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Table 1. Comparison of the spectroscopic constants of the 61i32S molecule with available experimental results.

State Te/cm™! Ro/A we Jem ™1 WeXe/cm ™1 Be /cm™1! D./eV
X211 0 2.141 638.6 4.11 0.7263 3.474
Experiment [17] — 2.1497 580 — 0.634 —
Ref. [7] — 2.147 583 — — —
Ref. [7] — 2.147 — — — —
Ref. [7] — 2.147 597 — — —
Ref. [7] — 2.154 578.2 3.67 0.631 —
Ref. [7] — 2.150 583.9 3.94 0.634 —
Ref. [7] — 2.145 588.8 3.96 0.636 —
A2yt 5140.1 2.065 630.5 3.85 0.7811 3.967
Ref. [7] — 2.075 562 — — —
Ref. [7] — 2.063 597 — — —
Ref. [7] — 2.080 564.8 4.01 0.677 —
Ref. [7] — 2.077 569.8 4.12 0.680 —
Ref. [7] — 2.074 575.2 4.24 0.682 —
atA 26843.9 2.591 192.1 8.80 0.4975 0.139
B2A 27348.7 2.620 142.7 8.31 0.4884 0.076
bA11 27930.3 4.940 24.71 1.76 0.1350 0.011
c2 29912.2 4.276 164.97 2.05 0.1820 0.864
F2y 36033.3 2.597 172.17 8.76 0.4960 0.110
E2nt 35991.6 2.605 153.86 8.34 0.4941 0.091
D211 34492.6 6.120 278.91 8.44 0.0888 —
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15%. 3 BRIX P 22 31 (1) 32 B K 2502 AU 3R AN, 8
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DR ILE [F) 7 3% R0 6T 185 % AT 26 AN % 20 8 B0 12 IE
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J&, SR TEIERT. Davidson 18 IE J& R AREUE &
A?SH [f] R WEIE N T 0.014 A, we I8/812.6 em ™!,
Be I/ 7 0.0105 em™t. # H # AN PSR IR
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BUAK. BRGER E2St, B2A, F22 Ma*A S
H) R ZE AL ELERUN, 4393l k7 0.012, 0.016, 0.014,
0.013 A. §§RZAHA C211, D21, b1 R, ¥ 531
I, 43500 0.525, 0.837 F10.288 A.
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fRBIE N Li(?Pg)+S(PPy). MR A2ST A —A
AR /IME A, FOP R R BN 2.065 A, LA
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HEL TS T A PR AN A1), {5 35 LA 50 i ) PR 1k
T A 7 AN A-S B & LT3 10 34 R il 2R 1 A B
Bk, WA R B XS AR E. H i, ¢
F DT =ANER % et 4 A, AR
SR BERA A EAEH, HEBPHEER %,
X=AHETARENNIRS) R B, e’
#. B2A, a'A, F2X- M E2S+ S0P 47 4% 1Al iE 1Y
1E2.5—2.7 A JA), A2 X PUAS A5 A S 7 7]

FAEFI A BAE . e B BHRAR, BIX
VU ASHAFRE. LiS 701 X2 A A28 AN HL
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Fig. 1. (color online) MRCI survey of the ground and
low-lying A-S electronic states with doublet and quar-
tet spin multiplicities of the LiS molecule using an
AV5Z.
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Fig. 2. (color online) The curves of the relations be-
tween the electronic dipole moments of the ground and
low-lying A-S electronic states with doublet and quar-
tet spin multiplicities of the LiS molecule to nucleus

distances.
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N0 Debye, HAZIAIFE kS N, BRI E AR
SEAE 0 Debye. BRITAHARAE )40 E G 24K, AP
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A% [ BE 3 0, BRIE AR A FE A AR B 7E 0 Debye, £
W R By 15 br B O A B R, kR EAE LT
BRIT 7. BORA B2A X2 BRAT RT3 e
MELAZ ] BB () /N A (KT —1 Debye) HF 46, Bi#%
() P () 38 I SRR 3 i 9 /N IEAE (/T 1 Debye), 58
JE BN, BIRZAFE 4 A DL EFEARRNE] 0 De-
bye, SR JG R ELE O debye. 1B H: RT3 A B 2 EE
AZSF S XPTLERIE B AR K, 2 Ul kA2 J K
BRIT MR R Lk 25 A28t S X2IT BRI K, %
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1% 18] 5 ) 38 3 Gd 95/ A /N IEAE (/T 1 Debye),
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% 0] BE I 2158 B = 1H, #2312 4 Debye, 7K Ja SORGE
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Fig. 3. (color online) Transition dipole moments
between the ground XZ2II and excited states of LiS

molecule.

Xt 45 58 v/ R Bh g I 5 A 0 o 50
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Hr AL ERAL N s™Y M (r) N HABRE (BUERIE
HFE), HERAL N Debye. v & B4 A em—t [ ER
IEAR; S(J', J") ;N Honl-London #% 5 58 & K ¥
Uy g0 MU g VA —AK 5 BRI HT IS () LS I
F 2 AZS XTI R RIAS R B Ak 20 A 4 S RS 5 iy

Table 2. Radiative lifetime of transitions at different
vibrational levels of A2X+T-X21].

-1
V(@ M () [ )|

TR BRIT 45 i /ns

A2x+t—X2II 348 280 235 202 1.78 1.59

K245 H 7 AL R S A%ST 3] 3 & X
1 BT 6 4 9% 3 B 2% 10 4R O BR i & an, e A1 AE
3.48—1.59 ns 2 [A]. BRIT 75 v A1 96 == o0 - 5 1A
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Theoretical study of the spectra and radiative transition
properties of °Li32S*

Liu Hua-Bing" Yuan LiY Li Qiu-Mei? Chen Xiao-Hong"?" Du Quan"?f
Jin Rong"?" Chen Xue-Lian? Wang Ling"
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Abstract

Low-lying electronic states (X?II, A2E7T, a*A, B2A, b*II, C?TI, F?X ™, E2X T and D?II) of the °Li*2S molecule are
computed at the aug-cc-pV5Z/MRCI level. The potential energy curves are presented for these states; the corresponding
spectroscopic constants are reported. Electronic transition moment, Einstein coefficients, Frank-Condon factors and
radiative lifetimes for the A2X+-X2II, B2A-X2II, C?II-X?II systems are calculated. The balanced distance between
two nuclei, harmonic frequencies and inertia moment of ground state X2II are predicted in this paper, and they are in
accordance with their corresponding experimental data. The balance distances between the two nuclei in the electronic
states of b*II, C2II, D2II are all longer than 4 A, so they are very unstable. The D?II electronic state will dissociate to
LiT ion and S™ ion: they are far from each other. The electronic transition dipole moment, Einstein coefficient, Franck-
Condon factor and radiative lifetime in transition from lowest excited A2E7T state to ground state X2II are predicted
in this paper. The electronic transition dipole moments from three low lying electronic state A2X+, B2A and C?II to
the ground state X2II are calculated at the aug-cc-pV5Z/MRCI level. The results show that the electronic transition
dipole moment of A2 — X2II has a small positive value while the nucleus distance is short, and rapidly decreases
down to a small negative value with the nucleus distance increasing to around balance distance. Then it is stable about
zero value while the nucleus distance continually increases. The electronic transition dipole moment of BZA — X?2II has
a small negative value (which is larger than that of A2S™ — X?II) at a short nucleus distance, and rapid increases up
to a small positive value with the nucleus distance increasing to about balance distance. Then it slows down to zero
while the nucleus distance increases to about 4 A. Finally it turns stable about zero value while the nuclei distance
continually increases. The electronic transition dipole moment of C?II — X?II is more sophisticated, but it has a large
value than other two transitions. So the low-lying electronic state A2X" is stabler than B2A, and B2A is stabler than
C?II. The results also show that the ground state X2II and the lowest excited state A?X+ have similar IR frequencies,
their difference is within 8 cm™?, so they cannot be distinguished by IR spectrum. The A?2X* has a balanced distance
about 0.076 A shorter than ground X2II, which implies that A2X% has stronger chemical bond than ground X2II.
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