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Fig. 1. Potential energy curves of the X?II, a'¥ | A2% | biII,
B2A, €22+, D?II and 222+ states of AsH* cation.
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Table 1. Dissociation relationships of A-S states of AsH*.

AFE/cm™
JFRFA A-ST _—
ARICTAE gt
X201, aly
Ast(°P,)+H(*S,) A2 bITT 0 0
Ast('D)+H(S,) B2A, €S+, DT 822218 8752
Ast('S,)+H(*Sy) 225+ 20400.69 21252
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#£2  A-SHPLIERE
Table 2.  Spectroscopic parameters of the A-S states.

A-S states R./A we/cm ! Wexe/cm ! B,/em! D,/eV T,/cm !
X201 1.5131 2222.58 42.08 7.3632 3.100 0
aly- 1.6211 1433.42 52.39 6.4528 1.208 15260.18
AZS 2.0523 598.03 35.70 4.0257 0.313 22481.02
b1 3.9651 111.89 27.81 1.1024 0.015 24885.54
B?A 1.7260 1139.52 49.11 5.6847 0.821 26654.73
crt 3.2885 140.54 22.86 1.6101 0.028 32911.82
D1 3.3767 172.32 29.15 1.5005 0.035 32993.70
225+ 2.4140 532.54 47.36 2.9263 0.188 43887.70

® 3 BI BRI T RO RO L

Table 3.  Comparison of the spectroscopy parameters of the V-group hydride cations.

NFET A-SE R./JA we/em ! D,/eV T,/cm'!
X1 1.080* 2810.6* 4.40° 0
aty ~1.105P ~2520° 3.66¢ 5091
NH*
A%Y 1.206* 1578.2% 1.76° 22161.27*
B2A 1.161* 2011.2* 3.25* 23331
X211 1.4226° 2412.79° 3.525° 0
aty 1.4816° 1832.51¢ 1.790¢ 13998¢
PH*
A%Y 1.7914¢ 823.68° 0.490¢ 24476°
B2A 1.5454¢ 1512.20¢° 1.277¢ 26322°¢
X1 1.5131F 2222.58f 3.100° 0
aty 1.6211f 1433.42f 1.208f 15260.18f
AsH*
AS 2.0523f 598.03" 0.313f 22481.02f
B2A 1.7260" 1139.52f 0.188f 43887.70"
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Fig. 2. Spin-orbit matrix elements of the AsH* anion.
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Table 4. Dissociation relationships of 2 states of AsH*.
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A (97
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Ast(*Po)+H(*S,0) 1/2 0 0
Ast(P)+H(S,5)  3/2,1/2,1/2  1090.35 1061
A ‘ 5/2,3/2, 3/2
A -+ SP‘ H 2 k] ) )
st(°P2)+H(*S,2) 1/2,1/2 2721.66 2540
5/2,3/2,3/2
A + lD H 2 k] ’ 9
sT('Dg)+H(Sy ) 12, 1/9 11252.94 10093
Ast(1So)+H(Sy ) 1/2 24909.88 22593
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~ 51 (1)b*I, 2 D213/,
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B3 QAmHaRIhL
Fig. 3. Potential energy curves of the () states of AsH*

cation.
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F*5  QEDLIEEE
Table 5. Spectroscopic parameters of the ) states.

Q states R. /A w, Jemt WeXe /cm B, /em! D, /eV T, /em!

x2H1/2 1.5146 2339.14 41.99 7.3592 3.314 0
X2H3/2 1.5121 2344.11 42.99 7.3647 3.216 1696.92
342;/2 1.6222 1535.88 58.51 6.4447 1.248 17777.19
a42;/2 1.6210 1688.21 69.69 6.4554 1.249 17910.08
AZE;/Q 2.0581 685.64 35.99 3.9976 0.400 25773.03
B2A3/2 :%:jﬁ@? 1.7285 1175.34 58.14 5.6857 0.321 30513.22
St 3.2405 333.26 49.99 1.7215 0.076 28497.77
B2A S 1.7259 1186.52 51.97 5.6923 0.356 30548.89
5/2 S 3.3318 283.60 49.29 1.5654 0.055 29071.95

F % SOC U, M-SR EM Bl J AR,
H THETC KT 2 A A A0 285 H 3kt O A 528
AR5 L. FIFLLAE 3000040000 cm L fEIX, i<k
T IRZ 1k A U BLSR, T2 T &R 73 1
BAFTE B BEEER , A1 B2Az )5 FI B2 A5 0 85314 XL
PR, A5 00 5 b o Al 6L 0 BAE LY
2.36 AAbEEGARZE.

33 BHRE.RKIBERE.F=R-FREE
F.BRESERRNBZEHHFm

Xy , XMy e , a'¥, , a'sy, , A’S,
B2A3/5, B2Ag/5, b*1L3 /o Fl b*TL5 /o 2% A E B 222
FERE 4. BT AsHYZIER TIRR, FTLLTA 1Y
HL P TERZ I BEZ # K (> 4 A) B, &
W I K. B2As, 5 b3, B2A5, 5
b*ILs o A7 B S 1 REGRAH S IS, X2 o 2 TA 07
AL AR FE A -0.3295 a.u., FUIAHL TR R GeH
BRI (0.026 a) BRARZ B2, Al PRI
B AR R A I .

BRI AR/ a.u.

g/ A

K4 QBRmRAE
Fig. 4. Dipole moments of the 2 states of AsH* cation.
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R Ast(®Py) + H(®Sy o), Bt DL R K, =
MEBNES I BT S T R — PR SR IR
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RHIEZSP W4, ATLUA PP P, BEER
IE BRI R R R 2 .

0.5
0.4
. A2y X211
=
s 03r 26— 2
@ ATE X,
g 0.2
H
= 0.1F
dgr— 2
a ZI/ZHX H1/2
or X2H3/24’X2H1/2
1 2 3 4 5 6
LA VO

K5 AsH* B RYBRIT (8 AR

Fig. 5. Transition dipole moments of AsH™ cation.
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6 AsHTE TR 2L - I 7 (L 1) B A RARSTE AR [ RS AR A (SRAL: ps)
Table 6. Franck-Condon Factors, spontaneous emission rates (unit of s') and spontaneous radiative lifetimes 7 (unit of ps)
of the AsH* cation.
AT v v =0 v =1 v =2 v =3 v =4 v =5 YA T=1/%A
0.0056 0.0280 0.0722 0.1275 0.1715 0.1843
A% o X210
2295.52 5374.75 6276.27  4791.31 2627.48 1065.87 22838.76 43.75
0.6817 0.2447 0.0613 0.0107 0.0014 0.0001
3427 2 — X2H1/2
1 1545.42 319.72 60.84 8.08 0.74 0.04 1934.85 517
0.0041 0.0216 0.0588 0.1098 0.1565 0.1789
AZY T, — X210 o
1/2 3036.67 7910.09 10373.6 8987.8 5672.57  2703.67  40012.76 24.99
(2] Arens M, Richter W 1990 J. Chem. Phys. 93 7094

XTIy BRI KA, B BAWI T a2, BRahZSH
R XTI, g 0 3045 1 U R 4 T A PR TR
Li 45 B2 JH0 T 45 IR R Gell i 2SR &
H 1 R AR, (0 200 ps. ASCHUMAGS) AsH*
BT at S, MO ASHY R IRT A 517 . B

I T SRR A a5, — XPITy o BHASBRIT A
RGN
4 % %

AICRH MRCI+Q J7ik, % E T CV L1
RN A3 AT T HBETC O 2% J& A Jie-PiE #%
AR T AsH* B 1 JE A K3 & A8 1 B
2R AR AR AR . 45 SR R A S
AT ARSI, X200 A A, 1 b, C28F
H1 DT A0 59 A 2 SR AR 1) B 2 7 7 R,
THEAS B T HO G BORIGE M. th %A 5550
(RN HABIESAE, ASCS R F Y& i+
A B F BGHEAT T 4 e, NHT, PHYR AsH*
B AR REGUN AR IR, B [R] 327 I 1
% BT M RGN, DS 7 1T A2 1) S R
PR R w, M MREE D, W/, bI Al B2A A1)
PHE IR 2, 75 % I8 SOC RN e, 1875 ikt 4
SEJFEI, B2 Ag o FIB2 A o 2835 772 A T XU B 45
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Electronic structures and transition properties of AsH* cation”
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Abstract

Potential energy curves (PECs), dipole moments (DMs) and transition dipole moments (TDMs) of the
X1, a'y, A2, b1, B2A, C?X+, D201, 22X+ states correlating with the three lowest dissociation channels of AsH*
cation are calculated by using the multireference configuration interaction (MRCI) method. The Davidson
correction, core-valence (CV) correlation, and spin-orbit coupling (SOC) effect are all considered. The aug-cc-
pV5Z all-electron basis set of H atom and the aug-cc-pwCV5Z-PP pseudopotential basis set of As atom are both
selected in the calculation.

In the complete active space self-consistent field (CASSCF) calculation, H (1s) and As (4s4p) shell are
selected as active orbitals, As (3p3d) shells are selected as closed orbitals, which keeps doubly occupation, the
remaining electrons are in the frozen orbitals. In the MRCI calculation, As (3p3d) shells are used for CV
correlation, and the calculation accuracy can be improved. The SOC effects are considered with Breit-Pauli
operators.

All calculated states are bound states. The X?II is the ground state, which is a deep potential well, the
dissociation energy is 3.100 eV. The b*[I, C?2* and D?II are weakly bound states. The spectroscopic parameters
are obtained by solving radial Schrodinger equation. To the best of our knowledge, there has been no study of
the spectroscopy of AsH* cation so far. Comparing with V-hydride cations MH* (M = N, P, As), the orders of
the energy levels of the low-lying states for three ions are identical. The dissociation energy and harmonic
frequency both decrease with the increase of the atomic weight of M.

At spin-free level, the PEC of bl state and the PEC of B2A state cross at about 1.70 A. When SOC
effects are taken into account, according to the rule of avoid-crossing, the B*Aj»state and B>Aj,;state change
to the double potential wells, and the avoided crossing between the B*Aj/, (B*Ay),) state and b'IIz/, (b*IL52)
state is observed. The transition dipole moment (TDM) of the A%~ — X°II, a421_/2 — X°II;» and
A’YT

12— X2H1/2 transition are also calculated. The TDM at the equilibrium distance of the a421’/2 — X2H1/2

spin-forbidden reaches 0.036 Debye, therefore, the SOC effect plays an important role. Based on the accurate
PECs and PDMs, the Franck-Condon factors, spontaneous radiative coefficients, and spontaneous radiative

lifetimes of the A’S™ — XII, a’%[,, — X?II; /5, and A’Y]

12 2~ X2H1/2 transition are also calculated.

Keywords: spin-orbit coupling effects, spectroscopic parameters, Franck-Condon factors, spontaneous

radiative lifetimes
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