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FEPE, EAh I Y A IR AT B i R SR AR
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I E O AKE AT AL 25 e I R B,
I R Wi 525 02 jeAh, IF & EH%F 05 B Uk
RN 7 B R, A BTSSR A P A S A A
R, HESRSHERST 1 R . 25 LTk, 5% 05 1)
I FEME X 2 ARl 22 U A H A A B A S
Fra 3L

H Neuman!"™ T 1934 45 YOI 2] 05 HYH
FEERILK, & F H A P A5 A G R i 98 8
R AL RIS R ERE T O ML 35
fi (electron affinity, EA) FI#HE 1 £k (potential
energy curves, PECs), DATFAl HARE M FOE SRR
fiE. 1959 4F, Burch % 1 £ 0.5—3.0 eV HIEFRER
TCREINAEE T 05 G E S RE, JF4 i T 31
FA0 PECs. 1972 4, Celotta 55 & F] H#OE
FREARE REREE T 05 WDGIE 2L, WGP i #E
(Ro) BRI (w,) FIfFEIRE (D). 1974 4F, Land
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coupling, SOC) H %, APRfR HAGMAE$L L TE
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T E U FREEEREH IR T 05 MOLH T
REi, B 7S R PG, 21 42 LISK, Chen
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self-consistent field, CASSCF) J7 ik X H A HAE
HIWFSE T 05 1 AL, 51 PECs, H A IAEM K
Ab APTL, 2 B LA R E . Ewig F1 Tellinghu-
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&2 22 Chandrasekher % 23, Sordo %% 24 fy#/58
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7k B 5 A RS BE Y aug-ce-pVHZ-dk FE4, X
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BEIBRASNL I 18 A4~ A-S 2551 30 1> Q i1 PECs, LA
Je 8 ARAE Q 5B RR A, i B T RAS
HL - AR TR G, DA SR BN 2H , R SE
WHFE T atSy HBUABE A . X —J7 ik, Xt
BRI LT BERT TIRA R 2 B MRS
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SR R R BE A DSk B A k2% 7 1%, Molpro
2012 FEJP4 B XF oy WL FA3HT 7RG IS
TR TR PR, A IR0 Y 52 W i
W, (BT SERG B, Db X L TR AR
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Z JEAAXT IS RN Y. FE T, AR 2t
Douglas-Kroll f&1F ) L { e —EFEH aug-cc-
pV5Z-dk(DK2) #ii& O J&+, LAFE4r % B T X
I FAE XTI

H T 05 J& R XURE F 53 F, BA Doy, MR
P, FETHE R, A T O EAL IR, S FRIEREALE] Dy,
#E, AT 3R Z [ X R OC R W :

Z; — Ay, Y — By,

Y, — Big, Y, — Ag,
II; — Bog + Bgg, IT, — Bay + Bay,
Ay — Ag+Big, Ay — A+ By,

(I)g — ng + B?,g7

(I)u — Bgu + B3u.

A Ao 3 e X FR MR 4, AT LAAE Molpro H IE A HiE
ORI A, BT B HERfR k.

B, R B (self-consistent field, SCF)
JrEFATHILR L A%, 7 CASSCF A, it

N 32 R M B R T A Pl T A B e E
TS TR B A A TR R AT R F T
W e R RIS R T, LTS 40 1 T
SR A o T (B R AT R 410 05 4F THR R,
AR 1s A1 2s Bl R TIRIZZ0H0E, B
15, %k T BRI FR i 3o R ek N,
AR Pl R s I B R T
BUE, X EEEE AR TR0 2p PUETE o T HLE,
o, 955 A R L. LR L IR AT 2p
BUBTE N 0,(2p.), 1,(2p,, 2D,), m (2D, 2p,) il
o7 (2D.) 4N FHIE AN AT HEZS 1] 530 L0030 X4
O MR A T R T R e
o3 []PH AL A 6 MG, 9 R 9 B ERL T, T
(e, 60). TEXTFRMEN T, OF 42 F IR T Dy, ABE,
L M USRS T 2 Rk 1A Ay 1A
By, 1 Boys 14 Byyu 17 By, 1 14 By, B,
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Table 1. A-S and Q states corresponding to the first and second dissociation limits of O .
T R jom ASHE o
AL NISTI2

X211 XM, 3/, X2y, 2
2211, 2210, 35, 2°T1, 2
124, 128,52, 120,32
175y R
125y 122;1/2
225y 25, 1)
AZII, A2 12, AL 5
2210, 221,12, 2%, 3,
124, 12Ay 572, 120,32
125 122u+,1/2
125y Y
2257 222;1/2

0(2s%2p* °P,)+0 (2s°2p° °P,) 0 0 1411, 14y 55, 1430, 14105, 1410, _y s
21, 241, 55, 240y 50, 2410y, 0, 2410, )
1A, A7, 14050, 140570, 148,
1ef U, 1S5,
145, 142‘;1/27 142;3/2
248, 2T, 255
140, 1M 5/, 14050, 1401, 140, _1 s
2, 2, 52, 20y 52, 210y 10, 2400, 1o
11A, A 72, 100 50, 140 50, 10 A 12
145f 14EI1/27 142SL,3/2
alsy a'S0) oy, ats s,
243, 250, 2805
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1 (%)
Table 1 (continued).

Oy H—FNEE —fift By FRXT LAY A-S A5H Q 25

A-S and Q states corresponding to the first and second dissociation limits of O .

RS /em

JRF7 T NISTE A-SE (07

3211, 3210, 55, 321, /)
4711, 4210, 5, 4211, )
521l 5210, 32, 5210y, /2
12®, 120, 5,y, 12,5/
220 220, 5.0, 22043/
320, 320, 5/2. 320,32
222; 2222:1/2
ey 501

, 5 3%y 323, 1)

0(2522p* 1D,)+0 (2522p °P,) 15878.24 15867.86

3% 32,372, 32Ty 1,2
4711, 4210y 5, 47101y
5211, 5%00,32, 5210, 1
12®, 120, 75, 12®@, 55
2°Ay 22Ay5/2, 22Dy 3
320, 320y 5.2, 32 A3
225 222:1/2
32nf 3 E1.-:_1/2
322 3 i

ffiFH MRCI+ Q J7 kX £ 5% & 7 HL - HH OC BE
IR, DA A HaE

£ PECs M H i &b, e RIEE N
0.10—0.50 nm, LU 7 F7EA R T+
SERRRIE. ALK EW T 0.11—0.20 nm, &
£°4 0.001 nm; 0.20—0.23 nm, K4 0.005 nm;
0.23—0.30 nm, K & 0.01 nm; 0.30—0.50 nm,
HAKH 0.025 nm. FEFEFT T 110 A HRTTEL LI
1 PECs B’J**QHEIT* s TSGR DX S5 g B i A

ARSCE ST T 05 HYEE—FIEE A B A B XS
I A L T2 SR — M B BRXS I O (252p* *P,)+-O
(2522p° 2P,), ¥ e 24 > A-S 75, A dE E S A
. B IRXT T O(2822p! 'D,)+0 (252
2p° 2P,), W I 18 4 A-S 5. A ATl X Se i ¥
BRI SOC %0, #E MRCI HEZE >R H Breit-Pauli
BATHATIHE. X 42 4> A-S BpEFT SOC i+, 3t

135 84 1~ Q&M PECs. £ 151H T 05 H—H
5 T B R BR BB S XS I A-S BT Q 3. K 2

# 2 E—AEMERARA A-S B R ALK EEHE TS
Table 2. Main electronic configurations of bound A-S states at R, in the first and second dissociation limits.
A-ST A-SETE Re bW FEALS
X211y 3021n4 173300 (98.05%)
125 30l 1nd1n300 (96.32%)
1255 302 1ni1n330, (97.30%)
A%, 3021nt1n330 (92.88%)
127, 3oZ1nglnz3oy (60.17%) 3oZlnglng3oy (34.59%)
1257 3021nt 12230} (73.86%)
1411, 30l 1n31nd30} (99.97%)
114, 3021n3 1330} (70.71%)
15y 30213173301 (70.71%)
1'%y 3ogImy 13307 (69.48%) 3o71milnd3oy (48.39%)
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2 (%) T i E R IRREE A-S ASTEH R AR TR TS

Table 2 (continued). Main electronic configurations of bound A-S states at R, in the first and second dissociation limits.

A-SZ A-STTE Re WM FRHE
14, 3ol1nt1n330l (99.85%)
2411, 3021n3 172302 (99.87%)

atyy (1st well)

a'3, (2nd well)

3oZ1ny1n230y (97.21%)

3021mi1nZ30) (61.53%) 3oZlndlmg3oy (32.34%)

3%1Iy 301173 1nd30] (63.92%)

22y 30l 1nt1n2302 (50.21%) 3021n31n330) (35.45%)

225y 302173 1n330L (85.66%)

25+

372 302131330} (42.42%) 30l1n21ni302 (35.42%) 30} lniln23o? (29.42%)
3%l 3olint1n30l (73.79%) 3021nd1ni300 (30.12%)

129, 3021nd1n2302 (50.00%)

227, 304 Ini1n3307 (49.87%) 3oZlniini3oy (28.13%) 3ozlmglng3oy (21.31%)
325y 30l1n31n3302 (40.05%) 3021nlin23o) (37.78%) 3021n2lni3sl (30.08%)

BT 55— A —ff B IR T, R4 A-S 57 H
SRR (R,) Ab A 5 B 2 25 R A X R
TP . BB T PR O H T
O3, T RN RS T T EHE G, A
HE— 35 X6 T3 3 AR AT TR AR AR A A AL
HR AL T LA

XA R REEE, F LEVEL 8.0 )3 %)
Xf PECs 172K M, 15 B4R W& MEL shA M Be R[5
B RDOEE B S 4 PG L BE (T Tk
FHE (R, TREIAR (w,). BSIREE (D,) R shH
B (B).

3 X546
3.1 A-S 7 PECs Bytia#y

TEH aug-ce-pV5Z-dk FEL Fil MRCI4+Q J7 ik
LA |, T T Of 1RSSR O(2s%2p* °P,y)
+07(2s%2p° 2P,,) R4 MR Bt BR O(2s%2p! D)+
O (2s22p° 2P,) T XN AY 42 4~ A-S Z5H9 PECs, 0l
Kl 1(a) Frs. (EA SRR, ASOHEAESS e
MR e R 15878.24 cm ™!, 5 NIST $#i & 2
SEEHE 15867.86 cm !, {UAH2E 10.38 cm1(0.06%),
TR TR B e BRI AT SEPE. S T TV B
JER AR L FASHRHE, B 1(b), (c) /r5IZH T
—FEE i B BR XS 0 ) —H 25 PECs. &1 1(d) g
7N T B — fif B A R A R Y D EEAS PECs, o
atSy AR W ) BB A AL, BT

0.12 nm, ¥REZ) 16385 cm !, M4BT 0.18 nm,
REEZ) N 18779.71 cm ', )\ PECs A LIE Y, 45—
i B PR Y XPTL, , APIL,, 12A,, 12%), 12%f,
125, 1257, 140, 1*Ay, 'S, 1'5,, a®Sp &
DA SR i B BRI 3210, 3210, , 224, 22A,,
22%F, 32%f, 2%, SRR, BRA W R
B 25 4. AH B, 55— i B A B b iy 2210, , 2210,
22y, 225, 20, 2'%,, 24%; AL KR
BRI 4210, , 5210, 120, , 5211, 32A,, 3%2A,
DY HEFA, FRe bRz ] FE G E R R .

H T IRAGT AT RS WG TE Re i, XX SE 2
1) PECs 170615 % 04L& . R H LEVEL 8.0
FEIF SR AR M o v R, A T 45 A iR 3
REGUANEL Sh i . 36 30T XTI, B8 AL, 3
RAWCTEE B, IF 5 O A B S50 A3 Ko
TTHH. WNFE 3 TTLLE ) L3 X210, Ik &
5 A SCER b Y SEER (R TS TR A R S
. AR SOHEAR A% B FE R, 2 0.1350 nm,
X5 SCHR iR S R S EE (Exp. 3) 4%
I, RYNZT LR HER TR 1 J L R 7Y it
Gh, PRENHR w, N 1073.6 cm !, IR G —LLFH G
TFEAE (A sCik [27) HAY 11222 em ') BE A 22 5%
H 55286458 (Exp.Y, 1073 cm ™!, 224 0.05%)
TFEMAEw I e D, i E AR E
H 4.2284 eV, [R)FE4Z T SCHRARGE 1 SE 5 A (¢
R (6] Y 4.2484 eV, 2N 0.47%), i#F— IR
TR R R EEE.
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——— 142t —— 14A, —— AZ2[l, —— 22II, —— 32II, —— 4211,
— 142; —.— 242; —.— 12Au —— 22Au N 32Au —— 52Hu
—— 1411, —— 2411, —— 122t —_ 22245 — 32245 —— 12,

—_— 122;

— 122E

e 228, - 3233

2p 9P,) +0-

— 115 —— 11A, —— X2M0, —— 22[0, —— 321, —— 41,
—— 1Dy — 21m — 124,
— 14Hg —— 241‘[g —— 1222

—e 22Ag — 32Ag — 52Hg
—_—— 222]; —— 3222 — 12q>g

(2p* 'Dg) +0~(2p° *Py)
(2p° ?P,)

Energy/Hartree
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=]

=
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(a) 424~ A-S 25119 PECs; (b) & —fiff i R — 2519 PECs; (c) 5 Zfiff By R — E 19 PECs; (d) 25—

—150.0 .
(a)
—150.1 }
jol
(5
e
.
]
jas]
= —150.2
o0
3
=]
el
—150.3 }
—150.4 .
0.10 0.15
—150.1
(b)
—150.2
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—150.3 |
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A1 0, A-S# PECs
fiff 5 A% BR U FE 25 1) PECs

Fig. 1. A-S states Potential energy curves for O, : (a) Potential energy curves of 42 A-S states; (b) potential energy curves for the

first dissociation limit doublet state; (c) potential energy curves for the second dissociation limit doublet state; (d) potential energy

curves for the first dissociation limit quartet state.

&3 Xy A AL RO
Table 3. Spectroscopic constants for the X21'[g and AZII, states.

T,/cm 't R,/nm w,/cm WeXe/cm ! B,/cm' ! a,/(10% cm 1) D,/eV
X2 ES'S 0 0.1350 1073.6 7.8 1.1526 1.45 4.2284
Cal.l27 0 0.1346 1122.2 8.8 1.1601 1.31 4.2764
Exp.™ 0 0.1348(8) 1108(20) 9] 1.1610 — 4.1724
Exp.[% 0 — — — — — 4.2484
Exp.B 0 0.135 1090.0 8.0(1) — — 4.1573

Exp.! 0 0.1347(5) 1073(50) — — — —
Cal.t 0 0.144 1010.0 — — — 4.0000
Cal. 0 0.1348 1132.0 — — — 4.0762

Cal. 0 0.1356 1112.0 — — — —
Cal 13l 0 0.1356 1098.0 9.0 1.1350 1.51 4.1290
Cal.l's] 0 0.1352 1130.0 12.7 1.1430 1.56 4.2100

Cal bl 0 0.1354 1163.0 9.2 — — —
Cal.0l 0 0.1365 — — — — 3.9300

Cal ¥l 0 0.1373 1065.0 8.8 — — —
Cal.” 0 0.1362 1107.2 13.0 1.1361 1.37 4.0560
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X2M, A0 AT1, ZSAEIE 4

Table 3 (continued). Spectroscopic constants for the X?II, and AZII, states.

T,/cm R,/nm w,/cm WeXe/cm ! B,/em't a,/(10? cm™) D,./eV
A%11, AR3L 25775.21 0.1790 547.2 6.9 0.6562 0.91 1.0327
Cal.7 25707.72 0.1787 553.2 6.8 0.6721 1.45 0.9731
Exp.®  (25300.00) — (574.5) (7.1) — — —
Exp.[ 27310.00 0.1730 592.0 6.0 — — —
Exp. — 0.1680 — — — — 0.7740.15
Cal.l30) — 0.1828 484.6 11.1 0.6260 1.37 0.7550
Cal.[18l 27400.00 0.1817 506.3 10.4 0.6330 1.27 0.8130
Cal.[] 23632.04 0.1920 452.1 4.0 0.5700 0.79 1.2300
Cal.bl 28580.00 0.1743 604.0 6.0 — — —
Cal.l) 27342.18 0.1758 557.0 — — — —
Cal. 25003.18 0.1806 535.0 8.9 — — —
Cal.l20) — 0.1847 — — — — 0.7500

MHEELZ T, RS AL BB F AR 5
AR EARR S TR RN P ZEE R,
410.1790 nm, B KT X211, A HME, X 7%
RS T T ERMPPIRS, KK, X—4551
5 3cik [27] RIS (E 0.1787 nm AT, IR sh A
R w, N 5472 em !, BEMTIAA 1073.6 cm
KRS, o F IR AR B A BT L.
HAR A S w, 18 5 SCHR 85 1 S5 5 1H
(Exp."), 574.5 e, i 254 4.75%) FEFE— & 22
5, B S ER A SRR — 2 W EEE D, 5
Mrd @ B 0 AR . PR AS AL
D AH M 1.0327 eV, KR FHEAN 4.2284 eV, X FF
EE A BARRI R E MUY, Sk [27) R B S
{8 0.9731 eV i —2 L FF TiX—45 5%, RUA ST
SRR A G H BRI ARG B

FAGI T B R 5 M Ra —EE
DGR AL, WoR 5 SOk E B 124,38
HI YR SR w, K 423.2 cm !, FH# AR R, K
0.1949 nm, 5 CHRHH 426.4 cm ! A1 0.1948 nm/27)
HHEW /N, REH 0.75% i 0.05%. f# e D, H
1.0501 eV, 53CHRAY 1.0636 eV 25 FAAHAT, 122
A 1.26%, FEBHIZAS 1Y T LA #4) 75 FIER SR 5 AF AN [
TR — Bk 125 A MR, SO
Hik [27) AT ESF DGR R BGHAT TR TR A
BB AZ R EE 43518 0.1758 nm A1 0.6343 nm,
SR PR BNy 526.7 cm ! A1 8.9 em L. A
Bt — 2 WoR, R 5 128 M 222 25

FE 0.193 nm Ab 1 G 28 SURLN 25 DIAH G, an &l 2
iR, TEARLE GO0 T ATFAEX — WP 45 ). I
G5 RARR T 5y FAE R BRI T IR TR, X T
PR TR 1 BRSO S AN, 125
125, RGBS Sk —2 125] 1Y
PWFH 366.8 cm !, P EIFE A 0.2039 nm,
553k [27] 149 366.2 cm ! A1 0.2027 nm AEFH TG,
Tl 221X 0.21% F1 0.59%. B, 125, MYk
BRI [H] B AL 5 SR 22 /)N, SRS Y
SR SR P PR AE 22 MO 5 T SR — U
1250 SRS w, 2 434.8 cm L, 5 3CHRHHY
447.1 cm P WEAH AR, N 2.75%, AR EIEE R, N
0.1914 nm, fREHEN 0.5633 eV, ¥FES IR 2L
R, S O S B A0 AR e PE.

—150.16

—150.17

—150.18 F

—150.19

Energy/Hartree

—150.20

—150.21 : : : : :
0.16 018 020 022 024 0.26

R/nm

2 0, 12x5f %5 225} & PECs

Fig. 2. 122; and 222g' potential energy curves of O .
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Fd  BREIR 5 AR SRR R K
Table 4.  Spectroscopic constants for five bound doublet states in the first dissociation limit.

T,/cm'! R,/nm we/cm ! weXe/cm ! B,/cm! 10%c,/cm ! D,/eV
127, AL 25773.25 0.1949 423.2 6.7 0.5535 1.01 1.0501
Cal .7 25744.15 0.1948 426.4 6.4 0.5558 1.03 1.0636
Cal.l" 22664.17 0.1980 524.7 4.8 0.5400 0.65 1.3500
122; AL 37694.72 0.1761 530.9 3.7 0.6779 1.85 0.1445
Cal.? (1st well) 36812.48 0.1758 526.7 2.5 0.6977 5.05 0.1019
Cal.?” (2nd well) 34143.01 0.6343 8.9 1.3 0.0484 0.19 0.0074
Cal.l" 39682.46 0.1950 603.2 24.1 0.5500 1.95 1.1400

Cal.? 38391.98 0.1776 538.0 5.0 — — —
125f A3 27050.77 0.2039 366.8 6.0 0.5056 0.99 0.8917
Cal.7 27043.01 0.2027 366.2 2.1 0.5121 0.92 0.9121
Cal.[)] 23228.76 0.2000 514.4 4.9 0.5200 0.63 1.2800
125, AR3L 27485.00 0.2156 361.3 5.8 0.4523 0.88 0.8379
Cal.l?" 27540.34 0.2161 358.9 5.7 0.4511 0.95 0.8087
Cal.™ 24357.93 0.2180 451.5 3.5 0.4400 0.45 1.1400
125y £ 29701.21 0.1914 434.8 8.2 0.5738 0.94 0.5633
Cal.l?7 29783.15 0.1912 447.1 7.2 0.5762 1.01 0.3411
Cal.[ — 0.2010 439.0 10.0 0.5190 1.00 0.4000
Cal.™ 30407.09 0.1990 484.4 12.9 0.5300 1.04 0.3900

TOHHNM TR T 7 AR E R
ROERE R R atsy, 104, 1'5F, 10, Al 148,
G WoR B E WS I HRE, FrAE atsy B
XA BEEE I g, DAL 1. B oS B Y
AFFER A RS R, RUT 1°5) 5 225]
7 0.1938 nm ZbRYR L. SR, JeFi SRR 4T 4
T VT5, R WL 4% 3 i 4058 LI, B AR XFZ L
SR AIE BUASATATER . IR AR IR, AT
T A FPIE SR A N UREEPLIE R H aug-ce-
pV5Z-dk, aug-cc-pVQZ-dk Fl aug-cc-pVTZ-dk
4, DRSS A R 1s Bl R ] aug-ce-pV5Z-dk
Fe2. £ X atys Ml 2'S- PECs 1 R b4 )mit
FLERILE 3. K 3 ATLAE H, 7E 0.135 nm Ab, Fr
AIEOT 2927 PECs ¥ M S, Fenl & 7e
aug-cc-pVTZ-dk B4, JERUI WA, 5 ats]
PECs %f I, s k538 LG, TMTRE & HE2H 3
K, XS, B A R A,
X AT RE 5 ICHEEZH T LR S B bR A B M
RGO, T2 BESRIRE fa 40 2405 K, hass 1k
RN IE.

EMEENRE, 'S, B PR E LT
BRI R/NTCIG, T — 3B 04 1% 52 D i o 2 3

KIBHINER. aug-cc-pV5Z-dk FLH T, REsE R T
Is PUIA WG DL, IR B S5 o 27 — S5 BIF IR BE 5 17
B, RUNZIERESNEP0E S G 3, FZEah
FHEAEHE DT 20508, Kk, X5 T REF&
R, UREEHS 73 N2 BB W] LIA AT A, i
S B R/ INKe L e X6 1] 52 A AH AR Y
R Iy NGOE 2 RN a0 R R: b e
FHE A KRG 2540, DT i 1T 0kS B

0.4
alyy 242,
aug-cc-pV5Z-dk
03r X 0 --- --- aug-cc-pVQZ-dk
© —— —— aug-cc-pVTZ-dk
- e Frozen(O:1s)
£
5 0.2
jas
~
%
g 0.1F
=
m
ok
\v
0.1 ) ) .
0.1 0.2 0.3 0.4 0.5
R/nm
B3 RIFEHEA BRI T a*sy Ml 2450 PECs
1 A

Fig. 3. Comparison of the potential energy curves of a*Yy

and 24X, for different basis sets and frozen electrons.
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5 HAREAAR 7 AP SRR A
Table 5. Spectroscopic constants of seven bound quartet states in the first dissociation limit.

T,/cm? R./nm w,/cm ! weXe/cm ! B,/em't a,/(10% cm™) D,./eV
atsy AR (1st well) 16385.20 0.1200 1612.7 9.3 1.4591 1.64 1.0826
Cal.l?7 9661.49 0.1194 1612.3 9.9 2.1694 50.24 1.8791
A (2nd well) 18779.71 0.1837 546.3 6.2 0.6226 0.46 1.2756
Cal.l”™ 18854.63 0.1832 546.1 6.0 0.6284 0.86 1.6961
Cal.l?l 19357.30 0.1850 582.0 9.6 0.6080 1.00 1.6700
Cal.l" 16534.36 0.1880 604.8 3.4 0.6000 0.61 2.0700

Cal bl 22540.00 0.1846 572.0 5.6 — — —

Cal. 19357.30 0.1808 569.0 — — — —
Cal.l?! 16534.36 0.1880 604.8 3.4 0.6000 0.61 2.1100
14A AL 25061.91 0.2132 390.3 3.4 0.4625 0.82 1.1346
Cal. 25032.62 0.2126 397.2 5.7 0.4664 0.81 1.1131
Cal.] 20970.41 0.2120 503.7 2.9 0.4700 0.39 1.5300
142g' AR3L 25289.44 0.2143 383.8 5.5 0.4579 0.81 1.1064
Cal.7 25324.30 0.2134 391.7 5.5 0.4628 0.81 1.1371
Cal.™ 21051.06 0.2130 504.1 3.0 0.4600 0.37 1.5500
1411, AL 31129.29 0.2408 233.0 5.7 0.3626 1.01 0.3675
Cal.l?7 31221.58 0.2389 240.6 5.7 0.3695 1.01 0.3806

Exp.B 97800.00 — 1044.0 10.0 — — —
Cal.l" 31052.33 0.2480 345.6 8.9 0.3400 0.04 0.3100
115y AL 33621.36 0.2792 112.1 6.7 0.2696 1.53 0.0684
Cal.l”7 33784.61 0.2784 118.2 6.7 0.2729 1.41 0.0385
2411, A 33819.65 0.3045 94.5 5.4 0.2268 1.27 0.0398
Cal.l?7 33914.10 0.4770 151.1 42.6 0.0813 41.48 0.0443
1411, AL 34022.34 0.4769 1.1 4.2 0.0925 3.28 0.0088
Cal.l?™ 34163.64 0.4586 55.6 8.3 0.0995 1.23 0.0134

SCHiK [27) X atsy A HERE R BT T 2RI
L, R LA R P N ANABE R B BE D, R AE—E
(R 2 (4390 1.0826 eV Fl 1.2756 eV), {HIXF
%R RE S PECs WSS BEA X

KT HA DY F AU 14 A B 14D, HOERE R AR
53R R AR — 5 1A BT R R,
7 0.2132 nm, #RBNHFE K 390.3 cm !, fFEBE R
1.1346 eV, 53CHk [27) BITEMEMMF (RRKRZEAR
it 1.94%), W TIZSERIRE A LR T
SEPE. ERIML, 115 IIRIIAN 383.8 cm
SEAFRZIAIEE A 0.2143 nm, FHHZARY 5> T-4AH N
BeRAT, B 2T N . A 1L, R RSN
WA 233.0 em !, B RAR T A, XFRWPIRE
PR A N PRI, B 1 2F i R 5
IR, FRESHE D, M 0.3675 eV, FEHIZ A BRI AH
NP X —45F 5 30k [27] TP ATHE 4 R —E

26 A TR T B BR Y 8 AN RS OGS
FOR, DKL SR A I T AR B R O
P BN, 3211, A 325 75 1 - A% 1 B 43 51 Ay
0.2896 nm F1 0.3153 nm, &SNP REAL, LI
SO A TR XA, (REE T 3 R A0 T I A
SEDREE. T 22A, F1 225 Z5 ISR B B S R HE 4
F, R 220 SHFEAZ I EE Y 0.1760 nm, ik
AR A 508.01 cm L, R 4> T HEESR B RLK,
Iy F USRI R BB AR SO T X e A RO H
B, 2B B OF A TAERTR A T I8 12
TR T EE A B AKE.

Q 7 PECs B ytita

%18 SOC MOUNIR, 55— O(°P,)+0-
(QPu) ﬁ]\% ﬂ\j 6 %% % *& BE : O(3P2g)+07(2p3/2u)a

3.2
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Table 6.  Spectroscopic constants of eight bound states in the second dissociation limit.
T,/cm' R,/nm we/cm ! WeXe/cm! B,/em™! ,/(10% cm ™) D,/eV
3211, 48109.82 0.2896 160.7 3.8 0.2508 0.62 0.2048
227, 48397.03 0.2812 131.1 2.2 0.2659 0.59 0.1839
222g 37199.41 0.1760 508.0 5.4 0.6787 1.12 1.5565
322; 48872.32 0.3153 128.7 3.9 0.2115 0.72 0.1573
3211, 45234.02 0.2303 296.8 4.9 0.3965 1.01 0.5552
129, 49874.49 0.3158 73.4 5.6 0.2109 1.68 0.0258
22A, 49752.52 0.6162 54.6 1.6 0.0554 0.44 0.0290
32 48753.89 0.3139 135.9 3.9 0.2134 0.67 0.1268
(a) B —— 128 120, o 1PA, e 22A,
N AN . 123, e 124, e 22A,
—150.10 | 5 N T —150.10 AL e e o
AN N —— 14A, —— 19T, —~— 2911,
S — 1A . e 32A, —— 32A
e N S e S Su
8 T 3 I ———
£ —150.15} O('Dy)+0~ (2P, £ —150.15 o
g (Proth) - & 0(1D,)+0-(P,)
~ X ~
> % >
o ? %
= 5 £ \ \\
M 15020 % —~—— B _150.20
% e—— ’M—w‘* — *’%
/x/X/X/X/ x
H/X./. O(®Py)+0-(%Py) O(3P,)+0~(2Py)
—150.25 | o —150.25
0.2 0.3 0.4 0 0.5
R/nm R/nm
(c) 220, e B, e 220, % 324, (d) == 320, —e— 4200, —— 520, —— 228}
—150.10 } —u— 31, —=— 4200, —— 571, —150.10 F o H 3L, —— AL, —w— 52, - 2257
%~ 32, —*— 42[1, —*— 52T, N 32 - 323y - 32mY - 32my
150.15 7 150.15 .
i O('Dy)+0~(°Py) B D,)+0-(Py)
(o] [ ] Q [ ]
£ | 3 O(Py)+0-(Py)| = P,)+0~(*P)
5 15020 5 _150.20 F
o = = B
~ ~
> >
&6 19
3 —150.25} g —150.25
g =]
= . £a] | S .
el S7AVE S B O 2T | el AV B i 2T
—150.30 | = / —— I, e 20T, —150.30 } '-_ , —— 41, e 241, —a— 1411, —— 241,
": i S S B R S o H B T B R
= —+— 1401, —— 2411, H —a— X2[I, —=— 2200, —*— AZIL, —— 271,
—m— X7MI, —— 221, —4— AZIL, —— 271, MR T i
—150.35 12, 1A —150.35 | LSt s p2m e o2m
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
R/nm R/nm
B4 42 A-SET AN 844 Q7 PECs Q=17/2;(b) Q=5/2; (c) 2 =3/2; (d) =1/2
Fig. 4. Potential energy curves for 84 Q states generated by 42 A-S states: (a) Q = 7/2; (b) Q = 5/2; (c) Q = 3/2; (d) 2 = 1/2.
O(3P2g>+o (2P1/211)7O<3P1g)+0 <2P3/211)’O(3P1g)+ %%Tz:ﬁ Q oy B/J PECS ﬁ%ljj\j ( ) Q= 7/27
—(2 3 —(2 3 —(2 — — —
O (*P1/2u) O(Pog) +0 (*P3/20) O(Pog)+0 (*P1 j20), (b) @ =5/2, (c) @ = 3/2M (d) Q = 1/2. }St,

5 R ESHR O('D,)+O (°P,) 403K 2 41 Btk
FR: O('Dag)+0 (*Pyj9y), O('Dyg)+0 (*Pyja,). T
SOC BB REM T, /=T 84 AN 5iX 8 4%k
WFRAOCH) Q 25, XX 84 /4~ Q 25/ PECs 4T &
GiitE, Wi 42 D A-S BTG Q5. K 4

KofgR THME IS4 E Q=128
PECs. 3 7 ﬂ?%*ﬁ?%*&ﬁﬁ? 54 T1 2500 2L Y
16 1~ Q ARG F L, FEA XL, 43 3R X1, 3
5 X1, ﬂ?@ﬁ?lﬂﬂﬁﬂjﬁ 0.135 nm, 73546 R
166.72 cm'! AN BT S R AT
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T, ASPRFFR 2, 30E T HGRA P REE. AP,
B, HEEHEA Q& AL, 1, 5 AT 3 Z Y
SHEN 122.22 cm !, A% (] BB RTR 20 40 3 L
FAR A, H 5 AP A A L, P 8 1) BB (A 22
0.002 nm. 5 3CH#k [27] FHIZERAH L, AR ﬁuﬂf\a
SRR 22 553 Wh 282.96 cm ! il 3.46 cm !, i

—150.12 F 1 —— 1,
\ — 24,
—150.14 | -\ —— 1411,
(o) LY
19 ; —— 24Hu
£ —150.16 |
3
z
» —150.18
5
8
& —150.20} O(*Pg)+0~(*Py)
ey
—150.22 |
—150.24 L L L
0.2 0.3 0.4 0.5
R/nm

B 5 H4EDTEXEMN 4D QB PECs (@ =-1/2)
Fig. 5. Potential energy curves for 4 Q states generated by
quadruple IT state (Q = ~1/2).

— IR T ARSCH TR L. U A, 14,
B 1AL, A AHAR Q 532488/, 2929 50 cm . I
Ah, 1AL, A Q = 5/2, 3/2, 1/2 Fi-1/2 Bk
Wk, AR, FEIRNIRNIREE K.
ﬁ'ﬁ 1T, AR Q2850 2400, Sl w405 STk [27)
SR E RAE X240, &, Q = -1/2, 1/2, 3/2,
5/2 1) PECs 13 i BB, X 33515 2006
TEHE R, 5 w, 53K [27) fAE—E2E 5.
KA TH MR NH 54> AR 4
a@ 6 1~ Q BREIEH AL, FHASHT T SOC ZUXF
XU REI. 12A, /P28 Q 2, 127, 5, Fl
120030, PEENUN 12 em Y, B SOC Xz
SR RS . 31X 5 R AR A B R — B, R
PBFEIR, diRR e, TR, s H A0S Sk [27]
R E - MBZT, AN 4 QF,
Ay 7n, ' Ag sn, 18 Ag3n AT 14 A, 1, FHAE Q25
Z Al 43 2LRE R 90 em !, B SOC 7EiZA T &
WA S, AEAR XTSI, A RS T R
Q BIPEIEHBUS STk [27) 4550 R A —3L

T MO, BB 5 A AR 16 4 Q BREER AL
Table 7. Spectroscopic constants of the 16 Q states generated by the 5 I states in the first dissociation limit of the O

T,/cm R,/nm w,/cm B,/em't D,./eV

X211, 312 A3C 0 0.1354 1083.07 1.1471 4.2520
Cal.?" 0 0.1353 1123.34 — 4.2663

X2y, 112 A 166.72 0.1353 1078.97 1.1481 4.2405
Cal.l?7 154.29 0.1353 1093.64 — 4.2485

A% 1 AL 26008.90 0.1810 547.04 0.6412 1.0273
Cal.l27 25725.94 0.1785 550.50 — 0.9681

AT 32 AL 26131.12 0.1811 547.20 0.6410 1.0213
Cal.l27 25844.45 0.1785 551.40 — 0.9754

1y 5 A3 33938.02 0.4862 16.80 0.0889 0.0121

Cal. 27 34153.98 0.4573 52.43 — 0.0135

1410, 32 AL 33985.59 0.4860 16.45 0.0890 0.0122

Cal.l7l 34217.41 0.4580 50.49 — 0.0136

1, 12 AL 34033.17 0.4815 19.32 0.0907 0.0122

Cal.?" 34255.16 0.4584 50.87 — 0.0134

I | PR A 34080.74 0.4814 19.09 0.0907 0.0122
Cal.?" 34267.45 0.4586 52.36 — 0.0135

Ly, 1 ES'S 31043.47 0.2408 233.14 0.3627 0.3399
Cal.l27 31224.44 0.2388 240.87 — 0.3844

1410, 12 AL 31092.18 0.2408 233.09 0.3626 0.3397

Cal. 27 31273.82 0.2388 240.29 — 0.3820

1410, 3 AL 31140.89 0.2408 233.05 0.3626 0.3396

Cal.l27 31322.32 0.2384 237.18 — 0.3808

14T, 50 AL 31189.60 0.2408 233.00 0.3626 0.3395

Cal. 27 31371.48 0.2384 237.23 — 0.3799

023101-11
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F7 (L) oy H—MEMAR 5 T AW 16 4~ Q BRDLIEH %

Table 7 (continued).

Spectroscopic constants of the 16 Q states generated by the 5 IT states in the first dissociation limit of

the O5 .
T,/cm! R,/nm w,/cm! B,/cm! D,/eV
240,12 AL 33993.00 0.3019 92.79 0.2306 0.0484
Cal.l27 33933.85 0.4765 151.63 — 0.0442
240, 112 AL 34036.11 0.3096 88.01 0.2194 0.0485
Cal.l?7 33946.63 0.4786 150.73 — 0.0432
240y, 312 A 34079.23 0.3031 93.86 0.2289 0.0434
Cal.l?7 33967.94 0.4774 153.22 — 0.0438
240y, 512 AR3L 34122.35 0.3030 93.97 0.2289 0.0432
Cal.l27 34000.35 0.4769 149.84 — 0.0445
#£8 Oy B fRERM 5 ADTAN 6 QB E K
Table 8. Spectroscopic constants of the six Q states generated by the five A states in the first dissociation limit of the O
T,/cm! R,/nm w,/cm! B,/ecm! D,/eV
12Ay s AL 26005.19 0.1960 414.18 0.5471 1.0476
Cal. 25820.31 0.1948 426.27 — 1.0660
12Ay 3 %'S 26017.40 0.1960 414.32 0.5472 1.0525
Cal.” 25894.06 0.1943 423.62 1.0613
1Ay 7 AL 25190.59 0.2129 388.26 0.4636 1.1344
Cal.” 25013.30 0.2125 397.39 1.1184
1Ay 5 AL 25281.54 0.2127 387.98 0.4647 1.1345
Cal.” 25091.22 0.2126 397.31 1.1146
1Ay 3 AL 25372.49 0.2129 390.39 0.4640 1.1345
Cal.” 25211.93 0.2125 395.57 1.1133
Ay 1, %'S 25463.44 0.2127 388.44 0.4647 1.1346
Cal ") 25290.28 0.2126 393.75 1.1115
#9 oy BIMERIR 41 A-S BEM 84 Q BIGIE L
Table 9.  Spectroscopic constants of the eight Q states generated by the four A-S states in the second dissociation limit of
the Oy .
T,/cm! R,/nm we/cm! B,/cm! D,/eV
32Ty, 112 48084.30 0.2916 155.27 0.2472 0.1952
32Tg 32 48109.85 0.2907 158.14 0.2487 0.2017
3210y, 112 45212.53 0.2316 291.66 0.3920 0.5514
3210y, 3 45226.50 0.2319 291.93 0.3910 0.5587
120, 5 49926.23 0.3158 73.24 0.2108 0.0257
120y 7 50055.56 0.3156 73.49 0.2111 0.0259
2274 3 48942.47 0.2841 126.81 0.2605 0.1671
227 51 48997.29 0.2814 130.77 0.2655 0.1672
ORI T TR EIAR S, B 4 A-S A H SOC XHZAS BYFE WA X /IN. 3 — ri I 25 B
A 8 NIHEE Q AR GIEH AL, XL R T D, AT LUE Y, AT 3210, 2, A Q 281
ZHISCHER s El. i SOC W52, 8 73X fif BB IS T 77.42 em L 1 25 em L, K&
ST EDCE. I B RN B0, 0 SRAFLEAM R, IS 1 BE R A R K.

Je 3%y 30 éj\f”ﬁmﬁ 25.55 cm L, PSSR
(] BEAH I, 43 %14 0.2916 nm 1 0.2907 nm, 7=
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0.2316 nm A1 0.2319 nm), 3 ZhA R WAk H $T,
354 291.66 cm ! Fl 291.92 cm L X AL 2 2L fE
FR R 24 53 R %A WAZ SOC Mg/, Hikfy
PERAGRF—I. MELZ T, 120, BT E N T
F, 120, 5p M 120, 7p BINSTELRERE 129.33 cm !,
R SOC XHZAR MBI, SR, REfETE
WK%, PIASIEE H AU R AT 120,
BAIRIEEA —2L, ULEHH SOC 5 = BRI A 53
ZGe L, M HAD G R E R AN, 224, B,
I3 RIE Y 22 Ay s Fl 22 Ag 30 70 2LBEN 55 cm !,
WIS I A 25 RE B JL-F-AH R], 2F— 2B B0 E T %32
SOC My feE tE.

FRTHREZE R, FE SOC NG, REE
SVRB AT PTREAIR, (R R 24 7281 PECs JEAR
FIH FHUIE A AN B3, (e RE = LA P g
IE. BRI, SOC 517 i B B A A4 1,
XSO LA M S W G, U R HAT B
HUE M s (AEREKR), Bl 120, B 11A, 2.
X F X, SOC R T30 i & I REH 1 4 g
TR, BRI RE (T,) AR ibsr, Hfokis
WEILFAZ52m. X EKP] SOC R FZAR AR
R AL IE I, AN S8R T LB 2540 KA Sk
AR, X5 CHK [27] BORFIE 4 R

4 % #

AR S B R MRCI4+Q )7, RGiHhit
BT T Oy 165 fR AR T AL T2, R
B A-S B Q ARDGIE AL BT
DS A R A IE S, RSk BE (T,) . %
FIFE (R,). PR SR (w,). ¥ 3 B (B,) M
i (D.), IRV T & AT i o 485 B A RE 2 4
ZUERVE. THRZE IR TR, SOC BN X AR B2 A9
S LG W 25 5. 6T 3200, M 3200, SRS,
e/, 2B SOC X ik $E 745 A S A7 B ; 1 %ot T
120, A%, PARREOR, RBLH IR AY SOC &, R
B T AR R A BN B3, (AHDEE R 2L
TP A 1 B AR sh AR 5 A 25 1 SOC I 3 AR —
£, W SOC EER MRS &, X F&5i 2
AR/, AN, W) atsr AR A [F) 5L 4 it
AR, IESE T atsy AR BHE siin 2 T 5
245 A I3k G 38 SUR N, I 2 RS KN H B
SO ats s A NRBFTREE . AT 4 SR TR

ABR# Oy TEARMUZ AT YR A5 MO B 32
AL B RE, £ TR 0y EIARH TERY
WAL [N, AR SCRY R A oA o i 22 52 56 30 k1
SeR T ASHOLIREA AR L TR E S A B T
KA 55 B T AR BN 20Tl 2 S5 U Y
WIE.

B o =

AT R B S AT AR AR 4RAT https://
doi.org/10.57760 /sciencedb.j00213.00076 HiJj R $RHL.
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Abstract

A comprehensive theoretical study on the low-energy electronic states of superoxide anion (05 ) is carried
out, focusing on the influence of spin-orbit coupling (SOC) on these states. Utilizing the complete active space
self-consistent field (CASSCF) method combined with the multireference configuration interaction method with
Davidson correction (MRCI+@) and employing the aug-cc-pV5Z-dk basis set that includes Douglas-Kroll
relativistic corrections, the electron correlation and relativistic effects are accurately considered in this work.
This work concentrates on the first and second dissociation limits of O3 , calculating the potential energy curves
(PECs) and spectroscopic constants of 42 A-S states. After introducing SOC, 84 Q states are obtained through
splitting, and their PECs and spectroscopic constants are calculated. Detailed data of the electronic states
related to the second dissociation limit are provided. The results show excellent agreement with those in the
existing literature, thus validating the reliability of the method. This work confirms through calculations with
different basis sets that the double-well structure of the a*¥; state originates from avoiding crossing with the
2*%, state, and finds that the size of the basis set can significantly affect the depth of its potential well. After
considering SOC, the total energy of the system decreases, especially for the states with high orbital angular
momentum (such as the 12°®, and 1*A, states), leading to energy level splitting and energy reduction, while
other spectroscopic constants remain essentially unchanged. These findings provide valuable theoretical insights
into the electronic structure and spectroscopic properties of O , present important reference data for future
research in fields such as atmospheric chemistry, plasma physics, and molecular spectroscopy. The datasets
provided in this work are available from https://doi.org/10.57760/sciencedb.j00213.00076.
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