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ABSTRACT

The photochemistry of ices with polycyclic aromatic hydrocarbons (PAHs) has been extensively studied, but to date no investigation
has been made of PAHs in interaction with low numbers (n < 4) of molecules of water. We performed photochemical matrix isolation
studies of coronene:water complexes, probing the argon matrix with FTIR spectroscopy. We find that coronene readily reacts with
water upon irradiation with a mercury vapour lamp to produce oxygenated PAH photoproducts, and we postulate a reaction mechanism
via a charge transfer Rydberg state. This result suggests that oxygenated PAHs should be widely observed in regions of the ISM with
sufficiently high water abundances, for example near the edges of molecular clouds where water molecules begin to form, but before
icy layers are observed, that is at AV < 3. In order to explain the low derived observational abundances of oxygenated PAHs, additional
destruction routes must be invoked.

Key words. astrochemistry – ISM: molecules – molecular processes – molecular data

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are believed to rep-
resent a significant reservoir of interstellar elemental carbon
( fc ∼ 3.5 × 10−2, Tielens 2008) and to be widely distributed
throughout the interstellar medium (ISM) in both the gas and
solid phases (Salama 2008). The carbonaceous component of in-
terstellar dust is assumed to be formed in the envelopes around
carbon stars by a series of reactions, nucleations and/or ag-
gregations that lead from small carbon chains, via small and
medium-sized PAHs, to larger PAHs, aggregates and nanoparti-
cles (Pascoli & Polleux 2000; Contreras & Salama 2013). Anal-
ysis of the aromatic interstellar band (AIB) emission features in
the mid infrared (MIR) supports the hypothesis that the interstel-
lar PAH population is centred around molecules of the size C50–
C100 (Allamandola et al. 1989). PAHs smaller than this will be
destroyed by UV irradiation (Madden 2000; Gordon et al. 2008)
in regions of high photon flux. However, in molecular clouds,
such molecules may survive in icy grain mantles where they are
somewhat shielded from radiation. It is postulated that, in the
spectra of YSOs, up to 9% of the unidentified absorption in the
5–8 µm range can be attributed to neutral PAHs frozen out in
dust grain mantles; these molecules account for up to 9% of the
cosmic carbon budget (Hardegree-Ullman et al. 2014).

It has long been established, thanks to extensive labo-
ratory studies, that PAHs embedded in water ices undergo
photochemical reactivity (e.g. Bernstein et al. 1999, 2002;
Gudipati & Allamandola 2003, 2004). Subjected to VUV radia-
tion, isolated PAH molecules in cryogenic matrices form cations
(e.g. Mendoza-Gomez et al. 1995; Hudgins & Allamandola
1995). Such ionisation, by Lyman-α photons at 121 nm,
is also seen for PAHs in water ice (Mendoza-Gomez et al.
1995; Gudipati & Allamandola 2003), in addition to the

formation of oxidation products such as alcohols and ketones
(Bouwman et al. 2011a,b). More recent studies have demon-
strated the role of concentration in the reactivity of small PAHs
(Cuylle et al. 2014; Cook et al. 2015); low concentrations of
PAHs in water ice favour the formation of oxygenated PAHs,
rather than erosion processes that form small molecules such as
CO, CO2, and H2CO (Cook et al. 2015).

Water ice is believed to lower the barrier to photoionisation
of PAHs (Woon & Park 2004; Gudipati & Allamandola 2004),
the recognised explanation for the formation of oxygenated pho-
toproducts upon irradiation with a (low-energy) mercury lamp
(λ > 235 nm, Guennoun et al. 2011a,b). In this work, we test the
hypothesis that an ice environment is necessary for the reaction
of PAHs with water to occur upon irradiation by photons of en-
ergy λ > 235 nm. We study the photochemistry of complexes
of the PAH coronene (C24H12) with water by the matrix isola-
tion technique. Complexes of one coronene molecule with up to
four water molecules (C24H12:H2On, n = 0–4) were isolated in
an argon matrix at 10 K and irradiated with a mercury lamp. The
coronene molecule is often used in the laboratory as a model for
larger, more interstellar-relevant PAHs (e.g. Joblin et al. 1994;
Oomens et al. 2001; Guennoun et al. 2011b). Although smaller
PAHs (nC < 50) are unlikely to survive the radiation conditions
in the ISM, coronene is one of the largest, most UV-resistant
species easily manipulated in the laboratory. This is a standard
experimental approach, due to the difficulties of studying larger
PAH molecules in the laboratory. A mercury lamp, coupled with
CsI windows in the experimental chamber, is used for irradiation
in order to limit the energy of the incident photons to λ > 235 nm
(5 eV), thus ensuring that coronene can not be directly pho-
toionised by the incident photons (ionisation potential 7 eV). We
show, for the first time, that oxygenated photoproducts can form
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in the absence of a water ice, and propose a mechanism involving
a charge transfer Rydberg state to explain this reactivity.

2. Experimental methodology and theoretical
calculations

Experiments were performed in a high vacuum experimental
setup consisting of a stainless steel chamber (base pressure
10−7 mbar) containing a CsBr substrate cooled to 10 K by a
closed-cycle He cryostat. Infrared spectra were obtained in trans-
mission mode using a Bruker 70 V Fourier Transform InfraRed
(FTIR) spectrometer with a DTGS MIR detector. Spectra were
recorded from 4000–500 cm−1 at a resolution of 0.5 cm−1 with
an average of approximately 100 scans. Argon was dosed from
a gas line at a rate of 1 ml min−1. Coronene (97%, Sigma-
Aldrich) was co-deposited by sublimation of coronene powder
heated in the oven to 180 ◦C. The coronene had previously been
heated to 120 ◦C for several hours to remove excess water (the
molecule is hygroscopic). Despite the heating, traces of H2O
remained in the coronene sample, so no additional H2O was
added to the mixing ramp before deposition, ensuring the lowest
coronene:water ratio possible. Deposition lasted 155 min. The
deposited C24H12:H2O:Ar matrix was irradiated with a mercury
lamp for a total of eight minutes (average power ∼150 mW, to-
tal fluence was 0.72 J m−2), with IR spectra measured after one,
three, and eight minutes of irradiation.

Ab initio calculations were performed to determine the
electronic structure of isolated coronene and of complexes of
coronene with one, two or three water molecules (C24H12:H2On;
n = 0–3). These calculations were performed with the TUR-
BOMOLE programme package (Ahlrichs et al. 1989), mak-
ing use of the resolution-of-the-identity (RI) approximation
for the evaluation of the electron-repulsion integrals (Hattig
2003). The equilibrium geometry of the ground states of the
coronene molecule and of the coronene:water complexes were
initially determined at the DFT level (B3lyp(+disp)/cc-pVDZ),
then at the MP2 (Møller-Plesset second order perturbation
theory) level. Adiabatic excitation energies of the lowest ex-
cited singlet states were determined at the RI-CC2 and/or
RI-ADC(2)(second order Algebraic Diagrammatic Construc-
tion level, Schirmer 1982). Calculations were performed with
the correlation-consistent polarised valence double-zeta (aug-cc-
pVDZ) basis set (Woon & Dunning 1993) on H and O.

3. Results and discussion

Figure 1a (blue) presents the spectrum of the co-deposited
C24H12:H2O:Ar matrix in the frequency range 3850–2900 cm−1.
It is evident from the low absorbances of the bands of both H2O
and C24H12 that the matrix is very dilute. This is confirmed by
comparison with the two reference spectra in Fig. 1: a H2O:Ar
matrix at a concentration of ∼1:500 (cyan, trace b, 118 min depo-
sition), and a H2O:Ar matrix at a concentration of ∼1:50 (black,
trace c, 63 min deposition), which are divided by factors of ten
and twenty, respectively, in order to plot all three traces on the
same absorbance scale.

A full list of spectral band attributions of the C24H12:H2O:Ar
matrix is provided in Table 1. The coronene is in the form of
monomers and has not formed coronene clusters (Roser & Ricca
2015). It shows characteristic absorption features in the 3100–
2900 cm−1 region. In our C24H12:H2O:Ar matrix we ob-
serve small shifts of coronene band positions, in particular
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Fig. 1. FTIR spectra in the spectral range 3850–2900 cm−1 of (a) a
coronene:water:argon matrix codeposited at 10 K; (b) a water:argon ma-
trix of concentration ∼1:500 deposited at 10 K and divided by a factor
of ten; and (c) a water:argon matrix of concentration ∼1:50 deposited
at 10 K and divided by a factor of twenty. The attributions of water and
coronene for spectrum (a) are presented in Table 1.

Table 1. Attributions of matrix isolated molecular species observed in
this study.

Molecular Observed band(s) Attribution
species cm−1

H2O 3777, 3757, 3724 ν3
a,b

(H2O)2 3707, 3574 ν3, ν1
a,b

(H2O)3 3525, 3513 ν1
a

(H2O)4 3373 ν1
a

Coronene 3077, 3068, 3034 νCH
c

1319 νCC
c

856 γCH
c

N2 (trace) 3731, 3724, 3719 (H2O)(1,2):(N2)(1,2)
d

3639, 3567, 3554 (H2O)2:N2
d

Photoproduct 1 1405, 1383, 1215, 1207 dihydroxycoronenee

1150, 1029, 964
Photoproduct 2 1579, 1221, 994 1, 10-coroquinonee

References. (a) Bentwood et al. (1980); (b) Perchard (2001); (c) Hudgins
& Sandford 1998; (d) Coussan et al. (1998); (e) Guennoun et al. (2011b).

those related to the edge of the molecule. For example, com-
pared to literature values for coronene in argon matrices, the
γCH at 856 cm−1 is red-shifted by one wavenumber, and the
νCC band at 1319 cm−1 is blue-shifted by two wavenum-
bers (Szczepanski & Vala 1993; Hudgins & Sandford 1998). By
comparison with DFT calculations, as will be detailed in a forth-
coming article (Noble et al., in prep.), we attribute these spectral
signatures to coronene:water complexes isolated in the matrix.
Due to matrix effects, these shifts are much smaller than the ef-
fects of complexation predicted in the gas phase by DFT calcu-
lations (Simon et al. 2012). Additionally, coronene:water com-
plexes are limited to edge-on configurations by the argon matrix.

H2O is present in monomeric and dimeric form, with addi-
tional bands corresponding to trimers and tetramers, its absorp-
tion features falling in the range between 3800 and 3300 cm−1.
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Fig. 2. FTIR spectra of a coronene:water:argon matrix in the spectral
ranges 3800–2900 cm−1 (top panel) and 1350–1100 cm−1 (lower panel).
The spectra are (a) codeposited coronene:water:argon matrix at 10 K;
(b) the same matrix after three minutes of irradiation with a mercury
lamp; (c) the difference spectrum (b)–(a), multiplied by ten. The attri-
butions of water, coronene, and photoproducts are presented in Table 1,
and the bands attributed to water and photoproducts are highlighted.

There is no water ice present in the sample. The attribu-
tions of the absorption features are made by comparing the
C24H12:H2O:Ar matrix (Fig. 1, trace a) to the two reference de-
positions (traces b and c) and to previous matrix studies of H2O
(Bentwood et al. 1980; Perchard 2001; Coussan et al. 1998). The
influence of trace amounts of N2 in the matrix is more evident
in the C24H12:H2O:Ar matrix than in the H2O:Ar matrices due
to the very low relative concentration of the other molecular
species, with absorption features attributed to (H2O)(1,2):(N2)(1,2)
(Coussan et al. 1998). There is clear evidence of complexation
of water molecules in the C24H12:H2O:Ar matrix. The spectrum
much more closely resembles that of the higher concentration
1:50 H2O:Ar matrix (trace c) than that of the 1:500 matrix (trace
b), in terms of both spectral features present and the peak posi-
tion of these bands, despite the fact that the water concentration
in the C24H12:H2O:Ar matrix is orders of magnitude lower, as
can be determined by comparing the relative absorbances of all
three matrices. It is not possible to directly calculate the water
concentration in the C24H12:H2O:Ar matrix, as the water is co-
deposited with the coronene during heating of the oven, likely
due to desorption of water molecules from the warm metal sur-
faces of the oven. However, a calibration experiment depositing
coronene and water without argon was used to determine that
the relative concentration of coronene to water in the deposited
matrix is lower than 1:15. It is possible that some of the co-
deposited water is present in the form of water clusters isolated
in the argon matrix, but we suggest that the spectral signatures
of dimers, trimers and tetramers, more closely resembling a high
concentration H2O:Ar matrix deposition, is mostly due to com-
plexation of water with coronene molecules. This also agrees
with the shifts observed in the coronene absorption bands due to
interaction with water.

Figure 2a (blue) presents the same spectrum of the initial
C24H12:H2O:Ar matrix in the frequency ranges 3800–2900 cm−1

and 1350–1100 cm−1. Figure 2b (green) presents the spectrum of
the C24H12:H2O:Ar matrix after three minutes irradiation, and
Fig. 2c (red) presents the difference spectrum (b-a) multiplied
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Fig. 3. FTIR difference spectra of an irradiated coronene:water:argon
matrix. The spectra are presented as difference spectra with respect to
the deposited matrix, and represent total irradiation times of (a) one
minute; (b) three minutes; and (c) eight minutes. Photoproduct bands
are observed at the frequencies 1207, 1215 and 1221 cm−1 and are at-
tributed to oxygenated PAHs, as described in the text and tabulated in
Table 1.

by a factor of ten. In this spectrum it is evident that there are
various modifications of the spectral features: water bands have
decreased slightly, the coronene bands have been perturbed and
there are new bands present at 1215, 1207 and 1150 cm−1.
A previous study by Guennoun et al. (2011b) determined that
coronene reacts with water in an amorphous water ice after ir-
radiation with a mercury lamp. The major photoproduct was de-
termined to be dihydroxycoronene (C24H12O2), produced due to
reaction of water at the edges of the coronene molecule. The
bands at 1215, 1207 and 1150 cm−1, which are observed af-
ter three minutes irradiation of our coronene:water:argon matrix,
are attributed to the same oxygenated photoproduct, dihydroxy-
coronene. The details of the attribution are presented in Table 1.

Figure 3 shows the difference spectra of the C24H12:H2O:Ar
matrix after irradiation for one, three and eight minutes. There is
already some evidence of photoproducts after only one minute of
irradiation. The photoreactivity is a further proof which retroac-
tively confirms the presence of coronene:water complexes in the
deposited matrix. The absorption bands at 1207 and 1215 cm−1

are present in spectra (a) and (b), while in spectrum (c) there is
no further growth of these peaks, suggesting that the photore-
action is saturated after eight minutes irradiation. However, a
third feature at 1221 cm−1 appears. This seems to be the sig-
nature of another photoproduct which forms after the formation
of dihydroxycoronene. In the previous study by Guennoun et al.
(2011b), the formation of 1,10-coroquinone was observed after
four hours of irradiation of a C24H12:H2O ice mixture. Although
the band observed here is redshifted by ∼13 cm−1 compared to
the band attributed to 1,10-coroquinone in amorphous water ice,
the presence of additional bands at 1579 and 994 cm−1 could also
be attributable to this molecule. We therefore tentatively attribute
the band to the formation of the secondary photoproduct as
1,10-coroquinone, following the assignment by Guennoun et al.
(2011b). It should be noted that a small amount of ice is ob-
served in the IR spectrum after eight minutes of irradiation. It
is unclear whether this is due solely to background deposition
of trace amounts of H2O on top of the matrix or due to some
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Table 2. Calculated energies (eV) for the ππ∗ and πσ∗ excited states of
C24H12:H2On (n = 0–3) complexes in the Cs energy constraint.

n 0 1 2 3
ππ∗ vertical 3.27 3.28 3.28 3.26
πσ∗ vertical 5.27 5.09 5.19 4.78
ππ∗/πσ∗ vertical gap 2.00 1.81 1.91 1.52
Cs adiabatic gap – 1.79 1.57 1.44

diffusion of water molecules within the matrix. By analysis of
the small increase in absorbance centred at 3300 cm−1, we can
place a limit of 3 × 1017 molecules cm−2 of H2O deposited from
the chamber between the initial matrix deposition and eight min-
utes irradiation, that is ∼2.5 ML min−1, which is attributed to a
low level of residual outgassing of H2O from heated metal sur-
faces in the vicinity of the PAH oven, and is reasonable for a
high vacuum system with a base pressure of 10−7 mbar at 10 K.
This is equivalent to approximately one third the number of wa-
ter molecules deposited in the same length of time during the
coronene:water:argon matrix deposition.

These results are the first experimental evidence of the
photoreactivity of small PAHs in complexes with water. Pre-
vious studies have concentrated on PAHs embedded in, or
adsorbed to, water ices (e.g. Bernstein et al. 1999, 2002;
Gudipati & Allamandola 2003, 2004; Guennoun et al. 2011a;
Cook et al. 2015). Here we show that an ice matrix is not neces-
sary to promote the photoreactivity of coronene with water, even
using a “soft” UV source like a mercury lamp (λ > 235 nm,
average power ∼150 mW).

Previous studies using a mercury lamp to irradiate a mixed
(or layered) PAH:water ice have demonstrated that the pro-
duction of oxygenated photoproducts occurs for energies lower
than the ionisation energy of the PAH (Gudipati & Allamandola
2004; Guennoun et al. 2011b). In those works, the presence of
an ice surface was believed to lower the barrier to the ionisa-
tion of the PAH molecule, which then reacts with water. In our
study, no ice is present and yet we observe the formation of
oxygenated photoproducts. The RI-CC2 calculations carried out
on coronene:water complexes provide an alternative explanation
for this reactivity in the form of a charge transfer (CT) Rydberg
state.

Table 2 presents the calculated energies of the first excited
states of coronene:water complexes. Figure 4 shows the struc-
tures and orbitals of the calculated complexes in different elec-
tronic states. In all calculations the geometry of the complexes
is planar, that is, water is positioned at the edge of the coronene
molecule and not, for example, above the plane of the aromatic
system. This is an appropriate model for two reasons: firstly, re-
activity between water and PAHs occurs at C-H groups around
the edge of the PAH molecule, producing alcohols or ketones;
and secondly, in our matrix experiments the position of water
relative to coronene is constrained to edge-on configurations by
the presence of the argon matrix (which will be described in de-
tail in a forthcoming joint experimental-theoretical publication).

In substituted aromatic molecules (such as phenols or in-
doles), excited state reactivity is due to the presence of a CT
state, which leads to H loss from the aromatic molecule. In
a planar molecule (Cs symmetry) this CT state has a σ sym-
metry and Rydberg-type character (πσ∗ state). In substituted
aromatic solvents (e.g. NH3 or H2O), upon formation of com-
plexes, the electron will be located in a very diffuse orbital on
the solvent molecule. In the ground state equilibrium geome-
try, the state responsible for the reactivity is typically located

Fig. 4. Optimised geometries of the C24H12:(H2O)n complexes, n =
[0, 3].

Fig. 5. Molecular orbitals calculated for the C24H12:H2O complex in its
(left to right) π, π∗, and σ∗ states.

0.5 to 1 eV above the first excited S1 (ππ∗) state. Based on
this premise, we searched for the presence of such a CT Ryd-
berg state in coronene:water complexes. In order to describe the
diffuse orbitals involved, we chose to work in Cs symmetry, lim-
iting the CT state of interest to one of the first a′′ (πσ∗) states, in-
dependent of the number of the a′ (ππ∗) state below. We studied
the evolution of the ππ∗/πσ∗ energy gap as a function of com-
plex size, retaining the Cs symmetry of the complex. The lower
ππ∗ state remains at approximately the same energy upon addi-
tion of water molecules to the complex (∼3.27 eV). The higher
πσ∗ state, however, lowers in energy as the complex increases
in size, from 5.27 eV when n = 0 to 4.78 eV when n = 3.
This is unsurprising, since CT states are strongly stabilised by
polar molecules, while the stabilisation of the covalent excited
state should be similar to that of the ground state. The adiabatic
energy gaps were obtained by optimising the first excited state
geometries in each symmetry and show an even clearer decrease
with increasing complex size.

Although there are limitations to these calculations in both
size and symmetry, they offer an interesting explanation for the
photochemical reactivity of coronene:water complexes. Excita-
tion by an incident UV photon could promote an electron to the
πσ∗ CT state. This could lead to the formation of the ion pair
structure that may react, as previously postulated for coronene
in ices (Guennoun et al. 2011b), through the intermediate cation.
If this were the mechanism, one would expect to observe the
cationic intermediate in the experimental spectra, which was not
the case in these data. Alternatively, the reaction could proceed
via the H transfer mechanism, leading to a radical reaction; the
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coronene would lose a H and the H3O intermediate would be
formed, as follows:

C24H12(H2O)n + hν→ C24H∗12(H2O)n →

C24H∗•11H3O•(H2O)n−1 → C24H11OH(H2O)n−1 + H2. (1)

Such an excited state reaction leading to the formation of
the hydronium radical has recently been demonstrated in the
aminophenol:water van der Waals complex (Hernandez et al.
2015). The planar geometry imposed during the calculation is
likely to be a reasonable model for the structural constraints im-
posed upon coronene:water complexes formed in an argon ma-
trix, where water molecules will favour edge-on positions (Noble
et al., in prep.)

In this study we have shown that PAH:H2O complexes in ar-
gon matrices are photochemically active. In order to determine
the extent to which a matrix effect may play a role in this re-
activity, gas phase studies of PAH:H2O complex photoreactiv-
ity are required. It is also important to study other PAH species
to understand the effect of PAH size and/or geometry on their
reactivity.

4. Astrophysical implications

The major astrophysical implication of this study is that
small PAH molecules can undergo photoreactivity with water
molecules under the form of small complexes rather than, as
was previously believed, uniquely in the presence of a water
ice. This gives rise to the possibility of the formation of oxy-
genated PAH molecules in interstellar environments with low
water abundances or higher temperatures (i.e. where water does
not condense onto grain surfaces in the form of an icy layer,
but might be present in the form of a few water molecules.) An
example of such an environment is PAHs or clusters of PAHs
in the form of very small grains (Rapacioli et al. 2006) near the
edge of a molecular cloud, where the interstellar radiation field
is not completely attenuated, but molecules such as water begin
to form on grain surfaces.

It is believed that small PAHs (nC < 50), such as our model
PAH coronene, cannot survive the intense radiation fields of the
ISM and are destroyed upon irradiation. However, larger PAH
molecules are resistant to such radiation due to their capacity to
redistribute energy in their various vibrational modes. We have
shown that oxygenation of the C-H groups at the edge of PAHs
is possible in coronene:water complexes, and it is conceivable
that this would also be the case for larger PAHs, therefore we
would expect to observe oxygenated PAHs in a range of irradi-
ated regions, such as the edges of molecular clouds and possibly
even photon dominated regions (PDRs, although ionisation and
complex dissociation will dominate in such regions.) For small
and medium PAHs, the partial radiation shielding offered by a
molecular cloud could prevent dissociation, but might allow for
the lower energy oxygenation reaction pathways at extinctions
of AV < 3 if the PAH molecule is associated with one or more
water molecules (but is not yet embedded in a water ice.)

Previous studies have constrained the abundance of
OH-substituted PAHs observed in the ISM as being of the order
of 0.002 (Tielens 2008), determined by analysis of the 2.77 µm
band. The coronene molecule is a convenient laboratory model
for larger PAHs stable in the ISM, but is unlikely to be present
itself at high abundances. Very few observational studies have
provided spectroscopic evidence for the absorption features of
PAHs in molecular clouds (e.g. Chiar et al. 2000). However, we
can compare the photoproduct bands observed in our exper-
iments to the AIBs observed in the ISM with the additional

caveats that these band positions are measured in matrices and
thus their frequencies are blue-shifted compared to gas-phase
values (by up to ∼30 cm−1 Joblin et al. 1994), that there is
likely some attenuation of the vibrational modes by the pres-
ence of the cryogenic matrix (Joblin et al. 1994) and that there
will likely be changes in band profiles, widths, frequencies (red-
shifts of approximately 15 cm−1) and relative intensities, due to
the emission process, that differ from those in absorption spec-
tra (e.g. Boersma et al. 2013). The highest intensity bands at-
tributed to the oxygenated photoproduct dihydroxycoronene lie
at 1207, 1215 and 1150 cm−1. These bands fall within the spec-
tral range corresponding to the 7.7 and 8.6 µm AIBs, and there-
fore this oxygenated PAH could potentially contribute to these
features. However, the presence of other lower-intensity exper-
imental bands, particularly that observed at 964 cm−1, limits
the potential interstellar abundance of oxygenated coronene, be-
cause this could only contribute in the far wing of the 11.2 µm
AIB. It should also be noted that the limitation on the pres-
ence of oxygenated photoproducts of coronene does not pre-
clude the presence of larger oxygenated PAHs, but merely limits
the potential abundance of dihydroxycoronene. In general, oxy-
genated PAHs can be spectroscopically differentiated from PAHs
via the presence of bands related to C-O bonds. These bands
typically fall into the 1200–1600 cm−1 range (Cook et al. 2015;
Bouwman et al. 2011a; Guennoun et al. 2011b) and therefore, if
oxygenated PAHs are present, they will contribute to the 6.2,
7.7, and 8.6 µm bands (Peeters et al. 2002). AIB signatures de-
crease rapidly in intensity at the diffuse to dense ISM transition
(e.g. at the edge of molecular clouds) as the PAHs agglomerate
and/or freeze out onto dust grains. Therefore, interstellar signa-
tures of oxygenated PAHs will be difficult to observe at extinc-
tions where PAH:water clusters could be present and the ISRF is
not completely attenuated (AV ∼ 2).

In this study, we have shown that PAHs are highly reactive
with water, readily forming OH- (and possibly C=O-) substi-
tuted molecules. Based on the results of this exploratory study
into the reactivity of a PAH with a very small number of wa-
ter molecules, we would perhaps expect the abundance of oxy-
genated PAHs to be higher, particularly in denser regions. The
presence of destruction routes for these molecules should be in-
vestigated in more detail to help to understand the low derived
interstellar abundances of oxygenated PAHs.
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