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(8)—(12) N FL T NaLi43¥ 3'1I, 4' TI AT AIS Hy
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Table 1. Vibrational spectroscopic constants for the 3111, 41TT and A3+ electronic states of NaLi (in cm™1).

EE 31 4111 Alxt
SCHR [24] DCM SRR [24] DCM SCHR [35) DCM
wo 2.465198x 102 4.779823x1073 3.214368x 102
We 1.7880x10%  1.788147x102 1.69325x 102 1.69323 %102 1.8803x10%2  1.880334x102
We o 1.6727 1.676481 1.12030 1.117252 9.2600x10~!  9.268980x 10!
102wy e 2.5770 2.629405 7.67000x1071  7.027944x1071 2.167809x 101

103wez, 1.6850x1071 2.010012x101

104wt o 7.538882x 1073
105w, s, 2.371595x 106
1000 7, 7.924990x 1073

—2.32900x10~1
—2.48240% 10

—4.14000x 101

—1.652631x10~1 —4.817173x102

—3.396903x 102 5.515168x 103
—6.438474x1073 —1.667823x10~3

—2.974483x10~3 1.993072
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FE 58 A BT UH LN PR B R g, DCM B it
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SR BN R RN BT AL, 7Bk BUX SR 5 R gt
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Table 2. Vibrational quantum number v of the 10 se-

lected known experimental vibrational energies of the

3111, 411 and A1 electronic states of NaLi for the
DCM calculation.

IR
Vg 3 411 Aln+
V1 1 0
Vo 6 1
U3 7 3
V4 8 7 6
U5 5 10 20
V6 6 7 11
v7 15 1 19
vg 8 13 23
Vg 7 19 18
V10 9 2 23

F3FH T NaLisr 7 31, 4 T F1 ALSY HF
A5 IR B 2 56 9% B b T4 A [ESPD R g T
X 6 B4R G 3 (7) 3R i 5T 43 10 DCM 58 4 3R
B) e W B { EDOMY DL % LTS I B R g
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A il 02 TR 1 75 3 2 o e 2852 8 F i £ 52 56 47 3
fa L.

I 3 B4 B % 08 7T, LA (7) R ER
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51 J I, Fellows 590 A siz86 | HU3R1F T 26 % 4G
B 4% 30 e B, TR RO R AR BT X B
RI26 SR AE K, JF B3R T Sk bR R4
H AR Al 31 2% B 4R B e g BCHE. ), e )
B 8o = 39MIRENE, L8 R REIZIR D)
BE Gk, M0 A YR 78 R (7) Q000 s 3 4R 3 Rk 4
EDCM(= 6017.0802 cm ). 3R =R BN RE )
5 gifERez % EDCM — DPCM (= 84.47344 cm™Y)
32 /T 52 B 0 2 {1 BSP®) — po ) (=
3580.4984 cm '), EDMARBRIT B AR RER. LA,
SEu R B0 S ER R EDCM 4
XF i ZE AL 0.02 em™t. SR AT B A BE
DO (= 7791.0 em 1) 5 A YT 5L 3k 4 9 DCM
R B DPM (= 7790.91434 cm~b) AR %
#2 4 0.001099%, XA L B 7 A BS I 5T
IEfYE S RS

DT T U L A S 56 B AN AR SO ERER
L. RATER 14 H T NaLi s FASY
LA IR B RE 1 250 (8 5 DCM T HAE 1 e
7% (AE, = E,,_, — E,,) FIHLEL

M TR ELE H, B 18 22 AL S50 A
BEJVTSEAE A, 1 AR ES: 7SR R R
A IR Ty T I EL I T I AT SR I B RE 1 A
SR ORI AE 52 52 56 B4 i B0 & IR P A L. DR R A
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Fig. 1. The vibrational differences (AE, = Ey,_1 —

E,) for NaLi-A!S%, between the experimental results

and the DCM calculation results.
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#3 NaLizr¥ 3L 4TI A ATSH HFA ML DCM JREIREHK (4709 cm—1)
Table 3. Experimental and DCM vibrational energies for the 3'TI, 4'TT and A'X1 electronic states of NaLi (in cm™1).

31 41 Alst
v szp(t) [24] EDCM EDCM v ngp(t) [24] EDCM EDCM v ngp(t) [35] EDCM EDCM
0 88.973 88.967 34 5005.489 0 84.326 84.328 34 4505.429 0 93.8174 93.8174 34 5415.1456
1 264.513 264.513 35 5134.820 1 251.339 251.339 35 4588.769 1 280.0037 280.0038 35 5539.4480
2 436.935 436.937 36 5263.921 2 416.174 416.173 36 4668.825 2 464.3545  464.3546 36 5661.8006
3 606.385  606.387 37 5393.090 3 578.865 578.865 37 4745.758 3 646.8806 646.8806 37 5782.1948
4 773.006 773.008 38 5522.100 4* 739.442* 739.442 38 4819.468 4 827.5915  827.5915 38 5900.6232
5 936.937 936.937 39 5651.144 5 897.928 897.928 39 4889.907 5 1006.4962 1006.4962 39 6017.0802
6* 1098.311* 1098.310 40 5780.229 6 1054.343 1054.342 40 4957.240 6 1183.6024 1183.6025 40 6131.5621
7*  1257.258* 1257.258 41 5909.174  7* 1208.697* 1208.696 41 5021.571 7 13589172 1358.9173 41 6244.0677
8% 1413.907* 1413.906 42 6038.737 8 1360.998 1360.998 42 5082.881 8 1532.6381 1532.4465 42 6354.5988
9 1568.378 1568.377 43 6167.859 9 1511.247 1511.247 43 5141.214 9 1704.1950 1704.1952 43 6463.1600
10 1720.790 1720.789 10 1659.441 1659.441 44 5196.831 10 1874.1672 1874.1674 44 6569.7600
11 1871.256 1871.256 11 1805.568 1805.569 45 5249.562 11 2042.3662 2042.3663 45 6674.4114
12 2019.889 2019.887 12 1949.614 1949.615 46 5300.243 12 2208.7942 2208.7942 46 6777.1314
13 2166.792 2166.790 13 2091.558 2091.557 47 5347.644 13 2373.4524 2373.4524 47 6877.9427
14 2312.069 2312.067 14 2231.373 2231.370 48 5394.073 14 2536.3413 2536.3412 48 6976.8735
15 2455.817 2455.817 15 2369.027 2369.020 49 5437.999 15  2697.4602 2697.4601 49 7073.9584
16 2598.131 2598.136 16 2504.482 2504.471 50 5479.154 16 2856.8076 2856.8075 50 7169.2392
17 2739.099 2739.116 17 2637.694 2637.681 51 5520.421 17 3014.3810 3014.3810 51 7262.7654
18 2878.846 18 2768.615 2768.604 52 5559.898 18 3170.1771 3170.1771 52 7354.5947
19 3017.411 19 2897.190 2897.190 53 5600.412 19 3324.1915 3324.1915 53 7444.7943
20 3154.894 20 3023.385 54 5639.502 20 3476.4189 3476.4189 54 7533.4414
21 3291.375 21 3147.131 55  5679.333 21  3626.8532 3626.8531 55 7620.6237
22 3426.929 22 3268.371 56 5716.505 22 37754871 3775.4871 56 7706.4409
23 3561.632 23 3387.042 57 5759.922  23* 3922.3127* 3922.3128
24 3695.549 24 3503.083 58  5803.875 24 4067.3208 4067.3217
25 3828.754 25 3616.428 59  5850.827 25 4210.5016 4210.5043
26 3961.313 26 3727.015 60  5902.001 26 4351.8504
27 4093.284 27 3834.783 61  5953.801 27 4491.3493
28 4224.732 28 3939.666 62  6005.721 28 4628.9898
29 4355.706 29 4041.604 63  6078.094 29 4764.7603
30 4486.285 30 4140.551 64 6141.414 30 4898.6489
31 4616.500 31 4236.453 31 5030.6436
32 4746.431 32 4329.249 32 5160.7324
33 4876.068 33 4418.921 33 5288.9035
D, 6296.8 6296.54095 6197.0 6196.81313 7791.0 7790.91434
AEu e v 1 129.122 63.32 85.8172
Eerror 0.002006 0.002951 0.000998
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Abstract

For most diatomic electronic states, it is very difficult to obtain the accurate vibrational spectra of the highly-excited
states directly by using the modern experimental techniques and quantum theories. Based on the general expression of
diatomic molecular vibrational energy, the difference converging method (DCM) is used to give a new analytical expression
in this paper. By using ten known vibrational energies, the full vibrational spectra, the vibrational spectroscopic constants
of the highly-excited states, and the dissociation energy can be predicted for a diatomic electronic state. In this study,
the full vibrational spectra of the electronic states 3'TI, 4'TI and A'S* of NaLi molecule are studied with the DCM and
the new formula. Results show that all the vibrational levels given in the experiments can be reproduced with an error
rate less than 0.02 percent in our study. In addition, By comparing with the reported experimental results, we find 26,

45 and 31 new vibrational levels for 3'II, 4'TI and A'S* of NaLi molecule, respectively.

Keywords: NalLi, vibrational spectra, molecular constants, difference method
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