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Fig. 1. Potential energy curves for the X?%+, A?IT and B?2+
states of CO™.
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Fig. 2. Absolute value of errors of the vibrational energy
levels between our refined results and those given by experi-

ment for the X22*, A%l and B2L+ electronic states.
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Table 1. Vibrational energy level intervals for X25+,

AZII fil B2S+ state of CO* (in cm™).

X2+ AT B+
Refined Exp?! Refined ExpP! Refined Expl)
2183.96 2183.89 1535.08 1535.05 1679.49 1679.55
2153.53 2153.56 1508.02 1508.03 1626.18 1626.61
2123.18 2123.24 1481.08 1481.11 1575.66 1575.77
2092.87 2092.92 1454.26 1454.29 1527.62 1527.02
2062.56 2062.58 1427.55 1427.56 1481.78 1480.36
2032.21 2032.20 1400.93 1400.92 1437.90 1435.78
2001.79 2001.79 1374.40 1374.40 1395.74
1971.26 1971.33 1347.94 1347.95 1355.11
1940.61 1940.82 1321.56 1321.32 1315.81
1909.80 1910.26 1295.25 1295.09 1277.70
1878.80 1879.68 1269.00 1268.82 1240.61
1847.60 1849.06 1242.80 1242.60 1204.42
1816.18 1818.42 1216.65 1217.00 1169.02
1784.50 1787.79 1190.54 1190.00 1134.28
1752.56 1757.19 1164.47 1100.11
1720.33 1726.60 1138.43 1066.44
1687.79 1695.30 1112.43 1033.17
1654.93 1666.00 1086.45 1000.24
1621.72 1632.00 1060.50 967.57
1588.14 1601.00 1034.56 935.11

<

© 0 N O Ot R W N

[ T e e e e
S © 0 N S Ut e W Ny = O

ERARTAER—E5, PR T COrFET
X235+, AP A1 B2+ =/ -2 2 ] B9 B A A BR AT
S (B2OH-X20+, B2U-AZMT HI A2IL-X25 ), TRl 3
7R, HEL 3 AT, A A R i e~ i A% [ R
BT (1.05—1.30 A) S8 M EARAE, Hoh gtk
B 2 (002 B2S X2 KT AR = 1.15 ALk %
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#2  COTHTHOLIEHYE

Table 2. Spectroscopic constants of the doublet A-S states for CO™.
AS states T,/cm R./A wofom ! woxe/em B,/om ! D./em”
Refined 0 1.1152 2214.72 15.2312 1.9767 67533.4167
Theory!3 0 1.119 2214.6 14.75 66731
Theory!* 2212.05 17.74 1.980561 67813.483
X2+ Theoryl1’] 0 1.1153 2214.15 15.15 1.9769
Expl? 0 1.1151 2215.1 15.27 67535
ExpP! 2214.3904(10) 15.1304(31) 1.976964(12)
Explt 2214.2219(79) 15.1509(31) 1.976949(26)
Refined 20733.0015 1.2437 1561.17 13.3236 1.5895 46186.90
AT Theoryl*l 20594 1.246 1570.0 12.86 46473
Theoryl1’] 19628.2 1.2438 1562.79 13.93 1.5894
Expl 20733.3 1.2437 1562.0 13.53 47128
Refined 45876.6989 1.1689 1712.84 22.3220 1.7989 37988.4876
Theory®l 45979 1.170 1742.7 25.99 37123
— Theory®) 45868.20 1742.94 19.61 1.805184 37854.825
Expl 45876.7 1.1687 1734.1 27.92 37692
Expl 45878.204(95) 1734.480(98) 28.033(90) 1.799491(21)
Expl! 45876.724(48) 1734.626(86) 28.272(38) 1.799526(20)

WE(E 0.31 a.u. YHZAIEE > 3 ARF, APy Ao (B M R
IR TE, X579 CH(*P) + O(°P)
() e 38 X PR 1 2 RS A AT, IE S R
PG 25 AT A Bl B X 3 A H A A R A
B2+ X 28 BRI S I AR T 7Y D R K.

03k — B2EF-X2m

’ —— B2n+-A21
o B — A[[-X2%+
2% o2t
< 4
ERG
23 01
75
5 g
@
-~ O
EE o}

_o01 , , , ,
1 2 3 4 5 6

R/A

3 — SR PH B T it P AR BRI 6 B % (B BE R 19 A £k
Fig. 3. Transition dipole moments for different states of CO*

cation as a function of internuclear distance R.
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U, dE (8) RARGIA T 15—15000 K %

TEREIN COTrT B FIIEL Sy sR %L Q(T) KR 1
Ak, W 4 Fs. VR OGIE T B SHL i
3 BRE FR IR BR L L TR T B R B S Rl e, I A
2 S I W A Bl B A AT T TR L TR R R
B Q(T) Wi B /) T B R IS fa 8, 7 T =
15—15000 K i Bl 3 Bk 4 A Eom g, H e
AR IR BRI ST T A S AR REOE K.
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Fig. 4. Partition functions of CO*.
T UEB COM o+ B OGS AL B HEf 4,
S geml a5 Rt xf e, B 5 4T COa T
B 7E 100 atm 38 T, iR A 298 K A1 2000 K
B, 254 HL T 25 22 1] 1 BR A X 3% (AR AN 325 B B 19 o
k. B2 XS R R R R A H kT, W
SEa BN R 1) e £ | B A 2 RN g . Ak,
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SPECIAL TOPIC—Atomic, molecular and materials properties data
Opacities of X2+, A?I1, and B?X+ states of CO* molecule ion’
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Abstract

Carbon monoxide cation (CO™) plays a dominant role in some astrophysical atmosphere environments, and
theoretical research on its opacity is crucial for modeling radiative transport. In this work, based on
experimentally observed vibrational energy levels of the XX+, A%, and B2X* electronic states of COT, the
potential energy curves are improved and constructed using a modified Morse (MMorse) potential function,
then the vibrational energy levels and spectroscopic constants are extracted. In the meantime, the internally
contracted multireference configuration interaction (MRCI) method with Davison size-extensivity correction
(+@) is used to calculate the potential energy curves and transition dipole moments. The refined MMorse
potential shows excellent agreement with the computed potential energy curves, while the spectroscopic
constants and vibrational levels indicate strong consistency with existing theoretical and experimental data. The
opacities of the CO™* molecule is computed at different temperatures under the pressure of 100 atm. The result
shows that as temperature rises, the opacities of transitions in the long-wavelength range increases because of
the larger population on excited electronic states at higher temperatures. All the data presented in this paper
are openly available at https://doi.org/10.57760/sciencedb.j00213.00136.
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