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Dear Colleagues,

As the story of our solar system progresses with the discovery of hydrogen-containing
plumes of gas erupting out of Enceladus, the story of the infrared emission bands does
so too. Our cover, with the beautiful Egg Nebula, introduces the In Focus on “The
Connection Between Polycyclic Aromatic Hydrocarbons and Aliphatics” written by Greg
Sloan (STScI, University of North Carolina).

The collection of interesting paper abstracts on diverse topics, from cages to weakly-
bound complexes to dissociation studies and anharmonicty, presented in this 37th issue,
portrays some of the diversity of the current research related to PAHs. The continuation
of the story towards life is displayed in the many announcements of conferences and
summer schools in this issue.

AstroPAH can help you promote your science. Visit our webpage or contact us for
more information. You can send us your contributions anytime. For publication in May,
see the deadlines below.

We thank you all for your contributions so far!

The Editorial Team

Next issue: 16 May 2017.
Submission deadline: 5 May 2017.
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The Connection Between Polycyclic Aromatic
Hydrocarbons and Aliphatics

G. C. Sloan

Discoveries in astronomy often defy predictions. The need to invoke dark energy comes
to mind. But astronomers behave a bit more predictably, especially when it comes to arguing
about semantics. Thus we have PAHs and a host of other acronyms all invoked to explain the
same phenomenon, which was once, long ago, known as the unidentified infrared (UIR) emis-
sion features. My favorite optional acronym would have to be “OIR”, for over-identified infrared
emission features (I think the proper citation must be Max Bernstein, private communication,
circa 1994.)

It is a little ironic, then, that I often find myself arguing for “PAHs and no more durn acronyms,
thank you very much” even as the spectra I have investigated have convinced me that interstellar
carbon in the solid state is only rarely in the form of free-floating PAH molecules. PAHs get all the
credit, because they dominate the infrared emission from photodissociation regions, and PDRs
can dominate the emission from star-forming regions and even entire galaxies. A question worth
asking, though, is what does the carbon-rich material look like when it is not being pounded to
bits by a harsh radiation field?

The classification system developed by Els Peeters (Peeters et al. 2002) is a great starting
point, because it organizes the problem for us (see Figure 1). Almost all of the spectra with PAHs
observed by the Short-Wavelength Spectrometer (SWS) on the Infrared Space Observatory
(ISO) fall into either Class A or B. The primary difference between them lies at 7.5–8.0 µm, with
Class A PAHs showing a stronger feature at ∼7.65 µm, while in Class B, the peak has shifted
to ∼7.85 µm. PDRs around young stellar objects account for most of Class A, and planetary
nebulae (PNe) account for most of Class B (but there are always enough exceptions to frustrate
anyone). The difference between A and B must surely arise from the different evolutionary
histories of dust in the interstellar medium (ISM) and dust around carbon-rich PNe. Class A
PAHs result from dust that has been cycled and recycled in the ISM for quite some time, while
Class B PAHs are just now forming from dust produced in the recent past when the central
object was still a carbon star on the asymptotic giant branch (AGB). But we are lacking a more
physical explanation. What is it about the PAH composition that favors one spectral component
at 7.5–8.0 µm over the other?
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Figure 1: Examples of the different classes of PAH and PAH-related emission spectra. The top
two spectra are from the ISO/SWS, and the remainder are from the Infrared Spectrograph (IRS)
on Spitzer. (Adapted from Sloan et al. 2014, Fig. 1.)

Only two spectra in the SWS sample could be classified as Class C, and both are carbon-rich
objects past the AGB and on their way to PNe. One of them is a famous object, the Cygnus’
Egg Nebula (or AFGL 2688), and Figure 2 shows its striking bipolar symmetry. Returning to the
spectra, Class C PAHs have weak 7.65 and 7.85 µm components and a strong new component
peaking at ∼8.2 µm. The Spitzer Space Telescope added many more objects that fit into Class
C, including red giants and more post-AGB objects Sloan et al. (2007), Herbig AeBe stars
(Boersma et al. 2008; Keller et al. 2008), S stars (Smolders et al. 2010), and even a nova
(Evans et al. 2010). (The above list is not exhaustive.)

Generally, in these Class C PAH spectra, not only does the PAH complex at 7–9 µm peak at
∼8.2 µm, but the 6.2 and 11.3 µm features shift to the red, too. Sloan et al. (2007) noticed that
the spectra showing these spectral shifts tended to be from sources with cooler radiation fields,
and the cooler the field, the greater the shift, as Fig. 3 shows. They hypothesized that the Class
C PAHs were a mixture of aliphatic and aromatic hydrocarbons. One can easily picture aliphatic
sidegroups and chains replacing single H atoms and hanging off of the aromatic units like so
many kite strings. In aromatics, the energy from a single absorbed photon is distributed about
the molecule quickly, usually before the energy can dissociate a single bond, while in aliphatics,
the energy stays localized and can much more easily break a bond. One would expect more
complete destruction of the aliphatic component of such a mixture as the radiation field around it
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Figure 2: An image of the Cygnus’ Egg Nebula from the Hubble Space Telescope, with 2.12 µm
H2 emission in red and continuum emission at 1.65 and 0.6 µm in green and blue (Fig. 1 from
Sahai et al. 1998).

grew harsher. Laboratory work by Pino et al. (2008) confirmed the basic hypothesis by showing
that the 6.2 µm feature shifted to longer wavelengths as more and more aliphatics were added
to their samples.

Spitzer has continued to add to the story. Figure 1 shows the different PAH classes, including
two new ones, D1 and D2. Matsuura et al. (2014) added Class D, and Sloan et al. (2014)
divided it into two subgroups. In Class A and B spectra, a valley separates the emission peaks
at 7.5–8.0 µm from the in-plane C–H bending mode at 8.6 µm, but in Class D spectra, an
additional emission component fills this depression in. Class D spectra also show unusual
characteristics in the 11–14 µm region where features arise from out-of-plane C–H bending
modes. Normally, the solo mode at 11.3 µm dominates, followed by a very weak 11.9 µm duo
mode and a moderately stronger trio mode at 12.7 µm. But in Class D spectra, the 11–14 µm
region takes on a triangular shape due to an unusually strong duo mode, and possibly other new
components as well. In Class D1, the C–H bending modes occur at the expected wavelengths,
but in Class D2, the duo and trio modes have been replaced by broader features peaking at
∼12.3 and 13.3 µm.

We don’t know what causes the Class D PAHs (to be more precise, I don’t!), but we do have
some clues. One big clue is that all of the sources are post-AGB stars. More evolved objects
are young PNe, with much hotter central sources and Class B PAHs.
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Figure 3: The shift in the position of the central wavelength of the 7–9 µm feature complex, as
a function of the effective temperature of the star exciting the emission. (Adapted from Sloan et
al. 2007, Fig. 5)

Most of the sources with Class D PAHs also show 21 µm features in their spectra (and vice
versa). Kwok et al. (1989) discovered the 21 µm feature in the spectra of Galactic carbon-rich
post-AGB objects, and while many carriers have been proposed since then, none have been
accepted. We still don’t know what the carrier is, but spectra with the 21 µm feature come with
many other additional features, and these generally point to aliphatic hydrocarbons.

Figure 4 shows the Spitzer spectra of each of the 21 µm sources identified by Sloan et al.
(2014). The 6.9 and 7.3 µm features appear in most of them, and they arise from methylene and
methyl groups in aliphatic chains (e.g. Chiar et al. 2000). The 15.8 and 17.1 µm features are
also common. Hrivnak et al. (2009) first noticed the association with the 15.8 µm feature, and
Sloan et al. (2014) showed that it arises from alkyne chains that end with triple C≡CH bond.
If the triple bond moves one atom away from the end of the chain, the feature shifts close to
17.1 µm.

(An aside: these last conclusions came from comparisons to laboratory data available from
the NIST Chemistry Webbook hosted by the National Institute for Science and Technology at
http://www.nist.gov/chemistry.)

The post-AGB sources exhibiting 21 µm emission features can be exasperating, because
for every rule, it seems that there is always one or more exceptions. Figure 4 illustrates this
problem. The bottom spectrum is not Class D at either 7–9 or 11–14 µm. The next one up is
not Class D at 7–9 µm. While some of the spectra show strong aliphatics, especially at 6.9 µm,
many do not. And the relative strength of the features at 15.8, 17.1, and 21 µm vary substantially
as well. If AFGL 2688 is any guide, these sources have complex geometries. It is likely that the
different features arise from different regions within the source. If the 21 µm sources were disks
or toruses, inclination effects and different disk/torus geometries could easily account for the
observed variations. It may well be that complex geometries are the rule and not the exception.
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Figure 4: Spitzer spectra of the 21 µm sources identified by Sloan et al. (2014; adapted from
their Fig. 7).

Linking the post-AGB objects to the carbon stars they evolve from and the PNe they evolve
into, we can tell the story of carbon-rich dust from its production on the AGB to its destruction
and dispersal by PNe. Around carbon stars, most of the dust is amorphous carbon (Martin &
Rogers 1987), which is best described as a disordered mixture of carbon structured in aromatic
units (graphite) or aliphatic bonds. As the rates of dust production and mass loss increase, the
carbon star sheds its envelope, and as the hot core underneath is exposed, the radiation field
grows hotter and processes the dust. Aliphatics are preferentially destroyed, either freeing the
PAHs from the mixture or providing the raw materials to create them (or both). As the PAH
emission rises, aliphatics will still be a part of the mixture and we will detect Class C PAHs. As
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the aliphatics are stripped away completely, the PAHs will evolve to Class B.

Where Class D PAHs fit in is not clear. They are somewhere between the AGB and PNe, but
are they a stage in the path of all stars, or do they require special conditions, like binaries or a
preceding common-envelope phase? We don’t know. Thanks to Spitzer, though, we now have
a much better picture of the different kinds of PAH-related emission possible, and reasonably
sized samples to work with. However, our samples need to be larger, and most of our sources
are not well understood.

Future observers have their work cut out for them. Fortunately, the launch of the James
Webb Space Telescope will be a tremendous help. And this short essay has already pointed
out a number of spectral features associated with PAHs that are just waiting for laboratory and
theoretical astrochemists to tackle. I am looking forward to the answers.

Greg Sloan has been observing spectra of PAHs since his Ph.D.
dissertation at the University of Wyoming (in 1992). Every time
he put the topic down, new spectra kept pulling him back in, when
he was a post-doc at NASA Ames in the mid 90s, and again
when he was part of Jim Houck’s IRS team at Cornell (2001-
2016). Now he is a support scientist for the Mid-Infrared Instru-
ment (MIRI) on the James Webb Space Telescope, and he is
also an Adjunct Professor at the University of North Carolina in
Chapel Hill.
Email: mailto:sloan@astro.cornell.edu
Webpage: https:// users.physics.unc.edu/ ∼gcsloan/
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Dissociation of polycyclic aromatic hydrocarbons: molec-
ular dynamics studies
A. Simon1, M. Rapacioli1, G. Rouaut1, G. Trinquier1 and F. X. Gadéa1

1 Laboratoire de Chimie et Physique Quantiques LCPQ/IRSAMC, Université de Toulouse (UPS) and CNRS, 118
Route de Narbonne, F-31062 Toulouse, France

We present dynamical studies of the dissociation of Polycyclic Aromatic Hydrocarbon (PAH)
radical cations in their ground electronic states with significant internal energy. Molecular dy-
namics simulations are performed, the electronic structure being described on-the-fly at the
Self-Consistent-Charge Density Functional based Tight Binding (SCC-DFTB) level of theory.
The SCC-DFTB approach is first benchmarked on DFT results. Extensive simulations are
achieved for naphthalene C10H+

8 , pyrene C16H+
10 and coronene C24H+

12 at several energies. Such
studies enable one to derive significant trends on branching ratios, kinetics, structures and hints
on the formation mechanism of the ejected neutral fragments. In particular, dependence of
branching ratios on PAH size and energy were retrieved. The losses of H and C2H2 (recognized
as ethyne molecule) were identified as major dissociation channels. The H/C2H2 ratio was
found to increase with PAH size and to decrease with energy. For C24H+

12, which is the most
interesting PAH from the astrophysical point of view, the loss of H was found as the quasi only
channel for an internal energy of 30 eV. Overall, in line with experimental trends, decreasing the
internal energy or increasing the PAH size will favor the hydrogen loss channels with respect to
carbonaceous fragments.

E-mail: aude.simon@irsamc.ups-tlse.fr
Phil. Trans. R. Soc. A, 375 : 20160195, 2017
http://rsta.royalsocietypublishing.org/content/375/2092/20160195
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Ab Initio Infrared Vibrational Modes for Neutral and Charged
Small Fullerenes (C20, C24, C26, C28, C30 and C60)
Jean-Joseph Adjizian1, Alexis Vlandas2, Jeremy Rio3, Jean-Christophe
Charlier1, Chris P. Ewels3

1 Institute of Condensed Matter and Nanosciences, Université Catholique de Louvain, Chemin des Étoiles 8, 1348
Louvain-la-Neuve, Belgium
2 BioMEMS, Université Lille, CNRS, ISEN, UMR 8520-IEMN, 59000 Lille, France
3 Institut des Materiaux Jean Rouxel, CNRS, University of Nantes, UMR6502, 2 Rue de la Houssiniere, BP32229,
44322 Nantes Cedex 3, France

We calculate the infrared (IR) absorption spectra using DFT B3LYP(6-311G) for a range of
small closed-cage fullerenes, Cn, n=20, 24, 26, 28, 30 and 60, in both neutral and multiple
positive and negative charge states. The results are of use, notably, for direct comparison with
observed IR absorption in the interstellar medium. Frequencies fall typically into two ranges,
with C-C stretch modes around 1100-1500 cm−1 (6.7-9.1 µm) and fullerene-specific radial mo-
tion associated with under-coordinated carbon at pentagonal sites in the range 600-800 cm−1

(12.5-16.7 µm). Notably, negatively charged fullerenes show significantly stronger absorption
intensities than neutral species. The results suggest that small cage fullerenes, and notably
metallic endofullerenes, may be responsible for many of the unassigned interstellar IR spectral
lines.

E-mail: chris.ewels@cnrs-imn.fr
Philos. Trans. A: Math. Phys. Eng. Sci. 374 (2016)
http://rsta.royalsocietypublishing.org/content/374/2076/20150323

Weakly bound molecular complexes in the laboratory and
in the interstellar medium: A lost interest?
Alexey Potapov
Laboratory Astrophysics Group of the Max Planck Institute for Astronomy at the Friedrich Schiller University Jena,
Helmholtzweg 3, 07743 Jena, Germany

Weakly bound molecular complexes have been studied in the laboratory for more than 40
years. Interest in them was heightened when they were predicted to be important species in
the chemistry of the atmosphere and the interstellar medium (ISM) and also because of their
unusual rotational dynamics, described in some cases by nearly free rotation of monomers
within the complex. About 15 years ago the interest was heated by the observation of micro-
scopic superfluidity in small helium clusters. On the other hand, a number of unsuccessful tries
to detect weakly bound complexes in the ISM considerably lowered the interest in their further
investigations for astrophysicists. With this short review I would like to show a perspective for
future studies of astrophysically relevant weakly bound molecular complexes in the laboratory
and for their potential search in the ISM.
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E-mail: alexey.potapov@uni-jena.de
Molecular Astrophysics, 2017, 6, 16
http://www.sciencedirect.com/science/article/pii/S2405675816300343

Resonances of the anthracenyl anion probed by frequency-
resolved photoelectron imaging of collision-induced disso-
ciated anthracene carboxylic acid
L. H. Stanley, C. S. Anstöter and J. R. R. Verlet
Department of Chemistry, Durham University, Durham DH1 3LE, UK

Resonances in polyaromatic hydrocarbon (PAH) anions are key intermediates in a number
of processes such as electron transfer in organic electronics and electron attachment in the
interstellar medium. Here we present a frequency- and angle-resolved photoelectron imaging
study of the 9-anthracenyl anion generated through collision induced dissociation (CID) of its
electrosprayed deprotonated anthracene carboxylic acid anion. We show that a number of p*
resonances are active in the first 2.5 eV above the threshold. The photoelectron spectra and an-
gular distributions revealed that nuclear dynamics compete with autodetachment for one of the
resonances, while higher-lying resonances were dominated by prompt autodetachment. Based
on electronic structure calculations, these observations were accounted for on the basis of the
expected autodetachment rates of the resonances. Virtually no ground state recovery was ob-
served, suggesting that the smallest deprotonated PAH that leads to ground state recovery is
the tetracenyl anion, for which clear thermionic emission has been observed. The use of CID
and photodissociation of organic carboxylic acid anions is discussed as a route to studying the
dynamics of resonances in larger PAH anions.

E-mail: j.r.r.verlet@durham.ac.uk
Chem. Sci., 2017, 8, 3054
http://pubs.rsc.org/en/content/articlepdf/2017/sc/c6sc05405f
https://community.dur.ac.uk/j.r.r.verlet/PUBLISHED/2017/CS 8 3054.pdf

Anharmonic interstellar PAH molecules
A. Candian and C. J. Mackie
Leiden Observatory, Leiden University, PO BOX 9513, 2300 RA Leiden, The Netherlands

Polycyclic aromatic hydrocarbon (PAH) molecules are responsible for a family of features,
the aromatic infrared bands, which are observed in many astronomical environments. The
photophysics and photochemistry of PAHs in space is strongly influenced by anharmonicity,
which has seldom been considered in astrophysical modeling because of the lack of available
data or because too computationally demanding. Recent developments of second-order vibra-
tional perturbation theory applied to density functional theory now allow the computation of the
anharmonic quartic force field anharmonic spectra of medium-large molecules like PAHs in a
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time-efficient way. It is now possible to have a better grasp of the effects of anharmonicity on the
vibrational spectrum of PAHs also thanks to the comparison with gas-phase, high-resolution ex-
perimental data. In this perspective, the quality of these anharmonic spectra for PAH molecules
is reviewed and discussed in view of a robust astrochemical model for PAH molecules.

E-mail: candian@strw.leidenuniv.nl
Int. J Quant. Chem., 2017, 117, 146
http://onlinelibrary.wiley.com/doi/10.1002/qua.25292/full
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KIDA2017 Conference
26 – 29 September 2017

Bordeaux, France

Astrochemistry is a highly pluri-disciplinary field gathering scientists from astrophysics, physics
and chemistry. In this context, the KInetic Database for Astrochemistry (KIDA) was created in
2009 to assemble the gas-phase chemical reactions and associated parameters used in the
context of astrochemical numerical simulations. In 2016, the KIDA database was extended to
include reactions at the surface of the grains. To promote the field of astrochemistry and ad-
vertise the efforts made to improve the kinetic data for the interstellar medium, we organize
conferences bringing together the different fields of research.

Four research topics will be addressed:

• Gas phase processes.

• Heterogeneous chemistry and the interactions of the gas phase with grain surfaces.

• Astrochemical observations.

• Astrochemical modelling.

We will propose a new format of introductory 1h talks, one for each science topics, to present
an overview of the methods used by these different scientific communities. A number of long
talks will be reserved to invited contributions. Short talks (∼15min) can be proposed along with
posters.

Registration for the KIDA2017 AstroChemical conference is now open, the registration fee will
be 60 euros:

• The deadline for submitting abstracts is July 10th.

• The deadline for payment is August 31st.

Webpage: http://kida2017.sciencesconf.org
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Summer School
“Formation of Complex Molecules in Space and

on Planets - From Interstellar Clouds to Life”
17 – 22 July 2017

Tartu, Estonia

The course aims to cover the biochemical evolution in the universe from formation of the first
molecules in interstellar clouds to the assembly of the first cells on Earth. The course consists
of lectures, student-led discussions and poster sessions. The following subjects are included:

• Formation of the elements in space.

• Chemical processes in dark clouds, star-forming regions and protoplanetary disks.

• Atmospheric processes in rocky, gaseous planets and their satellites.

• Emergence of Homochirality.

• Formation of complex molecules in hydrothermal systems.

• From carbon molecules to biogenic activity.

• Assembly of first cells.

The following scientists will give lectures at the meeting:

Herma Cuppen, University of Nijmegen, The Netherlands
Ernesto di Mauro, University of Rome La Sapienza, Italy
Daniele Galli, Astrophysical Observatory of Arcetri, Italy
Linda McGown, Rensselaer Polytechnic Institute, USA
Tom J. Millar, Queen’s University, Belfast, UK
Hans Olofsson, Chalmers University of Technology, Sweden
Steen Rasmussen, University of Southern Denmark, DK
Søren Toxvœrd, Roskilde University, DK
Veronique Vuitton, Université Grenoble-Alpes, France
Sofia Wallström, Academica Sinica, Taiwan
Catherine Walsh, Leeds University, UK
David A. Williams, University College London, UK
Wolf Geppert, Stockholm University Astrobiology Centre, Sweden

Participants will also have the possibility to display their own research results in a poster ses-
sion. Furthermore, a half-day excursion to interesting sites in the area (Ice Age Museum, Lake
Peipus) and a walk in Tartu are included as a social programme.

The event is aimed for students an early career scientists and open to applicants from all na-
tionalities. Detailed information about the summer school and the application procedure can be
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found at the website: http://www.nordicastrobiology.net/Tartu2017. Accommodation and meal
costs are very low so the event should be affordable for all interested people.
Application deadline: 31 May 2017

Conference for Early Career Astrobiologists
“The Early History of Planetary Systems

and Habitable Planets”
8 – 10 August 2017

Tartu, Estonia

The Astrobiology early career scientists conference “The Early History of Planetary systems
and habitable planets” will be hosted in Tartu, Estonia. The event will start on the morning of
August 8th and finishes in August 10th in the evening.

The meeting targets all related aspects of the subject. A broad range of contributions on for-
mation and early development of planetary systems and particularly the habitable planets is
expected, with links to other fields covered by astrobiology. The main (but by no means exclu-
sive) themes of the conference are:

• Formation of protoplanetary disks and planetary systems.

• Early History of Earth and other planets.

• Impacts and their role in the evolution of planets.

• Formation and evolution of planet and satellite atmospheres.

• Co-evolution of Earth’s geosphere and biosphere and the evolution of life.

• Habitability and factors influencing it.

• Life in extreme environments and its possible role in the evolution of life on Earth.

• The quest for habitable extrasolar planets: detection and characterisation.

• New aspects of planetary evolution.

A large number of bursaries is available for students and early career scientists (up to 8 years
after their Ph.D) covering meals and accommodation during the entire meeting (evening August
7th, to morning August 11th).

Deadline for registration: 29th June 2017.

Information can be found at the website: https://sisu.ut.ee/eac/home-0
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Summer school
“Impacts and their Role in the Evolution

of Life”
25 July – 3 August 2017

Saaremaa, Estonia

The course “Impacts and their Role in the Evolution of Life” will take place from 25 July to 3
August 2017 at Kuressaare and the Kaali impact crater site on the island of Saaremaa, Estonia.
It aims to give students a thorough introduction in the role of meteorite and comets impacts in
the formation of Earth, its atmosphere and the evolution of life. The course consists of lectures,
pratical exercises and student-led discussions. Participants will also have the possibility to
display their own research results in two poster sessions.The Stockholm University Astrobiology
Centre, the University of Tartu, the European Astrobiology Campus, and the Nordic Network
of Astrobiology will function as co-organisers of the course and the following subjects will be
covered by the lectures:

• Roles of impacts in the formation of habitable planets.

• Physical and chemical properties of comets and meteorites.

• Detection and investigation of impact craters by geological methods and remote sensing
from space.

• Ecological consequences of impacts and the role of impacts in mass extinctions.

• Transfer of life through meteorite impacts.

• Threat of life on our planet by near-Earth asteroids and comets.

The lecture programme will be complemented by practical exercises concerning:

• Electromagnetic mapping of impact sites

• Analysis of pollen indicators of the Kaali impact event.

• Microscopy of impactites.

• Georadar profiling at Kaali.

Bursaries covering meals and accommodation are available for a number of students from most
European Countries.

Deadline for registration: 30 April 2017.

Information can be found at the website: http://www.nordicastrobiology.net/Impacts2017
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EGU Galileo Conference
“Geosciences for Understanding

Habitability in the Universe”
25 – 29 September 2017

Terra Nostra Garden Hotel, Furnas, Azores

This conference will deal with fundamental issues of planetary habitability, i.e. the environmen-
tal conditions capable of sustaining life, and how interactions between the interior of a planet or
a moon and its atmosphere and surface (including hydrosphere and biosphere) affect the hab-
itability of the celestial body. It will address some hotly debated questions in the field including
the following:

• What effects do core and mantle have on evolution and habitability of planets?

• What is the relation between (plate) tectonics and atmospheric evolution?

• What role does the mantle overturn play in the evolution of the interior and atmosphere?

• What is the role of the global carbon and water cycles herein?

• What influence do comet and asteroid impacts exert on the evolution of the planet?

• How does life interact with the evolution of Earths geosphere and atmosphere?

• How can we use our knowledge of the solar system geophysics and habitability for exo-
planets?

The following scientists have agreed to present invited talks at the conference:

Abigail Alwood, Jet Propulsion Laboratory, United States
Fabrice Gaillard, University of Orleans, France
Steven Goderis, Vrije Universitet Brussel, Belgium
Paul Falkowski, Rutgers University, United States
Kevin Heng, University of Bern, Switzerland
Dennis Höning, German Aerospace Centre, Germany
Emmanuelle Javaux, University of Lige, Belgium
Anders Johansen, Lund University, Sweden
Jim Kasting, Penn State University, United States
Alessandro Morbidelli, University of Nice, France
Lena Noack, Royal Observatory of Belgium, Belgium
Heike Rauer, German Aerospace Centre, Germany
Minik Rosing, Natural History Museum of Denmark, Denmark
Tilman Spohn, German Aerospace Centre, Germany
Paul Tackley, ETH Zürich, Switzerland
Kai Wnnemann, Natural History Museum, Berlin, Germany
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The conference will be held at the Hotel Terra Nostra Garden, Furnas, São Miguel, Azores, Por-
tugal. The hotel is a newly renovated Art Deco hotel with a very good restaurant and a large,
famous botanical garden. The João Paulo Airport with frequent direct flights to the European
mainland is located only 45 km from the venue.

Deadline for registration and abstract submission: 15 June 2017.

Information can be found at the website: http://www.egu-galileo.eu/gc2-habitability/

Fundamentals of Life in the Universe
August 31 & September 1, 2017

Groningen, The Netherlands

The origin of life, on Earth and elsewhere, is a topic which fascinates the public, and which is
ideally suited to bring together scientists from various disciplines. On August 31st and Septem-
ber 1st, we will organize a two-day symposium called “Fundamentals of Life in the Universe”,
covering a wide spectrum of topics, from planetary evolution to the fabrication of synthetic cells.
The topics of the meeting are:

1. The origin of the Earth and of life

2. Predicting the evolution of life

3. Building and directing life from molecule to biosphere

4. Life in extraterrestrial environments

5. Emergence and bridging of temporal and spatial scales

Besides invited talks, the conference includes a keynote lecture by Ben Feringa (2016 Nobel
laureate in chemistry), and a public lecture by Charley Lineweaver. We expect 150-200 partic-
ipants from the fields of chemistry, geosciences, biology, astronomy, and physics. Participants
will be able to present their own research in the form of posters in a dedicated session. The
program also includes opportunities for cross-disciplinary networking.

Scientific organizing committee:

Matthias Heinemann (GBB, U Groningen)
Gijsje Koenderink (AMOLF)
Roeland Merks (CWI / U Leiden)
Sijbren Otto (Stratingh, U Groningen)
Bert Poolman (GBB, U Groningen)
Thomas Schlathölter (Zernike, U Groningen)
Erik Smets (Naturalis, Leiden)
Wim Spakman (U Utrecht)
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Floris van der Tak (chair; SRON / U Groningen)
Louise Vet (NIOO-KNAW / WUR)
Rens Waters (SRON / U Amsterdam)

Program, registration and deadlines: http://www.origins-symposium.nl/

AstroPAH Newsletter

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

Next issue: 16 May 2017
Submission deadline: 5 May 2017
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