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Further investigations of the low-lying electronic
states of AsO™ radical*
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The high level quantum chemistry ab inito multi-reference configuration interaction (MRCI) method with large V5Z
basis set is used to calculate the spectroscopic properties of the 15 A—S electronic states (Xl)Z*, AlTl, IA 13—, 3yt 3H, 3A,
3L, 5%F, SIL, A, T (1), S (1), 'TT (11D), and 'TT (IV)) of AsO™ radical correlated to the dissociation limit As* (*Pg)
+ O(3Pg) and As+('Dg) + O(ng). In order to obtain better potential curves and more accurate spectroscopic properties,
the Davidson modification is taken into account. With the potential energy curves (PECs) determined here, vibrational
levels G(v) and inertial rotation constants By, are computed for all the bound electronic states when the rotational quantum
number J equals zero (J = 0). Except for the states X'Z+, AL, it is the first time that the multi-reference configuration
calculation has been used on the 13 A-S electronic states of the AsO™ radical. The potential energy curves of all the A-S
electronic states are depicted according to the avoided crossing rule of the same symmetry. Spin—orbit coupling effect
(SOC) is introduced into the states X! XF, A'TI, 31T to consider its effects on the spectroscopic properties. Transition dipole
moments (TDMs) from A'TI;, 3T1; states to the ground state XI)Z(J)r . are predicted as well.
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1. Introduction

China is the largest producer of white arsenic, account-
ing for fifty percent of world reserves, and arsenic oxide
are widely used in medicine and agriculture. Nowadays, ar-
senic oxide has been playing an increasingly important role
in medicine and agriculture. So the study on arsenic and its
oxides are rather significant at present.

With the development of the calculation methods of the
quantum chemistry, ab initio calculations can give more and
more accurate potential energy curves (PECs) for diatomic
molecules. Moreover, according to the PECs, one can deter-
mine the spectroscopic constants by solving the Schrodinger
equation of nuclear motion. Therefore, it is an effective
way to investigate the spectroscopic properties of diatomic
molecules.!!'"% As the hetero-nuclear radical involves the As
cation and O atom, the electronic structure of the AsO™ radical
has been investigated not only experimentally, but also theo-
retically in the past several decades. Early theoretical results
on the spectroscopic constants of the ground state X'X* and
one low-lying excited state A'TT of AsO™ radical were sum-
marized by Lakshman and Rao!”! in 1970. In 2012, ab initio
calculation was carried out by Wang et al.!®! at the theoreti-
cal level of As/aug-cc-pV5Z and O/aug-cc-pV6Z to determine
spectroscopic constants of the AsO™ radical. Experimentally,
the studies concentrated on the spectral properties of the AsO™
radical in the nineteenth century.®~'3! Lakshman and Rao!”!
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reported on the band spectrum on the AsO™ radical inthe UV
region of wavelength in a range of 2200 A-nm-2250 A-nm
in 1960. Two years later, Santaram and Rao!!”! continued to
investigate this system in detail, and gave the rotational con-
stants of the ground state X'2* and low excited state A'TI.
However, Rao and some people made much closer study on
this area under conditions of high resolution in 1970, they
confirmed that the transition is 'TT—' X*, not !X+ —1 X+ by
analyzing the 4-0, 3-0, 2-0, 1-0, and 1-1 spectral bands. In
1966, Lakshman!'?! studied the spectra in some ranges where
the wavelength is near 2100 A and obtained the new band from
the AlTI-! X+ system. Shanker et al.!"3! recorded (1, 0) and
(2, 0) spectral bands of the A'TI —' ©F system in 1969. In the
same year, Rao D V K and Rao P T!'# studied (1, 0) and (2,
0) spectral bands of the A'TI-'Z* system again, and gave the
spectroscopic constants and molecular constants of two states.
The spectroscopic constants and molecular constants on the
AsO™ radical in the early years were kept in the books which
were published in 1979, such as Huber and Herzberg.!!”]

At the present time, the MRCI + Q“6'17J method is still
the most stable and reliable method for high accuracy calcula-
tion of the electronic state structure, especially for large bond
length problems. In the present work, the 15 low-lying elec-
tronic states of the AsO™ radical are calculated based on the
MRCI + QU'®17] method, in which the states X'Z T, AL, A,
Iy= 3%+ 311, 3A, 32—, 55+, 511, 'TI (1) are bound electronic
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states. The spectroscopic properties, vibrational levels G(v),
and inertial rotation constants B, of all the bound electronic
states are obtained. Meanwhile, the spin—orbit coupling ef-
fect is introduced into the states X' X+, ATI, 3IT to split into
6Q states. And the transition dipole moments (TDMs) from
ATy, 3T1; states to the ground state Xlzg . are predicted as
well. In the calculation, all the PECs and spectroscopic con-
stants are fitted with considering the avoided crossing rule be-
tween states of the same symmetry.

2. Computational detail

The calculation is launched with the aid of the ab initio
quantum chemistry program package MOLPRO 2008.1.[!8]
Here, the PECs of electronic states including 15 A-S elec-
tronic states and 6 electronic states for the AsO™ radical are
calculated. Based on the calculated PECs, the spectroscopic
parameters (R, Tz, ®c, WeXe, Be, De), vibrational levels G(v),
and inertial rotation constants B, are determined by solving
the nuclear Schrodinger equation with the aid of module VI-
BROT in the MOLCAS 7.4 program package.!!"]

In order to guarantee the accuracy of the PECs, all the
calculations are made with the full valence complete ac-
tive space self-consistent field (CASSCF) method?"! followed
by the highly accurate valence internally contracted MRCI
approach.[?1:2?I The all-electron basis sets cc-pV5Z is selected
for As™ cation and O atom in computation. Based on the above
method, the bond length is calculated in steps of 0.005 nm to
scan a series of the single-point energies over a nuclear separa-
tion range from 0.1 nm to 0.6 nm. In computation, firstly, the
restricted Hartree—Fock (RHF) method is adopted to generate
the ground-state wave function; then, the obtained wave func-
tion is optimized by using the state-averaged complete active

d, >34 where the weight fac-

space self-consistent-field metho
tors of the configuration are improved. Finally, the internally
contracted multi-reference configuration interaction (MRCI)
approach is employed to perform the correlation energy cal-
culation to obtain the accurate energies based on the acquired
optimized reference wave function in the state-averaged com-
plete active space self-consistent-field calculation. The PECs
of these 15 A-S electronic states are drawn with continuous
energy points with the aid of the avoided crossing rule of the
same symmetry. Because the energies from the MRCI cal-
culation are not equipped with the size extensivity, which is
of great significance for the dissociation of potential energy
curve, therefore, the Davidson modification (+Q) is taken into
account in the present calculation to correct the size extensiv-
ity error.

Because of the limitation of the MOLPRO program pack-
age, all the calculations are carried out in Cy, symmetry with
the order of the irreducible representations a;/b;/by/ay. In
the calculation, eight molecular orbitals (MOs) are put into ac-
tive space, including four a;, two by, two by symmetry MOs,

which correspond to the 2s2p shells of the O atom and 4s4p
shells of the As™ cation. The rest of the electrons are put into
the closed-shell orbits (eight a;, three b, three b,, and one
ay). Namely, there are totally ten electrons of the AsO™ radi-
cal being used in the electronic correlation energy calculation.
But, all these PECs are not smooth by employing these MOs
(twelve ay, five by, five by, and one ay). Analysis shows that
this situation is caused by skipping from the PEC of one state
to another. To improve the smoothness of these PECs, one
additional a; MO is put into the active space, in other words,
nine MOs are put into active space (five a;, two by, and two
by). Using these MOs (thirteen aj, five b;, five by, and one
ay), the PECs of these fifteen electronic states calculated at
the present level of theory are smooth and convergent over the
present internuclear separation range.

The spin—orbit coupling effect (SOC) is introduced into
the present work. In the SOC calculation, the state interac-
tion method is employed, which means that the matrixes of
He + Hso based on the basis of eigenfunctions of H, are di-
agonalized to acquire the spin—orbit coupling eigenstates. In
this process, the H,; and Hsp come from the state-averaged
complete active space self-consistent-field and MRCI + Q cal-
culation, respectively. The SOC PECs are plotted with the aid
of the avoided crossing rule of the same symmetry.

Based on the PECs of the A—S and Q electronic states,
the spectroscopic constants, including the equilibrium internu-
clear distance R., dissociation energy D, excitation energy T¢,
vibration constants ®., and ®.x., balanced rotation constant
B, are determined by numerically solving the one-dimensional
nuclear Schrodinger equation. Meanwhile, vibrational level
G(v) and inertial rotation constant B,, are also computed for
all the bound electronic states when J = 0.

3. Results and discussion
3.1. Potential energy curves of the 15 A-S electronic states

The PECs of the 15 A-S electronic states of the AsO™
radical are calculated at the level of MRCI+ Q/V5Z. The
achieved PECs are plotted in Fig. 1, where the states X!Z+,
AL 1A, '3, 35+, 310, 3A, 35, 5T+, STL, SA, Se+ (), T
(IT) are correlated with the dissociation limits of the ground
states As*(°Pg) and OCP,), while the rest of two states 'TI
(II) and 'IT (IV) are correlated with the dissociation limit
of the first excited state As™('Dg) and the first excited state
O(ng). The dissociation limits and the corresponding en-
ergy gap are summarized in Table 1. The calculated en-
ergy gap of 25579.42 cm~! between two dissociation limits
is in good agreement with the available experimental result of
25963.68 cm~!.[2%] Based on the calculated PECs, the spectro-
scopic constants of the bound electronic states are determined
and listed in Table 2, where the main ten-valence-electron con-
figurations at R, are given as well.
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Fig. 1. Potential energy curves of 15 A-S electronic states of AsO™" (a) singlet and triplet A—S states (b) quintuplet A-S states.

Table 1. The dissociation limit relationships of 15 A-S electronic states.

A-S states AsT+0 Energy/cm ™!
XIzH, AL 1A, 127, 38, 310, 3A, 32, 5%+, 511, 5A, >+ (1), 'TT (I AsT(3P,) + OCPy) 0 0
T (11m), 'TT (1V) AsT(1Dg) + O('Dy) 25579.42 25963.682

AData from Ref. [25].

The ground state X'X* is mainly characterized by the
closed shell electronic configuration 7628629523 m*47° with
the configuration weight factor of 0.80 around the equilibrium
position. It has a deep potential well and the depth of the well
is 6.87 eV. The equilibrium bond length R, (0.15789 nm) is
close to the theoretical and experimental results.[”%141 Com-
pared with the available result,!”-%14] the equilibrium inter-
nuclear distance R, is somehow 0.00109 nm larger than the
value deduced from the Modified Rees method of Lakshman
and Rao. And the difference in harmonic frequency ®. be-
tween this work and experiment is only 4.19 cm~!. Mean-
while, the calculated spectroscopic constants @ex. and B. in
this work are smaller than the experimental data by 0.05 cm™!
and 0.0061 cm™!, respectively.

As one electron is stimulated from 9¢ orbital to 47t or-
bital, two excited electronic states A'TI, 3IT can be generated
according to the electronic spin arrangement. The low-lying
electronic state >I1 results from the primary electronic config-
uration 762862905%3m* 41, where the two electrons respec-
tively from the 90 and 47t orbit are spin-parallel. Through
MRCI +Q calculation, the energy of 2.1625 eV is needed to
dissociate the AsO* radical of 3IT electronic state into the
independent As™(°Py) and OCP,). The energy located at
the equilibrium position overtops that of the ground state by
35971.81 cm ™.
90 orbital and 47t orbital confirms the excited state A'TL. Al-
though the electronic state AT is a bound state, it holds
a shallow potential well with D. of 1.4040 eV. The exci-

Spin antiparallel of two electrons from the

tation energy T, of the state A'TT at R, is 42558.88 cm™'.
The calculated spectroscopic constants ®., WX, and B, are
771.918 cm™!, 7.09630 cm~!, and 0.431968 cm~! respec-
tively, which are all in good agreement with the experimental
results 780.80 cm~!, 7.4 ecm~!, and 0.4491 cm~!.114]

In addition, the main electronic configuration
70280290%3m4m! of the excited states 'A, 'E7, 3TF, 3A,
3%~ can form when an electron is excited from 37t orbital to
47t orbital. For these electronic states, the PECs of the states
'A and 'Y~ are rather adjacent over the whole range of inter-
nuclear distance. Therefore, the spectroscopic constants are
very close. The values of excitation energy 7. of the states
'A, 1L~ are 34111.19 cm ™! and 33667.19 cm ™! and the dif-
ference in vibration constant @, between two states is only
7 m~!, with the well depth of two states being almost the
same. Besides !A and 'Y~ states, the states 'Y~ and 32~
have the same scenarios as well. Because the states 'A, 12,
3%~ are so adjacent that it is difficult to distinguish from each
other in Fig. 1, but the result that corresponds to the energy
arrangement from low to high, that is, X, 'Y, 'A can be
obtained by the excitation energy 7 in Table 2. Meanwhile,
the computed results indicate that the first low-lying excited
state should be the state >XT. Because it has the second well
depth except the ground state X' X+ and the excitation energy
T, value is 26138 cm~! at the equilibrium bond length of
1.7746 A. The well depth is 3.6908 eV, which is deeper than

those of the rest of excited states.
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Table 2. Spectroscopic constants of the 11 A—S electronic states.

A-S state To/em™! Re/nm we/cm™! Wexe/cm™! Be/em™! Dc/eV Dominant electron configuration
Xzt 7628629023 4n (79.74)
762862905231%P%47P (5.08)
76286296231%P 4P (2.60)
This work 0 0.15789 1095.51 495 0.5138 6.87
Theory? 0 0.1568 1100.7 4.83 0.5199 -
Theory® 0 0.15770 1091.07 5.02 0.5148 -
Exp.© 0 0.1568 1091.32 5.00 0.5199 -
3yt 762862905%3n*P%40% (87.15)
This work 26138.55 0.17746 740.89 3.96 0.4051 3.69
3A 76%86290523n®B%4™ (88.01)
This work 30538.14 0.17766 733.94 3.10 0.4010 2.93
3y~ 7628629623n%P %4 (86.79)
This work 33271.70 0.17850 705.63 2.08 0.3912 2.57
Iy- 762862905231 %47P (86.44)
This work 33667.19 0.17876 704.93 2.88 0.3946 2.48
A 76286290623n*P%4 7P (87.93)
This work 34111.19 0.17891 697.98 2.75 0.3933 245
’n 76286%905%3m*4nt* (84.60)
762869905231 47% (1.32)
76286290%3n*B4n®B (1.31)
This work 35971.81 0.16669 801.13 1.86 0.4405 221
Alll 762862906%3* 4P (80.80)
76286%90623m*4nP (3.08)
762862965%3nP 4n*BB (1.34)
This work 42558.88 0.16875 778.91 7.09 0.4319 1.45
Theory® 42599 0.1687 780.77 7.36 0.4491 -
Theory® 42327.96 0.16982 776.84 6.72 0.4433 -
Exp.© 42594.2 0.1688 780.8 7.4 0.4491 -
Syt 7628629023 **47r%% (90.45)
This work 46473.97 0.22749 325.11 4.07 0.2493 1.15
ST 76286296%3nP %47 (91 .23)
This work 52624.97 0.23002 168.36 4.83 0.2408 0.15
11 (1) 762862905231 4n0 (60.15)
7628629623mPPan® (16.72)
76%86290623mP 4n%B (4.43)
76286290523n%P 4P (2.43)
7628629623mP 4n%P (1.73)
This work 67775.74 0.20719 542.83 6.09 0.3838 1.28

aData from Ref. [7]; PData from Ref. [8]; Data from Ref. [14].

The calculated quintuplet states are purely repulsive ex-
cept the electronic states "X *, STI. To the best of our knowl-
edge, this is the first time that the quintuplet states for AsO™
radical have been computed with the ab initio calculation
method. The values of dissociation energy D, of the >£* and
3TI states are 1.1549 eV and 0.1582 eV, and the energies of
the equilibrium positions of >X* and °IT states are close to
the dissociation limit. So, both of them are very unstable and
would be hard to observe. Especially for the °IT state, the D,
is less than 0.2 eV and it has only 10 vibrational levels, which
is because the vibration constant @, is small.

All the A-S states involved in the above discussion cor-
relate to the dissociation limit As*(SPg) + O(3Pg). For the
other dissociation limit As™('Dg) + O('Dy), the two A-S
states, that is, 'IT (III) and 'II (IV), are calculated. As
one of the two single states, the bound state 1 (IID), the

third root of 'TI symmetry arises from the electronic configu-
rations 7628629623140 (60.15), 7628629023 7PB 47
(16.72), 7628629023 mP 4P (4.43), 7628629623 *P 47iP
(2.43), and 76286290237 47t*P (1.73) at the equilibrium po-
sition, which demonstrates that the 'TT (III) state is obviously
multi-configurational in nature and it is essential to employ
the multi-reference configuration interaction in our research.
Different from the 'TT (III), the fourth 'TI electronic state is a
completely repulsive state.

3.2. Vibrational manifolds

Information about the vibrational level G(v) and iner-
tial rotation constant B, of the electronic state of AsO™ rad-
ical are relatively rare. Using the PECs determined by the
MRCI + Q/V5Z calculations, with the aid of module VIBROT
in the MOLCAS 7.4 program package,!'”! we determine the

103102-4



Chin. Phys. B Vol. 22, No. 10 (2013) 103102

vibrational states of each electronic state through solving the
nuclear Schrédinger equation when J = 0. For each vibra-
tional state of each electronic state, we compute the G(v) and
B, for each non-rotating isotopologue. For the G(v) and B,
results, although the electronic states X'+ and A!IT have a
few experimental results available, the calculated results fit
very well to them, and as for other states 'A, 'x~, 32+, 311,
3A,3%7,5% " 511, and 'TT (IIT) (except for four repulsive states
A, 3Lt (ID,'I (I1), and 'TT (IV)), we could not find any ex-
perimental data on the AsO™ radical in the literature. In order

to compare with future laboratory experiments or theoretical
calculation, we collect the presently available G(v) and B,
values of the eleven electronic states for AsO™ radical in Ta-
ble 3. In view of excellent agreement of the spectroscopic and
molecular properties between the present results and the ex-
perimental data shown in Table 2, we believe that the results in
Table 3 should be reliable and accurate. Owing to the length of
this article, here, we tabulate the values of G(v) and B, of the
first 10 vibrational states only for the eleven electronic states,
respectively.

Table 3. Values of vibrational energy level G(v), inertial rotation constant By, of the electronic states.

Xlz+
G(v)/em™! By/em™!
This work Exp.? This work Exp.? Exp.© Exp.d
0 547.73 549.1 0.511399 0.4900 0.52050 0.51840
1 1634.95 1642.1 0.508165 0.4845 0.51531 0.438604
2 2711.55 2737.6 0.504955
3 3777.71 3795.6 0.501712
4 4833.73 0.498441
5 5879.73 0.495151
6 6915.65 0.491870
7 7941.25 0.488607
8 8956.33 0.485367
9 9960.76 0.482142
Al
G(v)/cm™! By/em™!
This work Exp.? This work Exp.? Exp.© Exp.d
0 394.24 388.5 0.443528
1 1173.53 1154.4 0.439520 0.4148 0.44025 0.4420
2 1939.15 1905.5 0.435302 0.4090 0.44250 0.4376
3 2689.97 2641.6 0.430915 0.4048 0.4278
4 3425.39 3362.9 0.426351
5 4144.37 4069.2 0.421556
6 4845.62 4760.7 0.416468
7 5527.58 5437.4 0.411032
8 6188.60 6099.0 0.405205
9 6826.81 0.398860
IA 12— 3E+
This work This work This work
G(v)/lem™! Byplem™! G(v)/em™! Byplem™! G(v)/em™! Bylem™!
0 348.59 0.398229 355.96 0.398678 369.60 0.404563
1 1056.70 0.395982 1061.40 0.395534 1102.72 0401511
2 1762.48 0.392184 1757.89 0.392320 1827.83 0.398442
3 2443.96 0.388264 2445.26 0.389089 2544.10 0.395331
4 3115.81 0.385131 3123.68 0.385863 3251.77 0.392245
5 3778.89 0.381658 3793.19 0.382620 3951.03 0.389141
6 4430.76 0.378085 4453.72 0.379348 4641.59 0.385993
7 5071.81 0.374552 5105.10 0.376033 5323.21 0.382815
8 5703.18 0.371250 5747.13 0.372684 5995.90 0.379638
9 6327.28 0.368245 6379.80 0.369316 6659.99 0.376522
31'1 3A 32—
This work This work This work
G(v)/em™! Bylem™! G(v)/cm™! Bylem™! G(v)/cm™! By /cm™!
0 422.05 0.458384 369.56 c0.403678 359.69 0.399776
1 1257.72 0.454655 1102.57 0.400693 1072.57 0.396655
2 2082.32 0.450906 1827.40 0.397682 1777.33 0.393597
3 2895.58 0.447090 2543.73 0.394660 2474.00 0.390511
4 3697.34 0.443248 3251.97 0.391670 3162.08 0.387372
5 4487.61 0.439380 3952.28 0.388663 3841.48 0.384226
6 5266.14 0.435462 4644.38 0.385615 4512.21 0.381054
7 6032.58 0.431474 5328.04 0.382541 5174.09 0.377858
8 6786.61 0.427408 6003.24 0.379460 5827.29 0.374708
9 7527.90 0.423259 6670.13 0.376408 6472.51 0.371643
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Table 3. (Continued).

Syt ST1 1 (11D
This work This work This work

G(v)/cm™! Bylem™! G(v)/em™! By/em™! G(v)/cm™! Bylem™!
0 158.67 0.245645 83.51 0.238280 259.18 0.297754
1 471.09 0.242657 241.99 0.230805 772.87 0.297215
2 776.94 0.239630 390.34 0.223411 1277.63 0.296461
3 1076.25 0.236558 528.52 0.215197 1773.64 0.295566
4 1368.89 0.233447 656.35 0.206809 2260.28 0.294408
5 1654.83 0.230289 774.25 0.198219 2737.16 0.293034
6 1933.98 0.227083 881.60 0.188642 3204.08 0.291429
7 2206.30 0.223830 977.86 0.178408 3660.64 0.289575
8 2471.72 0.220518 1062.87 0.167316 4106.32 0.287453
9 2730.15 0.217151 1135.83 0.154668 4540.45 0.285035

aData from Ref. [7]; PData from Ref. [10]; °Data from Ref. [12]; 4Data from Ref. [13].

3.3. Potential energy curves of 6 electronic states

Once the spin—orbit coupling effect is introduced into
the computation, the A-S electronic states Xzt Al
and 311 split into six Q electronic states, namely, 0T, 07,
0%, 1, 1, and 2, which hold different dissociation limits
AsT(°Py) + O(*P;) and As*(®P;)+O(P,). And the energy
interval is 1047.51 cm™~! between the two dissociations, which
is in good agreement with the corresponding observed value
1063.49 cm~ .12 The calculated states with their dissocia-
tion limits are listed in Table 4. Based on the calculated PECs,

the spectroscopic constants of six Q electronic states are de-

energy interval between two different dissociation limits are
rather large, it can be found obviously in Fig. 2. For ground
state XlZSr » it consists of the A-S state X2t (100%) and is
uninfluenced by the SOC effect in the bound area, so the spec-
troscopic parameters Re, De, Te, ®e, @WeXe, and B, are almost
the same as those of the ground state X'X* from the calcula-
tion of the A-S state. Compared with the calculated results,
the calculated dissociation energy D. of 6.72 eV is 0.03 eV
lower than the corresponding value without considering the

SOC effect.

termined. Table 4. Dissociation-limit relationships of the 6Q electronic states.
Figure 2 shows the calculated PECs of six € states and Atomic state (As™ + O) Q state Energy/cm ™!
Table 5 lists the spectroscopic constants of the bound states zP 0+2P 2 S+ 0 0 .
X'zd, . *Ho-, *Moy, I, I, and A'TI;. Once the spin— PitPe 07,07, L1,2 104751 106349
orbit coupling effect is introduced into the computation, the Data from Ref. [25].
Table 5. Spectroscopic constants of the 6Q electronic states.
Q state To/em™! Re/nm we/em™! Wexe/em™! Be/em™! D./eV Dominant A-S states
XIZ‘.(J{+ 0 0.15789 1095.02 5.067 0.512972 6.84 X!'ZF (100%)
Theory?® 0 0.1568 1100.7 4.83 0.5199 -
Theory® 0 0.15770 1091.07 5.02 0.5148 -
Exp.© 0 0.1568 1091.32 5.00 0.5199 -
3y 35558.18 0.16667 851.01 5.512 0.46039 2.2545 311 (99.99%)
3o, 35580.57 0.16667 849.20 5.209 0.46040 2.2518 311 (99.99%)
3 36087.34 0.16667 849.96 5916 0.46039 2.1693 311 (99.98%)
31, 36720.52 0.16665 847.69 5.129 0.46051 2.1061 311 (99.99%)
AT, 42306.81 0.16943 779.62 7.336 0.44549 1.4170 ATI (100%)
Theory?* 42599 0.1687 780.77 7.36 0.4491 -
Theoryb 42327.96 0.16982 776.84 6.72 0.4433 -
Exp.© 42594.2 0.1688 780.8 7.4 0.4491 -

aData from Ref. [7]; PData from Ref. [8]; Data from Ref. [14].

As shown in Fig. 2, the energies of the four components
of the *IT state are superposed in a range of r < 0.13 nm, and

their energy splittings increase in the the sequence of 0, 07,

1, and 2, in a range of 0.13 nm < r < 0.28 nm. The excitation

energy interval from 3TTy_ to 3II, is as small as 22.4 cm ™!,

while the obvious separations of the 3H0+—3H1 and 3I1;—
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31, states are 506.77 cm™! and 633.18 cm™! respectively.
Comparing the A-S electronic state IT that we have calcu-
lated with *ITy_, 3Ty, *I1;, and 31, about the spectroscopic
constants, we can obtain that the gaps are —413.63 cm™!,
—391.24 cm~!, 11553 cm~!, and 748.71 cm™ ! on T;
49.88 cm™!, 48.07 cm ™!, 48.83 cm™!, and 46.56 cm~! on
we; 0.0922 eV, 0.0894 eV, 0.0069 eV, and —0.0564 eV on D..
Then, we can find that the spectroscopic constants of >IT state
are considerably influenced once the spin—orbit couplings ef-
fect is taken into account. Especially for the T, the values of
3To_ and 3Ty, are significantly reduced, but the *IT; and I,
are obviously increased. It shows that the spin—orbit couplings

effect has a great effect on the A-S electronic state >I1.

—2308.8
2 —2308.9
5 Ast(3P))+0(3Py)
-Q‘ : :
5 —2309.0 Ast(°P)+0(°Py)
S~
2
g
A —2309.1

—2309.2 ,

Ny
(S0
=]

Fig. 2. Potential energy curves of the 6Q electronic states.

As for the Q electronic state A'TTy, it completely comes
from the A—S electronic state A'TI. Under the SOC effect, the
dissociation energy D, has a little increase. Moreover, there is
a little influence on the excitation energy 7. It decreases from
42558.88 cm™! to 42306.81 cm™!. But all in all there is little
difference between the calculated values and the experimental
data, 3141 which is because the A'TI; state does not have any

crossover with other states.

3.4. Transition properties of A'IT;-X'Y;, and *II,-X'%,

Figure 3 shows the computed transition dipole moments
from A'TI;, °TI; states to the ground state X'Xj, of the
AsOT radical, each as a function of the inter-nuclear distance.
The dipole moment of the transition from A'II; state to the
ground-state is much greater than those of the other transitions.
At the same time, the TDM of A'TI; state is reduced strongly
with the increase of bond length. Further analysis may show
that the former belongs to the singlet—singlet allowed transi-
tion, while the latter to the triplet—singlet forbidden transition.
The above analysis result can explain why the TDM of the

former is much larger than that of the latter.

0.6

2 04F
% r AL
> 0.2F
=
(@)
! B 311,
O -
1.0 2.0 3.0 4.0

R/A

Fig. 3. The TDMs for the transitions from A'II;, 3IT; states to the
ground state Xl):g -

4. Conclusions

The PECs of 15 A-S states correlated to As™(’Py) +
O(CPy) and As™ (D) + O('Dy) are calculated based on the
MRCI + Q/V5Z method, in which the states 'A, 1, 32+, 310,
3A,387, 98T, 311, °A, 52t (1), T (1), 'TT (IID), and 'TT (IV)
are reported for the first time and they could provide an in-
structive guide for further studying the spectroscopic property.
The corresponding spectroscopic constants, vibrational levels,
and inertial rotation constants of bound states are determined
and they are very close to the available experimental results.
The spin—orbit coupling effect calculations are also for the first
time used for the studying the AsO™ radical. When the spin—
orbit coupling effect is considered, there is a little influence on
spectroscopic constants and dissociation limits of the AsO™
radical, especially for the *IT state. It splits into four Q states
and the corresponding energy arrangement from low to high is
in the sequence of 0~, 0", 1, 2. The calculated energy inter-
val of 07=07 is only 22.4 cm™!, while the energy intervals of
0*—1 and 1-2 states are 506.77 cm™! and 633.18 cm™! respec-
tively. The TDMs of A'TI-X'%, and *IT;-X'E{, are eval-
uated, which shows that the former is singlet—singlet allowed
transition, while the latter is triplet—singlet forbidden transi-
tion. The analysis of the main electron configurations shows
that electronic states are multi-configurational in nature, espe-
cially for 'TI (IT) state, and it is essential to employ a multi-
configuration method in the accurate and reliable electronic

structure calculation.
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