
.

..
Issue 72 • October 2020

Astronomy PhotographerAstronomy Photographer
of the Year 2020of the Year 2020



.

Dear Colleagues,

Welcome to our 72nd AstroPAH volume. We hope all of you are healthy and doing well!

We are pleased to share with you a collection of winning photographs that were a part of
the Astronomy Photographer of the Year competition, also publicly displayed at the National
Maritime Museum in Greenwich near London. The beautiful NGC 3576 nebula, winner of
the Star and Nebulae category, is featured as our Picture of the Month. The rest of the
collection are featured as our In Focus so go check them out!

The proceedings of the first IAU Laboratory Astrophysics Symposium, IAU S350, co-
edited by Dr. Farid Salama and Dr. Harold Linnartz, were just published online! Titled
Laboratory Astrophysics: From Observations to Interpretation, this Proceedings of the
International Astronomical Union volume contains over 500 pages of articles covering
laboratory astrophysics and its multidisciplinary investigations. More information on that
with links to the table of content are available at the end of this issue!

This month, we also have several new exciting PAH publications to share covering a wide
range of topics!

We hope you enjoy reading our newsletter, and we thank you for your dedication and
interest in AstroPAH! In the meantime, please continue sending us your contributions, and if
you wish to contact us, feel free to use our email.

Please be safe and stay healthy.

Enjoy reading our newsletter!

The Editorial Team

Next issue: 19 November 2020.
Submission deadline: 6 November 2020.
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PAH Picture of the Month
Image of the nebula NGC 3576 taken by
Peter Ward. This is one of the award win-
ning images of the Astronomy Photographer
of the Year 2020. More information on the
image and other winning pictures can be
found in the In Focus. NGC 3576, seen in
this image in Hα emission, is a galactic star-
forming region of about 100 light-years in
size.

Credits: Peter Ward (Australia), Astronomy
Photographer of the Year 2020
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Astronomy Photographer of the Year
2020 Winners

Images of the Milky Way, California nebula, and Andromeda galaxy are among the
winners of the Insight Investment Astronomy Photographer of the Year award. Images are
shown in the next pages.

An exhibition of the winning pictures can be viewed at National Maritime Museum in
Greenwich, south-east London, from 23 October. For more information, visit this webpage.

The collection of photographs from the 2020 edition of the competition is available in book
form.
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Nicolas Lefaudeux (France)
Galaxy category and overall winner

Andromeda Galaxy at Arm’s Length?

Have you ever dreamt of touching a galaxy? This version of the Andromeda Galaxy
seems to be at arm’s length among clouds of stars. Unfortunately, this is just an
illusion, as the galaxy is still 2 million light years away. In order to obtain the tilt-
shift effect, the photographer 3D-printed a part to hold the camera at an angle at the
focus of the telescope. The blur created by the defocus at the edges of the sensor
gives this illusion of closeness to Andromeda. [Sky-Watcher Black Diamond 100 mm
apochromatic refractor telescope at f/9, iOptron iEQ30 mount, Sony ILCE-7S camera
(modified), ISO 2000, 2 hours 30 minutes total exposure]
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Nicholas Roemmelt (Germany)
Aurorae category winner

The Green Lady

The photographer had heard a lot of stories about the ‘lady in green’. Although he has
had the chance to photograph the Northern Lights many times, he had never seen the
‘green lady’ before. On a journey to Norway, she unexpectedly appeared with her
magical green clothes making the whole sky burn with green, blue and pink colours.
[Canon EOS R camera, 14 mm f/1.8 lens, ISO 6400, 4 x 1.6-second exposures]
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Alain Paillou (France)
Our Moon category winner

Tycho Crater Region with Colours

The Tycho crater is one of the most famous craters on the Moon. This huge impact
has left very impressive scars on the Moon’s surface. With the colours of the soils,
Tycho is even more impressive. This picture combines one session with a black-and-
white camera, to capture the details and sharpness, and one session with a colour
camera, to capture the colours of the soils. These colours come mainly from metallic
oxides in small balls of glass and can give useful information about the Moon’s
geology and history. The blue shows a high titanium oxide concentration and the red
shows high iron oxide concentration. This picture reveals the incredible beauty and
complexity of our natural satellite. [Celestron C9.25 telescope at f/10 and f/6.3, Orion
Sirius EQ-G mount, ZWO ASI178MM and ASI178MC cameras, multiple 15-millisecond
exposures]
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Alexandra Hart (UK)
Our Sun category winner

Liquid Sunshine

Solar minimum may be seen as a quiet Sun and deemed dull in white light, but if
you look closely at the small-scale structure, the surface is alive with motion. This
surface is about 100 kilometres thick and the ever-boiling motion of these convection
cells circulate, lasting for around 15 to 20 minutes. They are around 1,000 kilometres
in size and create a beautiful ‘crazy paving’ structure for us to enjoy. [Celestron
C11 XLT Schmidt-Cassegrain telescope at f/50, Baader Solar Continuum Filter with
ND3.8 AstroSolar Film, Sky-Watcher EQ6 Pro mount, ZWO-ASI174MM camera, 8.431-
millisecond exposure]
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Rafael Schmall (Hungary)
People and Space category winner

The Prison of Technology

The star in the centre of the image is the Albireo double star, surrounded by the trails
of moving satellites. How many more might there be by the time we reach next year’s
competition? There could be thousands of moving dots in the sky. In order to create
astrophotos, photographers have to carefully plan where to place the telescope, and
this will be more difficult in the future with more satellites in the way. [Sky-Watcher
Quattro 200/800 astrograph telescope (modified) at f/4, Sky-Watcher EQ6-Pro GOTO
mount, Canon EOS 6D camera, ISO 1600, 5 x 150-second exposures]
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Łukasz Sujka (Poland)
Planets, Comets and Asteroids category winner

Space Between US. . .

This image shows the really close alignment of the Moon and Jupiter that happened
on 31 October 2019. In the full resolution picture, you’ll see that there are three of
Jupiter’s moons also visible. This small project is a big challenge that involves a lot
of luck and good seeing conditions. To capture this phenomenon in such a big scale
was quite demanding in data acquisition as Jupiter and the Moon travelled across the
sky quite fast. It happened in altitude only 9 degrees above the horizon. I wanted to
show the huge emptiness and the size of space, which is why there is a lot of ‘nothing’
between the two major parts of the image. [Sky-Watcher Newtonian 10”telescope at
f/4.8, Baader MPCC Coma Corrector filter, Sky Watcher NEQ-6 mount, ZWO ASI178
MM-C camera, 300 x 10-millisecond exposures per channel]
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Thomas Kast (Germany)
Skyscapes category winner

Painting the Sky

The photographer was searching for clear skies in Finnish Lapland to capture the
beauty of a polar night and couldn’t believe his eyes when he saw what was waiting
behind the clouds. Polar stratospheric clouds are something the photographer has
been searching for for many years and had seen only in photographs until that day.
He took his camera onto a frozen river to get a good view and started to take photos.
The clouds slowly changed their shape and colours. It was like watching someone
painting, especially when the Sun was lower – it started to get a darker orange and
the pink shades became stronger. [Nikon D850 camera, 120 mm f/16 lens, ISO 64,
1/40-second exposure]
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Peter Ward (Australia)
Stars and Nebulae category winner

Cosmic Inferno

NGC 3576 is a well-known nebula in southern skies, but is shown here without any
stars. Software reveals just the nebula, which has been mapped into a false colour
palette. The scene takes on the look of a celestial fire-maelstrom. The image is
intended to reflect media images taken in Australia during 2019 and 2020, where
massive bushfires caused the destruction of native forests and have claimed over
12 million acres of land. It shows nature can act on vast scales and serves as a stark
warning that our planet needs nurturing. [Alluna Optics RC-16 telescope at f/8, 5 nm
Ha filter, Paramount ME II mount, SBIG STX-16803 camera, 32 x 10-minute exposures]
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Alice Fock Hang (Reunion), aged 11
Young category winner

The Four Planets and the Moon

Photographing a planetary alignment requires rigor and patience but also a lot of luck.
That evening, despite preparing everything for a week, the photographer encountered
clouds. The magic started after sunset, where the moonset, Venus, Mercury, the star
Antares, Jupiter and Saturn could be seen over the Indian Ocean. By looking at the
sky map, The photographer could see that Pluto was there also above Saturn but
invisible in her image. Note also the presence of Alpha Centuari on the left of the
image as well as our immense galaxy, the Milky Way. [Nikon D610 camera, 35 mm
f/3.2 lens, ISO 3200, 18 x 13-second exposures]
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Deuterated Polycyclic Aromatic Hydrocarbons in the
Interstellar Medium: The C–D Band Strengths of Mono-
Deuterated Species

Xuejuan Yang1,2, Aigen Li2, and Rainer Glaser3

1 Department of Physics, Xiangtan University, Xiangtan 411105, China
2 Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
3 Department of Chemistry, Missouri University of Science and Technology, Rolla, MO 65409, USA

Deuterium (D) is one of the light elements created in the big bang. As the Galaxy evolves,
the D/H abundance in the interstellar medium (ISM) decreases from its primordial value due
to “astration”. However, the observed gas-phase D/H abundances of some sightlines in the
local Galactic ISM are substantially lower than the expected reduction by astration. The
missing D could have been depleted onto polycyclic aromatic hydrocarbon (PAH) molecules
which are ubiquitous and abundant in interstellar regions. To quantitatively explore the
hypothesis of PAHs as a possible reservoir of interstellar D, we compute quantum-chemically
the infrared vibrational spectra of mono-deuterated PAHs and their cations. We find that, as
expected, when H in PAHs is replaced by D, the C–H stretching and bending modes at 3.3,
8.6 and 11.3µm shift to longer wavelengths at ∼4.4, 11.4 and 15.4µm, respectively, by a
factor of ∼

√
13/7, the difference in reduced mass between the C–H and C–D oscillators.

We derive from the computed spectra the mean intrinsic band strengths of the 3.3µm C–H
stretch and 4.4µm C–D stretch to be 〈A3.3〉 ≈ 13.2 kmmol−1 and 〈A4.4〉 ≈ 7.3 kmmol−1 for
neutral deuterated PAHs which would dominate the interstellar emission at 3.3 and 4.4µm.
By comparing the computationally-derived mean band-strength ratio of 〈A4.4/A3.3〉 ≈ 0.56 for
neutral PAHs with the mean ratio of the observed intensities of 〈I4.4/I3.3〉 ≈ 0.019, we find
that the degree of deuteration (i.e., the fraction of peripheral atoms attached to C atoms in
the form of D) is ∼2.4%, corresponding to a D-enrichment of a factor of ∼1200 with respect
to the interstellar D/H abundance.

E-mail: xjyang@xtu.edu.cn, lia@missouri.edu, glaserr@mst.edu

Accepted for publication in ApJS

http://arxiv.org/abs/2009.08402

14 AstroPAH - October 2020 • Issue 72

http://arxiv.org/abs/2009.08402


On the Absorption Properties of Metallic Needles

C.Y. Xiao1, Qi Li1,2, Aigen Li2, and J.H. Chen3

1 Department of Astronomy, Beijing Normal University, Beijing 100875, China
2 Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
3 Department of Physics, Hunan Normal University, Changsha 410071, China

Needle-like metallic particles have been suggested to explain a wide variety of
astrophysical phenomena, ranging from the mid-infrared interstellar extinction to the
thermalization of starlight to generate the cosmic microwave background. These
suggestions rely on the amplitude and the wavelength dependence of the absorption cross
sections of metallic needles. On the absence of an exact solution to the absorption
properties of metallic needles, their absorption cross sections are often derived from the
antenna approximation. However, it is shown here that the antenna approximation is not
an appropriate representation since it violates the Kramers-Kronig relation. Stimulated
by the recent discovery of iron whiskers in asteroid Itokawa and graphite whiskers in
carbonaceous chondrites, we call for rigorous calculations of the absorption cross sections
of metallic needle-like particles, presumably with the discrete dipole approximation. We also
call for experimental studies of the formation and growth mechanisms of metallic needle-
like particles as well as experimental measurements of the absorption cross sections of
metallic needles of various aspect ratios over a wide wavelength range to bound theoretical
calculations.

E-mail: lia@missouri.edu

Accepted for publication in MNRAS

http://arxiv.org/abs/2009.08406
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Ubiquitous Aromatic Carbon Chemistry at the Earliest
Stages of Star Formation

Andrew M. Burkhardt,1 Ryan A. Loomis,2 Christopher N. Shingledecker,3,4,5
Kin Long Kelvin Lee,6,1 Anthony J. Remijan,2 Michael C. McCarthy,1 and
Brett A. McGuire6,1,2

1 Center for Astrophysics | Harvard & Smithsonian, Cambridge, MA 02138, USA
2 National Radio Astronomy Observatory, Charlottesville, VA 22903, USA
3 Department of Physics and Astronomy, Benedictine College, Atchison, KS 66002, USA
4 Center for Astrochemical Studies, Max Planck Institute for Extraterrestrial Physics, Garching, Germany
5 Institute for Theoretical Chemistry, University of Stuttgart, Stuttgart, Germany
6 Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

Benzonitrile (c-C6H5CN), a polar proxy for benzene (c-C6H6), has the potential to serve
as a highly convenient radio probe for aromatic chemistry, provided this ring can be found in
other astronomical sources beyond the molecule-rich prestellar cloud TMC-1 where it was
first reported by McGuire et al. in 2018. Here we present radio astronomical evidence
of benzonitrile in four additional pre-stellar, and possibly protostellar, sources: Serpens
1A, Serpens 1B, Serpens 2, and MC27/L1521F. These detections establish benzonitrile
is not unique to TMC-1; rather aromatic chemistry appears to be widespread throughout
the earliest stages of star formation, likely persisting at least to the initial formation of a
protostar. The abundance of benzonitrile far exceeds predictions from models which well
reproduce the abundances of carbon chains, such as HC7N, a cyanpolyyne with the same
heavy atoms, indicating the chemistry responsible for planar carbon structures (as opposed
to linear ones) in primordial sources is favorable but not well understood. The abundance of
benzonitrile relative to carbon-chain molecules displays sizable variations between sources
within the Taurus and Serpens clouds, implying the importance of physical conditions and
initial elemental reservoirs of the clouds themselves.

E-mail: andrew.burkhardt@cfa.harvard.edu

To Appear in Nature Astronomy

https://adsabs.harvard.edu/abs/2020arXiv200913548B/
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A Principal Component Analysis of polycyclic aromatic
hydrocarbon emission in NGC 2023

Ameek Sidhu1,2, Els Peeters1,2,3, Jan Cami1,2,3 and Collin Knight1

1 Department of Physics & Astronomy, University of Western Ontario, London, ON, N6A 3K7, Canada
2 Institute for Earth and Space Exploration, University of Western Ontario, London, ON, N6A 3K7, Canada
3 SETI Institute, 189 Bernardo Avenue, Suite 100, Mountain View, CA 94043, USA

We use the measured fluxes of polycyclic aromatic hydrocarbon (PAH) emission features
at 6.2, 7.7, 8.6, 11.0 and 11.2 µm in the reflection nebula NGC 2023 to carry out a principal
component analysis (PCA) as a means to study previously reported variations in the PAH
emission. We find that almost all of the variations (99%) can be explained with just two
parameters – the first two principal components (PCs). We explore the characteristics of
these PCs and show that the first PC (PC1), which is the primary driver of the variation,
represents the amount of emission of a mixture of PAHs with ionized species dominating
over neutral species. The second PC (PC2) traces variations in the ionization state of the
PAHs across the nebula. Correlations of the PCs with various PAH ratios show that the
6.2 and 7.7 µm bands behave differently than the 8.6 and 11.0 µm bands, thereby forming
two distinct groups of ionized bands. We compare the spatial distribution of the PCs to the
physical conditions, in particular to the strength of the radiation field, G0, and the G0/nH ratio
and find that the variations in PC2, i.e. the ionization state of PAHs are strongly affected by
G0 whereas the amount of PAH emission (as traced by PC1) does not depend on G0.

E-mail: asidhu92@uwo.ca

Accepted for publication in MNRAS

http://http://arxiv.org/abs/2010.04813
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All the PAHs: an AKARI-Spitzer Cross Archival Spectros-
copic Survey of Aromatic Emission in Galaxies

Thomas S.-Y. Lai1, J.D.T. Smith2, Shunsuke Baba2, Henrik W.W. Spoon3,
and Masatoshi Imanishi2

1 Ritter Astrophysical Research Center, University of Toledo, Toledo, OH 43606, USA
2 National Astronomical Observatory of Japan, National Institutes of Natural Sciences (NINS), 2-21-1 Osawa,
Mitaka, Tokyo 181-8588, Japan
3 Cornell University, CRSR, Space Sciences Building, Ithaca, NY 14853, USA

We present a large sample of 2.5–38µm galaxy spectra drawn from a cross-archival
comparison in the AKARI-Spitzer Extragalactic Spectral Survey (ASESS), and investigate a
subset of 113 star-forming galaxies with prominent polycyclic aromatic hydrocarbon (PAH)
emission spanning a wide range of star formation properties. With AKARI’s extended 2.5–
5µm wavelength coverage, we self-consistently model for the first time all PAH emission
bands using a modified version of PAHFIT. We find LPAH 3.3/LIR ∼ 0.1% and the 3.3µm PAH
feature contributes ∼1.5–3% to the total PAH power — somewhat less than earlier dust
models have assumed. We establish a calibration between 3.3µm PAH emission and star
formation rate, but also find regimes where it loses reliability, including at high luminosity
and low metallicity. The 3.4µm aliphatic emission and a broad plateau feature centered at
3.47µm are also modeled. As the shortest wavelength PAH feature, 3.3µm is susceptible
to attenuation, leading to a factor of ∼3 differences in the inferred star formation rate at
high obscuration with different assumed attenuation geometries. Surprisingly, LPAH 3.3/LΣ PAH

shows no sign of decline at high luminosities, and the low metallicity dwarf galaxy II Zw 40
exhibits an unusually strong 3.3µm band; both results suggest either that the smallest PAHs
are better able to survive under intense radiation fields than presumed, or that PAH emission
is shifted to shorter wavelengths in intense and high energy radiation environments. A
photometric surrogate for 3.3µm PAH luminosity using JWST /NIRCam is provided and
found to be highly reliable at low redshift.

E-mail: ThomasLai.astro@gmail.com

Accepted to ApJ

https://arxiv.org/abs/2010.05034
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Influence of the ice structure on the soft UV photoche-
mistry of PAHs embedded in solid water

J. A. Noble1, E. Michoulier2, C. Aupetit3 and J. Mascetti3

1 CNRS, Aix-Marseille Université, Laboratoire PIIM, Marseille, France.
2 Laboratoire de Chimie et Physique Quantiques LCPQ/IRSAMC, Université de Toulouse and CNRS, UT3-Paul
Sabatier, 118 Route de Narbonne, F-31062 Toulouse, France.
3 Univ. Bordeaux, CNRS, Bordeaux INP, Institut des Sciences Moléculaires UMR 5255, F-33405 Talence,
France.

The UV photoreactivity of polycyclic aromatic hydrocarbons (PAHs) in porous
amorphous solid water has long been known to form both oxygenated photoproducts and
photofragments. The aim of this study was to examine the influence of the ice structure
upon reactivity under soft UV irradiation conditions. Mixtures of PAHs with amorphous solid
water (porous and compact) and crystalline (cubic and hexagonal) ices were prepared in
a high vacuum chamber and irradiated using a mercury lamp for up to 2.5 hours. The
results show that the production of oxygenated PAHs is efficient only in amorphous water
ice, while fragmentation can occur in both amorphous and crystalline ices. We conclude
that the reactivity is driven by PAH-water interactions in favourable geometries, notably
where dangling bonds are available at the surface of pores. These results suggest that the
formation of oxygenated PAH molecules is most likely to occur in interstellar environments
with porous (or compact) amorphous solid water and that this reactivity could considerably
influence the inventory of aromatics in meteorites.

E-mail: jennifer.noble@univ-amu.fr, joelle.mascetti@u-bordeaux.fr

Accepted for publication in Astronomy & Astrophysics

http://arxiv.org/abs/2010.06983
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Formation of interstellar complex polycyclic aromatic hy-
drocarbons: Insights from molecular dynamics simulati-
ons of dehydrogenated benzene

M. Hanine, Z. Meng, S. Lu, P. Xie, S. Picaud, M. Devel and Z. Wang

Lab. for Relativistic Astrophysics, Guangxi University, 530004 Nanning, China

Small organic molecules are thought to provide building blocks for the formation of
complex interstellar polycyclic aromatic hydrocarbons (PAHs). However, the underlying
chemical mechanisms remain unclear, particularly concerning the role of interstellar dust.
Using molecular dynamics, we simulate the chemical reaction between dehydrogenated
benzene molecules in the gas phase or on the surface of an onion-like carbon nanoparticle
(NP). The reaction leads to the formation of PAHs of complex structures. The size of the
formed molecules is found to roughly increase with increasing temperature up to 800 K,
and to be correlated with the level of dehydrogenation. Morphology analysis features the
formation of large rings that contain up to 32 carbon atom at high temperature. Density
functional theory (DFT) calculations are performed to search the fundamental energetic
reaction pathways. The DFT results quantitatively confirm the correlation between the
reactivity and the dehydrogenation level, and the formation of stable C-8 rings. Moreover,
the nanostructures formed on the NP surface point to a possible layer-by-layer formation
mechanism for interstellar fullerene and carbon onions.

E-mail: zw@gxu.edu.cn

Accepted for publication in ApJ

http://arxiv.org/abs/2009.07488 //

http://doi.org/10.3847/1538-4357/abab06
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Far-ultraviolet Absorption and Photoluminescence of
Monolayer Graphene and Its Implications for Extended
Red Emission

Sheng-Lung Chou1, Meng-Yeh Lin1, Shu-Yu Lin1, Wen-Jian Huang1, Tzu-
Ping Huang1, Yao-Chang Lee1, and Yu-Jong Wu1,2

1 National Synchrotron Radiation Research Center, 101 Hsin-Ann Road, Hsinchu Science Park, Hsinchu
30076, Taiwan
2 Department of Applied Chemistry, National Chiao Tung University, 1001, Ta-Hsueh Road, Hsinchu 30010,
Taiwan

A monolayer graphene (GR) film on a lithium fluoride substrate was prepared to measure
the optical properties of graphene in the far-UV region. The photoabsorption of the GR/LiF
sample was universal in the spectral region of 105–350 nm, with an excitonic band near
130 nm and the absorbance of the GR/LiF sample at 10 K was ∼10% larger than that at
300 K. Upon far-UV excitation, the photoluminescence (PL) spectra of the GR/LiF sample
showed a broad band at 630 nm at 300 K and two adjacent bands at 560 and 634 nm at
10 K. GR had a PL similar to the extended red emission (ERE) band, fulfilling the known
observational model constraints of the light-driven process dominated by far-UV excitations,
carbonaceous nature of ERE carriers, and broad emission in the red and near-IR regions.
The result implies that graphene materials are promising candidates for carriers for the ERE.

E-mail: yjwu@nsrrc.org.tw

ApJ 901, 103 (2020)

https://iopscience.iop.org/article/10.3847/1538-4357/abb0e6
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Far-IR Absorption of Neutral PAHs: Light on the
Mechanism of IR-UV ion dip Spectroscopy

Alexander K. Lemmens1,2, Daniël B. Rap1, Johannes M.M. Thunnissen1,
Sébastien Gruet3,4, Amanda L. Steber3,4, Sanjana Panchagnula5, Alexan-
der G.G.M. Tielens5, Melanie Schnell3,4, Wybren Jan Buma1,2, Anouk M.
Rijs1

1 Radboud University, Institute for Molecules and Materials, FELIX Laboratory, Toernooiveld 7, 6525 ED
Nijmegen, The Netherlands
2 University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands
3 Deutsches Elektronen-Synchrotron, Notkestraaße 85, D-22607 Hamburg, Germany
4 Institut für Physikalische Chemie, Christian-Albrechts-Universität zu Kiel,Max-Eyth-Straße 1, D-24118 Kiel,
Germany
5 Leiden Observatory, Leiden University, Niels Bohrweg 2, 2333 CA Leiden, The Netherlands

Gas-phase IR-UV double resonance laser spectroscopy is an IR absorption technique
that bridges the gap between experimental IR spectroscopy and theory. The IR experiments
are used to directly evaluate predicted frequencies and potential energy surfaces as well
as to probe the structure of isolated molecules. However, a detailed understanding of the
underlying mechanisms is -especially in the far-IR regime- still far from complete, even
though this is crucial to properly interpret recorded IR absorption spectra. Here, events
occurring upon excitation to vibrational levels of Polycyclic Aromatic Hydrocarbons (PAHs) by
far-IR radiation from the FELIX free electron laser are followed using Resonance Enhanced
MultiPhoton Ionization (REMPI) spectroscopy. These studies provide detailed insight into
how ladder-climbing and anharmonicity influence IR-UV spectroscopy and therefore the
resulting IR signatures in the far-IR region. Moreover, the potential energy surfaces of these
low-frequency delocalized modes are investigated and shown to have a strong harmonic
character.

E-mail: w.j.buma@uva.nl, a.rijs@science.ru.nl

J. Phys. Chem. Lett. 2020, 11, XXX, 8997–9002

https://pubs.acs.org/doi/10.1021/acs.jpclett.0c02714
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High resolution infrared spectroscopy of naphthalene
and acenaphthene dimers

Alexander K. Lemmens1,2, Pragya Chopra3, Diksha Garg3, Amanda
Steber3, Melanie Schnell3,4, Wybren Jan Buma1,2, Anouk M. Rijs1

1 Radboud University, Institute of Molecules and Materials, FELIX Laboratory, Toernooiveld 7, 6525 ED
Nijmegen, The Netherlands,
2 University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands
3 Deutsches Elektronen-Synchrotron DESY, Notkestraße 85, 22607 Hamburg, Germany
4 Christian-Albrechts-Universität zu Kiel, Institut für Physikalische Chemie, Max-Eyth-Straße 1, 24118 Kiel,
Germany

Non-covalent interactions are rapidly gaining interest as they are often crucial in
determining the properties of materials, and key to supramolecular chemistry and to
biochemistry. Non-covalent Polycyclic Aromatic Hydrocarbon (PAH) complexes are in
particular relevant to astrochemistry and combustion chemistry where they are involved in
the initial steps of condensation and soot formation, respectively. Here, we investigated
non-covalent π − π stacking and CH-π interactions in naphthalene and acenaphthene
clusters using high resolution IR-UV spectroscopy in combination with quantum chemical
calculations. We identified spectral shifts that occur upon complexation and thereby
evaluated predicted potential energy surfaces. The results provide strong indications for
a prevalent parallel naphthalene dimer, showing that π − π stacking interactions become
significant for bicyclic and larger PAHs.

E-mail: a.rijs@science.ru.nl, w.j.buma@uva.nl
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AstroCheminars

New Webinars by the ACS
Astrochemistry Subdivision

The American Chemical Society (ACS) Astrochemistry Subdivision is pleased to
announce a monthly online seminar series – the AstroCheminars. Seminars will be hosted
via Zoom on the second Wednesday of each month at 2pm eastern and 1am Pacific time.

Please register via our website (http://astro.phys-acs.org/AstroCheminar.html)
Registration is free

These seminars will bring together senior experts as well as undergraduate, graduate
students, and postdoctoral fellows from the diverse field of astrochemistry from around
the world. Each seminar will consist of two talks. A (15+5)-minute contributed opening
presentation will be followed by a (25+10)-minute invited presentation. We invite 15-minute
contributed talks from students, postdocs, and early career fellows. Please fill in this form
to request a contributed talk in one of the upcoming seminars.
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Proceedings IAU Symposium No. 350, 2019
F. Salama & H. Linnartz, eds.
Cambridge University Press
ISBN 9781108482479.

Dear Colleagues,

We are happy to announce the pu-
blication of ”Laboratory Astrophysics:
from Observations to Interpretation”,
the proceedings of the first topical
symposium on Laboratory Astrophysics
sponsored by the International Astrono-
mical Union.

This volume of Proceedings devoted
to Laboratory Astrophysics and Astroche-
mistry is a collection of over 500 pages
of science articles with contributions from
leading scientists in the field describing
the current state-of-the-art in this multi-
disciplinary discipline.

Use the following links to access
- the Table of Content, and
- the List of Papers.

This volume constitutes an invaluable
reference for the community at large and
will, hopefully, be a first in a long series of
IAU Proceedings devoted to Laboratory
Astrophysics.

Sincerely,
Farid Salama & Harold Linnartz

AstroPAH Newsletter

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

astropah@strw.leidenuniv.nl

Next issue: 19 November 2020

Submission deadline: 6 November 2020
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