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Table 1 Vibrational spectroscopic constants of some diatomic states (quantities are in em™)
IR AM JriE I o o' WeTe 10%we ye 103 we ze 10%wete 105 we se
Ny —d/l5 7 AM —0.009 11 1 530. 27 12. 084 4.342 —0.519 0.114 —0.021
" Ck[12] 1 530. 27 12.078 4.153 2.96
Lif —2 25 5 ) AM —0.618 83.499 0. 741 1.129 —0.219
- SCHk[13] 82.94 0.623
‘HeD"—X 13* 11 AM* —0.571 2 2 505. 87 107. 652 1 090 —4 422 11 240 —18 400
- . AM —0.001 19 48. 638 2 0.171 58
¥KRb— (223" 3 Scik[14] 48.6385  0.17236  0.015 2
@ c=weTwws * No spectroscopic constant has been found for this state
Table 2 Vibrational energies for N,a'' X, (in em™)
e R I AM RERE AM R m=8 Fxf F KA AM REZK
o ol i Wi w7 958t 3 2 fiE
m="7) m=8) Bk AEG) E® —EM
0 762.110 0 762.110 0 762.110 0 0 0 0
1 2 268. 350 2 268.350 0 2 268.350 0 0 0 0
2 3 750. 800 3 750.796 6 3 750.800 0 1 3.370 621 75E—3  3.370 621 75E—3
3 5 209. 700 5 209. 690 2 5 209.695 8 1. 655 5.576E—3 5.576E—3
4 6 645. 270 6 655. 260 8 6 645. 266 3 1. 641 5.531E—3 5.531E—3
5 8 057. 740 8 057.729 0 8 057.732 9 1. 143 3.852E—3 3.852E—3
6 9 447.320 9 447.307 2 9 447.308 9 0. 500 1. 685E—3 1. 685E—3
7 10 814. 20 10 814.200 0 10 814.200 0 0 0 0
8 12 158.61 12 158.605 1 12 158. 604 4 —0.218 —7.354E—4 —7.354E—4
9 13 480. 71 13 480.713 5 13 480.713 0 —0.175 —5.883E—4 —5.883E—4
10 14 780. 71 14 780.710 0 14 780. 710 0 0 0 0
11 16 058. 77 16 058.772 9 16 058.773 4 0. 143 4.815E—4 4.815E—14
12 17 315.08 17 315.074 4 17 315.074 9 0.143 4. 815E—4 4.815E—4
13 18 549. 78 18 549.780 0 18 549.780 0 0 0 0
14 19 763. 05 19 763. 048 4 19 763.047 9 —0.165 —5.576E—4 —5.576E—4
15 20 955. 03 20 955.030 8 20 955.030 1 —0.182 —6.128E—4 —6. 128E—4
16 22 125. 87 22 125.870 0 22 125.870 0 0 0 0
17 23 275.70 23 275.700 0 23 275.700 0 0 0 0
18 24 404. 65 24 404. 644 5 24 404. 639 6 —1.457 —4.911E—3 —4.911E—3
19 25 512. 84 25512.815 9 25512.791 6 —7.195 —2.425E—2 —2.425E—2
20 26 600.313 9 26 600. 238 2 —22.455 —7.569E—2 —7.569E—2
30 36 347.551 0 36 324.966 7 —6 700. 318 —22.584 2 —22.584 2
40 43 962. 823 9 43 542.996 6 —124 554.9 —419.827 3 —419. 827 3
46 47 328.565 9 45 806. 691 9 —451 511. 4 —1521.874 0 —1521.874 0
47 47 783.908 5 45 938.522 1 —547 491. 4 —1 845. 386 4 —1 845. 386 4
48 48 205.519 6 45 979.677 6 —660 365. 4 —2225.842 0 —2 225.842 0
55 50 060. 955 6
56 50 143.480 1
57 50 172. 667 1
D. 50 183. 437 50 182.989 9 45 992.525 8 —4 190. 464 1

Note: The bold-type energies are the selected ones used in the AM studies

AT LR Y 7 A S2 30 808 28 AM 5 1649 20 I AR IS 45 R A 1
LR B ARG AT 5 L IR B (9 m =7 IR K E
G MR 8 A SER KA B A RETE B A 2 LSO 19 m

=8 WE MLk EQ) . KBFEH, LA SH 7 L5050
I ikfEd vi=0. 1, 7, 10, 13, 16, 1) /EH) v=2 X —fE
F 2 AE —1R/IMRZE A=3 750. 800—3 750. 796 629 378 25
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Vibrational Levels and Dissociation Energies of Diatomic Systems Using
Algebraic Method

ZHANG Yi', SUN Wei-guo®** , FU Jia', FAN Qun-chao’, FENG Hao?, LI Hui-dong®
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Abstract The fixed order in the algebraic method (AM) suggested by Sun et al. is changed to be a flexible one in the vibrational
energy expansion because the order of diatomic potential energy expansion may not be a constant. The AM with a flexible order
was used to tackle the possible “butterfly effect” that may be encountered in spectroscopic computations, and to study the full vi-
brational levels {E,} and the dissociation energies D, for N, —a"'S, , Liy —2%3F, *HeD™— X 'S" and **K ¥ Rb— (2)*3" elec-
tronic systems. The results reproduced all known experimental vibrational energies, and predicted correct dissociation energies
and all unknown high-lying levels that may not be given if one uses original AM. The calculations showed that the modified AM

can be extended to study the full vibrational spectra for many more diatomic systems.
Keywords Diatomic molecule; Vibrational level; Dissociation energy; Algebraic method; Deviation amplification
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