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Dear Colleagues,

Welcome to our 88th AstroPAH volume! We hope all of you are healthy and doing well!

This month, we have the pleasure of highlighting our interview with Julia Santos. Julia is a
PhD candidate at Leiden Observatory currently studying atom and radical-addition reactions
on interstellar ice analogues. To find out more about her, her work, and her involvement
with the Center for Interstellar Catalysis, be sure to check out her interview in the In Focus
section!

As always, we are thankful for all the abstract contributions you sent our way. This month,
H2 formation, electrical discharge of PAHs, carbonates, emission models and the Small
Magellanic Cloud are all part of our Abstract collection.

Check out the Announcements section for a PhD position in Physical Chemis-
try/Laboratory Astrophysics in the group of Otto Dopfer at Technische Universität in Berlin,
Germany that is open for application!

We would also like to share this online repository for the recent IR2022: An Infrared Bright
Future for Ground-based IR Observatories in the Era of JWST conference. This was a timely
meeting about the future of infrared observations, instrumentation and JWST synergy.

If you are on Instagram, be sure to check out our latest PAH of the Month which is
Coumarin (C9H6O2). Stay tuned for our next one!

We hope you enjoy reading our newsletter, and we thank you for your dedication and
interest in AstroPAH! Please continue sending us your contributions, and if you wish to
contact us for a future In Focus or other ideas, feel free to use our email.

The Editorial Team

Next issue: 23 June 2022.
Submission deadline: 10 June 2022.
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PAH Picture of the Month
Comparison between a past image of a re-
gion in the Large Magellanic Cloud taken
with the Spitzer Telescope’s Infrared Array
camera (left) and an image of the same re-
gion recently taken with the James Webb
Space Telescope Mid-Infrared Instrument
(MIRI) (right).

Credits: NASA / JPL-Caltech (left),
NASA/ESA/CSA/STScI (right). Adapted
from the image available here.

This newsletter is edited in LATEX. Newsletter Design by: Isabel Aleman. Image Credits: Background image in this page:
NASA, ESA, and the Hubble Heritage Team (STScI/AURA). Headers background: X-ray and optical image composition.
X-ray by Chandra: NASA/CXC/Univ.Potsdam/L.Oskinova et al; Optical by Hubble: NASA/STScI; Infrared by Spitzer:
NASA/JPL-Caltech.
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Interview with Julia C. Santos
PhD candidate at Leiden Observatory

MSc. Julia C. Santos is a first-year PhD stu-
dent at the Laboratory for Astrophysics group in
Leiden University (NL). She is also a member of
the Center for Interstellar Catalysis (InterCat) ba-
sed in Aarhus University (DK). Before her PhD, she
obtained a Bachelor’s degree in Chemistry and a
Master’s degree in Astronomy in her home country,
Brazil. Since her undergraduate studies she has
been conducting research on experimental, the-
oretical, and observational astrochemistry, which
led her to pursue a PhD fully focused on this bur-
geoning field.

Can you tell us how you got into PAH-
related research?

Since my Bachelor’s thesis I have been actively collaborating with researchers at my
Alma Matter, the Federal University of Rio de Janeiro (BR), on works related to theoretical
spectroscopy applied to astrochemistry. Meanwhile, my fascination with the chemical
evolution of the interstellar medium has naturally drawn me to the topic of PAHs and the
important role they play in building a complex interstellar chemistry. To combine these two
interests, I took part in a project to explore the infrared properties of multiply charged PAHs,
which can potentially be formed in environments with high X-ray fluxes such as AGNs.

Which open question in Laboratory Astrophysics would you like to
see answered in the near future?

In the near future I would very much like to see laboratory works exploring whether PAHs
can be formed from bottom-up processes, especially in regions shielded from radiation. I
am also excited about taking part in research that explored the contribution from PAHs in the
formation of complex organics and prebiotic molecules.
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Astrochemistry is a very multidisciplinary field. Can you comment
on how you collaborate and communicate with different experts and
what you like about such interactions?

One of my favourite things about astrochemistry is how interdisciplinary it is. In my lab we
have chemists, physicists, astronomers, and also engineers. Those different backgrounds
result in scientific exchanges that are very rich and all-encompassing, and I believe are
essential to building a holistic view of the chemistry that happens in space.

How has the COVID-19 pandemic impacted your professional life?

I believe most people, and myself included, have felt significant impacts on their
professional lives due to the COVID-19 pandemic. In my case, the biggest issue I faced
was being unable to travel to the Netherlands to start my PhD in early 2021. At that time,
the vaccine rollout was still very slow in Brazil, and infections numbers were rising steeply.
I did not know when I would be able to start my PhD, and so I felt really restless. However,
this experience led me to start a blog with my colleague and friend from InterCat, Alfred
Hopkinson, who was facing a similar situation in the UK. Almost one year later, we are
now both at our respective institutions, and continue to share our experiences in the blog
as we navigate our PhDs. To me it was really a lemon-to-lemonade situation. The blog is
called “Pathway to a PhD”, and you can read it here: (https://phys.au.dk/intercat/explore-
intercat/pathway-to-a-phd)

What was the most important advice somebody gave you?

This is not an advice I was given, but rather something Leo Tolstoy once wrote and that
resonated with me deeply: “Patience is waiting. Not passively waiting. That is laziness. But
to keep going when the going is hard and slow - that is patience. The two most powerful
warriors are patience and time.”

You are quite active on your Twitter handle (@santos j ) and write
blog posts to engage with the scientific community and with
the public in general. Could you tell us about your science
communication journey?

Coming from a developing country, it has always been clear to me that scientific
knowledge is not democratically available. This was further confirmed by the steep
rise in anti- and pseudo-scientific propaganda spread amidst the COVID-19 pandemic.
However, I believe science communication can be a powerful tool to mitigate that issue
by providing people with information and critical-thinking skills. So, naturally, I am interested
in contributing ever-so-slightly to improving this scenario, which motivates me to share my
experiences and scientific endeavours on the internet.
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What are your future career plans?

Currently I am doing a PhD in laboratory astrophysics focused on studying atom- and
radical-addition reactions on interstellar ice analogues. In particular, I am currently exploring
the chemical evolution of shielded environments such as dark clouds, where chemical
reactions that do not require any input of additional energy dominate. As a member of
InterCat, I am also looking forward to investigating the role of PAHs and their fragments in
the formation of interstellar complex organic molecules. In the long run, I hope my research
will help bridging the gap between the species detected in interstellar environments and the
complex inventory of cometary ices, hopefully aiding in putting together the puzzle pieces of
the origins of life.
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Potential Catalytic Role of Small Heterocycles in Inters-
tellar H2 Formation: A Laboratory Astrochemistry Study
on Furan and Its Hydrogenated Forms
Anita Schneiker1,2, Gopi Ragupathy2, Gábor Bazsó3 and György
Tarczay2,4,5

1George Hevesy Doctoral School, ELTE Eötvös Loránd University, H–1518 Budapest, Hungary
2MTA-ELTE Lendület Laboratory Astrochemistry Research Group, Institute of Chemistry, ELTE Eötvös Loránd
University, PO Box 32, H-1518 Budapest 112, Hungary
3Wigner Research Centre for Physics, PO Box 49, H-1525 Budapest, Hungary
4Laboratory of Molecular Spectroscopy, Institute of Chemistry, ELTE Eötvös Loránd University, PO Box 32,
H-1518 Budapest 112, Hungary
5Centre for Astrophysics and Space Science, ELTE Eötvös Loránd University, PO Box 32, H-1518 Budapest
112, Hungary

It is now well-accepted in astrochemistry that the formation of interstellar H2 is taking place
on the surface of interstellar grains. It has also been suggested a long time ago that
polyaromatic hydrocarbons (PAHs) can catalyze this process by subsequent H atom addition
and H abstraction reactions. Recent quantum chemical computations suggested that small
heterocycles can be better catalysts than PAHs. In this study, the reaction of H atoms
with furan, 2,3- and 2,5-dihydrofurans, and tetrahydrofuran were studied in solid para-H2

at 3.1 K. The reactions were followed by Fourier transform infrared (FTIR) spectroscopy.
By the analysis of spectra, 2-hydrofuran-3-yl, 3-hydrofuran-2-yl, 2,3,4-trihydrofuran-5-yl,
and 2,3,5-trihydrofuran-4-yl radicals were identified among the products. The experiments
revealed that all the possible H atom addition and H abstraction cycles connecting furan and
tetrahydrofuran proceed effectively in both directions at a low temperature. This indicates
the possible important role of small heterocycles in interstellar H2 formation. Furthermore,
it also indicates that, in the case of H atom excess, a quasi-equilibrium exists between the
c-C4HxO (x = 4–8) species, and the ratios of these species in an astrophysical object are
determined by the rate of the different H atom addition and H abstraction reaction steps.

E-mail: gyorgy.tarczay@ttk.elte.hu

The Journal of Physical Chemistry A, 126, 2832-2844 (2022)

https://pubs.acs.org/doi/10.1021/acs.jpca.2c00306
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New potential candidates for astronomical searches
discovered in the electrical discharge of the PAH
naphthalene and acetonitrile
Donatella Loru1, Amanda L. Steber1, Johannes M. M. Thunnissen2,
Alexander K. Lemmens2,3, Anouk M. Rijs4 and Melanie Schnell1,5

1Deutsches Elektronen-Synchrotron DESY, Notkestrasse 85, 22607 Hamburg, Germany
2Radboud University, Institute of Molecules and Materials, FELIX Laboratory, Toernooiveld 7c, 6525 ED Nij-
megen, the Netherlands
3Van‘t Hoff Institute for Molecular Sciences, University of Amsterdam, Science Park 904, 1098 XH Amsterdam,
the Netherlands
4Division of BioAnalytical Chemistry, AIMMS Amsterdam Institute of Molecular and Life Sciences, Vrije Uni-
versiteit Amsterdam, De Boelelaan 1108, 1081 HV Amsterdam, the Netherlands
5Institute of Physical Chemistry, Christian-Albrechts-Universität zu Kiel, Max-Eyth-Straße 1, 24118 Kiel, Ger-
many

The formation and dissociation mechanisms of polycyclic aromatic hydrocarbons (PAHs) as
well as their reactivity with other interstellar molecules are elusive. In this work, we have
investigated the electrical discharge chemistry of the PAH naphthalene and acetonitrile, a
molecule known to be present in interstellar environments, using a combination of mass-
selective IR-UV ion dip spectroscopy with the free electron laser FELIX in the mid-IR
frequency region (550–1800 cm-1) and quantum chemical calculations. In addition to
the species known to be produced in the electrical discharge of pure naphthalene, –CH3

and –CN substituted unsaturated hydrocarbons have been identified. Most of them, in
particular those containing a nitrogen atom in the molecular framework, such as 7H-
benzo[7]annulenecarbonitrile, have a substantial dipole moment and, therefore, can be
considered as potential candidates for radio astronomical searches. Among the species
observed, the two isomers 1- and 2-cyanonaphthalene, which have been recently detected
in the TMC-1, have been identified in our experiment, thus continuing to highlight the use of
electrical discharge sources as a valuable tool to produce astronomically relevant species.

E-mail: donatella.loru@desy.de

Journal of Molecular Spectroscopy, 386:111629 (2022)

https://doi.org/10.1016/j.jms.2022.111629
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Sakurai’s Object revisited: new laboratory data for
carbonates and melilites suggest the carrier of 6.9 µm
excess absorption is a carbonate
J. E. Bowey1 and A. M. Hofmeister2

1School of Physics and Astronomy, Cardiff University, Queen’s Buildings, The Parade, Cardiff, CF24 3AA, UK
2Department of Earth and Planetary Sciences, Washington University, 1 Brookings Drive, St. Louis MO 63130,
USA

We present new room-temperature 1100–1800 cm-1 spectra of melilite silicates and 600–
2000 cm-1 spectra of three randomly orientated fine-grained carbonates to determine the
possible carrier(s) of a 6.9 µm absorption feature observed in a variety of dense astronomical
environments including young stellar objects and molecular clouds. We focus on the low-
mass post-AGB star Sakurai’s Object which has been forming substantial quantities of
carbonaceous dust since an eruptive event in the 1990s. Large melilite grains cannot
be responsible for the 6.9 µm absorption feature because the similarly-shaped feature
in the laboratory spectrum was produced by very low (0.1 per cent by mass) carbonate
contamination which was not detected at other wavelengths. Due to the high bandstrength
of the 6.9 µm feature in carbonates, we conclude that carbonates carry the astronomical
6.9 µm feature. Replacement of melilite with carbonates in models of Sakurai’s object
improves fits to the 6–7 µm Spitzer spectra without significantly altering other conclusions of
Bowey’s previous models except that there is no link between the feature and the abundance
of melilite in meteorites. With magnesite (MgCO3), the abundance of 25-µm-sized SiC
grains is increased by 10–50 per cent and better constrained. The mass of carbonate dust
is similar to the mass of PAH dust. Existing experiments suggest carbonates are stable
below 700 K, however it is difficult to ascertain the applicability of these experiments to
astronomical environments and more studies are required.

E-mail: boweyj@cardiff.ac.uk

Monthly Notices of the Royal Astronomical Society, 513, 1774–1784 (2022)

https://doi.org/10.1093/mnras/stac993
https://doi.org/10.48550/arXiv.2204.03437
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Polycyclic Aromatic Hydrocarbon emission model in
photodissociation regions I: Application to the 3.3, 6.2,
and 11.2 µm bands
Ameek Sidhu1,2, A.G.G.M. Tielens3, Els Peeters1,2,5 and Jan Cami1,2,5

1Department of Physics & Astronomy, University of Western Ontario, London, ON, N6A 3K7, Canada
2Institute for Earth and Space Exploration, University of Western Ontario, London, ON, N6A 3K7, Canada
3Leiden Observatory, Leiden University, Niels Bohrweg 2, 2333 CA Leiden, Netherlands
4Department of Astronomy, University of Maryland, College Park, MD 20742, USA
5SETI Institute, 189 Bernardo Avenue, Suite 100, Mountain View, CA 94043, USA

We present a charge distribution based model that computes the infrared spectrum of
polycyclic aromatic hydrocarbon (PAH) molecules using recent measurements or quantum
chemical calculations of specific PAHs. The model is applied to a sample of well-studied
photodissociation regions (PDRs) with well-determined physical conditions (the radiation
field strength, G0, electron density ne, and the gas temperature, Tgas). Specifically,
we modelled the emission of five PAHs ranging in size from 18 to 96 carbon atoms,
over a range of physical conditions characterized by the ionization parameter γ = G0

× Tgas
1/2/ne. The anions emerge as the dominant charge carriers in low γ (< 2×102)

environments, neutrals in the intermediate γ (103–104) environments, and cations in the
high γ (> 105) environments. Furthermore, the PAH anions and cations exhibit similar
spectral characteristics. The similarity in the cationic and anionic spectra translates into
the interpretation of the 6.2/(11.0+11.2) band ratio, with high values of this ratio associated
with large contributions from either cations or anions. The model’s predicted values of
6.2/(11.0+11.2) and 3.3/6.2 compared well to the observations in the PDRs NGC 7023,
NGC 2023, the horsehead nebula, the Orion bar, and the diffuse ISM, demonstrating that
changes in the charge state can account for the variations in the observed PAH emission.
We also reassess the diagnostic potential of the 6.2/(11.0+11.2) vs 3.3/(11.0+11.2) ratios
and show that without any prior knowledge about γ, the 3.3/(11.0+11.2) can predict the PAH
size, but the 6.2/(11.0+11.2) cannot predict the γ of the astrophysical environment.

E-mail: asidhu92@uwo.ca

Accepted for publication in Monthly Notices of the Royal Astronomical Society (2022)

https://arxiv.org/abs/2205.03304
https://academic.oup.com/mnras/advance-article-abstract/doi/10.1093/mnras/stac1255/
6581580
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Spitzer and Herschel studies of dust in supernova
remnants in the Small Magellanic Cloud
Mikako Matsuura1, Victoria Ayley1, Hannah Chawner1,2, M.D. Filipović3,
Warren Reid3,4,5, F.D. Priestley1, Andy Rigby1, M.J. Barlow6 and Haley E.
Gomez1

1School of Physics and Astronomy, Cardiff University, The Parade, Cardiff CF24 3AA, UK
2School of Chemistry, University of Bristol, Queens Road, Bristol, BS8 1QU, UK
3Western Sydney University, Locked Bag 1797, Penrith South DC, NSW 2751, Australia
4Department of Physics, Macquarie University, Sydney, NSW 2109, Australia
5Observatory Hill Waitoki, 130 Dormer Rd, RD2 Helensville, 0875, New Zealand
6Department of Physics and Astronomy, University College London, Gower Street, London WC1E 6BT, UK

With the entire Small Magellanic Cloud (SMC) mapped by the Spitzer Space Telescope and
Herschel Space Observatory, we were able to search 8–250µm images in order to identify
infrared (IR) emission associated with SMC supernova remnants (SNRs). A valid detection
had to correspond with known X-ray, Hα and radio emission from the SNRs. From the
24 known SNRs, we made 5 positive detections with another 5 possible detections. Two
detections are associated with pulsars or pulsar wind nebula, and another three detections
are part of the extended nebulous emission from the SNRs. We modelled dust emission
where fast moving electrons are predicted to collide and heat dust grains which then radiate
in IR. With known distance (62.44 ± 0.47kpc), measured SNR sizes, electron densities,
temperatures from X-ray emission as well as hydrogen densities, the modelling of SMC
SNRs is straightforward.

If the higher range of hydrogen and electron densities were to be accepted, we would
expect almost all SMC SNRs to be detected in the IR, at least at 24µm, but the actual
detection rate is only 25 %. One possible and common explanation for this discrepancy
is that small grains have been destroyed by the SNRs shockwave. However, within the
uncertainties of hydrogen and electron densities, we find that infrared dust emission can
be explained reasonably well, without invoking dust destruction. There is no conclusive
evidence that SNRs destroy swept-up ISM dust.

E-mail: matsuuram@cardiff.ac.uk

Monthly Notices of the Royal Astronomical Society, 513, 1154–1174 (2022)

https://academic.oup.com/mnras/article-abstract/513/1/1154/6574420?redirectedFrom=
fulltext
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PhD position Molecular Physics /
Physical Chemistry /

Laboratory Astrophysics
Advertised by Otto Dopfer

A PhD position (3 years), fully funded by the German Science Foundation (DFG), is
available in the laser molecular spectroscopy group of Otto Dopfer at Technische Universität
Berlin, Germany.

This project deals with the IR and UV laser spectroscopic and quantum chemical
characterization of the geometric, electronic, optical and chemical properties of aromatic
cluster cations and their microsolvated solvated clusters in the context of intermolecular
forces, solvation effects, interstellar chemistry, combustion, and materials science.

The project is conducted using state-of-the-art ion sources (EI, discharge, ESI, laser
vaporisation) tandem mass spectrometer setups (quadrupole, time-of-flight) pulsed laser
systems (IR and UV/vis OPO) ion guides and traps (multipoles, cryogenic traps) Any
experience in these technologies from BSc and/or MSc theses is advantageous.

The project involves collaboration with groups in Japan.

Further information about the group and its projects (and recent publications) is available
at:

https://www.ioap.tu-berlin.de/menue/arbeitsgruppen/ag dopfer/

A key paper for this particular project is: Aromatic Charge Resonance Interaction Probed
by Infrared Spectroscopy K. Chatterjee, Y. Matsumoto, O. Dopfer, Angew. Chem. Int. Ed.
58, 3351 (2019), DOI: 10.1002/anie.201811432.

Interested candidates send their application to Prof. Otto Dopfer (dopfer@physik.tu-
berlin.de). Evaluation of the applications will begin June 1 (2022) and continue until the
position is filled. Desired starting date is as soon as possible (but negotiable to some extent).

Being an European capital, Berlin offers an exciting international scientific and cultural
environment.

.
Deadline: 1 June 2022

E-mail for contact: dopfer@physik.tu-berlin.de

Webpage: https://www.ioap.tu-berlin.de/menue/arbeitsgruppen/ag dopfer/
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