63733

19 22391.14 1.12034 7.53817

c, Nesbet[10] 2g¦^ HF �{Ú���Ä|ïÄ

 BF gdÄ�³U­�, ¼�
 8 �d��1Ì
~ê. lL 1 ¥�Ñ�êâ�±wÑ, ù
O�(
J [8−10] Ñ l¢�(J��.

Kurtz � [11] u 1981 cæ^õ|��6nØO
�
 BF gdÄ X1Σ+ �²ï �NC�³U­
�. O�¥ B �fæ^ [11s5p1d, 5s3p1d] Ä|!F

�fæ^ [12s5pld, 6s3pld] Ä|. ÏL[Ü, ��

 X1Σ+ ��1Ì~ê (De, Re, ωe). w,Ù ωe �
�� l¢�(J [5]. Botschwina[12] u 1986 cæ
^ SCEP-CEPA �{O�
 BF, BH Ú HBF+ �1
Ì5�. é BF gdÄ, Botschwina =��
 X1Σ+

��²ïØmå, Ù(J� �¢�� [5] é�. Pe-

terson � [13] u 1987 c^õ«�{ (X SCF, MP2,

MP3, MP4DQ Ú MP4SDQ �) Ú��Â pdÄ
ïÄ
õ�V�f©f9lf�1ÌA5. é BF

gdÄ
ó, Peterson �¦^ MP4SDQ �{���
(J�¢�êâ��C, �©òù��{���(
J�\L 2 ¥±B'�. dL 2 ��, �kc�O

�(J [8−12] �', Peterson ��O�(Jk�p
�°Ý. ���©�', ��¡Ù1ÌêâØ�¡;

,��¡Ù°Ý�ÊH$u�©. ÏdEk���
U?{/.

Wong � [14] u 1989 c3 CASSCF / 6-311G

(d), ST4CCD / 6-311+G (2df), ST4CCD / 6-311+G (d)

Ú MP3 / 6-311G (d) �nØY²þO�
TgdÄ
Ä��²ïØmå, 3 CASSCF / 6-311G (d) nØ
Y²þO�
TgdÄ�³U­�¿[ÜÑ
 Be,

αe, ωexe Ú ωe �1Ì~ê. dL 2 ��, Ù Re

�� l¢�(J [5] �k 0.67%, �Ù ωe  l
¢�� [5] p� 1.22%. oî9� [15] u 1998 c
3 QCISD(T)/6-311+G(3df, 2p) nØY²þO�

TgdÄÄ��³U­�, ¿Ó�^ Morse Ú ER

¼ê[ÜÑ
�g�A�1Ì~ê. �©òÙ�
���Ð(J�\L 2 ¥±?1'�. w,, Ù1
Ì~ê�, l¢����. �SÀ� [16] u 2005

c¦^ SAC/SAC-CI �{Ú D95++, 6-311++g, 6-

311++g∗∗ 9 D95(d) �Ä|. ©OéTgdÄÄ
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�!1�Ú1�-u��²ï(�Ú��ªÇ?
1
`z. ¿^`ÀÑ� 6-311++g∗∗ Ä|?1

³U­�O�. ÏL[Ü, ¦����
�Au�
��1Ì~ê. du¦�3O�¥¦^�Ä|é�,

Ù(J�¢�� [5] �'Ek�� �.

nþ¤ã, �©���1Ì~êoNþ��
C¢��. ��¡, �©3O�¥�Ä
�éØ?

�ÚØd�'?�!Ó���Ä
>f�n­
-uÚo­-u (Davidson ?�); ,��¡, �©
�¦^
d���S����'��Ä: aug-cc-

pV6Z. lù
�Ýþù, �©3 MRCI+Q /aug-cc-

pV6Z+CV+DK nØY²þ���³U­�U
^
5O(ýÿTgdÄ��ÄU?!.5=Ä~ê
�©f~ê.

L 4 MRCI+Q/aug-cc-pV6Z+CV+DK nØY²��� J = 0 �� BF gdÄ a3Π �� G(υ), Bυ Ú Dυ �9�¢�(J�'�

υ G(υ) /cm−1 Bυ /cm−1 Dυ /106 cm−1

�© �© ¢�� [3] �© ¢�� [3]

0 662.22 1.40664 1.4056 6.39859 6.29

1 1972.28 1.39106 1.3904 6.31846 6.4

2 3267.83 1.37771 1.3741 5.7748

3 4571.91 1.37413 — 4.00755

4 594.55 1.38783 1.3424 1.90913

5 7428.78 1.41361 0.97303

6 9053.92 1.44220 0.86790

7 10808.47 1.46969 0.98766

8 12679.62 1.49545 1.11760

9 14656.04 1.51967 1.22097

10 16728.62 1.54259 1.30090

11 18890.08 1.56446 1.36613

12 21134.42 1.58544 1.42645

13 23456.47 1.60573 1.49530

14 25851.40 1.62560 1.60250

15 28313.80 1.64564 1.82479

16 30835.57 1.66715 2.27261

17 33403.05 1.69183 2.94144

18 35998.31 1.72013 3.53293

19 38608.47 1.74943 3.66518

3.2 ©©©fff~~~êêê

|^ MRCI+Q/aug-cc-pV6Z+CV+DK O���
�³U­�, /Ïu MOLCAS 7.4 §S� [33], é�

 J = 0 � BF gdÄ X1Σ+ Ú a3Π ���Ü
�Ä�!¿O�
z�>f�c 20 ��Ä��
�ÄU? G(υ)!.5=Ä~ê Bυ Úl%ÆC~
ê Dυ, ù
(J®�uL 3!L 4 ¥. �Bu'
�, L 3!L 4 ¥��Ñ
®k�¢�(J [3,7].

,	, Onaka[2] u 1957 c*	��Ä�1Ìêâ
² Botschwina[12] u 1986 c[Ü���
Ä�c 5

��Ä���ÄU?, ù�[Ü(J��¿�\
L 3 ¥?1'�.

lL 3 N´wÑ, �©����ÄU? l
®k¢�(J [2,12] ����= 0.8 cm−1 (ùéA
u υ = 3 ��/). Ïd�±`, L 3 �Ñ��ÄU
?�®k�¢�(J [2,12] ����. ù«'��w
«Ñ X1Σ+ ��ÄU?�O�(J´�~O(�.

�� BF gdÄ X1Σ+ � Bυ Ú Dυ ¢�(
J�©z�~�, =k�êâ´d Nakanaga � [7]

�Ñ�. �Bu'�, �©òù�¢�(J [7] �
\TL. é Bυ 
ó, �©(J�¢�(J [7] �Î
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éÐ. � υ = 0 Ú 1 �, �©(J l¢�(J [7]

= 0.038%. �up��þ Dυ, � υ = 0 Ú 1 �, �
©(J l¢�êâ [7] ����k 0.56%, Ñ´'
�O(�. âd, �öknd�&L 3 �Ñ�p�
Ä�� Bυ Ú Dυ ��´O(�.

Ï L ' � � u y, T g d Ä a3Π �
� Bυ Ú Dυ � � ¢ � ê â [3] � é Î Ü, X
� υ =0 Ú 1 �, Bυ   l � ¢ � � [3] = © O
� 0.074%Ú 0.047%. p��þ Dυ  l¢�� [3]

�= 1.72%Ú 1.27%. âd, �ö@�L 4 �Ñ�p
�Ä�� Bυ Ú Dυ �Ó�´O(�.

4 ( Ø

�©|^ MRCI �{Ú�'��Ä aug-cc-

pV6Z, 3 0.095—1.33 nm �Ømå��SO�

TgdÄ X1Σ+

g �Ú a3Π ��³U­�. �Jp

³U­��O�°Ý, O�¥��Ä
 Davidson

?�!�éØ?�ÚØd�'?�é³U­�
�K�. Ød�'?�´d cc-pCV5Z Ä|O�
�; �Ä�éØ?��, æ^�O��{´ DKH2

Cq!¿3 cc-pV5Z Ä|Y²þO��éØ?
��. |^���³U­�, [ÜÑ
�«�¹
e�1Ì~ê!¿?1
�¦�©ÛÚ?Ø. (
JL²: 3 MRCI+Q/aug-cc-pV6Z+CV+DK nØY
² þ ¼ � � 1 Ì ~ ê o N þ � � C ¢ � �. |
^ MRCI+Q/aug-cc-pV6Z+CV+DK nØY²þ�
��³U­�, ÏL¦)»��= Schrödinger �
§, é�
 J = 0 �ùü�>f���Ü�Ä�,

O�
z�>f�c 20 ��Ä���ÄU?!.
5=Ä~êÚl%ÆC~ê, Ù��®k¢�(J
��. �©���1Ì~êÚ©f~ê��
ép
�°Ý, �õê©f~êþ�Äg��, U�?�
Ú�1Ì¢�Jø���ë�.
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Spectroscopic parameters and molecular constants of
X1Σ+ and a3Π electronic states of BF radical∗

Shi De-Heng1)† Niu Xiang-Hong2) Sun Jin-Feng2) Zhu Zun-Lue2)

1) ( Department of Foundation, The First Aeronautical College of Air Force, Xinyang 464000, China )

2) ( College of Physics & Information Engineering Henan Normal University, Xinxiang 453007, China )

( Received 12 June 2011; revised manuscript received 5 August 2011 )

Abstract

The potential energy curves (PECs) of the X1Σ+ and a3Π electronic states of the BF radical are studied by employing the ab

initio quantum chemical method. The calculations are performed by using the complete active space self-consistent field (CASSCF)

method followed by the valence internally contracted multireference configuration interaction (MRCI) approach in combination with

the basis set, aug-cc-pV6Z, for internuclear separations from 0.095 to 1.33 nm. The effects of the Davidson modification and core-

valence correlation and relativistic corrections on the PECs are included. The way to consider the relativistic correction is to employ

the second-order DouglasKroll Hamiltonian approximation. The relativistic correction is carried out at the level of cc-pV5Z basis set.

And the core-valence correlation correction is made by using the cc-pCV5Z basis set. With the PECs obtained here, the spectroscopic

parameters (De, Re, ωe, ωexe, ωeye, Be and αe) are determined and compared with those reported in the literature. With the PECs

obtained by the MRCI+Q/aug-cc-pV6Z+CV+DK calculations, the complete vibrational states are computed for each electronic state

when J = 0. And the vibrational levels, the inertial rotation constants and the centrifugal distortion constants of the first 20 vibrational

states of each electronic state are reported. On the whole, as expected, the spectroscopic parameters and molecular constants closest to

the experimental data are determined by the MRCI+Q/ aug-cc-pV6Z+DK+CV calculations for the two electronic states.

Keywords: core-valence correlation correction, relativistic correction, potential energy curve, spectroscopic pa-
rameter
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