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Table 1.  Parameters of APEFs for SiH"(X!X*).
AV6Z CBS(Q, 5) AV6dZ CBS(Qd, 5d) SA-AV6dZ SOC-AV6dZ

a0
a1y
By

B

AErmad/
(kcal-mol 1)

0.50876826x 10"
-0.13804619x10°
~0.13563746x 10"
-0.51802913x102

0.62749955% 103
-0.48068238x10*

0.26148147x10°
-0.98935973x10°

0.24960293 x 106
-0.39722347x 106

0.35937312x 109
—0.14069370x 109

0.6890
0.7470

1.60176420x 102

0.50552062x 10!
—0.14563907x10°
-0.14531223x 10"
—0.49687570x10?

0.59645776x10%
—0.45486708x10*

0.24858810x10°
—0.94946694 x10°

0.24200403x 106
—0.38879401x10°

0.35468541x 106
—0.13986829x10°

0.6800
0.7470

1.61755859x 102

0.50858283x 10!
—0.13801387x10°
~0.13570613x 10!
—0.51738027x10?

0.62624067x10%
—0.47942732x10*

0.26073093x10°
—0.98651660x10°

0.24891691 %105
—0.39620641x10°

0.35853489 %105
—0.14040272x10°

0.6890
0.7470

1.60042370x 102

0.50691706x 10"
-0.14215220x10°
~0.14215828x 10"
-0.50317640x 102

0.60422890x 103
-0.45972031x10*

0.24994077x10°
-0.94886015x10°

0.24047472x10°
—0.38442238x 106

0.34921672x 109

-0.13721966x 109
0.6840
0.7470

1.627559848x 102

0.50773275x 10!
—0.13720269x10°
-0.16375066x 10"
—0.42586263x10?

0.45856480x10%
—0.30344319x10*

0.14706913x10°
—-0.51962969x10°
0.12676883x10°
—-0.19927330x 106

0.18029764x 106

—0.71149416x 106
0.6870
0.7470

9.45767662x10°3

0.50772768% 10!
—-0.15322183x10°
0.30937784x10°
—0.92938545x10?
0.11152320%10*
—0.81653091 x10*
0.40426343x10°
—0.13681997x10°
0.31028426 %105
—0.44979467x10°
0.37617755% 105
—0.13802294x10°
0.6870
0.7470

1.11170443x 102
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Fig. 1. Potential energy curves and ab initio points at CBS(Q, 5) and AV6Z results.
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Fig. 2. Potential energy curves and ab initio points at CBS(Qd, 5d) and AV6dZ results.
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Fig. 3. The ab initio points of XXt  AlIl, b3%t and
a31l states for SiH* cation at SOC-AV6dZ results.

3.3 RiEEH

BT R B F G 7 (AVQZ, AV5Z,
AV6Z, CBS(Q, 5), AVQAZ, AV5dZ, AV6dZ, CBS
(Qd, 5d), SA-AV6dZ Fl SOC-AV6dZ) 3£ AP-
EFs, A3 T SiHH(X!'SY) B TR EM K R,
FBIRE D, IRENIR w,, JEIEHEL woxe, o Be
MIn R GO W

WeXe = % —‘ﬂ}fg + 15(1 + uﬁze;g>2 , (9)

v, fo, S A0 fy 50 000 e L = P B g
K [32.33),

SiH* (X'S*) B T HOLil W 8 Tk 2, &
o R 4T 530 120 3l — 2 18 5 2%
SR 0182028, 58 o L A B, ASSCRO TS SR
M P44 116.18.21.28) £ AR AT 5 S0 1254
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10! 10!
. 100 100
g SiHT(X!S+)-SA-AV6dZ SiHT(X!2+)-SOC-AV6dZ
10-1f 10-1F
o A A A A o A A A A
10 1 3 5 7 9 10 1 3 5 7 9
0 0
—0.02 —0.02
—0.04 + —0.04 +
= —0.06 —0.06
8
> —0.08} —0.08}
—0.10 —0.10
—0.12} —0.12}
_0.14 . . . . _0.14 . . . .
1 3 5 7 9 1 3 5 7 9
n 20 20
g 10 nl 10
% 0 A LTI T I R T 0 i N - 1 '| ——
g —10 —10
& _20 . . . . _20 . . . .
1 3 5 7 9 1 3 5 7 9
R/ao R/ao
B 4 SiH*H(X!S*) 7E SA-AV6dZ # SOC-AV6dZ FL2H T iy M k3L g i 5 50 A e figth £
Fig. 4. Potential energy curves and ab initio points at SA-AV6dZ and SOC-AV6dZ results.
2 SIHA(XISY) WP R, RERE D, JRIIAE w,, ST I woxe, ao M1 B,
Table 2. Spectroscopic constants compared with the experimental values and other theoretical results for SiH*(X!2*).
%gﬁ De(Eh) Re(aﬂ) we/cm ! Be/cm ! ae/cm ! weXe/cm !
AVQZ 0.124640 2.851925 2153.245 7.607440 0.219327 42.373
AV5Z 0.125388 2.848589 2155.792 7.625272 0.218960 42.220
AV6Z 0.125584 2.848001 2156.686 7.628410 0.218833 42.189
CBS(Q, 5) 0.125856 2.847053 2157.189 7.633502 0.218622 42.117
AVQdzZ 0.125067 2.848877 2156.187 7.623729 0.219427 42.343
AV5dz 0.125461 2.848067 2156.737 7.628067 0.219011 42.232
AV6dZ 0.125622 2.847728 2157.046 7.629881 0.218849 42.190
CBS(Qd, 5d) 0.125801 2.847782 2156.602 7.629593 0.218534 42.112
SA-AV6dZ 0.127264 2.848531 2163.448 7.625581 0.216725 41.893
SOC-AV6dZ 0.126533 2.848382 2164.033 7.626378 0.217885 42.158
Expel'234] 0.123203 2.842338 2157.17 7.6603 0.2096 34.24
Theory!l 0.118665 2.834590 2155.4 7.6786 0.2082 38.8
Theory'8l 0.123982 2.844039 2172.0 — — —
Theory?! 0.125317 2.834590 2177.9 7.6984 — 36.7
Theory!23 0.124980 2.842149 2154.3 7.6609 0.2032 35.0

WEAYS. FEUANE, SMEEE DS, 5
S BT (AT AVQZ HEA 1S B 1y 45 5, 52
I (E (234D, SN 0.123203E,, Fl AVQZ FE4H5 31
D, 2} 0.124640 Ey, 5525 H 1R 254 1.166367%,
ST A AL B E 22 K. Zhang %5 Y 15T

Z5HZ 0.125317 By, 5 {ER IR 1.715867%;
Biglari 4% 23 fU%0{E /& 0.124980E,,, 5 K {H 1915
227 1.442335%, 5B A RO 22 80K, TS5 T
VEB TS 45 AT A5, B Ah, B E B R A3
. HERITRAI% E SOC R4 (AVSZ, AV6Z,
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CBS(Q, 5), AVQAZ, AV5dZ, AV6dZ, CBS(Qd,
5d), SA-AV6dZ Fll SOC-AV6AZ), 7 1 15 5| 5 K
WRES A, H1 & B RS TR S0 0 i 25
M. BT I, A7 B iy 0 S ui o 4 e,
WS T AR HBE SiH B T B4 & i 25 REAE
PR 25 TG H 4K

MR 2 BRI, HE TR SA-AV6dZ
TP R, ESRE D, 730072 2.8485314
H10.127264 F,, % & SOC &0 51 (SOC-AV6dZ)
) R, Fl D, 73 9| J& 2.848382a, F1 0.126533E,, *F
i BIEAY A, RN 0.005231%, ff 2 RER
220 0.577715%, M 2= /. 2T SA-AV6dZ J7
B IR BR w,, JETEH A woxe, e, B, 77 0H
2163.448 cm !, 7.625581 cm !, 0.216725 cm ! Al
41.893 cm !, % & SOC %% N J& 19 K (8 43 531 M
2164.033 cm !, 7.626378 cm !, 0.217885 cm ! Al
42.158 em !, 1R 227391 R 0.027033%, 0.010451%,
0.532391% Al 0.628588%, 2= 445 /N. W4 LA
BAEXTH, &L SOC RN XS SiH* B Ttk 7 #4%
SNibE A

34 #RFNBEY
BT SiH(X!SF) B 10 APEF, iz dh iz
] e ¥ 7 e )y

n? d2 o
T2 + m](] T 1)+ V()| o;(r)
= By jtho (1), (10)

Horp ) w2 iie, s T8 o RIRSE T
B, r AR, V(r) SRR R B APEF. 7458k
HEEH A FERE |, e IR
E,;=G)+ By [i(j + 1] + Dy [i(j + 1))

+ Ho[5(G + D] + Lo[i(G + 1)]*

+ MG + 1) + N [i(5 + 1))°

+ 0,5 + 1), (11)
X, Glv) MIERIRSIBES; B, Wik R B
ij]ﬁ‘-j’ﬁ, Dw Hm Lm Mw Nv *H Ov ﬁj\%u%ﬂ‘j 64\%
TN e

F3ME AFH T SiHH (XIS B F1E SOC-

AV6dZ 7L, #aha 50 = 0 BFRYHT 23 MR
HRED G(v), 2P e shH 5 B, Ml 6 50
Hlﬁ/}{‘ﬁﬁ Dw Hw Lva Mm Nv ﬂ] Ov' igiﬁj:ﬁé‘) SOC'

AV6dZ J5 i m RS R TR B E R A4
(AV6dZ)., B & W7 % (SA-MRCI(Q)) A% &
SOC RO AT A4S 2 dz i A B2 1) APEF | 3% 4
FRSNRES. B 5 44 T SiHH(X'S) B F4E SOC-
AV6dZ 75T, j = 0 BFAYHET 23 MRSIHEHE.

#* 3 SIHY(X'SY) B T SOC-AV6dZ 7k T,

= 0 IR 23 MRSIAER G(v) . Sl A

HEHH B,

Table 3. Vibrational levels G(v), classical turn

point androtational constant B, for SiHF(X!'X*)
when j = 0 at SOC-AV6dZ result.

v G(v)/ ecm! Ryin(a) Ryax(a0) B,/ em!
0 1074.467 2.62981 3.11141 7.530487
1 3171.224 2.49347 3.33862 7.336827
2 5200.543 2.40984 3.51594 7.142529
3 7162.231 2.34756 3.67498 6.947281
4 9055.742 2.29761 3.82512 6.750433
5 10880.124 2.25595 3.97091 6.551101
[§ 12634.005 2.22031 3.91505 6.348250
7 14315.600 2.18934 4.26009 6.140735
8 15922.726 2.16213 4.40742 5.927312
9 17452.802 2.13803 4.55893 5.706603
10 18902.835 2.11661 4.71650 5.477032
11 20269.364 2.09752 4.88227 5.236702
12 21548.363 2.08051 5.05888 4.983201
13 22735.066 2.06540 5.24986 4.713296
14 23823.694 2.05206 5.46016 4.422419
15 24807.010 2.04041 5.69731 4.103776
16 25675.599 2.03041 5.97379 3.746622
17 26416.625 2.02208 6.31278 3.332604
18 27011.579 2.01553 6.76545 2.826988
19 27432.546 2.01096 7.48310 2.158867
20 27650.956 2.00861 9.05975 1.323582
21 27734.462 2.00771 11.47553 0.838944
22 27769.256 2.00734 16.60576 0.360244

M 3 ATLLE H, X 5 = 0 BYHET 23 NEELK,
HL MY S BB EE R, v =0/ Ry, =
2.62981ay, R = 3.11141ay 2| v = 22 09 R, =
2.00734ay, Ry, = 16.60576q,, 1X 5 AE % 2 M
. v =22 MIRBIBES (27769.256 cm ') 5 fift &
W PR (27770.8 e ) dE B 20, A AN
1.544 cmt. 3 H v = 22 f1 v = 21 IR HEHR &
HAE# /N, A 34.794 e, (UK v = 22 (W4E ) fig
K 0.125%, AR TALER 5 iyReg Bl LT X
A X TR RELK.
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# 4  SiHH(X'SH) BT SOC-AV6EdZ LT, j = 0 BHYHET 23 MRSIBEH T 6 4~ LW %% D,, H,, L,, M,, N, 1 O,
Table 4.  Six centrifugal distortion constants D,, H,, L,, M,, N, O, for the top 23 vibrational states of SiH*(X!Z*) when
j =0 at SOC-AV6dZ result.
v D, (x 10%)  H,(x 109 L, M, N, 0,
0 -3.7712102 1.4824556 -9.1045 x 1013 4.1069 x 1017 -2.4011 x 10°% 6.9631 x 10°%
1 —3.7362090 1.4243863 -8.8032 x 1013 3.5297 x 107 —4.1863 x 10 1.8363 x 10%
2 -3.7039865 1.3618539 -8.9866 x 10713 2.9262 x 1017 ~5.1444 x 102 1.9171 x 10%
3 —3.6778687 1.2884893 -9.4914 x 1013 2.3397 x 10°'7 -5.8593 x 10 9.6796 x 10°%
4 -3.6608093 1.2011917 -1.0216 x 1072 1.6648 x 1017 ~-6.8904 x 1072 -1.1678 x 10%
5 —-3.6553038 1.0982022 -1.1140 x 102 6.8522 x 1018 -8.7371 x 10°% —-4.8697 x 10%
6 -3.6635199 0.9774540 -1.2320 x 1072 -9.1302 x 1078 -1.2003 x 1072 -1.1229 x 10
7 —3.6875661 0.8351772 -1.3901 x 102 -3.5900 x 1017 -1.7702 x 102 -2.2781 x 10
8 -3.7298613 0.6645057 -1.6143 x 10712 -8.0925 x 10717 -2.7799 x 1072 -4.5064 x 102
9 —-3.7936180 0.4536483 -1.9481 x 1012 -1.5748 x 1016 -4.6321 x 102 -9.0505 x 102
10 -3.8835055 1.8293995 -2.4663 x 10712 -2.9088 x 10716 -8.1928 x 1072 -1.8869 x 102
11 -4.0066389  —0.1804552 -3.3026 x 1012 -5.3251 x 1016 -1.5445 x 101 —4.1577 x 102
12 -4.1741837  -0.6927552 —4.7113 x 10712 -9.9426 x 1071 -3.1311 x 10 -9.8710 x 102
13 -4.4041727  -1.4546951 ~7.2135 x 1012 -1.9417 x 101 -6.9300 x 101 —-2.5871 x 1022
14 —4.7268845  -2.6591579 -1.1978 x 101 -4.0783 x 1015 -1.7160 x 1078 ~7.7417 x 102
15 -5.1961278  —4.7106022 -2.1959 x 101 -9.5527 x 101 -4.9431 x 1018 -2.7809 x 102!
16 -5.9157772  -8.5688303 -4.5904 x 101 -2.6336 x 107 -1.7665 x 10717 -1.2991 x 102
17 —7.1117968  —16.938203 -1.1615 x 1010 -9.3420 x 104 -8.7454 x 107 -9.0301 x 1020
18 -9.3643712  -39.467832 -3.9578 x 10710 -4.9264 x 1071 ~7.1396 x 1016 -1.1444 x 1018
19 —14.323856  —114.68916 -1.7949 x 10° -3.4005 x 1012 ~7.1696 x 101 -1.6154 x 10°\7
20 -18.399913  -47.324191 1.5501 x 107 ~7.5768 x 10713 -3.7548 x 1074 -1.9274 x 10717
21 -14.637253  —291.40012 -2.0665 x 108 ~1.4452 x 1010 -1.3084 x 1012 -1.3806 x 10
22 -57.213156  —20756.133 ~1.6655 x 10° -1.7512 x 106 -2.1241 x 107 -2.8187 x 108
40000 105, MBS T 18 M. Frifedk 4 A D,
20000 I H, BB RIREES 11T, HREw I EcE
| A S
i f
E 20000 ‘.\l
& 15000 | \1 SiH+(X12+)-SOC-AV6dZ 4 é:é!: l{/}
10000
5002' ? 7% 303 F Molpro 2012 F2 45, i Fi MRCI
5 3 4 5 6 7 8 9 10 (Q) WL T B R RE MK SR, SR )5 R AT Aguado-
R/ao Paniagua PREGHEATIIG, 1938 T SiHH(X'SH) &1
5 SiHH(X'S*) B T 7E SOC-AV6 dZ 7 ik F, j = 0 if RIS FE 4 . N 6] 7 i f R B % 8 SOC 15 i

AT 23 4R 3 AE AL
Fig. 5. Top 23 vibrational energy levels of SiH*(X'X*) when
j=0at SOC-AV6 dZ result.

R AT LIE H, 753X 6 1 B0 W A8 5 4
W BR D, JE AR LB /INIR (-3.7712102 x 10 4—
~5.721315 x 10°%), HAx0) 5 MEUEA L IERAE #
K, B, O, FIFEHE R 6.9631 x 10 26— —2.8187 x

(AVQZ, AV5Z, AV6Z, CBS(Q, 5), AVQdZ,
AV5dZ, AV6dZ, CBS(Qd, 5d), SA-AV6dZ Fi
SOC-AV6dZ) F i APEFs. 3 F APEFsit# T
FTEHEL Dy, Ry, we, Be, e M wyXe, A SCHYTTA LY
R HABIRIR T 1018202 KRBT, 550004
(B 1234 W IEAWI A AT SOC SR ik
R . 3T SOC-AV6dZ )7 F i APEF,
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SRR AR 1) BEE P O R, B IRIHSE T SiHt
(X'SH) BT 23 MRS (5 = 0), FFIE4IH
T H—MIRSIBEG SLHAN R R 2 P 0, B R N
A 2w BOR 6 A B0 I AR H HIOR SR AE T 4R 3
B, Z TAEN TR MG LM IE TAEA &%
s SAEH.
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Accurate theoretical study of potential energy curves,
spectroscopic parameters, vibrational energy levels
and spin-orbit coupling interaction
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Abstract

The analytical potential energy function (APEF) of SiH*(X!'X+) is fitted by Aguado-Paniagua function
with 112 ab initio energy points, which are calculated by Molpro 2012 Package with the multi-reference
configuration interaction including the Davidson correction method using AVXZ and AVXdZ (X = Q, 5, 6)
basis sets. Moreover, the calculated ab initio energy points are subsequently extrapolated to complete basis set
(CBS) limit to avoid the basis set superposition error. All the fitting parameters of APEFs for AV6Z, CBS(Q, 5),
AV6dZ, CBS(Qd, 5d), SA-AV6dZ and SOC-AV6dZ methods are gathered. The potential energy curves (PEC)
and the corresponding ab initio points are also shown. As can be seen, the PECs show excellent agreement with
the ab initio points and a smooth behavior both in short range and long range, which ensures the high quality
of fitting process for the current APEFs.

Based on these APEFs of different basis sets and methods including AVQZ, AV5Z, AV6Z, CBS(Q, 5),
AVQdZ, AV5dZ, AV6dZ and CBS(Qd, 5d), the spectral constants D,, R,, w,, B, a, and w.X, are obtained. In
addition, the effects of spin-orbit coupling interaction (SOC) on the system are also investigated. By comparing
the spectral constants of SA-AV6dZ with the ones of SOC-AV6dZ, it is found that the effect of SOC on
SiH*(X!37*) is small and can be ignored. We also compare the spectral constants in this work with the
experimental values and other theoretical results. The results of this work accord well with the corresponding
experimental and other theoretical results. It is worth noting that the deviation of dissociation energy between
the theoretical calculations and experimental values is relatively large. Based on this conclusion, we suggest that
the spectral constants including the dissociation energy for SiH*(X!3*) should be remeasured.

Based on the APEF of SOC-AV6dZ which should be more accurate than others in theory, the top 23
vibrational states (j = 0) of SiH*(X!3") are calculated first by solving the radial Schrodinger equation. All the
vibrational energy levels, classical turning points, rotation constants and six centrifugal distortion constants are
also provided. The results of this work can provide significant references for the experimental and other

theoretical work.

Keywords: SiH*(X!'X*) ion, potential energy curve, spectral constant, spin-orbit coupling interaction
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