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1. KLI virtual orbitals of formaldehyde

Figure S1. Change in the KLI virtual orbitals of formaldehyde according to the size of
simulation box. (a) *(2b;) and (b) 6*(6a,). The radius of simulation box increases from 9 (a,
and by) to 15 (a; and b,) to 21 Bohr (a3 and b;). The scaling factor was fixed to 0.3 Bohr.
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Figure S2. The convergence of the three lowest excitation energies of formaldehyde obtained
from KLI-CIS with active space (12, 24) as a function of the scaling factor /. The reference
values were obtained using # = 0.231 Bohr. All values in the graph were calculated using a
spherical simulation box with the radius of 15.0 Bohr.



2. Excitation energies for three valence excited states of formaldehyde, benzene, formamide, and hydrogen molecules

Best PBE-CIS KLI-CIS
estimation | 3 6 9 12 15 30 45 60 75 9% |3 6 9 12 15 30 45 60 15 9
1'A, non* 3.88 461 462 462 461 462 463 462 463 464 464|438 438 438 438 438 437 437 437 437 4.36
1B, o—n* 9.10 974 974 9775 974 9.74 9.75 9.73 9.75 9.76 9.76 | 9.59 9.59 9.59 9.58 9.59 9.57 9.58 957 9.58 9.56
21A, non* 9.30 969 9.69 9.64 9.64 9.64 9.63 959 959 959 959 [11.89 959 949 949 941 937 936 935 935 935
11B;, mnon* 6.54 7.02 698 696 697 697 681 682 676 674 676 | 693 6.89 687 680 679 673 671 6.69 6.68 6.68
Benzene | 1'B,, n—on* 5.08 6.14 6.14 6.14 6.15 6.16 6.15 6.18 6.17 620 6.20 | 6.14 6.14 6.15 6.15 6.15 6.15 6.17 6.18 6.18 6.19
1B, =n—on* 7.13 957 7.5 7.15 7.13 7.13 7.2 7.4 7.5 7.8 7.19 (949 745 746 743 743 739 740 741 743 743
1'A" non* 5.63 681 681 680 680 680 6.80 6.79 6.79 6.80 6.79 | 642 642 641 641 642 640 640 640 640 6.39

Molecule | Excited state

Form-
aldehyde

zr‘l’lrl’(‘l’e 2IA" mom*| 739 [ 917 891 889 889 889 884 882 882 882 882|894 864 863 853 852 850 847 847 845 843
3IA ot - 11.15 939 936 935 935 932 928 928 928 928 [9.61 923 9.16 9.04 9.02 899 890 890 889 887
BIS, og—o,| 1232|1238 1237 1237 12.38 1238 1238 1233 12.33 1233 1233(12.65 12.36 1236 1236 1236 12.27 1227 1227 1227 12.23
I:Iny(jz‘;ﬁf: EF 'S," o,-0, 1279 |12.69 12.69 12.69 12.62 12.62 12.62 12.62 12.62 12.62 12.62|12.66 12.66 12.66 12.66 12.61 12.61 12.58 12.58 12.58 12.58

Cll, o,—m| 12.85 12.86 12.86 12.86 12.63 12.63 12.63 12.63 12.62 12.62 12.62|12.70 12.70 12.70 12.65 12.65 12.65 12.64 12.64 12.64 12.64

MAD 0.81 056 055 058 058 056 055 055 055 056(094 049 048 046 046 044 044 044 044 044

Table S1. Excitation energies (eV) of KS-CIS calculations for formaldehyde, benzene, formamide, and hydrogen molecules. The numbers in the
second row (with underlines) indicate the number of virtual orbitals comprising active spaces.



HF-CIS (grid)

HF-CIS (Gaussian)

. Best
Molecule Excited state estimation 3 6 9 12 is 30 45 60 7 9 T:\% 32_ 2;1\% i)C;_ ) \C;(S . \c/(l; §
1A, nom* 3.88 9.50 923 923 632 632 591 591 520 520 516 451 449 452 448
ag‘;ﬂ;‘&é 1B,  oon* 9.10 1177 1175 1104 1104 1103 11.03 1078 1077 1077 1077 | 9.64 969  9.65  9.66
21A;  mom* 9.30 1005 1005  10.04 1004 1004 969 968  9.68 958  9.58 9.43 949 962 995
1B,  nom* 6.54 1159 1153 1149 800 800 681 679 679 668  6.68 6.15 616 620 635
Benzene 1By, mom* 5.08 11.81 1178 1176 783 783 629 629 629 616  6.15 5.99 600 604 618
11E,  non* 7.13 1169 759 757 756 756 735 735 734 734 734 7.51 778 808 836
11A"  non* 5.63 852 851 851 849 849 801 798 797 78 784 6.45 6.44 649 648
Formamide | 2'A'  mnom* 7.39 940 933 933 931 931 892 890 88 876 875 8.43 846 874  9.09
3IAY pont - 9.62 959 958 958 958 928 926 923 918 9.2 8.87 889  10.04 11.07
B!, o,c, | 1232 [1331 1331 1331 1331 1331 1252 1252 1225 1225 1225 | 1228 1225 1289  13.56
Eﬁ?ﬁfg EF 'S, 0,50, 1279 | 13.06 13.06 13.06 13.06 13.06 12.66  12.66 12.66 1258 1258 | 12.65 1272 1576  21.43
cl, oom | 1285 - 1351 1351 1351 1351 1291 1291 1291 1269 1269 | 13.62 1539 20.56  39.89
MAD - 251 244 150 149 094 091 083 079 079 0.53 0.72 156 3.98

Table S2. Excitation energies (eV) of HF-CIS calculations using numerical grid and Gaussian basis sets for formaldehyde, benzene, formamide,
and hydrogen molecules. The numbers in the second row (with underlines) indicate the number of virtual orbitals comprising active spaces.



3. CIS coefficients for three valence excited states of formaldehyde, benzene, formamide, and hydrogen molecules
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Figure S3. CIS coefficients for the 1'A,, 1'B;, and 2!A; states of formaldehyde.
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Figure S4. CIS coefficients for the 1'By,, 1'B,,, and 1'Ey, states of benzene.
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Figure S5. CIS coefficients for the 1'A", 2!'A', and 3'A’' states of formamide.
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Figure S6. CIS coefficients for the B'X,*, EF'%,", and C'II, states of hydrogen molecule.
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