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Extended experimental details

The coincidence data was collected during two different experimental campaigns, and both
times, the C 1s PEPICO spectrum of oABA was collected to confirm reproducibility. The
reader is referred to a paper by Kooser et al.! for details of the TOF spectrometer and the
gas-phase end station. During the first campaign, when the C 1s PEPICO spectra of mABA
and oABA were measured, a higher extraction field (~13 kV/m) was applied in the TOF
spectrometer,? and during the second campaign, when the Cls PEPICO spectra of oABA
and pABA and the AEPICO spectrum of oABA were measured, we used a slightly lower
extraction field (~10 kV/m). This leads to different TOFs of ions, but also some differences
arise in how ions with high kinetic energy are collected, typically manifesting in the shape
of the peaks.

The lower field settings were used in acquisition of the o ABA AEPICO spectrum, achieved
by setting aperture electrodes, separated by 30 mm, to +150 V and -150 V, respectively.
The drift tube was set at potential of -935 V. The TOF spectrometer also has an aperture
electrode for momentum imaging purposes, but being close to the extractor grid, it was set
at -175 V, as we did not use the momentum imaging capabilities.! It should be noted that
the use of a pulsed extraction field prevents the detection of H' ions, as the noise from the

rising edge of the extraction field makes a low TOF region unusable, and is gated away.

Results of the molecular dynamics simulations

Simulations were performed for two rotamers of oABA and mABA: cABA1 and mABA1
refer to the lower energy rotamers with the C=0O group pointing towards the NHy group,
and 0ABA2 and mABA2 have the OH group closer to the NH, group. The results of the
ADMP simulations with 10, 20 and 30 eV internal energies are summarized in Tables S1,
S2 and S3 respectively. The total number of trajectories computed for each isomer at each

energy was 1024. The propagation time for each trajectory was 250 fs. Only oABA2 produces



more H;O" and H,O compared to the other isomers, but oABA2 is not expected to be found
in the sample at the experimental temperature, due to the energy difference compared to
0ABA1l. We also see that at 10 eV internal energy the majority of trajectories remain
unfragmented. This is most likely due to the insufficient propagation time of 250 fs, which is
orders of magnitude shorter than the experimental flight times of the cations before reaching
the detector. However, longer propagation times were deemed practically unfeasible for a
large number of trajectories. The internal energies of 20 and 30 eV where the trajectories
start to produce fragments belong to the regions II and III of the Auger electron spectrum
(see figure 1 in the main text), which are not the regions of interest for our purposes (but
the region I is). In this sense the molecular dynamics simulations are useful in describing the
differences in fragmentation patterns between the isomers only qualitatively. By comparing
the overall fragmentation after C 1s ionisation presented in fig. 2 of the main text and the
results of 30 eV internal energy simulation, it can be seen that the simulations can reproduce
some of the observed fragments. For example, the doubly charged parent ion C;H;NOy*"
at m/z = 68.6 is observed for all isomers, as well as C;HsNO?*™ (m/z = 59.6) for oABA and
mABA. However, for example instead of the predicted C¢H;N?* fragment, C¢HsN?T (m/z
= 45.6) is observed. From singly charged species, the predicted CHOy™ (m/z = 45) and
CeHgN™ (m/z = 92.1) fragments are observed in the mass spectra, but the simulations fail
to predict significant amounts of smaller fragments below m/z = 45 which are detected in the
experiment as well as some of the heavier ring-containing fragments. This could originate
from the restricted simulation time and number of trajectories that we were able to simulate.
Is is reasonable to expect that more fragments could have appeared if the simulations had

been extended.



Table S1: A frequency distribution of all fragmentation channels after simulating 1024 tra-
jectories at 10 eV internal energy.

Channels 0ABA1 | )oABA2 | mABA1 | mABA2 | pABA
H;0" + C;H,NO* - 1 - - -
H,0 + C;H;NO** - 91 - - -

COy + CeH;N%* - - 1 - 1

CO + CgH;NO?* - - - - 2

CHO,™ + CgHgN™ 2 3 21 7 19
CrH;NOy2* 1022 929 1002 1017 1002

Table S2: Counts of H30" and the most prominent fragments observed in trajectories at 20
eV of internal energy.

Fragments | oABA1 | )oABA2 | mABA1 | mABA2 | pABA
M0+ 2 5 1 3 :
H,O 40 200 16 31 9
C;H;NO** 39 186 14 29 8
CHO,* 255 232 315 331 265
CeHgN™ 253 231 312 324 263
CeH,N2+ 2% 17 37 20 21
COq 27 19 39 22 21
CO 3 14 3 3 10
C7H;NOy?T 686 559 646 626 710




Table S3: Counts of H30™ and the most prominent fragments observed in trajectories at 30
eV of internal energy.

Fragments | oABA1 | )oABA2 | mABA1 | mABA2 | pABA
H;0" 2 12 5 4 4
H,0O 73 209 91 127 71

C;H5NO?* 35 89 53 63 39

CHO, ™" 481 312 353 419 201
CeHgNT 336 238 241 265 274

CeH,N2T 52 39 55 46 45
COq 120 97 156 120 148
CcO 28 78 47 60 41

H 58 57 44 37 63

H* 94 115 84 67 125

H, 169 104 101 99 159
NH3 2 10 6 4 5
NH;* 2 7 1 - 1
CHN 21 28 58 57 34
C7H;NO,2 T 44 33 21 20 40
C7HgNOy™ 47 54 36 29 52
C7HgNO,2 T 20 28 17 9 19

CH;NOy*+ 151 187 215 185 168




Auger profiles for selected fragments

Figure S1 shows high kinetic energy part of C 1s Auger spectra of electrons detected in
coincidence with some selected relevant fragments discussed in the main text. The profiles
are obtained from the coincidence map presented in fig. 3 of the main text by selecting a
time-of-flight range and presenting an electron kinetic energy spectrum of electrons arriving

in coincidence with ions in that range.
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Figure S1: High kinetic energy part of C 1s Auger spectrum profiles of electrons detected
in coincidence with some observed fragments. The profiles have been offset and scaled in
y-axis for better visibility.



Partial charge analysis and microcanonical rate coefficients
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Figure S2: Natural bond orbital (NBO) analysis®* of some structures from Figure 4 of
the main text. Red and blue shadows indicate positively and negatively charged areas,
respectively, while green shadows indicate neutral areas. The remaining total charge of
unshaded areas is reported in the middle of the ring for each structure. The structures are
identified by their energy levels (in eV, including zero-point corrections and relative to the
neutral ground state, as in Figure 4). Arrows at major energetic barriers or branching points
are labeled with their corresponding rate coefficients k, which are reported in table S4.

Figure S2 shows the results of NBO partial charge analysis on some key structures of
the fragmentation pathways presented in Figure 4 of the main text. The structures depicted

Figure S2 a), b) and c¢) correspond to the pathways depicted in Figure 4 a), b), and c),
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respectively. As discussed in the ‘Results and discussion’ section of the main text, all the
pathways begin with the migration of a hydrogen from the ring to the carboxyl group,
leading to formation of a neutral water fragment, which may after a roaming period abstract
a proton from the parent ion to produce H3OT. The partial charge analysis confirms the
neutrality of the roaming H,O and the charge transfer from the parent to the HsO™ ion
at the final transition states of each pathway. In pathways a) and b) the H,O reattaches
to the ring before re-emission and proton abstraction. The proton in these pathways is
taken from the ring and therefore the ring structure is ultimately left with a close to neutral
charge. This appears to be associated with the transformation into the five-membered ring
structure which does not happen in the pathways presented in ¢). In the pathways presented
in ¢), the proton is taken from the —NHj group and the loss of charge is shared between
the functional group and the ring, and this seems to preserve the benzene structure. The
charge distribution on the —CO group is mostly unaffected by the processes subsequent to

its formation, being nearly equivalent in all three final transition states.

Table S4: The microcanonical rate coefficients (Hz) of the fragmentation pathways. The rate
coefficients were calculated for the transition states with the highest energy barriers or ones
at important branching points. See the labeled arrows in Figure S2 for the these processes.

Rate coefficient (Hz) ky ko k3 ky ks
8.15 x 10" | 6.65 x 10° | 1.31 x 10" | 8.86 x 10° | 7.54 x 10"

Rate coefficient (Hz) ke ke kg kg k1o
1.95 x 10'2 | 7.44 x 10° | 7.43 x 10** | 1.60 x 10'* | 9.43 x 102

The microcanonical rate coefficients in Table S4 were calculated according to microcanon-

ical transition state theory as®
_WHE)
hp(E)’

k(E) (1)

where p(E) is the density of states of the initial (minimum) structure at energy E, W#(E)

is the integrated density of states of the transition state up to the energy E, and h Planck’s



constant. The density of states was calculated within the harmonic approximation as:®
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where f is the number of vibrational degrees of freedom of the structure, v; the frequencies
of its vibrational modes and I' is Euler’s gamma function. For the calculation of the rate
coefficients we take the total energy of the system to be the sum of three components: the
energy of the VIP structure (21.79 V), the excitation energy from the Auger process (1.2
eV, being the energy where the H3O™" fragment is observed, see main text) and the thermal
vibrational energy of the neutral molecule at the experimental temperature according to
the canonical thermochemical analysis as implemented in Gaussianl6” (3.8 V). We can
see in Figure S2 the first branching point of the three pathways that k; is many orders of
magnitude smaller than k; and kg (leading to pathways a) and c), respectively) and therefore
we expect b) to be by far the least likely of the three pathways. The fragmentation process
then proceeds towards pathways a) and c¢) by the roughly equal rate coefficients k; and kg.
However at the next branching point in a) the process is driven towards pathway c), since
k7 is considerably larger than ky. The coefficients kg, kg and kiq are all very large, so once
the system reaches either of the initial structures in ¢), the system should proceed efficiently

towards the production of Hz3O™T.
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