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Lyman-«a irradiation of superhydrogenated coronene films: implications for Hy formation
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ABSTRACT

We present the results of an experimental study of the interaction of Ly-a photons with superhydro-
genated coronene films. The effects of UV irradiation have been analyzed with infrared spectroscopy.
The spectral changes provide evidence for UV photodestruction of the C-D bonds of the superhydro-

genated coronene with a cross-section of 8 + 2 x 1

0—20 2

cm®. The comparison of our experimental

result with the prediction from theoretical modeling suggests an extension of the region inside PDRs
where superhydrogenated coronene can survive and contribute to Hy formation. Hy formation through
abstraction in superhydrogenated coronene dominates over direct Hy loss induced by UV photode-

struction.
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1. INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) in different
charge and hydrogenation states are thought to be an
important constituent of the interstellar medium (ISM).
The PAH hypothesis was proposed more than thirty five
years ago to interpret the so called Unidentified Infrared
Bands, a set of emission bands observed near 3.3, 6.2,
7.7, 8.6, 11.3 and 12.7 ym in many dusty environments
(Leger & Puget 1984; Allamandola et al. 1985). PAHs
have also been proposed as being responsible for the
diffuse interstellar absorption bands (Bréchignac & Pino
1999; Biennier et al. 2003; Kokkin et al. 2008). For
a review of the spectroscopic properties of PAHs and
their role in the physics and chemistry of interstellar and
circumstellar environments, see Tielens (2008, 2013) and
Joblin et al. (2011).

The general consensus is that interstellar Hy forms effi-
ciently via the recombination of atomic hydrogen on the
surfaces of dust grains. Laboratory experiments employ-
ing appropriate grain analogs have indicated that this
process occurs on a variety of dust grain surfaces such
as silicates, carbonaceous materials and water ice (Pir-
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ronello et al. 1997, 1999; Manico et al. 2001; Hornekeaer
et al. 2003). In addition, PAHs have also been proposed
to provide catalytic sites for the formation of Hy. How-
ever, the reactions between physisorbed H atoms are ef-
ficient only for surface temperatures below 20 K. In envi-
ronments with higher grain temperatures, such as photo
dissociation regions (PDRs), other routes to molecu-
lar hydrogen formation must be considered, as desorp-
tion of H atoms from weakly bound physisorbed sites is
fast and recombination cannot take place (Vidali et al.
2005). Hydrogen atoms must be in more tightly bound
states such as chemisorption states on PAHs, graphite
and highly defected surfaces (Habart et al. 2003, 2004;
Cazaux & Tielens 2004; Hornekaer et al. 2006a,b; Cup-
pen & Herbst 2005). A recent article by Wakelam et al.
(2017) reviews Ha formation on interstellar dust grains
on a variety of interstellar environments.

The link between PAHs and Hs formation was high-
lighted by Habart et al. (2003) who observed a strong
correlation between PAH and Hs emission in the p Ophi-
uchi molecular cloud (PDRs). This led them to pro-
pose that PAHs can catalyze Hs formation, although
the Langmuir-Hinshelwood mechanism cannot explain
their formation under the conditions prevalent in PDRs
(Habart et al. 2004).
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Theoretical and experimental studies have indicated
several processes for Hy formation on PAHs: i) abstrac-
tion of edge H atoms of PAH cations by incoming H
atoms (Cassam-Chenal et al. 1994); ii) addition of an H
atom to an edge site of a PAH cation and the successive
abstraction of the excess H atom by a second incoming
H atom (Bauschlicher Jr. 1998). This mechanism should
proceed, with a low energy barrier, also in the case of
neutral PAHs (Rauls & Hornekeer 2008); iii) dissociative
recombination of an hydrogenated cation with an elec-
tron (Le Page et al. 2009); iv) Ha ejection from a CHa
aliphatic group of excited protonated PAHs (Szczepan-
ski et al. 2011); v) UV irradiation of hydrogenated neu-
tral PAHs (Fu et al. 2012); vi) Photofragmentation of
PAH cations (Castellanos et al. 2018).

In our previous experimental studies, we demon-
strated the formation of highly superhydrogenated
coronene using mass spectrometry (Thrower et al. 2012)
and showed, using IR spectroscopy, that molecular Hs is
formed through abstraction reactions from the exposure
of hydrogenated coronene to atomic H (Mennella et al.
2012). D atoms were used in the above experiments
to distinguish from the already attached H atoms on
coronene molecule. Based on these experimental stud-
ies, we proposed that superhydrogenated neutral PAHs
can catalyze Hy formation under interstellar conditions.

Hydrogenation is the necessary condition for the for-
mation of molecular hydrogen on neutral PAHs, provid-
ing the necessary degree of superhydrogenation for Ho
formation through abstraction to be efficient. In this
context knowledge of the UV photo-dehydrogenation
cross-section for superhydrogenated PAHs is important
in order to be able to estimate the degree of hydrogena-
tion of PAHs under PDR and general ISM conditions.
The present study is a natural extension of the previous
study and we report the IR spectral evolution of super-
hydrogenated coronene films exposed to UV photons.

2. EXPERIMENTS AND RESULTS

The superhydrogenated coronene samples considered
in the present study have been prepared in two phases.
At first, samples were prepared in an ultrahigh vac-
uum chamber with a base pressure of <1 x 1079
mbar. Coronene powder (Sigma-Aldrich; 99% purity)
was heated in a thermal evaporation source to 185°C
and subsequently molecules were deposited on KBr sub-
strates, located ca. 3 cm from the source. A deposition
rate of 0.6 As~! was determined with a quartz crystal
microbalance at the substrate position. The resulting
samples are compact films of coronene with film thick-
nesses of 100, 120 and 140 nm for the COR01, CORO02
and CORO03 samples, respectively. The infrared spec-

trum of the CORO03 sample is shown in Figure 1. In
addition to the vibrational modes of coronene, the two
weak bands at 2925 and 2850 cm~!, are attributed to
hydrocarbon contamination arising from air exposure
during transfer of the samples. The contaminant fea-
tures are also present in the spectrum of a blank KBr
substrate used as a reference. The second phase of the
sample preparation was performed in a vacuum cham-
ber with a base pressure of ~ 2 x 10~® mbar. Coronene
films were exposed to an atomic deuterium beam pro-
duced by microwave excited dissociation of molecular
deuterium (99.96% purity) at room temperature. D
atoms in the beam have a Maxwellian velocity distribu-
tion corresponding to 300 K (Mennella 2006). The films
were irradiated with a fluence of 3.4 x 10'® D atoms
cm~2. The resulting intensity decrease of the coronene
IR bands and the simultaneous increase in the intensity
of the sp? C-D asymmetric and symmetric stretching
modes of the CDy group at 2205 and 2100 cm™!, re-
spectively, (see trace b in the inset to Figure 1) are evi-
dence for the hydrogenation of coronene. For a D atom
fluence similar to that used in the present experiment,
a coronene monolayer on graphite was driven towards
a fully superdeuterated state with a mass distribution
peaking at Coyq D35 as demonstrated by Skov et al. (2014)
using mass spectrometry measurements. In the present
experiment, we expect a similar degree of superhydro-
genation in the first few layers of the coronene multilayer
films, possibly decreasing with depth. This is testified
by the variation of C=C stretch doublet at around 1600
cm~!, although the exact degree of superhydrogenation
cannot be estimated using IR spectroscopy (Mennella
et al. 2012). Note that the intensity variations in the
infrared spectrum are small with respect to the initial
band intensity, consistent with D atoms only being able
to interact with the superficial layers of coronene films,
due to the compact nature of the films. In fact, the inte-
grated optical depth values of the C-D stretching mode
of the CD5 group are similar and almost independent of
the initial film thickness. The values for COR1, COR2
and COR3 films are, respectively, 0.117, 0.130 and 0.134
cm~! with an average of 0.127 cm™!. Using this average
value, we have evaluated the penetration depth of the D
atoms, dp, through the following relation:

N,
AT(v)dv =NA = pdn Na

band m

A (1)

where N is the column density, A is the integrated
band strength of aliphatic C-D bonds and Ny is Avo-
gadro’s number. The parameters p and m are the den-
sity and the molecular weight, respectively. As a first
approximation, we adopted the coronene bulk density
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p = 1371 g em™3 and m = 360 g mol~! for fully su-
perdeuterated coronene film. From the band strength
data reported for three different aliphatic hydrocarbons
by d’Hendecourt & Allamandola (1986), we obtained an
average value of the band strength of 3.7x107'® cm per
C-H bond of the CHy group. The band strength of the
aliphatic C-D bond was found to be a factor of 1.55
times lower than that of aliphatic C-H bond (Grishko &
Duley 2002). Using these values we obtain a value of dp
= 6.4 nm for a fully superdeuterated coronene (36 C-D
bonds).

A decrease of the sp? C-H stretching bands is also
observed after D atom exposure. This is attributed
to deuteration of contaminant hydrocarbon molecules.
This conclusion is supported by experiments using blank
KBr substrate where a similar intensity decrease of the
aliphatic C-H stretching bands is observed during D
atom irradiation. The contribution to the band inten-
sity of the C-D stretching band is at most 12%. For a
detailed discussion of the IR spectral variations induced
by the D atom interaction with coronene see Mennella
et al. (2012).

UV irradiation of the superhydrogenated coronene
films was carried out in the same vacuum chamber as
during the second phase of the sample preparation. The
IR spectral evolution of the samples during irradiation
was studied with a resolution of 2 cm~!. The UV source
of the apparatus is a microwave excited hydrogen flow
discharge lamp. The source was operated at a hydro-
gen pressure of 0.5 mbar. Under these conditions Ly«
(10.2 eV) emission accounts for 97% of the total UV
emission of the source (Mennella et al. 2006). During
sample irradiation, the UV flux (fluence) was monitored
by measuring the current (charge) generated by the pho-
toelectric effect on a platinum wire inserted between the
source and the sample. Details on the calibration of the
wire sensor and on the measurement of the flux at the
sample position are given in Mennella (2006).

Exposure of superhydrogenated coronene films to Lya
photons results in an intensity decrease of the sp>® asym-
metric and symmetric stretching modes of the CDy
group (see trace c¢ in the inset to Figure 1). A very
weak intensity decrease of the two most intense coronene
bands, the C-H out of plane doublet at 849 and 843
em™! and the C-H in plane mode at 1314 cm™!, is also
observed. The intensity decrease of these bands could
be due to the photoprocessing that determines the loss
of H/Hs in pristine coronene films underlying the super-
hydrogenated layers. To gain further insight into this,
dedicated experiments focussing on the UV irradiation
of pure coronene films would be useful. We have de-
rived the mean free path of UV photons, dyy, through

the coronene films from the absorption coefficient « as
dyy = 1/a = 1/on where o is the UV photo-absorption
cross-section of superhydrogenated coronene and n is the
number of coronene molecules per unit volume. For 10.2
eV photons, we calculated the absorption cross-section
of fully superhydrogenated coronene as 1.9x1076 cm?
(see Appendix A). We then obtained dyy = 23 nm.
Note that, we used the bulk density of coronene to evalu-
ate n. However, upon complete hydrogenation coronene
molecules are distorted and the bulk density should be
lower and the estimated dyvy should therefore be con-
sidered a lower limit. Nevertheless, the estimated pene-
tration depth of UV photons is 3 times larger than that
of the D atoms.

The evolution of the normalized integrated optical
depth of the C-D modes of superhydrogenated coronene
with UV irradiation time is reported in Figure 2, along
with best fits to the experimental data. The cross-
section of UV photodestruction of the C-D bonds, oyv
= (8 £2) x 1072° c¢m?, was estimated from the best
fit parameters for the three films investigated (for more
details on the fitting procedure see Appendix B).
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Figure 1. IR spectrum of CORO03 film (a), after hydro-
genation through exposure to 3.4 x 10'® D atoms cm™2 (b)
and subsequent UV irradiation with 1.2 x 10*° photons cm ™2
(¢). The spectrum of the hydrogenated sample is shown af-
ter subtraction of the initial spectrum, while the spectrum
after UV irradiation is shown after the subtraction of that of
hydrogenated coronene. The difference spectra are offset for
clarity. Inset A: the traces b and ¢ are zoomed in the region
where C-H and C-D stretching bands fall.
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Figure 2. Evolution of the normalized band integrated opti-
cal depth of the C-D stretching modes of the CDs group with
UV irradiation time for hydrogenated CORO1(black trian-
gles), COR02 (red circles) and COR3 (blue diamonds) films.
The data in red and black are offset in the ordinate by -
0.2 and -0.4, respectively, for the sake of clarity. The best
fit to the data of the relation ae™* + b is also shown (see
Appendix B for details).

3. DISCUSSION

As already reported in the previous section, coronene
molecules in the first few layers of the film should be
highly superhydrogenated for the considered D atom
fluences. Superhydrogenation is the result of a series
of addition and exchange reactions involving D atoms
at the outer and inner edge carbon sites of coronene,
transforming carbon hybridization from aromatic sp? to
aliphatic sp® (Mennella et al. 2012). Hence, fully su-
perhydrogenated coronene is purely aliphatic in nature.
The absence of the IT* < II transition in the UV ab-
sorption spectrum also highlights the aliphatic nature
of fully superhydrogenated coronene (see Appendix A).

The photo-absorption spectrum calculated for super-
hydrogenated coronene reveals that 10.2 eV photons lie
at the low energy wing of the broad peak due to the
0* <+ o transition (see Appendix A). Upon 10.2 eV
photon irradiation, electrons in the C-D bonds are ex-
cited to an anti-bonding orbital, resulting in a D atom
loss since the dissociation energy of aliphatic C-D bond
is lower. The excitation might be extended to more
than one bond, resulting in the loss of a Dy molecule
with a smaller ejection probability than that for D atom
loss. The decrease of the band intensity of the CDq
groups is a clear evidence that UV photons are able to
induce photodestruction. However, with infrared spec-
troscopy we cannot estimate the exact contribution of

the two loss processes even if we expect D atom loss to
be dominant (Boschman et al. 2015). We can compare
the estimated cross-section with that obtained for other
aliphatic compounds. In fact, our cross-section com-
pares well with that estimated for UV destruction cross-
section of C-H bonds in amorphous hydrogenated car-
bon grains and hydrocarbon molecules (Mennella et al.
2001; Munoz Caro et al. 2001).

The effect of UV photons on superhydrogenated PAHs
have been studied with a limited number of theoretical
studies. To the best of our knowledge, we have found
just a recent experimental study where VUV induced
unimolecular dissociation of superhydrogenated tetralin
ions result in loss of small hydrocarbons rather than H
atoms (Diedhiou et al. 2019). The existing experimental
works mainly concern the photostability of superhydro-
genated PAH cations under X-ray irradiation. There are
contrasting results suggesting that the presence of ad-
ditional H atoms acts either as a buffer against photo-
fragmentation or leads to the weakening of the carbon
backbone, favoring the fragmentation (Gatchell et al.
2015; Wolf et al. 2016; Reitsma et al. 2014). Concern-
ing UV photons, theoretical works by Boschman et al.
(2015) considered all the superhydrogenation states of
coronene starting from one extra H atom up to the fully
superhydrogenated molecule and computed the rate for
H atom loss to be an order of magnitude higher that that
for the ejection of a Hy molecule. The rates were found
to be equal for all hydrogenation states and therefore
independent of the degree of superhydrogenation. How-
ever, we note that Jensen et al. (2019) demonstrated,
through a combination of mass spectrometry and DFT
calculations, that coronene with specific hydrogenation
degrees of 2, 10, 14, 18 and 24 extra H atoms are rela-
tively more stable than the others. Therefore, one would
expect a variation in the rate depending on the degree
of superhydrogenation. Nevertheless, in order to com-
pare our experimental work with the theoretical result of
Boschman et al. (2015), we transformed their rates into
the corresponding cross-sections and obtained values of
2.6 x 10717 ¢m? and 1.23 x 107 ¢m? for H atom and
Hs loss, respectively. Our experimental cross-section of
8 x 1072% cm? is two orders of magnitude lower than
their values obtained for H atom loss.

It is worth noting that until now we have only dis-
cussed the effect of UV photons on a fully superhy-
drogenated PAH system. However, in space a PAH
molecule may not be fully hydrogenated and, as a result,
PAH molecules should retain their aromaticity to some
extent. The general effects of UV photons on PAHs and
hydrogenated PAHs with a few extra H atoms are there-
fore of interest. Recently, Andrews et al. (2016) consid-
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ered superhydrogenated coronene with up to 2 extra H
atoms and, based on DFT calculations, they also found
that superhydrogenated coronene will preferentially lose
H atoms rather than Hy molecules. In addition, they
found that the rate for H atom loss decreases with in-
creasing size of superhydrogenated PAHs i.e. coronene
(Co4Hy2) > circumcoronene (Cs4Hig) > circumcircum-
coronene (CggHaq). The results of UV photon absorp-
tion were similar for neutral PAHs where coronene and
other neutral PAHs containing less than 30-40 carbons
would lose H atoms whereas larger size PAHs would
remain unchanged as they relax through IR emission
(Jochims et al. 1994). Recently, ionization was found
to be the dominant process in PAH cations with up to
~ 50 carbon atoms when processed by VUV photons,
whereas evidence for a hydrogen dissociation channel
was found for smaller PAHs (Joblin et al. 2020). In any
case, to evaluate the photo-destruction cross-section of
superhydrogenated coronene with a few extra H atoms,
as a first approximation, one can scale our experimen-
tal cross-section values according to the corresponding
degree of superhydrogenation.

4. ASTROPHYSICAL IMPLICATIONS

There has been a lot of ongoing research to inves-
tigate how molecular Hy can be efficiently formed in
PDRs. PAHs in different charge and hydrogenation
states can play an important role in this process. The
catalytic role of superhydrogenated neutral coronene in
H, formation has already been demonstrated through
several laboratory experiments (Mennella et al. 2012).
To determine the likely degree of superhydrogenation of
PAHs under interstellar conditions, there is a need to
evaluate the counteracting effect of UV photons since
the hydrogenation degree in superhydrogenated PAHs
will be determined by a balance between H-addition
and H-loss through UV induced photodestruction. We
adopt the photodestruction cross-section estimated for
a superhydrogenated coronene film as a reference value
to discuss the implication for Hs formation in PDRs.
Our cross-section value suggests a lower rate of H atom
loss than previously indicated by computational calcu-
lations. Consequently, this result would extend the re-
gions inside PDRs where superhydrogenated coronene
can survive and contribute to Hy formation compared
to those previously determined from the chemical mod-
els (Boschman et al. 2015; Andrews et al. 2016). It
would also be possible to observe the infrared spectral
features of superhydrogenated coronene in different re-
gions of space at 3.51 and 3.56 pm as predicted by recent
density functional theory calculations (Pla et al. 2020).
Extensive kinetic models would be useful to incorpo-

rate the experimental results of both H addition and
UV photodestruction to estimate the degree of super-
hydrogenation of coronene as a model PAH under PDR
conditions. However, such models are beyond the scope
of the present paper.

Another implication of our result concerns the evalua-
tion of the contribution of superhydrogenated species to
H, formation by interaction of UV photons and through
abstraction by H atoms. With this in mind, we compare
the ratio of the rates of the two processes to find out
which one prevails. The ratio is given by:

Ryv  ouvouv @)

Ru oHOH

where R, o and ¢ refer to the rates, cross-sections and
fluxes of UV photons and H atoms. As discussed above,
the photodestruction cross-section of 8 x 1072% cm? cor-
responds to H-atom loss and, therefore based on the the-
oretical result of Boschman et al. (2015), the correspond-
ing cross-section for direct Hs loss should be an order of
magnitude smaller, ca. 8 x 102! cm?. On the other
hand, the cross-section for Eley-Rideal Hy abstraction
by H atoms, evaluated on similar superhydrogenated
coronene films, is oy = 6 x 10718 cm?(Mennella et al.
2012). This results in a cross-section ratio of oyv/og =
1.3 x 1073, Concerning the evaluation of the flux ratio,
we use the recent theoretical results presented by An-
drews et al. (2016) who found that superhydrogenated
coronene molecules can be present in PDRs at the 10-
15% level when the ratio of the UV field intensity to the
H density (ng) is below 0.05 at a gas temperature of 500
K. This constraint corresponds to a flux ratio, ¢uv/¢du
< 15. Therefore, we obtain Ryv /Ry < 2 x 1072, imply-
ing that, on superhydrogenated coronene, the rate of Hy
formation by the effect of UV photon irradiation is at
least two orders of magnitude slower than Hy formation
through Eley-Rideal Hy abstraction. This conclusion is
in agreement with a recent experimental investigation
involving coronene cations (Foley et al. 2018).

5. CONCLUSIONS

The present experimental study has provided the
UV photodestruction cross-section of small superhydro-
genated PAHs. Our result suggest that small super-
hydrogenated PAHs can survive in more extended re-
gions inside PDRs than previously determined. We also
found that under physico-chemical conditions expected
in PDRs where small superhydrogenated PAHs can sur-
vive, Hy formation through Eley-Rideal H abstraction
prevails over Hs loss induced by UV photodestruction.



6 MENNELLA ET AL.

ACKNOWLEDGMENTS

This work has been supported by INAF research con-
tracts and the Danish National Research Foundation
through the Center of Excellence “InterCat” (Grant
agreement no.: DNRF150).

APPENDIX

1. CALCULATION OF THE UV ABSORPTION
CROSS-SECTION OF THE FULLY
SUPERHYDROGENATED CORONENE

The electronic absorption spectra of fully superhydro-
genated coronene have been obtained in the framework
of Time-Dependent Density Functional Theory (TD-
DFT), following the same procedure used in Malloci
et al. (2007). Among the many stereoisomers of Co4Hszg,
we chose the two extrema, namely the one in which all
additional H atoms attached to C atoms in the central
structure of coronene are on the same side, and the one
in which neighboring H atoms are always on opposite
sides of the distorted carbon plane. Their structures are
shown in Figures 3 and 4. The ground states of the
two structures were optimized using DFT, in particular
with the B3LYP hybrid exchange-correlation functional
(Stephens et al. 1994) and the 6-31g(d,p) Gaussian basis
set (Ditchfield et al. 1971), as implemented in the Gaus-
sianl6 quantum chemistry package (Frisch et al. 2016).
These calculations were run on the Galileo supercom-
puter at CINECA.

After optimization, we used a TD-DFT simulation in
real-time and real-space to obtain the response of the
electrons to an applied instantaneous electric field, in
the linear regime, keeping ion positions frozen. From the
time-dependent electric dipole resulting from the simu-
lation, the complex electric polarizability tensor was ob-
tained via a numerical Fourier transform. The vertical
electronic photoabsorption cross-section is then propor-
tional to the trace of the imaginary part of the polar-
izability tensor, at each frequency (Yabana & Bertsch
1999). Since the calculation was performed at the opti-
mized geometries, with frozen ion configurations, it does
not include any finer vibronic structure, and is com-
pletely independent of the isotopic masses of the com-
ponent atoms. This means the results are identically ap-
plicable to any isotopomers of the same molecules, e.g.
Co4D3g as well as CoyHszg. These calculations were per-
formed using the open-source Octopus quantum chem-
istry code (Marques et al. 2003). Octopus represents
all wavefunctions using a discrete grid in a finite-size
simulation box. Following calibration calculations per-

Figure 3. Structure of Co4H3z¢ with all H atoms on the same
side, from two viewing angles

Figure 4. Structure of C24H3ss with H atoms on alternating
sides of the distorted carbon plane of coronene, from two
viewing angles
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formed in Joblin et al. (2020), we chose a simulation
box composed of the union of spheres, each with a ra-
dius of 8 A, centered on each atom of the molecule being
studied, together with a grid spacing of 0.18 A. For the
TD-DFT simulations we used the simple LDA exchange-
correlation functional, as this has been shown to provide
an overall good match to experimental data on poly-
cyclic aromatic hydrocarbons (Malloci et al. 2004; Joblin
et al. 2020). The spectra obtained are shown in Figure 5,
together with the spectrum of pristine coronene, taken
from Malloci et al. (2007).
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Figure 5. Comparison between the photoabsorption cross-
section for neutral coronene (Ca4Hi2, black line, Malloci
et al. (2007)) and for fully superhydrogenated coronene
(C24Hsg, blue and red lines). All extra H atoms are either
attached to one of the face of the molecule (red line) or at
alternate faces (blue line).

It can be clearly seen that the 7* < 7 transitions of
coronene are completely suppressed in both the fully su-
perhydrogenated molecules, while the overall envelope
of the o* + o transitions does not change much in
shape, with a global enhancement in the hydrogenated
species compared to coronene. This is intuitively ex-
pected, since with full superhydrogenation carbon bonds
become fully aliphatic, and so do the molecular orbitals,
i.e. there are no 7, nor 7* orbitals left. On the other
hand, there are more ¢ and ¢* orbitals available, en-
hancing corresponding transitions. It is also remarkable
that while there are some spectral structure differences
between the two CoqHgsg stereoisomers, the broad enve-
lope is very nearly the same, in particular around the
energy of the Lya photons used for the UV irradiation.
We therefore infer that the precise structure of the fully

Table 1. Fitting parameters

Parameters

R a b

Sample name

COR1 (1.6 £0.2) x 107*  0.27+0.01 0.73+0.01
COR2 (7.5+1.3) x 1075 0.34+0.02 0.66 + 0.03
COR3 (1.1£0.2) x 107*  0.374+0.02 0.63 4 0.02

superhydrogenated coronene molecules is not likely to
change much their photoabsorption rate around 10.2 eV.

2. FITTING PROCEDURE FOR THE
EVALUATION OF DESTRUCTION
CROSS-SECTION

Under the hypothesis of a first-order kinetic process,
the destruction of aliphatic C-D bonds of fully superhy-
drogenated coronene by UV photons is given by

TCD(t) = ae*Rt (1)

where « is the band intensity for ¢ = 0 and R is the
destruction rate. Relation (1) predicts a complete C-D
bond destruction with time and the asymptotic value is
zero, in agreement with the fact that UV photons have
a mean free path longer than the layer of fully super-
hydrogenated coronene layer. However, the experimen-
tal trends of the 7op (t) suggests a non-zero asymptotic
value. So the Relation (1) has been modified to repro-
duce the experimental data as follows:

Tep(t) = ae 4 b (2)

Relation (2) provides a better representation of the
experimental trends. The best fits to the experimental
data are shown in Figure 2 and the fitting parameters
are reported in Table 1. Actually, Relation (2) describes
a condition in which a CD formation process able to
counteract UV photodestruction is active. In fact, at a
film temperature of 300 K, UV photolyzed D atoms can
easily diffuse through the film and reform C-D bonds.
Evidence for such a recombination was also found for
aliphatic C-H bonds of hydrogenated carbon grains after
ion irradiation (Mennella et al. 2003). The intensity of
infrared aliphatic C-H band was reduced to ~ 5% of the
initial value after irradiation by 30 keV He™ at 12 K.
After ion irradiation, at the end of warm up, the C-H
band intensity increases to ~ 40% of the initial value
as a consequence of thermal activated recombination of
C-H bonds.
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Determining the complete evolution of the number of
C-D bonds would require a rigorous theoretical mod-
eling which is beyond the scope of the present paper.
However, to get insight, we have considered as a first
approximation, a solution for the evolution of the bonds
under the hypothesis of independent counteracting pro-
cesses i.e. formation by H atoms and destruction by
energetic processing proposed by Mennella et al. (2003).
Adapting their solution (13) to the present case we have:

Ryy —(Rp+Ruv)t + Rp

/
t) == —M— _
7en(t) Rp + Ryv ¢ Rp + Ruv

where 7(p(t) is the integrated band intensity nor-
malized to the maximum number of hydrogenated C-
D bonds and 7¢p = 1 for ¢t = 0 as in the case of the
data reported in Figure 2. Rp and Ryy are the rates
of D atom recombination and UV photodestruction, re-
spectively. Comparing relations (2) and (3), one can see
that R is the total rate and a, b are the corresponding
fractional ratio of the two processes. From each set of
best fitting parameters reported in Table 1, we derived
o; = a;Ryv,i/¢, (i =1, 2, 3) and the corresponding er-
rors (Ao;) by propagating the errors on a;, Ryy,; and
¢. The experimental average value of the UV flux, ¢,
was 4.3 x 1014 photons cm~2 s~!. The uncertainty in ¢
is ~ 20% (Mennella et al. 2006). Then, by taking the
weighted average of o, we obtained the value of oyy =
(8 £2) x 1072 cm?.
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