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éu¦^¢�êâ���êâ?1�ê�O�, du¢�Ø��ÊH�3, 3ê�O�L§¥�U�3é¢�
Ø�����A, ¦����¢�Ø�éê�O��(J�)²wK�. Ïd�©ÏL3 AM (algebraic method) �
{¥\\^±-�¢�Ø����C©� δE, lò AM U?�!:C©��ê�{ VAM (variational algebraic

method). T�{äk�2��·^��, cÙé?n@
¢�êâ��!Ø���!®��¢��ÄU?�l
NXl)U�V�fNX�J²w. �©|^ VAM �{ïÄ
 AM �{J±?n� 51Πu

7Li2, (6d)1 ∆gNa2,

(7d)1 ∆gNa2 Ú 51Σ+ NaK �ØÓw7áV�f©f����ÄUÌ�l)U, Ø���
�¢�êâ°(�Î�
nØ(J, ��(/ýó
Nõdu¢�^��Eâ�Ï�Uÿ��Ônêâ. ¿©L²
 VAM �{��15
��(5. d?éê�Ø��©ÛÚÔng�éÙ¦°(�ê�O�½ê��[ïÄ�kÈ4�ë�¿Â.
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1 Ú ó

V�f©fNX�ÄUÌ, AO´°(�p�
Ä�UÌ�Ï3Ôn!zÆ!U©Æ!á��Æ
�+�Ñk2��A^. cÙ´w7áV�f©f,
du	�>f(�{ü, Ï~�±^5u�#�¢
��{, \�þf�[�Çp, Ïd3-1ì��
�¥�å�
��^ [1,2]. ,��¡, V�fN
X½>f��l)Ué9åÆ!�f�©fÔ
n!©f1ÌÆ�+��ïÄÑk�¿Â. AO
´°(�w7áV�f©fl)U31ÍÜ!1
lz!�°[ýl)!�e�f-EÔn��¡
�ïÄ¥Ñk��^ [3].

�´, duy8¢�^��Eâ���, éu
�õêV�fNX, �U��ÙÜ©$�Ä��U

?, J±��l¢�ÿþ©fì?«�!cÙ´
l)«��p�Ä-uU?. ,��¡, Ï~�
lÞO� (ab initio) �)Û²�³�þfåÆnØ
�{du�{������J±¼�ù
p-u
�Ônþ�°(ê�. 3d�¹e, �¥I�<J
Ñ
ïÄV�fNX���ÄUÌ�l)U�²
L�O(� AM[4] �{.

�8��, AM �{®¤õ/A^u�þÓ
ØÚÉØV�f>f�NX [4−15], ¿¼�
ù

>f��°(����ÄUÌ�l)U. ,,
é 51Πu

7Li2, (6d)1 ∆gNa2,(7d)1 ∆gNa2 Ú 51Σ+

NaK ��Ü©w7áV�f©f>f�, AM �
{%vk�Ñ-<÷¿�(J. �ïÄ�éd¯
Ké AM �{?1
ÔnU?. �©1�!{�
0�
 AM �{, ©Û
ê�O�L§¥é¢�
êâ�¹���Ø��U�3����A, 3y
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k AM �{�Ä:þòÙU?�!:C©� AM
�{ (VAM), lÿÐ
�{�·^��¶1n!
^ VAM ïÄ
þãVØ>f�, ��
-<÷¿
�°(Ôn(J. 1o!o(
�©�ó�.

2 nØ©Û

2.1 AM ���{{{{{{000

ïÄV�f©f�Ä1Ì�¢�ó�Ï~
¦�Uõ/���ÄÌ� (~~�����ÄU
?��8Ü {Eυ} �U?f8Ü [Eυ]), ,�2|
^ Herzberg ½ Dunham U?úª, ÏL���¦{
¼��A��|�Ä1Ì~ê [16,17]. �´, ù«�
{vk�Ä��ÄUÌ3l)U?�Âñ�A, Ï
d���1Ì~ê���·^u¢�®²ÿ��
@
U?, J±ép�Ä�U?, cÙ´�Cl)
?�U?, �Ñ�(�O�½ýÿ. �, |^ù«
1Ì~ê���³U�  ØU�(/Âñu
l)U, k�$��¬ÑyuÑ�îÔn�Ø.

�ud, �¥I�<JÑ
ò°(�¢�ïÄ
�`:�î�nØ�{��?�(Ü�¦�ÄU
Ì�(/ÂñuNXl)U� AM �{. ¦�lÀ
� - c�°%CqÑu, æ^���6�{¦)�
�éØ�Å½��§, ��
V�fNX�ÄUÌ
�ÊHÐmª [4]µ

Eυ =ω0 + (ωe + ωe0)
(
υ +

1
2

)
− ωexe

(
υ +

1
2

)2

+ ωeye

(
υ +

1
2

)3

+ ωeze

(
υ +

1
2

)4

+ ωete

(
υ +

1
2

)5

+ ωese

(
υ +

1
2

)6

+ ωere

(
υ +

1
2

)7

+ · · · , (1)

(1) ª�Ï~� Herzberg úª [18] �«O3uõÑ

�¹1Ì~ê ω0 � ωe0 �ü����. AM �{
�Ñu:3uò (1) ª�¤XeÝ
/ªµ

AX = E, (2)

Ù¥µ

Aυk =
(

υ +
1
2

)k

,

X =



ω0

ω′
e

−ωexe

ωeye

...


mX1

, E =



Eυ1

Eυ2

Eυ3

...

Eυm


mX1

, (3)

u´�Il®�� k �¢�U?¥À� m �!^
IO��ê�{¦) (2) ªÒ�±���A��
|1Ì~ê. 2�\ (1) ªÒU��V�fNX�
�ÄUÌ {Eυ}. dul k �¢�êâ¥À� m �
�k N = Cm

k «�{, z�«�{ i éA���
ÄUÌ8Ü {Eυ}i, ���)� N ��ÄUÌ8
Ü {Eυ}i (i = 1, 2, · · · , N). Ïd�±¦^XeÔn
�âl N ��ÄUÌ8Ü¥éÑ�|�U�(�
N>f��¢��Ä1Ì&E��Z�Ä1Ì~
ê Xµ

dEυ

dυ
|υ=υmax → 0, (4)

∆E(e, c) =

√√√√ 1
m

m−1∑
υ=0

|Eυ,exp − Eυ,cal|2 → 0, (5)

∆Eυmax,υmax−1 =Eυmax − Eυmax−1

→ small enough (6)

Dexpt
e − Eυmax → small enough, (7)

Dcal
e

∼= Eυmax +
∆E2

υmax,υmax−1

∆Eυmax,υmax−2 − ∆Eυmax,υmax−1
,

(8)
Eυmax < Dcal

e 6 Dexpt
e , (9)

0 < Error =
Dexpt

e − Dcal
e

∆Eυmax,υmax−1
6 1, (10)

Ù¥ “expt” L«¢�êâ, “cal” L«d AM �{
O��(J,  ∆Eυmax,υmax−2 = Eυmax −Eυmax−2.
ddÀÑ��Z�Ä1Ì~ê X Ò´ AM �Ä1
Ì~ê XAM, dÙ������ÄUÌ=´ AM
���ÄUÌ

{
EAM

υ

}
.

<�^���¦{[Ü¢�êâ�,  ¦^

�Ü k �®�¢�êâ, [ÜL§Q�¹
�Ü
k^�Ôn&E, �ÏL��êâ¤¹�ØÓØ�
ò¤kÔn"�ÚØ��¹?5, [Ü(J==´
�����êÆê�). ù��[Ü��Ñvk¦
^Ün�Ôn�âòØ���¢�êâ]ÀÑ5.
¤±, d���¦{[Ü�)��Ä1Ì~ê9Ù
éA��ÄUÌØ�½´Ôn5��Ð�Ôn).

133301-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 133301

ùÒ´^���¦{[ÜÑ�êâ  U
E
®���Ü k �¢�êâ, ~~�Ñ�Ø�	í
(J (~X, ¢���Ñ�p�Äþf���ÄU
?) ���Ôn�Ï.

�´, �^���¦{�[Ü�ê�(J'
��, AM �{�Ä�
V�f�ÄUÌ7LÂñ
ul)U�ù�7�Ôn^�, AM �{ÏL (4)
� (10) ª�Ôn�â�çÀ, l®�� k �¢�ê
â¥ÀÑ m ��Ð/�LTNXÔn�� (�ý
¢��Ä���Ø���) �¢�êâ, ¿dÙ)
��|'Ù§ (N − 1) |êÆ)Ñ�Ð��Ä1Ì
~êÚ�(����ÄUÌ {Eυ}, k�/;�

���¦{¥du�¹Lõ (½,
���) ¢�
Ø�����ÄUÌ  ØU�(/Âñul
)U��¹. Ïd, AM �{��éuïÄV�f
NX�Ä1Ì´ék¿Â�.

2.2 !!!:::CCC©©©��� AM ���{{{

��`5, ?Û¢�êâÑ�U�ý¢(J
k½õ½��¢�Ø�. �'���¦{[Ü5
`, AM �{��ÐN�Å�3u§U
ÏL (4)
� (10) ª�Ôn�âl¢�êâ¥çÀÑ@
�
¹Ø��� (=Ôn&E�Ð) �¢�êâ, ld
ù
êâ��äk�ÐÔn5��1Ì~ê��
ÄUÌ.

�´, Ø�Ä@, @ m �� AM �{À½�U
?¥E,¬�3���¢�Ø�. ¿�ù«��Ø
�3ê�O�L§¥�3�U¬����AÇ. Ï
d, ��¢�êâ�Ø��� �, ÒU²wK�
ê�O� (�¹ AM �{) �O�(J, ��Ù1Ì
(JØ$n�. e¡äN©Ûù��¹.

� f (x)�m �ý¢�ÄU? Ei ÏL AM �
{�Ñ�n�UÌ�, d (1) Ú (2) ª��, k

f (xi) =
m−1∑
j=0

ajx
j
i = Ei, (11)

� (1), (3) ª'�, Ù¥ xi = υi + 1/2, Ei = Eυi . b
�du¢�Ø�, ¦ AM �{¤À�ù m �U?
¥��� Ep C¤
 E′

p = Ep + δEp, Kd (2) �#
�UÌ�A÷v

f ′ (xi) = Ei, i 6= p; f ′ (xp) = Ep + δEp, (12)

½Â �¼ê δf (x) = f ′ (x) − f (x), d (11), (12)

ª��Ù÷v

δf (xi) = 0, i 6= p; δf (xp) = δEp. (13)

N´uy, þª¥ (m − 1) � xi T�¼ê δf (x)
� m − 1 ��, u´�±��

δf (x) = a

m∏
i=1
i6=p

(x − xi), (14)

2ÏL (13) ª��Ü©�)� �¼ê

δf (x) = δEp

m∏
i=1
i6=p

(
x − xi

xp − xi

)
. (15)

�
Bu*	©Û, �òþª��UÌ/ª, =�
ÄU?�UþØ�

δEυ = δEp

m∏
i=1
i6=p

(
υ − υi

υp − υi

)
, (16)

u ´, d (16) ª � ± u y, � �Ø� C z Ï

f
m∏

i=1
i6=p

(
υ − υi

υp − υi

)
> 1, K�ÄU? Eυp þ���

¢�Ø� δEp 3ê�O�L§¥Ò¬3 k �¢�
U?±	�@
#�)�U? Eυ þ���. ~X,
�� (υp = 0; υi 6=p = 1, 2, · · · , 9; υ = 20) �, ��Ø

�CzÏf
m∏

i=1
i6=p

(
υ − υi

υp − υi

)
= − 19!

9!10!
= −92, 378.

=�¢�êâ Eυp=0 ¥¹k�Ø� δEυp=0 �,
Kd AM �{|^c 10 ��ÄU?O���
� υ = 20 � � Ä U ? Eυ=20 Ò ¬ ' ý ¢ �
� 92, 378 × δEυ=0�?�Ú©Û (16) ª�±�
�, ��ÄU? Eυp �¢�Ø���, = δEp ��
�, ù«Ø�D4�AÒ��, =dU? Eυp D4
�U? Eυ þ�Ø�Ò��; I�O�ýÿ�U
? (=�D4���U? Eυ) �þf� υ �p, Ù
�D4 (\È) �U? Eυ �Ø� δEυ Ò���ù
�´�k AM �{ (Ón, ���¦{�´ù�) J
±?n@
®�¢�U?¹k�½Ø� δEp, �
O��Äþf� υ qp¿q�l®�¢�U?�
nØ�ÄU? Eυ �êÆÔn�Ï.

Ïd, �
)ûùa¯K, �©3 AM �{
¤À½� m �!: (υi, Eυi) þ2Ú\��C©
� δEυi ^±-�¢�êâ¥�U�3�¢�Ø
� δEp; �=´ò�k AM �{UÌ�¤L�
½!: (υi, Eυi) O��¹k��C© δEυi �¹Ä
: (υi, Eυi + δEυi). du (16) ªL«�Ø����
A��3, 3!:þÚ\��C©� δEυi ´Ün
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�Ú7��. dd�ò�ê�§ (2) ª��

AX = E + δE = E′, (17)

Ù¥

Aυk =
(

υ +
1
2

)k

,

X =



ω0

ω′
e

−ωexe

ωeye

...


mX1

,

E′ =



Eυ1 + δEυ1

Eυ2 + δEυ2

Eυ3 + δEυ3

...

Eυm + δEυm


mX1

, (18)

du��ó, y�1Ì�¢�Ø���Ø¬é�,
Ïd�±Ö¿�å^�

δEυi → small enough, (19)

u´, d#��ê�§ (17) ª, #��â (19) ª±
9 AM �â (4) � (10) ªÒ�Ó�¤
¦)V�f
NX���ÄUÌ9l)U�!:C©� AM �
{ (VAM).

3A^ VAM �, ÄkUì AM �{, ]ÀÑ�
|Ôn5�'Ù§ (N − 1) |�Ð�¹k m ��
ÄU?�f8Ü [Eυi ]m; ,�éTf8Ü¥�z�
U? Eυi �½����C© δEυi , z� δEυi ��

�Cz��� δ, ¿�¦

−δ 6 δEυi 6 δ. (20)

duy�1Ì�¢�Ø���Ø¬é�, Ïd δ �
ØAL�, ù��´ (19) ª¤�¦�. ,�2ò�
� (−δ, δ) lÑ� q �:, ¦^úª (18) ?1äN
O��, z� δEυi Ñ©OH{ù q �:, =ò�5
��|½)ÿÐ�C©�� qm |), 2ÏLÔn
�â^� (4) � (10) ª5ÏéÙ¥��`).

3 (J�?Ø

�©æ ^ ! : C © � AM � { (VAM)
ï Ä 
 51Πu

7Li2, (6d)1 ∆gNa2, (7d)1 ∆gNa2

Ú 51Σ+NaK �ØÓw7áV�f©f>f�N
X����ÄUÌ�l)U. duù
V�fNX
�®�¢��ÄU?��!�Ù¥k��U¹k
Ø��Ñ�¢�Ø� δEυi , ®����¢�U?�
ål)U�ål��, ¤±æ^�k���ÄC©
��� AM �{�U�Ñ÷¿�Ôn(J. ^#
�!:C©� AM �{U
�Ñù
(J, Ø��
Ñ
�®�¢�U?°(�Î�®�U?êâ, 
��ýó
U�(Âñul)U�p�Äþf�
�p-u�ÄU?, l¼�
NX����ÄU
Ì. ù
(JØ��y
 VAM �{��(5, �
��´§���éu�'+��ïÄk��
A^d�. äNO�(JXe��L¤«.

L 1 �Ñ
�©^ VAM �{���Ú©z
�Ñ�ù
VØNX��Ä1Ì~ê. '���,
VAM Ú©z�3�$���Ä1Ì~ê�ÎÜ�
éÐ, 3p��k���É.

L 1 ØÓV�fNX��Ä1Ì~ê (¤kþþ± cm−1 �ü )

>f� 51Πu
7Li2 (6d)1 ∆gNa2 (7d)1 ∆gNa2 51Σ+NaK

VAM �{ 8 7 5 8

��ê VAM ©z [16] VAM ©z [19] VAM ©z [19] VAM ©z [17]

ω0 0.12678 −7.49 × 10−5 1.242 × 10−4 −0.63087

ω′
e 232.034 232.035 120.506 121.463 120.427 120.052 115.598 115.604

ωexe 0.41783 0.4192 0.40521 0.51281 0.45831 0.37016 2.74330 2.7484

102ωeye −6.71283 −6.65 1.0655 × 10−3 0.30330 −1.3286 × 10−3 0.63549 14.6934 14.892

103ωeze 1.74146 1.61 −1.3033 × 10−3 7.3810 × 10−4 −6.06341 −6.4596

104ωete −0.13938 5.9718 × 10−4 0.72425 1.1411

105ωese 0.0729 −5.747 × 10−5 0.21728

106ωere −0.0150 −0.04402
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Ù¥éu VAM �{ ω′
e = ωe + ωe0, ©z¥

�� ω′
e = ωe.
�
��Ù/'����¦{!AM �{±

9 VAM �{O�(J��É, L 2 ¥©O�Þ


dùn«�{O�Ó�V�fNX 51Πu
7Li2 ¤�

��UÌêâ9l)U. Ù¥���¦{êâ��
æ^©z [16] ¥d���¦{���1Ì~ê�
\�AUÌúª¥O���.

L 2 7Li2 � 51Πu >f��Ü©�ÄU? (± cm−1 �ü )

�Äþfê υ ¢��ÄU? [16] ���¦{UÌ EAM
υ (8) EVAM

υ (8)

0 116.031 115.9045 116.0310 116.0311

1 347.020 346.8930 347.0200 347.0200

2 576.618 576.4913 576.6186 576.6186

3 804.505 804.3777 804.5050 804.5049

4 1030.396 1030.2691 1030.3962 1030.3961

5 1254.048 1253.9210 1254.0480 1254.0479

6 1475.255 1475.1277 1475.2547 1475.2547

7 1693.849 1693.7220 1693.8490 1693.8491

8 1909.702 1909.5753 1909.7024 1909.7025

9 2122.725 2122.5978 2122.7250 2122.7249

10 2332.865 2332.7383 2332.8654 2332.8651

11 2540.111 2539.9841 2540.1110 2540.1107

12 2744.488 2744.3613 2744.4880 2744.4879

13 2946.061 2945.9346 2946.0610 2946.0610

14 3144.8073 3144.9330 3144.9316

15 3341.1213 3341.2448 3341.2373

16 3535.0573 3535.1748 3535.1502

17 3726.8345 3726.9375 3726.8741

18 3916.7107 3916.7833 3916.6424

19 4104.9825 4104.9965 4104.7134

20 4291.9851 4291.8942 4291.3669

· · ·

30 6193.5648 6176.4575 6142.7043

. . .

40 8623.7977 8388.1776 7963.8449

. . .

45 10326.0402 9680.2798 8546.4752

46 10724.2681 9947.2766 8588.8409

47 11144.8820 10214.5113 8594.4467

. . .

57 16913.1345 12386.8390

58 17682.0223 12475.6090

59 18492.8513 12520.7059

. . .

100 115827.2275

101 120574.7690

. . . . . .

De 8595.2 UÌØÂñ, ØU��l)U 12543.6160 8595.1885

5µÙ¥oNI5�´3 AM ½ VAM ïÄ¥�À^�¢�U?êâ.
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ÏLL 2 �±wÑ, d©z¥|^���¦{
¤�1Ì~ê�)��ÄUÌ�U·^u®k�
¢�U?9ÙNC�����. ��\î�´Ù
�)�UÌØäkÂñ4�, 3�C¢�l)U�
Ù���U?(J7,�Ø, �ØUýÿl)U.
�k� AM �{�,3�Äþfê υ Ø´��
�U
����n���ÄU?, ¿�ÙUÌ��
3Âñ4�¶�´du3ÙÀ¥� m = 8 ��Ð
�¢�U?¥E,�3���Ø�, lduê�
O�L§¥éù
�Ø�� (D4) ���A, ¦�
p�Äþf��O��ÄU?¤��Ø�\È�
5��, �ª¦U?Âñ�
��²w�Ø�l)

4�, ÏdÙýÿ�l)U��¢����$�.
VAM �{3 AM �{¤À¢�U?�Ä:þÚ\
Ø�-� (=��C©) � δE(X δE0 = 0.0001) �
¤�����ÄUÌØ���Ü®�¢�êâ°
(�Î, ��(/Âñu¢�l)U, ¿d (8) ªÚ
�(Âñ���n��ÄU?°(/O���

NX�l)U. ÏL±þ'�©Û`², �´du
��C©� δE �Ú\-�
Ü©¢�Ø�, l
¦� VAM ' AM k�2�·^��.

L 3 �Ñ
d VAM �{��� 51Σ+NaK,
(6d)1 ∆gNa2 Ú (7d)1 ∆gNa2 �ØÓw7áV�f
©f>f�NX����ÄUÌ�l)U. �±w

L 3 eZ>f���ÄUÌ9l)U (¤kUþþ± cm−1 �ü ).

51Σ+NaK (6d)1 ∆gNa2

υ Eexpt
υ

[17] EVAM
υ (8) υ Eexpt

υ
[19] EVAM

υ (7)

0 56.500 56.50010 0 60.15177 60.15177
1 167.059 167.05890 1 179.84767 179.84767
2 273.284 273.28410 2 298.73317 298.73321

3 375.787 375.78700 3 416.80837 416.80841

4 475.060 475.05958 4 534.07327 534.07327
5 571.487 571.48686 5 650.52777 650.52778
6 665.360 665.36000 6 766.17187 766.17193

7 756.890 756.89000 7 881.00577 881.00571

8 846.222 846.22176 8 995.02917 995.02912

9 933.450 933.44821 9 1108.24247 1108.24217

10 1018.629 1018.62439 10 1220.64547 1220.64488

11 1101.787 1101.7812 11 1332.23747 1332.23729

12 1182.943 1182.93857 12 1443.01947 1443.01946
13 1262.118 1262.1179 13 1552.99147 1552.99148
14 1339.349 1339.35352 14 1662.15347 1662.15346
15 1414.703 1414.70290 15 1770.50554

. . . . . . 16 1878.04789

33 2723.34342 17 1984.78070

34 2808.92507 18 2090.70421

35 2894.26549 19 2195.81867

36 2977.77529 20 2300.12438

37 3057.35865 . . . . . .

38 3130.33452 31 3394.21854

39 3193.35130 32 3488.85069

40 3242.29478 . . . . . .

41 3272.18905 44 4561.89857

42 3277.09029 45 4646.11375

46 4729.52764

. . . . . .

114 8157.88978

115 8160.56257

116 8160.99578

De 3277.9 3277.894 De 8161.07 8161.066

5µEVAM
υ ¥� m L« VAM �{¥��ê, =¤¦^�¢�U?�ê.
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L 3(Y)

(7d)1 ∆gNa2

υ Eexpt
υ

[19] EVAM
υ (5)

0 60.0989 60.09891

1 179.6090 179.60898

2 298.2023 298.20233

3 415.8789 415.87892

4 532.6387 532.63872

5 648.4817 648.48172

6 763.4079 763.40793

7 877.4174 877.41738

8 990.51011

9 1102.68618

10 1213.94568

11 1324.2887

12 1433.71535

13 1542.22577

14 1649.82011

15 1756.49854

. . .

50 4915.83376

51 4989.80085

52 5062.87071

53 5135.04418

54 5206.32211

. . .

136 8121.34658

137 8123.03994

138 8123.97319

139 8124.14867

De 8124.19 8124.182

�, Ù ¥ O � U ? � ¢ � U ? � � � � Ñ y

3 51Σ+NaK NX��Äþfê v = 11 �U?
þ, =� −0.0058 cm−1. O�l)U�¢�l
)U�����Ñy3 (7d)1 ∆gNa2 NX, ��=
� 0.008 cm−1. ÏLù
°(�O�(J¿©y²

 VAM �{��15��(5. ù
êâ��
�Ué�'+��ó�å�È4�^.

4 ( Ø

�©l AM �{�nØÄ:Ñu, ©Û�Ñd
u¤^�¢�êâ���k���Ø�, �U
¬3�¹ AM 3S�Nõ¦^¢�êâ���ê
â�ê�O�L§¥�)Ø�D4 (\È) ���
A, dd3�k AM �{O�úª¥\\��C©
� δE ^±-�¢�êâ¥�Ø�, ¿ddò�k
� AM �{uÐ�!:C©� AM �{ (VAM).

^ VAM � { © O ï Ä 
 � k AM � {
�U � Ñ ÷ ¿ ( J � 51Πu

7Li2, (6d)1 ∆gNa2,
(7d)1 ∆gNa2 Ú 51Σ+NaK �ØÓw7áV�f
©f>f�����ÄUÌ�l)U. VAM �O
�(J²w`u�k AM �{�O�(J, Ø=�
®�¢�êâ°(�Î, ��(/ýó
¢��U
¼����>f���Üp-u�ÄU?Ú�A
�NXl)U. �ïÄ��¡L²
, éuV�f
NX����ÄUÌ�l)U De, VAM �{¤õ
/�Ñ
�¹ AM �{3S�ê�O�L§¥�
U¬�)�Ø����A, Ïd'�k� AM �{
äk�2��·^��; ,��¡, ùp�ê�©
ÛL§ÚÔng�éÙ§¦^¢�êâ���ê
â�°(ê�O�½ê��[ïÄ�kÈ4�ë
�¿Â.
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Investigations of vibrational levels and dissociation
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Abstract

The algebraic method (AM) suggested by Sun et. al. is developed into a nodal variational AM (VAM) to offset the possible

experimental errors by using an energy variational part δE after analyzing the error amplification effect. The VAM is used to study the

full vibrational levels {Eυ} and the dissociation energies De for 51Πu
7Li2, (6d)1 ∆gNa2, (7d)1 ∆gNa2 and 51Σ+NaK alkali metal

diatomic molecular electronic systems. The results reproduce all known experimental vibrational energies, predict correct dissociation

energies and all unknown high-lying levels that may not be given if one uses original AM or other numerical methods or experimental

methods. These theoretical analyses and results not only show that the VAM is feasible and correct for many diatomic systems, but also

provide constructive reference for other numerical calculations or simulations.

Keywords: diatomic molecule, vibrational level, dissociation energy, algebraic method, variation
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