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Dear Colleagues,

Welcome to the 16th release of AstroPAH!

This month the Picture of the Month features art illustrating the ORGANIC Experi-
ment on EXPOSE-R on board the International Space Station. The first results of this
experiment have just been published (see Bryson et al. 2015 in the abstract section).
Andreas Elsaesser (Leiden University) and Kathryn Bryson (NASA Ames) talk about this
and other experiments in space exposure platforms in the In Focus section.

As usual, we have abstracts covering many interesting themes. Do not miss any!

We would like to take the occasion to congratulate Christine Joblin, who has been
recently awarded with the prestigious Silver Medal from the French National Center for
Scientific research (CNRS). Christine, whose inspiring interview for AstroPAH can be
found in AstroPAH Issue 4 (http://astropah-news.strw.leidenuniv.nl/AstroPAH 0004.pdf),
received this prize for the ”originality, quality and importance of her work, recognized at
both national and international level” (http://www.cnrs.fr/fr/recherche/prix/medaillesargent.
htm).

We thank you all for your contributions and suggestions. Please, keep them coming!
You can send us your contributions at any time. Would you like to see your picture
as Picture of the Month, your project featured in our In Focus, or distribute your latest
paper or upcoming event amongst our community, we encourage you to contact us
(astropah@strw.leidenuniv.nl).

The Editorial Team

Next issue: 21 April 2015.
Submission deadline: 3 April 2015.

2 AstroPAH - March 2015 | Issue 16

http://astropah-news.strw.leidenuniv.nl/AstroPAH_0004.pdf
http://www.cnrs.fr/fr/recherche/prix/medaillesargent.htm
http://www.cnrs.fr/fr/recherche/prix/medaillesargent.htm
mailto:astropah@strw.leidenuniv.nl


AstroPAH Newsletter
EDITORIAL BOARD:

Editor-in-Chief
Prof. Alexander Tielens
Leiden Observatory (The Netherlands)

Executive Editor
Dr. Isabel Aleman
Leiden Observatory (The Netherlands)

Editors
Dr. Alessandra Candian
Leiden Observatory (The Netherlands)

Dr. Elisabetta Micelotta
Institut d’Astrophysique Spatiale
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Current, Past and Future Space Exposure
Platforms for Astrochemistry and Astrobiology

by Andreas Elsaesser
& Kathryn Bryson

Electromagnetic and cosmic radiation is the main energy source and key driver of astrochem-
ical processes in space. The stability, or instability, of various classes of organic molecules is of
high interest to the astrochemistry but also to the astrobiology community. Its implications span
from ”What is the reservoir of organic molecules in the interstellar medium?” to ”How did life
evolve on Earth?” and ”Which molecules are suitable as biomarkers for life detection missions
to other planets?”.

Carbon is found in space in all its allotropic forms: diamonds, graphite, and fullerenes
(Cataldo et al. 2004; Cataldo & Pontier-Johnson 2002). More than 170 individual carbon-based
molecules are detected in interstellar and circumstellar regions (http://www.astro.uni-koeln.de).
Numerous organic compounds are observed or have been sampled from our solar system,
including planetary surfaces/atmospheres, comets, meteorites, and interplanetary dust. The
investigation of the life cycle of organic compounds is highly relevant for cosmochemistry, the
origin of life, and the search for life on other planets. An in-depth understanding of the evolu-
tion and radiation processing of organic compounds in space requires laboratory studies and
theoretical models to support the interpretation of astronomical data. Experiments in low Earth
orbit (LEO) offer the unique opportunity to expose samples to the real space environment with a
combination of UV and ionizing radiation, vacuum, and microgravity. Space-based experiments
are conducted in part due to the difficulty of accurately simulating the entire space environment
(such as UV radiation, galactic cosmic ray radiation, microgravity temperature etc.) in the lab-
oratory. Two decades of successful experiments on the International Space Station (ISS) and
free-flying satellites have provided new information about the evolution of organic and biological
material in space and planetary environments (Guan et al. 2010; Horneck et al. 2010; Rabbow
et al. 2012).

Amongst those was the BIOPAN series (BIOPAN-0 to BIOPAN-06), a multi-user facility for as-
trobiology and radiobiology. The BIOPAN facilities were installed on the outside of the Russian
FOTON capsule and stayed typically 14-16 days in Earth orbit where samples could be ex-
posed to the space and radiation environment (Burger 1995; Demets et al. 2005). On BIOPAN
a variety of samples were studied ranging from microbiological samples to higher life forms
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but also organic molecules such as amino acids and nucleobases (Guan et al. 2010). Part of
BIOPAN-05 was the ORGANICS experiment, investigating the stability of polycyclic aromatic
hydrocarbons (PAHs) under short space flight conditions (Ehrenfreund et al. 2007). ORGAN-
ICS was planned as a precursor experiment for long-term exposure experiments of PAHs in
space. A new exposure facility mounted on the outside of the ISS made these long-term expo-
sure experiments possible with the launch of first EXPOSE-E in 2007 (Rabbow et al. 2012) and
then later EXPOSE-R in 2009 (Bryson et al. 2011). The ORGANIC experiment on EXPOSE-R
(Fig. 1) was investigating the long-term stability of PAHs over an exposure period in LEO of
about 22 months. The ORGANIC experiment spent 682 days outside the ISS, providing con-
tinuous exposure to the cosmic-, solar- and trapped-particle radiation background and ∼2900
h of unshadowed solar illumination with a calculated total (full-spectrum) irradiation dose.

Figure 1 - Expose-R facility on the ISS, mounted on the outside of the Russian Zvezda module
(Image credit: NASA).

Results from ORGANIC are highlighted in this issue of the PAH Newsletter (Bryson et al.
2015), confirming the stability of compact PAHs. The ORGANIC experiment on EXPOSE-
R consists of 14 samples: 11 selected PAHs and the fullerenes C60, C70 and a C60/C70/C84

mixture. The samples were exposed to UV and particle radiation in the ISS environment (Fig.
1). A carrier with identical samples - not exposed to UV irradiation - was mounted below the
carrier. These samples were designated ”Dark” samples. In addition to the flight samples,
mission ground reference sample carriers (referred to as Experiment Sequence Test (EST)
samples) were exposed to vacuum, UV radiation and temperature fluctuation mimicking those
on the ISS in a planetary simulation chamber at the Microgravity User Support Center (MUSC)
at the German Aerospace Center (DLR). Finally, a complete set of Ground Control Samples
was also stored under dark conditions at room temperature in a desiccator from the time of
film deposition in August 2009. Limited spectral changes were observed in most cases pointing
to the stability of PAHs and fullerenes under space exposure conditions. The results of these
experiments confirm the known trend in the stability of PAH species according to molecular
structure: compact PAHs are more stable than non-compact PAHs, which are themselves more
stable than PAHs containing heteroatoms, the last category being the most prone to degradation
in the space environment. The depletion rate was estimated to be of the order of 85 ± 5 % over
the 17 equivalent weeks of continuous unshadowed solar exposure in the most extreme case
of tetracene (smallest, non-compact PAH sample), shown on Fig. 2. The insignificant spectral
changes (below 10%) measured for solid films of large or compact PAHs and fullerenes indicate
a high stability under the range of space exposure conditions investigated on EXPOSE-R. New
samples for the successor platform of EXPOSE-R, called EXPOSE-R2, were launched on July
24th 2014. The experiment was activated in November 2014 and will remain in LEO for 12-18
months. Besides microbial and higher organisms samples, EXPOSE-R2 is investigating thin
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films of key pigments as well as mineral-associated amino acids for the experiments BIOMEX
(de Vera et al. 2012) and P.S.S. (Photochemistry on the Space Station).

Figure 2 - UV-Vis spectra of tetracene films deposited on a MgF2 disk (top panel) and calculated
residual spectra (bottom panel). The samples exposed to space conditions (Flight UV) show
strong changes in absorbance due to UV photolysis leading to absorbance spectral residuals
of the order of 10 - 20% for bands in the 400 - 600 nm range (from Bryson et al. 2015).

Typical astrochemistry samples for space exposure experiments such as BIOPAN and EX-
POSE are prepared as transparent organic thin films on optical windows which are integrated
into sample cells before being exposed to solar and cosmic radiation. To date, this represents
the best analogue to assess the stability of a variety of types and sizes of carbon compounds in
replicates. In particular, the stabilities of biomarkers such as amino acids and nucleobases, as
well as aromatic hydrocarbons, have been the targets of these experiments (Ehrenfreund et al.
2007; Guan et al. 2010). Amino acids, the building blocks of proteins, are generally the most
abundant single class of molecules in a bacterial cell followed by nucleobases (the building
blocks of DNA and RNA). Both represent important target molecules in the search for life. PAHs
are abundant and ubiquitous in galactic and extragalactic regions, protoplanetary disks, and so-
lar system objects (Sephton 2002; Tielens 2008). Spectral measurements indicate that PAHs
in space form a large variety of individual compounds, clusters, and PAH-related molecules
(Tielens 2013). A class of aromatic molecules, the quinones, has been formed in numerous
laboratory simulations of UV-photolyzed interstellar and planetary ices containing PAHs (Ash-
bourn et al. 2007; Bernstein et al. 1999). Due to their biological significance in electron transfer
processes, the photostability of quinones is of great interest to the astrobiology community.
Furthermore, the interaction of organic molecules with inorganic surfaces and their potential
catalytic action is becoming increasingly studied in the context of life detection on other planets.
The capability to study the effect of organics in contact with inorganic materials in space offers

6 AstroPAH - March 2015 | Issue 16



new possibilities to test theories and models with regard to the origin of life and the search for
life.

Most exposure platforms in the past allowed only pre- and postflight-analysis due to their
passive nature. The recent progress in active in-situ monitoring of the degradation of organics
in LEO using free-flying satellites represents a breakthrough (Mattioda et al. 2012; Nicholson et
al. 2011). The O/OREOS mission (Fig. 3) was designed as a demonstration mission for in-situ
spectroscopy but also delivered scientifically highly valuable data on the stability of quinones,
porphyrins, amino acids and PAHs (Ehrenfreund et al. 2014; Bramall et al. 2012). Free-flying
nano-satellites however lack the possibility for sophisticated and elaborate post-flight analysis
on ground.

Figure 3 - Launch of the O/OREOS from Kodiak Island, Alaska, US on November 19th 2010
(left) and (right) drawing of the O/OREOS nanosatellite with its two payloads, SESLO and
SEVO, the latter equipped with a miniaturized UV-Vis spectrometer (Image Credit NASA).

The in-situ concept is also planned for future exposure platforms on the ISS, for example in a
new project called OREOcube (Elsaesser et al. 2014). OREOcube is carrying miniaturized UV-
Vis spectrometers able to monitor organic-inorganic composite thin films while being exposed
to solar and cosmic radiation. OREOcube samples however will be brought back to Earth
similar to samples from previous passive exposure platform on the ISS in order to perform
non-destructive as well as destructive in depth analyses to understand the effects of space
exposure. OREOcube therefore combines the advantages of in-situ measurement capabilities
with pre- and post-flight analysis.

Andreas Elsaesser is a post-
doctoral researcher at Leiden
University, Leiden, The Nether-
lands. E-mail: a.elsaesser@
umail.leidenuniv.nl.

Ralf Kaiser is op.

Kathryn Bryson is a re-
searcher scientist with the
Bay Area Environmental Re-
search Institute at NASA
Ames Research Center,
Moffett Field, CA USA.
E-mail: kathryin.bryson@
nasa.gov.

Ralf Kaiser is a P of Hawaii at Manoa.Ralf
Kaisofess of Chemistry of the University
of Hawaii at Manoa.Ralf Kaiser is a Pro-
fessKaiser is a P of Hawaii at Manoa.Ralf
Kaisofess of Chemistry of the University of
Hawaii at Manoa.Ralf Kaiser is Kaiser is a P
of Hawaii at Manoa.Ralf Kaisofess of Chem-
istry of the University of Hawaii at Manoa.Ralf
Kaiser is op.
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First results of the ORGANIC experiment on EXPOSE-R on
the ISS
K.L. Bryson1,2, F. Salama1, A. Elsaesser3, Z. Peeters4, A.J. Ricco5, B.H. Foing6

and Y. Goreva7

1 SpaceS cience and Astrobiology Division, NASA Ames Research Center, Moffett Field, CA 94035, USA
2 Bay Area Environmental Research Institute, 652 2nd St, Ste. 209, Petaluma, CA 94952, USA
3 Leiden Institute of Chemistry, P.O. Box 9502, 2300 RA Leiden, The Netherlands
4 Department of Terrestrial Magnetism, Carnegie Institute of Washington, 5241, Broad Branch Rs, Washington
DC 20015, USA
5 Small Spacecraft Payloads and Technologies, NASA Ames Research Center, Moffett Field, CA 94035, USA
6 European Space Agency, ESTEC, 2200 AG Noordwijk, The Netherlands
7 Department of Mineral Sceinces, Smithsonian Institution, Washington, DC 20013-7012, USA

The ORGANIC experiment on EXPOSE-R spent 682 days outside the International Space
Station, providing continuous exposure to the cosmic-, solar- and trapped-particle radiation
background for fourteen samples: 11 polycyclic aromatic hydrocarbons and three fullerenes.
The thin films of the ORGANIC experiment received, during space exposure, an irradiation
dose of the order of 14 000 MJ m−2 over 2900 h of unshadowed solar illumination. Extensive
analyses were performed on the returned samples and the results compared to ground control
measurements. Analytical studies of the returned samples included spectral measurements
from the vacuum ultraviolet to the infrared range and time-of-flight secondary ion mass spec-
trometry. Limited spectral changes were observed in most cases pointing to the stability of PAHs
and fullerenes under space exposure conditions. Furthermore, the results of these experiments
confirm the known trend in the stability of PAH species according to molecular structure: com-
pact PAHs are more stable than non-compact PAHs, which are themselves more stable than
PAHs containing heteroatoms, the last category being the most prone to degradation in the
space environment. We estimate a depletion rate of the order of 85±5% over the 17 equivalent
weeks of continuous unshadowed solar exposure in the most extreme case tetracene (smallest,
non-compact PAH sample). The insignificant spectral changes (below 10%) measured for solid
films of large or compact PAHs and fullerenes indicate a high stability under the range of space
exposure conditions investigated on EXPOSE-R.

E-mail: kathryn.bryson@nasa.gov
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International Journal of Astrobiology, 14, 55 (2015)
http://goo.gl/IxVoGz

Accurate spectroscopy of polycyclic aromatic compounds:
from the rotational spectrum of fluoren-9-one in the mil-
limeter wave region to its infrared spectrum.
Assimo Maris1, Camilla Calabrese1, Sonia Melandri1, and Susana Blanco2

1 Dipartimento di Chimica ”Giacomo Ciamician”, Università degli Studi di Bologna, via Selmi 2, I-40126 Bologna,
Italy.
2 Departamento de Quı́mica-Fı́sica y Quı́mica Inorgánica, Facultad de Ciencias, Universidad de Valladolid, Paseo
Belén 7, E-47005 Valladolid, Spain

The rotational spectrum of fluoren-9-one, a small oxygenated polycyclic aromatic hydrocar-
bon, has been recorded and assigned in the 52-74.4 GHz region. The determined small neg-
ative value of the inertia defect (-0.3 u Å2) has been explained in terms of vibrational-rotational
coupling constants calculated at the B3LYP/cc-pVTZ level of theory. Vibrational anharmonic
analysis together with second-order vibrational perturbation theory approximation was applied
both to fluorenone and its reduced form, fluorene, to predict the mid- and near-infrared spec-
tra. The data presented here give precise indication on the fluorenone ground state structure,
allow for an accurate spectral characterization in the millimeter wave and infrared regions, and
hopefully will facilitate extensive radio astronomical searches with large radio telescopes.

E-mail: assimo.maris@unibo.it
J. Chem. Phys. 142, 024317 (2015)
http://scitation.aip.org/content/aip/journal/jcp/142/2/10.1063/1.4905134

A Crossed Molecular Beam and Ab Initio Study on the For-
mation of 5- and 6-Methyl-1,4- dihydronaphthalene (C11H12)
via the reaction of Meta-tolyl (C7H7) with 1,3-Butadiene (C4H6)
Lloyd G. Muzangwa1, Tao Yang1, Dorian S. N. Parker1, Ralf I. Kaiser1∗, Alexan-
der M. Mebel2∗∗, Adeel Jamal3, Mikhail Ryazantsev3, and Keiji Morokuma3∗∗∗

1 Department of Chemistry, University of Hawaii at Manoa, Honolulu, HI 96822
2 Department of Chemistry and Biochemistry, Florida International University, Miami, Florida 33199
3 Department of Chemistry and Cherry L. Emerson Center for Scientific Computation, Emory University, Atlanta,
Georgia 30322

The crossed molecular beam reactions of the meta-tolyl radical with 1,3-butadiene and D6-
1,3- butadiene were conducted at collision energies of 48.5 kJ mol−1 and 51.7 kJ mol−1. The
reaction dynamics propose a complex-forming reaction mechanism via addition of the meta-tolyl
radical with its radical center either to the C1 or C2 carbon atom of the 1,3-butadiene reactant
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forming two distinct intermediates, which are connected via migration of the meta-tolyl group.
Considering addition to C1 proceeds by formation of a van-der-Waals complex below the energy
of the separated reactants, we propose that in cold molecular clouds holding temperatures as
low as 10 K, the reaction of the meta-tolyl radical with 1,3-butadiene is de-facto barrier less.
At elevated temperatures such as in combustion processes, the reaction can also proceed via
addition to C2 by overcoming the entrance barrier to addition (11 kJ mol−1). Eventually, the
resonantly stabilized free radical intermediate C11H13 undergoes isomerization to a cis form,
followed by rearrangement through two distinct ring closures at the para- and ortho-position
of tolyl radical to yield cyclic intermediates. These intermediates then emit a hydrogen atom
forming 6- and 5-methyl-1,4-dihydronaphthalene via tight exit transition states. The steady state
branching ratio, 70.0% and 29.2%, at the collision energy of 51.7 kJ mol−1, of 6- and 5-methyl-
1,4-dihydronaphthalene, respectively, is determined mainly by the rates of reverse ring opening
of cyclic intermediates. The formation of the thermodynamically less stable 1-meta-tolyl-trans-
1,3-butadiene was found to be a less important pathway (0.8%). The reaction of the meta-
tolyl radical with 1,3-butadiene leads without entrance barrier to two methyl substituted PAH
derivatives holding 1,4-dihydronapthalene cores: 5- and 6-methyl-1,4-dihydronaphthalene thus
providing a barrierless route to odd-numbered PAH derivatives under single collision conditions.

*E-mail: ralfk@hawaii.edu
**E-mail: mebela@fiu.edu
***E-mail: morokuma@euch4e.chem.emory.edu

Phys. Chem. Chem. Phys. (2015), in press
http://pubs.rsc.org/en/content/articlelanding/2015/cp/c5cp00311c#!divAbstract

Mixed aliphatic and aromatic composition of evaporating
very small grains in NGC 7023 revealed by the 3.4/3.3 µm
ratio
P. Pilleri1,2, C. Joblin1,2, F. Boulanger3 and T. Onaka4

1 Université de Toulouse; UPS-OMP; IRAP; Toulouse, France
2 CNRS; IRAP; 9 Av. colonel Roche, BP 44346, F-31028 Toulouse cedex 4, France
3 Institut d’Astrophysique Spatiale, 91405, Orsay, France
4 Department of Astronomy, Graduate School of Science, University of Tokyo, Tokyo 113-0033, Japan

Context. A chemical scenario was proposed for photon-dominated regions (PDRs) accord-
ing to which UV photons from nearby stars lead to the evaporation of very small grains (VSGs)
and the production of gas-phase polycyclic aromatic hydrocarbons (PAHs).

Aims. Our goal is to achieve better insight into the composition and evolution of evaporating
very small grains (eVSGs) and PAHs through analyzing the infrared (IR) aliphatic and aromatic
emission bands.

Methods. We combined spectro-imagery in the near- and mid-IR to study the spatial evo-
lution of the emission bands in the prototypical PDR NGC 7023. We used near-IR spectra
obtained with the IRC instrument onboard AKARI to trace the evolution of the 3.3 µm and 3.4
µm bands, which are associated with aromatic and aliphatic C−H bonds on PAHs. The spec-
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tral fitting involved an additional broad feature centered at 3.45 µm that is often referred to as
the plateau. Mid-IR observations obtained with the IRS instrument onboard the Spitzer Space
Telescope were used to distinguish the signatures of eVSGs and neutral and cationic PAHs.
We correlated the spatial evolution of all these bands with the intensity of the UV field given in
units of the Habing field G0 to explore how their carriers are processed.

Results The intensity of the 3.45 µm plateau shows an excellent correlation with that of the
3.3 µm aromatic band (correlation coefficient R = 0.95) and a relatively poor correlation with
the aliphatic 3.4 µm band (R=0.77). This indicates that the 3.45 µm feature is dominated by
the emission from aromatic bonds. We show that the ratio of the 3.4 µm and 3.3 µm band
intensity (I3.4/I3.3) decreases by a factor of 4 at the PDR interface from the more UV-shielded
layers (G0 ∼ 150, I3.4/I3.3 = 0.13) to the more exposed layers (G0 > 1 × 104 , I3.4/I3.3 = 0.03).
The intensity of the 3.3 µm band relative to the total neutral PAH intensity shows an overall
increase with G0, associated with an increase of both the hardness of the UV field and the
H abundance. In contrast, the intensity of the 3.4 µm band relative to the total neutral PAH
intensity decreases with G0, showing that their carriers are actively destroyed by UV irradiation
and are not efficiently regenerated. The transition region between the aliphatic and aromatic
material is found to correspond spatially with the transition zone between neutral PAHs and
eVSGs.

Conclusions. We conclude that the photo-processing of eVSGs leads to the production of
PAHs with attached aliphatic sidegroups that are revealed by the 3.4 µm emission band. Our
analysis provides evidence for the presence of very small grains of mixed aromatic and aliphatic
composition in PDRs.

E-mail: paolo.pilleri@irap.omp.eu
Accepted for publication in Astronomy and Astrophysics.
http://adsabs.harvard.edu/abs/2015arXiv150204941P

An embedded active nucleus in the OH megamaser galaxy
IRAS16399-0937
Dinalva A. Sales1,2, A. Robinson2, D. J. Axon2,3,†, J. Gallimore4, P. Kharb5, R.
L. Curran2, C. O’Dea2, S. Baum6, M. Elitzur7, R. Mittal2

1 Departamento de Astronomia, Universidade Federal do Rio Grande do Sul. 9500 Bento Gonçalves, Porto Ale-
gre, 91501-970, Brazil
2 School of Physics and Astronomy, Rochester Institute of Technology, 84 Lomb Memorial Drive, Rochester, NY
14623, USA
3 School of Mathematical & Physical Sciences, University of Sussex, Falmer, Brighton, BN2 9BH, UK
† 1951-2012
4 Department of Physics, Bucknell University, Lewisburg, PA 17837, USA
5 Indian Institute of Astrophysics, II Block, Koramangala, Bangalore 560034, India
6 Chester F. Carlson Center for Imaging Science, Rochester Institute of Technology, 54 Lomb Memorial Drive,
Rochester, NY 14623, USA
7 Physics & Astronomy Department, University of Kentucky, Lexington, KY 40506-0055
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We present a multiwavelength study of the OH Megamaser galaxy (OHMG) IRAS16399-
0937, based on new HST/ACS F814W and Hα+[N ii] images and archive data from HST,
2MASS, Spitzer, Herschel and the VLA. This system has a double nucleus, whose north-
ern (IRAS16399N) and southern (IRAS16399S) components have a projected separation of
∼6” (3.4 kpc) and have previously been identified based on optical spectra as a Low Ioniza-
tion Nuclear Emission Line Region (LINER) and starburst nucleus, respectively. The nuclei
are embedded in a tidally distorted common envelope, in which star formation is mostly heav-
ily obscured. The infrared spectrum is dominated by strong polycyclic aromatic hydrocarbon
(PAH), but deep silicate and molecular absorption features are also present, and are strongest
in the IRAS16399N nucleus. The 0.435-500 µm SED was fitted with a model including stellar,
ISM and AGN torus components using our new MCMC code, clumpyDREAM. The results
indicate that the IRAS16399N contains an AGN (Lbol ∼ 1044 ergs/s) deeply embedded in a
quasi-spherical distribution of optically-thick clumps with a covering fraction ≈ 1. We suggest
that these clumps are the source of the OHM emission in IRAS16399-0937. The high torus
covering fraction precludes AGN-photoionization as the origin of the LINER spectrum, how-
ever, the spectrum is consistent with shocks (v∼ 100− 200 km s−1). We infer that the ∼ 108 M�
black-hole in IRAS16399N is accreting at a small fraction (∼ 1%) of its Eddington rate. The low
accretion-rate and modest nuclear SFRs suggest that while the gas-rich major merger forming
the IRAS 16399-0937 system has triggered widespread star formation, the massive gas inflows
expected from merger simulations have not yet fully developed.

E-mail: dinalvaires@gmail.com
The Astrophysical Journal, 799, 25 (2015)
http://adsabs.harvard.edu/abs/2015ApJ...799...25S

PAH radiative cooling and fragmentation kinematics stud-
ied within an electrostatic ring
R. Brédy1, C. Ortéga1, M. Ji1, L. Chen1, J. Bernard1, A. R. Allouche1, C.
Joblin2, A. Cassimi3 and S. Martin1

1 Institut Lumière Matière, UMR 5306 Université Lyon 1-CNRS, Université de Lyon 69622 Villeurbanne cedex,
France
2 Université de Toulouse, UPS-OMP, IRAP, Toulouse, France
3 CIMAP, GANIL Université de CAEN, Bd. H. Becquerel, Caen, France

Radiative cooling of polycyclic aromatic hydrocarbon (PAH) cations has been studied using
a compact electrostatic ion storage ring, the Mini-Ring, in a time range up to 8 ms. The time
evolution of the internal energy distribution of the ensemble of the stored ions was probed
using laser induced photo-dissociation at different storage times. For anthracene cation, the
observed fast radiative cooling is attributed to fluorescence from thermally excited electronic
states populated via inverse internal conversion [1]. In this paper we report on the measurement
of the population decay of anthracene cations with a given internal energy. This population
decay, directly related to the time shift of the internal energy distribution, is attributed to the
radiative cooling mechanism and could be compared with the calculated fluorescence emission
rate due to the electronic transition.
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By detecting the emitted neutral fragments with a position sensitive detector, information
on the fragmentation channels and their qualitative branching ratios were obtained for various
PAHs. An odd-even effect was observed for the successive dehydrogenation of pyrene cation
C16H+

10−n (n=0-4). This effect is interpreted as an alternation in the dissociation energies and is
in agreement with recent calculations [2].

[1] S. Martin, J. Bernard, R. Brédy, B. Concina, C. Joblin, M. Ji, C. Ortéga and L. Chen, Phys.
Rev. Lett. 110, 063003 (2013)

[2] B. West, F. Useli-Bacchitta, H. Sabbah, V. Blanchet, A. Bodi, P. M. Mayer and C. Joblin, J.
Phys. Chem. A 118, 7824 (2014)
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Small molecules from the decomposition of interstellar car-
bons
W. W. Duley1, A. Zaidi1, M. J. Wesolowski1 and S. Kuzmin1

1 Department of Physics and Astronomy, University of Waterloo, Waterloo, ON N2L 3G1, Canada

We have studied the molecular products of the photo-induced decomposition of hydrogenated
amorphous carbon (HAC) and solid hexane, C6H14, using mass spectroscopy. Mass spectra of
HAC are dominated by simple hydrocarbon molecules having fewer than four carbon atoms.
Notable products include C3H2, phenyl, C6H5, benzene, C6H6, and a variety of partially dehy-
drogenated alkane molecules with the composition CnH2n−1. Hexane, chosen as a represen-
tative solid alkane, has a more complex mass spectrum which includes Cn and a number of
hydrocarbon molecules with up to 10 carbon atoms. As alkyl radicals, CnH2n−1, are commonly
found in the decomposition of alkanes, we have used high precision density functional theory to
simulate the infrared spectrum of 1-, 2-, and 3-hexyl radicals as well as that of the 3-hexyl ion,
C6H13+. The latter could be detectable in interstellar/circumstellar sources via a strong feature
at 3.66 µm. The appearance of C3H2 as a decomposition product of photodissociated HAC
may be related to the ubiquitous presence of c-C3H2 in the interstellar medium. The production
of such molecules in the interstellar medium through a “top-down” chemistry deriving from the
decomposition of HAC is discussed.

E-mail: wwduley@uwaterloo.ca
MNRAS, 447, 1242 (2015)
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A theoretical study on the vibrational spectra of Polycyclic
Aromatic Hydrocarbon molecules with aliphtaic sidegroups
S.A. Sadjadi1, Y. Zhang1 and S. Kwok1

1 Space Astronomy Laboratory, Faculty of Science, The University of Hong Kong, Pokfulam Road, Hong Kong,
China

The role of aliphatic side groups on the formation of astronomical unidentified infrared emis-
sion (UIE) features is investigated by applying the density functional theory (DFT) to a series of
molecules with mixed aliphatic-aromatic structures. The effects of introducing various aliphatic
groups to a fixed polycyclic aromatic hydrocarbon (PAH) core (ovalene) are studied. Simu-
lated spectra for each molecule are produced by applying a Drude profile at T=500 K while the
molecule is kept at its electronic ground state. The vibrational normal modes are classified us-
ing a semi-quantitative method. This allows us to separate the aromatic and aliphatic vibrations
and therefore provide clues to what types of vibrations are responsible for the emissions bands
at different wavelengths. We find that many of the UIE bands are not pure aromatic vibrational
bands but may represent coupled vibrational modes. The effects of aliphatic groups on the
formation of the 8 µm plateau are quantitatively determined. The vibrational motions of methyl
(−CH3) and methylene (−CH2−) groups can cause the merging of the vibrational bands of the
parent PAH and the forming of broad features. These results suggest that aliphatic structures
can play an important role in the UIE phenomenon.
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The Astrophysical Journal, 801, 34 (2015)
http://iopscience.iop.org/0004-637X/801/1/34

Top-down formation of fullerenes in the interstellar medium
O. Berné1,2, J. Montillaud3,4 and C. Joblin1,2

1 Université de Toulouse; UPS-OMP; IRAP; Toulouse, France
2 CNRS; IRAP; 9 Av. colonel Roche, BP 44346, F-31028 Toulouse cedex 4, France
3 Department of Physics, PO Box 64, University of Helsinki, 00014, Helsinki, Finland
4 Institut Utinam, CNRS UMR 6213, OSU THETA, Université de Franche-Comté, 41bis avenue de l’Observatoire,
25000 Besançon, France

Fullerenes have been recently detected in various circumstellar and interstellar environ-
ments, raising the question of their formation pathway. It has been proposed that they can form
by the photo-chemical processing of large polycyclic aromatic hydrocarbons (PAHs). Following
our previous work on the evolution of PAHs in the NGC 7023 reflection nebula, we evaluate, us-
ing photochemical modeling, the possibility that the PAH C66H20 (i.e. circumovalene) can lead
to the formation of C60 upon irradiation by ultraviolet photons. The chemical pathway involves
full dehydrogenation, folding into a floppy closed cage and shrinking of the cage by loss of C2
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units until it reaches the symmetric C60 molecule. At 10” from the illuminating star and with
realistic molecular parameters, the model predicts that 100% of C66H20 is converted into C60

in ∼ 105 years, a timescale comparable to the age of the nebula. Shrinking appears to be the
kinetically limiting step of the whole process. Hence, PAHs larger than C66H20 are unlikely to
contribute significantly to the formation of C60, while PAHs containing between 60 and 66 C
atoms should contribute to the formation of C60 with shorter timescales, and PAHs containing
less than 60 C atoms will be destroyed. Assuming a classical size distribution for the PAH pre-
cursors, our model predicts absolute abundances of C60 are up to several 10−4 of the elemental
carbon, i.e. less than a percent of the typical interstellar PAH abundance, which is consistent
with observational studies. According to our model, once formed, C60 can survive much longer
than other fullerenes because of the remarkable stability of the C60 molecule at high internal
energies.Hence, a natural consequence is that C60 is more abundant than other fullerenes in
highly irradiated environments.
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