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Editorial
Dear Colleagues,

Welcome to the 7th release of AstroPAH featuring the Mini-Ring at the Institut Lumière
Matière in Lyon (France) on the cover as the Picture of the Month. In the abstract section the
research that is performed with the mini-ring on PAHs is presented. This month’s section offers
an interesting focus on experimental and computational findings in the field of PAH chemistry.

In Focus we have the 168th Faraday Discussion on Astrochemistry of Dust, Ice and Gas
that was held in April in Leiden, the Netherlands. We put together a short summary for you
containing the most interesting highlights and say a few words on the topics that are of relevance
to PAHs. We would like to draw your attention to the Job Opportunities section where a PhD
position on the infrared emission of PAHs is advertised.

We would like to thank you all for your contributions and please keep them coming. You can
send your contributions to AstroPAH at any time – abstracts, In Focus suggestions, awards,
future events, or other information you would like to share with the community.

The deadline for contributions to appear in the next issue is 6 June 2014. The next issue of
AstroPAH will be out on 17 June 2014.

For more information on AstroPAH visit our website:

http://astropah-news.strw.leidenuniv.nl.

Best regards,

The Editorial Team
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PAH Picture of the Month

Top: The experimental setup of the Mini-
Ring, a small electrostatic storage ring opera-
tional at the Institut Lumière Matière in Lyon.

Bottom: Visualisation of the stored ion tra-
jectory in the Mini-Ring which is composed of
4 deflectors (D1, D2, D3 and D4) and two con-
ical mirrors, C1 and C2. Anthracene (C14H+

10)
ions are injected in the ring through D1 and D2

and stored with a revolution period of 7.23 µs.
Neutral products of photodissociation leaving
the ring through the straight section between
D3 and D4 are detected. See the Abstract
section for more information on the setup and
the experiment. Credits: L. Chen
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In Focus:
FD 168 “Astrochemistry of Dust, Ice and Gas”

Faraday Discussions

On 7-9 April 2014, the Faraday Discussion
168 took place in Noordwijkerhout, the Netherlands.
The concept and format of the Faraday Discussions
(FDs) are unique. The FDs are a series of interna-
tional conferences organised by the Royal Society of
Chemistry (RSC) that promote and encourage dis-
cussion amongst scientists.

The topics cover rapidly developing areas of
chemistry, often at boundaries with other disciplines.
Papers are submitted to the RSC well in advance,
they pass through a referee process and then they
are distributed amongst the participants to read be-
forehand. At the meeting each principal author gives a short summary of the paper, after which
the paper is discussed by the participants. During this time, anyone can also present their own
work that is relevant to the paper being discussed. All the papers, together with a record of the
discussion, are published after the meeting in the respective Faraday Discussions Volume.

Astrochemistry of Dust, Ice and Gas

The FD 168 was entitled “Astrochemistry of Dust, Ice and Gas” and included observational,
experimental, and modelling aspects of astrochemistry. Most papers presented were on dust
and ice, whereas the posters were predominantly about gas-phase astrochemistry. The topics
that were covered included oxidation, hydrogen and oxygen mobility, low-temperature chem-
istry, electron-induced chemistry and chirality. Of the 25 papers discussed, 3 were relevant to
PAHs; we refer the readers to the abstract section for more details.

Liv Hornekær presented “Polycyclic Aromatic Hydrocarbons - catalysts for molecular hydro-
gen formation”. This experimental work showed that the coronene molecule is driven toward
complete deuteration when exposed to large fluences of hot D atoms. Moreover, the cross
section for addition keeps fairly constant over a large interval of super-hydrogenated levels,
possibly indicating that the D atoms are mobile on the corenene molecule.

Belén Maté showed in her paper “Stability of carbonaceous dust analogues and glycine
under UV irradiation and electron bombardment” that hydrogenated amorphous carbonaceous
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films are relatively stable under UV bombardment, with a decrease of the IR intensity of few
percent and a mild dehydrogenation of the hydrocarbon structure. Conversely the bombardment
with electrons does not appear to change the hydrocarbon structure, rather it results in the
erosion of the films.

Anthony Jones in “The cycling of carbon into and out of dust”, illustrated the formation and
destruction of carbonaceous dust grain in different regions of the interstellar medium (ISM)
through a new dust model. The main result is that in the low density ISM the dust grains are
mostly aromatic-rich amorphous carbonaceous material, while as the density increases the
incorporation of H atoms leads to aliphatisation of the material.

Hot Topics

The difficulties of interdisciplinary communication was a hot topic throughout the meeting.
Philosophical discussions took place over the standardisation of data treatment within the sub-
fields to gain in transparency and facilitate cross disciplinary communication. Modellers ex-
pressed a wish for experimental outcomes to be discussed amongst the experimental commu-
nity first in order to minimise controversies they cannot assess themselves. On the other hand,
experimentalists wish for clearer description of the parameters used by modellers and of the dif-
ferences between models. A review of the policy of citations especially for large databases was
also proposed, as often researchers uploading data on databases where not properly acknowl-
edged. The need for sensitivity analysis and better definitions of the accuracy in theoretical and
model predictions became apparent too. A proposed solution was the creation of new standards
and a culture change.

A scientific hot topic was “back to basics”, already raised on the first day in the introductory
remarks by Ewine van Dishoeck and then repeated on several occasions with regard to various
subjects but especially in the modeling-experimental area. Several question on the methods
where proposed: Are we asking the right questions? What are the right models? Should we
consider a different approach to models, e.g. forward vs backward modelling? Why do models
give bad predictions at the extremes, e.g. very low and very high temperatures? Do we need to
include more molecular dynamics in chemical simulations? Does the chemistry change or are
more channels open with increasing temperature? Should we consider other chemistry than
just radiation induced chemistry, e.g. electron induced chemistry?

Conclusive remarks

In the final remarks, Eric Herbst pointed out the absolute need for observations of small
astronomical objects at higher resolution, which can be achieved by ALMA for example. Another
comment was made that experiments should not wait for new astronomical observations, in
particular in the case of very expensive space missions; many data still need physical chemistry
understanding to be interpreted. The participants agreed that physics-based approaches are
vital to solve many of the problems of astrochemical interest and the key to the advance of the
field is multidisciplinarity.
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Recent Papers

Hydrogenation of PAH molecules through interaction with
hydrogenated carbonaceous grains
John D. Thrower1,2, Emil E. Friis1, Bjarke Jørgensen1 and Liv Hornekær1

1 Department of Physics and Astronomy and Intersciplinary Nanoscience Center (iNANO), Aarhus University, Ny
Munkegade 120, 8000 Aarhus, Denmark.
2 Present Address: Physikalisches Institut, Westfälische Wilhelms-Universität Münster, Wilhelm-Klemm-Straße 10,
48149 Münster, Germany.

Carbonaceous materials contribute to a significant proportion of the interstellar dust inven-
tory. Reactions on such grain surfaces are thought to play important roles in interstellar chemical
networks. Of particular importance are reactions involving hydrogen atoms, and pathways to
the formation of the most abundant molecular species, H2. Polycyclic aromatic hydrocarbons
(PAHs) are an additional carbon reservoir, accounting for around 10% of the galactic carbon
budget. Using thermal desorption and mass spectrometric techniques, we have investigated
the interaction between PAH molecules and carbonaceous grain surfaces. We demonstrate that
deuterium atoms adsorbed on graphite can react with adsorbed PAH molecules, forming super-
hydrogenated PAH species. Furthermore, by considering the number of D-atoms remaining
bound to the graphite surface and the additional D-atoms in the observed superhydrogenated
species, we see evidence for a significant release of deuterium from the graphite surface. We
suggest that further reactive processes may be responsible for part of this deuterium loss,
indicating that PAHs adsorbed on hydrogenated carbonaceous grains in warm interstellar en-
vironments may serve as a route to release H2 as well as forming superhydrogenated PAH
species.

E-mail: john.thrower@uni-muenster.de, liv@phys.au.dk
Phys. Chem. Chem. Phys., 16, 3381 (2014)
http://dx.doi.org/10.1039/C3CP54073A

Non-statistical fragmentation of large molecule
M. H. Stockett1, H. Zettergren1, L. Adoui2,3, J. D. Alexander1, U. Bērziņš4,
T. Chen1, M. Gatchell1, N. Haag1, B. A. Huber2, P. Hvelplund5, A. Johansson1,
H. A. B. Johansson1, K. Kulyk1, S. Rosén1, P. Rousseau2,3, K. Støchkel5,
H. T. Schmidt1 and H. Cederquist1

1 Department of Physics, Stockholm University, Stockholm, SE-106 91, Sweden
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2 Centre de Recherche sur les Ions, les Matériaux et la Photonique (CIMAP), CEA-CNRS-ENSICAEN, F-14070
Caen Cedex 05, France
3 Université de Caen Basse-Normandie, F-14032 Caen, France
4 Institute of Atomic Physics and Spectroscopy, University of Latvia, Riga, LV-1586, Latvia
5 Department of Physics and Astronomy, Aarhus University, DK-8000 Aarhus C, Denmark

We present experimental evidence for the dominance of prompt single-atom knockout in
fragmenting collisions between large polycyclic aromatic hydrocarbon cations and He atoms at
center-of-mass energies close to 100 eV. Such nonstatistical processes are shown to give highly
reactive fragments. We argue that nonstatistical fragmentation is dominant for any sufficiently
large molecular system under similar conditions.

E-mail: Mark.Stockett@fysik.su.se
Phys. Rev. A, 89, 032701 (2014)
http://dx.doi.org/10.1103/PhysRevA.89.032701

Time evolution of internal energy distribution of Anthracene
studied in an electrostatic storage ring, the Mini-Ring
L. Chen1, M. Ji1, J. Bernard1, R. Brédy1, B. Concina1, C. Joblin2,3, C. Ortega1,
G. Montagne and S. Martin1

1 Institut Lumière Matière, UMR5306 Université Lyon 1-CNRS, Université de Lyon 69622 Villeurbanne cedex,
France
2 Université de Toulouse, UPS-OMP, IRAP, Toulouse, France
3 CNRS, IRAP, 9 Av. colonel Roche, BP 44346, F-31028 Toulouse cedex 4, France

Fast radiative cooling of polycyclic aromatic hydrocarbon (PAH) was studied by probing the
time evolution of the internal energy distribution of hot molecular ensembles in the ms range.
Anthracene cations (C14H+

10) prepared in an electron cyclotron resonance ion source were
stored in an electrostatic storage ring, the Mini-Ring [1]. The experiment showed that in the
first milliseconds, the time evolution of the stored ion population distribution was dominated by
the unimolecular dissociation of the molecular ions with higher internal energy. Then, in the
next milliseconds, the unimolecular dissociation was quenched by radiative cooling. In a larger
time range, from 4 to 8 ms, the time evolution of the internal energy distribution was probed
by reheating a part of the molecular ensemble by laser photon absorption at different storage
times. We report here the measurement of a fast radiative cooling rate (100 s−1) that cant be
explained by vibrational IR emission but rather by electronic fluorescence from thermally excited
electronic states [2].

[1] J. Bernard, G. Montagne, R. Brédy, B. Terpend-Ordacière, A. Bourgey, M. Kerleroux, L.
Chen, H. T. Schmidt, H. Cederquist, and S. Martin, Rev. Sci. Instrum. 79, 075109 (2008)
[2] S. Martin, J. Bernard, R. Brédy, B. Concina, C. Joblin, M. Ji, C. Ortega and L. Chen, Phys.
Rev. Lett. 110, 063003 (2013)
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E-mail: chen@univ-lyon1.fr
Journal of Physics: Conference Series Volume 488 Section 1 (2014) 012039
http://iopscience.iop.org/1742-6596/488/1/012039

Decoding the infrared signatures of pyramidal carbons in
graphenic molecular nanostructures of interstellar origin
Héctor Alvaro Galué1,2

1 Van’t Hoff Institute for Molecular Sciences, University of Amsterdam, Science Park 904, 1098XH Amsterdam,
Netherlands
2 LaserLaB, Department of Physics and Astronomy, VU University, de Boelelaan 1081, 1081HV Amsterdam,
Netherlands

Energetic particles in interstellar space
induce strain and re-hybridisation within
flat carbon structures. Background im-
age: c©NASA, ESA, M. Robberto (Space
Telescope Science Institute/ESA) and the
Hubble Space Telescope Orion Treasury
Project Team.

By studying how the PAH-like materials re-
sponsible of the unidentified infrared emis-
sions transform at the single carbon level
due to self-sculpting fullerenization, ob-
served CC-mode spectral variations can be
explained without the postulation of pecu-
liar solid- or gas-phase chemical scenar-
ios. c©Royal Society of Chemistry 2014

In fullerenization chemistry, the whittling of carbon units from graphenic all-hexagon systems
drives the local structural transformation from a sp2-hybridized composition into a pyramidal-like
carbon composition. This chemical process recently observed in real time is believed to involve
the self-sculpting action of local strain forces leading to fullerene growth. Here, an atomistic
structural representation of this process is elaborated and correlated with spectral simulations
of graphenic molecular models in varied curvaturestrain stages that allows uncovering the fin-
gerprint of fullerenization. Application of this fingerprint to Infrared Space Observatory data
reveals that interstellar graphenic matter undergoes fullerenization, leading to the formation of
strained fullerene-like 3D species. This suggests an evolutionary chemical interrelation between
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forms of strained molecular nanostructures, and includes bowls, cones and cages. These re-
sults offer a valuable platform in all-carbon chemistry useful to advance our understanding of
both experimental and interstellar sp2-carbon nanostructures.

E-mail: h.alvarogalue@gmail.com
Chem. Sci., 2014, Advance Article
http://xlink.rsc.org/?doi=10.1039/c4sc00890a

See also the Press Release

http://www.few.vu.nl/en/news-events/news-archive/2014/april-june/Chemistry-World.asp
http://www.rsc.org/chemistryworld/2014/04/space-carbon-infrared-fullerene

Polycyclic Aromatic Hydrocarbons – Catalysts for Molecu-
lar Hydrogen Formation
Anders Skov,1, John Thrower1,2 and Liv Hornekær1

1 Department of Physics and Astronomy and Intersciplinary Nanoscience Center (iNANO), Aarhus University, Ny
Munkegade 120, 8000 Aarhus, Denmark.
2 Present Address: Physikalisches Institut, Westfälische Wilhelms-Universität Münster, Wilhelm-Klemm-Straße 10,
48149 Münster, Germany.

Polycyclic aromatic hydrocarbons have been shown to catalyse molecular hydrogen forma-
tion. The process occurs via atomic hydrogen addition reactions leading to the formation of
super-hydrogenated PAH species, followed by molecular hydrogen forming abstraction reac-
tions. Here, we combine quadrupole mass spectrometry data with kinetic simulations to fol-
low the addition of deuterium atoms to the PAH molecule coronene. When exposed to suf-
ficiently large D-atom fluences, coronene is observed to be driven towards the completely
deuterated state (C24D36) with the mass distribution peaking at 358 amu just below the peak
mass of 360 amu. Kinetic models reproduce the experimental observations for an abstrac-
tion cross-section of σabs = 0.01 Å2 per excess H/D atom and addition cross-sections in the
range of σadd = 0.55 − 2.0 Å2 for all degrees of hydrogenation. These findings indicate that
the cross-section for addition does not scale with the number of available sites for addition on
the molecule, but rather has a fairly constant value over a large interval of super-hydrogenation
levels

E-mail: liv@phys.au.dk
Faraday Discuss., 2014, Advance Article
http://pubs.rsc.org/en/content/articlelanding/2014/fd/c3fd00151b#!divAbstract
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Stability of carbonaceous dust analogues and glycine un-
der UV irradiation and electron bombardment
Belén Maté,1, Isabel Tanarro1, Miguel A. Moreno1, Miguel Jiménez-Redondo1,
Rafael Escribano1, and Victor J. Herrero1

1 Instituto de Estructura de la Materia, IEM-CSIC, Serrano 123, 28006 Madrid, Spain

The effect of UV photon (120 - 200 nm) and electron (2 keV) irradiation of analogues of
interstellar carbonaceous dust and of glycine were investigated by means of IR spectroscopy.
Films of hydrogenated amorphous carbon (HAC), taken as dust analogues, were found to be
stable under UV photon and electron bombardment. High fluences of photons and electrons,
of the order of 1019 cm−2, were needed for a film depletion of a few percent. UV photons were
energetically more effective than electrons for depletion and led to a certain dehydrogenation
of the HAC samples, whereas electrons led seemingly to a gradual erosion with no appreciable
changes in the hydrocarbon structure. The rates of change observed may be relevant over
the lifetime of a diffuse cloud, but cannot account for the rapid changes in hydrocarbon IR
bands during the evolution of some proto-planetary nebulae. Glycine samples under the same
photon and electron fluxes decay at a much faster rate, but tend usually to an equilibrium value
different from zero, especially at low temperatures. Reversible reactions re-forming glycine, or
the build-up of less transparent products, could explain this behavior. CO2 and methylamine
were identified as UV photoproducts. Electron irradiation led to a gradual disappearance of the
glycine layers, also with formation of CO2. No other reaction products were clearly identified.
The thicker glycine layers (a few hundred nm) were not wholly depleted, but a film of the order
of the electron penetration depth (80 nm), was totally destroyed with an electron fluence of
[similar] 1 × 1018 cm−2. A 60 nm ice layer on top of glycine provided only partial shielding
from the 2 keV electrons. From an energetic point of view, 2 keV electrons are less efficient
than UV photons and, according to literature data, much less efficient than MeV protons for the
destruction of glycine. The use of keV electrons to simulate effects of cosmic rays on analogues
of interstellar grains should be taken with care, due to the low penetration depths of electrons
in many samples of interest.

E-mail: bmate@iem.cfmac.csic.es
Faraday Discuss., 2014, Advance Article
http://pubs.rsc.org/en/content/articlelanding/2014/fd/c3fd00132f#!divAbstract
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The cycling of carbon into and out of dust
Anthony P. Jones,1, Nathalie Ysard1, Melanie Köhler1, Lapo Fanciullo1, Marco
Bocchio1, Elisabetta Micelotta1, Laurent Verstraete1 and Vincent Guillet1

1 Institut d ’Astrophysique Spatiale, CNRS/Université Paris Sud, Orsay, France

Observational evidence seems to indicate that the depletion of interstellar carbon into dust
shows rather wide variations and that carbon undergoes rather rapid recycling in the interstel-
lar medium (ISM). Small hydrocarbon grains are processed in photo-dissociation regions by
UV photons, by ion and electron collisions in interstellar shock waves and by cosmic rays. A
significant fraction of hydrocarbon dust must therefore be re-formed by accretion in the dense,
molecular ISM. A new dust model [1] shows that variations in the dust observables in the dif-
fuse interstellar medium (nH ≤ 103 cm−3), can be explained by systematic and environmentally-
driven changes in the small hydrocarbon grain population. Here we explore the consequences
of gas-phase carbon accretion onto the surfaces of grains in the transition regions between the
diffuse ISM and molecular clouds (e.g., [2]). We find that significant carbonaceous dust re-
processing and/or mantle accretion can occur in the outer regions of molecular clouds and that
this dust will have significantly different optical properties from the dust in the adjacent diffuse
ISM. We conclude that the (re-)processing and cycling of carbon into and out of dust is perhaps
the key to advancing our understanding of dust evolution in the ISM.

[1] A. P. Jones, L. Fanciullo, M. Köhler, L. Verstraete, V. Guillet, M. Bocchio and N. Ysard, As-
tron. Astrophys., 2013, 558, A62
[2] A. P. Jones, Astron. Astrophys., 2013, 555, A39

E-mail: Anthony.Jones@ias.u-psud.fr
Faraday Discuss., 2014, Advance Article
http://pubs.rsc.org/en/content/articlelanding/2014/fd/c3fd00128h#!divAbstract
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Job Opportunities

Astro-PAHs infrared emission, from the laboratory to the
interstellar medium

A PhD position funded by the french Region Ile-de-France is available at the Astrophysique
et Edifices Moléculaires group at the Molecular Sciences Institute at Orsay, France. The project
is entitled: Astro-PAHs infrared emission, from the laboratory to the interstellar medium.

Project description Dust is a key component of the interstellar medium and plays a capital
role in many astrophysical processes. During this PhD, we will tackle the aromatic carbon bear-
ing component responsible for the emission bands observed in the mid-infrared, the so-called
Aromatic Infrared Bands (AIBs), thanks to dedicated laboratory experiments and numerical
simulations. The size range of the laboratory analogues will span several Angstrom to few
nanometers, that is to say containing tens to a few hundreds of carbon atoms, a range which
remains scarcely explored although of great astrophysical relevance.

Methods To study these “astro-PAHs”, the spectrometer Firefly will be coupled to the Nano-
grains experimental set-up wherein a flame is used to produce analogues of the interstellar
carbonaceous dust. Firefly is dedicated to the measurement of IR emission of molecules and
nanoparticles in the gas phase following excitation by light. A numerical simulation effort will
also be undertaken using some theoretical tools developed in the recent years in our group.
The IR emission spectra of nanoparticles resembling those produced in Nanograins will be
computed. Comparison between experimental, theoretical and astrophysical spectra will thus
be conducted.

Profile description We are looking for a candidate having a master in the field of physics or
physical chemistry, with good experimental and programming skills.

Application Please send a complete CV, 2 letters of recommendation as well as a list of
the courses followed in 2013-2014 with grades and possibly ranking to Prof. Pascal Parneix
(pascal.parneix@u-psud.fr) and/or Dr. Thomas Pino (thomas.pino@u-psud.fr). The deadline
for application is end of July 2014 but the position will be filled asap.

Advertised by: Pascal Parneix and Thomas Pino
Deadline for Application: end of July 2014
Email for contact: pascal.parneix@u-psud.fr, thomas.pino@u-psud.fr
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