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Nuclear ensemble spectrum simulation and vertical excitations

The nuclear ensemble spectrum for each of the molecules in the Milheim molecular

dataset was computed for Ns states. The spectrum was then fitted with the equation

N e,
oA(E)= 0'61921:%8(“‘ af

where E', f,, &,, and T, are, respectively, the vertical excitation, oscillator strength, shift,

and width of sub-band i. In this equation, energies E in eV yield absorption cross sections in
A2 moleculet. The number N of sub-bands was determined by the number of vertical

excitations with the largest oscillator strengths lying within the spectral region to be fitted. In

the fitting process, E;' (eV) and f, were kept fixed. T'; (eV) and &, (eV) are the results of the
fitting. For some of the molecules, f, was further released to improve the fitting, producing

f. ™. One band with spectral band maximum E™ (eV) may be composed of one or more sub-

bands.
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Cartesian coordinates

All coordinates in Angstrom.

6 10
Molecule 1 Molecule 2
H 0.0000000 0.9232467 1.2293590 H 1.0716094 -2.5511276 -0.0000003
H 0.0000000 -0.9232467 1.2293590 H -1.0716095 2.5511281 -0.0000001
H -0.0000000 0.9232467 -1.2293590 H 2.0952751 -1.0081485 0.0000003
H -0.0000000 -0.9232467 -1.2293590 H -2.0952755 1.0081484 0.0000001
C -0.0000000 0.0000000 0.6675732 H -0.9688536 -1.2159346 -0.0000002
C 0.0000000 -0.0000000 -0.6675732 H 0.9688540 1.2159347 -0.0000001
C 0.0006529 0.7263744 -0.0000001
C -0.0006547 -0.7263736 0.0000013
C 1.1170725 -1.4719244 -0.0000006
C -1.1170706 1.4719231 -0.0000004
14 18
Molecule 3 Molecule 4
H -0.9525277 1.2011149 0.0000004 H 0.9663455 1.2176794 0.0000016
H 0.9525267 -1.2011153 -0.0000004 H -0.9663493 -1.2176814 0.0000018
H 2.1466767 0.9483596 -0.0000005 H -2.0920308 0.9800199 -0.0000005
H -2.1466844 -0.9483538 0.0000000 H 2.0920347 -0.9800197 -0.0000015
H 2.1222281 3.3884926 0.0000003 H -0.1468336 3.4046013 -0.0000002
H -2.1222352 -3.3884984 -0.0000006 H 0.1468219 -3.4046052 -0.0000009
H 0.2712134 3.3813557 0.0000005 H -2.1821816 4.7530984 0.0000016
H -0.2712065 -3.3813613 0.0000003 H 2.1821827 -4.7531093 0.0000030
C -0.0010365 0.6767206 -0.0000004 H -3.2133565 3.2150322 -0.0000006
C 0.0010410 -0.6767142 0.0000006 H 3.2133672 -3.2150287 -0.0000012
C 1.2008285 1.4800638 0.0000011 C 0.0009424 0.7185001 0.0000046
C -1.2008236 -1.4801147 -0.0000014 C -0.0009259 -0.7185050 0.0000030
C 1.2002189 2.8258219 -0.0000013 C 1.1249822 -1.4757392 -0.0000036
C -1.2002195 -2.8257713 0.0000013 C -1.1250038 1.4757540 -0.0000015
C 1.1175711 -2.9192987 -0.0000039
C -1.1175144 2.9192693 -0.0000005
C 2.2328780 -3.6739928 0.0000012
C -2.2329297 3.6740255 -0.0000023
7 11
Molecule 5 Molecule 6
H 0.9127303 -0.0000001 1.4510015 H -0.8772743 0.0000001 1.8689369
H -0.9127304 0.0000000 1.4510016 H 0.8772739 -0.0000003 1.8689366
H -0.0000003 -1.5803835 -1.0358614 H 0.0000001 2.2059727 0.6101774
H 0.0000002 1.5803835 -1.0358616 H 0.0000003 -2.2059725 0.6101774
C 0.0000001 -0.0000000 0.8638999 H 0.0000001 1.3477836 -1.8794144
C 0.0000008 -0.65120093 -0.4980231 H -0.0000001 -1.3477836 -1.8794142
C -0.0000006 0.6512094 -0.4980231 C -0.0000003 0.0000001 1.2141704
C -0.0000005 -1.1763050 0.2869545
C 0.0000010 1.1763049 0.2869540
C 0.0000011 -0.7309867 -0.9928428
C -0.0000013 0.7309867 -0.9928422
15 12
Molecule 7 Molecule 8
H 0.9024903 0.0000001 1.9591074 H -0.0000000 2.4750393 -0.0000003
H -0.9024910 -0.0000001 1.9591075 H 0.0000000 -2.4750393 0.0000004
H -0.0000002 2.1509860 0.6161901 H 2.1434469 1.2375192 0.0000002
H -0.0000001 -2.1509860 0.6161901 H -2.1434469 -1.2375192 -0.0000003
H 1.9193699 1.3357038 -1.0212815 H -2.1434469 1.2375193 0.0000002
H -1.9193688 -1.3357025 -1.0212802 H 2.1434469 -1.2375193 -0.0000002
H -1.9193689 1.3357027 -1.0212803 C 0.0000000 1.3936079 0.0000009
H 1.9193700 -1.3357040 -1.0212816 C -0.0000000 -1.3936079 -0.0000011
C 0.0000004 0.0000000 1.3474477 C 1.2068995 0.6968038 -0.0000009
C 0.0000004 1.1201914 0.2735412 C -1.2068995 -0.6968038 0.0000010
C 0.0000006 -1.1201914 0.2735412 C -1.2068995 0.6968039 -0.0000009

10




C 1.2343141 0.6721548 -0.5155031 C 1.2068995 -0.6968039 0.0000009
C -1.2343154 -0.6721611 -0.5155044 *optimized at RI-MP2/cc-pVTZ level

C -1.2343151 0.6721610 -0.5155042

C 1.2343139 -0.6721547 -0.5155029

18 9

Molecule 9 Molecule 10

H 1.2387361 2.4852891 -0.0000002 H -0.0000016 2.0473103 0.8448067
H -1.2387361 -2.4852892 0.0000003 H 0.0000022 -2.0473087 0.8448472
H -1.2387361 2.4852891 -0.0000003 H -0.0000109 1.3707890 -1.8152153
H 1.2387362 -2.4852893 0.0000003 H 0.0000108 -1.3708283 -1.8152150
H 3.3702322 1.2425151 0.0000001 C 0.0000081 1.0946836 0.3475987
H -3.3702322 -1.2425151 0.0000002 C -0.0000085 -1.0946645 0.3475732
H -3.3702322 1.2425151 -0.0000001 C 0.0000040 0.7144683 -0.9628240
H 3.3702322 -1.2425150 -0.0000003 C -0.0000037 -0.7144847 -0.9627598
C 0.0000000 0.7154392 -0.0000013 0 -0.0000004 0.0000072 1.1668186
C -0.0000000 -0.7154393 0.0000016

C 1.2395355 1.4017778 0.0000008

C -1.2395355 -1.4017777 -0.0000004

C -1.2395354 1.4017778 0.0000011

C 1.2395354 -1.4017777 -0.0000014

C 2.4302135 0.7063576 -0.0000007

C -2.4302135 -0.7063576 -0.0000009

C -2.4302136 0.7063576 0.0000001

C 2.4302135 -0.7063576 0.0000010

10 9

Molecule 11 Molecule 12

H -0.0000005 2.1083509 0.7688032 H -0.0000004 2.1139070 0.7122962
H -0.0000004 -2.1083512 0.7688032 H 0.0000002 1.2013347 -1.8988291
H 0.0000004 1.3576204 -1.8447764 H 0.0000004 -2.0977404 0.6631097
H 0.0000004 -1.3576204 -1.8447765 H -0.0000007 -0.0101215 2.1118901
H 0.0000017 0.0000001 2.1246750 C 0.0000008 1.1192313 0.3047695
C 0.0000020 1.1246561 0.3336327 C -0.0000011 0.6359040 -0.9834410
C 0.0000019 -1.1246564 0.3336323 C -0.0000018 -1.0904628 0.2837659
C -0.0000006 0.7100398 -0.9849131 N 0.0000008 -0.7421553 -0.9927654
C -0.0000009 -0.7100398 -0.9849128 N 0.0000018 -0.0005283 1.1056377
N -0.0000038 0.0000004 1.1198566

11 10

Molecule 13 Molecule 14

H -0.0000001 2.0559118 1.3028845 H -0.0000006 2.0636968 1.2508116
H -0.0000000 -2.0559118 1.3028846 H 0.0000003 -2.0636965 1.2508115
H -0.0000000 2.1518767 -1.1812720 H 0.0000006 2.0636960 -1.2508112
H 0.0000001 -2.1518767 -1.1812720 H -0.0000003 -2.0636968 -1.2508118
H -0.0000001 -0.0000000 -2.4677547 C -0.0000017 1.1328034 0.6970646
C 0.0000007 1.1428147 0.7195745 C 0.0000018 -1.1328076 0.6970604
C -0.0000001 -1.1428147 0.7195745 C 0.0000017 1.1328058 -0.6970641
C -0.0000006 1.1971585 -0.6736021 C -0.0000018 -1.1328050 -0.6970608
C -0.0000003 -1.1971585 -0.6736021 N 0.0000002 0.0000035 1.4170793
C 0.0000006 0.0000000 -1.3861630 N -0.0000002 0.0000004 -1.4170794
N -0.0000001 0.0000000 1.4258934

10 10

Molecule 15 Molecule 16

H -0.0000003 2.1487345 1.1194143 H 0.0000000 2.4009899 -0.1465016
H 0.0000003 -2.1487345 1.1194143 H -0.0000000 -2.4009899 -0.1465016
H 0.0000001 0.0000000 -2.3909966 H -0.0000000 1.2683224 2.0975182
H -0.0000000 0.0000000 2.4340434 H 0.0000000 -1.2683224 2.0975182
C -0.0000017 1.1849441 0.6244814 C -0.0000001 1.3220461 -0.0625706
C -0.0000002 -1.1849442 0.6244814 C 0.0000001 -1.3220461 -0.0625706
C 0.0000015 0.0000000 -1.3081913 C -0.0000012 0.6922491 1.1826742
C 0.0000018 0.0000000 1.3536021 C 0.0000012 -0.6922491 1.1826742
N 0.0000005 1.2047540 -0.7183218 N 0.0000013 0.6725719 -1.2368636
N -0.0000020 -1.2047541 -0.7183218 N -0.0000013 -0.6725719 -1.2368636

11




9 8

Molecule 17 Molecule 18

H 0.0000000 0.0000000 2.3777587 H -0.0000001 0.0000000 -2.3443429

H 0.0000000 -2.0592001 -1.1888797 H -0.0000000 0.0000000 2.3443429

H 0.0000000 2.0592002 -1.1888797 C -0.0000012 -0.0000002 1.2633169

C -0.0000002 0.0000000 1.2949728 C -0.0000011 -0.0000002 -1.2633169

C -0.0000002 1.1214797 -0.6474859 N 0.0000016 1.2038705 0.6690823

C -0.0000002 -1.1214797 -0.6474860 N -0.0000003 -1.2038703 0.6690824

N 0.0000002 -0.0000001 -1.3812197 N -0.0000004 1.2038704 -0.6690823

N 0.0000002 1.1961723 0.6906109 N 0.0000015 -1.2038703 -0.6690824

N 0.0000002 -1.1961723 0.6906108

4 10

Molecule 19 Molecule 20

H -0.0000000 0.9345111 -0.5851088 H 0.2672357 2.1177411 -0.0811858

H -0.0000000 -0.9345111 -0.5851089 H -0.2706580 -2.1191451 0.0050999

C 0.0000000 -0.0000000 -0.0011336 H -0.7931082 1.3992524 -1.3165325

0 -0.0000000 0.0000001 1.2162993 H 0.8095583 -1.4556420 -1.2434852
H -0.9237166 -1.2343667 -1.3998431
H 0.9426138 1.1750095 -1.4369899
C -0.0010054 0.0018813 0.0955916
C 0.1165675 1.2610620 -0.7306552
C -0.1086545 -1.2912054 -0.6780215
0 -0.0085518 0.0277723 1.3207213

12 6

Molecule 21 Molecule 22

H 0.0000494 2.1750309 1.2559309 H -0.9181389 -0.6047967 0.0000001

H -0.0000624 -2.1750410 1.2559394 H 1.0604197 -1.7752852 -0.0000009

H -0.0000456 2.1749964 -1.2559163 H 2.0213846 -0.3257870 -0.0000003

H 0.0000663 -2.1750070 -1.2559245 C 0.0026261 -0.0007044 0.0000001

C 0.0000074 -0.0000012 1.4399660 0 -0.0004313 1.2227863 -0.0000004

C -0.0000098 -0.0000015 -1.4400032 N 1.1211160 -0.7739624 0.0000015

C 0.0000311 1.2623586 0.6743512

C -0.0000265 -1.2623498 0.6743014

C -0.0000163 1.2623125 -0.6743359

C 0.0000208 -1.2623029 -0.6742857

0 0.0000182 0.0000024 2.6774407

0 -0.0000328 0.0000025 -2.6774640

*optimized at RI-MP2/cc-pVTZ level

9 12

Molecule 23 Molecule 24

C -1.4535385 -0.1460459 -0.0137572 C -2.5156437 0.0291523 0.0032803

C 0.0435384 0.0674388 -0.0036137 C -1.2688900 -0.8368858 -0.0195522

N 0.7882631 -1.0802540 -0.0300894 C 0.0003103 -0.0033223 -0.0583083

0 0.5565716 1.1831450 -0.0251860 N 1.1564389 -0.7346161 -0.1367601

H 0.3737140 -1.9782431 0.1354097 0 0.0050363 1.2233025 0.0142435

H 1.7877234 -0.9870211 0.0305193 H 1.1301933 -1.7058354 -0.3903800

H -1.9256843 0.6889138 0.4937899 H 2.0111614 -0.2257292 -0.2875381

H -1.7498349 -1.0804199 0.4595219 H -1.2218126 -1.4778825 0.8636852

H -1.7987483 -0.1584021 -1.0468075 H -1.2715911 -1.5046319 -0.8844989
H -3.4116558 -0.5879151 0.0446155
H -2.5641817 0.6559302 -0.8843390
H -2.5040564 0.6898574 0.8666003

13 15

Molecule 25 Molecule 26

H -2.1065431 -1.4317395 0.0000015 H 0.2122931 -2.6709033 0.0000020

H -0.1704627 -2.7983215 0.0000006 H 2.0472045 0.9214924 0.0000007

H 2.0671476 -1.6557616 0.0000002 H -1.9374296 -1.7007677 0.0000012

H 3.1646905 0.5575736 -0.0000023 H -3.3538478 0.3072525 -0.0000000

H 2.2294828 2.0273267 -0.0000011 H -2.6130697 1.6606002 0.8746831

12




C -0.0614403 -1.7230070 0.0000026 H -2.6130698 1.6605993 -0.8746830
C 1.1458836 -1.0955859 -0.0000016 C 1.3549915 -0.9933332 -0.0000021
C 1.1088609 0.3366400 -0.0000024 C -0.0035506 1.1206863 -0.0000020
C -1.2231779 0.4320932 0.0000003 C -1.2135013 0.3088024 -0.0000005
0 -2.3114325 0.9979696 -0.0000012 C -1.0817869 -1.0395569 0.0000025
N -0.0008648 1.0579731 0.0000036 C -2.5279876 1.0167456 0.0000005
N -1.1988996 -0.9901176 -0.0000044 0 2.4400423 -1.5594333 0.0000027
N 2.2778551 1.0234108 0.0000042 0 0.0215293 2.3508550 0.0000011
N 0.1432358 -1.6653702 -0.0000068
N 1.1906971 0.3811858 0.0000007
*optimized at RI-MP2/cc-pVTZ level
12 15
Molecule 27 Molecule 28
H -2.0190306 -1.5179910 -0.0000013 H 0.9724910 -3.0652695 0.0000008
H -0.0217045 1.9899598 -0.0000013 H 2.1282579 2.0673034 0.0000015
H 2.1741287 -1.6030759 0.0000000 H 3.3043287 0.7723159 0.0000012
H -0.0257062 -2.7824323 -0.0000006 H -3.0452884 -0.3331035 -0.0000011
C -1.2377676 0.3594731 -0.0000017 H -2.7089700 2.1952694 0.0000005
C 1.2809741 0.3891476 0.0000018 C 0.6633946 -2.0276064 0.0000010
C 1.2433659 -1.0615108 0.0000021 C 1.3584129 0.1743808 -0.0000031
C 0.0530383 -1.7049613 -0.0000019 C 0.0029969 0.5485451 0.0000008
0 -2.3080074 0.9510125 0.0000010 C -0.9220597 -0.4996009 -0.0000030
0 2.2875846 1.0917236 -0.0000021 C -1.9040277 1.4786901 -0.0000019
N -1.1387795 -1.0271625 0.0000021 N -0.6610026 -1.8148417 0.0000022
N -0.0006569 0.9775873 0.0000018 N 1.6729121 -1.1327488 -0.0000016
N -2.1481429 0.1262956 0.0000020
N -0.6168560 1.7850284 0.0000020
N 2.3516071 1.0887607 -0.0000013
*

optimized at RI-MP2/cc-pVTZ level
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