Data from Tozer's Benchmark Set. Row 1 = Excitation energy (eV); Row 2 = Excited state; Row 3+ = Occ. --> Virt.

Molecule Excitation |Type| Reference HF B3LYP wB97 wB97X wB97X-D LRC-wPBEh MO06 MO06-2X MO6-HF
11.7552 6.3079 9.1056 8.6856 7.8785 7.7208 6.6315 8.2583 10.3411
Dipeptide ny -->m,* CT 8.07 (57) (10) (26) (25) (18) (20) (12) (23) (51)
33->4 35->1 34-->1 34-->1 35->1 35-->1 35->1 34 -->2 33-->3
8.7133 6.1524 7.5003 7.3359 6.9793 6.8912 6.4555 7.1420 8.5555
> 1" cT 7.18 (11) (8) (8) (8) (8) (8) (9) (9) (18)
35->4 34-->1 35->1 35->1 34-->1 34-->1 34-->1 35-->2 35-->3
6.9420 5.7721 6.0249 5.9820 5.9254 5.8972 5.7970 5.7282 5.1835
ny -->1,* L 5.79 (6) (6) (6) (6) (6) (6) (6) (6) (6)
32->4 32->1 32->1 32->1 32->1 32->1 33->1 32-->2 32-->3
6.7150 5.5486 5.7942 5.7497 5.6917 5.6573 5.5588 5.4942 4.9521
ng -->1y* L 5.62 (5) (5) (5) (5) (5) (5) (5) (5) (3)
33->6 35-->3 34-->3 34-->3 35-->3 35-->3 35-->3 34-->3 33-->5
5.1037 4.3791 4.8747 4.8127 4.6891 4.6940 4.3248 4.7410 5.0424
Acene (n=1) "By, L 4.88 (5) (5) (7) (7) (7) (7) (6) (6) (5)
34-->1 34-->1 34-->1 34-->1 34-->1 34-->1 34-->1 34-->1 34-->1
5.2512 4.4714 4.7046 4.6783 4.6283 4.6261 4.3986 4.6779 4.9082
1 Ul aae | ® 7) (6) (6) (6) (6) (7) (5) @)
3 33->1 33->1 33->1 33->1 33->1 33->1 33->1 33->1 33->1
34 -->2 34 -->2 34 -->2 34 -->2 34 -->2 34 -->2 34 -->2 34 -->2 34 -->2
4.6267 3.8632 4.1084 4.0923 4.0505 4.0477 3.8147 4.0739 4.2749
1 (7) (6) (6) (6) (6) (6) (6) (6) (6)
Acene (n=2) B3y L 389 4651 46 > 1 46 > 1 46 --> 1 46 --> 1 46 --> 1 46 --> 1 46 -->1 46 -->1
47 -->?2 47 -->2 47 -->2 47 -->2 47 -->2 47 -->2 47 -->?2 47 -->2 47 -->2
4.1009 3.2114 3.7720 3.7022 3.5681 3.5620 3.2099 3.5636 3.8925
"By, L 3.69 (5) (2) (4) (3) (3) (3) (2) (2) (2)
47 --> 1 47 -->1 47 -->1 47 -->1 47 -->1 47 --> 1 47 --> 1 47 --> 1 47 --> 1
7.6494 4.6429 6.8482 6.5849 6.0233 5.9839 5.0429 5.8507 6.9874
PP 3 1A1 CT 5.94 (17) (6) (14) (13) (112) (112) (112) (112) (14)
37 -->2 38-->2 37 -->2 37 -->2 38-->2 38-->2 38-->2 38-->2 37 -->2
6.1366 4.5803 5.6887 5.5649 5.3128 5.2958 4.6660 5.2831 5.7978
2'8, cT 5.47 (10) (5) (9) (9) (9) (9) (5) (8) (9)
37->1 38->1 37->1 37->1 38->1 38-->1 38->1 38->1 37-->1
5.6837 4.9657 5.3195 5.2690 5.1604 5.1645 4.7511 5.1622 5.4038
2'A L 5.13 (7) (10) (8) (8) (7) (8) (6) (6) (6)
38->1 37 -->1 38-->1 38-->1 37 -->1 37-->1 37-->1 37-->1 38-->1
5.7857 4.7647 5.2088 5.1669 5.0801 5.0752 4.7846 5.1006 5.3886
118, L 4.85 (8) (8) (7) (5) (5) (7) (7) (5) (5)
38-->2 37 -->2 38-->2 38-->2 37 -->2 37 -->2 37 -->2 37-->2 38-->2
36->1 36->1 36->1 36->1 36-->1 36-->1 36-->1 36->1 36->1
5.5338 4.6426 5.0620 5.0207 4.9278 4.9227 4.6494 4.9429 5.1080
DMABN 2'A, cT 4.56 (6) (5) (5) (6) (5) (6) (5) (5) (7)
39->1 39->1 39->1 39-->1 39-->1 39-->1 39->1 39->1 39->1
5.6204 4.4412 4.8793 4.8233 4.7105 4.6916 4.4629 4.7723 5.0730
LB, Ll aas | () () () () @) @) ) (6)
39-->2 39-->2 39-->2 39-->2 39-->2 39-->2 39-->2 39-->2 39-->2
38->1 38->1 38->1 38->1 38->1 38->1 38->1 38->1 38->1
6.5830 5.8815 6.1794 6.1257 6.0387 6.0601 5.7825 6.0787 6.1719
PA oligomer (n=2) 1 1Bu L 5.92 (3) (3) (3) (3) (3) (3) (3) (3) (3)
15->1 15->1 15->1 15->1 15->1 15->1 15->1 15->1 15-->1
5.6037 4.8117 5.2095 5.1397 5.0278 5.0384 4.7591 5.0509 5.2120
PA oligomer (n=3) 1 1Bu L 4.95 (4) (3) (4) (4) (3) (4) (3) (3) (3)
22-->1 22->1 22->1 22->1 22->1 22->1 22->1 22->1 22->1
4.9663 4.1395 4.5986 45214 4.3959 4.4018 4.1110 4.4014 4.6036
PA oligomer (n=4) 1 1Bu L 4.41 (5) (3) (4) (4) (3) (4) (3) (3) (3)
29-->1 29->1 29->1 29->1 29-->1 29->1 29->1 29->1 29->1
4.5234 3.6599 4.1791 4.0966 3.9630 3.9658 3.6572 3.9521 4.1856
PA oligomer (n=5) 1 1Bu L 4.27 (5) (3) (4) (4) (3) (4) (3) (3) (3)
36->1 36-->1 36-->1 36-->1 36-->1 36-->1 36->1 36->1 36->1
13.2001 12.0575 13.0179 12.8737 12.3778 12.2430 11.3416 12.4621 12.4608
N, (Singlet) 1]'[u R 13.24 (17,18) (24,25) (24,25) (22,23) (24,25) (24,25) (24,25) (19,20) (17,18)
T, --> 350, 6-->2 5-->3 5-->2 5-->2 5-->2 5-->2 5-->1 5-->1 6-->1
7-->2 6-->3 6-->2 6-->2 6-->2 6-->2 6-->1 6-->1 7->1
1c + 14.3122 11.6860 12.7257 12.6190 12.1168 11.9236 10.8872 12.5534 13.3162
2 R 12.98 (33) (17) (21) (21) (21) (21) (19) (25) (26)
Og --> 3P0, 5->8 7->4 7->1 7->1 7->1 7->1 7->6 7->2 5->2
14.5808 11.7136 12.6996 12.5809, 12.5810 12.0787 11.8768 10.7397 12.5143 13.4334, 13.4337
1]'[u R 12.90 (34,35) (18,19) (19,20) (19,20) (19,20) (19,20) (16,17) (23,24) (27,28)
og --> 3pm, ' 5-->3 7-->5 7-->3 7-->3 7-->3 7-->3 7-->4 7-->3 5-->3
5-->4 7-->6 7-->4 7-->4 7-->4 7-->4 7-->5 7-->4 5-->4
1c + 14.0171 11.2952 12.2558 12.1585 11.6597 11.4168 10.2468 11.9713 12.9548
2 R 12.20 (22) (15) (15) (15) (15) (15) (23) (15) (20)
Og --> 3505 5->2 7->3 7->2 7->2 7->2 7->2 7->1 7->1 5->1
9.0441 | 9.7213,9.7214 | 9.8137,9.8145 | 9.7893,9.7903 | 9.7978,9.7994 | 9.8993,9.8995 | 9.2813,9.2823 | 9.9874,9.9904 |10.1647,10.1670
(8,9) (10,11) (10,11) (10,11) (10,11) (10,11) (10,11) (10,11) (10,112)
1Au L 10.27 6-->9 5->1 5-->9 5-->8 5-->8 5-->5 5-->2 5-->5 6-->9
M, --> T, ' 6-->10 5-->2 5-->10 5-->9 5-->9 5-->6 5-->3 5-->6 6-->10
7-->9 6->1 6->9 6->8 6-->8 6-->5 6-->2 6-->5 7-->9
7 -->10 6-->2 6-->10 6-->9 6-->9 6->6 6-->3 6->6 7-->10
8.4948 9.3314 9.3519 9.2880 9.2959 9.3638 9.1484 8.4445 6.4313
P ) 992 (7) (9) (7) (7) (7) (9) (9) (5) (2)
T, --> T, 6-->10 5-->2 5-->10 5-->9 5-->9 5-->6 5-->3 5-->6 6-->10
7-->9 6->1 6-->9 6->8 6->8 6-->5 6-->2 6-->5 7-->9
10.0019 9.2672 9.4849 9.4334 9.3746 9.3471 8.9757 9.0481 8.6360, 8.6364
1]'[g L 9.31 (10,11) (6,7) (8,9) (8,9) (8,9) (6,7) (6,7) (8,9) (6,7)
Og --> T, ' 5-->9 7-->1 7-->9 7-->8 7-->8 7-->5 7-->2 7-->5 5-->9
5-->10 7-->2 7-->10 7-->9 7-->9 7->6 7-->3 7->6 5-->10
3c + 13.1198 11.0199 11.6732 11.6201 11.2466 11.0704 9.9708 11.5773 12.1328
N, (Triplet) 2 R 12.00 (16) (14) (14) (14) (14) (14) (12) (14) (14)
Og --> 350 5->2 7->3 7->2 7->2 7->2 7->2 7->1 7->1 5->1
11.7315 10.6402 11.1532 11.0632 11.0002, 11.0003 10.7762 10.9323, 10.9325 11.3643 11.2479, 11.2480
3]'[u L 11.19 (12,13) (12,13) (12,13) (12,13) (12,13) (12,13) (20,21) (12,13) (12,13)
0, --> T, ' 4-->9 4-->1 4-->9 4-->8 4-->8 4-->5 4-->2 4-->5 4-->9
4-->10 4-->2 4-->10 4-->9 4-->9 4-->6 4-->3 4-->6 4-->10
8.4948 9.3314 9.3519 9.2880 9.2959 9.3638 9.1483 8.4445 6.4313
o ) 067 (6) (8) (6) (6) (6) (8) (8) (4) (1)
T, --> T, 6-->10 5-->2 5-->10 5-->9 5-->9 5-->6 5-->3 5-->6 6-->10
7-->9 6-->1 6-->9 6-->8 6-->8 6-->5 6-->2 6-->5 7-->9
7.2948 | 7.9683,7.9685 | 8.2439,8.2454 | 8.1781,8.1798 | 8.1902,8.1928 | 7.9255,7.9257 | 8.0373,8.0384 | 8.8976,8.9014 | 9.5054,9.5074
(2,3) (4,5) (4,5) (4,5) (4,5) (4,5) (4,5) (6,7) (8,9)
3Au L 3.8 6-->9 5->1 5-->9 5-->8 5-->8 5-->5 5-->2 5-->5 6-->9
M, --> T, ' 6-->10 5-->2 5-->10 5-->9 5-->9 5-->6 5-->3 5-->6 6-->10
7-->9 6->1 6->9 6->8 6->8 6-->5 6-->2 6-->5 7-->9
7-->10 6-->2 6-->10 6-->9 6-->9 6->6 6-->3 6->6 7-->10
7.9929 7.5843 7.9820 7.8942 7.8160 7.5701 7.7651 7.7519 7.5083
M, L 8.04 (4,5) (2,3) (2,3) (2,3) (2,3) (2,3) (2,3) (2,3) (4,5)
Og > T, ' 5-->9 7-->1 7-->9 7-->8 7-->8 7-->5 7-->2 7-->5 5-->9
5-->10 7-->2 7-->10 7-->9 7-->9 7-->6 7-->3 7->6 5-->10
6.2257 7.0942 7.1200 7.1336 7.1727 7.0009 7.0806 7.4986 7.3788
P ) 275 (1) (1) (1) (1) (1) (1) (1) (1) (3)
M, > T, 6-->9 5->1 5->9 5-->8 5-->8 5-->5 5-->2 5-->5 6-->9
7-->10 6-->2 6-->10 6-->9 6-->9 6-->6 6-->3 6-->6 7-->10
Tes 13.9337 11.7455 12.8824 12.6659 12.1364 12.0149 11.0619 12.3872 13.5475
CO (Singlet) 2 R 12.40 (37) (35) (37) (37) (37) (37) (34) (37) (37)
0> 3do 7-->13 7-->13 7 ->13 7 -->13 7 ->13 7 -->13 7->13 7-->13 7-->13
12.5969 10.2868 11.4683 11.2871 10.7214 10.5459 9.5287 10.9269 11.5688
1]'[ R 11.53 (18,19) (18,19) (18,19) (18,19) (18,19) (18,19) (13,14) (18,19) (17,18)
o -->3pn ' 7-->2 7-->5 7-->2 7-->2 7-->2 7-->2 7-->5 7-->5 7-->2
7-->3 7-->6 7-->3 7-->3 7-->3 7-->3 7-->6 7->6 7-->3
1o+ 12.5556 10.2084 11.3814 11.2133 10.6799 10.4906 9.5458 10.8685 11.6142
2 R 11.40 (17) (15) (17) (17) (17) (17) (15) (27) (29)
0 ->3po 7-->4 7-->4 7-->4 7-->4 7-->4 7-->4 7-->4 7-->4 7-->4
1o+ 11.8988 9.8625 10.9113 10.7410 10.2287 10.0385 8.9654 10.3926 10.9427
2 R 10.78 (13) (112) (13) (13) (13) (112) (7) (13) (13)
0->3s 7->1 7-->3 7->1 7->1 7->1 7->1 7-->3 7->1 7->1
10.1280( 10.0362, 10.0363| 10.2034, 10.2042( 10.1605, 10.1615( 10.1433, 10.1450( 10.2172, 10.2174| 9.9330, 9.9348 |10.1970, 10.2002| 10.2402, 10.2468
(10,11) (12,13) (10,11) (10,11) (11,12) (12,13) (18,19) (11,12) (11,12)
A L 10.23 5-->17 5->1 5-->8 5-->8 5-->5 5-->5 5->1 5->2 5-->17
T --> Tt ' 5-->18 5-->2 5-->9 5-->9 6-->6 6-->6 5-->2 5->3 5-->18
6-->17 6->1 6-->8 6-->8 5-->6 5-->6 6->1 6->2 6-->17
6-->18 6-->2 6-->9 6-->9 6-->5 6-->5 6-->2 6-->3 6-->18
9.7248 9.7263 9.8813 9.7979 9.7711 9.7987 9.6294 9.1432 7.6406
'y L 9.88 (9) (10) (9) (9) (9) (10) (17) (7) (4)
m-->1* 5-->18 5-->2 5-->9 5-->9 5->6 5->6 5-->2 5->3 5-->18
6-->17 6->1 6->8 6->8 6-->5 6-->5 6->1 6-->2 6-->17
9.0613 8.3900 8.5670 8.5162 8.4688 8.4397 8.1677 8.1996 7.8485
I L 851 (6,7) (4,5) (4,5) (4,5) (4,5) (4,5) (4,5) (4,5) (5,6)
o-->n* ' 7-->17 7-->1 7-->8 7-->8 7-->5 7-->5 7-->1 7-->2 7-->17
7-->18 7-->2 7-->9 7-->9 7-->6 7-->6 7-->2 7-->3 7-->18
12.4117 10.2543 11.2010 11.0336 10.5399 10.4470 9.3776 10.7893 11.1453
) 3 15,16 16,17 15,16 15,16 14,15 15,16 10,11 15,16 15,16
€O (Triplet) o) -->ﬂ 3pn R 1125 (7 --> 2) (7 --> 5) (7 -> 2) (7 -> 2) (7 --> 2) (7 -> 2) (7 --> 5) (7 -> 5) (7 -> 2)
7-->3 7-->6 7-->3 7-->3 7-->3 7-->3 7-->6 7-->6 7-->3
3 4 12.2917 10.1829 11.1454 11.0190 10.5454 10.3936 9.3905 10.7385 11.0370
2 R 11.30 (14) (14) (14) (14) (16) (14) (12) (14) (14)
0 ->3po 7-->4 7-->4 7-->4 7-->4 7-->4 7-->4 7-->4 7-->4 7-->4
3 4 11.0438 9.5574 10.2475 10.1756 9.7849 9.6360 8.6776 9.9877 9.5921
2 R 10.40 (12) (8) (12) (12) (10) (8) (6) (10) (10)
0->3s 7->1 7->3 7->1 7->1 7->1 7->1 7->3 7->1 7->1
9.7226 9.7262 9.8813 9.7978 9.7711 9.7987 9.6294 9.1432 7.6400
3y L 9.88 (8) (9) (8) (8) (8) (9) (16) (6) (3)
mw-->1* 5-->18 5-->2 5-->9 5-->9 5->6 5->6 5-->2 5-->3 5-->18
6-->17 6-->1 6-->8 6-->8 6-->5 6-->5 6-->1 6-->2 6-->17
8.7137 | 8.6387,8.6388 | 8.9417,8.9433 | 8.8648,8.8666 | 8.8479,8.8507 | 8.6369, 8.6372 | 9.0545,9.0560 | 9.2391,9.2431 | 9.5503, 9.5596
(4,5) (6,7) (6,7) (6,7) (6,7) (6,7) (8,9) (8,9) (8,9)
A L 936 5-->17 5->1 5->8 5->8 5-->5 5-->5 5->1 5-->2 5-->17
mw-->1* ' 5-->18 5-->2 5-->9 5-->9 5-->6 5->6 5-->2 5-->3 5-->18
6-->17 6->1 6->8 6->8 6-->5 6-->5 6->1 6-->2 6-->17
6-->18 6-->2 6-->9 6-->9 6->6 6->6 6-->2 6-->3 6-->18
7.7817 7.9512 8.0107 7.9913 7.9992 7.8973 8.1154 8.1218 7.9770
s L 8.51 (3) (3) (3) (3) (3) (3) (3) (3) (7)
m-->mn* 5-->17 5->1 5-->8 5-->8 5-->5 5-->5 5->1 5-->2 5-->17
6-->18 6-->2 6-->9 6-->9 6->6 6->6 6-->2 6-->3 6-->18
5.8573 5.8592 6.1480 6.1102 6.0739 5.7637 6.1957 6.2456 6.1316, 6.1317
NI L 6.32 (1,2) (1,2) (1,2) (1,2) (1,2) (1,2) (1,2) (1,2) (1,2)
o-->n* ' 7-->17 7-->1 7-->8 7-->8 7-->5 7-->5 7-->1 7-->2 7-->17
7-->18 7-->2 7-->9 7-->9 7-->6 7-->6 7-->2 7-->3 7-->18
1A 10.6640 8.2191 9.3477 9.2210 8.6771 8.5469 7.7581 9.1463 10.2988
H,CO (Singlet) 2 R 9.22 (22) (23) (24) (25) (22) (22) (23) (26) (27)
n -->3db, 8-->9 8-->11 8-->10 8-->10 8-->10 8-->10 8-->10 8-->10 8-->10
1A 9.7586 7.4097 8.3862 8.2945 7.7878 7.6251 6.7537 8.1672 8.8655
2 R 8.37 (14) (10) (12) (12) (11) (11) (11) (12) (13)
n-->3(p,d)b, 8-->3 8->5 8>3 8-->3 8-->5 8-->5 8-->5 8->5 8->2
182 9.3330 7.2145 8.1228 8.0374 7.6118 7.4297 6.5849 7.8619 8.4136
n > 3pa, R 8.12 (9) (9) (9) (9) (8) (8) (8) (8) (10)
8-->13 8-->4 8-->13 8-->13 8-->4 8-->4 8-->4 8-->4 8-->4
1A1 9.6357 7.2082 8.2578 8.1582 7.6729 7.5032 6.6578 8.0139 8.6946
n > 3pb, R 7.97 (112) (8) (10) (10) (9) (9) (9) (10) (11)
8->6 8->3 8->6 8 -->7 8->7 8-->7 8-->3 8-->3 8-->3
182 8.6175 6.4698 7.4188 7.3274 6.9329 6.7421 5.9029 7.1695 7.7159
n > 3sa, R 7.09 (6) (5) (5) (5) (5) (5) (5) (5) (6)
8-->5 8-->2 8-->5 8-->6 8-->6 8-->6 8-->2 8-->2 8-->1
g 9.6554 8.8339 9.0936 9.0266 8.9652 8.9464 8.6332 8.6477 8.1413
! L 8.68 (12) (35) (15) (17) (29) (31) (32) (23) (8)
0 -->Tr* 6-->18 6->1 6-->7 6-->5 6-->3 6-->2 6->1 6->1 6-->15
1n 4.5116 3.8509 3.9226 3.8904 3.8789 3.8378 3.7760 3.6162 3.0170
2 . L 3.94 (2) (2) (2) (2) (2) (2) (2) (2) (2)
n-->T 8-->18 8-->1 8-->7 8-->5 8-->3 8 -->2 8->1 8->1 8-->15
3 9.0104 7.1404 7.8847 7.8304 7.4597 7.2872 6.4699 7.7191 7.8772
H,CO (Triplet) 2 R 7.96 (7) (6) (6) (6) (6) (6) (6) (6) (7)
n->3pa, 8-->13 8->4 8 ->13 8 ->13 8->4 8->4 8->4 8->4 8->4
3A1 9.2948 7.1664 8.0432 7.9612 7.5248 7.4049 6.5024 7.8825 8.2017
0 —> 3pb, R 7.79 (8) (7) (7) (8) (7) (7) (7) (9) (9)
8->6 8->3 8->6 8->7 8->7 8-->7 8-->3 8-->3 8-->3
382 8.2698 6.3572 7.2194 7.1635 6.7881 6.5851 5.7450 7.0539 7.1830
n > 3sa, R 6.83 (4) (4) (4) (4) (4) (4) (4) (4) (4)
8-->5 8-->2 8-->5 8-->6 8-->6 8-->6 8-->2 8-->2 8-->1
3p 4.6855 5.2011 5.2493 5.2258 5.2641 5.0306 5.4520 5.4428 5.3932
! . L 5.53 (3) (3) (3) (3) (3) (3) (3) (3) (3)
m->T 7-->18 7->1 7->7 7-->5 7-->3 7->2 7->1 7->1 7-->15
3p 3.6845 3.1211 3.2753 3.2257 3.2072 3.0430 3.3338 3.1001 2.6148
2 . L 3.50 (1) (1) (1) (1) (1) (1) (1) (1) (1)
n-->T 8-->18 8-->1 8-->7 8-->5 8-->3 8 -->2 8->1 8->1 8-->15
8.5410 7.6593 8.2049 8.0952 8.0106 7.9434 7.5910 7.7967 7.4933
1 (3,4) (3,4) (3,4) (3,4) (3,4) (3,4) (3,4) (3,4) (3,4)
HCl m cr 8.23 8-->1 8-->1 8-->1 8-->1 8-->1 8->1 8-->1 8-->1 8-->1
9-->1 9-->1 9-->1 9-->1 9-->1 9->1 9-->1 9-->1 9-->1
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