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Editorial
Dear Colleagues,

After the very positive response we have received on the first issue, we have the pleasure to
present the second release of the AstroPAH Newsletter.

We would like to thank all the enthusiastic feedback we have received from the community,
in the form of congratulation emails and contributions to this second issue.

In this issue, you will find abstracts of recent papers on a variety of interesting topics, includ-
ing theoretical, experimental and observational studies, and the most recent review about the
molecular universe.

Do not miss in the ”In Focus” section the interview with Dr. Lou Allamandola, a pioneer in the
study of Astronomical PAHs. In recognition for his accomplishments, he was named one of the
25 most influential people in space by Time Magazine in 2012, and awarded Oort Professorship
for 2013 by Leiden Observatory.

You can submit abstracts of your recent work to be presented in the next issue of AstroPAH,
as well as send suggestions for the “Picture of the Month” and for the “In Focus” section, or
advertise your future event. You will find instructions on our website:

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

You may send your contribution at any time, but to be sure that it will appear in the next issue,
please send it by the 3rd of December.

The next issue will be distributed on the 17th of December 2013.

The Editorial Team
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PAH Picture of the Month

On the cover, a hexabenzocoronene
molecule (diameter: 1.4 nanometers) imaged
by noncontact atomic force microscopy with
the microscope tip terminated at a single car-
bon monoxide molecule. The carbon-carbon
bonds in the imaged molecule appear with dif-
ferent contrast and apparent lengths. Based
on these disparities, the bond orders and
lengths of the individual bonds can be distin-
guished. Image: Leo Gross, IBM Research -
Zurich. Reproduced with permission.
Article: http://www.sciencemag.org/content/
337/6100/1326
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In Focus:
An Interview with Lou Allamandola

Dr. Louis Allamandola, Senior Scientist in the Space
Science Division at NASA Ames Research Center, is
the founder and director of the Astrophysics and Astro-
chemistry Laboratory. He has over 35 years of experi-
ence in pioneering laboratory studies on the chemistry,
composition, and spectroscopy of interstellar matter with
emphasis on organics and interstellar and solar system
ices. He is one of the key proponents and spokesmen
of the interstellar polycyclic aromatic hydrocarbon (PAH)
model and has driven the extensive Ames laboratory
studies of PAHs under relevant interstellar conditions. In
2012, he was named one the 25 most influential people
in space by Time Magazine, and was inducted the rank
of Ames Fellow, the highest recognition that the NASA
Ames Research Center can bestow upon one of its own
for a lifetime of intellectual accomplishments. In 2013,
he was also awarded Oort Professorship for 2013 by
Leiden Observatory. And without further ado, here is
the interview:

When and why did you start studying PAHs?

“My attention and interest in PAHs and studying their IR spectral properties began in the
early- to mid-1980’s because of the astronomical problem. While the seventies were the early
years of astronomical IR spectroscopy, and many of the individual unidentified IR emission
bands were discovered, it wasn’t until the early eighties that astronomers had the full 2 to
20µm mid-IR spectrum for more than a handful of objects. That’s when it became clear this
was a surprisingly widespread family of intense emission features and understanding them
was very important. Before continuing this story, a little diversion with important background is
appropriate. Few people reading this realize that, prior to coming to Leiden in 1976 to work with
Mayo Greenberg and Fred Baas to develop a laboratory dedicated to study laboratory analogs
of interstellar dust, I was trained as a chemist. I came to Leiden with a Bachelor’s degree in
Chemistry from St. Peter’s College in New Jersey, a doctorate from UC Berkeley specializing in
IR spectroscopy of molecular transients trapped in low temperature matrices, and Post Doctoral
work on vibrational energy transfer at Oregon state University. Thanks to Dr. James Pegolotti,
my organic chemistry professor at St. Peter’s, I was well versed in the mid-infrared spectroscopy
of organic molecules. Infrared spectroscopy was a tool chemists routinely used to characterise
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organic materials because the mid-IR spectra of different classes of organic compounds were
well defined and served as class signatures. Taken together, the full UIR spectrum spelled PAH
and I dove into this problem with gusto.

Unfortunately, at that time, the spectra of PAHs that were available were limited to small
PAHs. If memory serves the spectrum of ovalene was the largest we could get our hands on.
To make matters worse, these were spectra of PAHs that were ground into powders in a mortar
and pestle and then mixed with salt and pressed into IR transmitting pellets or suspended in
mid-IR transparent Nujol (a heavy weight oil) mulls. A far cry from isolated molecules at low
temperatures and probably ionized. Given my grounding in chemistry and experience with
infrared matrix isolation spectroscopy of many exotic materials at low temperatures, developing
a laboratory program to measure the IR spectra of isolated, cold PAHs in their neutral and cation
forms was a natural way to support NASA’s IR program and the Kuiper Airborne Observatory
specifically. Which, in addition to our work on the IR spectroscopy of interstellar ices, is why we
are at Ames.”

How has the field changed overtime?

“As with any healthy scientific enterprise, the nature of the problem can only change and
evolve with the growth in understanding. Initially, the question was, ’What is this stuff?’ The
discovery of the first features were published in 1973, but, as already mentioned, it wasn’t until
the early 80’s that the impact of these discoveries was fully appreciated. The realization that the
unidentified features were widespread and common across our galactic neighborhood certainly
qualifies as one of the most important discoveries. This realization motivated work around
the world to nail down the nature of the carrier. Many things were considered and there was
plenty of excitement. The highly successful ISO mission during the 90’s showed that the full UIR
spectrum was far more widespread and important than previously thought and provided spectral
information previously inaccessible. Thanks to this, several experimental and computational
programs devoted to provide the spectra of PAHs under conditions that mimicked the interstellar
case began in earnest and it was during the late 90’s that the PAH hypothesis became the PAH
model. This has to be the second most important development in astronomical PAH research,
namely the availability of the full mid-IR emission spectrum from many objects coupled with
the availability of the mid-IR spectra of PAHs under realistic astronomical conditions with which
to interpret those astronomical spectra. Which brings us to the 21st Century. Spitzer’s great
sensitivity has shown that the PAH bands are ubiquitous across the Universe, out to redshifts
of about 6. This is incredible. This means the PAH features can be used as probes, not only
of objects in the Milky Way or of local galaxies, but of objects spanning much of the Universe.
Not only that, Spitzer’s image of M82 shows PAHs being ejected into intergalactic space. The
’fact’ that PAH emission is apparently common across our 13.6 billion year old Universe is, in
my opinion, the third most important discovery in astronomical PAH research to date.”

In what direction do you think astronomical PAH research will or should go?

“Olivier Berne’s graph showing the steadily increasing number of PAH related papers in the
literature shows the important impact of PAHs in astronomy. Nonetheless, these are still the
early years and the underpinnings of the model can be improved. From my perspective, there
are two PAH centred research areas for which the return on investment, both in time and re-
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search money, justify substantial effort. I am afraid none of these will produce a magical paper
tomorrow. But in a few years, the landscape can be much better defined than it is today. The
first has to do with beefing up the excitation/emission model with solid chemical or molecular
physics. In a few years JWST, and perhaps SOFIA, will be returning the spectra spanning most
or all of the mid-IR range taken with small apertures. In terms of band profiles, precise peak po-
sitions, relative intensities, the multitude of weak features, etc., these will be the highest quality
spectra ever taken. Today’s models are not capable of extracting the information contained in
these spectra, not because the models need improvement, but because the molecular physics
built in is incomplete. Once these gaps are filled, the information about the nature of the com-
pounds contained in these top quality, ’broad bandwidth’ spectra will reveal more about local
conditions and surroundings than any other probe. The second research area goes hand in
hand with this and has to do with the chemical processes of astronomical PAH formation and
destruction. Progress in one area will guide the work and progress in the other. It is not realistic
to expect astronomers to work at this level of detail and, in the end, we must give astronomers a
tool they can use to analyse their data in a way that is scientifically trustworthy and accessible.”

What was the most important advice somebody gave you?

“Three stories.
1. As a freshman taking general chemistry at St. Peter’s College, Fr. Hilsdorf taught us a

very important chemical principle that I have painfully relearned over the years, especially in
the PAH business. It goes something like this, ”The first member of a chemical class or group,
whether atom or molecule, is not a good representative of the rest of the class or group.”

2. After a rough day in the lab at Berkeley, I went crest fallen into George Pimentel’s office
and explained a mistake I had made in the lab that set us back. He told me not to take it
so seriously because, ”The only people who don’t make mistakes are people who don’t do
anything.”

3. Advice from a post doc about to start a professorship, again during my Berkeley years.
”Given all the distractions, if you work in research you’ll need to keep an invisible sign in your
head that reads, ’The Research Comes First’.”

What is your favorite PAH or PAH species?

“I don’t have any favorites, but there are two I wish I never knew, naphthalene and chrysene.
In the early 90’s we naively thought naphthalene would be good to start with as we tried to
measure the first matrix isolated PAH cation spectra. It was small, well studied, had a vapor
pressure, etc. etc. Unfortunately, by then I had forgotten Fr. Hilsdorf’s principle (see 1 above).
Naphthalene and Chrysene were by far the most difficult to isolate and ionize in a matrix. The
larger PAHs were far easier to work with. ”

What are your top 5 articles on PAHs?

“I don’t believe it is possible to single out a ’Top 5’ because this is such a dynamic, evolving
field. I could probably look back and pick a few important papers from each of ’the most impor-
tant discoveries or developments in astronomical PAH research’ stages discussed above, but
they are frozen in time and no longer so important. Old news. It’s like asking a mother to pick
the top 5 pictures of her 5 year old child...”
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What does AstroPAH mean to you?

“I think the launch of AstroPAH is a very important and critical step forward for our field. It
gives an identity to this subfield of astrophysics and will play a very important role guiding the
field into the future. Astronomical PAH research is now a global affair and AstroPAH will make it
possible to keep abreast of all the astronomical PAH research going on provided we all submit
our work. This summer’s workshop at Leiden was remarkable at many levels. Among them is
the simple fact that it was PAHs all the time for 5 very exciting days, and the organizers still had
to (painfully) leave out several other PAH related hot-topics that have seen much progress as
well. It is no longer possible to capture the subject in a week devoted to PAHs! This is a far cry
from the typical astro meeting in which a few talks on PAHs might be part of a morning or after-
noon session. Given the overall funding climate, we are now at a crucial juncture. AstroPAH, by
adding coherence to the field, will make it possible for all workers in the field to be aware of the
full scope of the subject, keep abreast of the latest developments, find possible groups in which
they can explore their interests, and further their careers.”
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Recent Papers

Relative energies, structures, vibrational frequencies, and
electronic spectra of pyrylium cation, an oxygen-containing
carbocyclic ring isoelectronic with benzene, and its
isomers
Partha P. Bera1, Martin Head-Gordon2, and Timothy J. Lee3

1 MS 245-6 NASA Ames Research Center, Moffett Field, Mountain View, California 94035, USA
2 Department of Chemistry, University of California, and Chemical Sciences Division, Lawrence Berkeley National
Laboratory, Berkeley, California 94720, USA
3 MS 245-1 NASA Ames Research Center, Moffett Field, Mountain View, California 94035, USA

We have studied relative energies, structures, rotational, vibrational, and electronic spectra
of the pyrylium cation, an oxygen-containing six-membered carbocyclic ring, and its six isomers,
using ab initio quantum chemical methods. Isoelectronic with benzene, the pyrylium cation has
a benzenoid structure and is the global minimum on the singlet potential energy surface of
C5H5O+. The second lowest energy isomer, the furfuryl cation, has a five membered back-
bone akin to a sugar, and is only 16 kcal mol−1 above the global minimum computed using
coupled cluster theory with singles, doubles, and perturbative triple excitations (CCSD(T)) with
the correlation consistent cc-pVTZ basis set. Other isomers are 25, 26, 37, 60, and 65 kcal
mol−1 above the global minimum, respectively, at the same level of theory. Lower level methods
such as density functional theory (B3LYP) and second order Møller-Plesset perturbation theory
performed well when tested against the CCSD(T) results. The pyrylium and furfuryl cations,
although separated by only 16 kcal mol−1, are not easily interconverted, as multiple bonds must
be broken and formed, and the existence of more than one transition state is likely. Addition-
ally, we have also investigated the asymptotes for the barrierless ion-molecule association of
molecules known to exist in the interstellar medium that may lead to formation of the pyrylium
cation.

E-mail: Timothy.J.Lee@nasa.gov
J. Chem. Phys. 139, 174302 (2013)
http://dx.doi.org/10.1063/1.4826138
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Laboratory investigations of polycyclic aromatic
hydrocarbon formation and destruction in the circumstellar
outflows of carbon stars
Cesar S. Contreras1, and Farid Salama1

1 Space Science and Astrobiology Division, NASA-Ames Research Center, Moffett Field, CA 94035, USA

The formation and destruction mechanisms of interstellar dust analogs formed from a variety
of polycyclic aromatic hydrocarbon (PAH) and hydrocarbon molecular precursors are studied
in the laboratory. We used the newly developed facility COSmIC, which simulates interstellar
and circumstellar environments, to investigate both PAHs and species that include the cosmi-
cally abundant atoms O, N, and S. The species generated in a discharge plasma are detected,
monitored, and characterized in situ using highly sensitive techniques that provide both spectral
and ion mass information. We report here the first series of measurements obtained in these
experiments which focus on the characterization of the most efficient molecular precursors in
the chemical pathways that eventually lead to the formation of carbonaceous grains in the stel-
lar envelopes of carbon stars. We compare and discuss the relative efficiencies of the various
molecular precursors that lead to the formation of the building blocks of carbon grains. We dis-
cuss the most probable molecular precursors in terms of size and structure and the implications
for the expected growth and destruction processes of interstellar carbonaceous dust.

E-mail: Cesar.Contreras@nasa.gov, Farid.Salama@nasa.gov
The Astrophysical Journal Supplement Series, 2013, Vol.208 (1), p 6
http://dx.doi.org/10.1088/0067-0049/208/1/6

The evolution of amorphous hydrocarbons in the ISM:
dust modelling from a new vantage point
A.P. Jones1,2, L. Fanciullo1,2, M. Köhler1,2, L. Verstraete1,2, V. Guillet1,2,
M. Bocchio1,2, and N. Ysard1,2

1 CNRS, Institut d’Astrophysique Spatiale, UMR8617, Orsay F-91405, France
2 Université Paris Sud, Institut d’Astrophysique Spatiale, UMR8617, Orsay F-91405, France

The evolution of amorphous hydrocarbon materials, a-C(:H), principally resulting from ul-
traviolet (UV) photon absorption-induced processing, are likely at the heart of the variations
in the observed properties of dust in the interstellar medium. The consequences of the size-
dependent and compositional variations in a-C(:H), from aliphatic-rich a-C:H to aromatic-rich a-
C, are studied within the context of the interstellar dust extinction and emission. Newly-derived
optical property data for a-C(:H) materials, combined with that for an amorphous forsterite-type
silicate with iron nano-particle inclusions, a-SilFe, are used to explore dust evolution in the in-
terstellar medium. We present a new dust model that consists of a power-law distribution of
small a-C grains and log-normal distributions of large a-SilFe and a-C(:H) grains. The model,
which is firmly anchored by laboratory-data, is shown to quite naturally explain the variations in
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the infrared (IR) to far-ultraviolet (FUV) extinction, the 217 nm UV bump, the IR absorption and
emission bands and the IR-mm dust emission. The major strengths of the new model are its
inherent simplicity and built-in capacity to follow dust evolution in interstellar media. We show
that mantle accretion in molecular clouds and UV photo-processing in photo-dominated regions
are likely the major drivers of dust evolution.

E-mail: Anthony.Jones@ias.u-psud.fr
Astronomy & Astrophysics 558, A62 (2013)
http://dx.doi.org/10.1051/0004-6361/201321686

The infrared spectroscopy of neutral polycyclic aromatic
hydrocarbon clusters
Alessandra Ricca1, Charles W. Bauschlicher, Jr.2 and Louis J. Allamandola3

1 Carl Sagan Center, SETI Institute, 189 Bernardo Ave., Suite 100, Mountain View, CA 94043
2 Entry Systems and Technology Division, Mail Stop 230-3, NASA Ames Research Center, Moffett Field, CA 94035
3 Space Science Division, Mail Stop 245-6, NASA Ames Research Center, Moffett Field, CA 94035

The mid-infrared spectra of neutral homogeneous PAH clusters have been computed using
density functional theory including an empirical correction for dispersion. The C-H out-of-plane
bending modes are redshifted for all the clusters considered in this work. The magnitude of
the redshift and the peak broadening are dependent on PAH size, shape, and on the PAH
arrangement in the cluster.

E-mail: Alessandra.Ricca-1@nasa.gov, Charles.W.Bauschlicher@nasa.gov
The Astrophysical Journal, Volume 776, Issue 1, article id. 31, 9 pp. (2013)
http://dx.doi.org/10.1088/0004-637X/776/1/31

Large abundances of PAHs in Titan’s upper atmosphere
M. López-Puertas1, B. M. Dinelli2, A. Adriani3, B. Funke1, M. Garcı́a-Comas1,
M. L. Moriconi4, E. D’Aversa3, C. Boersma5, and L. J. Allamandola5

1 Instituto de Astrofı́sica de Andalucı́a (CSIC), Granada, Spain
2 ISAC-CNR, Bologna, Italy
3 IAPS-INAF, Rome, Italy
4 ISAC-CNR, Rome, Italy
5 NASA Ames Research Center, Moffett Field, CA 94035-1000, USA

In this paper we analyze the strong unidentified emission near 3.28µm in Titan’s upper day-
time atmosphere recently discovered by Dinelli et al., 2013. We have studied it by using the
NASA Ames PAH IR Spectroscopic Database. The PAHs, after absorbing UV solar radiation,
are able to emit strongly near 3.3µm. By using current models for the re-distribution of the
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absorbed UV energy we have explained the observed spectral feature and have derived the
vertical distribution of PAHs abundances in Titan’s upper atmosphere. PAHs have been found
to be present in large concentrations, about 2-3×104 particles cm−3. The identified PAHs have
from 9 to 96 carbons, with a concentration-weighted average of 34 carbons. The mean mass is
∼430 amu; the mean area is about 0.53nm2; they are formed by 10–11 rings on average, and
about one third of them contain nitrogen atoms. Recently, benzene together with light aromatic
species as well as small concentrations of heavy positive and negative ions have been detected
in Titan’s upper atmosphere. We suggest that the large concentrations of PAHs found here are
the neutral counterpart of those positive and negative ions, which hence supports the theory
that the origin of Titan main haze layer is located in the upper atmosphere.

E-mail: puertas@iaa.es
The Astrophysical Journal, Volume 770, Issue 2, article id. 132, 8 pp. (2013)
http://dx.doi.org/10.1088/0004-637X/770/2/132

Search for the Infrared Emission Features from Deuterated
Interstellar Polycyclic Aromatic Hydrocarbons
Takashi Onaka1, Tamami I. Mori1, Itsuki Sakon1, Ryou Ohsawa1,
Hidehiro Kaneda2, Yoko Okada3, and Masahiro Tanaka4

1 Department of Astronomy, Graduate School of Science, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo,
113-0033, Japan
2 Graduate School of Science, Nagoya University, Chikusa-ku, Nagoya, 464-8602, Japan
3 I. Physikalisches Institut, Universität zu Köln, 50937 Köln, Germany
4 Center for Computational Sciences, University of Tsukuba, Ibaraki 305-8577, Japan

We report the results of a search for emission features from interstellar deuterated poly-
cyclic aromatic hydrocarbons (PAHs) in the 4µm region with the Infrared Camera (IRC) onboard
AKARI. No significant excess emission is seen in 4.3−4.7µm in the spectra toward the Orion
Bar and M17 after the subtraction of line emission from the ionized gas. A small excess of
emission remains at around 4.4 and 4.65µm, but the ratio of their intensity to that of the band
emission from PAHs at 3.3−3.5µm is estimated as 2−3%. This is an order of magnitude smaller
than the values previously reported and also those predicted by the model of deuterium deple-
tion onto PAHs. Since the subtraction of the ionized gas emission introduces an uncertainty, the
deuterated PAH features are also searched for in the reflection nebula GN 18.14.0, which does
not show emission lines from ionized gas. We obtain a similar result that excess emission in the
4µm region, if present, is about 2% of the PAH band emission in the 3µm region. The present
study does not find evidence for the presence of the large amount of deuterated PAHs that the
depletion model predicts. The results are discussed in the context of deuterium depletion in the
interstellar medium.

E-mail: onaka@astron.s.u-tokyo.ac.jp
The Astrophysical Journal
http://arxiv.org/abs/1311.1965
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Formations of Dumbbell C118 and C119 inside Clusters of C60

Molecules by Collision with alpha Particles
H. Zettergren1, P. Rousseau2,3, Y. Wang4,5, F. Seitz1, T. Chen1, M. Gatchell1,
J. D. Alexander1, M. H. Stockett1, J. Rangama2, J. Y. Chesnel2,3, M. Capron2,3,
J. C. Poully2,3, A. Domaracka2, A. Méry2,3, S. Maclot2,3, H. T. Schmidt 1,
L. Adoui2,3, M. Alcamı́4, A. G. G. M. Tielens6, F. Martı́n4,5, B. A. Huber2, and
H. Cederquist1

1 Department of Physics, Stockholm University, S-106 91 Stockholm, Sweden
2 CIMAP, UMR 6252, CEA/CNRS/ENSICAEN/Université de Caen Basse-Normandie, bd Henri Becquerel, BP
5133, F-14070 Caen cedex 05, France
3 Université de Caen Basse-Normandie, Esplanade de la Paix, F-14032 Caen, France
4 Departamento de Quı́mica, Módulo 13, Universidad Autónoma de Madrid, 28049 Madrid, Spain
5 Instituto Madrileño de Estudios Avanzados en Nanociencia (IMDEA-Nano), Cantoblanco, 28049 Madrid, Spain
6 Leiden University, Leiden Observatory, NL-2300 RA Leiden, Netherlands

We report highly selective covalent bond-modifications in collisions between keV alpha par-
ticles and van der Waals clusters of C60-fullerenes. Surprisingly, C+

119 and C+
118 are the dominant

molecular fusion products. We use Molecular Dynamics simulations to show that C+
59 and C+

58

ions - effectively produced in prompt knock-out processes with He2+ - react rapidly with C60 to
form dumb-bell C+

119 and C+
118. Ion impact on molecular clusters in general is expected to lead

to efficient secondary reactions of interest for astrophysics. These reactions are different from
those induced by photons.

E-mail: henning@fysik.su.se
Physical Review Letters, vol. 110, Issue 18, id. 185501
http://link.aps.org/doi/10.1103/PhysRevLett.110.185501

Ions colliding with clusters of fullerenes - Decay pathways
and covalent bond formations
F. Seitz1, H. Zettergren1, P. Rousseau2,3, Y. Wang4,5, T. Chen1, M. Gatchell1,
J. D. Alexander1, M. H. Stockett1, J. Rangama2, J. Y. Chesnel2,3, M. Capron2,3,
J. C. Poully2,3, A. Domaracka2, A. Méry2,3, S. Maclot2,3, V Vizcaino 2,
H. T. Schmidt 1, L. Adoui2,3, M. Alcamı́4, A. G. G. M. Tielens6, F. Martı́n4,5,
B. A. Huber2, and H. Cederquist1

1 Department of Physics, Stockholm University, S-106 91 Stockholm, Sweden
2 CIMAP, UMR 6252, CEA/CNRS/ENSICAEN/Université de Caen Basse-Normandie, bd Henri Becquerel, BP
5133, F-14070 Caen cedex 05, France
3 Université de Caen Basse-Normandie, Esplanade de la Paix, F-14032 Caen, France
4 Departamento de Quı́mica, Módulo 13, Universidad Autónoma de Madrid, 28049 Madrid, Spain
5 Instituto Madrileño de Estudios Avanzados en Nanociencia (IMDEA-Nano), Cantoblanco, 28049 Madrid, Spain
6 Leiden University, Leiden Observatory, NL-2300 RA Leiden, Netherlands

12 AstroPAH - November 2013 | Issue 2

http://link.aps.org/doi/10.1103/PhysRevLett.110.185501


We report experimental results for the ionization and fragmentation of weakly bound van
der Waals clusters of n C60 molecules following collisions with Ar2+, He2+ and Xe20+ at labora-
tory kinetic energies of 13 keV, 22.5 keV, and 300 keV, respectively. Intact singly charged C60

monomers are the dominant reaction products in all three cases and this is accounted for by
means of Monte Carlo calculations of energy transfer processes and a simple Arrhenius-type
[C60]+n → C+

60 + (n-1)C60 evaporation model. Excitation energies in the range of only ∼ 0.7 eV
per C60 molecule in a [C60]+13 cluster are sufficient for complete evaporation and such low en-
ergies correspond to ion trajectories far outside the clusters. Still we observe singly and even
doubly charged intact cluster ions which stem from even more distant collisions. For penetrating
collisions the clusters become multiply charged and some of the individual molecules may be
promptly fragmented in direct knock-out processes leading to efficient formations of new cova-
lent systems. For Ar2+ and He2+ collisions we observe very efficient C+

119 and C+
118 formation

and molecular dynamics simulations suggest that they are covalent dumb-bell systems due to
bonding between C+

59 or C+
58 and C60 during cluster fragmentation. In the Ar2+ case, it is possible

to form even smaller C+
120−2m molecules (m = 2 − 7), while no molecular fusion reactions are

observed for the present Xe20+ collisions.

E-mail: henning@fysik.su.se
Journal of Chemical Physics, Volume 139, Issue 3, pp. 034309 (2013)
http://link.aip.org/link/doi/10.1063/1.4812790

Ions colliding with polycyclic aromatic hydrocarbon clus-
ters
M. Gatchell1, H. Zettergren1, F. Seitz1, T. Chen1, J. D. Alexander1, M. Stockett1,
H. T. Schmidt1, A. Ławicki2, J. Rangama2, P. Rousseau2, M. Capron2, S. Maclot2,
R. Maisonny2, A. Domaracka2, L. Adoui2, A. Méry2, J.-Y. Chesnel2, B. Manil3,
B. A. Huber2, and H. Cederquist1

1 Department of Physics, Stockholm University, SE-106 91 Stockholm, Sweden
2 Centre de Recherche sur les Ions, les Matériaux et la Photonique (CIMAP),CEA-CNRS-ENSICAEN, Bd Henri
Becquerel, F-14070 Caen Cedex 05, France
3 Laboratoire de Physique des Laser, CNRS, UMP 7538, Institut Galilé, Université Paris 13, F-93430 Villetaneuse,
France

We have measured the ionization and fragmentation of Polycyclic Aromatic Hydrocarbon
(PAH) molecules and their clusters. We find that PAH clusters containing up to roughly 100 indi-
vidual molecules fragment strongly following collisions with keV ions in low or high charge states
(q). For both types of collisions singly charged PAH molecules are found to be the dominant
products but for very different reasons. A high-q ion projectile charge leads to strong multi-
ple ionization of the PAH clusters and subsequent Coulomb explosions. A low-q ion projectile
charge often leads to single ionization but stronger internal heating and long evaporation se-
quences with a singly charged PAH monomer as the end product. We have developed a Monte
Carlo method for collision-induced heating of PAH clusters and present an evaporation model
where the clusters cool slowly as most of the internal energies are stored in intramolecular
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vibrations and not in molecule-molecule vibrations.
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Physica Scripta, Volume 156, article id. 014062 (2013)
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The molecular universe
A. G. G. M. Tielens1

1 Leiden University, Leiden Observatory, NL-2300 RA Leiden, Netherlands

Molecular absorption and emission bands dominate the visible, infrared, and submillimeter
spectra of most objects with associated gas. These observations reveal a surprisingly rich array
of molecular species and attest to a complex chemistry taking place in the harsh environment
of the interstellar medium of galaxies. Molecules are truly everywhere and an important com-
ponent of interstellar gas. This review surveys molecular observations in the various spectral
windows and summarizes the chemical and physical processes involved in the formation and
evolution of interstellar molecules. The rich organic inventory of space reflects the multitude of
chemical processes involved that, on the one hand, build up molecules an atom at a time and,
on the other hand, break down large molecules injected by stars to smaller fragments. Both
this bottom-up and the trickle-down chemistry are reviewed. The emphasis is on understanding
the characteristics of complex polycyclic aromatic hydrocarbon molecules and fullerenes and
their role in chemistry as well as the intricate interaction of gas-phase ion-molecule and neutral-
neutral reactions and the chemistry taking place on grain surfaces in dense clouds in setting the
organic inventory of regions of star and planet formation and their implications for the chemical
history of the Solar System. Many aspects of molecular astrophysics are illustrated with recent
observations of the HIFI instrument on the Herschel Space Observatory.
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