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Table 1.  Dissociation relationships of A — S states
of SeH™.
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Fig. 1. Potential energy curves of the A — S states of SeH*.
F# 2 SeH BT A—S BHOLIEHE

Table 2.
of SeH*.

Spectroscopic constants of the A-S states

HFA R/A w/em™ wx/em™ B/em! D,/eV T,/cm

X% 1.4659 2387.48  45.81
1474111

7.8816 3.369 0

alA  1.4642 2393.52  40.79
biX+ 1.4622 2406.68  40.39
1°%  3.5894 152.17  25.85
AT 1.6395 1505.52  57.16
cIl  1.8168 989.95  59.14
B3Y 2.8262 490.08  47.96
13 3.6892 162.98  19.18
13A 35593 139.94  20.44
21 2.6009 603.15  50.66
2T 2.7701 400.92  43.54

7.8999 3.920 9179.3
7.9224 4.006 17761.9
1.3340 0.030 26930.2
6.2961 1.207 30953.8
5.1488 0.515 36530.2
2.1460 0.157 39522.1
1.2109 0.042 40461.9
1.2964 0.030 40552.3
2.5253 0.223 48259.6
2.2291 0.116 49124.6

13+ 3.6000 151.41  25.73  1.3258 0.029 49835.4
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Table 3. Spectroscopic constants of the low-lying states for the VI hydride cations.
BT SCHk A R. /A w, fem! WeXe /om ! B, /em! D, /eV T, /em!
[13] X35 1.361 2555.2 49.00 9.279 3.488 0
SH* [13] alA 1.362 2567.2 47.48 9.285 4.102 10186.7
[13] bly* 1.362 2576.7 47.34 9.298 4.208 18881.3
[14] X35 1.6425 2147.8 36.23 6.2351 2.846 0
TeH* [14] alA 1.6404 2171.0 36.57 6.2547 3.287 7590
[14] bix+ 1.6383 2184.2 36.24 6.2711 3.351 15467
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F 4 SeH HTF Q BWEMLER
Table 4.  Dissociation relationships of (2 states of SeH™.
[, 0k AHXTRER /om !
ARICTAE SCHER SEER{E 10
Set(*S3/2) + H(*Sy)2) 2,1,1,0%,0 0 0 0
Set(*Dye) + H(®S)2) 2,1,1,0%,0 13189.0 17745 13168.2
Se*(®Ds9) + H(Sy ) 3,2,2,1,1,0%, 0 13806.5 18347 13784.4
Se*(*Pyjs) + H(Sy o) 1,0%,0 23115.9 23038.3
Se*(*P3/2) + H(®Sy o) 2,1,1,0%,0 23928.7 23894.8
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Fig. 2. Potential energy curves of nine €2 states of SeH™.
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Table 5. Spectroscopic constants of the (2 states of SeH™.

EERTOY R, /A w, fem! WeXe /emt B, /em! D, /eV T, /em!
X,0* 1.4661 2385.56 45.66 7.8802 3.380 0
X,1 1.4662 2386.15 46.02 7.8790 3.348 252.4

H— Ak 1.4645 2392.76 41.29 7.8967 2.525 9408.2
a2
55 3.5800 168.60 33.67 1.3399 0.030 27016.9
b0+ 1.4631 2406.94 44.20 7.9127 2.758 18213.8
Ao H—Hf 1.6418 1396.10 53.29 6.3333 0.340 30201.1
1
o5 B 2.4132 2295.44 131.22 2.9938 1.262 30248.9
AL H—Hf 1.6457 1381.37 53.81 6.3229 0.329 31060.0
2
BB 3.5900 152.22 25.81 1.3353 0.030 27018.9
A0 St 1.6429 1391.28 55.78 6.3715 0.307 32273.5
3
BB 3.6000 151.93 25.77 1.3339 0.030 27019.3
Ao SRt 1.6368 1385.24 18.09 6.3123 0.962 32473.0
4
o5 B 2.7918 676.20 90.61 2.1897 0.167 39685.4
H—Hf 1.8161 — — — 0.044 36979.9
cl
o5 S 2.1793 1781.89 149.33 3.5614 0.687 34921.9
1.0
— xg+ (B
— Xol
. . — a2
= I —— bo+
< < — A2
= ® — Aol
ES ES — A"
= = A0+
] H —
= Y ——- AyleX,0t
=
& g
= AST—B3%~ B 0.2
= =

HilagE/ A

1 é 3 4‘1 5
Pl /A

3 SeH™ B (AR AE FlURE AR BRI ARE () ABEIEIEAKETF; (b) SOC KFEF
Fig. 3. Dipole moments and transition dipole moments of SeH": (a) At spin-free level; (b) at SOC level.

T I 2R fH B o Bt 5 A TR R A S I i8S K, 43931
1 2.14, 2.22, 2.24, 1.96 A1 1.78 AjA#| e K(H, BI:
0.63, 0.66, 0.67, 0.92 1 0.80 a.u., ZRJF /. #%H]
FEIEME] 9 AmF, 124 A—S SHREHL AR AR T
—0.2 a.u., AT «» X3X~BRAT A9 BRI 18 A 4 I o A%
[ B g 36 T sk )N, A P R TR] B AR A 0.23 anu..
Kl 3(b) #i%s 1T SOC RN T 94> Q A5 A {0
Aol < X, 07 BRI A B . AH LL T A e JC ¢
TRYEE IR, ANESE R 28 3R B T8 2 0] 4 38
TN
PR T3 5 B K/ IN AT RLPEAS T B, 725 =22 ] BR AT
FIBRIERE 1. R T B A R N Bl f = 4.70165 x

107 7[em D™ 2] Oeg| preg|, HoH Gop 278 NG S ML TS
MY HE L ERITRE, prep 77N BRAT AR AR . XA S5
AT & X3R Aol <« X, 07 BRIE AR T 58 5 43 5]
H15.15 x 1073 F1 5.08 x 1073, YiBHBFRFERIE H A
BRI BRIE R . e, SR T SRR h 4 RN BRAE AR
B, AR SCHRIN T AR <5 X398 LA K Agl <5 X101 R
TR o 2 v BB R FR A SRR AR S . B
RGN TR 6 h. T ASTL AT XS A P % )
P2 2EARK, SO A A i 3 B s - BB IR LA
AN, BT T PR HL A i PR B 350N [l I 3
W7 ASIT AT Aol 25 19 48 5 % i 43 1) R 746.6 N
787.8 ns.
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F6 AT+ X35 M A2l < Xy 0F BRITM I 22 50 BB T (BANL &) | ARG SRR AR 5 (SAAL: ns)
Table 6.  Franck-Condon Factors, Emission rates (unit of s) and radiative lifetimes 7 (unit of ns) of the A3TI +» X3~
and Al < X101 transitions.
Rt viow'=0  »'=1  »'=2 '=3 =4 '=5 XA T=1/(XA)
AL o5 305 0.4079 0.3685 0.1666 0.0470 0.0088 0.0011 1339434 746.6
o _
0.3271 0.0013 0.2122 0.2713 0.1398 0.0405 1310290 763.2
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Abstract

Potential energy curves of dipole moments for 12 electronic states correlating with the Se*(*Su) + H(*Sg),
Set(?Du) + H(®Sg) and Se*(*Pu) + H(*Sg) dissociation channels of SeH" anion are calculated by the ic-MRCI +
@ method. The AV5Z-DK basis set for Se atom and H atom are chosen. Scalar relativistic effect, core-valence
correction, and spin-orbit coupling effect are also taken into account. In MRCI calculations, Se(1s2s) orbitals
are frozen, H(1s) and Se(4sdp) orbitals are selected as active space, and the remaining orbitals are used for the
core-valence correlation.

Spectroscopic parameters of 12 A—S states and 9 low-lying Q) states are obtained. All A-S states we selected
are bound states. The X33, alA, b3+, Al and c'II states each possess a large well, but the others each have a
shallow well. The a'A, b'¥*, A3, c¢'II and 1°% states cross in 30000-40000 cm ! regions. The X3% | a!A and
b!¥*+ come from the 4n? electronic configuration around the equilibrium region, and three states have similar
values of R.. The splitting dissociation channels are obtained at a spin-orbital coupling level. The calculated
energy differences among five dissociation channels are in excellent agreement with the experimental data, and
the maximal error is smaller than 0.5%. Due to the avoided crossing between the low-lying Q) states, the a2,
b0+, A2, A,1, A;0°, A,07 and cl states all have two wells. The splitting parameters ASC of the X*Y" state and
the ATl state are predicted at the same time, i. e. ASO(X,1 — X,0%) = 252.4 ecm™, ASO(A,1 — A;2) = 858.9 cm,
ASO(A30° — Ayl) = 1213.5 cm! and ASO(A,0" — A307) = 199.5 cm . The transition dipole moments of the
AT < X35 and Ayl < X 07 transitions are obtained. The oscillator strengths, Franck-Condon factors, and
radiative lifetimes of these two transitions are also predicted. The radiative lifetime of A’II state and A,l state

are 746.6 and 787.8 ns, respectively. It implies the ability of electron transition for these two transitions.

Keywords: multi-reference configuration interaction, spin-orbit coupling effect, spectroscopic constants,

spontaneous radiative lifetimes
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