VALENCE EXCITED STATES
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TABLE II: Singlet excitation energies AE (eV) obtained in the def2-
TZVP basis. The PBEO functional was used in the TDDFT, z,-GoWp-
BSE, GoWy-BSE, and evGW-BSE calculations, and aopt = 0.65 was
used for GoWy-BSE. The state numbering here is for valence states only.
For example, the 1 *A” (7 — 7*) state of imidazole represents the lowest
valence 'A” state with m — 7* character, which is not necessarily the
lowest A" state.

Molecule State TDDFT CC2 z,-GoWy-BSE GoWy-BSE evGW-BSE qsGW-BSE  Ref.
Ethene 1 Bi, (x> 7°) 7.6 8.26 6.59 7.29 775 776 7.80°
E-Butadiene 1 'B, (r—7*) 5.80 6.36 5.09 5.49 5.94 5.93 6.21°¢
E-Hexatriene 1'B, (r —7*) 475 529 4.25 4.49 4.92 4.91 5.32¢
E-Octatetraene 1'B, (r — 7*) 4.07  4.60 3.72 3.83 4.27 4.26 4.75%
Cyclopropene 1'B; (¢ —7*) 6.54 6.86 5.94 6.04 6.56 6.67 6.67
1'By (r—7*) 636 6.98 5.58 6.08 6.56 6.63 6.68%
Cyclopentadiene 1'B, (7 — 7*)  5.07  5.57 4.38 4.64 5.06 5.10 5.49°¢
Norbornadiene 1'A, (7 — %) 4.88  5.43 4.70 471 5.16 521 5377
1'By (m—7*) 564 6.23 5.83 5.68 6.16 6.23 6.21¢

Benzene 1'Byy, (m —7*) 547 526 4.84 4.78 5.19 5.22 5.03%
1'Biy (= 7") 6.16  6.55 5.70 5.62 6.03 6.03 6.42%

1'Ey, (m— ) 712 7.32 6.55 6.44 6.89 6.93 7.14°

Naphthalene 1 !Bz, (m — %) 4.50 4.41 4.14 3.91 4.29 4.33 4.25¢
1'By, (m = 7*) 4.40 4.81 4.10 3.98 4.37 4.41 4.82°¢

1'Biy (m—>7*) 574 6.07 5.93 5.41 5.91 5.97 5.75¢

2'A, (= 7)) 629 6.17 6.33 5.57 6.12 6.14 5.90°

2'Bs, (m—=7*) 598 6.15 5.70 5.40 5.83 5.81 6.11°¢

2'By, (m—>7*) 6.18 6.43 6.03 5.61 6.03 6.06 6.36°

2'Biy (r—7*) 6.38 6.68 6.42 5.72 6.27 6.28 6.46°

Furan 1'By (= 7*) 621  6.62 5.34 5.66 6.09 6.10 6.26°
2'A; (= 7)) 683 6.80 6.39 6.27 6.78 6.88 6.51°¢

3'4; (m—m*) 831 8.65 7.75 7.59 8.14 8.24 8.13¢

Pyrrole 1'By (m—7*) 646 6.78 5.77 5.90 6.33 6.34 6.20°
2'4; (= 7))  6.65 6.56 6.16 6.04 6.51 6.57 6.27¢

3'4; (m—m*) 803 832 7.50 7.34 7.86 7.94 7.60°

Imidazole ~ 2'A’ (r = %) 653  6.65 5.81 5.96 6.41 6.43  6.32
114" (n—>7*)  6.62 6.80 7.00 5.97 6.70 6.73 6.70°

3'A (m—7*) 713 719 6.60 6.47 6.98 7.03 6.79°

Pyridine  1'By (n—7*) 485  5.02 5.33 4.28 4.95 499  4.95°
1'Bs (m = %) 5.56  5.30 4.83 4.82 5.23 5.26 5.12¢

1'4; (n—>7%) 523 531 5.80 4.68 5.37 543  5.41°

2'4; (m— 7)) 636 6.74 5.87 5.79 6.23 6.24 6.60°

2'By (m—m*) 736 751 6.85 6.63 7.13 7.16 7.33¢

3'A1 (m—m*) 739  7.60 6.83 6.65 7.14 7.19 7.39¢

Pyrazine 1"Bsy, (n—x*) 398 4.17 4.23 3.42 4.03 4.07 4.13°

1 Bay (m —7*) 5.41 5.11 4.49 4.61 5.01 5.03 4.97¢

114, (n—7*) 480 4.89 5.23 4.29 4.94 5.02 4.98°¢

1'Byy (n—>7*) 563 583 6.36 4.87 5.68 5.71 5.65¢

1'Biy (n—>7") 659 6.65 7.53 5.92 6.76 6.84 6.69°

1'Biu (r—>7*) 655 6.96 5.97 5.95 6.39 6.40 6.83°

2By, (m—>7*) 788 7.99 7.48 7.07 7.64 7.68 7.81¢

2By, (r—=7*) 773 8.00 7.21 6.89 7.44 7.49 7.86¢

Pyrimidine 1'B (n—7") 433 441 4.72 3.75 4.41 4.45 4.43°
1145 (n = 7*) 470  4.78 5.18 4.14 4.82 4.88 4.85°¢

1'By (r—7*) 581 550 5.06 5.02 5.46 5.50 5.34¢

2'4; (m—> )  6.64 698 6.14 6.04 6.51 652  6.82°

Pyridazine 1'Bi (n—7*) 3.65 3.81 4.10 3.02 3.71 3.76 3.85°¢
1145 (n = 7*) 432  4.34 4.91 3.73 4.45 4.52 4.44°

24 (> 7))  5.66 535 4.89 4.86 5.30 5.33 5.20¢

2145 (n—7*) 552  5.72 5.99 4.96 5.66 5.68 5.66°

s-Triazine 1 'A{(n—7*) 456 4.63 4.97 3.98 4.66 470 4.70°
1 1A/2'(n — ") 4.62 4.73 5.07 4.09 4.75 4.84 4.71°¢

1'E" (n—7*) 463 4.71 5.06 4.07 4.77 480  4.75°




TABLE II (Continued)

Molecule State TDDFT CC2 z,-GoWy-BSE GoWo-BSE evGW-BSE qsGW-BSE  Ref.
1745 (r —» =)  6.22 583 5.58 5.38 5.88 5.91 5.71¢

s-Tetrazine 1B3u (n—m ) 2.28 240 2.38 1.62 2.24 2.30 2.46°
Ay (n—> 7" 3.65 3.63 4.06 3.08 3.76 3.86 3.78¢

lBlg (n—m ) 4.84 5.01 5.43 3.99 4.85 4.87 4.87%

1 1B2u (r —7*) 5.62 518 4.54 4.68 5.13 5.14 5.08%

1 ng (n—7") 5.38 5.46 5.87 4.55 5.36 5.38 5.28%

Ay (n—>7") 513  5.42 5.31 4.64 5.29 5.27 5.39¢

Formaldehyde 1A2 (n—m7") 388 4.05 3.25 3.12 3.83 3.97 3.89°
1'B) (0 —»7%) 894  9.26 8.68 8.10 8.96 9.16  9.05"

214, (1 —>7*) 929 10.23 8.24 8.57 9.29 939 9.31°

Acetone 1'42 (n—7*) 436  4.50 4.56 3.48 4.25 4.37 4.38"
214; (m—> 7)) 915 9.60 8.71 8.15 8.91 9.05  8.90°

1'By (6 > %) 866 9.19 8.93 8.26 9.03 9.05  9.03"

p-Benzoquinone 1 1Blg (n—=m") 248 2.76 3.15 1.97 2.73 2.85 2.74°
W (n—> %) 266 2.89 3.55 2.03 2.87 301 2.86°

1ng (m—> ") 3.84 457 3.37 3.67 4.09 417 4.44°

1'Byy, (m —>7%) 494 551 4.67 4.65 5.19 522 5AT°

2B, (r — %) 6.74 7.23 6.93 6.40 7.03 7.18 7.16¢

Formamide 1'A4” (n —7*) 560 5.73 5.50 4.75 5.55 5.65 5.56°
Acetamide  1'A” (n = 7*) 562 5.75 5.88 4.77 5.57 570 5.62°
Propanamide 1'A” (n — %) 5.66 5.77 6.01 4.77 5.56 5.72 5.64°
Cytosine 2MA (m— ) 476 477 4.76 4.20 4.76 4.83 4.61°
1'A” (n— ) 492 4.97 5.98 4.53 5.30 528  5.06°

214" (n—>7*) 534 540 6.57 4.97 5.80 595  5.42°

314 (n > %) 557 5.67 5.91 5.14 5.76 583  5.46°

Thymine 1'A” (n—7*) 479  4.89 5.74 4.13 4.93 5.05 4.87°¢
214" (n > %) 507 529 5.02 4.64 5.16 520  5.14°

314 (n—>7%) 614  6.39 6.72 5.77 6.49 6.61  6.14°

214" (n— %) 599  6.26 7.19 5.41 6.29 6.47  6.28°

44 (> ) 644 671 6.88 6.15 6.73 6.77  6.41°

Uracil 1'A" (n— %) 472 4.86 5.63 4.10 4.92 503  4.80°
214" (n > %) 526 543 5.08 4.75 5.29 535  5.25°

3'A (- 7*)  6.04 6.36 6.70 5.74 6.44 6.57 6.10°

214" (n—> %) 591  6.19 7.04 5.36 6.24 6.39  6.15°

44 (m—> ) 664  6.89 6.85 6.30 6.90 6.95  6.54°

3'4" (n—>7*) 635 6.65 7.89 6.28 7.17 733 6.69°

Adenine 214" (> 7*) 511 525 5.05 4.66 5.13 518  5.10°
3'A (- 7*) 535 5.33 5.26 4.74 5.23 5.23 5.17¢

1'A” (n > %) 508 520 5.94 4.59 5.28 531  5.20°

214" (n > %) 571 582 6.64 5.15 5.86 588  5.79°

?Direct CC3/aug-cc-pVTZ results. Taken from Ref. 1.

*Direct CC3/aug-cc-pVTZ results. Taken from our own calculations.

“Estimated CC3/aug-cc-pVTZ results based on CC3/TZVP with basis set correction from CCSDR(3)/aug-cc-pVTZ
and CCSDR/(3)/TZVP. Taken from Ref. 1.

IEstimated CC3/aug-cc-pVTZ results based on CC3/TZVP with basis set correction from CC2/aug-cc-pVTZ and
CC2/TZVP. Taken from Ref. 1.

¢Estimated CC3/aug-cc-pVTZ results based on CC3/TZVP with basis set correction from CC2/aug-cc-pVTZ and
CC2/TZVP. Derived from Ref. 2 (CC3 results) and Ref. 3 (CC2 results).



TABLE III: Singlet excitation energies AE (eV) obtained in the aug-
cc-pVTZ basis. The PBEO functional was used in the TDDFT and
evGW-BSE calculations. The state numbering here is for valence states
only.

Molecule State TDDFT CC2 evGW-BSE qsGW-BSE
Ethene 1B, (m—7") 750 7.90 7.35 7.52
E-Butadiene 1'B, (r —«*) 565 6.13 5.74 5.79
E-Hexatriene 1'B, (7 —7*) 4.68 5.18 4.79 4.84
E-Octatetraene 1'B, (m — 7*) 4.04 4.53 4.17 4.21
Cyclopropene 1'B; (¢ —7*) 6.34  6.73 6.20 6.59
1'By (m—7*) 618 6.72 6.18 6.46
Cyclopentadiene 1'B, (m — 7*)  5.02  5.47 4.90 5.04
Norbornadiene 1 'As (7 — 7*)  4.82  5.30 4.92 5.12
1'B; (m—7*) 557 6.09 5.78 6.14
Benzene 1'By, (m—7*) 5.44 5.22 5.06 5.18
1'Biy (= 7*) 610 6.45 5.90 5.96
1'Ey, (m—7%) 699 7.12 6.68 6.79
Naphthalene 1 'Bj, (7 — %) 4.48 4.38 4.21 4.30
1'By, (m—7*) 438 4.75 4.28 4.37
1'Bi, (n = 7*) 559 582 5.54 5.74
2'4, (r—7") 620 6.07 5.83 6.04
2'B;3, (1= 7*) 589 6.02 5.68 5.73
2 !By, (1 —>7*) 614 6.35 5.90 6.00
2By (r— %) 622 6.44 6.13 6.21
Furan 1'By (m—7*) 6.02 6.37 5.81 5.95
214 (=) 6.73  6.70 6.39 6.77
314, (= 7)) 797 813 7.66 7.95
Pyrrole 1'By (m—7*) 6.05 6.25 5.77 6.08
214 (=) 650 6.42 5.92 6.44
3'A) (m—» ) 762 781 7.16 7.48
Imidazole 24" (m =) 6.26  6.40 5.93 6.24
114" (n—7*) 6.56 6.69 6.25 6.66
3'A (= 7*)  6.93 691 6.19 6.86
Pyridine 1'By (n—7*) 482 497 4.83 4.97
1'By (m—7*) 552 526 5.12 5.22
1142 (n—7*) 522 527 5.25 5.41
214 (> 7w") 631 6.64 6.10 6.17
2B, (m—w*) 724 7.32 6.94 7.04
3'A4) (m—> ) 732 743 6.94 7.07
Pyrazine 1'Bs, (n—7*) 3.96 4.12 3.95 4.05
1'By, (m—m*) 537 5.07 4.91 4.98
1'4, (n—>7*) 480 4.86 4.85 5.00
1'Byy (n—7%) 5.62 5.79 5.57 5.68
1'Biy, (n —7*) 659 6.6l 6.65 6.80
1'Biy (r—7*) 651 6.86 6.28 6.34
2By, (x> 7*) 776  7.82 7.47 7.57
2By, (r—>7*) 767  7.92 7.18 7.36
Pyrimidine  1'B; (n —7*) 4.31 4.37 4.29 4.44
114 (n—7") 470 4.75 4.79 4.86
1'By (m—7*) 578 5.46 5.41 5.45
214 (m =) 659  6.94 6.47 6.45
Pyridazine  1'By (n— ") 3.65 3.79 3.62 3.76
114 (n—7") 431 430 4.33 4.50
2'A; (m —» ) 5.64 5.32 5.20 5.30
214, (n— ") 551  5.70 5.57 5.66
s-Triazine 1'AY(n —7*) 455 4.60 4.58 4.69
1TAY(n — 1) 4.62 471 4.70 4.83
1'E” (n— %) 462 4.68 4.68 4.79
114y (= 7*) 620 5.80 5.80 5.89
s-Tetrazine 1 'Bs, (n—7") 229 239 2.20 2.31

1'A, (n—7") 3.65 3.61 3.67 3.83




TABLE III (Continued)

Molecule State TDDFT CC2 evGW-BSE qsGW-BSE
1'Biy (n—7") 485 500  4.78 4.89
1 13% (r—7*) 5.60 5.16 5.06 5.13
1 Bzg (n—7") 538 545 529 5.38
W (n—7*) 512 540 @ 524 5.30
Formaldehyde 1A2 (n—m") 3.85 4.00 3.61 3.93
1'By (0 —» %) 891 919  8.69 9.11
214 (m— ") 921 978 897 9.26
Acetone 1A2 (n—m") 435 445 3.99 4.37
214 (m— %) 862 931 874 9.02
1'By (0 —» %) 862 911  8.76 9.00
p-Benzoquinone 1 'Bi, (n — %) 2.48  2.76 2.68 2.85
1'4, (n—7") 267 288 282 3.00
1'Bsy (m—7*) 3.82 4.53 4.03 4.14
1'Byy (r—7) 491 5.46 5.10 5.18
2'Bsy (r—7*) 671 717  6.89 7.12
Formamide 1'A” (n —7*) 551 5.59 5.23 5.56
Acetamide  1'A” (n = 7*) 5.54 5.61 4.58 5.61
Propanamide 1'A” (n — %) 557 562  4.54 5.63
Cytosine 2'A" (m— ) 471 4.69 4.60 4.75
11A” (n —7*) 489 491 5.15 5.23
2'A" (n—7*) 532 533 540 5.88
3'A" (r—7*) 551 556  5.58 5.72
Thymine 1'A” (n —7*) 476 4.83 4.77 5.00
2'A" (m—7*)  5.00 5.19 4.99 5.11
3'A" (r—7*) 607 626  6.29 6.50
24" (n—7*) 595 6.16 6.01 6.39
4'A" (> 7*) 631 650  6.42 6.60
Uracil 1'A” (n—7*) 470 481  4.77 4.99
2'A" (m—7*) 520 5.33 5.13 5.26
3'A" (m—7*) 599 624  6.26 6.47
2'A" (n—7*) 587 6.09  6.00 6.32
4'A" (r—>7*) 648 6.66 6.62 6.75
3'A" (n—7*) 629 654  6.98 7.25
Adenine 2'A" (r—7*) 504 520  4.98 5.08
3'A" (r—7*) 528 520  5.08 5.17
1'A” (n —7*) 505 5.13 5.11 5.26
2'A" (n—7*) 567 574 571 5.70




TABLE IV: Triplet excitation energies AE (eV) obtained in the def2-
TZVP basis. The PBEO functional was used in the TDDFT, z,-GoWp-
BSE, GoWy-BSE, and evGW-BSE calculations, and aope = 0.76 was

used for GoWy-BSE.

Molecule State TDDFT CC2 z,-GoWy-BSE GoWy-BSE evGW-BSE qsGW-BSE  Ref.
Ethene 13B1, (m —7") 3.81 4.58 3.32 3.31 3.73 3.92  4.50°
E-Butadiene 1°B, (r — ) 2.56 3.43 2.43 2.13 2.59 2.74 3.34°
134, (m —w*) 471 530 4.81 3.96 4.58 4.64 5.15¢

B-Hexatriene 13B, (7 —7*) 189 2.81 1.92 1.44 1.95 2.11 2.71°
134, (mn — %) 378 4.44 4.10 3.02 3.71 3.79 4.33°

E-Octatetraene 1°B, (7 — %) 1.48 2.42 1.61 0.96 1.54 1.73 2.32°
134, (m — %) 310 3.79 3.50 2.35 3.06 3.16 3.69°

Cyclopropene 13B, (m — )  3.52  4.43 3.46 3.24 3.70 3.76 4.28
1®B;y (0 —»7*) 599 6.54 6.14 5.48 6.00 6.11 6.40"
Cyclopentadiene 1°3By (7 — 7*)  2.56  3.38 2.55 2.14 2.57 2.65 3.26°
13A; (r —7*) 462 524 4.83 4.02 4.55 4.55 5.09°

Norbornadiene 13A4y (7 — 7*) 293  3.75 3.30 2.61 3.06 3.15 3.68°
1%By (m —7*) 343 4.27 3.83 3.00 3.48 3.60 4.16°

Benzene 1%Biy (m — %) 3.58 4.35 3.76 3.02 3.45 3.52  4.12°
1%E1, (m — %) 4.68 5.08 4.68 4.04 4.43 4.46  4.81°

1%Byy, (m — %) 506 592 4.99 4.32 4.73 4.75 5.78°

13Ey (m—7") 733 7.98 8.30 6.29 7.15 7.20 7.45%

Naphthalene 1°%Bs, (m — %) 2.54 3.26 2.82 2.05 2.47 2.53 3.09°
1%Bsy, (m — %) 3.93 431 4.13 3.33 3.72 3.75 4.09°

13Bi, (m = 7*) 4.07 4.63 4.61 3.42 3.93 3.95 4.42°

23By, (r —7*) 438 4.83 4.72 3.79 4.19 4.20 4.56°

23Bs, (m—7) 420 4.97 4.36 3.56 3.95 3.98 4.92°

134, (r—7*) 529 573 5.95 4.44 5.06 5.06 5.42°

23Biy (r—7*) 570 6.28 6.59 5.35 5.88 5.95 6.12°

23A, (m—7) 598 6.69 6.64 5.23 5.78 5.79 6.17°

334, (m—7") 614 6.84 7.31 5.56 6.24 6.30 6.65°

33Biy (m—7*) 659 718 7.69 5.68 6.45 6.52 6.67°

Furan 13By (m —7*) 3.56 4.37 3.32 2.99 3.41 3.50 4.11°
134, (m —»7*) 514 5.66 5.20 4.43 4.92 4.95 5.43°

Pyrrole 1%By (r—7*)  3.97 4.69 3.85 3.37 3.78 3.85 4.44°
134 (m—7*) 524 5.70 5.31 4.54 4.99 5.02 5.42°

Imidazole 13A" (m —7*) 415  4.89 4.03 3.55 3.97 4.05 4.65"
234" (m —7*) 536 5.96 5.37 4.67 5.14 5.19 5.64°

134" (n—=7*) 590 6.41 7.11 5.19 5.92 5.96 6.25°

334" (r—7") 596  6.67 6.24 5.15 5.70 5.77 6.38"

Pyridine 13A) (m — ")  3.69 4.49 3.88 3.11 3.57 3.64 4.28"
1%B1 (n—7*)  4.05 449 5.34 3.46 4.14 4.17 4.42°

1%By (r—7*) 445  4.97 4.26 3.73 4.10 4.13 4.72°

234, (r = 7)) 482 527 4.85 4.13 4.55 4.59 4.96°

1342 (n—7*)  5.05 5.28 6.45 4.50 5.19 5.26 5.35°

23By (m— ) 5.63 6.39 5.75 4.88 5.35 5.39 6.22°

s-Tetrazine 1°Bs, (n — ") 1.40 1.83 2.40 0.76 1.41 1.45 1.87%
134, (n > 7*) 3.18 3.41 4.46 2.62 3.29 3.39 3.49°

1%Bi, (n—7") 3.67 4.26 5.22 2.80 3.69 3.70 418"

13By, (m—7) 3.60 4.66 3.82 2.92 3.48 3.49  4.36"

13By, (m—m*) 3.96 4.67 3.49 3.11 3.50 3.49 4.39%

1%By, (n—7*) 450 5.00 5.94 3.70 4.52 453  4.89"

234, (n—7*) 447 4.99 5.53 3.97 4.64 4.62  4.96"

23By, (m—7*) 521 561 5.08 4.38 4.84 4.88 5.32¢

Formaldehyde 134, (n—7*) 3.07 3.55 3.39 2.31 3.02 3.18 3.49
134, (m —7*) 496 6.13 4.62 4.20 4.87 5.06 5.86“

Acetone 134 (n —7*)  3.65  4.09 4.76 2.78 3.55 3.66 4.05*
134, (m —7*) 524 6.31 5.82 4.57 5.31 5.31 6.07°
p-Benzoquinone 1 3By, (n — %) 1.91 245 3.40 1.36 2.14 2.26 2.50°
134, (n —7*) 2.07 2.58 3.82 1.42 2.27 2.41 2.61°




TABLE IV (Continued)

Molecule State TDDFT CC2 zo-GoWo-BSE GoWy-BSE evGW-BSE qsGW-BSE  Ref.
1By, (r —7*) 205 3.17 2.30 1.54 2.14 2.30 3.02°
13Bs, (r — %) 259 3.48 2.69 2.25 2.71 2.76  3.37°

Formamide 174”7 (n— ") 496 5.38 5.79 4.12 4.92 502  5.28%
134" (> ) 510 5.96 5.29 4.25 4.91 505  5.69°

Acetamide 134" (n —7*) 502 543 6.19 4.17 4.97 5.09 5.35°
134" (r —»7*) 524 6.08 5.76 4.42 5.09 5.23 5.71°

Propanamide 13%A” (n — %) 5.06 5.45 6.32 4.18 4.97 5.12 5.38°
134" (x> ) 527  6.09 5.89 4.42 5.11 525  6.08

%Direct CC3/aug-cc-pVTZ results. Taken from Ref. 1.
YEstimated CC3/aug-cc-pVTZ results based on CC3/TZVP with basis set correction from CC2/aug-cc-pVTZ and
CC2/TZVP. Taken from Ref. 1.



TABLE V: Triplet excitation energies AFE (eV) obtained in the aug-
cc-pVTZ basis. The PBEO functional was used in the TDDFT and
evGW-BSE calculations.

Molecule State TDDFT CC2 evGW-BSE qsGW-BSE
Ethene 1°Bi, (r — ) 381 4.56 3.35 3.87
E-Butadiene 1°%B, (r —7*) 2.56 3.43 2.40 2.72
134, (m — ) 468 5.25 4.12 4.59
E-Hexatriene 1°B, (7 = 7*) 190 2.80 1.82 2.09
134, (m— ) 377  4.42 3.40 3.76
E-Octatetraene 13B, (7 — %) 1.48 242 1.44 1.71
134, (m — ) 3.10 3.78 2.89 3.13
Cyclopropene 13B, (m — 7*)  3.50 4.40 3.34 3.73
1By (o —»7*) 593 6.44 5.63 6.05
Cyclopentadiene 1 3B, (7 — 7*)  2.56  3.37 2.42 2.64
134, (m—7*) 461 522 4.16 4.51
Norbornadiene 124, (7 — 7*) 293 3.72 2.68 3.13
1°By (r—7*) 342 4.25 2.83 3.58
Benzene 13B1, (r — ) 3.58 4.33 3.32 3.50
13E1, (1 =) 4.67 5.05 4.30 4.43
13By, (m = 7*) 5.04 586 4.60 4.71
13 (r —7*) 730 7.92 6.82 7.16
Naphthalene 1By, (m — %) 2.54 3.25 2.38 2.52
13Bs, (r —7) 392 4.28 3.63 3.73
13B1y (m —7*) 4.06 4.59 3.70 3.93
23By, (m —7*) 436 4.81 4.10 4.17
23Bs, (r—7*) 419 493 3.86 3.96
134, (m —7*) 526 5.67 4.80 5.02
23By (T —7*) 560 6.07 5.65 5.81
234, (r —7) 591 6.53 5.50 5.72
334, (= 7*) 6.12 6.80 6.03 6.23
33By, (m = 7)) 6.54 6.74 6.13 6.47
Furan 1By (m—7*) 3.54 4.33 3.11 3.46
134, (m—7*) 511 5.61 4.55 4.91
Pyrrole 13B; (m —7*) 3.94 4.64 3.21 3.80
134 (m—7*) 520 5.63 4.45 4.98
Imidazole 134" (m = 7)) 412 4585 3.47 4.02
23A" (n —»7*) 529 5.86 4.32 5.13
134" (n —7*) 586 6.32 5.38 5.91
334" (m = 7*) 592 6.57 5.27 5.72
Pyridine 184, (m —7*)  3.69 448 3.46 3.63
1°B1 (n—7*) 4.04 446 4.01 4.16
1%By (m—7*) 443 4.93 4.00 4.09
234, (= m") 480 5.24 4.45 4.55
134 (n—7*) 504 524 5.07 5.24
23B; (= m) 561 6.34 5.23 5.35
s-Tetrazine 1°Bg, (n — %) 1.41 1.83 1.36 1.47
134, (n —7*) 3.19 3.39 3.21 3.37
1%Biy (n—7") 3.69 4.27 3.56 3.73
13By, (m =) 3.60 4.66 3.42 3.52
13Bs, (m—7) 394 4.65 3.45 3.49
1%By, (n—7") 451  4.99 4.44 4.53
234, (n—7*) 447 4.98 4.58 4.63
23B1, (m —7*) 519 5.59 4.77 4.86
Formaldehyde 134, (n —7*) 3.06 3.52 2.81 3.15
134, (m—7*) 496 6.12 4.62 5.06
Acetone 134, (n —7*)  3.66 4.07 3.30 3.68
134, (m—7") 525 6.31 5.06 5.34
p-Benzoquinone 1°*Bi, (n — %) 1.92  2.46 2.09 2.27
134, (n —7*) 2.09 2.58 2.22 2.41
13B1, (r — ) 2.06 3.18 2.10 2.30

13Bsy (m —7*) 258 3.46 2.64 2.74




TABLE V (Continued)

Molecule State TDDFT CC2 evGW-BSE qsGW-BSE
Formamide 134" (n—7*) 490 5.27 4.61 4.95
134" (r = 7)) 5.06 5.88 4.61 5.00
Acetamide  13A” (n — 7*) 497 5.33 3.99 5.04
134" (= 7*) 521  6.02 4.12 5.19
Propanamide 134" (n —7*) 5.00 5.35 3.96 5.06
134" (r = 1) 524  6.02 4.11 5.21
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II. RYDBERG STATES

TABLE VIII. Singlet excitation energies AE (eV) of the Rydberg states in benzene and naphthalene obtained with extra
molecule-centered diffuse functions. CCSDR(3) results taken from Ref. 4 as reference.

Molecule State evGWQPBEO-BSE qsGW-BSE CCSDR(3)
def2-TZVP def2-TZVPD def2-TZVP def2-TZVPD ANO1
Benzene 1'Fy, (m —>o0%)  6.18 5.99 6.56 6.49 6.45
1Ay, (1= 0*)  6.80 6.52 7.21 7.10 6.98
1By, (1= 0%)  6.90 6.63 7.27 7.18 7.04
114y, (r = o) 7.00 6.75 7.34 7.26 7.12
1By, (r —0*) 745 7.27 777 7.63 7.65
118y, (r—0*) 745 7.25 7.78 7.63 7.66
1 By (r— %) 779 771 7.97 7.94 7.85
2 1Ay, (r— %) 7.82 7.74 7.98 7.96 7.86
11 Agy (7 — %) 7.82 7.75 7.99 7.97 7.88
Naphthalene 114, (7 — o*) 5.10 5.01 5.66 5.64 5.57
LBy (') 553 5.39 6.12 6.07 5.99
LBy () 5.5 5.41 6.13 6.09 6.00
1By, (1 —0*) 581 5.72 6.36 6.32 6.24
2By, (m— o) 6.49 6.45 6.53 6.51 6.39
214, (r — %) 6.39 6.05 6.75 6.61 6.57
1Blu (r =) 6.48 6.20 6.79 6.70 6.61
2 ng (m — o) 6.22 6.10 6.81 6.76 6.67
21By, (m =) 6.32 6.19 6.87 6.82 6.72
3 1B2u (m — %) 6.77 6.70 6.94 6.94 6.80
31Bs, (m— 1) 6.79 6.73 6.97 6.97 6.84
314, (1—0*) 715 7.10 7.04 7.01 6.91
4 1B2u (m — ) 7.33 7.31 7.47 7.50 7.35

III. CHARGE-TRANSFER STATES

TABLE IX. Singlet excitation energies AE (eV) of charge-transfer (CT) states.
Molecule  State CC3/TZVP CC2/TZVP CC2/aug-cc-pVTZ Estimated CC3/aug-cc-pVTZ

pNA 27TA,; 4.57 4.62 4.44 4.39
DMABN (Cb,) 2'A;  4.98 4.90 4.78 4.86
DMABN (Cy) 214’ 4.94 4.83 4.64 4.75

PP 218, 5.48 5.56 5.29 5.21

314, 5.96 6.05 5.78 5.69

Silva-Junior, M. R.; Schreiber, M.; Sauer, S. P. A.; Thiel, W. J. Chem. Phys. 2010, 133, 174318.

Kannar, D.; Szalay, P. G. J. Mol. Model. 2014, 20, 2503.

Silva-Junior, M. R.; Sauer, S. P. A.; Schreiber, M.; Thiel, W. Mol. Phys. 2010, 108, 453.

Falden, H. H.; Falster-Hansen, K. R.; Bak, K. L.; Rettrup, S.; Sauer, S. P. A. J. Phys. Chem. A 2009, 113, 11995.
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FIG. 1. Dominating occupied-virtual pairs of natural transition orbitals (NTOs) obtained from the qgsGW-BSE calculations.
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