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(7% PTG = B B b (5 BB, ¥ BH 471022)
(2015 4F 6 3 23 AUk F); 2015 4£ 9 A 7 QU FME R )

K W4 % 5 2% 2 M BAE H (MRCI) /7%, 454 Dunning & 51 55 — B0, 70 BI% 0 As328T A
AT B X3S T R AT H A IR AT TR, - DA A AR, 15805 BT A RO
WS ST ES B, R MRCI AL &L —80E, aug-ce-pV5Z, St AsST B -F 1 X3S~ F AT 7
AT TR, SRR A Re th 2; AR, At — DIt B AR 2R R B, X HCEAT T =M B IR SRA
Davidson (+Q) /£ 1IE MRCI JiETHE IS A2 AR AE R4 /NS — Bk Fé; FIH - Douglas-Kroll # % i
PR, TE co-pVQZ FEL /K, AZTE 7 AH T i 2008 % 35 B il 26 () R mel; ) FH 5 8 &AM, 7 aug-ce-pVQZ
Hl aug-ce-pVHZ FH KX % e i A R HEAT 1AM, 5358 AR R ARt 2. &5, RIS
1E (23 Davidson f& IE  FHXTEAZ TE R M) f5 135 ae 28, J8id Vibrot 727, KRG T 7> T %183 1)
21 Schrédinger J5F2, FHEAT RO ARG, £8P AsP2ST R TP ASPAST BT RN BT A IR R (T,
Re, we, Wele, e M Bo) MI7FTHH (G(v), By, Dy).

KR AsST, MR IE, FEALAME, 6Tk

PACS: 31.15.A-, 31.50.Bc, 31.50.Df
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RAZE S ERY NN RO FAR A i & N A= v N
o U RE S I B DO Y T DG 2. i 2R B 1) o e
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FHH ETRAMARE T PASS2ST P A3IST B
FHERARSZ, HA—Shlk w508 %A 5L
W R, RSO R 2R B T P AsP2 ST A TP AT
IG5 o BOHAT T TR L.

KSR W s 2 25 HasHHEAEH (MRCI)
J7 v DLl g A A 56 — 83, aug-ce-pVHZ, 1314 4
HT AsSTH KB TA XIS & AT (134 R
28, #H—PHt A T Davidson & 1E « #4842 1F Fl 3&
HAMERT AsST B 7Lk B . FIHEIE S
(ARG S e b 4k, 38 35 e R 5K 40L& A ] 47 2R 5
I, 320 F AR BT PASSIST M TP ASST
HL -2 B DG H OR 73 1 2L

2 TE &

XF T F RO AsST B, A3 I HER 1Y
S AE ih L b AT SR L T B AR O, AR Sk %
BT AT 1) B VA (CASSCE) 15161 Sy
MRCIJ AR BRI FC U7 %, %07 RE 08 R guit
AL BN AR SEAH K R L TTIRALZS s EL, 7E 005
JEHL T RIBI ) SO, BRI AT LIRS Al T S50 5
REP Tl A RAE MRCL VAT R R A7 1
S R/NAS— kB, AR M Davidson(+Q) J7
B 1L XA BRI

AsST B T34 g M 28 (1911 £ MOLPRO 2 /%
F 4T, 7E CASSCF J 35 42 (1 MRCT i 5,
1 FH R A 9% — 203 N aug-ce-pVHZ. &£ B4R TF&E
FEr, FRATHE 8 AN FHUIE TN E A H] (BLHE 44
ay FUIE 24 by FUE K 24> by HUIE), 4 s UK
N 19N HFEEHUE S (4 10 1> a; HLiE 441 by L
T A4 by BTG 14> ap PLIE). 7E% B 710
A7 B T E 50 AN A & s BT H U, iH R K
H90.002 nm. A XFF X35~ A, i
N 0.160—0.258 nm; X T A2IT 72, 33N
0.180—0.278 nm. AL 4> FHLIE (14a4, 6by,
6bo, lag) 7E LA FYEHEI A 158, 43 335 Re th 2k 3k 5
e

BT HAE R X3S AT T A 3 ag il
2k, F ] Molcas #2540, 1) o [y Vibrot 72 5 % H ik
TG, RIS H T 575 MRCI/aug-cc-pVHZ EL iR
IKFHGIEHHL De, Re, we, Welle, e, Be 5, &
R 1 pral.

FE X 200 RE 6 88 K a0 1 o 1 BOR oy T
BB R AN AT RS . A SCR ] B Douglas-
Kroll P& 2T AL, 7E cc-pVQZ F: 4 7K 7 X AsST
B AR X IR N AT T B IR, Bk U7 VE WL 3L
Wk [3]. LA B IEJE A REIN LR, 15 BA R 61 5
HIHEHIANFE 1.

# 1 Davidson & IERAEXHSAE EXT AsST B Fokils & £ m

Table 1. Effects on the spectroscopic parameters of AsSTby the Davidson modification and relativistic correction.

Te/cm*1 Re/nm u.ze/cm’1 wexe/cm’l Be/cm’1 04.3/1073 cm™ ! 'ye/10*6 cm™ !
X3~
MRCI 0 0.19625  640.639 2.0685 0.195319 0.80057 1.21901
+dk 0 0.19621  631.535 2.16698 0.195378 0.824341 0.981605
MRCI+Q 0 0.19640  637.725 1.94444 0.195012 0.805844 0.815199
+dk 0 0.19644  628.020 2.07953 0.195018 0.832718 0.537066
s [6) 0 0.19447  644.25 2.09 0.1989 0.89
AlTT
MRCI 37578.66  0.21002  439.953 3.09515 0.170533 1.22389 17.0116
+dk 35595.49  0.21021  432.830 3.15973 0.170220 1.24257 18.6756
MRCI+Q  37945.48  0.20998  443.037 3.06345 0.170600 1.19428 15.2030
+dk 34763.02  0.21017  435.804 2.97224 0.170291 1.21038 16.1724
s [6) 37359.7  0.2084 441.18 3.45 0.1732 1.23

H “dk” R IRIEIE; “4Q” /R Davidson £ 1E.
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B IE iy T B AT BT P AR R 22, A SO
F O — BUE K R PERFAE, B 54 4 %8 58 A S 20
PP, EAHh, 7F aug-ce-pVQZ(AVQZ) Fl AV5Z %
AN b, R P R AR SMEE (1) X, 33 X35~ A
AT LA R 5 A R AR SR AL 3 R 2%, 1%
BRHCTE 2013 5 R 3R (1 SCHR [20] Hfil 1 PRABIK B

AE‘Tol,oo

_ AErox41(X +1)° — ABpg x X?
B (X +1)3— X3 ‘

(1)

Xt AsST B 1AM R S RE il ZREAT LG, 15 2IAR
JS2FR T B, AERIINR 2,

F2 BUUUMESR AsST BRI HUKR
Table 2. Effects on the spectroscopic parameters of AsST by the extrapolation.

Te/cm*1 Re/nm  we/cm™! a.)egce/cm’1 Be/cm™1 046/10*3 cm~ ! 76/10*6 cm~ !
X3%~
MRCI
AVQZ 0 0.19657  637.593 2.10735 0.194672 0.805299 0.795022
AV5Z 0 0.19625  640.639 2.0685 0.195319 0.80057 1.21901
Q5 0 0.19590  643.966 2.12815 0.195997 0.795018 1.82400
MRCI+Q
AVQZ 0 0.19674  634.482 1.98607 0.194344 0.810754 0.465738
AV5Z 0 0.19640  637.725 1.94444 0.195012 0.805844 0.815199
Q5 0 0.19595  642.076 1.89084 0.195721 0.805556 0.185846
Sz (6] 0 0.19447  644.25 0.1989 0.89
ALl
MRCI
AVQZ 37414.05 0.21057  435.198 3.35187 0.169651 1.24668 18.0973
AV5Z 37578.66  0.21002  439.953 3.09515 0.170533 1.22389 17.0116
Q5 37750.29  0.20944  445.368 3.13721 0.171450 1.19658 17.2777
MRCI+Q
AVQZ 37781.09  0.21056  437.783 3.17576 0.169670 1.21353 17.0057
AV5Z 37945.48  0.20998  443.037 3.06345 0.170600 1.19428 15.2030
Q5 38116.89  0.20938  448.464 2.98483 0.171565 1.17033 14.6703
Sz (6] 37359.7  0.2084 441.18 0.1732 1.23

VE: “Q5” Fom AVQZ I AVSZ FELH AKF I AMIE.

3 Wik E AT

1 B T Davidson Fl A8 Xt i 1& 1E % AsST
B XeNT MAMIHE A F M Em. |
F 1845 T LA H, Davidson & 1E 18 &k & A2
F R B THE T 366.82 cm !, i X3~ A1 AT Hy,
A WP 4% 18] BE R B 43 ) 38 2K 1 0.00015 Al
0.00004 nm. %A IE Xt we Al Be 15 W0 A& K X,
BIEE XPE™ T3 we A1 B A8 73 5 187N 2.914

H10.000307 e, T A2IT HL T2 [ we 1 Be 1H 23
K 3.084 A110.000067 cm 1.

B — 2 TR A X R 8 IR X AsST B Ol 1
WA W, XF R 1 AL E Davidson & 1E #
gh Rk AT LR, R IR X R A8 OE A AP T
BT AL WD T 3182.46 e, ff R A I K T
0.00004(X3X7) F10.00019(A2TT) ecm™; 15 w, {H %
BT 9.705(X387) M 7.233(A%M) em~!. EBIE
X Be fH B 5 A — 8, X3S TSR E
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1 K 0.000006 cm~t, 0 A2 T A 19 E D
0.000309 cm ™.

F2HH T B SR EAMELS B AsST
BT X3S AMAMT P AR E HL xR
1 MRCI+Q &5 1 5 S50 5 AT LR B, Bl 4
B H B K (NAVQZ 2 Q5 4M ), AsST BT 11
X3X ™ AT LT 25 6 1 B AR A a3 — B
: 1) AT 7B M T, 3 K 73358 cm™1; 2)
R AEMW /. WFXEE-MAUNIHEFE, R AL
SN 7 0.00079 F10.00118 cm™'; 3) we F1 B &
K, X X8 MAMTHTA, we 5 KT
7.594 F110.681 cm™1; B {H 73 734 K 7 0.001377
#10.001895 cm .

NG R 2 BT LA RS S B R,
LUK B B SR (M AVQZ B Q5 A1),
THER AR T — e, AR AR T, M
R AESE, HAhFZESHEA D] TR SGE. 4
u, T X8 &, BB R K, R H 552561
()4 22 HH 0.00227 nm #7247 0.00148 nm; w, 65

SIAE 1) (R 22 9 9.768 e /N 2.174 em Y
B 85 55648 ) #fw 2 $ 0.004556 cm ™~ Sk /N A
0.003179 e~ 1. XFF AMIAS, & LAWK, R AE
5 528648 91 (4 22 /1 0.00216 nm % 7> 4 0.00098
nm; B, (85925618 ) f)0m % i 0.00353 cm ! ks
40.001635 cm 1.

AL, FATTE MRCI/aug-ce-pV5Z BB /KF R
% & Davidson 1& 1E, XTS5 IEFNFE L Ah3tE, 3715
mkE A Redh 2k, ERAL 2R A5 E p &R -
XF AsSH B T X320 A1 AT H 1 2% 1 R AR
BT A, B RIFL RS T PA3ZST (X3S A
AI) A1 75 AsBASH(XB3R— AT AN 1 G B, 45
BHFR3IP. [FE, @R EZIZ S E R
Schrédinger A2, #EN T J = 0KF, PA325H (X35~
ATALIT) A1 75 As34SH (X35~ F1 AMI) BIET 10 MRS)
A XFREANRNE, EHE T AR IR A8
B0 B R B 0 W AR RS Ay TR L, SRR T
RKAFELS .

# 3 TOAB2ST BT (X3L R AN M TP AS3AST BT (X3E AL Heis s L
Table 3. Spectroscopic parameters of X33~ and AII electric states for 7?A32S+ and 7®As34St ion.

Te/cm*1 Re/nm we/cm’1 wexe/cm’1 Be/cm*1 ae/10*3 cm™! %/10*6 cm™!
757328+ (X1nH)
Q5 + dk 0 0.19588  635.577 2.07904  0.195746 0.830088 0.308989
e (5] 644.0 2.1
5% (0] 0.19447  644.25 2.09 0.1989 0.89
i 10] 0.191
757328+ (ALID)
Q5 + dk 36935.75 0.20955 441.276 2.86100  0.171282 1.18648 15.3697
i (5] 37360.9 441.5 3.6
S 161 37359.7  0.20839  441.18 3.45 0.1732 1.23
75348+ (X15H)
Q5 + dk 0 0.19588  618.420 2.00089  0.187680 0.77570 0.81329
i (5] 630.9 2.1
T5A348+ (ALID)
Q5+ dk 36935.75 0.20955  432.232 2.87829  0.164152 1.05470 21.9904
gz () 37359.9 433.1 3.5

2001 £, Rajamanickam % 1 %f AsST #4717
PR AT, HIRG H T %8 T 1 B f# BE A Franck-
Condon K 7-. 2010 4F, Ramirez-Galicia 25 ['9 5% ]

%5z oA P8 B3LYP 45 & = W 3 4 6-311G Xt
AsS PR 34T T4k, A T B4 AsST
TEN B R Y B T 1~ i (R BE.
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HoR3d 1) W v DLFE W, & X E
MRCI+Q/Q5 + dk 3 i /K “F I XF A28+ i
TSASMST B T X3S R AT 7 A IO i
AR AR R, 6T TPARST BT
X258t BT E, HRe, we M B 5IKAE O ¥ fw
AN 0.72%, 1.34% F11.58%, AT B 175 Ts, Re,
we M B 5 S 56 5 191 /4 f 224X N 1.13%, 0.55%,
0.02% 1 1.10%. X T A4St E 5, i T L5
AR, AXERES A LML, [T
X2yt AR we 59AE PR 200N 1.97%,

AT T8 T, Al we 5525648 PR 25408 1.13%
#10.02%.

Hi T 3 4 S ASP2ST FI TP ASPAST B T (XPE-
AT T2 o 7% B sL 56 ik 8, Jovkis il
3 L B 77 Ok UE B A S 45 R B RE i . (HE,
YR A S A R A X328~ AT B KOG i
WS O SR EIE M LB M A A AR SRS
B HETFEH R 2SR, Bk nT AW E,
HIZARE & ES R FAL R BT A28t
TS As3ST B TR B R R .

F4 TASSST BT (XD, AL INIRBIAELR, HIBEAE LR (J = 0)
Table 4. The G(v), By, and Dy, of X3%~ and AT electronic states for > As32S* (J = 0).

Xix+ Al
v G(v)/em~1! By, /cm™! D, /1078 cm ™! G(v)/em~1! By, /cm™! D, /1077 cm ™!
0 315.26 0.195331 7.49452 219.89 0.170685 1.04101
1 942.68 0.194499 7.55469 655.26 0.169469 1.05755
2 1565.90 0.193669 7.57977 1084.18 0.168219 1.07972
3 2184.92 0.192836 7.60311 1506.36 0.166942 1.10174
4 2799.75 0.192002 7.62412 1921.71 0.165631 1.13260
5 3410.40 0.191169 7.64334 2329.81 0.164282 1.16071
6 4016.92 0.190335 7.66755 2730.53 0.162880 1.19302
7 4619.29 0.189496 7.70780 3123.63 0.161439 1.23209
8 5217.41 0.188652 7.71625 3508.81 0.159952 1.27110
9 5811.37 0.187812 7.73337 3885.87 0.158409 1.32162

b5 TASIST T (X307, AMI) MIRBIRELL, BRI R A LR A (J = 0)
Table 5. The G(v), By and D, of X3%~ and A'II electronic states for 7> As34S* (J = 0).

Xzt AT
v G(v)/em™?! By, /cm™! Dy /1078 cm ™! G(v)/cm™?! B,/cm™! Dy/1077 cm ™!
0 308.71 0.187295 6.88980 215.33 0.163668 0.95421
1 923.16 0.186514 6.94656 641.77 0.162527 0.97164
2 1533.58 0.185735 6.96568 1062.04 0.161355 0.99157
3 2139.98 0.184953 6.98692 1475.84 0.160157 1.01109
4 2742.36 0.184170 7.00736 1883.13 0.158929 1.03883
5 3340.73 0.183388 7.02458 2283.48 0.157667 1.06325
6 3935.13 0.182605 7.04499 2676.78 0.156356 1.09248
7 4525.57 0.181819 7.08280 3062.80 0.155009 1.12721
8 5111.93 0.181026 7.09221 3441.27 0.153621 1.16136
9 5694.28 0.180237 7.10417 3812.01 0.152183 1.20572
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4 % B

ASCRHRIAL 2R B T P As32ST AP AS3ST 1k
WS R BT TR BT Bk, ik
FEMRCI J7 75 45 A 8 — 302, aug-ce-pV5HZ, Xf
AsST B FRIXSE ™ RAMT B 74T THER. 2R
Ja, FH — B Douglas-Kroll M % il it 1A, 7E cc-
pVQZ F 4 /K5 # %H8 Rv #EAT T2 1E; FIH
P A5 e R AMIEIRTE AVQZ R AVSZ 5 20 7K1 5 %
RE B A I 5 BB R AT A1, 19 3 58 4 3 20 B PR 4k
I Re il Ze; Ao, X 25 HEAH X 1 Ak A 2H A
R JE MR A e th 2R IEAT RL A, 159 8] TP A32ST
75 As3AST B LTS I G HOR 1
5 OV SRIOHE LA, 45 IR BR A SO T TP As32S T
75 AS3AST BT G T AR SRR ff 1)

SE
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Spectroscopic parameters and molecular constants of
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Abstract

The ground state X*$~ and low-lying excited electronic state A'Il of AsS™T ion are investigated employing the
full valence complete active space self-consistent field method combined with the highly accurate valence internally
contracted multireference configuration interaction (MRCI) approach. The basis set used in the calculations is Dunning
correlation-consistent basis set, aug-cc-pV5Z. To improve the quality of the potential energy curves (PECs), three kinds
of corrections are considered in the present work. First, the Davidson modification is adopted to deal with the size-
extensity errors from the MRCI calculations. Then, relativistic correction is calculated by the second-order Douglas-Kroll
Hamiltonian approximation at the level of cc-pVQZ basis set. Finally, to eliminate the truncation errors of the basis
set, the PECs of the two electronic states for each species are extrapolated to the complete basis set limit by the
two-point energy extrapolation scheme. Two large basis sets, i.e., aug-cc-pVQZ and aug-cc-pV5Z, are used to perform
the extrapolation calculations. With the aid of VIBROT program, all the PECs of X*%~ and A'II obtained here are
fitted to the analytical forms, which are used to derive the spectroscopic parameters (De, Do, weXe, e and Be) of
As*?2St and "AsST. The effects of the Davidson modification, relativistic correction and basis set extrapolation
are discussed respectively. The results indicate that the quality of almost all the spectroscopic parameters is improved
by considering these corrections, which exhibit excellent agreement with the experimental data. Besides, the first 10
vibrational states for the two electronic states of "®As*2ST and " As3*ST are determined when the rotational quantum
number J equals zero. For the first 10 vibrational states, the vibrational level G(v), inertial rotation constant B,, and

centrifugal distortion constant D, are evaluated when J = 0.

Keywords: AsST, relativistic correction, extrapolation, spectroscopic parameter
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