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1 States included in the state-averaged CASSCF-DFT
calculations for Thiel’s benchmark set

Table 1: States included in the state-averaged CASSCF-DFT calculations. Point-group
symmetry was not exploited.
Molecule CAS  SA roots

ethene (Doy) (2,2) 2
E-butadiene (Cay,) (4,4) 3
all-E-hexatriene (Cap) (6,6) 3
all-E-octatetraene (Coy) (8, 8) 3
cyclopropene (Cay) (4,3) 3
cyclopentadiene (Cay) (4,4) 3
norbornadiene (Cay) (4,4) 5
benzene (Dyy,) (6,6) 11
naphthalene (Dgy,) (10,10) 15
furan (Cay) (6,5) 4
pyrrole (Cay) (6,5) 4
imidazole (Cs) (8,7) 6
pyridine (Cay) (8,7) 11
pyrazine (Dgp) (10, 8) 16
pyrimidine (Cay) (12, 9) 13
pyridazine (Cay) (12, 9) 13
s-triazine (Cay) (12, 9) 19
s-tetrazine (Day) (14,10) 21
formaldehyde (Cay) (6,4) 4
acetone (Cay) (6,5) 4
p-benzoquinone (Day,) (12,10) 18
formamide (Cy) (6,4) 4
acetamide (Cs) (6,4) 4
propanamide (Cy) (6,4) 4
cytosine (Cy) (14,11) 11
thymine (Cy) (16,12) 11
uracil (Cy) (14,10) 11
adenine (Cs) (18,13) 8




2 Vertical singlet excitation energies using CASSCF-DFT

methods.

2.1 CI-DFT method

Table 2: Vertical singlet excitation energies in eV using Cl-based CASSCF-DFT meth-
ods with complex-translated (ct) functionals. CC3 and icMRCC2 results taken

from Refs. 1, 2 and 3.

The latter is denoted by an asterisk.

Molecule State  Type LDA PBE PBEO srLDA srPBE srPBEO Ref.
ethene 1'By, m—7* 6.80 6.94 7.85 7.91 7.96 7.91 8.37
E-butadiene 1'B, m—7* 450 4.64 5.22 6.41 6.45 6.40 6.22"
21A, 7o 634 6.29 7.73 6.60 6.58 7.07 6.57"
all-E- 1'B, 7—7* 349 3.61 4.13 5.50 5.53 5.46 5.59"
hexatriene
2'A, 77 504 502 625 545 544 588 556
all-E- 21A, w7 417 416 393 466  4.65 504 479
octatetraene
1'B, m—7* 285 2.95 2.59 4.88 4.91 4.83 4.97"
cyclopropene 1'By o—7* 6.71 6.72 8.05 6.71 6.73 7.07 6.90
1'By, 7—=7* 561 5.83 6.95 6.78 6.84 6.93 7.10
cyclopentadiene 1 'By 7w — 7% 4.44 4.53 4.99 5.65 5.66 5.59 5.73
2'A; 77" 6.11 6.07 7.33 6.51 6.50 6.95 6.61
31A; w7t 700 719 836 863 867 876  8.69
norbornadiene 1 'Ay 71— 7* 447 4.58 5.74 5.63 5.64 5.69 5.64
1'By 7—7* 5.16 5.25 6.54 6.75 6.77 6.98 6.49
2By 71— 6.03 6.18 7.36 7.89 7.90 7.98 7.64
21, 77" 6.59 6.68 8.04 7.90 7.93 8.18 7.71
benzene 1By, 7—7* 5.15 5.12 6.26 5.01 5.01 5.39 5.07
1'By, m—7* 570 5.84 6.75 6.19 6.23 6.19 6.68
1'Ey, 7—7* 551 5.62 6.57 7.56 7.58 7.71 7.45
2By 7—m* 799 790 962 819 817 88l 8.43
naphthalene® 1'Byy, m—7* 4.10 4.10 4.10 4.23 4.23 4.56 4.27
TODO
1'By, m—7* 6.40 6.40 6.40 4.91 4.93 4.93 5.03
21A, w7 570 5.70 5.70 5.87 5.87 6.33 5.98
1By, m—7* 851 8.51 8.51 6.04 6.03 6.37 6.07
31A, 77 6.70 6.70 6.70 6.67 6.66 7.17 6.90
2By, w—a* 804 804 804 659 660 675  6.33
2B, m™—7m" 8.05 8.05 8.05 6.49 6.51 6.64 6.57




Molecule State  Type LDA PBE PBEO srLDA srPBE srPBEO Ref.
21By, 7T 6.34 6.34 6.34 6.47 6.50 6.56 6.79
31Byy, m— 1w T7.73 7.73 7.73 7.79 7.78 8.41 8.12
4B, 7 —7* 897 8.97 8.97 8.54 8.56 8.80 8.44
furan 21A;, 7o 6.15 6.14 7.52 6.48 6.48 6.93 6.62
1'By w—7* 5.44 5.53 6.20 6.43 6.46 6.48 6.60
31A;, 771 684 6.96 8.28 8.53 8.55 8.78 8.53
pyrrole 21A;, 77 5.99 5.99 7.34 6.26 6.26 6.64 6.40
1'By, 7—7" 5.60 5.70 6.53 6.54 6.56 6.67 6.71
31A;, 77— 7" 6.64 6.73 8.04 8.22 8.23 8.47 8.17
imidazole 21 7o 5.58 5.66 6.76 6.45 6.46 6.72 6.58
1'A”  n—o7a* 6.24 6.29 8.04 6.69 6.74 7.34 6.82
31 7o 6.52 6.59 7.93 6.87 6.89 7.17 7.10
41 71— 71 6.88 6.94 8.46 8.50 8.52 8.84 8.45
21A”  npnoat 734 7.46 9.37 7.79 7.84 8.48 7.93
pyridine 1By 7 — 7" 4.98 4.98 6.07 5.11 5.01 5.59 5.15
1By n—7n* 4.56 4.69 6.44 4.96 4.89 5.49 5.05
21A;, 77 5.63 5.75 6.82 6.35 6.52 6.39 6.85
1Ay n—o7a* 4.72 4.84 6.78 5.45 5.28 6.17 5.50
21By, 7w — 7 5.98 6.05 7.34 7.69 7.71 7.94 7.59
31A;, 7m—7* 5.89 6.01 7.09 7.80 7.86 7.99 7.70
41A, 7o 822 8.15 9.97 8.43 8.26 9.05 8.68
3B, wm—7 841 8.30 10.34  8.57 8.36 9.26 8.77
pyrazine 1By, 7w — 7" 4.63 4.64 5.54 4.99 4.99 5.70 4.99"
1'Bs, n—7* 357 3.70 5.11 4.10 4.16 4.59 4.24
1By, n—7* 4.96 5.07 7.82 5.63 5.69 6.24 5.76"
1A, n—o7at 413 4.25 6.18 5.03 5.09 5.70 5.08"
1By, 7—7* 570 5.84 7.05 6.54 6.57 6.58 7.07
21A, 7o 725 7.48 1041 7.73 7.84 8.77 8.37"
21By, m™— 71 6.69 6.75 8.44 8.17 8.19 8.52 8.05
21B,, 7®— 7" 6.25 6.34 7.49 8.08 8.10 8.30 8.06
1By, n—7* 550 5.62 7.05 6.61 6.68 7.42 6.78"
pyrimidine 1'B, #7—7* 517 5.17 6.37 5.33 5.33 5.76 5.36
1By n—o7n* 387 3.97 5.71 4.57 4.60 5.13 4.50
1Ay n—o7n* 4.11 4.22 6.13 5.00 5.03 5.63 4.93
21A, 77 5.76 5.88 7.07 6.55 6.59 6.65 7.06
31A; 77" 624 6.34 7.58 7.82 7.83 8.10 7.74
31By, 7w —a* 6.27 6.33 7.80 8.11 8.13 8.39 8.01
pyridazine 1By n—oa* 3.19 3.34 4.85 3.74 3.80 4.24 3.92
21A, m—a 5.07 5.06 6.18 5.15 5.15 5.57 5.22
1'As n—7n* 3.65 3.79 5.74 4.38 4.44 5.03 4.49




Molecule State  Type LDA PBE PBEO srLDA srPBE srPBEO Ref.
1'B, 7—7* 560 5.68 6.63 6.41 6.44 6.46 6.93
2'Ay  n— 7" 5.46 5.55 7.34 5.68 5.72 6.26 5.74
2By 71— 5.99 6.12 7.43 7.68 7.71 7.91 7.55
31A m—7m" 6.00 6.07 7.47 7.91 7.94 8.19 7.82
2By n—7a* 5.89 5.97 8.21 6.40 6.43 7.07 6.41
s-triazine 1'Ay 7 —7* 5.78 5.74 7.27 5.70 5.70 7.01 5.71
1'A;” n—a* 3.99 4.04 5.81 4.87 4.92 5.52 4.78
1'E”  n—a* 4.08 4.14 5.74 4.85 4.91 5.50 4.81
11Ay n— 7t 417 4.26 5.74 4.87 4.93 5.52 4.76
2'A) 17t 641 6.53 7.81 6.84 6.86 6.24 7.41
1'E" 71— 7* 6.18 6.27 7.60 8.15 8.16 8.48 8.04
2'E" 71— 7" 854 8.72 10.80  9.31 9.31 10.10  9.44
2E” n—7n* 6.75 6.88 9.02 7.47 7.62 8.43 7.80
s-tetrazine 1A, n—oa* 281 2.93 4.63 3.74 3.80 4.40 3.79
1'Byy, n—7* 388 402 554 464 475 531 497
1By, 7m—7* 6.28 6.43 7.78 7.92 7.94 8.19 7.45
1By, n—7* 4.73 4.77 6.39 5.37 5.39 5.97 5.34
1By, 7—7* 4.73 4.72 5.70 5.08 5.08 5.49 5.12
1'By, n—7* 1.76 1.86 2.95 2.40 2.46 2.84 2.53
21A, n—m 521 5.30 6.94 5.30 5.37 5.86 5.46
2By, n— 7t 578 5.81 8.05 6.85 6.87 7.65 6.87
2B, m™—7" 6.69 6.94 9.83 6.75 6.78 6.84 7.79
21By; n— 7 5.03 5.21 7.27 5.88 5.98 6.78 6.23
2By, w™— 7" 6.85 6.91 8.65 7.86 8.01 8.90 8.51
2'B3, n—7m" 6.22 6.33 8.59 6.59 6.66 7.35 6.67
3By, n—7m 611 6.16 8.36 6.59 6.65 7.43 7.08
formaldehyde 1'Ay n—7* 3.74 3.82 5.43 4.28 4.27 4.54 3.95
1'By o—7* 865 8.74 10.44  9.08 9.08 9.37 9.18
2'A; 71—t 8.07 8.25 9.39 9.10 9.11 9.67 10.45
acetone 1Ay n—a* 4.21 4.22 5.91 4.77 4.74 5.15 4.40
1'By o—7* 874 8.79 10.53  9.11 9.11 9.72 9.17
2MA] 7w —7w* 779 7.93 9.20 8.92 8.93 9.24 9.65
p- 1'By, n—7* 223 231 3.67 285 289 332 275
benzoquinone
1A, n—oa* 227 2.34 3.72 3.08 3.10 3.54 2.85
1By, m—7* 3.15 3.19 3.75 4.45 4.47 4.51 4.59
1By, 7—7* 349 3.55 4.24 5.57 5.58 5.70 5.62
21B3, m— 7 6.11 6.24 7.20 7.21 7.21 7.58 7.27
1'By, n—7* 4.78 4.88 7.20 5.85 5.87 6.55 5.82
formamide 1'A”  n—a* 5.30 5.33 6.99 5.63 5.67 6.30 5.65




Molecule State  Type LDA PBE PBEO srLDA srPBE srPBEO Ref.
21A" 71— 7" 6.48 6.50 7.75 7.65 7.65 8.13 7.24
3IAY 1w 9.90 9.99 11.39  10.51  10.53 11.00  10.93

acetamide 1'A”  n—7* 530 5.31 7.02 5.74 5.76 6.42 5.69
21A" 17" 6.43 6.45 7.80 7.68 7.69 8.19 7.67
3AT 1wt 9.27 9.37 10.80  10.08 10.11  10.59  10.50

propanamide 1 'A” n—7* 531 5.32 7.04 5.77 5.78 6.44 5.72
21A" 17" 6.38 6.40 7.78 7.68 7.68 8.19 7.62
3'AY 1wt 913 9.24 10.68  9.86 9.92 10.40  10.06

cytosine 1'A”  n—a* 4.51 4.56 6.92 5.12 5.17 5.76 5.16
21 1wt 412 4.18 5.45 4.75 4.75 5.18 4.72
21A”  n ot 4.82 4.91 6.92 5.60 5.64 6.39 5.52
3TAY 17t 4.33 4.39 5.96 5.59 5.60 6.06 5.61
41" 77" 5.33 5.39 6.69 6.67 6.70 7.13 6.61
3'A”  n— 7" 5.56 5.65 .07 5.96 6.00 6.73 5.97
41A”  n—7* 578 5.89 8.15 6.68 6.75 7.47 6.83

thymine 1TA”  n—a* 442 4.46 6.36 5.00 5.03 5.69 4.98
21A° 17" 4.06 4.12 5.30 5.36 5.38 5.70 5.34
2'A”  n— 7t 501 5.06 7.08 6.41 6.45 7.20 6.49
3TAY 71— 7 5.19 5.26 6.65 6.36 6.36 6.91 6.34
41 71— 510 5.15 6.83 6.66 6.70 7.16 6.71

uracil 1'A”  n—a* 4.36 4.41 6.31 4.98 5.00 5.65 4.90
21A" 1wt 418 4.24 5.46 5.48 5.49 5.83 5.44
2'A”  n— 7t 5.43 5.50 7.66 6.34 6.37 7.98 6.32
3TAY 1 — 7" 5.08 5.13 6.83 6.32 6.32 6.87 6.29
41 71— 7" 5.26 5.33 6.74 6.80 6.83 7.30 6.84
3TA”  n— 7t 4.98 5.04 7.07 7.09 7.11 7.85 6.87
41A”  n -7t 6.14 6.22 8.50 7.18 7.21 7.11 7.12

adenine 21A" 1wt 3.97 4.04 5.28 5.12 5.13 5.56 5.18
3TAY 71—t 434 4.44 6.31 5.34 5.36 5.61 5.39
1'A”  n—a* 4.52 4.59 6.13 5.30 5.35 5.99 5.34
21A”  n— ot 518 5.21 6.66 5.87 5.92 6.55 5.96
3'A”  n— 7t 545 5.50 7.24 6.22 6.29 6.97 6.34
41N w7t 4.98 5.10 7.25 6.73 6.74 7.15 6.53

dSubscript labels of B species are inline with TUPAC convention[4] but deviate from Ref. 1.



2.2 State-averaged CAS-DFT method

Table 3: Vertical singlet excitation energies in eV using state-averaged (SA) CASSCF-
DFT methods with complex-translated (ct) functionals. CC3 and icMRCC2

results taken from Refs. 1, 2 and 3. The latter is denoted by an asterisk.

Molecule State Type LDA PBE PBEO srLDA srPBE srPBEO Ref.
ethene 1By, 7m— 7" 6.66 6.68 7.51 7.87 7.91 7.89 8.37
E-butadiene 1B, w—7n" 4.29 4.33 4.97 6.35 6.38 6.38 6.58
21A, 77 683 6.81 8.63 6.64 6.63 7.09 6.77
all-E- 1B, wm—=7n* 6.77 6.77 8.90 5.44 5.46 5.45 5.58
hexatriene
21A, 77 556 5.56 7.28 5.50 5.49 5.91 5.72
all-E- 21A, 7o 470 4.70 3.93 4.69 4.69 5.06 4.97
octatetraene
1B, w—=7* 595 5.96 2.59 4.82 4.84 4.81 4.94
cyclopropene 11B; oc—7n" 6.84 6.88 8.05 6.89 6.90 7.24 6.90
1By w7 —7* 5.43 5.56 6.56 6.72 6.78 6.89 7.10
cyclopentadiene 1 'By 7 — 7% 4.09 4.10 4.64 5.61 5.63 5.59 5.73
21A, 77—t 7.4 6.56 8.38 6.53 6.53 6.97 6.61
31Ay 7o 7.4 717 8.45 8.58 8.62 8.74 8.69
norbornadiene 11'Ay 7 — 7% 4.36 4.42 5.28 5.64 5.64 5.70 5.64
1By 7 —7* 4.99 5.05 6.29 6.73 6.75 6.97 6.49
21B, 71— 7* 599 6.05 7.27 7.82 7.83 7.95 7.64
21A, 77 6.32 6.36 7.49 7.88 7.90 8.17 7.71
benzene 1'Byy m— 7" 5.26 5.27 6.97 5.05 5.06 5.43 5.07
1By, 7—a* 5.18 5.21 6.17 6.18 6.22 6.20 6.68
1'Ey, w— 7" 547 5.50 6.71 7.50 7.52 7.70 7.45
2By, m—m* 88l 88 1048 851 851  9.01  8.43
naphthalene® 1By, 7 —a* 4.10 4.10 4.27 4.28 4.27
1By, m—7" 6.40 6.40 4.93 4.95 5.03
21A, 7o 570 5.70 5.96 5.96 5.98
1By, m—7* 851 8.51 6.45 647 6.07
31A, 7 6.70 6.70 6.80 6.79 6.90
21By, 7—7* 8.04 8.04 6.55 6.56 6.33
21B;,, wm—7* 8.05 8.05 6.45 6.47 6.57
2By, m—om 634 634 6.08  6.08 6.79
31By, w—o7* 7.73 7.73 7.95 7.95 8.12
4By, 7 — 7" 8.97 8.97 8.51 8.52 8.44
furan 21A; 7T—71* 6.68 6.67 8.60 6.60 6.61 7.01 6.62




Molecule State  Type LDA PBE PBEO srLDA srPBE srPBEO Ref.

1'B, 7—a* 525 528 620 650 652 654  6.60
3'A; m—m* 781 783 973 856 858 879 853

pyrrole 2'A; 71— 7" 645 6.45 8.31 6.38 6.39 6.74 6.40
1'By, 7—7* 583 5.86 7.03 6.60 6.62 6.69 6.71
3'A;  w—m 757 7.58 9.46 8.26 8.28 8.49 8.17

imidazole 2'A" w7t 605 608 727 678  6.80 691  6.58
1'A” n—7* 691 695 836 705 707 759  6.82
31 m—amt 788 789 952 692 693 729 710
41 w7t 684 683 877 851 853 882 845
2'A” n—o* 783 78 952 837 839 897 793

pyridine 1'B, m—7* 538 5.38 7.12 5.27 5.28 5.65 5.15
1'By n—7* 509 5.14 6.40 5.20 5.24 5.69 5.05
21A] 71— 7" 6.74 6.75 8.24 6.36 6.39 6.40 6.85
1'Ay n—o7* 571 5.78 7.36 6.20 6.23 6.79 5.50
2By 71— 7" 856 5.89 7.18 7.74 7.75 7.99 7.59
31A, wm— 7w 743 7.43 9.32 707 7.79 7.99 7.70
41A, 77 5.87 5.89 7.18 8.84 8.84 9.31 8.68
3By, 71— 7" 8.56 8.53 10.87  8.65 8.64 9.29 8.77

pyrazine 1'Byy, w—7* 535 534 702 536 537 572  5.02
1'Bg, n—7* 401 411 573 407 413 460  4.24
1'Byy n—7* 552 561 752 566 573 630 574
1'A, n—7" 481 494 698 543 548  6.09  5.05
1'Byy, w—7* 537 540 628 658  6.62  6.61  7.07
21A, w7t 776 786 1016 7.96 801 870  8.69
2By, m—m* 604 606 738 836 836 867 805
2By, m—7* 597 598 720 809 810 833  8.06
1By, n—7* 652 664 910  7.31 7.38 814  6.75

pyrimidine 1'B, 7—7* 562 5.61 7.43 5.40 5.41 5.85 5.36
1'B; n—oa* 442 4.50 6.14 4.37 4.43 5.04 4.50
1'Ay n—7* 4.83 4.93 6.79 5.03 5.08 5.74 4.93
21A, w—a 791 7.89 9.61 6.49 6.53 6.59 7.06
3TA, w7 6.27 6.28 7.63 7.79 7.80 8.06 7.74
3By, w—a* 6.17 6.20 7.71 8.05 8.07 8.35 8.01

pyridazine 1'By n—a* 359 371 523 364 375 426  3.92
2'A; 77t 546 545 722 532 532 570  5.22
1'Ay n—7* 438 452 638 448 460 529  4.49
1'B, w—x* 577 580 1021 652 655 654 6.93
2'Ay n—a* 565 574 777 557 563 621 574
2B, m—7* 58 58 700 773 774 796  7.55
3'A; 7—7 616 618 705 802 804 829 7.2




Molecule State  Type LDA PBE PBEO srLDA srPBE srPBEO Ref.
2By n—a" 6.57 6.66 8.85 6.55 6.64 7.35 6.41
s-triazine 1'Ay 7—7* 5.95 5.94 7.44 5.56 5.53 6.05 5.71
1'A7 n—7* 461 4.72 6.89 4.53 4.55 5.25 4.78
1'E” n—oa* 451 4.62 6.75 4.49 4.52 5.21 4.81
1'Ay" n—7* 4.29 4.40 6.53 4.50 4.52 5.22 4.76
21A) m— 7" 637 6.36 7.86 6.68 6.67 6.80 7.41
1'E 7—=7* 6.67 6.71 8.46 8.04 8.03 8.34 8.04
2 w7t 9.22 9.19 11.65  9.64 9.63 1021 9.44
2E”  n—a* 757 7.72 10.44  7.26 7.36 8.23 7.80
s-tetrazine 1A, n—o7* 3.4 4.53 5.58 3.84 3.96 4.69 3.79
1By, n—7* 459 5.35 6.92 4.60 4.74 5.39 4.97
1By, 7m—7n* 5.54 9.54 6.58 7.76 8.13 8.87 7.45
1By n—7* 524 5.18 7.62 5.30 5.36 6.01 5.34
1By, 7—7* 5.46 4.83 7.21 5.27 5.35 5.92 5.12
1B, n—7* 207 3.09 3.73 2.31 2.39 2.89 2.53
21A, n—o7m* 582 6.44 8.18 5.41 5.38 6.01 5.46
2By, n—7* 6.53 7.47 9.37 6.52 6.60 7.49 6.87
2By, m—7* 7.33 9.14 10.74  6.89 6.92 6.93 7.79
21Byy n— 7w 577 6.75 8.66 5.86 6.03 6.98 6.23
2By, m— 7 7.59 8.56 10.69  8.78 8.80 9.14 8.51
21B3, n—w* 7.27 7.98 10.11  6.75 6.89 7.60 6.67
3By, n—o7* 644 7.04 9.51 8.04 8.15 9.09 7.08
formaldehyde 1'Ay n—7* 4.19 4.23 5.54 3.68 3.71 4.19 3.95
1'B;  o—7n* 9.11 9.13 10.48  8.71 8.70 9.24 9.18
21A, w— o 917 9.10 9.57 9.01 9.02 9.09 10.45
acetone 1'Ay n—o7n* 4.64 4.65 6.04 4.15 4.16 4.67 4.40
1'B; o—7n* 9.04 9.06 10.47  8.61 8.62 9.17 9.17
21A, w— 7" 858 8.56 9.20 8.56 8.59 8.81 9.65
p- 1By, n—7* 274 2.81 4.66 2.66 2.72 3.27 2.75
benzoquinone
1'A, n—o7* 275 2.82 4.67 2.88 2.92 3.50 2.85
1By, 7 — 7" 4.43 4.45 5.82 4.99 5.02 5.03 4.59
1By, 7m—7* 6.21 6.20 7.93 5.49 5.50 5.66 5.62
21B3, m— 7 5.69 5.72 7.18 7.30 7.28 7.66 7.27
1'Bs, n—7* 5.59 5.66 8.48 5.83 5.86 6.68 5.82
formamide 1'A”  n—7* 6.08 6.10 7.49 5.91 5.92 6.44 5.65
21" w717 7.19 8.69 7.62 7.63 8.09 8.27
3'A’ 7 — 7 1008 10.09 11.85 10.34 10.37 10.84  10.93
acetamide 1'A”  n—7* 6.10 6.11 7.56 5.97 5.97 6.52 5.69
21 o 711 7.15 8.70 7.65 7.65 8.14 7.67




Molecule State  Type LDA PBE PBEO srLDA srPBE srPBEO Ref.
3TAY 71—t 941 9.44 11.15  9.83 9.88 10.38  10.50
propanamide 1'A”  n—7* 6.10 6.11 7.57 5.96 5.96 6.51 5.72
21A" 17t T7.06 7.10 8.66 7.66 7.66 8.16 7.62
3IA w7 9.26 9.30 11.01  9.65 9.70 10.22  10.06
cytosine 1'A”  n—a* 5.36 5.41 7.32 5.44 5.43 5.96 5.16
21A" 1wt 4.35 4.38 5.78 4.74 4.74 5.11 4.72
21A”  n—7* 563 5.71 7.76 6.21 5.66 6.89 5.52
3'A" 17" 5.34 5.38 7.19 5.65 5.66 6.08 5.61
414" m—a* 555 5.59 742 6.68  6.71 7.11 6.61
3'A”  n—7* 6.13 6.15 7.77 6.56 6.20 7.06 5.97
417 o7t 716 7.22 9.08 7.68 6.71 8.25 6.83
thymine 1'A”  n—7* 534 5.33 6.56 5.48 5.47 6.00 4.98
21A" w7t 4.62 4.68 6.14 5.37 5.40 5.70 5.34
21A”  n—o7w* 6.70 6.71 8.27 6.91 6.90 7.50 6.49
3'AY 1w 591 5.94 7.83 6.49 6.51 6.98 6.34
41 Tt 6.23 6.29 8.00 6.54 6.63 7.03 6.71
uracil 1'A”  n—7* 5.19 5.19 6.51 5.31 5.30 5.94 4.90
21A" w7 465 4.71 6.20 5.46 5.48 5.81 5.44
21A”  n—o 7t 6.62 6.64 9.48 6.51 6.51 7.03 6.32
3'A" 71— 7" 5.86 5.91 7.81 6.81 6.80 7.83 6.29
41 T 6.29 6.35 8.16 6.95 7.00 7.44 6.84
3'A”  n— 7" 7.66 7.68 9.33 6.94 7.07 7.78 6.87
417 -7 7.36 7.39 8.17 7.03 7.03 7.36 7.12
adenine 21 71—t 527 5.29 5.79 5.32 5.34 5.58 5.18
3TA’ wm— w449 4.52 7.02 5.20 5.21 5.59 5.39
1'A”  n—a* 515 5.23 7.15 5.46 5.50 6.10 5.34
2'A”  n— 7" 595 6.00 8.73 6.08 6.12 6.67 5.96
3'A”  n— 7" 6.40 6.46 8.90 6.56 6.62 7.23 6.34
41 11 6.52 6.55 7.66 6.80 6.81 7.17 6.53

dSubscript labels of B species are inline with TUPAC convention[4] but deviate from Ref. 1.
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2.3 CAS-LDA type singlet excitation energies
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Figure 1: Histogram of CAS-LDA deviations from the CC3 and icMRCC2 reference for
139 singlet excitation energies from Thiel’s benchmark set.[1, 5, 2, 3].
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