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FIG. S3: The same as Fig. S2 for 2-pyrroline.

are shown. Asterisk denotes the core ionization center.
identified in the final (FCH) state. For each mode, the mode index, frequency (in parentheses), and the FC factor

transitions until convergence. 0-0 transition energy is taken as zero. (c) Active vibrational modes arendifferent 0-
FIG. S2: (a) Simulated vibrationally-resolved N1s XPS spectrum of 1-pyrroline. (b)Analyses of contributions of
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FIG. S5: The same as Fig. S2 for 1H-pyrrole.

FIG. S4: The same as Fig. S2 for 3-pyrroline.
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FC factor are shown. Asterisk denotes the core ionization center.
modes are identified in the final (FCH) state. For each mode, the mode index, frequency (in parentheses), and the

transitions (until convergence) of N1 and N2. 0-0 transition energy is taken as zero. (d) Active vibrationaln0-
FIG. S7: (a) Simulated vibrationally-resolved N1s XPS spectrum of imidazole. (b-c)The contribution of the different

FIG. S6: The same as Fig. S2 for 2H-pyrrole.
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FIG. S9: The same as Fig. S7 for 2-pyrazoline.

FIG. S8: The same as Fig. S7 for pyrazole.
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FIG. S11: The same as Fig. S7 for 1,2,5-triazole.

FIG. S10: The same as Fig. S7 for 1,3,4-triazole.
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parentheses), and the FC factor are shown. Asterisk denotes the core ionization center.
vibrational modes are identified in the final (FCH) state. For each mode, the mode index, frequency (in

transitions (until convergence) of N1, N2, and N3. 0-0 transition energy is taken as zero. (e) Activendifferent 0-
FIG. S12: (a) Simulated vibrationally-resolved N1s XPS spectrum of 1,2,4-triazole. (b-d)The contribution of the
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.5
−-NcycloFIG. S13: The same as Fig. S2 for
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pairs of molecules (two molecules in each pair differ by two hydrogen atoms).
) for selected threevertIFIG. S14: Effects of hydrogenation. Comparison of computed vertical ionization potentials (
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in the ground state. For each mode, the mode index and the Huang-Rhys factor (in parentheses) are shown.
transitions until convergence. (c) The Duschinsky matrix. (d) Active vibrational modes are identifiedndifferent 0-

vibrationally-resolved N1s XPS. Vertical ionization energies are indicated by vertical lines. (b) Contributions of
FIG. S15: A comparison of 1H-isoindole and 2H-pyrrole to see the influence of the benzene ring. (a) Computed
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21 1000.3 0.97 0.80N4
21 1109.5 0.30

N3 18 965.4 0.73 0.25
N2 8 568.3 0.40 0.28

30 1519.3 0.34
17 906.3 0.31

Adenine N1 11 650.8 0.57 0.29
29 1701.2 0.66
27 1574.7 0.90
25 1405.0 0.84
24 1339.8 0.45
23 1280.8 0.34
17 1017.8 1.60 0.91N4
14 954.5 0.42
13 936.2 0.44

N3 8 671.3 0.34 0.23
20 1215.9 0.34

N2 10 788.9 0.44 0.23
13 932.7 0.34

Purine N1 6 585.3 0.73 0.22
38 1604.1 0.33
36 1477.6 0.48
31 1283.6 0.45
8 419.7 0.31
2 156.1 0.36 0.49N3-Formylindole
51 3799.7 0.69
37 1483.7 0.38
31 1293.8 0.73
6 380.2 0.58 0.71N3-Methylindole
31 1484.0 0.56
27 1279.9 0.32
3 288.6 0.40 0.46NIndole

(eV)rEiS)1−(cmii ω∗Molecule N

of the excited (FCH) state are given. Amine (bold) and imine (lightface) N atoms are highlighted by different fonts.
)rEand the total vibrational reorganization energy (iωfor the 17 bicyclic indole molecules. Vibrational frequencies

0.3 was used)≥iSTABLE S2: Analysis of selected vibrational modes with large Huang-Rhys factors (a threshold of

10 1084.5 0.35
7 963.8 0.48

1,2,4,5-Tetrazine N 3 630.0 0.72 0.21
10 1052.9 0.31

N4 3 615.5 0.86 0.14
4 704.0 0.50

N2 3 623.1 0.39 0.20
1,2,4-Triazine N1 3 605.8 0.91 0.18

7 1008.2 0.35
1,3,5-Triazine N 4 683.3 0.67 0.18

11 1063.6 0.40
Pyridazine N 3 615.6 0.72 0.18
Pyrazine N 3 592.9 1.08 0.14

4 674.3 0.30
Pyrimidine N 3 620.2 0.50 0.16
Pyridine N 3 602.6 0.92 0.14

(eV)rEiS)1−(cmii ω∗Molecule N

excited (FCH) state are given.
) of therEand the total vibrational reorganization energy (iωfor the 7 azine molecules. Vibrational frequencies
0.3 was used)≥iSTABLE S1: Analysis of selected vibrational modes with large Huang-Rhys factors (a threshold of
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13 915.1 0.53
N3 7 592.3 0.35 0.19
N2 10 787.9 0.37 0.22

22 1135.5 0.49
20 1054.1 0.30
13 827.4 0.52
10 681.0 0.76 0.55N1Pyrazolo[1,5-a]- pyrimidine
10 774.0 0.42

N3 6 554.3 0.30 0.20
15 945.3 0.34

N2 6 540.4 0.41 0.15
23 1206.8 1.03
21 1160.7 0.50
19 1059.8 1.82
15 920.8 0.56 0.76N17-Azaindazole
26 1222.5 0.37
12 715.8 0.41 0.30NIndolizine
30 1426.9 0.78
21 1006.3 0.47 0.32N-isoindoleH2

-indole N 14 885.6 0.55 0.16H3
-indole N 13 873.2 0.84 0.18H2
-isoindole N 6 528.1 0.59 0.16H1

N2 11 775.9 0.44 0.18
33 1688.5 0.34
29 1434.5 0.64
26 1278.7 0.40 0.42N17-Azaindole

N2 6 571.6 0.70 0.19
29 1451.1 0.51
4 389.7 0.40 0.47N16-Azaindole

N2 6 574.2 0.81 0.19
30 1487.6 0.44 0.42N15-Azaindole

N2 11 778.3 0.51 0.18
29 1449.6 0.30
26 1300.8 0.31
3 275.5 0.34 0.49N14-Azaindole

N2 16 974.2 0.56 0.20
31 1618.3 0.47
29 1486.9 0.80
27 1331.5 0.86
24 1193.4 0.33
20 1036.0 1.54 0.86N1Benzimidazole
34 1720.2 1.04
30 1472.2 0.71
27 1359.1 0.33 0.62N5
33 1678.3 0.54
31 1593.0 0.78
29 1418.0 0.37
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32.020.042.094.40437.4043N
32.000.032.006.40438.4042N
22.010.012.072.40484.4041N

eniruP32

26.040.0-73.001.50474.5045N
08.080.0-05.078.50473.6044N
52.030.062.091.40454.4043N
82.040.003.047.30440.4042N
92.040.092.026.30419.3041N

eninedA22

94.050.0-43.009.50442.604elodnilymroF-312
17.010.0-53.011.50464.504elodnilyhteM-302
64.020.0-93.092.50486.504elodnI91
12.040.0-91.097.60489.604enizarteT-5,4,2,181
41.010.0-41.061.60408.5044N
02.010.0-81.038.50410.6042N
81.010.0-71.066.50433.6041N

enizairT-4,2,171

81.010.0-91.003.50494.504enizairT-5,3,161
81.010.081.043.50425.504enizadiryP51
41.010.031.011.50442.504enizaryP41
61.010.071.008.40479.404enidimiryP31
41.030.042.062.40405.404enidiryP21
01.030.0-22.096.40419.7043N
81.020.081.035.50417.5042N
35.000.024.020.70444.7041N

elozairt-4,2,111

81.010.0-81.008.50489.5042N
36.090.0-84.093.70478.7041N

elozairt-5,2,101

71.020.071.040.50412.5042N
25.080.0-73.068.60432.7041N

elozairt-4,3,19

61.000.061.061.50423.5042N
15.030.0-53.060.50414.5041N

enilozaryP-28

61.020.061.049.40401.5042N
16.070.0-83.054.60438.6041N

elozaryP7

81.040.091.060.40452.4042N
85.070.0-63.032.60495.6041N

elozadimI6

43.030.0-72.067.50430.604elorryP-H15
23.000.072.075.40448.404enilorryP-24
95.020.092.012.40405.404enilorryP-33
51.020.061.012.40473.404enilorryP-12
41.040.041.060.40402.404elorryp-H21
rE0εΔIΔdaItrevIeroCeluceloM.oN

.srepapeerhtehtnideidutsselucelomelcycoreteh-N53lla
rof)rE(ygrenenoitazinagroerlatotehtdna,)0εΔ(ygrenelanoitarbivtniop-orezniecnereffid,)daI-trevI=
IΔ(ecnereffidriehtdnaslaitnetopnoitazinoi)daI(citabaidadna)trevI(lacitrevdetalumiS.3SELBAT
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91.020.002.006.40408.4043N
22.010.012.054.40466.4042N
55.070.0-04.057.60451.7041N

enidimiryp]a-5,1[olozaryP53

02.020.002.013.40415.4043N
51.000.061.030.50491.5042N
67.070.0-64.079.50434.6041N

elozadniazA-743

03.030.0-62.029.50481.604enilodnI33
23.040.0-72.008.50470.604elodniosi-H223
61.000.061.063.40425.404elodni-H313
81.050.081.031.30413.304elodni-H203
61.040.071.017.30488.304elodniosi-H192
81.030.081.029.30401.4042N
24.040.0-43.084.50428.5041NelodniazA-7

82

91.040.071.006.30477.3042N
74.040.0-03.077.50470.6041NelodniazA-6

72

91.050.091.075.30467.3042N
24.040.0-03.077.50470.6041NelodniazA-5

62

81.040.081.036.30418.3042N
94.030.0-03.086.50489.5041NelodniazA-4

52

02.040.022.087.30400.4042N
68.080.0-14.067.50471.6041N

elozadimizneB42

19.001.0-74.082.60457.6044N
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