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Dear Colleagues,

Welcome to our November issue of AstroPAH with a beautiful rendering of the Taran-
tula Nebula on the cover. The Tarantula Nebula is an extragalactic region of intense star
formation, located in the nearby Large Magellanic Cloud.

With the JWST launch coming closer and closer, we have exciting times ahead of us.
As a teaser, we can already inform you that we will have a great In Focus on this topic
in the next issue.

In this issue, we present an interview with PhD students and early career scientists in
our In Focus, so you can read about their view of the field and the future.

In the mean time, research goes on and many advancements will be made before the
era of JWST, as our Abstract Section also demonstrates. This month you can read about
the latest on the Diffuse Interstellar Bands, polarisation and PAHs, metal-ion binding in
nitrogen-containing PAHs, H2 formation, and IR spectroscopy in solid para-hydrogen.

Do you have a picture or photo that you would like to see featured on our cover? Sug-
gest it as Picture of the Month! Do you have a contribution for the In Focus or upcoming
events you wish to distribute amongst our community? Please let us know! Please also
inform us of any prizes and funding being awarded, so that we may share these happy
moments with our community. Visit our webpage (http://astropah-news.strw.leidenuniv.nl)
or contact us for more information.

We thank you all for your contributions and please keep them coming. You can send
us your contributions anytime. For publication in December, see the deadlines below.

Enjoy reading our newsletter!

The Editorial Team

Next issue: 20 December 2016.
Submission deadline: 2 December 2016.
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PAH Picture of the Month
A color composite image, taken by Spitzer, of
the massive star forming region 30 Doradus,
aka the Tarantula Nebula, located in the Large
Magellanic Cloud. The color blue represents
emission at 3.6 µm (starlight), green emission
at 4.5 µm (ionised gas), yellow emission at
5.8 µm and red emission at 8.0 µm, the latter
dominated by PAHs.

Credits: NASA/JPL-Caltech/B. Brandl (Cor-
nell & University of Leiden)

Newsletter Design: Isabel Aleman
Background image: NASA, ESA, and the Hubble Heritage Team (STScI/AURA)
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An Interview with the New Generation of
Researchers in the Field of Astronomical PAHs

This In Focus is a compilation of seven interviews with students at different stages of their
PhD, and early career postdocs. The idea behind this in focus was to get some feedback from
the new generation of researchers in the field of astronomical PAHs, to present their perspective
on the field and let our community know what their aspirations are, where they came from and
what they are hoping to accomplish in the future. We took advantage of the fact that many
members of the community were gathered in Noordwijk, NL, during the week of October 31-
November 4 for a workshop on “The Past and Future of AstroPAH research” (the December
In Focus will be dedicated to a summary of the discussions and findings, stay tuned) including
many early career scientists/students. 9 of the 10 students/postdocs that we invited were there.
We asked them the questions below and asked that they all answer at least 5. Seven people
replied. It is difficult to get statistics from only 7 interviews but we tried to summarize below the
main points/trends that appeared from this small pool. Following this summary, you will be able
to read the full answers we received for each question.

– What made you choose this field?

• The interdisciplinarity/challenge of the field
• A love of/fascination for astronomy and science

– What is in your opinion the most important discovery in the field made so far?

• The discovery of magic numbers and stable configurations in the superhydrogenation of
coronene cations

• The identification of fullerenes

– What do you wish to accomplish in the field?

• Help answer the question of whether PAHs are important in the formation of molecular
hydrogen

• Help shed a light on the fragmentation patterns of increasingly large PAHs
• Understand the whole contribution of PAHs (and Carbon) to the galaxy

– What are the most important questions you want to see answered?
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• Under what conditions do PAHs form within the ISM?
• What types of PAH species are found in PDRs (i.e. does the Grand PAH hypothesis cover

all of the species that are able to exist in these environments)?
• Can we eventually theoretically reproduce the AIBs for any set of ISM conditions once we

have enough different species in a database?
• The origin and the (possible) ubiquity of life in the Universe is a question that, if and when

answered, could reshape not only scientific knowledge but also our society as a whole.
• Fullerene formation: find a definite reaction pathway between PAHs and for instance C60.
• Know whether PAHs do in fact catalyse molecular hydrogen formation in the ISM.
• The processing of dust (spatial and temporal evolution).
• Which specific molecules are responsible for the Aromatic Infrared Bands.

– Which career path would you prefer?

• research institute and/or academia (43%)
• research (29%)
• academia (14%)
• too early to tell (14%)

– What are the papers you consider to be THE reference in your field?

• Allamandola et al. (1989)
• Hudgins et al. (2005)
• Peeters et al. (2002)

– What was the most important advice somebody gave you? (see answers below)
– How do you balance your personal life and work life? (see answers below)
– What did you like best about the PAH workshop? (see answers below)

What made you choose this field?

(Bonnin) ”I knew I wanted to be an astrophysicist when I was 14 years old. I can’t exactly say
why I was so fascinated by the science of the Universe at that time. But this fascination hasn’t
gone away. I discovered astrochemistry and the complexity of the interstellar medium as
an undergraduate during an internship in the Institute of Spatial Astrophysics in Orsay. It
was also at that time that I realized how important lab work was to the global effort of under-
standing our Galaxy. After working on several occasions on the physical chemistry of ices in
cold environments, I grew more and more interested in carbon chemistry and life cycle in
the ISM. That is why I chose to work on the IR emission of carbonaceous grains for my PhD.”

(Canelo) ”I think I wanted to be an astrobiologist since I was little. I didn’t know Astrobiology
existed at the time, but I always wondered if we were alone in the Universe and how we could
use science to search for the answer. When I started looking for Scientific Initiation in my
Physics graduation course, my present advisor showed me the Aromatic World hypoth-
esis (Ehrenfreund et al. 2006) and suggested I work with PAHs and PANHs. At the same
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time, I remembered the high school classes of organic chemistry and how I’d loved them, espe-
cially the part of aromatic molecules. I thought my life was converging to all the things I’ve
always enjoyed. Since then, I’ve started to work in this field and I hope I’ll never stop.”
Ehrenfreund P., Rasmussen S., Cleaves J., Chen L., Experimentally tracing the key steps in the
origin of life: The aromatic world., Astrobiology, 2006, vol. 6, p. 490

(Guzman-Ramirez) ”During my PhD I started working on the mixed-chemistry problem in
planetary nebulae, these are evolved stars that are oxygen-rich, but they show PAHs, so a
big part of my thesis was to try to understand how can we build PAHs in a oxygen-rich
environment.”

(Jensen) ”I like how interdisciplinary the field of astroPAH research is. I get to work in a
lab on an everyday basis, but I also get to do projects that are observational in nature. I greatly
enjoy both aspects, and I’m very happy that I haven’t had to choose one or the other so far.”

(Knight) ”I became interested in the study of astronomical PAHs originally due to an
initial curiosity to learn about the ISM in my undergraduate studies. I did a research
project on molecular clouds and their link to star formation, leading me to think about physics of
the gas and dust in between the stars. When I learned of Els’ research at Western on PAHs and
the role they played in the ISM during my search for a graduate program, I was amazed that
there was this level of complexity in the chemistry and physics of the ISM and I knew I
wanted pursue this path deeper.”

(Shannon) ”As a kid, during the British Columbia summers I used to sleep outside on our
deck all the time. It was enjoyable just looking at the sky, watching satellites, planes, etc...
pass by. Astronomy seemed a natural fit when it came time to choose what to study in
university.”

(Wiersma) ”I chose this field because I love physical chemistry, but was always fascinated
by astronomy at the same time. I’ve done my bachelor project and my master project on gas-
phase metal cluster chemistry, and decided that it was time for something new for my Ph.D.
Astrochemistry is simply the most logical thing to do for someone with my interests. Finding
out which carbon molecules can be found in the Universe and how they influence the
chemistry of perhaps the first biomolecules is endlessly fascinating to me.”

What is in your opinion the most important
discovery in the field made so far?

(Bonnin)“The identification of fullerenes is definitively high on the list because it speaks to
our ability to identify single large carbon molecules in the interstellar medium?”

(Jensen) ”The discovery of PAHs in space back in the 80s, leading to astroPAH research
being a field of study in the first place is an obvious answer. Somewhat more closely related
to my own research I find the discovery of magic numbers and stable configurations in
the superhydrogenation of coronene cations quite intriguing. We see something similar for
neutral coronene on a graphite surface, but the numbers are different, and the effect appears
to be temperature dependent. It would be interesting to look into a connection in more detail.”
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What do you wish to accomplish in the field?

(Guzman-Ramirez) ”I would like to understand the whole contribution of PAHs (and Car-
bon) to the galaxy, and mainly taking into account all the evolved stars that we assume to be
oxygen-rich (therefore do not have any carbon) but that do produce PAHs.”

(Jensen) ”That is a difficult question. I hope I can contribute valuable results, that are useful
to the rest of the community, but it is difficult to predict what questions would be the most impor-
tant ones to answer in the future. On a shorter scale, I hope that my research will help answer
the question of whether PAHs are important in the formation of molecular hydrogen.”

(Wiersma) ”I hope that my research can help to shed a light on the fragmentation patterns
of increasingly large PAHs and that I can help to elucidate the complicated chemistry in the
ISM.”

What are the most important questions you want
to see answered?

(Bonnin) ”The origin and the (possible) ubiquity of life in the Universe is a question that,
if and when answered, could reshape not only scientific knowledge but also our society
as a whole. It is one of the greatest questions of our civilization and I am convinced
that the answer lies in the study of the physical chemistry of interstellar, circumstellar
and planetary environments. The discovery of the presence of complex organic molecules of
prebiotic interest in interstellar, circumstellar, interplanetary and cometary environments is one
of the most important discovery because it addresses this issue. Being a small part of a global
research that finds its roots within our deepest aspirations is what motivates me every day.”

(Canelo) ”One fundamental question in this field still is: which specific molecules are
responsible for the Aromatic Infrared Bands? This task is huge, not only due the complexity
of the molecules, which make more difficult the understanding of their spectra, but also for the
observational identification of them in a astrophysical spectrum.”

(Guzman-Ramirez) ”In the big picture, I think we don’t know yet the processing of dust,
how it’s formed in our galaxy (from the ISM, to dark clouds, to proto-planetary discs, to evolved
stars) or how it evolves in cosmic time.”

(Jensen) ”There are many important questions to answer. In relation to my own narrow
field of research within the astroPAH umbrella, I would like to know whether PAHs do in fact
catalyse molecular hydrogen formation in the ISM. Our experiments show it is possible in
the lab, but definitive observational evidence that it takes place in the ISM is still lacking.”

(Knight) ”Under what conditions do PAHs form within the ISM? What types of PAH
species are found in PDRs (i.e. does the Grand PAH hypothesis cover all of the species
that are able to exist in these environments)? Can we eventually theoretically repro-
duce the AIBs for any set of ISM conditions once we have enough different species in
a database? While some of these questions were to a degree answered at the Noordwijk
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conference, there are still many unknowns that currently prevent us from seeing the full picture.”

(Wiersma) ”Fullerene formation is especially interesting to me, and I would like to see us
work together to find a definite reaction pathway between PAHs and for instance C60.”

Which career path would you prefer
(academia, research institute, private sector, other)?

(Bonnin) ”I would like to have a career in the academic world, either research institute or
university. Fundamental scientific research is very important to me.”

(Canelo) ”Basically, I want to do research. So, I would prefer to work at a research
institute or academia. I think these environments allow more flexibility in the research topics
and schedule, while science may not go in the way we want in the private sector. Besides, I
may have the opportunity to transmit what I have learned to others, which is essential to make
improvements in education, culture, and science itself.”

(Guzman-Ramirez) ”I would like to work in a research institute or at an observatory, after
working for ALMA for 3 years, I realised I really enjoyed it.”

(Jensen) ”I have always wanted to do research, so I hope to continue on in academia or
to work at a research institute. I’m just now starting to look into postdoc options, and making
a list of research topics and institutions where I would like to work. It’s a very long list, it’s going
to be difficult to choose when the time comes.”

(Knight) ”In the future, I feel right now that I would like to stay within academia, but I am
open to considering other options if they suit my research interests within the ISM if possible.”

(Shannon) ”I am interested in the research path primarily.”

(Wiersma) ”I’m not quite sure what I want for my own future. With only two months of Ph.D.
experience, it would be a little presumptuous to say that I can picture me living my whole life
as a scientist. I know that I am easily motivated and quick to adapt, so I’m not ruling anything
out. Science appeals to me because we all share the same kind of enthusiasm for what
we do. I’m a fighter at heart and I hope that I can cling to this enthusiasm throughout my
career, wherever it may take me.”

What are the papers you consider to be THE reference
in your field?

Allamandola, L. J.; Tielens, A. G. G. M.; Barker, J. R., Interstellar polycyclic aromatic hy-
drocarbons - The infrared emission bands, the excitation/emission mechanism, and the astro-
physical implications, ApJ Supplement Series, 1989, vol. 71, p. 733-775. Allamandola et al. is
perhaps the most comprehensive in detailing the PAH model and forming the bridge between
observations, theory, and experiment in this field. The importance of being able to communi-
cate ideas between each respective discipline is essential in studying PAHs in an astronomical
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context, this paper was one of the first to do so effectively under one banner.

Hudgins D. M., Bauschlicher J. C. W., Allamandola L. J., Variations in the peak position of
the 6.2 µm interstellar emission feature: a tracer of N in the interstellar polycyclic aromatic
hydrocarbon population, ApJ, 2005, vol. 632, p. 316. In this paper, Hudgins et al. showed
that the class A for the 6.2 µm band observations are only well reproduced when a nitrogen
substitutes a carbon into the aromatic rings of PAHs (PANHs).

Peeters E., Hony S., Van Kerckkoven C., Tielens A. G. G. M., Allamandola L. J., Hudgins,
D. M., Bauschlicher C. W., The rich 6 to 9 µm spectrum of interstellar PAHs, A&A, 2002, vol.
390, p. 1089. In this paper, Peeters et al. divided the mid-IR aromatic bands into three classes
according to their central wavelengths.

What was the most important advice somebody gave you?

(Canelo) ”Never be ashamed to say I don’t know. Sometimes, when you are giving a talk
or a class, you may be questioned but do not know how to answer. That is no problem at all, no
one has to know everything. Just search for an answer later. Of course, I still get embarrassed
sometimes when this happens, but I try all that I can to follow this advice. After all, as a scientist,
if I had all the answers, I would not need to search for them anymore.”

(Jensen) ”Back in 2011, when I finished my bachelor, I spoke to my supervisor about PhD
options. He told me he had money, and if I applied for the position there was a good chance I’d
get it. However, he encouraged me to look into other options. His reason was that the research
environment, especially for PhD students, at that institution was not as favourable as it could
have been, and he thought that doing my PhD elsewhere in Europe would leave me with better
options. I’m sure I would have been happy if I had stayed and done astronomical modelling, but
I also think he was right when he told me I would find better opportunities if I did a master
degree first, and took the time to find a research topic I was truly passionate about. I love
what I’m doing now, and I’m very glad I listened to his advice.”

(Shannon) ”Make time for yourself!”

(Wiersma) ”It is important to gain experience in different techniques and subjects, so
that you end up having a skillset that makes you indispensable.”

How do you balance your personal life and work life?

(Bonnin) ”With great difficulty. My work takes a lot of my time. I try to have the discipline
of keeping some free time for myself. But it is not always easy with so many deadlines
coming up all the time.”

(Canelo) ”First, every night I watch a series episode or a film. I also try to go to the movies
frequently. I think it is an excellent way to escape from reality. Second, I am really connected
to my family and see them every Sunday. My family has always supported me and that is
fundamental for me to face the difficulties of the day-to-day life. Finally, I take some time

9 AstroPAH - November 2016 | Issue 33



for me every week, be it a massage or going to the gym or a dancing class.”

(Guzman-Ramirez) ”Well, I think it was only during my PhD that I had some super late
nights and working on the weekends, now I seem to be doing ok with going home early-ish,
and I don’t work (mostly) on the weekends, I try to work as efficiently as possible in the office,
and once I’m home I try to not check emails, so that I can dedicate the time to my boyfriend
and/or to myself.”

(Jensen) ”Honestly, I’m not sure I always succeed in finding balance. It depends on how
much work there is to do, and whether it’s going well. If my experiment is working and producing
data, or if I’m writing up a paper, I tend to work very long days, mostly because I really enjoy it.
I think enjoying the work is a prerequisite for entering into this kind of work, otherwise
you’re not going to be happy doing it. That said, I do try to create a balance. I note down
how many hours I spend in the lab or the office each day, and if I log too many 12 or 14 hour
days in a row, I make a conscious effort to leave early. I also try to pencil in me-time in my
calendar every day, to make sure I get to do other things I enjoy besides work.”

(Knight) ”I make sure to spend some time each day on non-work-related activities to
relax and allow myself to passively process what I learn. While my career is quite important
to me, getting away from it once in a while and enjoying life gives me perspective and more
satisfaction with the work I’m doing.”

(Shannon) ”You have to make a conscious effort to make time for your hobbies. Per-
sonally, I enjoy downhill mountain biking, motorcycling, listening to music and reading (I guess
more or less in that order).”

(Wiersma) ”To make the best of my Ph.D., not just for myself, but also to get the most work
done, I think that relaxing is important. If I make sure that I keep certain parts of the week
work-free, then I will be able to stay focused at work.”

What did you like best about the PAH workshop?
(Note from the Editors: look forward to the December In Focus!)

(Guzman-Ramirez) ”Even though I could only attend for a very short time, I learned a lot,
and got to talk to experimentalists that might be able to test PAHs in Oxygen-rich environments,
so I got super excited about that.”

(Jensen) ”It was a really good, and well organised workshop, and I enjoyed listening to all
the talks, and getting at better insight onto some of the other research topics within the field. It
was also nice to finally be able to put faces to the names I keep reading on papers. I also got
to give my first ever conference talk, an opportunity I greatly appreciate, and an experience I
found quite enjoyable.”

(Shannon) ”The camaraderie! Everyone was very friendly and it was easy to strike up a
conversation. It felt very close-knit, which made for an enjoyable workshop.”

(Wiersma) ”It was inspirational to see how the field has evolved over the last few decades
at the ”Past and Future of AstroPAH research”. What I really liked at the AstroPAH workshop,
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was that most people seemed to be very much aware of the fact that life is much more than
just work. This was a pleasant surprise to me. At the workshop I liked the talks on days three
and four the most because they are closest to my field, but considering I’m a beginner, I learnt
the most during the poster session. I really enjoyed the laid-back atmosphere that encouraged
people to talk to each other about their work and what drives them.”

The PhD and Postdocs Interviewed

Maëlle Bonnin was born near Paris and raised near Nantes, a
French city on the Atlantic coast. She studied fundamental physics
and astrophysics in Orsay and Paris. She has been a PhD student
for two years now. Her work focuses on IR emission of hydrocarbon
nanograins, with both a theoretical and an experimental approach.
She aims at better constraining how size and nanostructuration of
carbonaceous nanograins impact the IR emission spectra in her
setup. She hopes to provide new information to better understand
the components of the Aromatic Infrared Bands of the interstellar
medium.

Carla Canelo is from São Paulo city, Brazil, where she started
her PhD at Institute of Astronomy, Geophysics and Atmosferic Sci-
ences of University of São Paulo (IAG-USP) in June, 2016. She still
has three years and a half to graduate. Her thesis subject is the
study of the origin and distribution in astrophysical environments
of PAHs, PANHs (polycyclic aromatic nitrogen heterocycles) and
other molecules that could be relevant to the origins of life.

Lizette Guzman-Ramirez is originally from Mexico, where she
studied the degree in Physics and a MSc in Astrophysics. She
then pursued her PhD at The University of Manchester, England.
As for her postdoc, she has an ESO Fellowship, that consists of 4
years, where the firsts 3 years the fellows work 50% of their time
on duties at an observatory (she worked at ALMA) and the 50%
left is for their own science. After the 3 years of duties, the fellows
get an extra 4th year to do 100% science, and ESO pays them to
go to any of its member states. For her 4th year, Liz decided to go
to Leiden, to work with Xander Tielens on PAHs.
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Pernille Jensen grew up near Aarhus in Denmark. She did her
bachelor’s degree in Dublin, where her thesis topic was a numer-
ical model of the structure of solar-like stars. She then joined Liv
Hornekr’s group at Aarhus University as a master’s student in 2013,
and stayed on as a PhD student. If everything goes according
to plan, Pernille will finish her PhD in the fall of 2017. The main
focus of her PhD is to experimentally investigate the interaction
between neutral PAHs and atomic hydrogen and deuterium.The
primary technique she uses is mass spectrometry, but she also
has the option to use scanning tunnelling microscopy, Auger elec-
tron spectroscopy, low energy electron diffraction, and x-ray photo-
electron spectroscopy. Pernille also likes to dabble in observational
astronomy, and did a project with Els Peeters at University of West-
ern Ontario, studying the aliphatic features in the PAH spectra of
young and evolved stellar objects. The object of this project was
to figure out whether the different PAH classes reflect an evolution
in the presence and importance of aliphatic matter in the circum-
stellar material, and what that aliphatic matter might consist of, i.e.
whether it is carbon chains, superhydrogenated PAHs, or a mixture
of the two.

Collin Knight is a first year PhD student with Dr. Els Peeters at
Western University in London, Ontario, Canada. He also did his
MSc project with Els Peeters in the last two years using IR ob-
servations to characterize spatial properties of PAHs in the reflec-
tion nebula NGC 2023. As part of his PhD research he hopes to
determine whether a relationship between the PAH and fullerene
populations exists in this nebula similar to what was found in the
reflection nebula NGC 7023 by Berné and Tielens (2012). This
may give a better understanding of the photochemical evolution of
PAHs in the ISM and garner further support for the top-down for-
mation model of fullerenes through the photoprocessing of large
PAHs (>60 carbon atoms).
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Matt Shannon grew up on the west coast of Canada in Vancou-
ver, British Columbia. He completed his undergraduate degree in
Victoria, BC, which is a lovely city. He recently finished his PhD in
observational astronomy under the supervision of Prof. Els Peeters
at the University of Western Ontario, Canada. His thesis broadly
is about ways to mine astronomical spectroscopic observations to
infer properties of PAH populations, particularly by tapping into
spatial-spectral (or hyperspectral) maps. He is currently seeking
a post-doctoral research position in observational astronomy. In
the meantime, He is completing some additional research projects
of interest with collaborators at Western.

Sandra Wiersma is a Ph.D. student under the supervision of Dr.
Annemieke Petrignani at the University of Amsterdam, but she will
do her work at the FELIX Institute of the Radboud University Ni-
jmegen. She is originally from Duiven, a small town close to Ni-
jmegen in the Netherlands. She started her Ph.D. on the 1st of
September, 2016 and she hopes to finish before September 2020.
She will produce gas-phase IR spectra of large PAHs, using the
Free Electron Laser for Intra-Cavity Experiments, FELICE, coupled
to an FTICR. This powerful light source will make it possible for her
group to record IRMPD spectra of molecules that they were previ-
ously only able to record using UV light.
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Diffuse Interstellar Bands and the Ultraviolet Extinction
Curves: The Missing Link Revisited
Fuyuan Xiang1,2, Aigen Li2, and Jianxin Zhong1,2

1 Department of Physics, Xiangtan University, Xiangtan 411105, China
2 Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA

A large number of interstellar absorption features at ∼4000 Å–1.8 µm, known as the “dif-
fuse interstellar bands” (DIBs), remains unidentified. Most recent works relate them to large
polycyclic aromatic hydrocarbon (PAH) molecules or ultrasmall carbonaceous grains which are
also thought to be responsible for the 2175 Å extinction bump and/or the far ultraviolet (UV)
extinction rise at λ−1 > 5.9 µm−1. Therefore, one might expect some relation between the UV
extinction and DIBs. Such a relationship, if established, could put important constraints on the
carrier of DIBs. Over the past four decades, whether DIBs are related to the shape of the UV
extinction curves has been extensively investigated. However, the results are often inconsistent,
partly due to the inconsistencies in characterizing the UV extinction. Here we re-examine the
connection between the UV extinction curve and DIBs. We compile the extinction curves and
the equivalent widths of 40 DIBs along 97 slightlines. We decompose the extinction curve into
three Drude-like functions composed of the visible/near-infrared component, the 2175 Å bump,
and the far-UV extinction at λ−1 > 5.9 µm−1. We argue that the wavelength-integrated far-UV
extinction derived from this decomposition technique best measures the strength of the far-UV
extinction. No correlation is found between the far-UV extinction and most (∼90%) of the DIBs.
We have also shown that the color excess E(1300 − 1700), the extinction difference at 1300 Å
and 1700 Å often used to measure the strength of the far-UV extinction, does not correlate with
DIBs. Finally, we confirm the earlier findings of no correlation between the 2175 Å bump and
DIBs or between the 2175 Å bump and the far-UV extinction.

E-mail: fyxiang@xtu.edu.cn, lia@missouri.edu, jxzhong@xtu.edu.cn
Accepted for publication in ApJ
http://arxiv.org/abs/1610.06857
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The Mid-Infrared Polarization of the Herbig Ae Star WL 16:
An Interstellar Origin?
Han Zhang1, Charles M. Telesco1, Eric Pantin1,2, Dan Li1, Christopher M.
Wright3, Naibı́ Mariñas1, Peter Barnes1,4, Aigen Li5 and Christopher Packham6

1 Department of Astronomy, University of Florida, Gainesville, Florida, 32611, USA
2 Service d’Astrophysique CEA Saclay, France
3 School of Physical, Environmental and Mathematical Sciences, UNSW Canberra, PO Box 7916, Canberra BC
2610, Australia
4 School of Science and Technology, University of New England, Armidale, NSW 2351, Australia
5 Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
6 Physics & Astronomy Department, University of Texas at San Antonio, San Antonio, Texas, 78249, USA

We present high-resolution (0‘′.4) mid-infrared (mid-IR) polarimetric images and spectra of
WL 16, a Herbig Ae star at a distance of 125 pc. WL 16 is surrounded by a protoplanetary disk
of ∼900 AU in diameter, making it one of the most extended Herbig Ae/Be disks as seen in the
mid-IR. The star is behind, or embedded in, the ρ Ophiuchus molecular cloud, and obscured
by 28 magnitudes of extinction at optical wavelengths by the foreground cloud. Mid-IR polar-
ization of WL 16, mainly arises from aligned elongated dust grains present along the line of
sight, suggesting a uniform morphology of polarization vectors with an orientation of 33◦(East
from North) and a polarization fraction of ∼2.0%. This orientation is consistent with previous
polarimetric surveys in the optical and near-IR bands to probe large-scale magnetic fields in
the Ophiuchus star formation region, indicating that the observed mid-IR polarization toward
WL 16 is produced by the dichroic absorption of magnetically aligned foreground dust grains
by a uniform magnetic field. Using polarizations of WL 16 and Elias 29, a nearby polarization
standard star, we constrain the polarization efficiency, p10.3/A10.3, for the dust grains in the ρ
Ophiuchus molecular cloud to be ' 1.0% mag−1. WL 16 has polycyclic aromatic hydrocarbon
(PAH) emission features detected at 8.6, 11.2, 12.0, and 12.7 µm by our spectroscopic data,
and we find an anti-correlation between the PAH surface brightness and the PAH ionization
fraction between the NW and SW sides of the disk.

E-mail: hanzh0420@ufl.edu
Accepted for publication in MNRAS
https://arxiv.org/abs/1610.07906

The Influence of Metal Ion Binding on the IR Spectra of
Nitrogen-Containing PAHs
Juehan Gao, Jordy Bouwman, Giel Berden, Jos Oomens
Radboud University, FELIX Laboratory, Nijmegen, The Netherlands

Astronomical IR emission spectra form the basis for the now widely accepted abundant pres-
ence of polycyclic aromatic hydrocarbons (PAHs) in inter- and circumstellar environments. A
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small but consistent frequency mismatch is found between the astronomically observed emis-
sion band near 6.2 µm and typical CC-stretching vibrations of PAHs measured in laboratory
spectra near 6.3-6.4 µm. The shift of the band has been tentatively attributed to a variety of
effects, among which the inclusion of heteroatoms, in particular nitrogen, in the PAH skeleton
(PANH) as well as to metal ion binding to the PAH molecule. Here we experimentally investigate
the combined effect of nitrogen-inclusion and metal ion binding on the IR spectra. In particular,
infrared multiple-photon dissociation (IRMPD) spectra are recorded for coordination complexes
of Cu+ with one or two quinoline, isoquinoline, and acridine ligands; complexes of the form
Cu+(PANH) (MeCN), where the MeCN (acetonitrile) ligand acts as a relatively weakly bound
”messenger” are also recorded to qualitatively verify that potential frequency shifts induced by
IRMPD are minimal. The experimental IR spectra document the accuracy of IR spectral pre-
dictions by density functional theory calculations performed at the B3LYP/6-311+G(2df,2p) level
and confirm that a σ-bond is formed between the copper ion and the exoskeletal N atom. The
experimental spectra suggest that the CNC stretching mode undergoes a small red shift of up
to 20 cm−1, with respect to the band position in the uncomplexed PANH molecule, away from
the 6.2 µm interstellar position.

E-mail: joso@science.ru.nl
J. Phys. Chem. A, 2016, 120 (40)
http://pubs.acs.org/doi/abs/10.1021/acs.jpca.6b05060

Infrared spectra of ovalene (C32H14) and hydrogenated ova-
lene (C32H.

15) in solid para-hydrogen

Masashi Tsuge1, Mohammed Bahou1, Yu-Jong Wu2, Louis Allamandola3 and
Yuan-Pern Lee1,4

1 Department of Applied Chemistry and Institute of Molecular Science, National Chiao Tung University, Hsinchu
30010, Taiwan
2 National Synchrotron Radiation Research Center, Hsinchu 30076, Taiwan
3 The Astrophysics and Astrochemistry Laboratory, NASA Ames Research Center, CA 94035, USA
4 Institute of Molecular Sciences, Academia Sinica, Taipei 10617, Taiwan

We report the infrared (IR) spectra of ovalene (C32H14) and hydrogenated ovalene (C32H.
15) in

solid para-hydrogen (p-H2). The hydrogenated ovalene and protonated ovalene were generated
from electron bombardment of a mixture of ovalene and p-H2 during deposition of a matrix at 3.2
K. The features that decreased with time have been previously assigned to 7-C32H+

15, the most
stable isomer of protonated ovalene (Astrophys. J., 2016, 825, 96). The spectral features that
increased with time are assigned to the most stable isomer of hydrogenated ovalene (7-C32H.

15)
based on the expected chemistry and on a comparison with the vibrational wavenumbers and IR
intensities predicted by the B3PW91/6-311++G(2d,2p) method. The mechanism of formation of
7-C32H.

15 is discussed according to the observed changes in intensity and calculated energetics
of possible reactions of H + C32H14 and isomerization of C32H.

15. The formation of 7-C32H.
15 is

dominated by the reaction H + C32H14 → 7-C32H.
15, implying that, regardless of the presence of

a barrier, the hydrogenation of polycyclic aromatic hydrocarbons occurs even at 3.2 K.
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Hydrogenation and dehydrogenation of interstellar PAHs:
Spectral characteristics and H2 formation
H. Andrews, A. Candian and A. G. G. M. Tielens
Leiden Observatory, Leiden University, P.O. Box 9513, 2300 RA Leiden, The Netherlands

We have modelled the abundance distribution and IR emission of the first 3 members of the
coronene family in the north-west photodissociation region of the well-studied reflection nebu-
lae NGC 7023. Our aim was 3-fold: i) analyze the distribution of abundances; ii) examine the
spectral footprints from the hydrogenation state of PAHs; and iii) assess the role of PAHs in the
formation of H2 in photodissociation regions. To model the physical conditions inside the cloud,
we used the Meudon PDR Code, and we gave this as input to our kinetic model. We used
specific molecular properties for each PAH, based on the latest data available at the present
time. We considered the loss of an H atom or an H2 molecule as multiphoton processes, and
we worked under the premise that PAHs with extra H atoms can form H2 through an Eley-Rideal
abstraction mechanism. In terms of abundances, we can distinguish clear differences with PAH
size. The smallest PAH, coronene (C24H12), is found to be easily destroyed down to the com-
plete loss of all of its H atoms. The largest species circumcircumcoronene (C96H24), is found
in its normal hydrogenated state. The intermediate size molecule, circumcoronene (C54H18),
shows an intermediate behaviour with respect to the other two, where partial dehydrogenation
is observed inside the cloud. Regarding spectral variations, we find that the emission spectra
in NGC 7023 are dominated by the variation in the ionization of the dominant hydrogenation
state of each species at each point inside the cloud. It is difficult to “catch” the effect of de-
hydrogenation in the emitted PAH spectra since, for any conditions, only PAHs within a narrow
size range will be susceptible to dehydrogenation, being quickly stripped off of all H atoms (and
may isomerize to cages or fullerenes). The 3 µm region is the most sensitive one towards the
hydrogenation level of PAHs. Based on our results, we conclude that PAHs with extra H atoms
are not the carriers of the 3.4 µm band observed in NGC 7023, since these species are only
found in very benign environments. Finally, concerning the role of PAHs in the formation of H2

in photodissociation regions, we find that H2 abstraction from PAHs with extra H atoms is an
inefficient process compared to grains. Instead, we propose that photodissociation of PAHs of
small-to-intermediate sizes could contribute to H2 formation in PDR surfaces, but they cannot
account by themselves for the inferred high H2 formation rates in these regions.

E-mail: heandrew@strw.leidenuniv.nl
A&A, 2016, 595, id.A23
http://www.aanda.org/articles/aa/pdf/2016/11/aa28819-16.pdf
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Nature Astronomy is open for submissions

Nature Astronomy is a truly multidisciplinary journal launching in January 2017. It will repre-
sent – and foster closer interaction between – all of the key astronomy-relevant disciplines. As
a Nature Research journal, it will publish the most significant research, review and comment at
the cutting edge of astronomy, astrophysics, cosmology and planetary science.

Nature Astronomy will offer a range of content types – including original research, Review Ar-
ticles, Perspectives, Commentaries, News & Views and Research Highlights – to explore topical
issues as well as showcasing significant advances in the field.

Publication in Nature Astronomy is free of charge, and its publication policy allows the posting
of submitted manuscripts on preprint servers, and the self-archiving of the published versions
of papers six months after publication.

Please visit the Nature Astronomy website for more information and to submit a manuscript:
www.nature.com/natureastronomy
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Postdoctoral Positions at the University of Hawai’i
Advertised by Prof. Ralf Kaiser

The Reaction Dynamics Group, Department of Chemistry, University of Hawai’i at Manoa,
invites applications for three postdoctoral positions. The appointment period is initially for one
year, but can be renewed annually based on availability of funds and satisfactory progress.
The salary is competitive and commensurate with experience. Successful applicants should
have a strong background in one or more of the following: experimental reaction dynamics,
molecular beams, combustion chemistry, low temperature condensed phase, UHV technology,
pulsed laser systems, four wave mixing schemes, pulsed lasers, labview. A description of our
current research group can be found at http://www.chem.hawaii.edu/Bil301/welcome.html.

1 Position: Reaction Dynamics & Combustion Chemistry (Gas Phase). The prime direc-
tive of the experiments is to investigate the formation of carbonaceous molecules (PAHs) in
combustion systems exploiting crossed molecular beams along with mass spectrometry and
ion imaging (Hawaii) and a pyrolytic micro reactor (Advanced Light Source, Lawrence Berkeley
Laboratory).

1 Position: Astrochemistry (Condensed Phase). The goal of these experiments is to probe
the formation of complex organic molecules (COMs) in star forming regions via the interaction
of ionizing radiation (charged particles; VUV) with ices exploiting a surface science machine
along with reflectron time of flight mass spectrometry (Re-TOF); structural isomers are identified
selectively by utilizing single photon tunable vacuum ultraviolet light generated by four wave
mixing processes.

1 Position: Planetary Sciences (Condensed Phase). The primary interest of these studies is
to explore the formation and destruction of water on the Moon via interaction of the Solar Wind
with silicates.

Solid communication skills in English (written, oral), a publication record in internationally
circulated, peer-reviewed journals, and willingness to work in a team are mandatory. Only self-
motivated and energetic candidates are encouraged to apply. Please send a letter of interest,
three letters of recommendation, CV, and publication list to Prof. Ralf I. Kaiser (contact informa-
tion below). Applicants must demonstrate their capability to prepare manuscripts for publica-
tions independently. The review of applications will start January 1, 2017, and continues
until the position is filled.

Contact: Prof. Ralf Kaiser
Department of Chemistry
University of Hawai’i at Manoa
Honolulu, HI 96822-2275, USA
E-mail: ralfk@hawaii.edu
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