Supporting Information for “Modified Regional Self-Interaction Correction Method

Based on Pseudo-Spectral Method” by A. Nakata, T. Tsuneda, and K. Hirao.

Table S1. 1s core-excitation energies (in eV) of C,H4, CO2, Na, NH3, H20, F,, and HF molecules and
Ne atom calculated by TDDFT with LC-PSRSIC for various a values. Cc-pVTZ plus Rydberg basis

functions were used. Errors with respect to the experimental data are shown in parentheses.

Molecule  Assignment LC-PSRSIC with various values of a Exptl.
X=C a value
0.89 0.90 0.91 0.92 0.93 0.94 0.95 0.96
CH, Cis > n° — 288.4 287.4 286.1 2845 — 279.3 275.1 284.7°%
#3.7) (+27)  (+14)  (-02) (-54)  (-9.6)
Cls — 350 — 2915 290.6 2895 287.9 — 279.6 276.1 287.1°
(+4.4) (+3.5) (+2.4) (+0.8) (-75) (-11.0)
CO, Cls > 296.1 295.2 294.2 292.9 291.2 289.1 286.1 282.1 291.0°

(+5.1) (+4.2) (+3.2) (+1.9) (+0.2) (-1.9) (-4.9) (-8.9)
Cls —» 3pn 2984 297.5 296.5 295.3 293.7 291.6 288.8 284.8 295.3 °
(+3.1) (+2.2) (+1.2) (-0.0) (-1.6) (-3.7) (-6.5) (-10.5)

ME' +2.0 +3.6 +2.6 +14 -0.2 -1.4 -6.1 -10.0
X =N a value
0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.95
N2 NIs - n° 407.1 406.0 404.9 403.4 401.8 399.7 397.0 393.5 401.0°

(+61)  (+50) (#39)  (+24) (+0.8) (-1.3) (-40) (-75)
Nis — 3pr 4115 4104 4092  407.7 4059 4037  40L0 3974 207.1°
(+4.4)  (+33) (#21)  (+06) (-1.2)  (-34) (-61) (-9.7)
NH;  Nis — 3s 4034 4024 4012 3998 3981 3959 3931 3895 4007 °
#27) (17  (#05)  (-09) (-26) (-48) (-76) (-11.2)
Nis - 3p. 4050 4039 4027 4012 3995  397.4 3946 3910 4023
(#27)  (+16)  (#04)  (-11)  (-28) (-49) (-77) (-11.3)

ME' +4.0 +2.9 +1.7 +0.3 -15 -3.6 -6.3 -9.9
X=0 a value
0.87 0.88 0.89 0.90 0.91 0.92 0.93 0.94
CO, Ols - n 541.1 539.8 538.4 536.6 534.6 532.1 529.1 525.5 5346 ©

(+65)  (+52)  (+38)  (+20) (-0.0) (-25) (-55)  (-9.1)
Ols —» 3pr 5428 5415 5400 5383 5363 5339 5310 5274 538.4 °
(+44)  (+#31) (#16) (-01)  (-21) (-45) (-74) (-11.0)
H,0  Ols — 3s 5371 5359 5345 5329 5309 5286 5258 5224 5340 "
(+31)  (+19) (#05) (-11)  (-31) (-54) (-82) (-116)
Ols —» 3py, 5406 5392 5377 5359 5338 5314 5284 5248 535.9 '
(+47)  (+#33) (#18)  (+0.0) (-21) (-45)  (-75) (-11.1)
ME +47 +34 +1.9 +0.2 -1.8 42 7.2 -10.7

X=F a value
0.85 0.86 0.87 0.88 0.89 0.90 0.91 0.92
Fa Fls - o 690.8 689.5 688.1 686.5 684.7 682.5 680.0 677.1 682.2 ¢
(+8.6) (+7.3) (+5.9) (+4.3) (+2.5) (+0.3) (-2.2) (-5.1)
Fls — 3p 698.0 696.6 695.1 693.4 691.6 689.4 687.0 684.1 693.6 ¢
(+4.4) (+3.0) (+1.5) (-0.2) (-2.0) (-4.2) (-6.6) (-9.5)
HF Fls > o 690.6 689.4 688.0 686.4 684.6 682.5 680.0 677.2 687.4 ¢
(+3.2) (+2.0) (+0.6) (-1.0) (-2.8) (-4.9) (-7.4) (-10.2)
Fls — 3p 694.2 692.8 691.3 689.5 687.6 685.4 682.9 679.9 690.8 ¢
(+3.4) (+2.0) (+0.5) (-1.3) (-3.2) (-5.4) (-7.9) (-10.9)
ME' +4.9 +3.6 +2.1 +0.5 -14 -35 -6.0 -8.9

X =Ne a value
0.80 0.81 0.82 0.83 0.84 0.85 0.86 0.87
Ne  Nels —» 3py 8723 871.0 869.6 868.2 866.6 865.0 863.2 861.3 867.1 "
(+5.2) (+3.9) (+2.5) (+1.1) (-0.5) (-2.1) (-3.9) (-5.8)
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