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Fig. S1 Total energy deviation from ideal energy of FON states of HOMO (left panels) and 1s orbital (right panels) in (a) Ne, (b) Ar, (c) Kr, (d) Xe, and (e) Rn atoms obtained with 1e2eIOTC with ρ+. 
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Fig. S2 Orbital energy changes of HOMO, εHOMO [eV] with respect to FON, Δn in Ar atom. Relativistic treatments are (a) nonrelativistic, (b) 1eIOTC, (c) 1eIOTC with ρ+, (d) 1e2eIOTC, and (e) 1e2eIOTC with ρ+
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Fig. S3 Orbital energy changes of 1s orbital, ε1s [eV] with respect to FON, Δn in Ar atom. Relativistic treatments are (a) nonrelativistic, (b) 1eIOTC, (c) 1eIOTC with ρ+, (d) 1e2eIOTC, and (e) 1e2eIOTC with ρ+
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Fig. S4 Orbital energy changes of HOMO, εHOMO [eV] with respect to FON, Δn in Kr atom. Relativistic treatments are (a) nonrelativistic, (b) 1eIOTC, (c) 1eIOTC with ρ+, (d) 1e2eIOTC, and (e) 1e2eIOTC with ρ+
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Fig. S5 Orbital energy changes of 1s orbital, ε1s [eV] with respect to FON, Δn in Kr atom. Relativistic treatments are (a) nonrelativistic, (b) 1eIOTC, (c) 1eIOTC with ρ+, (d) 1e2eIOTC, and (e) 1e2eIOTC with ρ+
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Fig. S6 Orbital energy changes of HOMO, εHOMO [eV] with respect to FON, Δn in Xe atom. Relativistic treatments are (a) nonrelativistic, (b) 1eIOTC, (c) 1eIOTC with ρ+, (d) 1e2eIOTC, and (e) 1e2eIOTC with ρ+
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Fig. S7 Orbital energy changes of 1s orbital, ε1s [eV] with respect to FON, Δn in Xe atom. Relativistic treatments are (a) nonrelativistic, (b) 1eIOTC, (c) 1eIOTC with ρ+, (d) 1e2eIOTC, and (e) 1e2eIOTC with ρ+

Table S1 Slopes of orbital energy change with respect to FON electron [eV] in HOMO of Ar atoms in Fig. S2
	
	Nonrelativistic
	1eIOTC
	1e2eIOTC
with ρ+
	1e2eIOTC
	1e2eIOTC with ρ+

	BLYP
	10.99
	10.99
	10.99
	10.99
	10.99

	BHHLYP
	4.23
	4.23
	4.23
	4.23
	4.23

	40%B88+60%HFx+LYP
	2.91
	2.91
	2.91
	2.91
	2.91

	30%B88+70%HFx+LYP
	1.58
	1.58
	1.58
	1.58
	1.58

	20%B88+80%HFx+LYP
	0.26
	0.26
	0.26
	0.26
	0.26

	10%B88+90%HFx+LYP
	−1.06
	−1.06
	−1.06
	−1.06
	−1.06

	HFLYP
	−2.38
	−2.38
	−2.38
	−2.38
	−2.38

	LC-BLYP
	1.10
	1.11
	1.11
	1.11
	1.11



Table S2 Slopes of orbital energy change with respect to FON electron [eV] in 1s orbital of Ar atoms in Fig. S3
	
	Nonrelativistic
	1eIOTC
	1e2eIOTC
with ρ+
	1e2eIOTC
	1e2eIOTC with ρ+

	BLYP
	151.75
	153.25
	153.56
	152.43
	152.74

	BHHLYP
	44.43
	44.84
	45.01
	44.47
	44.65

	40%B88+60%HFx+LYP
	22.98
	23.19
	23.32
	22.90
	23.03

	30%B88+70%HFx+LYP
	1.54
	1.54
	1.63
	1.34
	1.44

	20%B88+80%HFx+LYP
	−19.88
	−20.09
	−20.03
	−20.20
	−20.13

	10%B88+90%HFx+LYP
	−41.31
	−41.74
	−41.71
	−41.75
	−41.72

	HFLYP
	−62.74
	−63.38
	−63.38
	−63.30
	−63.30

	LC-BLYP
	137.10
	138.58
	138.89
	137.76
	138.07




Table S3 Slopes of orbital energy change with respect to FON electron [eV] in HOMO of Kratoms in Fig. S4
	
	Nonrelativistic
	1eIOTC
	1e2eIOTC
with ρ+
	1e2eIOTC
	1e2eIOTC with ρ+

	BLYP
	9.74
	9.77
	9.77
	9.77
	9.78

	BHHLYP
	3.92
	3.94
	3.94
	3.94
	3.94

	40%B88+60%HFx+LYP
	2.77
	2.78
	2.78
	2.78
	2.78

	30%B88+70%HFx+LYP
	1.62
	1.63
	1.63
	1.63
	1.63

	20%B88+80%HFx+LYP
	0.48
	0.48
	0.48
	0.48
	0.48

	10%B88+90%HFx+LYP
	−0.67
	−0.67
	−0.67
	−0.67
	−0.67

	HFLYP
	−1.80
	−1.81
	−1.81
	−1.81
	−1.81

	LC-BLYP
	9.74
	9.77
	9.77
	9.77
	9.78



Table S4 Slopes of orbital energy change with respect to FON electron [eV] in 1s orbital of Kr atoms in Fig. S5
	
	Nonrelativistic
	1eIOTC
	1e2eIOTC
with ρ+
	1e2eIOTC
	1e2eIOTC with ρ+

	BLYP
	340.78
	356.00
	358.80
	348.40
	351.21

	BHHLYP
	117.91
	123.77
	125.19
	120.15
	121.58

	40%B88+60%HFx+LYP
	73.36
	77.36
	78.49
	74.54
	75.68

	30%B88+70%HFx+LYP
	28.82
	30.95
	31.81
	28.95
	29.80

	20%B88+80%HFx+LYP
	−15.72
	−15.45
	−14.88
	−16.65
	−16.09

	10%B88+90%HFx+LYP
	−60.25
	−61.82
	−61.54
	−62.23
	−61.95

	HFLYP
	−104.60
	−108.03
	−108.04
	−107.63
	−107.64

	LC-BLYP
	340.78
	356.00
	358.80
	348.40
	351.21




Table S5 Slopes of orbital energy change with respect to FON electron [eV] in HOMO of Xe atoms in Fig. S6
	
	Nonrelativistic
	1eIOTC
	1e2eIOTC
with ρ+
	1e2eIOTC
	1e2eIOTC with ρ+

	BLYP
	8.32
	8.38
	8.38
	8.39
	8.39

	BHHLYP
	3.43
	3.47
	3.47
	3.47
	3.47

	40%B88+60%HFx+LYP
	2.46
	2.49
	2.49
	2.49
	2.49

	30%B88+70%HFx+LYP
	1.49
	1.51
	1.51
	1.51
	1.51

	20%B88+80%HFx+LYP
	0.52
	0.54
	0.54
	0.54
	0.54

	10%B88+90%HFx+LYP
	−0.44
	−0.44
	−0.44
	−0.44
	−0.44

	HFLYP
	−1.42
	−1.42
	−1.42
	−1.42
	−1.42

	LC-BLYP
	8.32
	8.38
	8.38
	8.39
	8.39



Table S6 Slopes of orbital energy change with respect to FON electron [eV] in 1s orbital of Xe atoms in Fig. S7
	
	Nonrelativistic
	1eIOTC
	1e2eIOTC
with ρ+
	1e2eIOTC
	1e2eIOTC with ρ+

	BLYP
	550.33
	609.40
	619.62
	581.17
	591.47

	BHHLYP
	211.04
	235.47
	240.60
	221.84
	226.99

	40%B88+60%HFx+LYP
	143.07
	160.68
	164.82
	150.00
	154.14

	30%B88+70%HFx+LYP
	75.14
	85.93
	89.06
	78.19
	81.30

	20%B88+80%HFx+LYP
	7.21
	11.24
	13.31
	6.42
	8.49

	10%B88+90%HFx+LYP
	−60.72
	−63.45
	−62.43
	−65.34
	−64.31

	HFLYP
	−128.42
	−137.81
	−137.87
	−136.75
	−136.81

	LC-BLYP
	550.33
	609.40
	619.62
	581.17
	591.47
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