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Table 1.  Electron configuration, total angular momentum, parity, and number of configuration wave functions of the su-
perheavy element Og’ %+ in different correlation models and active Spaces. DHF represents the single-configuration Dirac-
Hartree-Fock calculation. nSD represents an electron association model formed by the single and double excitation of elec-
trons to the active space where the principal quantum number is n. {nalb} represents the active space orbital of n = a, I = 0,

1,2,---,b, where n is the principal quantum number and [ is the orbital quantum number.
B2 KA T )y [H] AP R ECEH
Og (J=0%)
DHF {n7i1} 1
7SD {n7i2} 14
8SD 7SD + {n8I3} 143
[Rn]5£46d'07s27p5 9SD 8SD + {n9i4} 468
10SD 9SD + {n10l4} 987
11SD 10SD + {n11i4} 1700
12SD 118D + {n12i4} 2607
Og' (J=3/2)
DHF {n7i1} 1
7SD {n7i2} 51
8SD 7SD + {n8i3} 758
[Rn]5£16d'07s27p° 9SD 8SD + {n9i4} 2738
10SD 9SD + {n10l4} 5982
11SD 10SD + {n11i4} 10490
12SD 118D + {n12i4} 16262
Og*" (J=27)
DHF {n7I1} 2
7SD {n7i2} 76
8SD 7SD + {n8I3} 1054
[Rn]546d'07s27p* 9SD 8SD + {n9l4} 3841
10SD 9SD + {n1014} 8404
118D 10SD + {nl1i4} 14743
128D 118D + {n12i4} 22858
Og* (J=3/2)
DHF {n7I1} 3
7SD {n7i2} 66
8SD 7SD + {n8I3} 802
[Rn]5£16d'07s27p? 9SD 85D + {n9l4} 2816
10SD 9SD + {nl0l4} 6094
11SD 10SD + {n11i4} 10636
128D 11SD + {nl12i4} 16442
Og'* (J=07)
DHF {n7I1} 2
7SD {n7i2} 22
8SD 7SD + {n8I3} 163
[Rn]5£16d107s27p? 9SD 8SD + {n9i4} 500
10SD 9SD + {n10l4} 1031
11SD 10SD + {n11i4} 1756
128D 118D + {n12i4} 2675
Og™ (J=1/2)
DHF {n7I1} 1
7SD {n7i2} 13
8SD 7SD + {n8i3} 96
[Rn]5f16d107s27p! 9SD 8SD + {n9i4} 293
10SD 9SD + {nl0l4} 606
11SD 10SD + {n11i4} 1035
128D 115D + {n12i4} 1580
Og(H» (J — 0+)
DHF {n7I1} 1
7SD {n7i2} 5
8SD 7SD + {n8I3} 17
[Rn]5£16d107s2 9SD 8SD + {n9i4} 38
10SD 9SD + {nl0l4} 68
11SD 10SD + {n11i4} 107
125D 118D + {n12i4} 155
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# 2 MEITR Og MH [ EWITER Ar, Kr, Xe,
Rn Y H B RE (IP1—1P6) AYTT5E(E . AME(E | iR
DL LA ERIAA . 27 eV, *FR LI HLAH. BT
ek &l SHEN S V=LA

Table 2.
eV) of the superheavy element Og and its homolog
elements Ar, Kr, Xe and Rn by MCDHF method.

Extrapolated, error, and other theoretical result are
*

Calculated ionization energy (IP1-IP6, in

also given. *: Represents experimental measure-

ments. All data is retained to two decimal digits.

JG% MCDHF ~ NISTUH

@ B AMEME %% Others

IP1

Ar  15.50 15.76"  0.26
Kr 13.74 14.00°  0.26 0.00
Xe 11.85 12.13°  0.28 0.02
Rn 1048 10.75"  (0.32) (0.04) 10.80 0.04 10.760'%
8.86/14
8.87120]
Og 853 (0.38) (0.06) 8.91 0.06 8.91122
8.84(23]
8.88012
P2
Ar  27.36 27.63" 027
Kr 24.06 2436  0.30 0.03
Xe 20.63 2098  0.35 0.05
Rn 18.65 21.404+1.90 (0.42) (0.07) 19.07 0.07 18.9912
Og 15.80 (0.51) (0.09) 16.31 0.09 16.19'
IP3
Ar  40.45 40.74°+0.01 0.29
Kr 3549 35.84'+0.02 0.35 0.06
Xe 30.60 31.05°+0.04 0.45 0.10
Rn 28.21 29.404+1.00 (0.59) (0.14) 28.80 0.14
Og 24.28 (0.77) (0.18) 25.05 0.18
P4
Ar 5896 59.58+0.18 0.62
Kr 5048 50.85°+0.11 0.37
Xe 42.11 42.20"+0.20 0.09
Rn  37.88 36.90+1.70 (0.44) 38.32 1.53
Og 32.70 (0.55) 33.25 0.99
IP5
Ar 7460 74.84+0.17 0.24
Kr 64.08 64.69°+0.20 0.61
Xe 54.38 54.10"+£0.50 —0.28
Rn  52.83 52.90+1.90 (0.44) 53.27 2.13
Og 55.37 (0.55) 55.92 2.24
IP6
Ar 91.13  91.29°  0.16
Kr 78.07 78.49'+0.20 0.42
Xe 66.16  66.70"  0.54
Rn  64.42 64.00+2.00 (0.44) 64.86 2.59
Og 67.04 (0.55) 67.59 2.70

3¢ 2 B T XM AR RO 2+
Il Ogd 2L BS BE (IP1—IP3). AMEIS 3] Ro 1Y
H— B BE (IP1) 5 H A LS A 2 1R AH X iR 254X
H0.47%, AT B R AL S F R B ARt 5
NIST 248 W) A AR AR L. SR, X Fp M ETT
IR AR T R) 32T 2 L B AR DU (L, PRI S
BN S BE X AN S A B B . TP1—IP3
PISME T, SCRNEA E B/, T DL B MR
TR XS A AR E B T AR Y Bk
R B, X T IP4—IP6, O A HL B RE M 523651
It AN 5 B AR S AL S B P IR e B v 1 —
ARG, T, IP1—IP3 i3 25 R0, R E
F CC SN CV ICIRASUN X AN 7] BS -1 L S BE Y
SRR REUHE (0.5 eV Z247). I, 8% Rn #1 Og
) IP4—IP6 B9 ofE 43 510 R Fil Og B IP1-—1IP3
B o fl A4, 723 2 R T 1IP4—1P6 fY
HMFE(EL, CAH R AN 5 B AT IROCRy S 50 AN  FE 11Y
I 4%.

3.2 M FHUERARE

W7 )2 M AT DL BEZ 0T R Y B RAE
2. ARV IR E M B i A S E T
HUEA EENFE . O T AR ARRHE RN X TTER ]
MRS VI FHTR WA 722 FHUE n 57
Mo, A3 AEARXT IS MR AT IS B R T T
& Og M H[R Fj%ILHE Ar, Kr, Xe il Rn B 7%
JEHFHUERERE, TS RAESR 3 P g,

M 3 ATLUE ), FEAEFEXHSIE LT, BiE
TR R, Mroe/ZTH1E ns Al np AYPLE R
#3 WEITE Og KHFEHEITE Ar, Kr,

Xe Fl Rn M4 572 )2 HUE TEA XTI AR A XS I8 T 1)

BB RAAE (B2 au.). R FRMIE . NR FR

AEMXTIBEER (n = 3,4, 5, 6, T /WX RJCE Ar,
Kr, Xe 1 Rn)
Table 3. Relativistic and non-relativistic orbital

binding energies (in a.u.) of the valence shell orbit-
als of superheavy element Og and its homolog ele-
ments Ar, Kr, Xe and Rn. R for relativistic, NR for
non-relativistic (n = 3, 4, 5, 6, 7 correspond to ele-
ments Ar, Kr, Xe, Rn and Og, respectively).

Ar Kr Xe Rn Og
R NR R NR R NR R NR R NR
nsyp 1.29 1.28 1.19 1.15 1.01 0.94 1.07 0.87 1.30 0.77
npy /o 0.60 0.59 0.54 0.52 0.49 0.46 0.54 0.43 0.74 0.39
nps,o 0.59 0.59 0.51 0.52 0.44 0.46 0.38 0.43 0.31 0.39
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Fig. 1. Valence shell orbital energies diagram for the ground
state of Ar, Kr, Xe, Rn and Og.
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Ionization energy and valence electron orbital binding energy
of superheavy element Og(Z = 118) and its homologs®
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Abstract

The ionization energy of the superheavy element Og (Z = 118) and its homolog elements Ar, Kr, Xe, Rn,
and their ions are systematically calculated by using the GRASP2K program based on the multi-configuration
Dirac-Hartree-Fock (MCDHF) method, taking into account relativistic effects, electron correlation effects
between valence shell electrons, quantum electrodynamics effects, and Breit interaction. To reduce the
uncertainty of the ionization energy derived from electron correlation effects which are not fully considered, the
ionization potential of the superheavy element Og’ 2+ and its homolog element Rn’?* are extrapolated by the
extrapolation method. The ionization energy of extrapolated Rn®** and Og’* coincide well with experimental
and other theoretical values. These results can be used to predict the unknown physical and chemical properties
of the atoms and compounds of the superheavy element Og. In addition, the calculation results of the electron
orbital binding energy of the atomic valence shell of the superheavy element Og and its homolog elements Ar,
Kr, Xe, and Rn under relativistic and non-relativistic conditions show that owing to the relativistic effect, there
occur strong orbital contraction phenomena in the 7s orbital and 7p;/, orbital and strong splitting phenomena
in the 7p;, orbital and 7ps/, orbital of Og, which may cause the physical and chemical properties of the

superheavy element Og to differ from those of other homologs.

Keywords: multi-configuration Dirac-Hartree-Fock method, superheavy element, ionization potential, orbital

binding energy
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