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Figure SI-1: Photofragmentation spectra recorded on different fragments in the first band system of 1-

ANpH* around 440 nm, showing that the branching ratio between the m/z 115/117/127/143
fragmentation channels is 1/2/3/3.
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Figure SI-2: 1-ANpH+ photofragmentation mass spectra. Red trace: excitation of the 0-0 band of the D1 band
system; bleu trace: excitation of the 0-0 band of the A1 band system. The intensity of the parent ion is saturated in
the spectra but is deduced from the intensity of the parent ion containing one '3C atom (blue arrow), which
represents 10% of the ion containing only >C atoms. For the D1 band system the fragment ion signal represents
~15% of the parent signal whereas it represents only ~ 2% when the A1 band system is excited. This makes the hole
burning experiment on the A1 /B1 band systems unfeasible with our experimental setup.
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Figure SI-3: 2-ANpH* photofragmentation spectrum in the UV spectral region of the D2 band: effect of
decreasing the pumping speed (i.e. increasing the pressure) in the ion formation region: In red, low pressure
conditions, both the background due to the 2-ANpNH;* tautomer and the D2 band at 267 nm are observed; in blue,
high pressure conditions, the 267 nm band disappears and the background increases, which means that the D2
band system does not correspond to an excited state of the 2-ANpNH;* tautomer. As it was observed by others
groups®*? we have also tried to modify the tautomer distribution by changing the pH of the solution, the water/
methanol ratio (from pure methanol to 20% methanol/80% water), the solvent (acetonitrile instead of
water/methanol), the voltages on the needle and on the skimmer, but no strong and reproducible tautomer
distribution change was observed.
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Figure SI-4: 1-ANpH* photofragmentation spectra under different pressure conditions in the first octopole chamber: black trace:
under high pressure conditions, nearly only the ions protonated on the amino group (1-ANpNHs*) are observed (D1 band system);
red trace: under lower pressure conditions, the background assigned to the 1-ANpC,H,* tautomers and the C1 bands assigned to
the S, state of 1-ANpC,H,* are observed. It should be reminded that in both cases the ion are excited in the trap after cryogenic
cooling so that the bands appearing at low pressure cannot be hot bands.
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Figure SI-5: Franck Condon simulation of the first excited state of the 1-ANpNH;* tautomer
(obtained using the Pgopher program) compared to the experimental photofragmentation
spectrum.



Figure SI-6: optimized structure of the 2-ANpNH3* S; state calculated at the CC2/aug-cc-pVDZ
level. The ammonium group is slightly out of the naphthalene plane by 24°.
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Figure SI-7: orbitals involved in the two first electronic transitions in the 1-ANpC;H,* and 1-

ANpNH;* tautomers.
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Figure SI-8: orbitals involved in the two first electronic transitions in the 2-ANpC;H,* and 2-

ANpNH;* tautomers.
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Figure SI-9: Evolution of proton affinities (PA) with the molecular size; in addition to figure 6 in the manuscript, the
PA of protonated unsubstituted PAH (black circles) has been added. For homogeneity, the PA values of neutral PAHs
reported in this figure have been calculated using the same method as for the amino aromatic molecules,
DFT/B3LYP/cc-pVDZ.:



Table SI-1: Relative ground state energies calculated at different levels of theory for different 1- and 2-
ANpH* tautomers (cc-pVDZ basis set). The energies are relative to the ground state energy of the 1-
ANpNHs* or 2-ANpNH;* tautomer. All energies are in eV (cm™, in parenthesis). We report all eV values to
the nearest 0.01 eV and all wavenumber values to the nearest 5 cm™.

1-ANpNH3* | 1-ANpC,H,* | 1-ANpCsHy* | 1-ANpCyH,* | 1-ANpCsH,t | 1-ANpCgHy* 1-ANpC;H,* 1-ANpCgH,*
DFT 0 -0.14 +0.80 -0.33 +0.39 +0.80 +0.42 +0.62
0 (-1130) (+6450) (-2660) (+3150) (+6450) (+3390) (+5000)
cc2 0 +0.07 -0.12
CCSD(T) 0 -0.032 -0.21
(-255) (-1715)
MP2 0 +0.17 -0.01
MP4 0 0.009 -0.17
(+75) (-1360)
2-ANpNH3* | 2-ANpCiH,* | 2-ANpC3H,™ | 2-ANpC4H,™ | 2-ANpCsH,* | 2-ANpCgH,* 2-ANpC;H,* 2-ANpCgH,*
DFT 0 -0.31 +0.28 0.67 +0.57 +0.07 +0.68 +0.06
0 (-2500) (+2260) (+5400) (+4600) (+565) (+5480) (+485)
cC2 0 -0.09 +0.37 +1.04 +0.36
CCSD(T) 0 -0.14 +0.26 +0.29
(-1170) (+2060) (+2370)
MP2 0 +0.03 +0.57 +1.11 +0.57
MP4 0 -0.11 +0.32 +0.35
(-865) (+2555) (+2815)

As seen above, the 1-ANpC4H,* tautomer is always found more stable than the 1-ANpNH3*

tautomer. The 1-ANpC,H,* is more stable than 1-ANpNHs* with DFT and almost isoenergetic

with 1-ANpNH;* using CCSD(T) or MP4 methods. For 2-ANpH*, the 2-ANpC,H,* tautomer is more

stable than the 2-ANpNH;* tautomer, while the 2-ANpCgH,* and 2-ANpCgH,* tautomers are

always less stable than the 2-ANpNH;* tautomer. As already noted in previous reports 1, MP2

(see table SI-1 ) method overestimates the stability of the NH3* tautomer as compared to the

C,H,* tautomers, while DFT, MP4 and CCSD(T) methods provide consistent results.
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Table SI-2: Calculated frequencies at the CC2/aug-cc-pVDZ level of the first excited state of 1-

ANpNH;* and tentative assignment of the bands observed

Mode | Calculated Observed tentative
number | frequencies frequencies assignment
1 80 NH; rotation
2 136 NH; rotation
3 152 Ring deformation out of plane
2
159 (2*80) 10
4 163 Ring deformation out of plane
5 249 NH; bending in plane
6 302 Ring deformation out of plane
7 354 Ring deformation out of plane
1
8 379 Ring deformation in plane 419 80
9 404 Ring deformation out of plane
10 420 Ring deformation out of plane
1
11 424 Ring deformation in plane 482 110
12 463 Ring deformation in plane
1
13 527 Ring deformation in plane 538 130
14 531 C2H out of plane
15 583 Ring deformation out of plane
1
16 633 Ring breathing in plane 658 160
17 684 CH out of plane
18 736 CH out of plane
19 752 CH out of plane
20 755 Ring deformation in plane
1
21 817 Ring in plane 830 210
22 832 CH out of plane
23 853 CH out of plane
24 874 CH out of plane
25 907 Ring deformation in plane
1 1
1 1
978 110130
26 992 ring in plane
1 1
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27 1025 NH/CH in plane
28 1040 NH; out of plane
29 1044 NH &CH bend in plane
30 1108 CH bend in plane
31 1137 CH bend in plane
32 1150 CH bend in plane
1 1
1160 130160
1196
33 1207 CH bend in plane
1 1
1219 80210
34 1228 CH bend in plane
35 1242 CH bend in plane
36 1344 CH bend in plane
1351
37 1384 CH bend in plane
1390
38 1408 CH bend in plane
39 1427 CH bend in plane & NH; umbrella
40 1444 CH bend in plane & ring deformation
1450
41 1470 Ring deformation in plane & NH; umbrella
42 1479 NH; umbrella
43 1489 Ring deformation in plane
1497
1550
44 1618 NH; antisymmetric bend
45 1618 NH symmetric +ring deformation in plane
46 1632 NH symmetric bend
47 1659 NH symmetric +ring deformation in plane
48 3171 CH stretch
49 3202 CH stretch
50 3204 CH stretch
51 3208 CH stretch
52 3217 CH stretch
53 3230 CH stretch
54 3242 CH stretch
55 3335 NH; stretch symmetric
56 3413 NH; stretch antisymmetric
57 3479 NH; stretch antisymmetric
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Table SI-3: Comparison of the calculated tautomer stability for ions isolated in the gas phase or ions in solution
calculated using COSMO (COnductor-like Screening Model) as implemented in the Turbomole package. The
calculations indicate that the tautomer protonated on the amino group is the most stable in solution, whereas
protonation on a carbon atom (C4 for 1-ANpH* and C1 for 2-ANpH?*) is favored for isolated molecules.

DFT DFT+COSMO
(e=80)
1-ANpNH;5* 0 0
1-ANpC,H,* -0.14 +0.35
1-ANpC4H,* -0.33 +0.22
2-ANpNH,* 0 0
2-ANpC,H,* -0.31 +0.24
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Energetics of the dissociation channels
The energetics of the dissociation channels has been calculated at the DFT level and is
summarized in figure 5 together with the energy of the observed excited states. (The details of

the calculations can be found in the table SI-4)
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Figure 5: Comparison between the energy of the electronic transitions and the energy of the dissociation
channels.

The lower dissociation energy corresponds to the HCN loss channel, well under the energy
of the first band system, while the NHs loss channel has the highest dissociation energy, slightly
under the energy of the most intense band system D1 and C2. It should be noted that the H loss
channel as well as the NH; loss channel are simple bond cleavage for aminonaphthalene
protonated on the amino group. On the other hand, the other dissociation channels necessitate
rearrangement processes involving barriers higher than the dissociation energy. As in
protonated aminopyrene!, the NH; loss channel is higher in energy than the H loss channel by
almost 1 eV.

Note that the HCN loss channel is observed for the low energy band systems (A1, B1 and
A2), but absent when exciting the D1 and C2 major band systems. In protonated diazine and
aminopyridine? the HCN loss channel mechanism involves a hydrogen or proton transfer to a

carbon atom, and if the same mechanism is assumed for ANpH*, the most probable parents will
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be the ANpC.H,*" tautomers. This would therefore mean that the D1 and C2 band systems

correspond to 1-and 2-ANpNHs* tautomers. These assumptions may be checked by comparison

with calculations of the excited state transitions.

Table SI-4: Energetics of the dissociation channels

Energy Proton affinity Energy
DFT/B3lyp (eV) DFT/B3lyp
(hartree) (hartree)
1-ANp -440.9942406 -440.99413893 2-ANp
mass 143 mass 143
1-ANpH* -441.3497544 9.67 9.71 -441.35092526 2-ANpH*
m/z 144 m/z 144
Dissociation
Energy (eV)
HCN loss channel -347.899-93.378 | 1.97 2.00 -347.899-93.378 | HCN loss channel
m/z 117 + 27 (HCN) =-441.277 =-441.277 m/z 117 + 27 (HCN)
H loss channel +440.7476-0.4983 | 2.83 2.87 +440.7472-0.4983 | H loss channel
m/z 143 (1-ANp*) +1  =-441.2459 =-441.2455 m/z 143 (2-ANp*) +1
(H) (H)
CH,NH loss channel -346.659-94.574 | 3.16 3.19 -346.659-94.574 | CH,NH loss channel
m/z 115+29 (CH,NH) =-441.233 =-441.233 m/z 115+29 (CH,NH)
NH; loss channel -384.695-56.518 | 3.72 3.84 -384.692-56.518 | NH; loss channel
m/z 127 +17 (NHs) =-441.213 =-441.210 m/z 127 +17 (NH3)
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