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ABSTRACT
In search of the cause behind the similarities often seen in the fragmentation of PANHs, vacuum ultraviolet (VUV) photodissociation of two
pairs of isomers quinoline–isoquinoline and 2-naphthylamine-3-methyl-quinoline are studied using the velocity map imaging technique. The
internal energy dependence of all primary fragmentation channels is obtained for all four target molecules. The decay dynamics of the four
molecules is studied by comparing their various experimental signatures. The dominant channel for the first pair of isomers is found to be
hydrogen cyanide (HCN) neutral loss, while the second pair of isomers lose HCNH neutral as its dominant channel. Despite this difference
in their primary decay products and the differences in the structures of the four targets, various similarities in their experimental signatures
are found, which could be explained by isomerization mechanisms to common structures. The fundamental role of these isomerization in
controlling different dissociative channels is explored via a detailed analysis of the experimental photoelectron–photoion coincidences and the
investigation of the theoretical potential energy surface. These results add to the notion of a universal PANH fragmentation mechanism and
suggests the seven member isomerization as a key candidate for this universal mechanism. The balance between isomerization, dissociation,
and other key mechanistic processes in the reaction pathways, such as hydrogen migrations, is also highlighted for the four molecules.

I. INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) and their nitro-
genated counterparts, PANHs are a class of organic molecules that
are of great interest to different fields, such as environmental chem-
istry,1 combustion chemistry,2,3 and molecular astrophysics.4,5 In
the astronomical context, they are hypothesized to be carriers of
the diffuse interstellar bands6,7 and thus are strongly suggested to
be ubiquitous in the interstellar medium. Spectroscopic evidence
from space missions, such as Cassini, also point to them being
present in different planetary media, such as Titan,8 and Iapetus and
Phoebe.9 Furthermore, recent studies10 have directly identified indi-
vidual members of the PA(N)H family in photo-active media, such
as the TMC molecular cloud. The ubiquity of these molecules and
their strong well characterized features make them useful candidates

for tracers in different astronomical media, such as star-forming
regions.11

These molecules are also thought to play a very important role
in influencing the local chemistry and contributing to the inven-
tory of organic molecules in different regions of the universe. For
instance, it is hypothesized that PAHs are responsible for the forma-
tion of fullerenes12–14 in space like conditions. Laboratory studies15

have also indicated that, via hydrogenation and hydroxylation reac-
tions, they can be transformed into more complex molecules, even
at temperatures as low as 5 K, typical of dense molecular clouds.
Apart from these associative pathways, their dissociative chemistry
in response to different radiation conditions is also suggested to
be an important source of smaller hydrocarbons and other reac-
tive fragments in different astronomical media.16,17 The fragments
produced as a result of this “top-down” model are also important

1

https://pubs.aip.org/aip/jcp
https://doi.org/10.1063/5.0158189
https://pubs.aip.org/action/showCitFormats?type=show&doi=10.1063/5.0158189
https://crossmark.crossref.org/dialog/?doi=10.1063/5.0158189&domain=pdf&date_stamp=2023-September-13
https://doi.org/10.1063/5.0158189
https://orcid.org/0000-0002-9489-4580
https://orcid.org/0000-0002-1583-9103
https://orcid.org/0009-0007-4726-2058
https://orcid.org/0000-0003-4976-2033
https://orcid.org/0000-0001-8585-626X
https://orcid.org/0000-0002-0068-679X
https://orcid.org/0000-0002-4098-8979
https://orcid.org/0000-0002-6543-6628
https://orcid.org/0000-0002-2990-7330
https://orcid.org/0000-0003-4135-7404
https://orcid.org/0009-0000-6837-7953
https://orcid.org/0000-0003-4600-216X
mailto:umeshk@iist.ac.in
https://doi.org/10.1063/5.0158189


FIG. 1. Targets studied: (a) isoquinoline, (b) quinolone, (c) 2-naphthylamine, and (d) 3-methyl-quinoline.

in their own regard. One of such important fragments is hydro-
gen cyanide (HCN), known to be one of the dominant neutrals
products in the dissociation of many different PANHs.18,19 Ade-
nine, one of the four nucleobases in DNA, is a pentamer of HCN,
and various studies20,21 have established the importance of HCN in
adenine’s formation even in environments analogous to extremely
cold interstellar clouds.22 Another interesting example is hydro-
gen iso-cyanide (HNC), which is also produced as a dominant
neutral product23 in dissociative processes. HNC is known to be
highly reactive and would rapidly isomerize to HCN under suit-
able conditions.24–26 Its detection in the interstellar medium27 in
large quantities prompts the question of their production mech-
anism given its rapid isomerization to HCN in the presence of
solid interfaces (grains, dust). Similarly, other astronomically rele-
vant molecules, such as members of the cyanopolyyne family, have
also been detected19,28 as fragments from the dissociation of PANHs.
Hence, a detailed study of the dissociative processing of PANHs and
the formed products would provide great insights into their role in
chemical evolution in space.

In this context, structural rearrangements or isomerization
prior to dissociation is an important process that deserves more
attention. Multiple studies have found great similarities in the
experimental spectra of different PA(N)Hs with varying structures,
indicative of a common mechanism underneath.29,30 Isomerization
mechanisms that bring different isomers to common ground before
further dissociation is a plausible explanation behind these observa-
tions. For instance, it was shown both theoretically and experimen-
tally that naphthalene prefers to isomerize to azulene prior to C2H2
abstraction.31,32 A similar observation has been reported in the case
of quinoline, a nitrogenated analog of naphthalene19,33 for the cases
of HCN and C2H2 abstractions. This was also extended to larger
ring structures;34 for instance, acridine and phenanthridine were
shown to preferentially isomerize to common structures before fur-
ther dissociation.35 Even in processes that appear relatively simple
like neutral hydrogen losses, where at first glance, one might expect
that only direct bond fission of the C–H bond to play a role, hydro-
gen migrations leading to various C–H shifted isomers were found to
precede the hydrogen dissociation channels.36–38 These isomeriza-
tion mechanisms have persistently appeared in different theoretical
studies too39–41 and possibly hint toward a universal behavior42

behind the dissociation of this family of PA(N)Hs. However, the
dynamical details of these mechanisms are not directly decipher-
able from most experimental spectra. Even in theoretical studies, not
every mechanism predicted is reflected in reality. It is only with a
combined theoretical and experimental investigation, backed with
comprehensive calculations supported with corroborating experi-
mental signatures that these aspects of the dissociation process can
be brought forth.

The present study aims to take a closer look into the isomeriza-
tions that play a vital role in the dissociation of different PA(N)Hs.
A set of four double ringed heteroaromatic target molecules with
different structural attributes (refer to Fig. 1), 2-Naphthylamine
(NPA), 3-Methyl-Quinoline (MeQ), Quinoline (Q), and Isoquino-
line (IsoQ), were chosen, which would be used as case-studies for
isomerization trends. Quinoline and isoquinoline were chosen for
the differences in the relative position of the nitrogen in the parent
ring. Naphthylamine and methyl-quinoline were chosen to study the
role of a substituent in further dissociation. Apart from providing
ideal test cases for our study, these targets themselves are of great
astronomical interest. Quinoline, isoquinoline, along with two dif-
ferent methyl-quinolines, have been directly identified in Murchison
meteorite.43,44 Likewise, amino along with cyano-substituted PAHs
are proposed to be present on interplanetary dust particles45 and
comets.46 With the increasing number of detection of these smaller
organics in different astronomical media, and studies showing that
these molecules can survive in these harsh environments for longer
periods than previously expected,47 investigations into the response
of these molecules to radiation conditions akin to space would have
direct relevance in the astrochemical community.

Among the dissociation channels of the monocation, the four
primary prominent decay channels that are usually observed in the
experimental spectra are methyl amidogen HCNH loss, acetylene
C2H2 loss, hydrogen cyanide HCN loss/hydrogen isocyanide HNC
loss, and neutral hydrogen H loss. These are discussed in detail using
reaction pathways constructed by electronic structure calculation,
which includes some mechanisms that were previously unreported.
Relevant details of the potential energy surfaces (PES) of these
channels are put forth and their attributes that are backed by exper-
imental observations are highlighted. In this manner, a synergistic
theoretical and experimental investigation of their dissociation path-
ways has allowed the identification of certain commonalities, which
may point out some potentially universal features of PANHs subject
to extreme radiation conditions in extra-terrestrial environments.

II. EXPERIMENTAL DETAILS
The experiments were performed at the Velocity Map Imag-

ing (VMI) endstation in Elettra-Sinchrotrone facility (Trieste, Italy).
Detailed description of the endstation and the beamline is given
elsewhere,48 and only a brief summary of the VMI endstation is
given here. The endstation consists of a VMI setup equipped with
a position sensitive detector (VMI detector) capable of measuring
the velocity of the detected particle and a Time-of-Flight (ToF)
setup with a microchannel plate detector (ToF detector) that mea-
sures the time of flight of the detected particle mounted opposite
each other. The setup can be operated in two modes, ion-on-VMI
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and electron-on-VMI, depending on the polarity of the voltage set-
tings of the electrodes. The former is used to obtain the kinetic
energy release distributions (KERD) of the fragmenting daughter
ions, while the latter is used to obtain the photoelectron spectra
and the PEPICO spectra from which the branching ratios (BRs) of
the different fragmentation channels. All four samples were bought
from Sigma-Aldrich and were used without further purification.
Due to the low vapor pressure of naphthylamine, additional heat-
ing was required to provide sufficient target density in the chamber,
while the other three targets were used without any heating. Neon
and xenon gasses were used for the calibration of the photoelectron
spectra and Time of Flight (ToF).

Photon energies (hν) ranging from 20 to 36 eV were used in the
experiment. All ions that were detected within 9 μs from the detec-
tion of a photoelectron were taken as true events. The maximum ToF
recorded in the experiment is 6.4 μs, corresponding to the ToF of the
143 isomers. Thus, the chosen time window of 9 μs is enough to cap-
ture all daughter ions in the experiment. Events in which only one
ion was detected in coincidence with an electron were used to con-
struct the mass spectra with the time of flight of ions computed from
the start signal provided by the photoelectron detection. The kinetic
energy (KE) of the electrons (or ions) was obtained from their posi-
tional information, recorded by the VMI detector. This is done using
the MEVELER program, which extracts velocity maps by inverting
their positions using maximum entropy reconstruction.49 From the
velocity maps of the electrons, the binding energy (BE) of the corre-
sponding ions is calculated via the formula BE = hν − KE for a given
photon energy, hν, and coincident electron kinetic energy, KE. The
photoelectron spectra are obtained by calculating the binding energy
from the positions of all electrons detected. The PEPICO spectra
and branching ratios of different channels were obtained by calcu-
lating the binding energy of electrons detected in coincidence with
the ions of the corresponding channel. The flight time of the ions in
the two modes is different due to the difference in the length of the
drift tubes. The results from the ion-on-VMI mode are used for any
spectra comparison due to its better mass resolution as a result of its
longer drift tube.

III. COMPUTATIONAL DETAILS
Reaction mechanisms are computed for the loss of C2H2, HCN,

HNC, and HCNH in quinoline, naphthylamine, methyl-quinolone,
and isoquinoline mono-cations depending on whether the channel
is seen in the experimental spectra. These computations were per-
formed using the GAUSSIAN 09 software.50 Potential energy surface
scans were performed at the B3LYP/6-311++G(d,p) level of theory
in order to locate the structures of the stationary points involved,
and the pathways with the lowest energy barrier leading up to each
of the structures considered are reported. Geometries were opti-
mized (with transition states optimized using Berny’s algorithm)
at the same level of theory, and vibrational frequencies were used
to characterize the structures as minimas (intermediates) and first-
order saddle points (transition states). Intrinsic reaction coordinate
(IRC) calculations were carried out in select steps to verify that the
corresponding transition state indeed connects the expected local
minimas on either side of the reaction coordinate.

All pathways explored and optimized along with their ener-
getics are reported in the supplementary material. Brief summaries

and important attributes in their mechanisms are highlighted in the
following sections. A detailed exploration of the dissociating land-
scape of the quinoline monocation is already reported earlier,33 and
relevant results from the previous work are recalled as and when
necessary. Experimental parallels are drawn as the pathways are
discussed, and possible explanations are given to explain them.

IV. RESULTS
The results of the four targets would be grouped in two sets.

The results of mass 129 isomers (Q and IsoQ) and mass 143 isomers
(Npa and MeQ) will be discussed in tandem for the sake of clarity.

A. Mass 129 isomers
The mass spectra of the mass 129 isomers normalized to total

yield recorded at 23 eV photon energy are depicted in Fig. 2(a). The
major peaks seen in both cases apart from the parent at m/z 129 are
the peaks at m/z 128, 103, 102, and 101. Other minor peaks appear
at m/z 76, 77, and 78. As can be seen from Fig. 2(a), a great similar-
ity between the two spectra with all the major peaks in isoquinoline
being slightly more intense than the corresponding peaks in quino-
line (except in the case of the peak at m/z 76, where the order reverses
but only with a minor difference again) is seen. This minor differ-
ence in their relative intensities could be due to the difference in
their ionization energies, which are about 0.1 eV apart;18 hence, it
is most likely that the dissociative channels in isoquinoline open at a
lower energy than in quinoline and thus dissociate a little more pro-
fusely. Otherwise, their mass spectra look nearly identical in terms
of not only their major channels but also in their relative yields. This
similarity will be used to assign the channels to the peaks based on
the previous work on quinoline.19

For both molecules, the peak at m/z 128 can be unambiguously
attributed to the loss of neutral hydrogen from the parent. The peak
at m/z 103 is assigned to the loss of neutral acetylene, while the
peak at m/z 102 is assigned to the loss of either hydrogen cyanide
or hydrogen isocyanide neutral loss. The peak at m/z 101 could be
due to the loss of the methyl amidogen neutral radical or could be
due to the sequential loss of hydrogen and one of the mass 27 iso-
mers. In the case of quinoline, the peak at m/z 101 was assigned
to the sequential loss of hydrogen followed by hydrogen cyanide.19

Based on the similarity between the two mass spectral features and
for reasons that will be explained shortly after, the peak at m/z 101 in
isoquinoline is also assigned to be that of a sequential loss of hydro-
gen and hydrogen cyanide. In the case of quinoline, the peak at m/z
78 was assigned to the loss of neutral HC3N producing benzene, and
the peaks at m/z 76 and 77 are due to sequential loses of HCN and
C2H2 (for the m/z 76 peak) and two C2H2 losses (for the m/z 77
peak). Again due to the similarity between the mass spectra, these
assignments are suggested to hold true for isoquinoline too.

In order to obtain the internal energy dependence of the vari-
ous dissociative channels, the electron-on-VMI mode is used. In this
mode, two factors affect the mass resolution, one is the shorter drift
tube, which affects all peaks, while the other is the kinetic energy
release, which depends on the dissociation channel. Due to this,
while the parent and the hydrogen loss channels are resolved in the
mass spectra, the peaks at m/z 101, 102, and 103 are not. This could
be because the hydrogen loss channel is known to be barrierless,
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FIG. 2. (a) Mass spectra at 23 eV photon energy and (b) branching ratios as a
function of the binding energy in Q+ and IsoQ+.

while the HCN and C2H2 loss channels might possess a reverse bar-
rier33 and have considerable kinetic energy release. Hence, at first,
the entire region covering the peaks of m/z 101, 102, and 103 is
taken as one and the corresponding branching ratio is obtained.
The other regions taken into considerations is the parent peak,
the hydrogen loss peak, and the family of unresolved peaks at m/z
76-78. The obtained branching ratios are then normalized to the
total photoelectron spectra and are depicted in Fig. 2(b).

The main feature in both the molecules is their remarkable
resemblance to each other. This strongly suggests that the dynam-
ics followed by quinoline is closely followed by isoquinoline too.
From the previous work on quinoline,19 among the m/z 101-103
peaks, 102(12.5 eV BE) opens first, followed by 103(13.3 eV BE) with
101(16.5 eV BE) opening significantly later with the hydrogen loss

peak opening along with 102 at 12.5 eV BE. The current experiment
is characterized by larger kinetic shift due to shorter flight times, and
hence the first channels open up only at 13.8 eV. In the current sce-
nario, the hydrogen loss channel and the m/z 101-103 region open
together at 13.8 eV. This could be due to the 102 channel’s contri-
bution to the m/z 101-103 region, which is known to open with the
hydrogen loss channel. The m/z 76-78 curve has its onset at 14.5 eV
and rapidly starts increasing after 17 eV. This behavior again agrees
well with the previous results,19 wherein the peak at m/z 78 due to
a single loss of HC3N opens early at 13.3 eV with the lowest inten-
sity among the four primary channels. Considering this, the initial
portion of the m/z 76-78 curve with its reduced intensity may be
the contributions from the m/z 78 peak, while the later part rising
beyond 17 eV contains the contributions from the sequential loss
channels at m/z 76 and m/z 77. Beyond 18 eV, as the m/z 76-78
curve picks up in intensity, the m/z 101-103 curve falls. This por-
tion of the 101-103 curve beyond 18 eV points to contributions from
the m/z 101 peak, which we then re-affirm to be a sequential loss
channel. Considering that the sequence responsible for the m/z 101
peak was due to loss of hydrogen and hydrogen cyanide in quinoline
and by the match in the features of the branching ratios, the same
should hold true for isoquinoline too. The branching ratios that are
further mass selected are compared to qualitatively discern the con-
tributions from the different channels. Further details and results are
reported in the accompanying supplementary material.

From the observed similarities between the features of both
the mass spectra and branching ratios of the two molecules, it is
clear that both molecules follow similar decay dynamics. However,
there exists a key structural difference between the two molecules
due to the relative position of the nitrogen with respect to the car-
bon in the parent ring. This is reflected computationally in the
dissociative pathways computed earlier18 wherein the energetics of
isoquinoline’s pathways, while not drastically different, lie below
the corresponding pathways in quinoline. Considering the near
exact match of their experimental signatures, the most probable
explanation behind these strikingly similar features could in fact be
isomerization, wherein both molecules isomerize to common struc-
tures before they dissociate further. In the case of quinoline, the
monocation was predicted to isomerize prior to dissociation.33 It
would be shown computationally in later sections that isoquinoline
not only possess isomerization channels, but it also has access to the
very same isomers as quinoline, and hence it is not unreasonable
to accept that both molecules isomerize to common isomers before
dissociation. Another proof comes when the position coordinates of
the ions (recorded in i-VMI mode) from the m/z = 102 (and m/z
= 103) peak from the two molecules are compared as reported in
the supplementary material. These ion images of the two molecules
match remarkably well, indicating that both molecules would have
fragmented from a common structure, which is well in line with the
observations so far.

B. Mass 143 isomers
The mass spectra recorded at hν = 23 photon energy of the

mass 143 isomers are depicted in Fig. 3(a). In the case of methyl-
quinoline, there are two main fragments that dominate the spectra,
one at m/z 142 and another at m/z 115, whereas in the case of naph-
thylamine, the peak at m/z 142 is absent. The peak at m/z 142 can
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FIG. 3. Mass spectra at (a) 23 eV, (b) 36 eV photon energy, and (c) branching
ratios as a function of the binding energy in MeQ+ and Npa+.

be unambiguously assigned to the loss of neutral hydrogen from the
parent, present in large quantities for methyl-quinoline but is negli-
gible in the case of naphthylamine. This difference in the hydrogen
loss channels is further elaborated upon in later sections. For both
targets, the peak at m/z 115 exhibits a broad peak along with a long
tail. The broad extent of this peak is due to a combination of the
metastable nature of the decay and kinetic energy release accompa-
nying the ionic fragment, and due to this, it is not possible to extract
quantitatively the contributions from the neighboring m/z 116 peak.
The two peaks do not get resolved at higher photon energies too;
however, the m/z 115 peak shrinks in width, revealing a shoulder
like feature at higher energies, which does indicate that there exists
a small contribution from the m/z 116 peak as shown in Fig. 3(b).
This minor channel is assigned to the loss of either hydrogen cyanide
HCN or hydrogen isocyanide HNC. There are three plausible chan-
nels that may contributed to the dominant peak at m/z 115 due to
the loss of 28 amu neutral fragment, namely, the loss of the methyl
amidogen neutral (HCNH) or the sequential loss of hydrogen and
HCN∖HNC or vice versa. All three possibilities could be applicable
in the case of methyl-quinoline; however, considering the absence of
the hydrogen loss channel in naphthylamine, it is not very plausible
that the m/z 115 peak in naphthylamine is due to the sequential loss
of hydrogen followed by a mass 27 loss. It will be shown below with
computational findings that the most likely channel behind the peak
at m/z 115 is the loss of a single HCNH unit in both the molecules.
Apart from these peaks, there exists a minor peak [depicted in the
inset of Fig. 3(a)] at m/z 128 (loss of mass 15 amu neutral) in the
case of methyl-quinoline and m/z 126 (loss of mass 17 amu neutral)
in the case of naphthylamine. At higher photon energies [depicted
in the inset of Fig. 3(b)], an additional peak at m/z 127 (loss of mass
16 amu neutral) also appears in the mass spectra of naphthylamine.
Considering the nature of the functional groups attached to the two
targets, the peak at m/z 128 in methyl-quinoline is assigned to the
loss of CH3 neutral from the parent, while the peaks at m/z 126
and 127 in naphthylamine are assigned to the loss of NH3 and NH2
neutrals from the parent, respectively.

The branching ratios for the mass 143 isomers are depicted
in Fig. 3(c). The contributions from the peaks at m/z 115 and 116
could not be resolved and hence are represented together with the
hypothesis that contributions from the 116 channel would be minor.
Figure 3(c) also contains the branching ratio of the hydrogen loss
channel (in the case of methyl-quinoline) and the substituent losses
(126 in the case of naphthylamine and 128 in the case of methyl-
quinoline). Of all the channels considered in both the molecules, the
hydrogen loss in methyl-quinoline+ is the first to open at ∼12.5 eV.
At around 13 eV, the 115 curve in methyl-quinoline has its onset,
while the same curve in naphthylamine has its onset at a slightly
higher energy. The 115 curve in both molecules is the most intense
channel. The curve corresponding to naphthylamine rises more
rapidly leading to a small difference between the two curves in the
energy range of 15–17.5 eV, beyond which both curves tend to coin-
cide. This suggests the presence of a minor channel at lower energy
exclusive to naphthylamine, which then is rapidly overtaken by a
channel that is common to both molecules. The neutral fragment
lost in this case is either 27 or 28; both of these masses most likely
contain nitrogen, which in naphthylamine is part of substituent,
while in methyl-quinoline is part of the main ring. Considering that
both molecules appear to lose this neutral fragment in a similar
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fashion along with the fact that both molecules have very different
structures, especially when it comes to the nature of nitrogen is an
indication of both molecules isomerizing to common isomers prior
to dissociation. Finally, the channels leading to m/z 128 and 126
open at an energy slightly larger than the one of m/z 115 and remains
a minor channel in the entire energy range in both molecules.

In order to better understand the nature of the m/z 115 peak,
an attempt is made by sampling the ions detected in coincidence
with electrons detected at various radii (rings) in the VMI detec-
tor, which in essence is sampling ions decaying at different binding
energies. In this context, the evolution of the mass spectra in the
region covering m/z = 115 and 116 was analyzed with increasing
radii of electron detection. A representative example of the evolu-
tion of the ion peaks in both molecules normalized to their peak
value is depicted in Figs. 4(a)–4(c). As can be seen in all three fig-
ures, in the case of methyl-quinoline, the peak remains close to m/z
= 115 with minor shifts with increasing radii (decreasing internal
energy). The same observation is seen in the case of naphthylamine
[Figs. 4(a) and 4(b)] except in the case of the final ring [Fig. 4(c)],
with an abrupt shift in the peak close to m/z = 116. Indeed, excluding
this final ring, the profile of the peaks is similar in both molecules.
This again confirms that in the energy range sampled, the dynamics
of the 115 channel is very similar in both molecules, except in a very
small energy regime with the least binding energy.

C. Reaction pathways
Pathways that may explain the origin of the peaks in the mass

spectra is discussed in this section. During the study, it was found
that certain channels are exclusively accessible only after initial iso-
merizations. Such observations that are purely computational are
gradually brought forth to bring out a comprehensive overview
of the potential energy surface compatible with the experimental
trends. The case of quinoline and isoquinoline is described first,
followed by the case of naphthylamine and methyl-quinoline.
1. Mass 129 isomers

The potential energy surface of quinoline has been extensively
explored in previous studies;33,51 hence, more focus is given to the
dissociative pathways of isoquinoline. A few pathways producing
HCN from isoquinoline has been reported earlier.18 However, it
has been demonstrated in quinoline33 that seven member isomeriza-
tion pathways not considered in other studies play a very important
role for the fate of the dissociating molecule. Hence, similar iso-
merization pathways are explored for isoquinoline. Four such path-
ways were found for isoquinoline leading to Cyclopenta[c]azepine
(c-CPA), Cyclopenta[d]azepine (d-CPA), cyclohexa[b]pyrrole (b-
CHP), and cyclohexa[c]pyrrole (c-CHP). Two of these isomers
(c-CPA and b-CHP) are the same two isomers that quinoline iso-
merizes and are the isomers in which it was shown theoretically that
HCN and C2H2 loss occurs preferentially. New pathways for the
HCN and HNC loss from d-CPA and C2H2 loss from c-CHP were
explored for the first time (the latter driven by the observation that
C2H2 is lost preferentially from the non-nitrogen containing ring in
quinoline). For the case of HCN loss, all pathways explored includ-
ing the ones reported earlier are very close in energy (the highest
transition states in the different HCN pathways are within ∼0.25 eV
of each other) and cannot be discriminated on pure energetics. The
same observation holds for the cases of HNC loss and C2H2 loss

FIG. 4. Ions detected in coincidence with electrons sampled from rings of varying
radii from the positional information of the electrons on the VMI detector. (Insets
figuratively represented the rings from which the electrons were sampled.)

too. So, while the three sets of pathways do vary significantly in
energy (the highest transition states in C2H2 pathways is ∼1 eV
and the highest transition states in the HNC pathways is ∼0.5 eV
more than the highest transition states in the HCN pathways), which
explains the different energy onsets seen in the experiment, within
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FIG. 5. Summary of isomerization and further dissociation pathways for mass 129 isomers (energies are in eV and are relative to neutral quinoline).

each set, they are quite comparable in energy. Hence, the pathways
within each set cannot be discriminated on their energetics alone.
While a full RRKM modeling of the pathways is beyond the scope
of the present work, the similarities seen in the mass spectra and,
more importantly, the branching ratios of the two molecules can be
evoked to reasonably predict the role of each of these pathways in the
experiment. The above-mentioned similarities can be explained if
the kinetics of the pathways underneath would be the same for both
molecules. This then would imply that the decay channels proceed
via the same isomer in both molecules, which in this case is c-CPA
for HCN loss and b-CHP for C2H2 loss. Likewise, the HNC channel
would only contribute negligibly to the 102 peak in isoquinoline, as
it was found to occur in the case of quinoline.33

The summary of the isomerization and further dissociation
pathways is shown in Fig. 5, with the highest barrier in each step
given along with the arrows connecting the different structures. The
most probable pathway based on experimental evidence is indicated
by the solid arrows. Note that isoquinoline has other dissociating
pathways from c-CHP and d-CPA; however, those pathways can be
safely assumed to not contribute majorly because those pathways did
not play a major role in the photodissociation of quinoline.33 In this
way, experimental observations can be used to discriminate among
various theoretical predictions.

2. Mass 143 isomers
Detailed potential energy surface explorations are carried out

for the channels seen in the experimental spectra for Npa and MeQ.
The losses of neutral fragment considered are the hydrogen loss, sub-
stituent losses (CH3, NH3, NH2), hydrogen cyanide loss, hydrogen

isocyanide loss, and the methyl amidogen loss. These are chan-
nels that are assumed to participate in the decay of these isomers.
The complete reaction pathways are reported in the supplementary
material, and brief summaries are as follows.

a. Hydrogen loss. The hydrogen loss channels in Npa+ and
MeQ+ are computationally investigated and the results are as fol-
lows: Table I reports the product energies of the various mass 142
isomers with respect to naphthylamine neutral. No transition state
was found in the final dissociating step at the level of theory con-
sidered here, so the energy of the products is reported as the barrier
for the hydrogen loss energy, except in the case of combination C4
wherein the isomerization barrier was higher (isomerization barrier
reported in parenthesis). The difference is the energies of the dif-
ferent combinations taken here is quite significant. Each of these
combinations represents hydrogen loss from some of the key inter-
mediates in other neutral loss pathways. The most energetically
expensive positions from which the hydrogens can be lost are from
the carbons in the main ring (be it six membered or seven mem-
bered) as they cause deformations in the accompanying ion. This
could be because of the change in hybridization of carbon to sp,
which causes significant bond strain on the system as the sp car-
bon prefers to be linear. On the other hand, if the hydrogen is lost
from the methyl group in MeQ+, the cost in energy is quite low,
which is in line with previous observations. The nitrogen in the
ammine group in Npa+ however is an sp2 site as evidenced by its
planar nature; hence, the loss of hydrogen from it is more ener-
getically demanding than hydrogen loss from the methyl group in
MeQ+. The next set of energetically low combinations correspond
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TABLE I. Product energies (with respect to naphthylamine neutral) for different com-
binations of 142 isomers. Numbers in parenthesis in first column denote position from
which the hydrogen was lost (see Figs. 1 and 6 for position labels). Number in paren-
thesis in second column denote the energy of the transition state in the pathway to
the product if it is higher than the final dissociating step.

Combination Products Energy (eV)

C1 [MeQ - H(4)] +H 12.61
C2 [CH2-quinoline] +H 10.90
C3 [1BN - H(3)] +H 12.44
C4 [1BN - H(1)] +H 10.91(11.74)
C5 [2BN - H(2)] +H 10.82
C6 [2BN - H(1)] +H 12.54
C7 [2-cyano-1-indene] +H 10.67
C8 [2Npa - H(3)] +H 12.52
C9 [NH2-naphthalene] +H 11.19

to hydrogen loss from stable intermediates in the other dissocia-
tion mechanisms. C7 represents hydrogen loss from the penultimate
intermediate (2H-2-cyano indene) in the HNC pathway. However,
the cost of losing the HNC is less than the one to lose hydrogen
by 0.76 eV. Hence, it is suggested that if the molecule deforms to
the final intermediate, the molecule would rather lose HNC than H.
C5 represents hydrogen loss from the nitrogen in 2BN+. While the
cost of losing hydrogen is cheaper than the cost of losing HCNH
from 2BN, the lack of hydrogen loss peak in the experimental
spectra of Npa suggests this is not an important pathway either.
These arguments agree quite well with the experimental observa-
tions. Methyl-quinoline shows substantial hydrogen loss due to the
sp3 carbon in its methyl substituent.

b. Substituent losses. The loss of ammonia from Npa, which is
responsible for its peak at m/z = 126, follows a fairly straightforward
pathway, starting with a direct hydrogen migration from one of the
neighboring carbons followed by a cleavage of the formed NH3 sub-
stituent, which again occurs in a barrier less fashion as it involves
a simple bond cleavage. The products so formed are higher than
the reaction barriers of the other major channels (H, HCNH, HNC,
HCN). This corroborates very well with the experiment where it is
seen that the NH3 channel is a minor channel. Furthermore, the
appearance of a direct NH2 loss channel at higher photon energy
spectra and with a lower intensity than the NH3 indicates that the
molecule prefers to lose NH3. This strongly indicates the role of
hydrogen migration in further dissociation. This agrees very well
with the computational findings, wherein the barrier to direct NH2
loss is around 0.6 eV higher than the barriers to NH3 loss (see the
supplementary material). The role of hybridization of the dissoci-
ating fragment is also seen from the case of Npa, where hydrogen
migration allowed the nitrogen to change its hybridization from sp2
to sp3, while the carbon in methyl group of methyl-quinoline was
already sp3 in the first place. Thus, the loss of the intact CH3 unit
was seen in the mass spectra of methyl-quinoline where its sp3 car-
bon allowed it to dissociate without any structural rearrangements.
At the same time, both these channels are very minor channels,
indicating that structural deformations are necessary for profuse
fragmentation.

FIG. 6. (a) 1H-1-Benzazepine (1BN+), (b) 2H-2-Benzazepine (2BN+), and
(c) 2H-2-Cyano Indene (2HCI+).

c. Isomerizations. Past studies have indicated that often
a parent molecular ion undergoes isomerization before
dissociation,32,33,35 and hence isomerization reactions have to
be considered to fully describe the dissociative landscape. Apart
from isomers that vary in the relative position of the substituent
group, benzazepines are another class of molecules that both
MeQ and Npa can isomerize. The structures of the benzazepines
2H-2-Benzazepine (2BN+) and 1H-1-Benzazepine (1BN+), which
are considered in our study, are shown in Fig. 6.

The substituent (the amine group in the case of Npa+ and the
methyl group in the case of MeQ+) attached to the parent ring is
first pushed inward followed by a ring expansion to the seven mem-
bered azepine ring. A number of hydrogen migrations facilitates this
process. For instance, in the case of MeQ+, the CH3 group is steri-
cally hindering to begin with; hence, a hydrogen migration is done
first to the attached carbon before the CH2 group is incorporated
into the ring. In the case of MeQ+, there are two possibilities in
the rotation of the CH2 group, leading to different hydrogen shifted
1-benzazepines. Once the CH2 group is incorporated into the par-
ent ring, further hydrogen migrations are made until the nitrogen
is hydrogenated; thus, both possibilities would ultimately give rise
to the same 1BN+. In the case of Npa+, however, the two rotations
would give rise (after the migrations and the expansion) to different
isomers, 2BN+ and 3BN+. Of these two isomers, only pathways to
2BN+ successfully converged. The two pathways that converged dif-
fer in the order of hydrogen migration. The higher energy pathway
with its highest transition state 12.64 eV consists of incorporating
the NH2 group followed by a hydrogen migration to form 2BN+.
The lower energy pathway starts with hydrogen migrations followed
by the inclusion of the NH group with its highest transition at a
significantly lower 10.36 eV. Another pathway connecting 1BN+
and 2BN+, which proceeds via Cyclohepta[1,2-b]pyridine (b-CPY),
was also found with energetics quite similar to the original isomer-
ization. This pathway therefore brings both molecules to common
ground via isomerization to 1BN+ and 2BN+. Furthermore, another
isomerization scheme to a five membered ring containing isomer,
2H-2-Cyano Indene (2HCI+) was also found exclusive to Npa+.
This isomer was found key to HNC loss as explained below.
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Having found different isomers of the two molecules, HCN,
HNC, and HCNH losses from these isomers and the parents are
explored.

d. HCN loss. In the case of HCN loss from the mass 143
isomers, based on the insights from the quinoline studies, the pos-
sible accompanying larger fragments can be indenes or propynyl-
benzene. The latter is energetically more expensive than the former
(around 1.1 eV). Furthermore, the pathways to produce the lat-
ter directly from unisomerized Npa+ and MeQ did not converge
successfully. Thus, the HCN loss from the benzazepines were inves-
tigated. The first step would be hydrogen migrations, wherein the
hydrogen from the nitrogen would have to migrate to another site.
Here, it was seen that immediate migration to adjacent sites would
not allow the ring to contract, which is expected due to the sp3
nature of the carbon (with the migrated hydrogen), which cannot
form one more bond (and hence a HCN loss from 3BN+ is not
expected). The only contraction that did converge involved the ter-
tiary carbon with the hydrogen migrating to alpha carbon next to
other tertiary carbon. This is also quite reasonable because this is the
site that offers the least steric hindrance to ring closure.

e. HNC loss. In the case of MeQ+ and Npa+, attempts to lose
HNC from the benzazepine structures failed mostly after the ring
contractions with the next expected transition states failing to con-
verge. However, a pathway similar to the loss of HNC from aniline52

was attempted here for Npa, and this has converged. This route
involves isomerization to a five member ring containing 2H-2-cyano
indene first prior to HNC abstraction. Here, note that in the final
step, the transition state while lower in energy than the products is
very close to its energy (only a difference of 0.02 eV). This discrep-
ancy with the transition state being lower than the products could be
rectified if a more computationally expensive calculation was carried
out; however, the difference between the energies is not expected to
change drastically. These energetics also point toward the potential
energy surface being almost flat at the dissociating step. Note that
this pathway is energetically significantly lower (around 1 eV) than
the pathways losing HCN discussed previously. Similar attempts to
lose HNC from MeQ+, however, were not successful with structures
after the breakage of the main ring failing to converge.

This again sits well with experimental results in the context of a
lower energy channel that exists in Npa, which does not contribute
as much in MeQ. This channel could very well be the HNC loss
channel that Npa shows, which MeQ seemingly does not show.

Also note that in case of both molecules and for either of the
mass 27 neutral losses, the accompanying ion is the same indene
cation.

f. HCNH loss. In the case of Npa+, initially the loss of H2NC
and HCNH (which involved a hydrogen migration first) directly
from Npa+ was attempted. Both these pathways ended in transi-
tion states from which H2NC (or HCNH) could not be lost. Loss
of H2NC requires least structural rearrangement at first glance since
both hydrogens are attached to N. However, a ring contracted inter-
mediate involving a five-membered ring attached to H2NC could not
be obtained. A HCNH loss pathway from 2HCI+, which involves
two further hydrogen migrations after the formation of 2HCI+, con-
verged. Similarly pathways leading to the loss of a mass 28 neutral
from MeQ did not converge either.

Attempts to look for the loss of HCNH following isomeriza-
tion to 1BN+ and 2BN+were also successful. In the pathway starting
from 2BN+, note that the transition state in the final step is energet-
ically lower than the final product. However, while there are other
cases in which the transition state has been lower in energy than the
following intermediate, their difference has never been more than
0.01 eV, while in this case it is significantly higher. This is most likely
an artifact due to improper accounting of electrons on the depart-
ing fragments as evidenced by checking the Mulliken charge or the
APT charge on the departing fragment. This can be resolved if con-
strained density functional theory (DFT) calculations53 are carried
out. Note that such calculations would change the energetics and not
the mechanism40 and hence have not been carried out currently. The
pathway from 1BN+ proceeds in an identical manner to the pathway
from 2BN+; however, the final dissociating transition state is higher
in energy. In both cases, the loss of HCNH leads to the formation of
the indenyl cation.

Having found all the necessary pathways, we took a closer look
at them. In the case of Npa, the HNC pathway is the least in bar-
rier heights. HCNH from Npa+ can be lost either from the five
membered 2HCI+ or from the seven membered 2BN+. The bar-
rier of both these processes are the product energies itself. The
isomerization processes themselves are also comparable in energy
(with isomerization to 2BN+ being 0.15 lesser than isomerization
to 2HCI+). If the molecule isomerizes to 2HCI+, the energetic cost
of losing HNC is 1.55 eV lower than the cost of losing HCNH,
and hence it would rather lose HNC instead. So, if Npa+ does
majorly isomerizes to 2HCI+, it would profusely lose HNC and thus
would have reflected as a major peak at m/z 116 in the experimen-
tal spectra, which is not the case. Thus, a major portion of Npa is
suggested to isomerize to 2BN+ prior to HCNH abstraction, while
the remaining minor fraction that isomerize to 2HCI+ loses HNC
instead. In the case of methyl-quinoline, no lower energy pathway
was found, which corroborates well with the experimental exclusiv-
ity of the lower channel for Npa. The HCNH pathway from 1BN+
and the corresponding HCN pathway from the same are compa-
rable (unlike in the case of Npa, where the HCNH pathway from
2BN+ is energetically cheaper than the corresponding HCN pathway
by at least 0.4 eV). However, the isomerization pathway connect-
ing 1BN+ and 2BN+ is also comparable with these two dissociating
channels. This combined with the fact 2BN+ easily loses HCNH, and
the fact the experimental observations hint toward the 115 peak orig-
inating from the same isomer suggests that MeQ too loses HCNH
from 2BN+. However, the possibility that 2-BN+ can also isomer-
ize to 1-BN+ and then dissociate, although unlikely considering it
easily loses HCNH, cannot be ruled out conclusively. Nevertheless,
the loss of HCNH is suggested to proceed via one of the two ben-
zazepines, which both molecules can isomerize, agrees well with our
experimental inferences.

For the fate of the 115 peak, we also computationally explore
the energetics of different 115 + 27 + 1 combinations (sequential
loss of mass 27 isomer followed by hydrogen loss). The other com-
bination of 115 + 1 + 27 (sequential loss of hydrogen followed by
mass 27 neutral) was ruled out as the energetics of the structures
involved in the process is well above the other pathways considered.
For the case of Npa, if the hydrogen was lost after HNC, it would
require around 12.8 eV. If the hydrogen was lost after HCN was lost,
it would require around 12.2 eV. However, from the same isomer,
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FIG. 7. Summary of the isomerization and further dissociation pathways for mass 143 isomers. Energies in eV and are relative to neutral Npa. (Energies marked with ∗ are
the energies of the products as the energy of the highest transition state in those pathways were found to be lower than the products; see the text for more details.)

the loss of HCNH requires lesser energy 0.76 eV lesser. For the case
of MeQ, the energetics are similar to that of Npa for the loss of HCN
followed by hydrogen loss. Considering that the mass 115 peak in
both molecules must have arose via similar dynamics, the combi-
nation of HNC and hydrogen is unlikely as that channel is closed
for MeQ. Of the remaining two combinations, the loss of HCNH
from 2-BN+ is the most likely to occur energetically. Furthermore,
the energetics computed here assume that the mass 27 neutral frag-
ment carries no internal energy, i.e., it is lost in a vibrationally cold
manner, which is highly unlikely. Hence, the actual practical bar-
riers to sequential losses would be higher than the ones computed.
Altogether, it is strongly suggested that the mass 115 peak in both
molecules is due to the loss of HCNH via 2BN+ (or 1BN+) they iso-
merize. This may why the 115 channel opens at a higher energy, but
once the dissociation barrier is crossed, it loses HCNH with high
efficiency, leading to the overwhelming dominance of the 115 peak.

The summary of the isomerization and further dissociation
pathways along with sequential losses for the 115 peak is shown in
Fig. 7, with the highest barrier in each step given along with the
arrows connecting the different states. The most probable pathways
based on experimental evidence are indicated by the solid arrows.

V. DISCUSSION
Evidence of isomerization prior to dissociation has been

unearthed in the past. In a vast majority of those cases, these
isomerizations were involved seven member isomerization mecha-
nisms that controlled the fate of the dissociating molecule. Azulene,

the isomer that naphthalene was concluded to isomerize (Refs. 31
and 32) prior to acetylene abstraction, is a seven member ring
containing the isomer. This was recently reaffirmed independently
by another group wherein it was concluded via analysis of kinetic
energy release distributions measurements54 that the ions accom-
panying acetylene abstraction was majorly pentalene with another
minor product being phenylacetylene. Incidentally, these are the
same products that are suggested to form after HCN abstraction
from quinoline too.33 Tropylium, which was experimentally iden-
tified to be the product formed after hydrogen abstraction from
toluene,55 is yet again a seven membered ring. Furthermore, tropy-
lium derived structures were identified to be the hydrogen loss
products from methyl napthalene too.56 The nitrogenated analog
to the tropylium derived structures would be benzazepine derived
structures that arise in PANH dissociation. For instance, quinoline33

is strongly suggested to prefer the isomerization route to seven mem-
ber structures c-CPA and b-CHP, prior to dissociation in the case
of both HCN and C2H2 losses. In a study into the photodissocia-
tion of acridine and phenanthridine, the product ions accompanying
HCN loss were experimentally identified to be acenaphthylene and
benzopentalene, and products that were shown to be formed only
after the parent molecules undergo ring expansion to a common
benzazepine derived isomer.35 A similar evidence was unearthed
independently by another group with an experiment probing the
photodissociation of anthracene and phenanthrene, where the prod-
uct accompanying C2H2 loss in both molecules was experimentally
identified to be yet again acenaphthylene, along with possible minor
contributions from benzopentalene.57 These evidence put together
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point to startling similarity behind the dissociative dynamics of both
PAHs and PANHs as seen from the case of quinoline and naptha-
lene, and the case of acridine, phenanthridine and anthracene,
phenanthrene. This similarity could be in fact be seven member iso-
merizations that seem to underline the common processes found.
On a related note, in the case of graphene, theoretical and exper-
imental evidence58–60 have been recently uncovered, wherein its
edge states were shown to be preferably in a “reczag” configu-
ration, consisting of fused pentagonal and heptagonal rings over
the conventional armchair or zigzag configurations with hexagonal
rings.

The current experimental results along with the computa-
tional findings also point toward these seven member isomeriza-
tions playing an important role in the photodissociation of quino-
line, isoquinoline, methyl-quinoline, and Npa too. In the case
of quinoline and isoquinoline, the isomerization proceeded via a
ring expansion mechanism, pathways structurally similar to the
naphthalene–azulene isomerization. However, in the case of Npa
and MeQ, the substituent (both the ammine group and the methyl
group) gets incorporated into the main parent ring to form the seven
member structure. This ubiquity of these seven member ring iso-
mers in all these aforementioned molecules, irrespective of their
different structures and the different mechanisms to form them,
hints toward a more fundamental role these isomers play in the dis-
sociative chemistry of these molecules and is strongly suggestive of
a universality in their fragmentation trends of PA(N)Hs in general.
Indeed, while evidence pointing toward isomerizations have existed
before, they were scattered, and to the best of the authors’ knowl-
edge, the present study is the first to provide a comparative study
across different targets, combining facets of theory and experiment
to bring forth the seven member isomerization mechanism to the
center stage.

While the seven membered ring containing isomers seems to
play an important role in dissociation, there exists counter-examples
too. For instance, a theoretical study concluded that while the
seven member mechanism prior to dissociation was important in
cata-condensed systems, such as naphthalene, azulene, anthracene,
phenanthrene, and tetracene, it was found to be energetically expen-
sive in the case of a bigger peri-condensed system, such as pyrene.61

Similarly, in another study with methyl substituted pyrene, it was
again found that the seven membered isomerization scheme was
not concluded to contribute majorly in the molecule’s photodis-
sociation.62 Effects like ring strain in higher ring peri-condensed
systems, which seem to prohibit the formation of seven member ring
containing intermediates, have to be investigated in more detail.

Another important mechanistic aspect that seems to play a cru-
cial role in dissociation, is hydrogen migration. In the past, hydrogen
migrations have been known to precede sequential and molecular
hydrogen losses.36–38 In the current study, we see that hydrogen
migration plays a role in the loss of larger neutrals too. In the case
of the mass 129 isomers, the ring expansion to the seven member
isomerizations starts with hydrogen migrations to the tertiary car-
bon. For further dissociation in the case of quinoline, HNC loss
would have been facilitated by a hydrogen migration to the nitrogen;
however, this channel was shown to contribute only in negligible
proportions.33 With the similarities between the experimental sig-
natures of isoquinoline and quinoline unearthed in this study, we
can safely assume that contribution of a HNC loss channel would be

negligible for isoquinoline too. Furthermore, a HCNH channel,
which would have been possible provided multiple hydrogen migra-
tions had occurred, is also not seen at all in both molecules. In the
case of the mass 143 isomers, hydrogen migrations facilitate the for-
mation of the benzazepines isomers. Once the isomer is formed,
further hydrogen migrations would have led to HCN loss; however,
it is seen that the molecules instead loses HCNH profusely. It seems
that a delicate balance between the movement of hydrogen across the
ring and the breakage of the ring exists and this controls the fate of
the dissociating molecule. This aspect requires further investigation.

The products formed as a result of the mechanisms discussed
here are of great astrophysical significance. Indene, identified to be a
minor product formed after mass 27 neutral loss from the mass 143
isomers from the current experiment, was directly detected in TMC-
1 very recently.63 Indenyl, which is assigned to the dominant 115
peak in MeQ and Npa, in its neutral form is a resonance stabilized
radical, which is known to be important precursors in PAH growth64

in conditions relevant to interstellar chemistry. More specifically,
reactions of indenyl with other smaller hydrocarbons have led to
the formation of naphthalene,65 phenanthrene, anthracene, benzo-
fulvalene,66 and other bigger organics.67 Dissociative recombination
with electrons of HCNH+ (which in its neutral form is produced
profusely in the current experiment from the photodissociation of
Npa and MeQ) is proposed to be one of the important sources for
both HCN and HNC in the interstellar medium.68,69 It is clear that
the photodissociation of PANHs leads to a rich variety of impor-
tant organics. The current results, which suggests the seven member
isomerization as a crucial mechanism controlling these photodis-
sociation products, would greatly benefit future studies on this
topic.

VI. CONCLUSION
In summary, the PEPICO spectrum of two pairs of PANH

isomers, quinoline–isoquinoline and 2-napthylamine-3-methyl-
quinoline, have been measured using the velocity map imaging
technique. Complementary structure calculations were also carried
out, which were instrumental in assigning the channels observed
in the experimental spectra. The primary dissociation channels of
the m/z 129 isomers are found to be hydrogen loss, hydrogen
cyanide loss, acetylene loss, and cyanoacetylene loss. For the mass
143 isomers, methyl amidogen loss was identified to be the domi-
nant primary channel in both molecules. A lower energy hydrogen
isocyanide channel was found to be exclusive to naphthylamine,
while methyl-quinoline possess an exclusive lower energy hydro-
gen loss channel. Apart from these channels, there also exists
a minor hydrogen cyanide channel, which is again common to
both molecules. Comparison of experimental signatures of the four
molecules reveals several similarities highly indicative of common
dissociative mechanisms underneath and revealed insights into the
way the aforementioned neutrals could have been lost. In all four
cases, isomerization is suggested to occur prior to dissociation
of the major channels, with the m/z 129 isomers isomerizing to
either cyclopenta[c]azepine or cyclohexa[b]pyrrole before hydrogen
cyanide or acetylene abstraction and the m/z 143 isomers isomer-
izing to 2H-2-benzazepine and 1H-1-benzazepine prior to methyl
amidogen or hydrogen cyanide abstraction. In addition to these
aforementioned channels, another five membered isomerization
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channel was found in the case of Npa+, which also seems to play
a role in its dissociation, especially in the case of HNC loss, although
the seven membered isomerization seems to be omnipresent in
the present study. The fundamental role the isomerization mecha-
nisms plays in photodissociation of PANHs was brought forth both
experimentally and computationally. The generalization of the iso-
merization mechanism to systems with higher rings is an aspect that
requires further investigation. Furthermore, the quantum chemical
implications of these seven member ring containing intermediates
would also have to be explored further to completely unravel the
mechanistic attributes that control the statistical dissociation of
these molecules.

SUPPLEMENTARY MATERIAL

The supplementary material contains detailed descriptions of
all the pathways reported in this manuscript. It also contains
the photoelectron spectra of the four target molecules, positional
information of ions, and mass selected binding energy curves of
important channels.
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