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Abstract. Dehydrogenated coronene molecules have been proposed as the carrier of the inter-
stellar UV extinction bump and of some diffuse interstellar bands. To test this hypothesis, we
have undertaken a combined a) theoretical and b) experimental work on the subject. a) We
use the (time-dependent) density functional theory to study the effect of hydrogenation on the
UV absorption cross—section of neutral and ionised coronene molecules. b) For the visible and
near—UV, these calculations provide useful guidelines to analyse and interpret the electronic
spectra obtained with the PIRENEA experimental set-up dedicated to astrochemistry.
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1. Introduction

The carrier of the interstellar extinction bump at 2175 A seems to require a free-flying
form of carbon, either as size-restricted graphite pieces (Draine 1985) or as single or
stacked PAHs (Duley & Seahra 1998). Duley (2006a) tentatively assigned this feature to
a m — 7 plasmon resonance in dehydrogenated neutral and ionised coronene molecules
(Co4H,,, with n < 3). The same molecules have been proposed to explain also some of
the diffuse interstellar bands (Duley 2006b).

2. Methods

The effect of dehydrogenation on the electronic absorption spectra of gas—phase PAHs
is poorly characterized. We have undertaken a combined theoretical and experimental
work to assess both the contribution of dehydrogenated coronene molecules and their
cations to the UV bump and the DIBs spectrum.

We used state—of-the—art quantum—chemical techniques (Malloci et al. 2007) to ob-
tain the required molecular parameters. The optimised geometries are obtained with
density functional theory (DFT) as implemented in the NWChem code. Electronic spec-
tra are computed with time-dependent DFT using two different implementations: (i) the
real-time scheme of the Octopus program; (ii) the frequency—space method of NWChem.

In the PIRENEA experiment, coronene cations are produced by laser ablation/ionisation
of a solid target. The ions are trapped in the ion cyclotron resonance cell under the
combined action of a superconducting magnet and electrostatic potentials. Direct spec-
troscopy is not feasible due to the low density of trapped species (about 10° ions). A tun-
able laser (broad band OPO from Continuum) is used to perform photo—fragmentation of
the isolated cations in the region 420-500 nm (typical energy per pulse is 5 mJ at 420 nm
and 12 mJ at 500 nm). The fragment ion signal versus the laser wavelength provides the
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fragmentation yield of the species, which depends on the product of the absorption cross
section of the cation times the laser intensity.
3. Results
We show in Figure 1 the computed UV absorption spectra (TD-DFT in real time) of

neutral and cationic coronene and their completely dehydrogenated counterparts. The
photofragmentation spectrum of Cy4Hjs™ is shown in Figure 2.
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4. Discussion and future work

Progressive dehydrogenation translates into a blue shift of the main electronic transi-
tions. The m — @* collective resonance gets broader and bluer upon dehydrogenation.
Its calculated energy position becomes incompatible with the observed position of the
220 nm extinction bump. The PIRENEA facility is being used to explore the visible
spectra of coronene cations in various hydrogenation states (Useli-Bacchitta et al. 2008).
NWChem TD-DFT calculations are used to identify the measured spectra. In the case
of Coy™, in particular, different isomers (ring, cage, bicyclic ring, ...) are taken into
account.
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