
.

..
Issue 80 • July 2021

Solvation and electronSolvation and electron
capture of anthracenecapture of anthracene



.

Dear Colleagues,

Welcome to our 80th AstroPAH volume! We hope all of you are healthy and doing well!

The Picture of the Month illustrates the effect of solvation on the electron capture of
anthracene, investigated recently in a study published by Lietar et al.

Our contributed abstracts cover the study showcased in the Picture of the Month along
with many more exciting studies! These include anything from optical properties of elongated
grains to photoionization processes of aromatic molecules and formation pathways of
benzonitrile. We are very grateful for all your contributions. Thank you!

You can also go see our new PAH of the Month on our Instagram page! This month is
dedicated to cyanonaphthalene C11H7N.

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, feel free to use our email. We are always looking for new ideas for the In Focus
section of the newsletter, so if you have a new paper, a user facility or a specific topic you
would like to present, let us know!

Next month, we will be taking our annual August break. See you in September!

Enjoy reading our newsletter!

The Editorial Team

Next issue: 24 September 2021.
Submission deadline: 10 September 2021.
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PAH Picture of the Month
Anionic anthracene and its nitrogen deri-
vatives were studied using two-dimensional
photoelectron spectroscopy, while solvated
by up to five water molecules. Using low-
energy electrons, it was revealed that the re-
sonances for electron capture redshift with
increasing hydration. See more about this
work in the first abstract.

Credits: Caleb Jordan for the molecules,
and NASA, ESA, and STScI for the back-
ground picture of the Lagoon Nebula.
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The effect of solvation on electron capture revealed using
anion two-dimensional photoelectron spectroscopy

Aude Lietard1, Golda Mensa-Bonsui1 and Jan R. R. Verlet1

1 Department of Chemistry, Durham University, Durham DH1 3LE, United Kingdom

The reaction of low-energy electrons with neutral molecules to form anions plays an
important role in chemistry, being involved in, for example, various biological and
astrochemical processes. However, key aspects of electron–molecule interactions, such
as the effect of incremental solvation on the initially excited electronic resonances, remain
poorly understood. Here two-dimensional photoelectron spectroscopy of anionic anthracene
and nitrogen-substituted derivatives—solvated by up to five water molecules—reveals
that for an incoming electron, resonances red-shift with increasing hydration; but for the
anion, the excitation energies of the resonances remain essentially the same. These
complementary points of view show that the observed onset of enhanced anion formation
for a specific cluster size is mediated by a bound excited state of the anion. Our findings
suggest that polycyclic aromatic hydrocarbons may be more efficient at electron capture
than previously predicted with important consequences for the ionization fraction in dense
molecular clouds.

E-mail: j.r.r.verlet@durham.ac.uk

Nature Chemistry (2021)

https://doi.org/10.1038/s41557-021-00687-1
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Deuterated Polycyclic Aromatic Hydrocarbons in the
Interstellar Medium: The C – D Band Strengths of Multi-
Deuterated Species

Xuejuan Yang1,2, Aigen Li2, Chaoyu He1,2, 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

Observationally, the interstellar gas-phase abundance of deuterium (D) is considerably
depleted and the missing D atoms are often postulated to have been locked up into
carbonaceous solids and polycyclic aromatic hydrocarbon (PAH) molecules. An accurate
knowledge of the fractional amount of D (relative to H) tied up in carbon dust and PAHs has
important cosmological implications since D originated exclusively from the Big Bang and
the present-day D abundance, after accounting for the astration it has experienced during
the Galactic evolution, provides essential clues to the primordial nucleosynthesis and the
cosmological parameters. To quantitatively explore the extent to which PAHs could possibly
accommodate the observed D depletion, we have previously quantum-chemically computed
the infrared vibrational spectra of mono-deuterated PAHs and derived the mean intrinsic
band strengths of the 3.3 µm C–H stretch (A3.3) and the 4.4 µm C–D stretch (A4.4).
Here we extend our previous work to multi-deuterated PAH species of different deuterations,
sizes and structures. We find that both the intrinsic band strengths A3.3 and A4.4 and their
ratios A4.4/A3.3 not only show little variations among PAHs of different deuterations, sizes and
structures, they are also closely similar to that of mono-deuterated PAHs. Therefore, a PAH
deuteration level (i.e., the fraction of peripheral atoms attached to C atoms in the form of D)
of ∼2.4% previously estimated from the observed 4.4 µm to 3.3 µm band ratio based on
the A4.4/A3.3 ratio of mono-deuterated PAHs is robust.

E-mails: xjyang@xtu.edu.cn, lia@missouri.edu

The Astrophysical Journal Supplement Series, 251, 12 (2021)

https://doi.org/10.3847/1538-4365/abba28
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Optical Properties of Elongated Conducting Grains

X.M. Huang1,2, Qi Li2,3, Aigen Li2, J.H. Chen1,2, F.Z. Liu2,4, and C.Y. Xiao5

1 College of Physics and Electronics, Hunan Normal University, Changsha, Hunan 410081, China
2 Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
3 Hunan Key Laboratory for Stellar and Interstellar Physics and School of Physics and Optoelectronics, Xiang-
tan University, Hunan 411105, China
4 College of Information Science and Engineering, Hunan Normal University, Changsha, Hunan 410081, China
5 Department of Astronomy, Beijing Normal University, Beijing 100875, China

Extremely elongated, conducting dust particles (also known as metallic “needles” or
“whiskers”) are seen in carbonaceous chondrites and in samples brought back from the
Itokawa asteroid. Their formation in protostellar nebulae and subsequent injection into the
interstellar medium have been demonstrated, both experimentally and theoretically. Metallic
needles have been suggested to explain a wide variety of astrophysical phenomena, ranging
from the mid-infrared interstellar extinction at ∼3–8µm to the thermalization of starlight to
generate the cosmic microwave background. To validate (or invalidate) these suggestions,
an accurate knowledge of the optics (e.g., the amplitude and the wavelength dependence
of the absorption cross sections) of metallic needles is crucial. Here we calculate the
absorption cross sections of iron needles of various aspect ratios over a wide wavelength
range, by exploiting the discrete dipole approximation, the most powerful technique for
rigorously calculating the optics of irregular or nonspherical grains. Our calculations support
the earlier findings that the antenna theory and the Rayleigh approximation, which are often
taken to approximate the optical properties of metallic needles, are indeed inapplicable.

E-mail: lia@missouri.edu

Monthly Notices of the Royal Astronomical Society, 503, 3, 4544–4550 (2021)

https://doi.org/10.1093/mnras/stab765
https://arxiv.org/abs/2103.06774
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Visible-light photoionization of aromatic molecules in
water-ice: Organic chemistry across the universe with
less energy

Antti Lignell1,2, Laura I. Tenelanda-Osorio1,3 and Murthy S. Gudipati1

1 Ice Spectroscopy Lab, Science Division, Jet Propulsion Laboratory, California Institute of Technology, 4800
Oak Grove Drive, Pasadena, CA 91109, USA
2 Department of Chemistry, P.O. Box 55, 00014, University of Helsinki, Finland
3 Universidad EAFIT, Carrera 49 # 7 sur 50, Medellı́n, Antioquia, Colombia

Ionization of gas-phase organic molecules such as polycyclic aromatic hydrocarbons (PAHs)
requires vacuum ultraviolet photons at wavelengths shorter than 200 nm (∼ 6–9 eV). We
present here for the first time that visible photons — accessible through sunlight — can
cause photoionization of trapped PAHs in cryogenic water-ice, accounting for 4.4 eV less
ionization energy than in the gas phase. This finding opens up new reaction pathways
involving low-energy ionization in many environments where water and organic matter
coexist. These include the interstellar medium, molecular clouds, protoplanetary disks, and
planetary surfaces and atmospheres (including Earth).

E-mails: antti.lignell@helsinki.fi, murthy.gudipati@jpl.nasa.gov

Chemical Physics Letters, 778, 138814 (2021)

https://doi.org/10.1016/j.cplett.2021.138814
https://arxiv.org/abs/2106.04623
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Infrared Spectroscopy of Chemically Diverse Carbon
Clusters: A Data-Driven Approach

Florent Calvo1, Aude Simon2, Pascal Parneix3, Cyril Falvo4 and Clément
Dubosq2

1 Univ. Grenoble Alpes, CNRS, LiPhy, 38000 Grenoble, France
2 Laboratoire de Chimie et Physique Quantiques LCPQ/FeRMI, UMR5626, Université de Toulouse (UPS) and
CNRS, 31062 Toulouse, France
3 Université Paris-Saclay, CNRS, Institut des Sciences Moléculaires d’Orsay, 91405 Orsay, France
4 Université Paris-Saclay, CNRS, Institut des Sciences Moléculaires d’Orsay, 91405 Orsay, France; Univ.
Grenoble Alpes, CNRS, LiPhy, 38000 Grenoble, France

Carbon clusters exhibit a broad diversity of topologies and shapes, encompassing fullerene-
like cages, graphene-like flakes, and more disordered pretzel-like and branched structures.
Here, we examine computationally their infrared spectra in relation with these structures from
a statistical perspective. Individual spectra for broad samples of isomers were determined by
means of the self-consistent charge density functional-based tight-binding method, and an
interpolation scheme is designed to reproduce the spectral features by regression on a much
smaller subset of the sample. This interpolation proceeds by encoding the structures using
appropriate descriptors and selecting them through principal component analysis, Gaussian
regression or inverse distance weighting providing the nonlinear weighting functions. Metric
learning is employed to reduce the global error on a preselected testing set. The interpolated
spectra satisfactorily reproduce the specific spectral features and their dependence on the
size and shape, enabling quantitative prediction away from the testing set. Finally, the
classification of structures within the four proposed families is critically discussed through
a statistical analysis of the sample based on iterative label spreading.

E-mail: florent.calvo@univ-grenoble-alpes.fr

The Journal of Physical Chemistry A, 125, 5509–5518, (2021)

https://doi.org/10.1021/acs.jpca.1c03368
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Hydrogenation of C24 carbon clusters: structural diver-
sity and energetic properties

Paula Pla1, Clément Dubosq2, Mathias Rapacioli2, Evgeny Posenitskiy3,
Manuel Alcamı́1 and Aude Simon2

1 Departamento de Quı́mica, Universidad Autónoma de Madrid, Módulo 13, 28049 Madrid, Spain
2 Laboratoire de Chimie et Physique Quantiques (LCPQ), Fédération FeRMI, Univ. Toulouse UT3 & CNRS,
UMR5626, 118 Route Narbonne, F-31062 Toulouse, France
3 Laboratoire Collisions Agrégats et Réactivité (LCAR), Université de Toulouse (UPS) and CNRS, UMR5589,
118 Route de Narbonne, F-31062 Toulouse, France

This work aims at exploring the potential energy surfaces of C24Hn=0,6,12,18,24 using the
genetic algorithm in combination with the density functional based tight binding (DFTB)
potential. The structural diversity was analysed using order parameters, in particular the
sum of the numbers of five- and six-carbon rings R5/6. The most abundant and lowest
energy population was designated as the flakes population (isomers of variable shapes,
large R5/6 values), characterized by an increasing number of spherical isomers when nH/nC

increases. Simultaneously, the fraction of the pretzels population (spherical isomers, smaller
R5/6 values) increases. The fraction of cages population (largest R5/6 values) remains
extremely minor while the branched population (smallest R5/6 values) remains the highest
energy population for all nH/nC ratios. For all C24Hn=0,6,12,18,24 clusters, the evolution of the
carbon ring size distribution with energy clearly shows the correlation between the stability
and the number of 6-carbon rings. The average values of the ionization potentials of
all populations were found to decrease when nH/nC increases, ranging from 7.9 down to
6.4 eV. This trend was correlated to geometric and electronic factors, in particular to carbon
hybridization. These results are of astrophysical interest especially regarding the role of
carbon species in the gas ionization.

E-mail: aude.simon@irsamc.ups-tlse.fr

The Journal of Physical Chemistry A, 125, 24, 5273–5288 (2021)

https://doi.org/10.1021/acs.jpca.1c02359
https://arxiv.org/pdf/2103.11915.pdf
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Intermediate-size fullerenes as degradation products of
interstellar PAHs

Alain Omont1, and Holger F. Bettinger2

1 Sorbonne Univ., UPMC Univ. Paris 6 and CNRS, UMR 7095, Institut d’Astrophysique de Paris, France
2 Institut fuer Organische Chemie, Univ. Tuebingen, Auf der Morgenstelle 18, 72076 Tuebingen, Germany

The high interstellar abundances of polycyclic aromatic hydrocarbons (PAHs) and their size
distribution are the result of complex chemical processes implying dust, UV radiation, and
the main gaseous components (H, C+, and O). These processes must explain the high
abundance of relatively small PAHs in the diffuse interstellar medium (ISM) and imply
the continuous formation of some PAHs that are small enough (number of carbon atoms
NC . 35–50) to be completely dehydrogenated by interstellar UV radiation. The carbon
clusters Cn thus formed are constantly exposed to the absorption of ∼1–13.6 eV UV photons,
allowing isomerization and favoring the formation of the most stable isomers. They might
tend to form irregular carbon cages. The frequent accretion of interstellar C+ ions could
favor further cage isomerization, as is known in the laboratory for C60, possibly yielding most
stable fullerenes, such as C40, C44, and C50. These fullerenes are expected to be very stable
in the diffuse ISM because C2 ejection is not possible by single UV photon absorption, but
could need rare two-photon absorption. It is possible that at least one of these fullerenes
or its cation is as abundant as C60 or C60

+ in the diffuse ISM, although this abundance is
limited by the lack of observed matching features in observed mid-infrared spectra. B3LYP
calculations of the visible spectrum for a number of fullerene isomers with 40≤NC ≤50 show
that they generally have a few spectral bands in the visible range, with f-values in the range
of a few 10 – 2. This could make such fullerenes interesting candidates for the carriers of
some diffuse interstellar bands.

E-mail: omont@iap.fr

Astronomy & Astrophysics, 650, A193, 2107.00300, (2021)

https://doi.org/10.1051/0004-6361/202140675
https://arxiv.org/abs/2107.00300
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Five vs Six Membered-Ring PAH Products from Reaction
of o-Methylphenyl Radical and two C3H4 Isomers

Oisin J. Shiels1, Matthew B. Prendergast2, John D. Savee2, David L.
Osborn2, Craig A. Taatjes2, Stephen J. Blanksby3, Gabriel da Silva4 and
Adam J. Trevitt1

1 Molecular Horizons and School of Chemistry and Molecular Bioscience, University of Wollongong,
Wollongong, Australia, 2522
2 Combustion Research Facility, Sandia National Laboratories, Livermore, CA 94551-0969, USA
3 Central Analytical Research Facility, Queensland University of Technology, Brisbane, Australia, 4001
4 Department of Chemical Engineering, The University of Melbourne, Melbourne, Victoria, Australia, 3010

Gas-phase reactions of the o-methylphenyl (o-CH3C6H4) radical with the C3H4 isomers
allene (H2C –– C –– CH2) and propyne (HC ––– C – CH3) are studied at 600 K and 4 Torr (533 Pa)
using VUV synchrotron photoionisation mass spectrometry, quantum chemical calculations
and RRKM modelling. Two major dissociation product ions arise following C3H4 addition: m/z
116 (CH3 loss) and 130 (H loss). These products correspond to small polycyclic aromatic
hydrocarbons (PAHs). The m/z 116 signal for both reactions is conclusively assigned
to indene (C9H8) and is the dominant product for the propyne reaction. Signal at m/z
130 for the propyne case is attributed to isomers of bicyclic methylindene (C10H10) + H,
which contains a newly-formed methylated five-membered ring. The m/z 130 signal for
allene, however, is dominated by the 1,2-dihydronaphthalene isomer arising from a newly
created six-membered ring. Our results show that new ring formation from C3H4 addition to
the methylphenyl radical requires an ortho-CH3 group — similar to o-methylphenyl radical
oxidation. These reactions characteristically lead to bicyclic aromatic products, but the
structure of the C3H4 co-reactant dictates the structure of the PAH product, with allene
preferentially leading to the formation of two six-membered ring bicyclics and propyne
resulting in the formation of six and five-membered bicyclic structures

E-mail: adamt@uow.edu.au

Physical Chemistry Chemical Physics, 23, 14913–14924 (2021) Advance Article

https://doi.org/10.1039/D1CP01764K
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Molecular dynamics reveals formation path of benzoni-
trile and other molecules in conditions relevant to the in-
terstellar medium

Jeeno Jose, Alon Zamir, and Tamar Stein

Fritz Haber Research Center for Molecular Dynamics, The Hebrew University of Jerusalem, Jerusalem, Israel

Polycyclic aromatic hydrocarbons and polycyclic aromatic nitrogen heterocycles are believed
to be widespread in different areas of the interstellar medium. However, the astronomical
detection of specific aromatic molecules is extremely challenging. As a result, only a few
aromatic molecules have been identified, and very little is known about how they are formed
in different areas of the interstellar medium. Recently, McGuire et al. [Science 359, 202–
205 (2018)] detected the simple aromatic molecule benzonitrile in Taurus Molecular Cloud-
1. Although benzonitrile has been observed, the molecular mechanism for its formation is
still unknown. In this study, we use quantum chemistry and ab initio molecular dynamics
to model ionization processes of van der Waals clusters containing cyanoacetylene and
acetylene molecules. We demonstrate computationally that the clusters’ ionization leads to
molecular formation. For pure cyanoacetylene clusters, we observe bond formation among
two and three monomer units, whereas in mixed clusters, bond formation can also occur
in up to four units. We show that the large amount of energy available to the system after
ionization can lead to barrier crossing and the formation of complex molecules. Our study
reveals the rich chemistry that is observed upon ionization of the clusters, with a wide variety
of molecules being formed. Benzonitrile is among the observed molecules, and we study
the potential energy path for its formation. These results also offer insights that can guide
astronomers in their search for aromatic molecules in the interstellar medium.

E-mail: tamar.stein@mail.huji.ac.il

Proceedings of the National Academy of Sciences, 118, (19)e2101371118 (2021)

https://doi.org/10.1073/pnas.2101371118
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Electronic Spectroscopy of Anthracene Cations and
Protonated Anthracene in the Search for Carriers of
Diffuse Interstellar Bands

Miriam Meyer1, Paul Martini1, Arne Schiller1, Fabio Zappa1, Serge A.
Krasnokutski2 and Paul Scheier1

1 Institut für Ionenphysik und Angewandte Physik, Univ. Innsbruck, Technikerstr. 25, A-6020 Innsbruck, Austria
2 Laboratory Astrophysics Group, MPI for Astronomy at Univ. Jena, Helmholtzweg 3, D-07743 Jena, Germany

The helium-tagging technique was employed to record absorption spectra of cold anthracene
cations (An+) and protonated anthracene. The evaluation of the spectra of the chromophore
with a different number of attached He atoms allows getting the precise band positions of the
molecular ions in the gas phase. The positions of the two most intense bands of An+, suitable
for astrophysical detection, were found to be λmax = 3478.9 ± 1.8 Å and λmax = 7068.9
± 5.7 Å. A considerable shift of the red band position compared to a previous measurement
is assigned to a much lower temperature of An+ in the current study. The newly derived band
position does not match with a broad diffuse interstellar band detected along the line of sight
of star Cernis 52, which was previously suggested to be caused by An+. However, as the
temperatures in the detection region are not exactly known, it would be interesting to perform
an observation along the line of sight of star Cernis 52 in the UV range as well, to confirm
or disprove the An+ detection based on the observation of the strong 3478.9 Å band derived
from our measurements. The laboratory spectra were also compared with astrophysical
observations along translucent molecular clouds. No coincidence of the absorption bands
was found. This allows estimating the upper limit for the abundance of An+ per H nuclei
< 10 – 9 along the HD 183143 line of sight. The obtained value is considerably smaller
compared to the fractional abundance of PAH molecules predicted based on the intensity of
IR emission bands associated with PAHs. Possible explanations of this discrepancy are the
top-down formation of PAHs or the chemical instability of PAHs due to the reaction with H or
C atoms leading to a large diversity of the formed PAHs.

E-mail: sergiy.krasnokutskiy@uni-jena.de

The Astrophysical Journal, 913, 136 (2021)

http://doi.org/10.3847/1538-4357/abf93e
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Roadmap on dynamics of molecules and clusters in the
gas phase

Henning Zettergren1, Alicja Domaracka2, Thomas Schlathölter13, Paola
Bolognesi4, Sergio Dı́az-Tendero5,6,7, Marta Labuda 8, Sanja Tosic9, Syl-
vain Maclot10,11, Per Johnsson10, Amanda Steber12,13, Denis Tikhonov12,13,
Mattea Carmen Castrovilli4, Lorenzo Avaldi4, Sadia Bari4, Aleksan-
dar R. Milosavljević14, Alicia Palacios5,7, Shirin Faraji3, Dariusz G.
Piekarski15, Patrick Rousseau2, Daniela Ascenzi16, Claire Romanzin17,
Ewa Erdmann8,5, Manuel Alcamı́5,7,18, Janina Kopyra19, Paulo Limão-
Vieira20, Jaroslav Kočišek21, Juraj Fedor21, Simon Albertini22, Michael
Gatchell22,1, Henrik Cederquist1, Henning T. Schmidt1, Elisabeth Gruber23,
Lars H. Andersen23, Oded Heber24, Yoni Toker25, Klavs Hansen26, Jenni-
fer A. Noble27, Christophe Jouvet27, Christina Kjær23, Steen Brøndsted
Nielsen23, Eduardo Carrascosa28, James Bull29, Alessandra Candian30,
and Annemieke Petrignani30

1 Dept. Phys., Stockholm Univ., Sweden, 2 Normandie Univ., ENSICAEN, UNICAEN, CEA, CNRS, CIMAP, Caen, France, 3 Zernike

Instit. Advanced Materials, Univ. Groningen, The Netherlands, 4 CNR-ISM, Monterotondo Scalo, Italy, 5 Dept. Quı́mica, Facultad de

Ciencias, Univ. Autónoma de Madrid, Spain, 6 Condensed Matter Phys. Center (IFIMAC), Univ. Autónoma de Madrid, Spain, 7 Instit. Adv.

Research Chem. Sciences (IAdChem), Univ. Autónoma de Madrid, Spain, 8 Dept. Theoretical Phys. and Quantum Information, Gdańsk

Univ. of Technology, Poland, 9 Institute of Physics, Univ. of Belgrade, Serbia, 10 Dept. Phys., Lund Univ., Sweden, 11 Dept. Phys., Univ.

Gothenburg, Sweden, 12 Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany, 13 Instit. Phys. Chem., Christian-Albrechts-Univ.

zu Kiel, Germany, 14 SOLEIL, Gif-sur-Yvette, France, 15 Instit. Phys. Chem., Polish Academy of Sciences, Warsaw, Poland, 16 Dept.

Phys., Univ. Trento, Italy, 17 Instit. Chim. Phys., Univ. Paris-Saclay, Orsay, France, 18 Instit. Madrileño de Estudios Avanzados en

Nanociencias (IMDEA-Nanociencia), Madrid, Spain, 19 Faculty of Exact and Natural Sciences, Siedlce Univ. of Natural Sciences and

Humanities, Poland, 20 Atomic and Molecular Collisions Lab., CEFITEC, Dept. Phys., Univ. NOVA de Lisboa, Portugal, 21 J. Heyrovský

Instit. Phys. Chem., Czech Academy of Sciences, Prague, Czech Republic, 22 Instit. Ion Phys. and Applied Phys., Univ. Innsbruck,

Austria, 23 Dept. Phys. & Astronomy, Aarhus Univ., Denmark, 24 Dept. Particle Phys. & Astrophys., Weizmann Instit. of Science,

Rehovot, Israel, 25 Dept. Phys. and Instit. Nanotech. and Adv. Materials, Bar-Ilan Univ., Ramat-Gan, Israel, 26 Center for Joint Quantum

Studies and Dept. Phys., School of Science, Tianjin Univ., Tianjin, China, 27 CNRS, Aix Marseille Univ., Physique Interactions Ioniques

Moléculaires (PIIM), Marseille, France, 28 Lab. Chim. Phys. Moléculaire, Ecole Polytechnique Fédérale de Lausanne, Switzerland, 29

School of Chem., Norwich Research Park, Univ. of East Anglia, Norwich, UK, 30 Van’t Hoff Instit. for Molecular Sciences, Univ. of

Amsterdam, The Netherlands

This roadmap article highlights recent advances, challenges and future prospects in studies
of the dynamics of molecules and clusters in the gas phase. It comprises nineteen
contributions by scientists with leading expertise in complementary experimental and
theoretical techniques to probe the dynamics on timescales spanning twenty order of
magnitudes, from attoseconds to minutes and beyond, and for systems ranging in complexity
from the smallest (diatomic) molecules to clusters and nanoparticles. Combining some of
these techniques opens up new avenues to unravel hitherto unexplored reaction pathways
and mechanisms, and to establish their significance in, e.g. radiotherapy and radiation
damage on the nanoscale, astrophysics, astrochemistry and atmospheric science.

E-mail: henning@fysik.su.se

The European Physical Journal D, 75, 152 (2021)

https://rdcu.be/ckr7q
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Vinylacetylene synthesis with a low power submerged
carbon arc in n-hexane

Franco Cataldo1, Anibal D. Garcia-Hernandez2,3, and Manchado Torres2,3,4

1 Actinium Chemical Research Institute, Via Casilina 1626A, 00133 Rome, Italy
2 Instituto de Astrofı́sica de Canarias (IAC), Vı́a Láctea s/n, 38205 La Laguna, Spain
3 Departamento de Astrofı́sica, Universidad de La Laguna (ULL), 38206 La Laguna, Spain
4 Consejo Superior de Investigaciones Cientı́ficas, Madrid, Spain

A low power carbon arc (12–18 W) struck between two graphite electrodes submerged
in n-hexane has produced selectively vinylacetylene as the main product. Vinylacetylene
was identified through its electronic absorption spectrum, the HPLC-DAD analysis and its
precipitation as silver vinylacetylide. The HPLC analysis has revealed that the main by-
product accompanying vinylacetylene is 1,3-butadiene and small amounts of diacetylene
and divinylacetylene. The formation of other important by-products detected using also GC-
MS (e.g. indene, naphthalene and some others) were discussed also in an astrochemical
perspective. In contrast, a higher power submerged carbon arc in n-hexane struck at 108–
216 W, yields an abundant mixture of polyynes accompanied by PAHs by-products. In the
two arc regimes two mechanism are effective in producing selectively different products. In
the low power arc regime, vinylacetylene is formed by the pyrolysis of acetylene primarily
produced from n-hexane cracking in the arc. Chemical thermodynamics arguments also
explain the vinylacetylene formation in low power arc conditions and diacetylene (and higher
polyynes) in a higher power arc conditions.
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