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Dear Colleagues,

We are pleased to share with you our AstroPAH March Issue 66 amidst this difficult
time we are all facing. Given these circumstances and restrictions caused on all of us
by the COVID-19 pandemic, this issue is only limited to this Editorial and contributed
abstracts. As the situation continues to evolve over the following weeks and months,
we will be assessing whether to keep a reduced format of our newsletter, or potentially
to be put on temporary hold. We will be sure to keep our readers informed accordingly
in the near future.

Our cover is illustrated with the fingerprint spectrum of C60H+, the protonated
buckminsterfullerene. We thank Daniël Rap, PhD student at FELIX, for his
contribution to our Picture of the Month. The corresponding abstract is published
here, along with recent publications on dissociation dynamics of the diamondoid
adamantane and water-based nanocluster chemical processes.

Please continue sending us your abstracts and other contributions.

Remember to follow the World Health Organization (WHO) recommendations in
the meantime.

Stay healthy!

The Editorial Team

Next issue: 23 April 2020.
Submission deadline: 10 April 2020.
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The infrared spectrum of protonated buckminsterfulle-
rene, C60H+

Julianna Palotas, Jonathan Martens, Giel Berden, Jos Oomens
Radboud university, FELIX Laboratory, Toernooiveld 7, 6525ED Nijmegen, The Netherlands

Although fullerenes have long been hypothesized to occur in interstellar environments,
they have only recently been unambiguously identified through spectroscopy. C60, C70 and
C+

60 now constitute the largest molecular species individually identified in the interstellar
medium. Fullerenes have substantial proton affinities and it has been suggested that C60H+

is likely the most abundant interstellar analogue of C60. We present here a laboratory infrared
(IR) spectrum of gaseous C60H+. Symmetry breaking in C60H+ produces an IR spectrum
that is much richer than that of C60. The experimental spectrum is used to benchmark
theoretical spectra indicating that the B3LYP density functional with the 6-311+G(d,p) basis
set accurately reproduces the spectrum. Comparison with IR emission spectra from two
planetary nebulae, SMP LMC56 and SMC16, which have been associated with high C60

abundances, indicates that C60H+ is a plausible contributor to their IR emission.

E-mail: j.oomens@science.ru.nl
Nature Astronomy 4, 240 (2020)
https://www.nature.com/articles/s41550-019-0941-6
https://doi.org/10.1038/s41550-019-0941-6
Press release: https://www.ru.nl/english/news-agenda/news/vm/imm/2019/carbon-soccer-
ball-extra-proton-probably-most/
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Dissociation dynamics of the diamondoid adamantane
upon photoionization by XUV femtosecond pulses
Sylvain Maclot1,2, Jan Lahl1, Jasper Peschel1, Hampus Wikmark1,
Piotr Rudawski1, Fabian Brunner1, Hélène Coudert-Alteirac1, Suvasthika
Indrajith3, Bernd A. Huber3, Sergio Dı́az-Tendero4,5,6, Néstor F. Aguirre7,
Patrick Rousseau3 and Per Johnsson1

1 Department of Physics, Lund University, P.O. Box 118, 22100 Lund, Sweden
2 Biomedical and X-Ray Physics, Department of Applied Physics, AlbaNova University Center, KTH Royal
Institute of Technology, SE-10691 Stockholm, Sweden
3 Normandie Université, ENSICAEN, UNICAEN, CEA, CNRS, CIMAP, 14000 Caen, France
4 Departamento de Quı́mica, Módulo 13, Universidad Autónoma de Madrid, 28049 Madrid, Spain
5 Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, 28049 Madrid, Spain
6 Institute for Advanced Research in Chemical Sciences (IAdChem), Universidad Autónoma de Madrid, 28049
Madrid, Spain
7 Theoretical Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

This work presents a photodissociation study of the diamondoid adamantane using
extreme ultraviolet femtosecond pulses. The fragmentation dynamics of the dication is
unraveled by the use of advanced ion and electron spectroscopy giving access to the
dissociation channels as well as their energetics. To get insight into the fragmentation
dynamics, we use a theoretical approach combining potential energy surface determination,
statistical fragmentation methods and molecular dynamics simulations. We demonstrate
that the dissociation dynamics of adamantane dications takes place in a two-step process:
barrierless cage opening followed by Coulomb repulsion-driven fragmentation.

E-mail: smaclot@gmail.com and per.johnsson@fysik.lth.se
Scientific Reports 10, 2884 (2020)
https://www.nature.com/articles/s41598-020-59649-1
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Intracluster proton transfer in protonated benzonitrile-
(H2O)n≤6 nanoclusters: hydrated hydronium core for n ≤ 2

Kuntal Chatterjee and Otto Dopfer
Institut für Optik und Atomare Physik, Technische Universität Berlin, Hardenbergstr. 36, 10623 Berlin, Germany

Protonation and hydration of aromatic hydrocarbon molecules and their derivatives play a
key role in many biological and chemical processes. The recent detection of benzonitrile
(BN, cyanobenzene, C6H5CN) in the interstellar medium suggests the existence of its
protonated form (H+BN) in both the gas phase and in or on ice grains. Herein, we analyze
the vibrational signatures of size-selected protonated clusters composed of BN and water
(W, H2O), H+(BN–Wn = 1–6), in the XH stretch range (X = C, N, O) with the aid of
dispersion-corrected density functional theory calculations (B3LYP-D3/aug-cc-pVTZ). The
size-dependent frequency shifts provide detailed insight about the site of protonation and
the structure of the hydration shell. For n = 1, the proton is attached to the N atom of the
CN group in BN, and W acts as a proton acceptor in an NH· · ·O ionic hydrogen bond (H-
bond) of a H+BN–W type structure with cation–dipole configuration. For n ≤ 2, the proton is
transferred to the H-bonded hydration network, consistent with thermochemical arguments
arising from both the relative proton affinities of BN and Wn and the solvation energies. In
these proton-transferred BN–H+Wn structures, the excess proton is more or less localized
at a H3O+ hydronium core solvated by neutral W and BN ligands. At least for the considered
cluster size (n ≤ 6), the BN impurity molecule is located in the first solvation shell of the
H3O+ ion, consistent with the larger electric dipole moment and proton affinity of BN as
compared to W. However, the energy gap between these structures and surface isomers
with BN solvated further away from the charge decreases with cluster size, suggesting that
BN is located at the surface in large BN–H+Wn clusters. While for smaller clusters (n ≤ 4)
the hydration network prefers branched structures at T = 0 K, in larger clusters (n ≥ 5) cyclic
configurations with four- or five-membered H+Wn rings are most stable because they feature
more H-bonds than the branched structures. Comparison with bare H+Wn clusters reveals
the substantial effects of the perturbation by the BN impurity on the structure of the hydration
network.

E-mail: dopfer@physik.tu-berlin.de
Phys. Chem. Chem. Phys. 21, 25226 (2019)
https://pubs.rsc.org/en/content/articlelanding/2019/cp/c9cp05042f#!divAbstract
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Protonation of Naphthalene–(Water)n Nanoclusters: In-
tracluster Proton Transfer to Hydration Shell Revealed by
Infrared Photodissociation Spectroscopy
Kuntal Chatterjee and Otto Dopfer
Institut für Optik und Atomare Physik, Technische Universität Berlin, Hardenbergstr. 36, 10623 Berlin, Germany

Solvation-dependent intracluster proton transfer (ICPT) within bare and Ar-tagged
protonated naphthalene–(water)n clusters, H+(Np–Wn) with n ≤ 3, is characterized by
infrared photodissociation (IRPD) spectroscopy in a supersonic plasma expansion. IRPD
spectra of size-selected clusters recorded in the CH and OH stretch range (2750–3800 cm–1)
are analyzed with dispersion-corrected density functional theory (DFT) calculations (B3LYP-
D3/aug-cc-pVTZ) to determine both the protonation site and the structure of the hydration
network. Ar tagging of H+(Np–Wn) leads to colder spectra with higher spectral resolution.
The position of the excess proton is controlled by a subtle balance between the difference in
proton affinity (PA) of Np and Wn and the involved solvation energies. For n = 1, the excess
proton is localized on the Np ring, leading to a H+Np–W structure with a bifurcated CH···O
ionic H-bond, because of the large difference in PA of Np and W. For n = 2, ICPT occurs, and
the cluster has a structure in which a symmetric Zundel ion is connected to Np via two strong
OH···π ionic H-bonds. Because of the similar PA values of W2 and Np, the energetics of the
ICPT is largely decided by the higher solvation energy in favor of Np–H+W2 as compared
to H+Np–W2. For n ≥ 3, the PA of Wn substantially exceeds the one of Np, leading to
ICPT. Attachment of the bulky planar Np ring to H+Wn causes an increasing perturbation
of the bare H+Wn cluster with size by symmetry reduction and the strong OH···π H-bonds.
Comparison of H+(Np–Wn) with the related H+(Bz–Wn) clusters (Bz = benzene) indicates
the implications of extending the aromatic π-electron system on both the critical threshold
size for ICPT (nc = 1 for Bz and nc = 2 for Np) and the structure of the hydration network.

E-mail: dopfer@physik.tu-berlin.de
J. Phys. Chem. A 124, 1134 (2020)
https://pubs.acs.org/doi/10.1021/acs.jpca.9b11779
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