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Dear Colleagues,

Welcome to the last AstroPAH of 2015!

The end of the year is always a good time to recap old memories. Or old results! Our
cover shows how interesting it can be to revisit old measurements with fresh eyes.

Like Janus, the god whose name the first month of the year is dedicated to, we should
not only look to the past, but also to the future. With that perspective, Jeronimo Bernard-
Salas discusses the James Webb Space Telescope capabilities for the study of PAHs in
this month’s In Focus.

Many amazing results are presented in the Abstracts, as gifts for the season.

AstroPAH will take a break in January, but you can send us your contributions anytime
as usual. The next AstroPAH will be published on 16 February 2016.

We want to thank you all for your interest and your amazing contributions throughout
2015. May the next year see many more interesting scientific results in the PAH field!

Have a wonderful 2016!

The Editorial Team

Next issue: 16 February 2015.
Submission deadline: 5 February 2015.
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CNRS/Université Paris-Sud (France)

Dr. Annemieke Petrignani
Leiden Observatory and
Radboud University Nijmegen
(The Netherlands)

Dr. Ella Sciamma-O’Brien
NASA Ames Research Center (USA)

.
Contents

PAH Picture of the Month 1

Editorial 2

In Focus 4

Recent Papers 10

Meetings 15

PAH Picture of the Month
Caption. Artist’s impression of HR 5171A,
the largest ever observed yellow hypergiant
star. Astronomers from the Netherlands and
Belgium recently compiled historical photo-
metric data (see insert) about HR 5171A, and
found a possible signature of blue lumines-
cence due to neutral PAHs. (van Genderen et
al. 2015, A&A, 583, A98)

Credits: ESO, Arnout van Genderen (Leiden
Observatory)

CONTACT
astropah@strw.leidenuniv.nl

CLICK HERE TO
SUBSCRIBE TO AstroPAH

CONTRIBUTE TO AstroPAH!
http://astropah-news.strw.leidenuniv.nl

Newsletter Design: Isabel Aleman
Background image: NASA, ESA, and the Hubble Heritage Team (STScI/AURA)

3

http://www.aanda.org/articles/aa/abs/2015/11/aa26392-15/aa26392-15.html
http://www.aanda.org/articles/aa/abs/2015/11/aa26392-15/aa26392-15.html
mailto:astropah@strw.leidenuniv.nl
https://mail.strw.leidenuniv.nl/mailman/listinfo/astropah-news
https://mail.strw.leidenuniv.nl/mailman/listinfo/astropah-news
http://astropah-news.strw.leidenuniv.nl


.

Spectroscopic studies of PAHs with the
James Webb Space Telescope

by Jeronimo Bernard-Salas

So close now, so close. . . While we impatiently wait for the launch of the James Webb Space
Telescope (JWST), observations of polycyclic aromatic hydrocarbons (PAHs) have come a long
way in the past three decades. From the first spectroscopic observations with IRAS (Infrared
Astronomical Satellite), UKIRT (United Kingdom Infrared Telescope) and KAO (Kuiper Airborne
Observatory), to the first systematic study of PAHs in a wide variety of galactic environments
with ISO (Infrared Space Observatory) and their detection in a number of bright luminous in-
frared galaxies[1,2]. With its improved sensitivity, Spitzer/IRS extended these studies to extra-
galactic environments, enabling measurements of circumstellar and interstellar PAHs in the
Magellanic Clouds, and serendipitously detecting PAHs in a wide range of galaxies: starburst
galaxies, ultra-luminous infrared galaxies, active galactic nuclei and quasars, even if at a lower
spectral resolution than ISO. Around the same time, Akari, while primarily a survey mission,
provided spectroscopic measurements of PAHs in the 3 µm region missed by Spitzer. We now
know that PAHs are an important reservoir for carbon and are ubiquitous in the Universe. While
we have made great advances in characterizing the PAH ecosystem, we do not yet understand
what the chemical routes leading to their formation are, how they evolve, what the evolutionary
link with other major organic species is, or how they trace star formation across cosmic time.
All this is about to change with JWST. In a nutshell, with JWST we get the best of both
ISO/SWS and Spitzer/IRS: it will cover all the main PAHs – including the 3.3 µm band at
an excellent spectral resolution, and complement this with a superb angular resolution
and sensitivity.

JWST at a glance1: Boasting a segmented primary mirror of 6.5 m in diameter, JWST will
be the largest scientific telescope ever launched into space, achieving sub-arcsecond angular
resolution in the near- and mid-IR. Its 18 segmented mirrors provide a collective area of 25
m2, which is respectively 5.5 and 42 times larger than Hubble and Spitzer (cf. Fig. 1). The
four instruments on board, Near-Infrared Camera (NIRCam), Near-IR Spectrograph (NIRspec),
Fine Guidance Sensor/Near InfraRed Imager and Slitless Spectrograph (FGS/NIRISS), and

1 Information on JWST (telescope, instrumentation, capabilities) can be found at: http://jwst.nasa.gov/about.
html.
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Mid-Infrared Instrument (MIRI) will cover 0.6-28.6 µm, and offer filtered imaging, spectroscopy
(slit, integral field, grism/prism), coronography and aperture mask interferometry. The telescope
will be cooled below 50 K, with the near-IR instruments working at around 39 K, and MIRI at
7 K, enabling extremely sensitive observations in the IR. Planned for an October 2018 launch,
JWST will be operational for at least 5 years, although the goal is 10 years.

Figure 1 - Left: artist impression of JWST. Right: Comparison of the light gathering power and the
mirror size of JWST with Hubble and Spitzer. Image credits: jwst.nasa.gov and STScI.

Armed with such capabilities, JWST is ideally suited to carry out a long-term and diverse
range of PAH spectroscopic studies, especially with NIRSpec and MIRI, ranging from spa-
tially resolved PAH observations in circumstellar and interstellar media (evolved stars, proto-
planetary discs, ISM) and nearby galaxies, to detecting the 6.2 µm band in galaxies up to
redshift 3.6, fully sampling the peak of star formation in the Universe (1 < z < 3).

PAH formation: PAHs form in the transition from the asymptotic giant branch to the planetary
nebula phase. One of the main limitations in our understanding of PAH formation is the lack of
observations of the elusive phase where this complex chemistry takes place. The spectra of
a handful of young planetary nebulae (e.g. AFGL 618, SMP LMC 11) show absorption bands
corresponding to unresolved aliphatic bands like acetylene, poly-acetylene, and benzene[3,4],
the precursors of PAHs, and the post-AGB star MSX SMC 029 shows freshly produced PAHs[5]

together with acetylene (cf. Fig. 2). Objects like SMP LMC 11 and MSX SMC 029 have a
peculiar/distinct mid-IR spectral energy distribution enabling us to identify them in current (and
future) photometric surveys. JWST/MIRI will be able to follow up new targets spectroscopically,
allowing for a systematic study of this critical phase that leads to PAH formation. In addition, the
higher spectral resolution will disentangle the many overlapping absorption bands and detect
weaker features. The improved angular resolution will probe the PAH formation zone, and
map different dust components in planetary nebulae with dual chemistry[6] where in-situ PAH
formation has also been proposed[7].

PAH evolution: PAHs vary in profile and strength, and have been subsequently classified in
several classes[8]. Observations of carbon stars and Herbig Ae Be stars show that rare class
C objects are illuminated by cooler stars than class B and A sources; and a relation has been
found between the central wavelength of the 6.2 and 7.7 µm bands and the effective tempera-
ture of the ionizing sources[9] for class C and B sources. This supports the idea that PAHs are
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synthesized as large amorphous hydrocarbon conglomerates, and that aliphatic bonds are sub-
sequently broken in harsh radiation fields, exposing the aromatics. Characterising these profiles
is however challenging with Spitzer because of its low spectral resolution, and not all objects
follow this trend. Moreover, Spitzer has also detected profile variations within extended objects
such as reflection nebulae, a class-A source[10], and it is evident that photo-processing impacts
the relative strength of the bands. MIRI and NIRSpec offer an excellent spectral resolution to
characterise these profiles, and using the spatial information from the MIRI integral field unit,
JWST will be able to follow PAH evolution in evolved stars, photodissociation regions (PDRs),
and proto-planetary discs, a core science goal for JWST. The observed variations in PAHs in
proto-planetary discs (similar to those in evolved stars) are expected to reflect the changes in
the physical conditions from the outer to the inner disc[11]. With 0.1 angular resolution (equiva-
lent to 10 AU at a distance of 100 pc), JWST will spatially resolve this transition, paving the way
to an understanding of these changes as a function of the physical and chemical properties of
the environment. Moreover, NIRSpec has access to the 3.3 and 3.4 µm bands, which are key
to understanding the connection between aliphatics and aromatics.

Figure 2 - Left: the rich continuum subtracted molecular spectra of SMP LMC 11 and AFGL618.
Middle: the peculiar mid-IR spectra energy distribution of SMP LMC 11. Right: : Aliphatics and

freshly produced PAHs in MSX SMC 029.

PAHs, fullerenes, and dust grains: PAHs are the main reservoir of organic material in the
interstellar medium (ISM). Among this organic inventory, we now have to include astronomi-
cal fullerenes, first detected in circumstellar media[12], and now with several detections in the
interstellar media. The recent landmark association of the emission of two diffuse interstellar
bands with fullerenes[13] suggests that they could be an important ingredient of the ISM and it
is therefore important to understand their connection with their cousins, the PAHs. In the reflec-
tion nebula NGC7023, there is an observed spatial correlation between PAHs and fullerenes
(C60), where fullerene emission increases at the expense of PAHs as we move closer to the
central star[14]. Recent spectroscopic studies of reflection nebulae suggest an evolution from
small dust grains, to PAH clusters, to PAHs, and then to fullerenes as they are processed[15]

(cf. Fig. 3). In addition, the changes in the Spectral Energy Distribution (SED) in the diffuse to
dense medium, observed in the far-infrared with Herschel, can be explained by accretion and
coagulation of hydrogenated amorphous carbon (HAC)[16], implying that HAC is also a relevant
component of carbonaceous dust[17], but this is not well studied in the near- and mid-IR. Many
of the PAHs, fullerene and HAC bands overlap and have substructures associated with them,
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Figure 3 - Proposed evolution of carbon species as they are processed by intense UV radiation.
Image from Andrews et al. (2015)[13].

and are therefore difficult to interpret at the resolution provided by Spitzer. Without covering
the near-IR, we also miss information on the smallest PAHs and dust grains. With their highest
spectral resolution MIRI and NIRSpec will be able to separate the different components and ex-
ploit the diagnostic information that is still unexplored in these bands. Of particular interest are
PDRs, where the physical conditions and the excitation evolve on short spatial scales as a func-
tion of depth within the cloud, providing a unique opportunity to study how the PAHs, fullerenes
and dust populations evolve with the excitation and physical conditions in the transition from the
dense to diffuse medium. The spatially resolved studies of PDRs that JWST will enable, will
allow us to study the effects of photo-processing, coagulation, accretion, and fragmentation in
the smaller dust grains and PAH population, and how they are connected. JWST will allow us
to extend such studies to diverse ISM environments. While the field of view provided by MIRI is
small in relation to the typical size of nearby reflection nebulae, its increased sensitivity and an-
gular resolution opens up the possibility to perform such studies in more distant (hence smaller)
nebulae. At the same time, JWST can perform quick maps of nearby regions, and scan across
PDRs to study the processing dust and PAHs as we transition from the dense to the diffuse
ISM.

Organic chemistry, and metallicity: In addition to PAHs and fullerenes[18,19], mid-IR obser-
vations of evolved stars show a diverse organic chemistry including: SiC, aliphatics, the still-
mysterious 21-µm feature, the 30-µm feature which can be responsible for up to 30% of the
total IR emission[20], unidentified plateaux and more. What are the evolutionary links between
the major organic species? With its angular resolution, JWST will map and pinpoint the location
of these features and derive the local physical conditions, giving us insights into their evolution.
Moreover, Spitzer observations of evolved stars at low metallicity have provided the richest
hunting grounds for unusual organic chemistry, leading to additional PAH classes[21]. However
these observations are mostly limited to the Magellanic Clouds. JWST will be able to replicate
Spitzer studies in more distant galaxies in the Local Group of galaxies, opening up a wide range
of parameter space, and enabling us to survey circumstellar and interstellar organic diversity as
a function of metallicity all the way to the Virgo Cluster.
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Extragalactic PAHs: Because of their importance in tracing star formation, observations of
PAHs are an enormous growth area in the study of extragalactic star formation. The strength of
the bands[22] and the observed ratio between the neutral and ionised PAHs (i.e. ionisation frac-
tion) are sensitive to nuclear activity in galaxies[23,24]. PAHs are therefore used to trace the pres-
ence of starburst processes and/or active galactic nuclei (AGN), and when combined with other
tracers like gas mid-IR fine-structure lines and the strength of the 9.7-µm silicate feature[25], they
can provide powerful diagnostics for such phenomena. Spectroscopically, Spitzer has enabled
the study of PAHs in a wide range of galaxies, and while it made several landmark detections of
PAHs at high-z (0.5< z < 2.6)[26,27], 95% of PAH detections occurred in the local Universe. Yet,
PAH emission may be crucial in explaining offsets from the galaxy “main sequence” in some
high-z galaxies[28]. MIRI will enable the use of PAHs to study the modes of star formation in
local and z>1 luminous galaxies, fully sampling the peak of star formation in the Universe. By
characterizing the contribution of PAHs and dust within galaxies, we will be able to use them
to differentiate between starburst and AGN contribution, and establish what powers the most
luminous infrared galaxies. Closer by, studies in the Small Magellanic Cloud indicate that PAHs
are smaller and more neutral than in spiral galaxies[29], and it has been shown that in low-
metallicity systems like dwarf galaxies, the hard radiation plays an important role in the paucity
of PAHs[30]. This likely reflects the competition between formation, accretion, coagulation and
destruction mechanisms, for which observations of the 3.3 µm PAH with NIRSpec will be very
valuable. Following from Spitzer[31,32], JWST will be able to spatially resolve PAH spectra in
exquisite detail for galaxies up to 10 Mpc away, across a broad range of physical conditions to
establish how the environment drives the life cycle of PAHs.

JWST’s planned launch lies 3 years ahead, but proposal deadlines are fast approach-
ing. For the general observer (GO), the call for Cycle 1 proposals is November 2017,
with a February 2018 deadline. The JWST advisory committee (JSTAC) is also recommend-
ing the implementation of a so-called Early Release Science (ERS) programme, to, in their
words, “...obtain images and spectra that would be used to demonstrate key modes of the
JWST instruments”[33]. The goal of the ERS programme is to maximise the science impact
early on in the mission, and to provide access to a broad range of observations for the commu-
nity, which will be executed as early as possible in Cycle 1. ERS call for proposals will be in
March 2017, just under a year and a half from now! So sharpen your pencils and start
planning the next generation of PAH proposals in what, without any doubt, is going to
be a golden era for PAH studies with the JWST.

Jeronimo Bernard-Salas is a research investment fellow at The Open
University in Milton Keynes, UK.

E-mail: jeronimo.bernard-salas@open.ac.uk.

Acknowledgements: the author would like to thank Greg Sloan, Els Peeters and Henrik Spoon
for their comments and suggestions.
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Polycyclic aromatic hydrocarbons and molecular hydrogen
in oxygen-rich planetary nebulae: the case of NGC6720
N.L.J. Cox1,2, P. Pilleri1,2, O. Berne1,2, J. Cernicharo3, C. Joblin1,2

1 Université de Toulouse, UPS-OMP, IRAP, 31028, Toulouse, France
2 CNRS, IRAP, 9 Av. colonel Roche, BP 44346, F-31028 Toulouse, France
3 Group of Molecular Astrophysics, ICMM, CSIC, C/Sor Juana Inés de La Cruz N3, E-28049, Madrid, Spain

Evolved stars are primary sources for the formation of polycyclic aromatic hydrocarbons
(PAHs) and dust grains. Their circumstellar chemistry is usually designated as either oxygen-
rich or carbon-rich, although dual-dust chemistry objects, whose infrared spectra reveal both
silicate- and carbon-dust features, are also known. The exact origin and nature of this dual-dust
chemistry is not yet understood. Spitzer -IRS mid-infrared spectroscopic imaging of the nearby,
oxygen-rich planetary nebula NGC 6720 reveals the presence of the 11.3 µm aromatic (PAH)
emission band. It is attributed to emission from neutral PAHs, since no band is observed in
the 7–8 µm range. The spatial distribution of PAHs is found to closely follow that of the warm
clumpy molecular hydrogen emission. Emission from both neutral PAHs and warm H2 is likely
to arise from photo-dissociation regions associated with dense knots that are located within the
main ring. The presence of PAHs together with the previously derived high abundance of free
carbon (relative to CO) suggest that the local conditions in an oxygen-rich environment can also
become conducive to in-situ formation of large carbonaceous molecules, such as PAHs, via a
bottom-up chemical pathway. In this scenario, the same stellar source can enrich the interstellar
medium with both oxygen-rich dust and large carbonaceous molecules.

E-mail: nick.cox@irap.omp.eu
MNRAS Letters, accepted. arXiv:1511.08725
http://arxiv.org/abs/1511.08725
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Threshold Energies for Single Carbon Knockout from Poly-
cyclic Aromatic Hydrocarbons
M. H. Stockett1,2, M. Gatchell1, T. Chen1, N. De Ruette1, L. Giacomozzi1, M.
Wolf1, H. T. Schmidt1, H. Zettergren1 and H. Cederquist1

1 Department of Physics, Stockholm University, Stockholm, Sweden
2 Department of Physics and Astronomy, Aarhus University, Aarhus, Denmark

We have measured absolute cross sections for ultrafast (fs) single-carbon knockout from
Polycyclic Aromatic Hydrocarbon (PAH) cations as functions of He-PAH center-of-mass collision
energy in the range 10-200 eV. Classical Molecular Dynamics (MD) simulations cover this range
and extend up to 105 eV. The shapes of the knockout cross sections are well described by
a simple analytical expression yielding experimental and MD threshold energies of EExp

th =
32.5 ± 0.4 eV and EMD

th = 41.0 ± 0.3 eV, respectively. These are the first measurements of
knockout threshold energies for molecules isolated in vacuo. We further deduce semi-empirical
(SE) and MD displacement energies — i.e. the energy transfers to the PAH molecules at the
threshold energies for knockout — of T SE

disp = 23.3 ± 0.3 eV and TMD
disp = 27.0 ± 0.3 eV. The

semi-empirical results compare favorably with measured displacement energies for graphene
Tdisp = 23.6 eV [Meyer et al. Phys. Rev. Lett. 108, 196102 (2012) and 110, 239902 (2013)].

E-mail: stockett@phys.au.dk
J. Phys. Chem. Lett. 6, 4504 (2015)
http://dx.doi.org/10.1021/acs.jpclett.5b02080

Multi-media presentation available:
https://acs.figshare.com/articles/Threshold Energies PAHs/2006031

Electronically Excited States of Anisotropically Extended
Singly-Deprotonated PAH Anions
Mallory L. Theis1, Alessandra Candian2, Alexander G.G.M. Tielens2, Timothy
J. Lee3 and Ryan C. Fortenberry1

1 Georgia Southern University, Department of Chemistry, Statesboro, USA
2 Leiden Observatory, Leiden University, PO Box 9513, 2300 RA Leiden, The Netherlands
3 NASA Ames Research Center, Moffett Field, California 94035-1000, USA

Polycyclic Aromatic Hydrocarbons (PAHs) play a significant role in the chemistry of the inter-
stellar medium (ISM) as well as in hydrocarbon combustion. These molecules can have high
levels of diversity with the inclusion of heteroatoms and the addition or removal of hydrogens
to form charged or radical species. There is an abundance of data on the cationic forms of
these molecules, but there have been many fewer studies on the anionic species. The present
study focuses on the anionic forms of deprotonated PAHs. It has been shown in previous work
that PAHs containing nitrogen heteroatoms (PANHs) have the ability to form valence excited
states giving anions electronic absorption features. This work analyzes how the isoelectronic
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pure PAHs behave under similar structural constructions. Singly-deprotonated forms of ben-
zene, naphthalene, anthracene, and teteracene classes are examined. None of the neutral-
radicals possess dipole moments large enough to support dipole-bound excited states in their
corresponding closed-shell anions. Even though the PANH anion derivatives support valence
excited states for three-ringed structures, it is not until four-ringed structures of the pure PAH
anion derivatives that valence excited states are exhibited. However, anisotropically-extended
PAHs larger than tetracene will likely exhibit valence excited states. The relative energies for
the anion isomers are very small for all of the systems in this study.

E-mail:rfortenberry@georgiasouthern.edu
accepted by J. Phys. Chem. A
http://pubs.acs.org/doi/abs/10.1021/acs.jpca.5b10421

An optical spectrum of a large isolated gas-phase PAH cation:
C78H+

26

Junfeng Zhen1,2, Giacomo Mulas2,3, Anthony Bonnamy1,2, Christine Joblin1,2

1 Université de Toulouse, UPS-OMP, IRAP, 31028, Toulouse, France
2 CNRS, IRAP, 9 Av. colonel Roche, BP 44346, F-31028 Toulouse, France
3 Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Cagliari, via della Scienza 5, 09047 Selargius (CA),
Italy

A gas-phase optical spectrum of a large polycyclic aromatic hydrocarbon (PAH) cation -
C78H+

26 - in the 410-610 nm range is presented. This large all-benzenoid PAH should be large
enough to be stable with respect to photodissociation in the harsh conditions prevailing in the
interstellar medium (ISM). The spectrum is obtained via multi-photon dissociation (MPD) spec-
troscopy of cationic C78H26 stored in the Fourier Transform Ion Cyclotron Resonance (FT-ICR)
cell using the radiation from a mid-band optical parametric oscillator (OPO) laser. The experi-
mental spectrum shows two main absorption peaks at 431 nm and 516 nm, in good agreement
with a theoretical spectrum computed via time-dependent density functional theory (TD-DFT).
DFT calculations indicate that the equilibrium geometry, with the absolute minimum energy, is
of lowered, nonplanar C2 symmetry instead of the more symmetric planar D2h symmetry that
is usually the minimum for similar PAHs of smaller size. This kind of slightly broken symmetry
could produce some of the fine structure observed in some diffuse interstellar bands (DIBs). It
can also favor the folding of C78H26 fragments and ultimately the formation of fullerenes. This
study opens up the possibility to identify the most promising candidates for DIBs amongst large
cationic PAHs.

E-mail: junfeng.zhen@irap.omp.eu
Accepted for publication in Molecular Astrophysics
http://arxiv.org/abs/1512.00940
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Deuterated polycyclic aromatic hydrocarbons: Revisited
Kirstin D. Doney1, Alessandra Candian1, Tamami Mori2, Takashi Onaka2, and
A.G.G.M. Tielens1

1 Leiden Observatory, University of Leiden, PO Box 9513, 2300 RA, The Netherlands
2 Department of Astronomy, Graduate School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-0033, Japan

The amount of deuterium locked up in polycyclic aromatic hydrocarbons (PAHs) has to date
been an uncertain value. We present a near-infrared (NIR) spectroscopic survey of HII regions
in the Milky Way, Large Magellanic Cloud (LMC), and Small Magellanic Cloud (SMC) obtained
with AKARI, which aims to search for features indicative of deuterated PAHs (PAD or Dn-PAH)
to better constrain the D/H ratio of PAHs. Fifty-three HII regions were observed in the NIR (2.5-5
µm), using the Infrared Camera (IRC) on board the AKARI satellite. Through comparison of the
observed spectra with a theoretical model of deuterated PAH vibrational modes, the aromatic
and (a)symmetric aliphatic C-D stretch modes were identified. We see emission features be-
tween 4.4-4.8 µm, which could be unambiguously attributed to deuterated PAHs in only six
of the observed sources, all of which are located in the Milky Way. In all cases, the aromatic
C-D stretching feature is weaker than the aliphatic C-D stretching feature, and, in the case of
M17b, this feature is not observed at all. Based on the weak or absent PAD features in most
of the observed spectra, it is suggested that the mechanism for PAH deuteration in the ISM is
uncommon.

E-mail: doney@strw.leidenuniv.nl
Accepted for publication in A&A
http://arxiv.org/abs/1512.02874

The anharmonic quartic force field infrared spectra of three
polycyclic aromatic hydrocarbons: Naphthalene, anthracene,
and tetracene
Cameron J. Mackie1, Alessandra Candian1, Xinchuan Huang2, Elena Maltseva3,
Annemieke Petrignani1,4, Jos Oomens4, Wybren Jan Buma3, Timothy J. Lee5

and Alexander G. G. M. Tielens1

1 Leiden Observatory, Leiden University, PO Box 9513, 2300 RA Leiden, The Netherlands
2 SETI Institute, 189 Bernardo Avenue, Suite 100, Mountain View, California 94043, United States
3 University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands
4 Radboud University, Toernooiveld 7, 6525 ED Nijmegen, The Netherlands
5 NASA Ames Research Center, Moffett Field, California 94035-1000, United States

Current efforts to characterize and study interstellar polycyclic aromatic hydrocarbons (PAHs)
rely heavily on theoretically predicted infrared (IR) spectra. Generally, such studies use the
scaled harmonic frequencies for band positions and double harmonic approximation for intensi-
ties of species, and then compare these calculated spectra with experimental spectra obtained
under matrix isolation conditions. High-resolution gas-phase experimental spectroscopic stud-
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ies have recently revealed that the double harmonic approximation is not sufficient for reliable
spectra prediction. In this paper, we present the anharmonic theoretical spectra of three PAHs:
naphthalene, anthracene, and tetracene, computed with a locally modified version of the SPEC-
TRO program using Cartesian derivatives transformed from Gaussian 09 normal coordinate
force constants. Proper treatments of Fermi resonances lead to an impressive improvement on
the agreement between the observed and theoretical spectra, especially in the C–H stretching
region. All major IR absorption features in the full–scale matrix–isolated spectra, the high–
temperature gas–phase spectra, and the most recent high–resolution gas–phase spectra ob-
tained under supersonically-cooled molecular beam conditions in the CH–stretching region, are
assigned.

E-mail: mackie@strw.leidenuniv.nl
J. Chem. Phys. 143, 224314 (2015)
http://scitation.aip.org/content/aip/journal/jcp/143/22/10.1063/1.4936779
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SECOND ANNOUNCEMENT

CPLT 2016: Chemistry and Physics at Low Temperature

Biarritz, France
3 - 8 July 2016

REGISTRATION AND CALL FOR ABSTRACTS

Dear Colleagues,

This is the second announcement of the international conference on Chemistry and Physics at
Low Temperature, to be held in the beautiful city of Biarritz, France, from the 3rd to the 8th of
July 2016.

The conference will cover issues at the interface of physics and chemistry at very low tem-
peratures and will bring together colleagues from all over the world. CPLT2016 will address
new developments and current state-of-the-art in the following areas: structure, dynamics and
reactivity in cryogenic solids and aggregates, including systems of biological, interstellar or at-
mospheric interest.

Topics:

• cryogenic matrices and quantum hosts,
• reaction intermediates and unstable species,
• spectroscopy and dynamics at low temperature,
• astrophysics, astrochemistry and atmospheric science,
• biological systems,
• cryocrystals and clathrates.

The meeting will consist of invited lectures, invited and contributed talks, posters and many
opportunities for discussions. The conference will be diverse and will offer opportunities for
students and researchers to discuss their science. Strong attendance by young researchers
will be encouraged through a best presentation prize and reduced fees for students.
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Confirmed speakers:

The speakers are accomplished and young promising researchers in many areas of modern low
temperature chemical physics, who will give an overview of some of the most exciting areas of
research and help define the future of our field. A current list of confirmed speakers is available
on the conference website.

Registration and abstract submission:

Registration will open on 1 December 2015 (deadline: 15 May 2016). The deadline for ab-
stract submission is 31 January 2016 for oral presentations and 3 May 2016 for posters.
There is limited space and the organizers will evaluate abstracts on a first-come-first-serve
basis, so apply soon!

More information on the conference (registration, abstract submission, list of speakers, accom-
modation, city of Biarritz) can be found at: www.cplt16.com.

Additional information can be obtained via email to: mailto:info@cplt16.com.

We thank you for forwarding this information to your colleagues and apologize for cross posting.

We hope to welcome you in Biarritz in July 2016!

The organizers:

Joëlle Mascetti (chair)
Claudine Crépin-Gilbert (co-chair)
Stéphane Coussan (co-chair)

AstroPAH Newsletter

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

Next issue: 16 Feb. 2015
Submission deadline: 5 Feb. 2015
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