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S1 Basis set and frozen-core effects

S1.1 Cyanoacetylene, cyanogen, and diacetylene

Table S1: CC3 vertical transition energies of cyanoacetylene, cyanogen, and diacetylene using
various atomic basis sets. FC stands for frozen core. All values are in eV.

6-31+G(d) aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ  d-aug-cc-pVQZ  aug-cc-pVHZ
FC FC FC FC Full FC Full FC
Cyanoacetylene
Iy- 6.02 5.92 5.80 5.79 579 5.79 5.79 5.79
A 6.29 6.17 6.08 6.06 6.07 6.06 6.07 6.06
3yt 4.44 4.43 4.45 4.46  4.46  4.46 4.46 4.47
3A 5.35 5.28 5.22 5.22 5.21 5.22 5.21 5.22
LA [F] 3.70 3.60 3.54 3.54 3.54
Cyanogen
Iy 6.62 6.52 6.39 6.38 6.38  6.38 6.38 6.38
A, 6.88 6.77 6.66 6.64 6.65 6.64 6.65 6.64
3y 4.92 4.89 4.90 491 491 491 4.91 4.92
17 [F] 5.27 5.19 5.06 5.05 5.06 5.05 5.05 5.04
Diacetylene

Iy, 5.57 5.44 5.34 533 534 5.33 5.34 5.33
AL 5.83 5.69 5.61 5.60  5.60  5.60 5.60 5.60
32;{ 4.07 4.06 4.08 4.10 4.09 4.10 4.09 4.11
3A, 4.93 4.86 4.80 4.80 4.80 4.80 4.80 4.80
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S1.2 Cyclopropenone, cyclopropenethione, and methylenecyclo-

propene

Table S2: CC3 vertical transition energies of cyclopropenone, cyclopropenethione, and methylenecy-
clopropene using various atomic basis sets. FC stands for frozen core. All values are in eV.

6-31+G(d) aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ  d-aug-cc-pVQZ  aug-cc-pV5HZ
FC FC FC FC  Full FC FC
Cyclopropenone
IB)(n — ) 4.32 4.22 4.21 423  4.22 4.23 4.23
LAy(n — ) 5.68 5.59 5.57 5.58  5.57 5.58 5.58
1By (n — 3s) 6.39 6.21 6.32 6.37  6.38 6.36 6.38
1By (1 — 7*) 6.70 6.56 6.54 6.56  6.56 6.56 6.56
1By (n — 3p) 6.92 6.88 6.96 6.99  7.00 6.96 6.99
LAy (n — 3p) 7.00 6.88 7.00 7.05  7.06 7.03 7.06
LAy (m — 7%) 8.51 8.32 8.28 8.28  8.28 8.22 8.26
3Bi(n — 1) 4.02 3.90 3.91 3.93  3.92 3.93 3.94
3By(m — ) 4.92 4.90 4.89 491 4.90 4.91 4.92
3Ag(n — ) 5.48 5.38 5.37 539  5.37 5.39 5.39
3A1(m — ) 6.89 6.79 6.83 6.84  6.83 6.84 6.85
Cyclopropenethione
LAy(n — 7%) 3.46 3.47 3.43 3.44  3.42 3.44 3.43
1By (n — ) 3.45 3.42 3.43 3.45  3.43 3.45 3.46
LBy(mr — 7*) 4.67 4.66 4.64 4.66  4.64 4.66 4.66
1By (n — 3s) 5.26 5.23 5.34 539  5.39 5.38 5.40
LAy (m — 7%) 5.53 5.52 5.49 549  5.48 5.49 5.49
1By (n — 3p) 5.83 5.86 5.93 595  5.95 5.91 5.95
3As(n — ) 3.33 3.34 3.31 3.31  3.29 3.31 3.31
3B1(n — ) 3.34 3.30 3.31 3.34  3.32 3.34 3.35
3By(m — ) 4.01 4.03 4.02 4.04  4.03 4.04 4.05
A (m — ) 4.06 4.09 4.03 4.04  4.02 4.04 4.03
Methylenecyclopropene

IBy(m — 7*) 4.38 4.32 4.31 431  4.31 4.31 4.32
LBy (7 — 3s) 5.65 5.35 5.44 5.47  5.48 5.46 5.47
LAy (7 — 3p) 5.97 5.86 5.95 598  5.99 5.96 5.97
LAy (m — 7%) 6.17 6.15 6.13 6.09  6.10 5.98 6.04
3By(m — 7¥) 3.50 3.49 3.50 3.50  3.50 3.50 3.51
3A1(m — ) 4.74 4.74 4.74 475  4.74 4.74 4.75
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S1.3 Acrolein, butadiene, and glyoxal
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S1.4 Acetone, cyanoformaldehyde, isobutene, propynal, thioace-

tone, and thiopropynal

Table S4: CC3 vertical transition energies of acetone, cyanoformaldehyde, isobutene, propynal,
thioacetone, and thiopropynal using various atomic basis sets. FC stands for frozen core. All values
are in eV.

6-31+G(d) aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ  d-aug-cc-pVQZ
FC FC FC FC  Ful FC

Acetone

LAy(n — o) 4.55 4.50 4.48 4.49  4.48

'By(n — 3s) 6.65 6.31 6.43 6.48  6.49

LAy (n — 3p) 7.83 7.37 7.45 7.48  7.49

LAi(n — 3p) 7.81 7.39 7.48 752  7.53

LBy(n — 3p) 7.87 7.56 7.59 7.60  7.61

3As(n — ) 4.21 4.16 4.15 4.17  4.16

3A1(m — ) 6.32 6.31 6.28 6.30  6.28

Cyanoformaldehyde

LA (n — 7*) 3.91 3.86 3.83 3.84  3.83 3.84

LA (7 — 7%) 6.64 6.51 6.42 6.41  6.41 6.41

A" (n — 1) 3.53 3.47 3.46 347  3.46 3.47

A (m — ) 5.07 5.03 5.01 5.02  5.01 5.02
Isobutene

1B (1 — 3s) 6.77 6.39 6.45 6.47  6.49

LA (7 — 3p) 7.16 7.00 7.00 6.99  7.00

3A1(m — ) 4.52 4.54 4.53 4.54  4.54
Propynal

TA"(n — 7¥) 3.90 3.85 3.82 3.83  3.82 3.83

A" (m — 7*) 5.69 5.59 5.51 550  5.50 5.50

3A"(n — ) 3.56 3.50 3.49 3.50  3.49 3.50

A (m — ) 4.46 4.40 4.43 4.44 443 4.44

Thioacetone

TAy(n — ) 2.58 2.59 2.55 2.56

!By(n — 4s) 5.65 5.44 5.55 5.60

LAy (m — 7%) 6.09 5.97 5.90 5.88  5.87

LBy(n — 4p) 6.59 6.45 6.51 6.52

LA1(n — 4p) 6.95 6.54 6.61 6.64  6.64

3As(n — ) 2.36 2.36 2.34 2.35

3A1(m — ) 3.45 3.51 3.46 3.47  3.46

Thiopropynal
LA (n — 7*) 2.09 2.09 2.05 2.06 2.04
34" (n — 1) 1.84 1.83 1.81 1.82 181
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S1.5 Cyclopentadiene, furan, imidazole, pyrrole, and thiophene

Table S5: CC3 vertical transition energies of furan and pyrrole using various atomic basis sets. FC
stands for frozen core. All values are in eV.

6-31+G(d) aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ
FC FC FC FC  Full
Furan
LAy (7 — 3s) 6.26 6.00 6.08 6.10  6.12
IBy(mr — 7*) 6.50 6.37 6.34 6.34  6.34
LAy (m — 7%) 6.71 6.62 6.58 6.58  6.58
1B (7 — 3p) 6.76 6.55 6.63 6.65  6.67
LAy (7 — 3p) 6.97 6.73 6.80 6.82  6.83
LBy (7 — 3p) 7.53 7.39 7.23 713 7.14
3By(m — ) 4.28 4.25 4.22 422 4.22
3A1(m — ) 5.56 5.51 5.48 5.49  5.48
3Ay(m — 3s) 6.18 5.94 6.02 6.05  6.07
3Bi1(m — 3p) 6.69 6.51 6.59 6.61  6.63
Pyrrole

LAy (7 — 3s) 5.25 5.15 5.24 527 528
1By (7 — 3p) 5.99 5.89 5.98 6.01  6.02
LAy (7 — 3p) 6.27 5.94 6.01 6.03  6.05
LBy(m — ) 6.33 6.28 6.25 6.22  6.23
LA (r — 7%) 6.43 6.35 6.32 6.31  6.31
1By(m — 3p) 7.20 7.00 6.83 6.74  6.75
3Ba(m — ) 4.59 4.56 4.53 4.53  4.52
3Ag(m — 3s) 5.22 5.12 5.21 524  5.26
3A1(m — ) 5.54 5.49 5.46 5.47  5.46
3B1(m — 3p) 5.91 5.82 5.92 595  5.97
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Table S6: CC3 vertical transition energies of cyclopentadiene, imidazole, and thiophene using
various atomic basis sets. FC stands for frozen core. All values are in eV.

6-31+G(d) aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ
FC FC FC FC
Cyclopentadiene
IBy(mr — 7%) 5.79 5.59 5.54 5.53
LAg(m — 3s) 6.08 5.70 5.77 5.79
1By (7 — 3p) 6.57 6.34 6.40 6.42
LAs(m — 3p) 6.67 6.39 6.45 6.46
LBy(m — 3p) 7.06 6.55 6.56 6.55
LA (m — ) 6.67 6.59 6.57 6.57
3By(m — ) 3.33 3.32 3.32 3.32
BA1(m — ) 5.16 5.14 5.12 5.13
3Ag(m — 3s) 6.01 5.65 5.73 5.75
3B1(m — 3p) 6.51 6.30 6.36 6.38
Imidazole
LA (7 — 3s) 5.77 5.60 5.71 5.73
LA (7 — ) 6.51 6.43 6.41 6.41
A" (n — 7*) 6.66 6.42 6.50 6.53
LA (m — 3p) 7.04 6.93 6.87 6.86
A (1 — 1) 4.83 4.78 4.75 4.76
SA"(m — 3s) 5.72 5.57 5.67 5.70
A (1 — 1) 5.88 5.78 5.74 5.75
A" (n — 1) 6.48 6.37 6.33 6.33
Thiophene

LA (m — 7%) 5.79 5.70 5.65 5.64
1By(mr — %) 6.23 6.05 5.96 5.94
LAg(m — 3s) 6.26 6.07 6.14 6.16
1B (7 — 3p) 6.18 6.19 6.14 6.11
LAy (7 — 3p) 6.32 6.33 6.25 6.22
1B (7 — 3s) 6.62 6.42 6.50 6.53
L By(m — 3p) 7.45 7.45 7.29 7.18
LA (r — %) 7.50 7.41 7.35 7.33
3Ba(m — ) 3.95 3.96 3.94 3.93
3A1(m — ) 4.90 4.82 4.77 4.77
3B1(m — 3p) 6.00 6.01 5.95 5.92
3Ag(m — 3s) 6.20 6.01 6.09 5.99
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S1.6 Benzene, pyrazine, and tetrazine

Table S7: CC3 vertical transition energies of benzene using various atomic basis sets. FC stands
for frozen core. All values are in eV.

6-31+G(d) aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ
FC FC FC FC
Benzene

LBy (m — ) 5.13 5.11 5.09 5.09
LBlu(m — 7%) 6.68 6.50 6.44 6.43
LE 1 (7 — 3s) 6.75 6.46 6.52 6.54
Y Agy(m — 3p) 7.24 7.02 7.08 7.10
LEsu (7 — 3p) 7.34 7.09 7.15 7.16
3Biu(m — ) 4.18 4.19 4.18 4.19
3B (m — ) 4.95 4.89 4.86 4.87
3 Bou(m — ) 6.06 5.86 5.81 5.81
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Table S8: CC3 vertical transition energies of pyrazine and tetrazine using various atomic basis sets.
FC stands for frozen core. All values are in eV.

6-31+G(d) aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ
FC FC FC FC  Full
Pyrazine
IBsu(n — ) 4.28 4.19 4.14 4.14 413
LAu(n — ) 5.08 4.98 4.97 4.98 497
LBoy(m — ) 5.10 5.07 5.03 5.02  5.02
'Bog(n — 7*) 5.86 5.78 5.71 5.71
LA (n — 3s) 6.74 6.54 6.66 6.70  6.71
1Big(n — 7*) 6.87 6.75 6.73 6.73
LBlu(m — ) 7.10 6.92 6.86 6.85  6.85
IByg(m — 3s) 7.36 7.13 7.20 7.23
1By (n — 3p) 7.39 7.14 7.25 729  7.30
'Biu(n — 3p) 7.56 7.38 7.45 7.48  7.49
LBiy(m — 7¥) 8.19 7.99 7.94 793  7.93
3Bsu(n — ) 3.68 3.60 3.59 3.59  3.59
3Biu(m — ) 4.39 4.40 4.39 440  4.39
3 Bou (1 — ) 4.56 4.46 4.40 4.40  4.40
3Au(n — 7 5.05 4.93 4.93 4.94
3Bag(n — ) 5.18 5.11 5.08 5.09  5.07
3Biu(m — ) 5.38 5.32 5.29 529  5.28
Tetrazine

IBsu(n — ) 2.53 2.49 2.46 245 245
LA, (n — ) 3.75 3.69 3.67 3.68  3.67
YAg(nyn — %, %) 6.22 6.22 6.21 6.19  6.17
1Byy(n — 7*) 5.01 4.97 4.91 4.90  4.88
!By (1 — 7%) 5.29 5.27 5.23 522  5.21
1Byy(n — 7*) 5.56 5.53 5.46 5.46  5.45
LAu(n — ) 5.61 5.59 5.52 552 5.50
1Bsy(n,n — m*,7%) 7.64 7.62 7.62 7.60  7.58
1Bog(n — 7*) 6.24 6.17 6.13 6.13  6.10
'Biy(n — 7*) 7.04 6.98 6.92 6.92 6.91
3Bsu(n — ) 1.87 1.86 1.85 1.86  1.85
3Au(n — 7 3.48 3.43 3.44 3.45  3.43
3Big(n — ) 4.25 4.23 4.20 4.21 418
3Bru(m — ) 4.54 4.54 4.54 454  4.53
3 Bou (T — ) 4.65 4.58 4.52 4.52 451
3Bag(n — 7*) 5.11 5.09 5.05 5.05  5.04
3Au(n — ) 5.17 5.15 5.11 511  5.10
3Bsg(n,n — 7*, %) 7.35 7.33 7.35 734 7.32
3Bru(m — ) 5.51 5.46 5.42 5.43  5.42
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S1.6.1 Pyridazine, pyridine, pyrimidine and triazine

Table S9: CC3 vertical transition energies of pyridazine and pyridine using various atomic basis
sets. FC stands for frozen core. All values are in eV.

6-31+G(d) aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ
FC FC FC FC
Pyridazine
IBi(n — =) 3.95 3.86 3.83 3.83
LAs(n — %) 4.49 4.39 4.37 4.38
LAy (r — 7%) 5.36 5.33 5.29 5.29
LAy(n — %) 5.88 5.80 5.74 5.74
1By(n — 3s) 6.26 6.06 6.17 6.21
I'Bi(n — =) 6.51 6.41 6.37 6.37
LBy(m — ) 6.96 6.79 6.74 6.73
3Bi(n — ) 3.27 3.20 3.19 3.20
34s(n — ) 4.19 4.11 4.11 4.12
3Ba(m — ) 4.39 4.39 4.38 4.39
3A1(m — ) 4.93 4.87 4.83 4.82
Pyridine

IBi(n — =) 5.12 5.01 4.96 4.96
LBy(mr — 7*) 5.23 5.21 5.17 5.17
LAy(n — %) 5.55 5.41 5.40 5.41
LA (r — 7%) 6.84 6.64 6.63 6.62
LA (n — 3s) 6.92 6.71 6.76 6.80
LAy(mr — 3s) 6.98 6.74 6.81 6.83
LBy(m — ) 7.50 7.40 7.38 7.40
LB (7 — 3p) 7.54 7.32 7.38 7.40
LAy (m — 7%) 7.56 7.34 7.39 7.40
3A1(m — ) 4.33 4.34 4.33 4.34
3B1(n — ) 4.57 4.47 4.46 4.47
3By(m — ) 4.92 4.83 4.79 4.79
3A1(m — ) 5.14 5.08 5.05 5.05
3As(n — ) 5.51 5.37 5.35 5.37
3Ba(m — ) 6.46 6.30 6.25 6.25
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Table S10: CC3 vertical transition energies of pyrimidine and triazine using various atomic basis
sets. FC stands for frozen core. All values are in eV.

6-314+G(d) aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ
FC FC FC FC
Pyrimidine
IBi(n — %) 4.58 4.48 4.44 4.45
LAg(n — 7%) 4.99 4.89 4.86 4.87
IBy(mr — 7*) 5.47 5.44 5.41 5.40
LAs(n — ) 6.07 5.98 5.93 5.93
1Bi(n — %) 6.39 6.29 6.26 6.27
1By(n — 3s) 6.81 6.61 6.72 6.76
YAy (m — 7%) 7.08 6.93 6.87 6.86
3B1(n — ) 4.20 4.12 4.10 4.11
SA1(m — ) 4.55 4.56 4.55 4.56
3As(n — ) 4.77 4.67 4.66 4.67
3By(m — ) 5.08 5.00 4.96 4.96
Triazine

LAY (n — 7o) 4.85 4.76 4.73 4.74
LAY (n — =) 4.84 4.78 4.74 4.74
LE"(n — 7¥) 4.89 4.82 4.78 4.79
LAY (r — ) 5.84 5.81 5.78 5.78
LAY (m — 7%) 7.45 7.31 7.24 7.23
LB (n — 3s 7.44 7.24 7.35 7.39
LE"(n — 7*) 7.89 7.82 7.79 7.78
LB (7 — 1) 8.12 7.97 7.92 7.92
AL (n — ) 4.40 4.35 4.33 4.34
SE"(n — ) 4.59 4.52 4.51 4.51
SAl(n — ) 4.87 4.78 4.75 4.76
SAY(m — ) 4.88 4.88 4.88 4.89
SE!(m — ) 5.70 5.64 5.61 5.61
SAL(m — ) 6.85 6.69 6.63 6.62
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S2 Multiconfigurational results

S2.1 Basis set effects

Table S11: Vertical transition energies of cyanoacetylene, cyanogen, and diacetylene using various
atomic basis sets and multi-reference methods. All values are in eV and have been obtained within
the FC approximation. The CASPT2 calculations are performed with a level shift of 0.3 and a
IPEA of 0.25. Pop, AVDZ, AVTZ, and AVQZ respectively stand for 6-31+G(d), aug-cc-pVDZ,
aug-cc-pVTZ, and aug-cc-pVQZ.

CASPT2(8,8) PC-NEVPT2(8,8) SC-NEVPT2(8,8)
Pop AVDZ AVTZ AVQZ Pop AVDZ AVTZ AVQZ Pop AVDZ AVTZ AVQZ
Cyanoacetylene
Iy- 6.00 5.86 5.93 5.78 5.98 5.83
A 6.26 6.13 6.22 6.10 6.27 6.14
3yt 4.47 4.45 4.46 4.45 4.51 4.49
3A 5.30 5.21 5.28 5.19 5.31 5.23
Cyanogen

Iy 6.63  6.56 6.40 6.37 6.56  6.49 6.32 6.29 6.61 6.54 6.37 6.34

A, 6.93 6.84 6.70 6.66 691 6.81 6.66 6.63 695 6.86 6.71 6.68
3y 491  4.89 4.86 4.86 492 491 4.88 4.89 496 495 4.92 4.93

1y [F) 5.23 5.07 514  4.97 5.17 5.01
Diacetylene

¥, 5.56 5.43 5.47 5.33 5.53 5.39

A, 5.80 5.68 5.73 5.61 5.78 5.67

3% F 4.12 4.11 4.09 4.08 4.14 4.13

SN, 4.89 4.81 4.86 4.78 4.90 4.82
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S2.2 Active Spaces

In the following tables, NEVPT2 vertical transition energies are provided using different
sizes of active space. The composition of the active space is specified in terms of number of
active orbitals per irreducible representation only for the NEVPT2 result chosen in the article
(Tables 1-4). Similarly, the state-averaging procedure and the CASSCF vertical transition
energies given correspond to the underlying reference calculation for the final NEVPT2 values
of the article. Note that, in all these calculations, the ground state is always included in
the state averaging procedure. In addition, we chose carefully the states to be averaged
in the case of non-abelian point groups in order to describe correctly the degeneracy of
doubly-degenerate states (e.g., A states of cyanoacetylene, cyanogen and diacetylene, and E

states of benzene and triazine).

Table S12: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of acetone.

State Active space State average CASSCF NEVPT2
(al,bl,bg,a2> (Al,Bl,BQ,AQ)

TANVin =) (2,3,1,0) (1,0,0,2) 47T 4.57%.4.48
'By(R;mn — 3s)  (4,2,1,0) (1,0,2,0) 5.50¢ 6.81¢
TA(Rsn — 3p)  (2,3,1,0) (1,0,0,2) 7.46° 7.65
TAL(R;n — 3p)  (2,2,2,0) (2,0,0,0) 7.03¢ 7.75¢
IBy(Rin — 3p)  (4,2,1,0) (1,0,2,0) 6.44¢ 7.91¢
8A,(Vin — ) (2,2,1,0) (1,0,0,1) 4.47° 4.20°

AL (Vi — 7)) (2,2,0,0) (2,0,0,0) 6.22°¢ 6.28¢

@Using reference (6e,50) active space including valence 7, no, oco and og orbitals. *Using reference (6e,60)
active space including valence m, no, oco, o0& and 3p, orbitals. “Using reference (6e,70) active space
including valence 7, no, 0co, 0&g, 3s and 3p, orbitals. 4Using reference (6e,60) active space including
valence 7, no, oco, 0o and 3py orbitals. “Using reference (4e,40) active space including valence 7, oco

and o orbitals.
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Table S13: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of acrolein.

State Active space State average CASSCF NEVPT2

(CL,, a//) (A,, A//)
TA"(Vin — ) (8,4) (1,3) 4.022 3.76%,3.73°
TA(V;m — 7)) (8,4) (4,0) 8.24¢ 6.67¢
YA"(Vin — %) (8,4) (1,3) 7.63% 7.16%¢,7.575¢
TAR;n —3s)  (8,4) (4,0) 6.98¢ 7.05%
3A"(Vin — ) (8,4) (1,3) 3.86% 3.46%,3.44°
SA(Vym— 1) (84) (4,0) 4.31¢ 3.95¢
SA(Vym — 1) (84) (4,0) 6.76¢ 6.23¢
SA"(Vim — ) (8,4) (1,3) 7.47% 6.83%4,7.06"¢

“Using reference (12e,120) active space including valence w, occ, 0co, 0¢c, 0&o, no and 3s orbitals. bUsing

reference (12e,130) active space including valence 7, occ, 0co, 0éc, 0&0s 10, 3s and 3p, orbitals.

“Substantial Rydberg and doubly-excited character. ?Substantial doubly-excited character.

Table S14: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of benzene.

State Active space State average CASSCF NEVPT2
(ag> b3u, bou, blg; (Ag7 By, Bay, Blg7
b1U7b297b39)au) BluyBquB?)g>Au)
'Bo,(V;m — )  (0,0,0,0,2,1,2,1)  (1,1,0,0,0,0,0,0)  4.98° 5.32%,5.32°
1B (Vim — ) (0,0,0,0,4,1,22)  (1,1,2,0,0,0,0,0)  7.27° 6.01%,6.43°
1B, (R;m —3s)  (1,0,0,0,2,1,2,1)  (1,0,0,0,0,1,1,0)  5.90¢ 6.75¢
Aoy (Rym — 3p)  (0,1,1,0,2,1,2,1)  (1,0,0,0,2,0,0,1)  6.14¢ 7.40%
1By (R;m — 3p)  (0,1,1,0,2,1,2,1)  (1,0,0,0,2,0,0,1)  6.21¢ 7.454
3B1.(V;m — 7)) (0,0,0,04,1,2,2)  (1,0,1,0,0,0,0,0)  3.85 4.44 4.32°
3B (V;m — 1) (0,0,0,04,1,2,2)  (1,1,1,0,0,0,0,0)  4.85 4.99%,4.92b
3Bou(V;m — 1) (0,0,0,014,1,2,2)  (1,1,0,0,0,0,0,0)  6.75 5.30%,5.51°

2Using reference (6e,60) active space including valence 7 orbitals. *Using reference (6e,90) active space

including valence 7 and three 3p, orbitals. “Using reference (6e,70) active space including valence 7 and 3s

orbitals. ?Using reference (6e,80) active space including valence 7, 3p, and 3py orbitals.
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Table S15: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of butadiene.

State Active space State average CASSCF NEVPT2
(ag; Qu, bu, by) (Ag, Au, Bu, By)

'B.(V;m — ) (0,4,0,4) (1,0,2,0) 6.65¢ 6.04%,6.73°,6.68°

IB,(R;m — 3s)  (4,2,3,2) (1,0,0,1) 5.944 6.44%

A, (Vi — %) (3,2,3,2) (2,0,0,0) 6.99¢ 6.70%

TALR;m — 3p)  (3,2,5,2) (1,2,0,0) 5.95¢ 6.84°¢

TALR;m — 3p)  (3,2,5,2) (1,2,0,0) 6.12¢ 7.01°¢

'Bu(R;m — 3p)  (0,4,0,4) (1,0,2,0) 7.93¢ 6.99°,7.45¢

3B (Vi — %) (3,2,3,2) (1,0,1,0) 3.55¢ 3.40¢

3Ag(V T—71)  (3,2,3,2) (2,0,0,0) 5.52¢ 5.30¢
B,(R;m™—3s)  (4,2,3,2) (1,0,0,1) 5.89¢ 6.38¢

@Using reference (10e,100) active space including valence 7, occ and o orbitals. *Using reference (10e,110)
active space including valence 7, oo, o0& and 3p, orbitals. “Using reference (4e¢,80) active space including
valence m and four 3p,. Using reference (10e,110) active space including valence 7, occ, o0& and 3s

orbitals. “Using reference (10e,120) active space including valence 7, occ, 0&¢, 3p= and 3p, orbitals.

Table S16: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of cyanoacetylene.

State Active space State average =~ CASSCF“ NEVPT2¢
(al,bl,bg,ag) (Al,Bl,BQ,Ag)

Y= (Vi — ) (0,4,4,0) (1,0,0,1) 6.54 5.78

AV, m — ) (0,4,4,0) (2,0,0,1) 6.80 6.10

3LV — 1) (0,4,4,0) (2,0,0,0) 4.86 4.45

SA(Vym — %) (0,4,4,0) (2,0,0,1) 5.64 5.19

TA'F|(V; 7w — ) (a":4,a":4) (A:1,A":2) 4.30 3.50

@All calculations using a full valence 7 active space of (8e,30).

Table S17: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of cyanoformaldehyde.

State Active space State average CASSCF NEVPT2
(a/ a/l) (14/7 A//)

A" (Vin — %) (3,4) (1,2) 4.02¢ 3.98¢

TA" (V0 — %) (3,4) (1,2) 7.61° 6.44¢

SA"(Vim — ) (3,4) (1,1) 3.52¢ 3.58¢

SA(Vim — ) (2,4) (2,0) 4.98° 5.35°

@ Using reference (8e,70) active space including valence m and ng orbitals.  Using reference (6e,60) active

space including valence 7 orbitals.
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Table S18: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of cyanogen.

State Active space State average CASSCF“ NEVPT2¢
(ag;b3uabQu>blga (Ag7B3U7BQU7Bng
b1u7 b2g7 b3ga au) B1u7 B297 B3g7 Au)
Yo (Vim — ) (0,2,2,0,0,2,2,0) (1,0,0,0,0,0,0,1) 7.14 6.32
ALV — %) (0,2,2,0,0,2,2,0) (1,0,0,0,1,0,0,1) 7.46 6.66
LRV — ) (0,2,2,0,0,2,2,0) (1,0,0,0,1,0,0,0) 5.28 4.88
RV — %) (0,2,2,0,0,2,2,0)  (1,0,0,0,0,0,0,1)  5.68 4.97

@All calculations using a full valence 7 active space of (8e,80).

Table S19: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of cyclopentadiene.

State Active space State average CASSCF NEVPT2
(a1, b1, b, az) (A1, By, By, As)
'By(Vimr — %) (0,4,0,2) (1,0,2,0) 6.71¢ 4.96%,4.92° 5.65¢
LA, (R — 3s)  (2,2,0,2) (1,0,0,2) 5.214 5.924
'Bi(R;7m — 3p)  (0,2,1,2) (1,1,0,0) 6.08°¢ 6.42°¢
TAs(Rym — 3p)  (2,2,0,2) (1,0,0,2) 5.78¢ 6.59¢
'By(R;m — 3p)  (0,4,0,2) (1,0,2,0) 6.16¢ 6.58%,6.60°
YA (Vi — %) (0,2,0,2) (3,0,0,0) 6.49%f 6.75%f
3By(Vym — ) (0,2,0,2) (1,0,1,0) 3.26* 3.41*
SA(Vym— %) (0,2,0,2) (3,0,0,0) 4.92¢ 5.30%
3A2(Rym — 3s)  (1,2,0,2) (1,0,0,1) 5.53¢9 5.739
SBi(R;m — 3p)  (0,2,1,2) (1,1,0,0) 6.05¢ 6.40°

“Using reference (4e,40) active space including valence 7 orbitals. *Using reference (4e,50) active space

including valence 7 and 3p, orbitals. “Using reference (4e,60) active space including valence 7 and two 3p,

orbitals. “Using reference (4e,60) active space including valence 7, 3s and 3p, orbitals. ¢Using reference

(4e,50) active space including valence 7 and 3p, orbitals. /Strong double-excitation character. 9Using

reference (4e,50) active space including valence m and 3s orbitals.
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Table S20: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of cyclopropenone.

State Active space State average CASSCF* NEVPT2¢
(al,bl,bg,ag) (A17B1,BQ,A2)
'Bi(Vin — ) (2,3,1,1) (1,3,0,0) 4.92 4.04
YAy (Vin — 7)) (0,4,2,1) (1,0,0,3) 5.64 5.85
'By(R;mn — 3s)  (2,3,1,1) (1,0,3,0) 5.68 6.51
IBo(Vim — %) (2,3,1,1) (1,0,3,0) 6.40 6.82
'By(R;mn — 3p)  (2,3,1,1) (1,0,3,0) 6.35 7.07
TAI(R;n — 3p)  (0,4,2,1) (4,0,0,0) 6.84 7.28
AV — %) (0,4,2,1) (4,0,0,0) 10.42 8.19
3Bi(Vin — ) (2,3,1,1) (1,3,0,0) 4.72 3.51
3By(Vym — ) (2,3,1,1) (1,0,3,0) 4.39 5.10
34,(Vin — 7)) (0,4,2,1) (1,0,0,3) 5.40 5.60
SAL(Vym— %) (0,4,2,1) (4,0,0,0) 6.59 7.16

@All calculations using reference (6e,70) active space.

Table S21: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of cyclopropenethione.

State Active space State average CASSCF NEVPT2
(Cthl,bg,aQ) (Al,Bl,BQ,AQ)

YAy(Vin — %) (0,3,1,1) (1,0,0,1) 3.44¢ 3.52¢
'Bi(Vin — )  (0,3,1,1) (1,1,0,0) 3.57¢ 3.50?
IBoy(Vim — %) (2,3,1,1) (1,0,3,0) 4.51° 4.77°
'By(R;n — 3s)  (2,3,1,1) (1,0,3,0) 4.59° 5.35°

YA (Vi — %) (0,3,0,1) (2,0,0,0) 6.46°¢ 5.54¢
1By(Ryn — 3p)  (2,3,1,1) (1,0,3,0) 5.27° 5.99°
34,(Vin — 7)) (0,3,1,1) (1,0,0,1) 3.26% 3.38¢
SBi(Vin — ) (0,3,1,1) (1,1,0,0) 3.51¢ 3.40¢
SBy(Vim — ) (2,3,1,1) (1,0,3,0) 3.80° 4.21¢4.17°
SA(V;m— ) (0,3,0,1) (2,0,0,0) 3.83¢ 4.13¢

2Using reference (6e,50) active space. *Using reference (6e,70) active space. “Using reference (4e,40) active

space.
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Table S22: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of diacetylene.

State Active space State average CASSCF* NEVPT2¢
(agu b3m b2u7 b197 (Aga B3m B2m Blg7
bhu b297 b3ga au) Blm ng, B3ga Au)
12; (V;mr — %) (0,2,2,0,0,2,2,0) (1,0,0,0,0,0,0,1) 6.13 5.33
Ay(Vir — 7)) (0,2,2,0,0,2,2,0)  (1,0,0,0,1,0,0,1)  6.39 5.61
323(\/; T — ) (0,2,2,0,0,2,2,0) (1,0,0,0,1,0,0,0) 4.54 4.08
ALV — ™) (0,2,2,0,0,2,2,0) (1,0,0,0,1,0,0,1) 5.28 4.78

@All calculations using a full valence 7 active space of (8e,80).

Table S23: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of furan.

State Active space State average CASSCF NEVPT2
(a1, b1, b, az) (A1, B, By, As)
TAR; 7w —3s)  (2,3,0,2) (1,0,0,2) 5.26% 6.28%
'By(Vim — ) (0,4,0,2) (1,0,2,0) 7.78¢ 5.92% 6.20%¢
A (Vim — %) (0,3,0,2) (3,0,0,0) 6.73%¢ 6.77%¢
'Bi(Rym — 3p)  (0,3,1,2) (1,1,0,0) 6.07/ 6.71/
TAy(R;m — 3p)  (2,3,0,2) (1,0,0,2) 5.87¢ 6.99¢
'By(R;m — 3p)  (0,4,0,2) (1,0,2,0) 6.54¢ 7.01¢¢
3By (Vi — 1) (0,3,0,2) (1,0,1,0) 3.94° 4,420
A, (V;m — 1) (0,3,0,2) (3,0,0,0) 5.41° 5.60°
3A5(R;m — 3s)  (1,3,0,2) (1,0,0,1) 5.579 6.089
SBi(R;m — 3p)  (0,3,1,2) (1,1,0,0) 6.04/ 6.68/

*Using reference (6e,70) active space including valence 7, 3s and 3p, orbitals. bUsing reference (6e,50) active

space including valence 7 orbitals. “Using reference (6e,60) active space including valence 7 and 3p, orbitals.

dIncreasing the m 3p, active space leads to strong mixing in the zeroth-order wavefunction requiring
QD-NEVPT?2 (see Pastore et al., Chem. Phys. Lett. 2006, 426, 445-451). ¢Strong double-excitation

character. /Using reference (6e,60) active space including valence m and 3p,, orbitals. 9Using reference

(6e,60) active space including valence 7 and 3s orbitals.

S19



Table S24: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of glyoxal.

State Active space State average =~ CASSCF NEVPT2
(ag,ay,by,by)  (Ay, Ay, By, By)
TA,(Vin — ) (4,2,4,2) (1,1,0,0) 3.42° 2.90°
LB,(Vin — ) (4,2,4,3) (1,0,0,2) 4.68" 4.31° 4.30"
YA (Vin,n — 7%, 7%)  (4,2,4,2) (2,0,0,0) 5.92¢ 5.52¢
1B,(V;n — 7) (4,2,4,3) (1,0,0,2) 7.350 6.91%¢ 6.64%¢
'B.(R;n — 3p) (4,2,5,2) (1,0,1,0) 7.047 7.844
3A,(Vin — ) (4,2,4,2) (1,1,0,0) 3.06° 2.49°
3B,(Vin — ) (4,2,4,2) (1,0,0,1) 4.61* 3.99¢
3B, (Vi — ) (4,2,4,2) (1,0,1,0) 5.46° 5.179
SA,(Vym — 7) (4,2,4,2) (2,0,0,0) 6.69% 6.33%

“Using reference (14e,120) active space including valence w, two no, occ, 0co, o0& and of orbitals.
bUsing reference (14e,130) active space including valence 7, two no, occ, 0co, o&o, 060 and 3p, orbitals.
“Non-negligible doubly-excited and Rydberg character. ‘Using reference (14e,130) active space including

valence 7, two no, occ, 0co, 0o, 0o and 3p; orbitals.

Table S25: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of imidazole.

State Active space State average CASSCF NEVPT2
(a/, a//) (A,, A//)

TA"R;m — 3s)  (2,5) (1,3) 5.04° 5.97%,5.93
YA(V;m— ) (0,9) (3,0) 6.18¢ 6.86,6.81,6.73¢
YA"(Vin — %) (2,5) (1,3) 7.13b 6.977,6.96°
TA(R;m — 3p)  (0,9) (3,0) 6.73¢ 7.08%,7.00¢

SA (Vi — ) (0,9) (3,0) 4.55¢ 4.98¢ 4.86°¢
SA"(R;m — 3s)  (2,5) (1,3) 5.03° 5.93%.5.91°
AV — ) (0,9) (3,0) 5.69¢ 6.09¢,5.91°
SA"(Vim — ) (2,5) (1,3) 6.58° 6.49/,6.48°

2Using reference (6e,60) active space including valence 7 and 3s orbitals. *Using reference (8e,70) active
space including valence 7, ny and 3s orbitals. “Using reference (6e,50) active space including valence 7
orbitals. ?Using reference (6e,60) active space including valence 7 and one 3p, orbitals. ¢Using reference
(6e,90) active space including valence 7 and four 3p, orbitals. /Using reference (8e,60) active space including

valence m and ny orbitals.
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Table S26: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of isobutene.

State Active space State average =~ CASSCF NEVPT2
(al,bl,bg,ag) (Al,BhBQ,AQ)

'Bi(R; 7 — 3s) (3,2,0,0) (1,1,0,0) 6.12¢ 6.63%

LA (R; T — 3p) (2,3,0,0) (2,0,0,0) 6.90° 7.20°

SAL(V;m — %) (2,2,0,0) (2,0,0,0) 4.66¢ 4.61¢

“Using reference (4e,50) active space including valence m, occ, o0& and 3s orbitals. bUsing reference (4e,50)

active space including valence 7, occ, o0& and 3p, orbitals. “Using reference (4e,4o) active space including

valence 7, occ and o orbitals.

Table S27: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of methylenecyclo-

propene.
State Active space State average CASSCF NEVPT2
(Cthl,bQ,aQ (AhBl,BQ,AQ

'By(Vym — %) (0,3,0,1) (1,0,1,0) 4.47% 4.37%
'Bi((R;m —3s) (1,3,0,1 (1,1,0,0) 4.92¢ 5.51°,5.49¢
TAy(Rym — 3p)  (0,3,1,1 (1,0,0,1) 5.37¢ 6.00¢

YA (Vi — %) (0,6,0,1 (5,0,0,0) 5.37¢ 6.33%,6.36°
3By(Vym — ) (0,3,0,1 (1,0,1,0) 3.44* 3.66%
SAL(Vym— ) (0,5,0,1 (4,0,0,0) 4.60¢ 4.87¢

2Using reference (4e,40) active space. *Using reference (6e,60) active space. “Using reference (4e,50) active

space. 9Using reference (4e,60) active space. ®Using reference (4e,70) active space.

Table S28: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of propynal.

State Active space State average CASSCF NEVPT2
(a/’ a//) (A,, A//)

A" (Vin — %) (3,4) (1,2) 4.00* 3.95¢

A" (Vi — %) (3,4) (1,2) 6.62¢ 5.50¢

SA"(Vin — ) (3,4) (1,1) 3.52¢ 3.59¢

SA(Vim =) (24) (2,0) 4.69° 4.63°

I

2Using reference (8e,70) active space including valence 7 and ng orbitals. *Using reference (6e,60) active

space including valence 7w orbitals.
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Table S29: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of pyrazine.

State Active space State average ~ CASSCF NEVPT2
(agab3u7b2u’b1g7 (A97B3u7B2U7Blga
biu, b?g; b3g, au) By, B29a B3g7 Au)
B3, (Vin — 1) (1,2,0,1,1,2,0,1) (1,1,0,0,0,0,0,0) 4.76° 4.17°
YA (Vin — ) (1,2,0,1,1,2,0,1) (1,0,0,0,0,0,0,1) 5.90° 4.77¢
"By (Vi — ) (0,2,0,1,0,2,0,1) (1,0,1,0,0,0,0,0) 4.97° 5.32°,5.37¢
LByy(Vin — 7*) (1,2,0,1,1,2,0,1) (1,0,0,0,0,1,0,0) 5.80° 5.88%
TA,(Ryn — 3s) (2,2,0,1,1,2,0,1) (2,0,0,0,0,0,0,0) 6.69¢ 6.704
1B, (Vin — 7*) (1,2,0,1,1,2,0,1) (1,0,0,1,0,0,0,0) 7.16% 6.75%
B, (Vi1 — %) (0,4,0,1,0,2,0,2) (1,0,0,0,3,0,0,0) 8.04' 6.38,6.31°,6.81f
1B, (R — 3s) (1,2,0,1,0,2,0,1) (1,0,0,1,0,0,0,0) 6.739 7.339
'Byu(R;n — 3p) (1,2,1,1,1,2,0,1)  (1,0,2,0,0,0,0,0) 7.49° 7.25¢
'Br.(R;n — 3p (1,2,0,1,2,2,0,1) (1,0,0,0,3,0,0,0) 7.83¢ 7.42¢
1B, (V1 — ) (0,4,0,1,0,2,0,2) (1,0,0,0,3,0,0,0) 9.65 7.29°,6.96¢,8.257
3By, (Vin — ) (1,2,0,1,1,2,0,1) (1,1,0,0,0,0,0,0) 4.16° 3.56%
3B (VT — ) (0,4,0,1,0,2,0,2) (1,0,0,0,2,0,0,0) 3.98' 4.68%,4.577
3Bou(Vym — 7*) (0,2,0,1,0,2,0,1) (1,0,1,0,0,0,0,0) 4.62° 4.42°
3A,(Vin — 7 (1,2,0,1,1,2,0,1) (1,0,0,0,0,0,0,1) 5.85¢ 4.75%
3Boy(Vin — ) (1,2,0,1,1,2,0,1) (1,0,0,0,0,1,0,0) 5.25% 5.21°
3B (VT — ) (0,4,0,1,0,2,0,2) (1,0,0,0,2,0,0,0) 5.15¢ 5.43%5.35¢

2Using reference (10e,80) active space including valence 7 and ny orbitals. *Using reference (6e,60) active

space including valence 7 orbitals. “Using reference (10e,90) active space including valence m, nx and 3p,

orbitals. ?Using reference (10e,90) active space including valence 7, ny and 3s orbitals. ¢Using reference

(10e,90) active space including valence 7, nx and 3p, orbitals. fUsing reference (6e,90) active space including

valence 7 and three 3p, orbitals. 9Using reference (6e,70) active space including valence 7w and 3s orbitals.
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Table S30: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of pyridazine.

State Active space State average CASSCF NEVPT2
(Cthl,bg,aQ) (Al,Bl,BQ,AQ)

'Bi(Vin — %) (1,3,1,3) (1,1,0,0) 4.29% 3.80¢

YAy (Vin — %) (1,3,1,3) (1,0,0,1) 4.83% 4.40%

TA(Vym — %) (0,3,0,3) (2,0,0,0) 5.12° 5.58°

TAy(Vin — %) (1,3,1,3) (1,0,0,2) 6.26% 5.88%

'By(R;n — 3s)  (2,3,1,3) (1,0,1,0) 5.99¢ 6.21¢

'Bi(Vin — %) (1,3,1,3) (1,2,0,0) 7.16° 6.64¢

'By(Vym — %) (0,6,0,6) (1,0,3,0) 7.58¢ 7.82°.7.194,7.10¢
SBi(Vin — ) (1,3,1,3) (1,1,0,0) 3.60¢ 3.13¢

3A4,(Vin — %) (1,3,1,3) (1,0,0,1) 4.49% 4.14%

3By(Vym — ) (0,6,0,6) (1,0,1,0) 4.06¢ 4.65°.4.55%.4.49¢
A (Vym— ) (0,3,0,3) (2,0,0,0) 4,930 4.94°

2Using reference (10e,80) active space including valence 7 and ny orbitals. *Using reference (6e,60) active
space including valence 7 orbitals. “Using reference (10e,90) active space including valence 7, nx and 3s
orbitals. ?Using reference (6e,90) active space including valence 7, nx and three 3p, orbitals. ¢Using

reference (6e,120) active space including valence 7, ny and six 3p, orbitals.
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Table S31: NEVPT2/aug-cc-pVT7Z vertical transition energies (in eV) of pyridine.

State Active space State average CASSCF NEVPT2
(a1, b1, be,az) (A1, B, By, As)

B(Vin > ) (1,412) (1,2,0,0) 5.437 5.17%,5.15
1By(Vim — o) (0,7,0,3) (1,0,2,0) 5.03¢ 5.44¢,5.31¢
A (Vin — ) (24,0,2) (1,0,0,2) 6.30¢ 5.32¢.5.20°
TA((Vim — %) (0,4,0,2) (2,0,0,0) 7.90° 6.69°

LA (Ryn — 3s)  (2,4,0,2) (2,0,0,0) 6.40¢ 6.99¢
ARy — 3s) (2,4,0,2) (1,0,0,2) 6.60¢ 6.967,6.86¢
IBy(Vim — ) (0,7,0,3) (1,0,2,0) 7.45¢ 8.61%,7.83¢
IB/(Rym — 3p)  (1,4,1,2) (1,2,0,0) 7.12b 7.579 7.45
YA (Vi — %) (0,4,0,2) (4,0,0,0) 9.49¢ 6.97¢

BA, (Vi — ) (0,4,0,2) (2,0,0,0) 3.98¢ 4.60°

3B, (Vin = %) (1,4,0,2) (1,1,0,0) 4.65° 4.58°
3By(Vim — ) (0,7,0,3) (1,0,2,0) 4.83¢ 4.90¢,4.88¢
BA,(Vim — 1) (0,4,0,2) (3,0,0,0) 5.11° 5.19°
3Ay(Vin — %) (1,4,0,2) (1,0,0,1) 5.94¢ 5.330
3By(Vim — ) (0,7,0,3) (1,0,2,0) 6.93¢ 7.00¢,6.29¢

@Using reference (8e,70) active space including valence 7 and ny orbitals. *Using reference (8e,80) active
space including valence 7, ny and 3p, orbitals. “Using reference (6e,60) active space including valence 7
orbitals. ?Using reference (6e,100) active space including valence 7 and four 3p, orbitals. ¢Using reference
(8e,80) active space including valence 7, ny and 3s orbitals. Using reference (6e,80) active space including

valence 7 and 3s orbitals. 9Using reference (6e,70) active space including valence = and 3p, orbitals.
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Table S32: NEVPT2/aug-cc-pVT7Z vertical transition energies (in eV) of pyrimidine.

State Active space State average CASSCF NEVPT2
(al,b1,b2,a2) (Al,Bl,BQ,AQ)
Bi(Vin = ) (14,1,2) (1,1,0,0) 4.85° 4.55°
Ay(Vin — 7)) (1,4,1,2) (1,0,0,1) 5.520 4.840
IBo(Vim — %) (0,7,0,4) (1,0,1,0) 5.23¢ 5.71°5.574 5.53¢
A(Vin — ) (14,1,2) (1,0,0,2) 6.70° 6.02
'Bi(Vin — %) (1,4,1,2) (1,2,0,0) 7.20° 6.40¢
'By(R;n — 3s)  (2,4,1,2) (1,0,2,0) 6.86° 6.77¢
AV — %) (0,7,0,4) (2,0,0,0) 7.62°¢ 7.47°7.11¢
3B,(Vin — ) (1,4,1,2) (1,1,0,0) 4.45° 417
3A,(Vim — ) (0,7,0,4) (2,0,0,0) 4.25¢ 4.84Y 4.67¢
3A4,(Vin — 7)) (1,4,1,2) (1,0,0,1) 5.20¢ 4.72%
SBy(Vim — ) (0,7,0,4) (1,0,1,0) 5.00¢ 5.08,5.01¢

2Using reference (10e,80) active space including valence 7 and ny orbitals *Using reference (6e,60) active
space including valence 7 orbitals. “Using reference (10e,90) active space including valence m, ny and 3s
orbitals. ?Using reference (6e,90) active space including valence 7 and three 3p, orbitals. Using reference

(6e,110) active space including valence 7 and five 3p, orbitals.

Table S33: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of pyrrole.

State Active space State average ~ CASSCF NEVPT2
(al,bl,bg,@) (Al,Bl,BQ,AQ)

TAS(Ry m — 3s) (1,3,0,2) (1,0,0,1) 4.49¢ 5.51¢

'Bi(R; 7 — 3p) (0,3,1,2) (1,1,0,0) 5.22° 6.32°

LAy(R; m — 3p) (2,3,0,2) (1,0,0,2) 4.89¢ 6.44¢

LBy (V; (m — 7¥) (0,4,0,2) (1,0,2,0) 7.73¢ 6.48%7

YAV — ) (0,3,0,2) (3,0,0,0) 6.47¢ 6.53%

1By (R; 7 — 3p) (0,4,0,2) (1,0,2,0) 5.82¢ 6.504,6.62%/

3By(Vymm — %) (0,3,0,2) (1,0,1,0) 4.244 4.744

3A3(R;m — 3s) (1,3,0,2) (1,0,0,1) 4.47¢ 5.49¢

SAL (Vi — ) (0,3,0,2) (3,0,0,0) 5.524 5.564

3B1(R;m — 3p) (0,3,1,2) (1,1,0,0) 5.18° 6.28°

2Using reference (6e,60) active space including valence  and 3s orbitals. *Using reference (6e,60) active
space including valence 7 and 3p, orbitals. “Using reference (6e,70) active space including valence 7, 3s and
3p. orbitals. 4Using reference (6e,50) active space including valence 7 orbitals. ¢Using reference (6e,60)
active space including valence 7 and 3p, orbitals. /Increasing the 7 3p, active space leads to strong mixing
in the zeroth-order wavefunction requiring a multi-state treatment (see Roos et al., J. Chem. Phys. 2002,
116, 7526-7536).
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Table S34: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of tetrazine.

State Active space State average =~ CASSCF NEVPT2
(agab?)uabQuyblga (AgaB3uaB2uaBlg>
blua b?ga b3g7 @u) Blu; 3297 B3g7 Au)

1Bgu(V; n— ) (1,2,1,1,1,2,1,1) (1,1,0,0,0,0,0,0) 2.99* 2.35¢
1Au(\/;n — ) (1,2,1,1,1,2,1,1) (1,0,0,0,0,0,0,1) 4.37* 3.58¢
1Ag(V; n,n — ") (1,2,1,1,1,2,1,1) (2,0,0,0,0,0,0,0) 5.42% 4.61¢
1Blg(\/; n — ) (1,2,1,1,1,2,1,1) (1,0,0,1,0,0,0,0) 5.41* 4.95¢
1Bgu(\/; T — ) (0,2,0,1,0,2,0,1) (1,0,1,0,0,0,0,0) 5.04 5.56°
1BQQ(V; n — ) (1,2,1,1,1,2,1,1) (1,0,0,0,0,1,0,0) 5.43% 5.63¢
1AU(V; n— ") (1,2,1,1,1,2,1,1) (1,0,0,0,0,0,0,2) 6.37% 5.62¢
1ng(V; n,n— 7)) (1,2,1,1,1,2,1,1) (1,0,0,0,0,0,1,0) 6.59% 6.15¢
1BZQ(V; n — ) (1,2,1,1,1,2,1,1) (1,0,0,0,0,2,0,0) 6.79* 6.13¢
1Blg(\/; n — ) (1,2,1,1,1,2,1,1) (1,0,0,2,0,0,0,0) 7.18% 6.76%
3B3U(V; n— ") (1,2,1,1,1,2,1,1) (1,1,0,0,0,0,0,0) 2.38% 1.73¢
3AU(V;n — 7" (1,2,1,1,1,2,1,1) (1,0,0,0,0,0,0,1) 4.06* 3.36¢
3819(\/; n — ) (1,2,1,1,1,2,1,1) (1,0,0,1,0,0,0,0) 4.66* 4.24¢
3BIU(V; T — ) (0,4,0,1,0,2,0,2) (1,0,0,0,2,0,0,0) 3.90¢ 4.80°,4.70¢
3Bou(Vym — ) (0,2,0,1,0,2,0,1) (1,0,1,0,0,0,0,0) 4.68° 4.58°
3329(\/; n — ) (1,2,1,1,1,2,1,1) (1,0,0,0,0,1,0,0) 5.17% 5.27¢
3AU(V;n — ) (1,2,1,1,1,2,1,1) (1,0,0,0,0,0,0,2) 6.12% 5.13¢
3839(\/; n,n— 7)) (1,2,1,1,1,2,1,1) (1,0,0,0,0,0,1,0) 6.56% 5.51¢
3BIU(V; T — ) (0,4,0,1,0,2,0,2) (1,0,0,0,2,0,0,0) 5.32¢ 5.64°.5.56¢

2Using reference (14e,100) active space including valence 7 and ny orbitals. *Using reference (6e,60) active
space including valence 7 orbitals. “Using reference (6e,90) active space including valence 7 and three 3p,

orbitals.

Table S35: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of thioacetone.

State Active space State average CASSCF NEVPT2
((Il,bl,bg,az) (Al,Bl,BQ,AQ)

YAy (Vin — 1) (2,2,1,0) (1,0,0,1) 2.72¢ 2.55¢
'By(R;n — 4s)  (4,2,1,0) (1,0,2,0) 4.80° 5.72°
YAV — %) (2,2,2,0) (3,0,0,0) 6.94¢ 6.09¢,6.24¢
'By(R;n — 4p)  (4,2,1,0) (1,0,2,0) 5.57° 6.62°
TAL(R;n — 4p)  (2,2,2,0) (3,0,0,0) 6.24¢ 6.52¢
3A2(Vin — %) (2,2,1,0) (1,0,0,1) 2.52¢ 2.32¢

A (Vi — %) (2,2,0,0) (2,0,0,0) 3.52¢ 3.48¢

“Using reference (6e,50) active space including valence 7, no, oco and o orbitals. bUsing reference (6e,70)
active space including valence m, no, oco, 0&o, 4s and 4p, orbitals. “Using reference (4e,40) active space
including valence 7, oco and o orbitals. dUsing reference (6e,60) active space including valence 7, no,
oco, 0&o and 4p, orbitals.
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Table S36: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of thiophene.

State Active space State average CASSCF NEVPT2
(a1, b1, b9, az) (A1, B, By, Ay)
A (Vi =) (0,3,0,2) (3,0,0,0) 6.11° 5.840
IBy(Vim — ) (0,5,0,2) (1,0,2,0) 6.94° 5.64%.5.54° 6.10°
LA (R — 3s) (1,3,0,2) (1,0,0,1) 5.70¢ 6.20¢
IB/(R;m — 3p)  (0,3,1,2) (1,1,0,0) 6.02¢ 6.19¢
LAy (Rym — 3p) (0,3,1,2) (1,0,0,1) 6.05¢ 6.40¢,6.52f
'Bi(Rym — 3s)  (1,3,1,2) (1,2,0,0) 5.78/ 6.734, 6.71/
IBy(Rim — 3p)  (0,5,0,2) (1,0,2,0) 6.80° 7.425 7.95¢
LA (Vi — ) (0,3,0,2) (3,0,0,0) 8.29%:9 7.39%9
3By(Vim — ) (0,3,0,2) (1,0,1,0) 3.68¢ 4.13¢
BA, (Vi — ) (0,3,0,2) (3,0,0,0) 4.970 4.840
3Bi(R;m — 3p)  (0,3,1,2) (1,1,0,0) 5.86¢ 5.98¢
3A,(Rym — 3s)  (1,3,0,2) (1,0,0,1) 5.65¢ 6.14¢

2Using reference (6e,50) active space including valence 7 orbitals. *Using reference (6e,60) active space

including valence 7 and 3p, orbitals. “Using reference (6e,70) active space including valence 7 and two 3p,
orbitals. ?Using reference (6e,60) active space including valence 7 and 3s orbitals. ¢Using reference (6e,60)
active space including valence 7 and 3p,, orbitals. fUsing reference (6e,70) active space including valence 7,

3s and 3p, orbitals. 9Strong double-excitation character.

Table S37: NEVPT2/aug-cc-pVT7Z vertical transition energies (in eV) of thiopropynal.

State Active space State average CASSCF* NEVPT2¢
() (4,4

TA'(Vin — 1) (3,4) (1,1) 2.06 2.05

BA"(Vin — 1) (3.4) (1,1) 1.85 1.81

@All calculations using reference (8e,70) active space including valence 7 and no orbitals.
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Table S38: NEVPT2/aug-cc-pVTZ vertical transition energies (in eV) of triazine.

State Active space State average =~ CASSCF NEVPT2
(a1, b1, b2, az) (Aq, B1, B, A)
TAT(V;n — ) (2,4,1,2) (1,2,0,2) 5.88¢ 161°
LAN(Vin — ) (2,4,1,2) (1,1,0,0) 5.144 4.89¢
LE"(Vin — 1) (2,4,1,2) (1,2,0,2) 5.51¢ 4.88°
LAL(V; 1 — %) (0,6,0,3) (1,0,1,0) 5.554 6.10°,6.15¢,5.95%
1A’ (Vim — ) (0,6,0,3) (2,0,0,0) 8.204 7.06°,7.304
1E/(R n — 3s (3,4,1,2) (2,0,2,0) 6.15¢ 7.45¢
LE"(Vin — ) (2,4,1,2) (1,1,0,1) 8.26% 7.98%
LBV — ) (0,6,0,3) (4,0,3,0) 10.034 7.74%.8.344
SAL(Vin — ) (2,4,1,2) (1,1,0,0) 4.74° 4.51¢
SE"(Vin — 1) (2,4,1,2) (1,2,0,2) 5.144 4.61¢
SA"(Vin — 1) (2,4,1,2) (1,2,0,2) 5.884 4.710
ALV — %) (0,6,0,3) (2,0,0,0) 4.464 5.20°,5.05¢
SE'(V;m — %) (0,6,0,3) (3,0,1,0) 5.57¢ 5.83,5.734
ALV (m — ) (0,6,0,3) (1,0,1,0) 7.70¢ 5.83",6.36¢

2Using reference (12e,90) active space including valence 7 and ny orbitals. *Using reference (6e,60) active
space including valence 7 orbitals. “Using reference (12e,100) active space including valence 7, nx and 3s

orbitals. ?Using reference (6e,90) active space including valence 7 and three 3p, orbitals.
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S3 Selected CI results

S29



o8ed 9xou WO ponunruo))

T0°0 F 85°9 189 81050 6T L0°0F 099 L9°9 LV08LLLT (W = LIA), Wy
€00 F86°¢ €6°¢ 68020 61 T00 FT6°¢e 76°¢ LV08LLLT (L2 s UiA), Vo opAyppeLIOjoweL))
T00F0g€ 19°¢ 069 87 29 €00 F L€ 0L¢  GL6SSFFOT (2 = 2:A)[A] Wy
80°0 F 05°G 8C'S €0L 979 ST €0°0 F 2€°6 ce'g 786 86T 8T (4 LIA)V
90°0 F TH#'F LV €0L 979 6o €00 F S7'F STy 756 861 8T (k2 LIA) 1R
GO0 FFT9 61°9 1GE€T0 1T 10°0 F 829 629 673 692 1C (42 < LIA)V;
60°0 F ¥8°C €6°G TGE€T0 TT 10°0 F 09 10°9 673 69 10 (2 = LIA) Ry CUCTANERL (N
€0°0 F 079 €79 92S L¥8 67 (s¢ « LA) g,
80°0 F 129 629 082 G€T LT (b = 2:7)
€00 F LE€ 0 92S L¥8 67 (o ¢ LIA)"d ¢
000 F 2.9 cL'9 Tre1es el T0°0 F S6°9 96'9 €67 5SS 0G (dg « rq)"v,
c00 F 159 €r'9 €6¥ 2SS 00 (k= LIA)"H oudIpRINg
600 F 96°¢ c0¥ 63T LTS ST €00 F 86 107 193 08¥ L& (k¢ LIA) Ve
LO0F IS¢ 8G°¢ 68T LTS ST 100 F 09°¢ 65°¢ 67 1€5 9% (W2 = UiA), Vg
10°0 F ¢8°€ 8¢ TLGELTET (£ = WiA) Wy UL[ODY
Y00 F STV ey 76 €66 9% (52 uiA) Y
GO0 F 09F en 8L 925 9% (k2 = WAy AU0YOY
IOERS DS Y IOXRS DS Y
7 Ad-00-6np (P)O+1€-9 UOT)ISURI], 9[MIJ[OTN

onpea pojyejoder)xo Surpuodsoriod sju

pue UOIOUN] oARM [)S 1S0TIe[ o} UoaM)a( ASIoUS UOIYRIIOXS Ul 9OUSILJIP O} Se PojemI}se sI I0110 uoryejoder)xs ayJ, ‘pojiodal
OS[e oIe SOI3I9UD UOIRIIDXS SUIPUOdSOIIOD I9Y) PUR SUOIIOUN] oARM [)G 1S9SIR] o) JO *PAJ SIURUINLIOIOP JO Ioquunu o], *([DJX)
poylew [HS perejoderxe we [irm pajnduwod S9[MIS[OW PaIPNYs oY) JO S9)R)S SNOLIRA 10] (AS UI) SUOIJRIIOXS [RILI0A :GES 9[qRL,

S30



a8ed 9XoU UO ponuUIUO))

90°0 F 8¢ Ve TYTv6£ ¥ (W2 uip)’g
100 F €6°C 76°C V6€ ST Ve €00 F €6C 96°¢ 060929 TG (sl = uip)" [eXO0AT)
T0°0 F G8F L8 17899 9% 10°0 F 767 €67 L8120 €T (2 = LAY
700 F L0F 1187 17899 9% LO0FTO¥ 1187 162 10L€1 (st 2 >v+mm
300 F 697G ¢rg 9GG Z6T 6T T0°0 F 78°G 68°G TG¥ GS6 8T (k2 = LAY
300 F L¥°G A 9GG Z6T 61 90°0 F 2¢°G 8G°G 1G¥ CG6 8T (k2 = LIA) :mH oud[A3e0RI(]
€00 F€0F 90F 396706 €3 (k2 = LIA)Cd ¢
€00 F 62°¢ e 296706 €3 (w2 < uip)TY
600 F 657 89F L89 G8€ 6 (k2 = L:A) Nm:
GO0 FFE 0S¢ 189 G8€E 6¢ (ol ¢ wip) g
100 FSv'e 97°€ LG9 G8E 6€ (W2 ¢ uip)TY ouoryjeuadordopL))
000 F $6'F S6F TIL TTE 8 (ol = LiA)2G
L0°0 F 00F L0V 82€ 80073 (o ¢ WA TG
900 F 79°G 0L°G 9T T1¥S 75 (h u 55}
c00 F 8V 07 96 968 8F (2t = UA) Ty auouadordopAp)
60°0 F 95°G LTS 8¢ T¥88 8% ¢0°0 F 1€°G 9¢°G Y0 €91V TG (o2t = LA 2Ry
L0°0F L8F 767 899092 G¢ 900 F 16'F L67 9 LLTTVE (b = LA) PR,
700 FTL9 8L°9 €1 G676 03 200 F L8°9 68°9 GG T66T T (k2 = LAY
80°0 F ¥¥'9 g9 €1 8676 0¢ €0°0 F 8¢9 199 GG I661 2T (s LIA) K uogdouesn)
€0°0 F L0°G 01°G 6z LTES 8V (R E\?wm
T0°0 F 2S¢ 16 63L TES 8 90°0 F 87'€ vee 125 11016 (4 ¢ UiA), Ve
[D4X0 108 PPN [DAX0 DS PN
7 Ad-00-6nD (P)O+18-9 UOI}ISURI], 9[NOJ[OTN

S31



100 F80C L0°C 657 T8L ST (k= UiA) Vo reuddoadory,
000 F 9€C 9¢°C TO¥ 699 £9 (w2 ¢ uip)Y
S0 F 19T 98°g 0L0 SIS 9T (k2 = uip)? 9U0}20ROTI T,
800 F ¥ 4% 09€ GLE 6€ (£ < LAV
700 F¥SE 8G°¢ 78G 281 £C (2 4= UIA) Vg

60°0 F €9°G oLg 7PE 673 8T 80°0 F¥9°G cLs 919 7SS 9T (b = LA), Wy

€00 F 68°€ X3 Ve 673G 8¢C 900 FF8°€ 06°¢ ST GF6 8 (k2 = UIA) Vo [euddorq

T00 F 6LF LLY PIT 060 £F 010 F L9F LLY 1GG6LE T (s = LAY

700 F ¢°¢ 67 PIT 060 £F 90°0 FF¥€ 0G°¢ TGS 6LE TG (k2 = LiA)CG
10°0 F 02°9 129 €1z 1eL 1¢ (it 4= 1 >E}
01°0 F 36°G c0'9 T16 97T Go (dg + 12yg)%y
€00 FTET aev Ve 816 16 (w2 <= L:A)%g;  duadordo[dAdoualAIIaIy
T0°0 F 987 vS¥ 129 0% &€ (s = L) AT g
T00F 9T’ L &ay) 69T 8L 6S (dg 1)y,
80°0 F8L'9 98°9 L1€G60 8¢ (s¢ + r)'g, ouoIIOS]
700 F¥S¢C 8GC 806 £69 L¥ (x4 WA)"V

[DAX0 DS Y [DAX0 DS PN
7 Ad-00-6nD (P)O+18-9 UOI}ISURI], 9[NOJ[OTN

S32
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S4.2 Statistical analysis

Table S41: MSE (in eV) obtained for various subsets of transition energies.

Method Singlet Triplet Valence Rydberg n —7* 7w — 7*
CIS(D) 0.10 0.24 0.24 -0.05 0.19 0.28
ADC(2) -0.04 0.07 0.06 -0.13 -0.04 0.14
CC2 -0.03 0.11 0.10 -0.17 0.01 0.17
STEOM-CCSD  0.06 -0.06 -0.04 0.12 -0.02 -0.06
CCSD 0.15 0.05 0.12 0.09 0.19 0.07
CCSDR(3) 0.05 0.07 0.02 0.08 0.06
CCSDT-3 0.05 0.06 0.03 0.08 0.04
CC3 0.00 0.01 0.01 0.00 0.00 0.01
NEVPT2 0.10 0.08 0.08 0.12 0.05 0.11
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S5 Geometries

Below, we provide the cartesian coordinates of the compounds investigated in this study.

These are provided in atomic units (bohr) and they have been obtained at the CC3(full)/aug-

cc-pVTZ level of theory.

S5.1 Acetone

C 0.00000000 0.00000000 0.18807702
C 0.00000000 2.42007545 -1.31764698
C 0.00000000 -2.42007545 -1.31764698
0 0.00000000 0.00000000 2.48269094
H 0.00000000 4.03690733 -0.05185132
H 0.00000000 -4.03690733 -0.05185132
H 1.66061256 2.48420530 -2.53995285
H -1.66061256 2.48420530 -2.53995285
H 1.66061256 -2.48420530 -2.53995285
H -1.66061256 -2.48420530 -2.53995285
S5.2 Acrolein

C -1.11645072 -0.68348783 0.00000000
C 1.20647847 0.83714564 0.00000000
C 3.46831059 -0.28872636 0.00000000
0 -3.23666415 0.19187203 0.00000000
H -0.80613858 -2.74747338 0.00000000
H 0.98699813 2.86613511 0.00000000
H 5.20930864 0.77443560 0.00000000
H 3.60951559 -2.33000749 0.00000000
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S5.3 Benzene
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Lowest excited state

C 1.99411175 0.00000000
C -0.07304269 0.00000000
C -0.63630126 0.00000000
N -1.39755756 0.00000000
H 1.90749857 0.00000000
S5.6 Cyanoformaldehyde

C -0.91561483 0.00000000
C -0.01092219 0.00000000
N 0.64170259 0.00000000
0 0.50833684 0.00000000
H -2.97202213 0.00000000
S5.7 Cyanogen

Ground state

C 0.00000000 0.00000000
C 0.00000000 0.00000000
N 0.00000000 0.00000000
N 0.00000000 0.00000000
Lowest excited state

C 0.00000000 0.00000000
C 0.00000000 0.00000000
N 0.00000000 0.00000000
N 0.00000000 0.00000000
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.00000000 2.22209092
.00000000 -2.22209092
.00000000 1.38514451
.00000000 -1.38514451
.66130504 0.00000000
.66130504 0.00000000
.00000000 4.16550405
.00000000 -4.16550405
.00000000 2.54514584
.00000000 -2.54514584
Cyclopropenone
.00000000 1.27491826
.00000000 -1.27491826
.00000000 0.00000000
.00000000 0.00000000
.00000000 2.92791371
.00000000 -2.92791371
Cyclopropenethione
.00000000 1.26230744
.00000000 -1.26230744
.00000000 0.00000000
.00000000 0.00000000
.00000000 2.97773331
.00000000 -2.97773331

S45

.33113051
.56871188
.56871188
.83772922
.83772922
.56414299
.56414299
.18116624
.18116624
.51352303
.51352303

.869305619
.869305619
.51814554
. 79326776
.056679837
.05679837

.86571925
.86571925
.49233236
.57821680
.95114059
.95114059



S5.11

momD
O O O O O O

S5.12

oo mm O
O O O O O O O O o

S5.13
c 1
c -1
0o 3
0 -3
H o0
H -0

Diacetylene

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

Furan

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

Glyoxal

.21360282
.21360282
.25581408
.25581408
.96135276
.96135276

O O O O O o

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

.06365826
.06365826
.35348578
.35348578
.00000000
.86337287
.86337287
.59168789
.59168789

. 75840215
. 75840215
.26453186
.26453186
.81883243
.81883243

546

O O O O O O

.29447700
.29447700
.58448429
.58448429
.58943003
.58943003

.60051250
.60051250
.86336416
.86336416
.13945332
.5b3765695
.53765695
.47168051
.47168051

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000



S5.14

oo =2 =200
N

S5.15

_ O O O O O O o o

|
(I

oo m o Tmmm QA
[

|
[EY

S5.16

oD DD oD QQQQQ
O O O O O O O o

Imidazole

.41662795
.52618386
.04160471
.90345764
.24215443
.65501634
.57500545
.06363894
.08673940

Isobutene

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.66026992
.66026992
.66026992
.66026992

.06006259
.62343163
.93007427
.94914956
.38083431
.07748278
.84103166
.94559167
.67001102

.00000000
.00000000
.39894572
.39894572
. 74848405
. 74848405
.056897160
.05897160
.48337908
.48337908
.48337908
.48337908

Methylenecyclopropene

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

.00000000
.00000000
.25042956
.25042956
.96887531
.96887531
. 75335023
. 75335023

S47

O O O O O O O O O

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

.70790758
.18431282
.32482735
.32482735
.76691310
.76691310
.105682007
.10582007
.55086178
.55086178
.55086178
.55086178

.53512883
.04739824
.88571561
.88571561
.96270271
.96270271
.08608382
.08608382



S5.17

c -0
c -0
cC o
0 o
H -2
H o0
S5.18
cC o
cC o0
cC o
cC o0
N 0
N 0
H o0
H o0
H o0
H o0
S5.19

T oD oD D ==2 0000
O O O O O O O O o o

Propynal

.78051115
.17873562
.23763714
.80143996
.80713069
.64026209

Pyrazine

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

Pyridazine

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

O O O O O o

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

.13188686
.13188686
.13188686
.13188686
.00000000
.00000000
.88751412
.88751412
.88751412
.88751412

.30150855
.30150855
.49271907
.49271907
.26228251
.26228251
.52804172
.52804172
.39011496
.39011496

S48

.38900384
.27825868
.52644798
.04628328
.82768750
.48853193

.31510863
.31510863
.31510863
.31510863
.66620111
.66620111
.35234226
.35234226
.35234226
.35234226

.31552865
.31552865
.03513416
.03513416
.23104685
.23104685
.19299731
.19299731
.03967703
.03967703



S5.20

oD oD oD DD =200
O O O O O O O O o o o

S5.21

T oD oD D =2=2000Q0
O O O O O O O O o o

S5.22

Do oD D oD =000
O O O O O O O O o o

Pyridine

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

Pyrimidine

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

Pyrrole

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

3
-3
2
-2

.00000000
.25494985
.25494985
.15398594
.15398594
.00000000
.00000000
.05768507
.05768507
.88059079
.88059079

.00000000
.00000000
.23272561
.23272561
.26214196
.26214196
.00000000
.00000000
.05149341
.056149341

.11924634
.11924634
.34568862
.34568862
.00000000
.00000000
.97648410
.97648410
.56726559
.56726559

549

.66451139
.32069889
.32069889
.30669632
.30669632
.62778932
. 70641516
.27625442
.27625442
.40341581
.40341581

.41518350
.60410885
.22869402
.22869402
.29619742
.29619742
.45780256
.64120942
.16351748
.16351748

.62676569
.62676569
.85506908
.85506908
.10934391
.00257355
.44830201
.44830201
.47837232
.47837232



S5.23

cC 0
cC 0
N 2
N -2
N 2
N -2
H 0
H 0
S5.24
cC 0
cC 0
cC 0
S 0
H 0
H 0
H 1
H -1
H 1
H -1
S5.25

o o mnnQQQQ
O O O O O O O o o

Tetrazine

.00000000
.00000000
.25673244
.25673244
.25673244
.25673244
.00000000
.00000000

Thioacetone

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.65894780
.65894780
.65894780
.65894780

Thiophene

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

O O O O O O O o

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

.00000000
.38541696
.38541696
.00000000
.04609254
.04609254
.42602225
.42602225
.42602225
.42602225

.33342542
.33342542
.34371718
.34371718
.00000000
.29028016
.29028016
.48760051
.48760051

S50

N N O

|
N

W W wweE =

.38208164
.38208164
.24973261
.24973261
.24973261
.24973261
.41850901
.41850901

.68476030
.20685096
.20685096
.39920303
.00090614
.00090614
.43712000
.43712000
.43712000
.43712000

.09858421
.09858421
.48297725
.48297725
.17250692
.44577296
.44577296
.16768392
.16768392



S5.26

o oD
N

S5.27

oD oD === 00Q0
O O O O O O O O o

Thiopropynal

.00382924
.27832423
.26309583
.81920288
.23056990
.97712967

Triazine

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

O O O O O o

.00000000
.00000000
.00000000
.00000000
.00000000
.00000000

.11414732
.00000000
.11414732
.24624733
.24624733
.00000000
.88296710
.88296710
.00000000

S51

.25249909
.15152736
.29548793
.00828974
.28862183
.33206931

.22060353
.44120705
.22060353
.29687150
.29687150
.59374300
.24183210
.24183210
.48366420



	Basis set and frozen-core effects
	Cyanoacetylene, cyanogen, and diacetylene
	Cyclopropenone, cyclopropenethione, and methylenecyclopropene
	Acrolein, butadiene, and glyoxal
	Acetone, cyanoformaldehyde, isobutene, propynal, thioacetone, and thiopropynal
	Cyclopentadiene, furan, imidazole, pyrrole, and thiophene
	Benzene, pyrazine, and tetrazine
	Pyridazine, pyridine, pyrimidine and triazine


	Multiconfigurational results
	Basis set effects
	Active Spaces

	Selected CI results
	Benchmarks
	Raw data
	Statistical analysis

	Geometries
	Acetone
	Acrolein
	Benzene
	Butadiene
	Cyanoacetylene
	Cyanoformaldehyde
	Cyanogen
	Cyclopentadiene
	Cyclopropenone
	Cyclopropenethione
	Diacetylene
	Furan
	Glyoxal
	Imidazole
	Isobutene
	Methylenecyclopropene
	Propynal
	Pyrazine
	Pyridazine
	Pyridine
	Pyrimidine
	Pyrrole
	Tetrazine
	Thioacetone
	Thiophene
	Thiopropynal
	Triazine


