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Editorial
Dear Colleagues,

We are nearing the end of the year and we celebrate it with the release of the 3rd issue of
AstroPAH. We would like to thank the community for all the contributions. The Picture of the
Month was inspired by our last In Focus section. It is a beautiful image of the PAH outflow in
the M82 galaxy. In this months In Focus, Ralf Kaiser and Brant Jones present the W. M. Keck
Research Laboratory in Astrochemistry User Facility at the University of Hawaii. Our collection
of abstracts encompasses a variety of topics: observational studies of PAH- and fullerene-
containing astronomical objects, experimental and theoretical results about ion-induced PAH
fragmentation channels and a proposed new framework to solve the mystery of the Diffuse
Interstellar Bands.

With the holidays before us, there will be a small break in AstroPAH in January, but we will
be back on the 18th of February 2014 with our 4th issue.

However, you are encouraged to keep submitting your abstracts and other contributions nor-
mally in this period. The deadline for contributions to appear in the 4th issue is the 4th of
February 2014.

Remember that you can submit abstracts of your recent work, send suggestions for the
Picture of the Month and for the In Focus section, and advertise your event or job opening in
AstroPAH. You will find instructions on our website:

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

We wish you all happy holidays!

The Editorial Team
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PAH Picture of the Month

On the cover, a composite image of
Messier 82, the Cigar galaxy, as seen by
NASA’s Space Observatories. In blue X-ray
data (1.5 keV, Chandra); in orange hydrogen
emission (656 nm) and in green visible light
(440 nm) recorded by Hubble. In red, the
emission of PAHs as seen by the Spitzer 8
micron band. PAHs are ejected far outside
the galaxy plane by stellar radiation and they
can survive in the harsh environment. Cred-
its: NASA/JPL-Caltech/STScI/CXC/UofA
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In Focus:
Ralf Kaiser & Brant Jones Present

The W. M. Keck Research Laboratory in
Astrochemistry User Facility

“The W. M. Keck Research Laboratory in Astrochemistry located at the University of Hawaii at
Manoa is a state-of-the-art international user facility established in 2012. The overall goal of the
W.M. Keck Research Laboratory in Astrochemistry is to unravel the effects of the interaction of
ionizing radiation (charged particles, UVVUV photons) with interstellar and Solar System ices,
minerals, and carbonaceous surfaces at temperatures as low as 5.5 K and to comprehend the
chemical and astrobiological evolution of the Universe. This is achieved through an understand-
ing of the formation of carbon-, hydrogen-, oxygen-, and nitrogen-bearing (CHON) molecules in
ices simulating, for instance, ice coated interstellar nanoparticles (interstellar grains) and Kuiper
Belt Objects (KBOs) by reproducing the space environment in a specially designed experimen-
tal setup.

The centerpiece of the ex-
perimental setup is a custom-
made stainless steel chamber
of approximately 100 liters (pic-
ture on the left), which is evac-
uated by clean, oil-free, mag-
netically levitated turbo molec-
ular pumps coupled to oil-free
scroll backing pumps. The setup
reaches ultimate pressures of a
few 10−11 torr ensuring ultra-
clean conditions which are cru-
cial for the success of the ex-
periments, as they eliminate con-
taminations from condensation of
residual gases to one monolayer
after 30 hrs. Furthermore, the

temperature controlled cryostat is capable of temperatures anywhere from 5.5 K to 320K thus
simulating a plethora of astrophysically relevant conditions from surface temperatures of Pluto
to the warm up phase of an icy grain in star forming regions. (Mineral doped) ices and their
mixtures of any thickness from a few nanometers to a few hundred micrometers are prepared
in situ by condensing any desired gas mixture via a gas capillary array onto a substrate, which
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in turn is interfaced to a two-stage closed cycle helium refrigerator.

These ices can be irradiated with energetic particles and photons. The W. M. Keck Research
Laboratory contains the unique capability of individual and simultaneous exposure of the ices
with charged particles with tunable kinetic energies up to 10 keV (e.g. H+ and He+

2 ) with fluxes
up to 1010 cm−2 s−1, energetic electrons of up to a few keV with fluxes up 1014 cm−2 s−1, and
monochromatic, tunable vacuum ultraviolet photons in the range of 110 - 170 nm (11.3 - 7.3
eV) with fluxes of 1012 cm−2 s−1. The tunability is unique and crucial to elucidate wavelength-
dependent reaction mechanisms leading to the formation of complex organics by the individual
components of and ionizing radiation field throughout each unique environments of space. How-
ever, in actual physical conditions, ices are exposed to all sources of ionizing radiation at the
same time. By comparing the results from individual and simultaneous irradiation, we elucidate
how simultaneous exposure changes the reaction mechanisms and product spectrum of newly
formed molecules.

How can we trace the formation of new molecules? During the irradiation, the chemi-
cal and physical changes are monitored via a suite of highly sensitive and complementary on
line and in situ analytical probes (schematic1 above) that monitor the condensed phase (ices):
(1) Fourier Transform Infrared (FTIR) (10,000 - 400 cm−1), (2) ultraviolet-visible (190 - 1,000
nm), and (3) Raman (10,000 - 100 cm−1) Spectroscopy. The spectroscopic probes are aligned
along the centerline with respect to the target such that the chemical modification of the ices
can be probed during exposure to ionizing radiation. This on line and in situ operation of the

1 B.M. Jones & R.I. Kaiser, A Novel Application of Reflectron Time-of-Flight Mass Spectroscopy in the Analysis of Astrophys-
ically Relevant Ices Exposed to Ionization Radiation Methane (CH4) and D4-Methane (CD4) as a Case Study, The Journal of
Physical Chemistry Letters 4, 1965-1971 (2013).
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spectrometers is a crucial prerequisite to elucidate the formation of new molecules and their
kinetics together with functional groups (including those without a permanent dipole moment)
over the experimental time. By following the temporal evolution of the absorption bands of dis-
tinct molecules and of functional groups, one can extract time dependent concentration profiles
and hence production rates of newly formed molecules in the solid state. These time-dependent
profiles can be fit kinetically to derive the reaction mechanisms of complex molecules such as
sugars (glycolaldehyde), amines, and even carboxylic acids.

To further examine the full product spectrum post irradiation of an astrophysical model ice,
temperature program desorption studies are conducted with two mass spectrometers. The
samples can be annealed with moderate heating rates of 0.1 K min−1 to 2 K min−1, thereby
simulating the warm up phase of an icy body such as a comet nearing perihelion or an icy
covered dust grain within a molecular cloud proceeding through a star formation period. The
two mass spectrometers used are: (i) a universal electron impact ionization quadrupole mass
spectrometer (QMS) operating as a residual gas analyzer capable of probing any molecules
with masses up to 500 amu sublimating into the gas phase, and (ii) a unique fragment free sin-
gle photoionization reflectron time-of- flight (Re-TOF-PI) mass spectrometer which monitors the
complete product spectrum based on distinct mass-to-charge ratios of the photoionized neutral
molecules. Electron impact ionization leads to significant fragmentation of the parent, which can
even eliminate the signal of the parent molecule entirely. However, photoionization has a unique
advantage compared to electron impact, in that fragmentation upon ionization does not occur
at ionization energies slightly above threshold. As each unique molecule has distinct ionization
energy, we can softly photoionize molecules according to their ionization energies. Here, the W.
M. Keck Research Facility has the unique advantage of utilizing tunable photoionization source
with a full range of 5 to 15 eV generated via non-linear four wave mixing. It is then possible to
monitor the signal at distinct m/z ratios relevant to the mass, and tune the photon energy from 5
to 15 eV as generated via four wave sum and difference mixing schemes producing a photoion-
ization efficiency curve. This curve together with the mass-to-charge (m/z) ratios and the in situ
solid-state spectroscopy described above assists to unambiguously identify molecules formed.

We invite collaborative projects catalyzing multidisciplinary research in the fields of
astrochemistry, planetary sciences, astrobiology, material sciences, and reaction dy-
namics. Inquiries and proposals shall be sent to Ralf I. Kaiser (ralfk@hawaii.edu) or
to Brant M. Jones (brantmj@hawaii.edu).”

Ralf Kaiser is a Profes-
sor in the Department of
Chemistry of the Univer-
sity of Hawaii at Manoa.

Ralf Kaiser is a Pro-
fessor in the Depart-
ment of Chemistry of the
University of Hawaii at
Manoa.Ralf Kaiser is a
Professor in the Depart-

ment of Chemistry of the University of Hawaii
at Manoa.Ralf Kaiser is a Professop.

Brant Jones is an As-
sistant Researcher in the
Department of Chemistry
of the University of Hawaii
at Manoa.

Ralf Kaiser is a Pro-
fessor in the Depart-
ment of Chemistry of the
University of Hawaii at
Manoa.Ralf Kaiser is a

Professor in the Department of Chemistry of
the University of Hawaii at Manoa.Ralf Kaiser
is a Professop.

6 AstroPAH - December 2013 | Issue 3

mailto:ralfk@hawaii.edu
mailto:brantmj@hawaii.edu


Recent Papers

Properties of Polycyclic Aromatic Hydrocarbons in the
Northwest Photon Dominated Region of NGC 7023. I. PAH
Size, Charge, Composition, and Structure Distribution
C. Boersma1, J. D. Bregman1 and L. J. Allamandola1

1 NASA Ames Research Center, MS 245-6, Moffett Field, CA 94035-0001, USA

Polycyclic aromatic hydrocarbon (PAH) emission in the Spitzer Infrared Spectrograph spec-
tral map of the northwest photon dominated region (PDR) in NGC 7023 was analyzed exclu-
sively using PAH spectra from the NASA Ames PAH IR Spectroscopic Database∗. The 5-15 µm
spectrum at each pixel is fitted using a non-negative-least-squares fitting approach. The fits
are of good quality, allowing decomposition of the PAH emission into four subclasses: size,
charge, composition, and hydrogen adjacency (structure). Maps tracing PAH subclass distri-
butions across the region paint a coherent astrophysical picture. Once past some 20 seconds
of arc from HD 200775, the emission is dominated by the more stable, large, symmetric, com-
pact PAH cations with smaller, neutral PAHs taking over along the lines-of-sight toward the
more distant molecular cloud. The boundary between the PDR and the denser cloud material
shows up as a distinct discontinuity in the breakdown maps. Noteworthy is the requirement for
PANH cations to fit the bulk of the 6.2 and 11.0 µm features and the indication of PAH photo-
dehydrogenation and fragmentation close to HD 200775. Decomposition of the spectral maps
into ”principal” subclass template spectra provides additional insight into the behavior of each
subclass. However, the general applicability of this computationally more efficient approach is
presently undetermined. This is the first time the spectra of individual PAHs are exclusively
used to fit the 5-15 µm region and analyze the spatial behavior of the aromatic infrared bands,
providing fundamental, new information about astronomical PAH subpopulations including their
dependence on, and response to, changes in local conditions.
∗ www.astrochem.org/pahdb

E-mail: Christiaan.Boersma@nasa.gov
The Astrophysical Journal, Volume 769, Issue 2, article id. 117, 13 pp. (2013)
http://dx.doi.org/10.1088/0004-637X/769/2/117

See also the Press Release

http://www.nasa.gov/topics/universe/features/evolution-of-cosmic-carbon-pah.html
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Spatial Analysis of the Polycyclic Aromatic Hydrocarbon
Features Southeast of the Orion Bar
C. Boersma1, R. H. Rubin1,2 and L. J. Allamandola1

1 NASA Ames Research Center, MS 245-6, Moffett Field, CA 94035-0001, USA
2 Orion Enterprises, MS 245-6, Moffett Field, CA 94035-1000, USA

Polycyclic aromatic hydrocarbon (PAH) and dust emission features between 10 and 37 µm,
observed with Spitzer at 11 positions southeast of the Bright Bar (BB) in Orion, are analyzed
and connected to atomic and H2 lines reported earlier. Variations at these positions indicate
changes in local conditions and materials sampled. The major findings are: (1) PAH erosion
and destruction are important from the BB out to about 5’. (2) The ionized PAH fraction, inferred
from the 11.0 µm PAH band, increases from the BB out to 6’.5. This counterintuitive behavior
is linked to PAH dehydrogenation. (3) The ”11.2” µm PAH band profile shifts from class A11.2 to
A(B)11.2 between 9’ and 10’, indicating these lines-of-sight probe a different environment, likely
shielded molecular cloud material. (4) The different spatial behavior of the PAH bands and
the 10-15 µm plateau supports the view that the plateau originates in a separate carrier. (5)
The fullerene/PAH band strength ratio decreases out to about 7’, increases between 9’ and 10’
and drops at 12’. The first region is where PAHs are dehydrogenated and eroded whereas the
second, shielded zone, is where the ”11.2” µm profile shifts and PAH erosion is unlikely. This
suggests fullerenes are intimately mixed with PAHs in shielded regions. Taken together, the
observations suggest three different regimes are sampled: (1) the H II region-photodissociation
region (PDR) interface directly southeast of the BB, (2) shielded molecular cloud material farther
out, and (3) the H II region-PDR interface seen limb brightened at the outermost position.

E-mail: Christiaan.Boersma@nasa.gov
The Astrophysical Journal, Volume 753, Issue 2, article id. 168, 13 pp. (2012)
http://dx.doi.org/10.1088/0004-637X/753/2/168

Physical Properties of Fullerene-containing Galactic Plan-
etary Nebulae
Masaaki Otsuka1, F. Kemper1, J. Cami2,3, E. Peeters2,3, J. Bernard-Salas4,5

1 Institute of Astronomy and Astrophysics, Academia Sinica, 11F of Astronomy-Mathematics Building, AS/NTU.
No.1, Sec. 4, Roosevelt Rd, Taipei 10617, Taiwan, R.O.C.
2 Department of Physics and Astronomy, The University of Western Ontario, London, ON N6A 3K7, Canada
3 SETI Institute, 189 Bernardo Ave, Suite 100, Mountain View, CA 94043, USA
4 Institut d’Astrophysique Spatiale, CNRS/Université Paris-Sud 11, 91405 Orsay, France
5 Department of Physical Sciences, The Open University, Milton Keynes, MK7 6AA, UK

We searched the Spitzer Space Telescope data archive for Galactic planetary nebulae (PNe),
that show the characteristic 17.4 and 18.9 µm features due to C60, also known as buckminster-
fullerene. Out of 338 objects with Spitzer /IRS data, we found eleven C60-containing PNe, six
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of which (Hen2-68, IC2501, K3-62, M1-6, M1-9, and SaSt2-3) are new detections, not known
to contain C60 prior to this work. The strongest 17.4 and 18.9 µm C60 features are seen in Tc
1 and SaSt 2-3, and these two sources also prominently show the C60 resonances at 7.0 and
8.5 µm. In the other nine sources, the 7.0 and 8.5 µm features due to C60 are much weaker.
We analyzed the spectra, along with ancillary data, using the photo-ionization code CLOUDY
to establish the atomic line fluxes, and determine the properties of the radiation field, as set
by the effective temperature of the central star. In addition, we measured the infrared spectral
features due to dust grains. We find that the Polycyclic Aromatic Hydrocarbon (PAH) profile over
6-9 µm in these C60-bearing carbon-rich PNe is of the more chemically-processed class A. The
intensity ratio of 3.3 µm to 11.3 µm PAH indicates that the number of C-atoms per PAH in C60-
containing PNe is small compared to that in non-C60 PNe. The Spitzer spectra also show broad
dust features around 11 and 30 µm. Analysis of the 30-µm feature shows that it is strongly cor-
related with the continuum, and we propose that a single carbon-based carrier is responsible
for both the continuum and the feature. The strength of the 11-µm feature is correlated to the
temperature of the dust, suggesting that it is at least partially due to a solid-state carrier. The
chemical abundances of C60-containing PNe can be explained by AGB nucleosynthesis models
for initially 1.5-2.5 M� stars with Z=0.004. We plotted the locations of C60-containing PNe on
a face-on map of the Milky Way and we found that most of these PNe are outside the solar
circle, consistent with low metallicity values. Their metallicity suggests that the progenitors are
an older population.

E-mail: otsuka@asiaa.sinica.edu.tw
Accepted by MNRAS
http://ads.nao.ac.jp/abs/2013arXiv1310.7711O

Ion-polycyclic aromatic hydrocarbon collisions: kinetic en-
ergy releases for specific fragmentation channels
G. Reitsma1, H. Zettergren2, L. Boschman3,1, E. Bodewits1, R. Hoekstra1, T.
Schlathölter1

1 KVI Atomic and Molecular Physics, University of Groningen, Zernikelaan 25, 9747AA Groningen, The Nether-
lands
2 Department of Physics, Stockholm University, AlbaNova University Center, S-10691 Stockholm, Sweden
3 Kapteyn Astronomical Institute, University of Groningen, P.O. box 800, 9700AV Groningen, The Netherlands

We report on 30 keV He2+ collisions with naphthalene (C10H8) molecules, which leads to
very extensive fragmentation. To unravel such complex fragmentation patterns, we designed
and constructed an experimental setup, which allows for the determination of the full momen-
tum vector by measuring charged collision products in coincidence in a recoil ion momentum
spectrometer type of detection scheme. The determination of fragment kinetic energies is found
to be considerably more accurate than for the case of mere coincidence time-of-flight spectrom-
eters. In fission reactions involving two cationic fragments, typically kinetic energy releases of
2-3 eV are observed. The results are interpreted by means of density functional theory cal-
culations of the reverse barriers. It is concluded that naphthalene fragmentation by collisions
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with keV ions clearly is much more violent than the corresponding photofragmentation with en-
ergetic photons. The ion induced naphthalene fragmentation provides a feedstock of various
small hydrocarbonic species of different charge states and kinetic energy, which could influence
several molecule formation processes in the cold interstellar medium and facilitates growth of
small hydrocarbon species on pre-existing PAHs.

E-mail: reitsma@kvi.nl
J. Phys. B: At. Mol. Opt. Phys. 46, 245201 (2013)
http://dx.doi.org/10.1088/0953-4075/46/24/245201

A framework for resolving the origin, nature and evolution
of the diffuse interstellar band carriers?
Anthony P. Jones1

1 Institut d’Astrophysique Spatiale (IAS), CNRS and Université Paris Sud, UMR8617, 91405 Orsay, France

The carriers of the diffuse interstellar bands (DIBs) still remain an unknown commodity. Both
dust and molecules have been suggested as carriers but none proposed have yet been able to
explain the nature and the diversity of the DIBs. Hence, it is perhaps time to review the problem
in terms of the intermediate-sized nano-particles. It is here proposed that the DIB carriers
are the nm-sized and sub-nm-sized products of the UV photo-fragmentation of hydrogenated
amorphous carbon grains, a-C(:H), and their heteroatom-doped variants, a-C:H:X (where X
may be O, N, Mg, Si, Fe, S, Ni, P, . . . ). An interstellar hydrogenated amorphous carbon dust
evolutionary framework is described within which a solution to the age-old DIB problem could
perhaps be found.

E-mail: Anthony.Jones@ias.u-psud.fr
Accepted by Planetary and Space Science
http://goo.gl/ye77wz

Spatial distribution and interpretation of the 3.3 micron PAH
emission band of the Red Rectangle
A. Candian1, T.H. Kerr2, I.-O. Song1, L. McCombie1 and P.J. Sarre1

1 School of Chemistry, The University of Nottingham, University Park, Nottingham NG7 2RD
2 UKIRT, Joint Astronomy Centre, 660 N. A’ohoku Place, University Park, Hilo, HI 96720, USA

The spatial distribution of 3.3 µm polycyclic aromatic hydrocarbon (PAH) band and associ-
ated emission in the 3.3”×6.0” inner region of the Red Rectangle nebula has been determined
using the UIST imager spectrometer at the United Kingdom Infrared Telescope (UKIRT). Inter-
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pretation of the 3.3 µm feature as comprising two spectroscopic components centred at 3.30
and 3.28 µm, as put forward by Song et al., is supported by these data which reveal that they
have different spatial distributions. It is deduced that there are two classes of 3.3 µm band
carrier with a peak wavelength separation of 0.02 µm. From comparison of the 3.3 µm obser-
vations with laboratory and theoretical spectra for a range of PAH molecules, it is proposed that
the 3.28 and 3.30 µm components arise from bay and non-bay hydrogen sites, respectively, on
the periphery of small neutral PAHs. Observational data are also obtained for L-band continuum
emission and for the Pfund ε hydrogen recombination line.

E-mail: alessandra.candian@gmail.com, peter.sarre@nottingham.ac.uk
MNRAS, 426, 389-397 (2012)
http://mnras.oxfordjournals.org/content/426/1/389

Extinction and PAH Intensity Variations across the H II re-
gion IRAS 12063-6259
D. J. Stock1, E. Peeters1,2, A. G. G. M. Tielens3, J. N. Otaguro1 and A. Bik4

1 Department of Physics and Astronomy, University of Western Ontario, London, ON, N6A 3K7, Canada
2 SETI Institute, 189 Bernardo Avenue, Suite 100, Mountain View, CA 94043, USA
3 Leiden Observatory, Leiden University, P.O. Box 9513, NL-2300 RA, The Netherlands
4 Max-Planck-Institut für Astronomie, Königstuhl 17, 69117 Heidelberg, Germany

The spatial variations in PAH band intensities are normally attributed to the physical condi-
tions of the emitting PAHs, however in recent years it has been suggested that such variations
are caused mainly by extinction. To resolve this question, we have obtained near-infrared (NIR),
mid-infrared (MIR) and radio observations of the compact H II region IRAS 12063-6259. We
use these data to construct multiple independent extinction maps and also to measure the main
PAH features (6.2, 7.7, 8.6 and 11.2 µm) in the MIR. Three extinction maps are derived: the first
using the NIR hydrogen lines and case B recombination theory; the second combining the NIR
data with radio data; and the third making use of the Spitzer/IRS MIR observations to measure
the 9.8 µm silicate absorption feature using the Spoon method and PAHFIT (as the depth of this
feature can be related to overall extinction). The silicate absorption over the bright, southern
component of IRAS 12063-6259 is almost absent while the other methods find significant ex-
tinction. While such breakdowns of the relationship between the NIR extinction and the 9.8 µm
absorption have been observed in molecular clouds, they have never been observed for H II
regions. We then compare the PAH intensity variations in the Spitzer/IRS data after deredden-
ing to those found in the original data. It was found that in most cases, the PAH band intensity
variations persist even after dereddening, implying that extinction is not the main cause of the
PAH band intensity variations.

E-mail: dstock4@uwo.ca
ApJ, 2013, 771, 72
http://adsabs.harvard.edu/abs/2013ApJ...771...72S
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