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MOLECULAR AGGREGATION IN COLD ENVIRONMENTS: THE TYRANY OF –OH AND
THE DEMOCRATIC –NH2

All molecules aggregate, under appropriate conditions. However, the mechanistic of the aggregation
process strongly varies depending on the chemical nature of the molecules: while some chemical species
tend to form ordered structures, others produce more chaotic clusters. A thin and not completely well
understood line separates these behaviors. Here we present some examples of very similar molecules with
very different aggregation preferences. The results were obtained using a combination of laser
spectroscopy in jets and DFT calculations and highlight the difficulty of modeling non-covalent
interactions [1,2].
[1] Iker León, Imanol Usabiaga, Pedro F. Arnaiz, Alberto Lesarri and José A. Fernández, Chem. Eur. J.,
24, 10291 (2018).
[2] Iker León, Judith Millán, Emilio J. Cocinero, Alberto Lesarri and José A. Fernández, Angew. Chem.
Int. Ed. 52, 7772 (2013).
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Dynamics of doped helium nanodroplets
We report theoretical investigations on the dynamics of doped He nanodroplets in real-time. He
nanodroplets are intriguing, quantum fluid objects of finite size. Doping them with atoms or molecules
makes them a particularly interesting model to study the fate of an excited system in or on them. The
doping process itself is still not fully understood, in particular in the presence of quantum vortices.
Helium density functional theory (He-DFT) approach and its time-dependent version (He-TDDFT) are
the best compromise between accuracy and feasibility to study the stability and real time dynamics of
doped helium droplets with a size comparable to experiments.[1] Comparing with highly detailed recent
experiments such as those combining pump-probe spectroscopy with velocity map imaging allows to shed
light on the importance of energy transfers between the excited atomic or molecular system and this
unusual quantum solvent.
In this presentation, the recent work conducted in collaboration between the Barcelona and the Toulouse
teams on 4He nanodroplets will be reviewed. The following processes will be presented, depending on
time:
• doping [2], possibly with quantum vortices [3]
• real time dynamics of photo-excited alkalis on the droplet surface [4]
• electronic relaxation induced by the helium environment [5, 6]
References.
[1] Ancilotto F, Barranco M, Coppens F, Eloranta J, Halberstadt N, Hernando A, Mateo D and Pi M, Int.
Review in Phys. Chem. 2017, 36, 621–707.
[2] Coppens F, Leal A, Barranco M, Halberstadt N and Pi M J. Low Temp. Phys. 2017, 187, 439–445.
[3] Coppens F, Ancilotto F, Barranco M, Halberstadt N and Pi M, Phys. Chem. Chem. Phys. 2017, 19,
24805–24818.
[4] von Vangerow J, Coppens F, Leal A, Pi M, Barranco M, Halberstadt N, Stienkemeier F and Mudrich
M, J. Phys. Chem. Lett. 2017, 8, 307–312.
[5] Coppens F, von Vangerow J, Barranco M, Halberstadt N, Stienkemeier F, Pi M and Mudrich M, Phys.
Chem. Chem. Phys. 2018, 20, 9309–9320. http://dx.doi.org/10.1039/C8CP00482J
[6] Zandbergen P V, Barranco M, Cargnoni F, Drabbels M, Pi M and Halberstadt N, J. Chem. Phys. 2018,
148, 144302. https://doi.org/10.1063/1.5022863
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Dissociation of acids in tiny water droplets
The dissociation of acids is one of the most fundamental chemical processes. It has been well studied in
bulk, but in situations where the amount of water is very limited, studies are scarce. In particular, the
question regarding the minimum number of water molecules required to dissociate an acid molecule in a
microsolvated environment still remains open.
There is solid evidence that dissociated HCl can be stabilized using a minimum number of only four
water molecules [1]. However, this number has been questioned both on experimental and theoretical
sides [2,3]. A recent experimental work [4], in which the dipole moment of HCl(H2O)n clusters is
measured as a function of the number of water molecules, tried to offer a definitive answer to this
question. A sudden rise in the dipole moment for n=6 was understood as the onset of the acid dissociation.
However, ab initio path integral (AIPI) calculations performed in our group proved the interpretation of
this experiment wrong [5].
Our AIPI calculations confirm that 4 is indeed the smallest number of waters to produce the dissociated
acid at low temperature in agreement with previous studies [1]. In addition, we find that as temperature
increases, the HCl gets back to its molecular form, therefore more water molecules are needed in order to
trigger the dissociation.
[1] A. Gutberlet, G. Schwaab, Ö. Birer, M. Masia, A. Kaczmarek, H. Forbert, M. Havenith, D. Marx,
Science, 324, 1545 (2009)
[2] S. D. Flynn, D. Skvortsov, A. M. Morrison, T. Liang, M. Y. Choi, G. E. Douberly, A. F. Vilesov, J.
Phys. Chem. Lett., 1, 2233 (2010)
[3] A. Vargas-Caamal, J. L. Cabellos, F. Ortiz-Chi, H. S. Rzepa, A. Restrepo, G. Merino, Chem. Eur. J.,
22, 2812 (2016)
[4] N. Guggemos, P. Slavíček, V. V. Kresin, Phys. Rev. Lett., 114, 043401 (2015)
[5] R. Pérez de Tudela, D. Marx, Phys. Rev. Lett., 119, 223001 (2017)
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Quantum Monte Carlo simulations in Graphical Processing Units
Quantum Monte Carlo (QMC) methods have become a powerful tool in Atomic and
Molecular Physics because provide reliable description of the ground and some excited
states of quantum many body systems starting from the interaction between their
constituents. Systems of interests such as many electron atoms or molecules [1,2] or
quantum clusters [3] are currently studied by using QMC. These methods, however are
computationally expensive. In the last years, the rapid development of graphics processing
units (GPU) including double precision arithmetic and enhanced memory performance,
has allowed their use for scientific applications [4,5]. QMC is, in principle a good
candidate for using in GPU because of its high degree of data parallelism. However,
difficulties related memory handling have hindered its use [6,7,8]. In this work, we present
an alternative algorithm to circumvent part of these problems and study the performance
of QMC simulations on GPU for helium droplets as compared to CPU based simulations.
References
[1] A. Sarsa, E. Buendía and F.J. Gálvez, J. Phys. B 49, 145003 (2016)
[2] A. Sarsa, J.M. Alcaraz-Pelegrina and C. Le Sech, J. Phys. Chem. B 119, 14364 (2015)
[3] J. Navarro, D Mateo, .M. Barranco and A. Sarsa, J. Chem. Phys. 136, 054301 (2012).
[4] J.M. Alcaraz-Pelegrina and P. Rodríguez-García, Comput. Phys. Commun. 182 1414 (2011).
[5] R. Weber, A. Gothandaraman, R.J. Hinde and G.D. Peterson, IEEE Transac. Parall. Distrib. Sys. 22,
58 (2011).
[6] J.S. Meredith, G. Alvarez, T.A. Maier, T.C. Schulthess and J.S. Vetter, Parall. Comput. 35, 151 (2009).
[7] Y. Lutsyshyn, Comput. Phys. Commun. 187, 162 (2015).
[8] K.P. Esler, J. Kim, D.M. Ceperley and L. Shulenburger, Comput. Sci. Eng. 14, 40 (2012).
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PROBING INTERMOLECULAR FORCES IN WEAKLY BOUND AGGREGATES BY
SUPERSONIC JET MICROWAVE SPECTROSCOPY

Non-covalent interactions (NCIs) play an important role in multiple physical, chemical and biological
problems, since they control molecular interaction, aggregation and self-recognition. We approach the
study of NCIs by generation of neutral molecular clusters in supersonic jet expansions, followed by
spectroscopic probing via molecular rotational spectroscopy, with either chirped-pulsed or single-tone
microwave excitation. In this communication three case studies will be considered, including the dimers
of (cyclohexanol)2, (cyclohexylamine)2 and 2- and 3-(thiopheneethanol)2. The experimental rotational
constants and conformational landscapes will be compared with density-functional theory calculations at
the B3LYP level with empirical inclusion of (D3) dispersion terms. The results will illustrate the benefits
of rotational spectroscopy to characterize the potential energy surface and structural and energetic
properties of weakly-bound molecular clusters, simultaneously behaving as accurate benchmark for the
quantum chemical calculations [1,2].
[1] M. Juanes, A. Lesarri, R. Pinacho, E. Charro, J. E. Rubio, L. Enríquez, M. Jaraíz, Chem. Eur. J. 24,
6564 (2018).
[2] C. Pérez, I. León, A. Lesarri, B. H. Pate, R. Martínez, J. Millán, J. A. Fernández, Angew. Chem. Int.
Ed. 57, 15112 (2018).
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Functional group-based corrections for the calculation of noncovalent interactions by
semiempirical quantum mechanical methods
Simulations of large molecular systems may be carried out by using either molecular mechanical force
fields or semiempirical (SE) quantum mechanical methods. The most popular SE methods are those based
on the neglect of diatomic differential overlap (NDDO) approximation; examples are the AM1, PMx and
PMOx Hamiltonians. The dramatic approximations involved in these methods lead to significant errors in
the calculation of intermolecular interactions [1,2]. Over the last years, there have been significant efforts
directed at improving the performance of these methods, either by strengthening the quantum mechanical
Hamiltonian or by including analytical corrections for dispersion and hydrogen bonding (e.g., see [3-7]).
However, we have found that, for some geometrical configurations of certain systems, these improved
methods predict very inaccurate interaction energies. The main origin of these errors comes from the
limited number of relative orientations of interacting molecules considered in the parametrization
processes. We are developing analytical corrections using a pairwise approach in which the parameters
depend on the nature of the interacting functional groups. Our preliminary results show significant
improvements over previous approaches.
References
[1] T. Husch, A. C. Vaucher, M. Reiher. arXiv:1806.06147 [physics.chem-ph], 2018.
[2] A. S. Christensen, Tomáš Kubař, Q. Cui, M. Elstner. Chem. Rev. 116, 5301–5337, 2016.
[3] L. Fiedler, J. Gao, D. G. Truhlar. J. Chem. Theory Comput. 7, 852–856, 2011.
[4] P. Zhang, L. Fiedler, H. R. Leverentz, D. G. Truhlar, J. Gao. J. Chem. Theory Comput. 7, 857–867,
2011.
[5] M. Isegawa, L. Fiedler, H. R. Leverentz, Y. Wang, S. Nachimuthu, J. Gao, D. G. Truhlar. J. Chem.
Theory Comput. 9, 33–45, 2013.
[6] L. Fiedler, H. R. Leverentz, S. Nachimuthu, J. Friedrich, D. G. Truhlar. J. Chem. Theory Comput. 10,
3129–3139, 2014.
[7] J. Řezáč, P. Hobza J. Chem. Theory Comput. 8, 141–151, 2012.
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Molecular diffraction under fast grazing incidence: A suitable tool for surfaces analysis?

Since pioneering experiments of diffraction of atoms and molecules from surfaces under fast (0.2-25 keV)
grazing (1º-2.5º) incidence condition [1,2], GIFAD and GIFMD, a great deal of effort has been devoted to
develop this promising surface analytical tool [3]. Most of the effort has been focused atomic projectiles.
However, the use molecular projectile opens very interesting perspectives. For example, H2 can be
degenerated more easily than H, and is lighter than He, thus reducing the relative importance of surfacephonon inelastic processes. Furthermore, the internal degrees of freedom (DOFs) of H2 allow for a more
in-dept exploration of the surface characteristics.
The lack of studies focusing on molecular projectiles is partly due to the fact that an accurate theoretical
description of GIFMD is quite challenging, and such description is key to extract as much as possible
meaningful information from experimental measurements. Few years ago, we already showed that
GIFMD could be used to determine molecular sticking probabilities at thermal energies [4]. More
recently, we have showed that as a result of the anisotropy of the projectile, initial rotational excitation
leads to an increase in intensity of high-order diffraction peaks at incidence direction that satisfy precise
symmetry constraints, which provides a more details information on the surface characteristics than that
obtained from low-order GIFAD peaks [5], and that scattering in predominantly rotationally elastic [6].
Our latest results reveal that an accurate theoretical description of GIFMD is basic to know the
characteristic of the experimental molecular beam. During the conference, we will discussed theoretical
studies.
[1] A. Schüller et al, PRL 98, 016103 (2007).
[2] P. Rousseau et al, PRL 98, 016104 (2007).
[3] H. Winter et al, Prog. Surf. Sci. 86, 169 (2011)
[4] C. Díaz et al, PRL 103, 013201 (2009)
[5] M. del Cueto et al, PCCP 19, 16317 (2017)
[6] A. S. Muzas et al, PRB 96, 205432 (2017)
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Models for CO2 adsorption and separation by carbon-based membranes
Graphynes are porous derivatives of graphene that can be considered as ideal 2D nanofilters. Here, we
investigate by theoretical methods graphtriyne multilayers,
proposing them as membranes featuring pores of subnanometer size suitable for CO2/N2
separation and CO2uptake. The potential energy surfaces, representing the intermolecular
interactions within the CO2/N2gaseous mixtures and between the graphtriyne layers and
the molecules, have been formulated in an internally consistent way, by adopting potential
models far more accurate than the traditional Lennard-Jones functions, routinely used to
predict static and dynamical properties of matter. The new force fields so obtained and
tested on accurate ab initio calculations have been used to perform extensive molecular
dynamics simulations of membrane selectivity and adsorption. The accuracy of the
potentials granted a quantitative description of the interactions and realistic results for the
dynamics under a wide range of conditions of applied interest, indicating a single-layer
permeation ratio CO2/N2of 4.25 (meaning that permeations of CO2are typically 4.25
times those of N2). At low pressure, graphtriyne bilayer membranes exhibit good
performances as a molecular sieving candidate for postcombustion CO2separation because of a high
permeance and a relatively good selectivity. On the other hand, graphtriyne trilayer membranes present a
relatively high interlayer adsorption selectivity and a high CO2uptake. Such properties make these
graphyne nanostructures versatile materials competitive with other carbon- based adsorbing membranes
suitable to cope with post-combustion CO2 emissions. Moreover, guidelines for the extension of the
proposed methodology to carbon nanostructures and other gaseous mixtures of relevance for atmosphere
and combustion are also provided.
[1] Y. Bramastya Apriliyanto, N. Faginas-Lago, A. Lombardi, S. Evangelisti, M. Bartolomei, T. Leininger,
F. Pirani, J. Phys. Chem. C,Nanostructure Selectivity for Molecular Adsorption and Separation: the Case
of Graphyne Layers,122, 16195–16208, 2018.
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Bimetallic clusters: mixing at the nanoscale
Immiscible metals in the bulk solid phase can mix at the nanoscale, and a typical example is the Al-Sn
system. We have investigated the reasons for the enhanced miscibility by performing Density Functional
calculation for small AlmSnn clusters. The cohesive energies show that the clusters are energetically stable
with respect to the separated atoms. This justifies the observation that those clusters can form by
condensation in gas phase experiments. An adequate miscibility criterion consists in studying the
substitution reactions in which an Al atom replaces a Sn atom of the AlmSnn cluster or a Sn atom replaces
an Al atom. Substitution reactions enriching the clusters in Sn and depleting the clusters in Al are
favorable. However, AlSn10 is an exception to this general trend. It readily forms by replacing a Sn atom
by an Al atom in Sn11, or by adding an Al atom to Sn10. The exceptionally stability of AlSn10, whose
structure is that of a Sn10 cage enclosing the Al atom, justifies its high population in the mass spectra. The
two paths leading to the formation of AlSn10 unravel a physical effect important to understand the
enhanced alloying at the nanoscale. This is the structural flexibility of the clusters. In our particular case it
means that the geometric structures of Sn11 and Sn10 easily reorganize to form AlSn10 accommodating
the Al atom inside a Sn cage.

Helium nanodroplets – from basics to applications
L. Kranabetter, F. Laimer, P. Martini, L. Tiefenthaler, S. Albertini, A.
Schiller, L. Lundberg, F. Zappa, M. Gatchell and P. Scheier
Institut für Ionenphysik und Angewandte Physik, Universität Innsbruck, Austria
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Pickup of atoms and molecules by helium nanodroplets (HNDs) has been
demonstrated for a large variety of dopants [1]. Clusters, nanoparticles and
nanowires are formed upon agglomeration of dopants inside or on the surface of the
HNDs. They are quickly quenched to 0.37 K, the temperature of the surrounding
superfluid He matrix. The low temperature as well as the weak interaction between
the dopants and the superfluid He provide perfect conditions for matrix isolation
spectroscopy. Ionization of pristine as well as doped HNDs has been investigated for
more than 30 years and mostly low-mass
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highly-charged He droplets leads to
minimum energy configurations in the form of Coulomb crystals. Dopants are
polarized and attracted by the charged centers which thereby act as seeds for cluster
growth. A very uniform growth rate of dopant clusters can be expected. With charge
states >100, even massive HNDs can be manipulated with reasonably low electric
fields. Such highly-charged doped HNDs have the potential for several exciting
applications, ranging from matrix isolation spectroscopy of ions to the synthesis of
novel clusters and nanoparticles.
This work was supported by the EU commission, EFRE K-Regio FAENOMENAL
EFRE 2016-4, the Austrian Science Fund FWF (P26635, P31149 and W1259) and
the Swedish Research Council (contract No. 2016-06625)
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Broad Band Molecular Rotational Spectroscopy for Laboratory Astrophysics
We present in this contribution the GACELA experimental setup of the ERC synery NANOCOSMOS.
GACELA (Gas Cell for Laboratory Astrophysics) consists of a reactor coupled to a broad band high
spectral resolution detection system similar to those used in radio telescopes to detect extremely weak
signal proceeding from interstellar and circumstellar clouds.
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Simulating the structural diversity and infrared response of carbon clusters across the planar to
fullerene transition
Carbon clusters show a significant ability to hybridize in sp, sp2 or sp3 chemical bonds, reflecting at finite
size the wide allotropy of bulk carbon matter. In the recent years the interest in pure and hydrogenated
carbon clusters has been driven by the recent detection of C60 fullerene in the interstellar medium (ISM)
due to their peculiar infrared emission bands [1]. These fullerene bands accompany the so-called aromatic
infrared bands, which trace polycyclic aromatic aliphatic mixed hydrocarbons [2]. In order to obtain a
better understanding of the formation mechanism of cosmic fullerenes and to identify other possible
forms of carbon clusters in the ISM, it is essential to characterize the possible structural diversity of
carbon clusters and map these structures onto their spectroscopic signature.
In this presentation, we will describe the use of atomistic simulations to explore the structural diversity
and the IR spectroscopy of carbon clusters in the size range where they undergo the flake-to-fullerene
transition. Although the degree of chemical ordering is obviously expected to vary with increasing
excitation energy, the extent of chemical and conformational variety remains undocumented so far, and
this study represents the first attempt to construct a library of carbon cluster structures in an unbiased
way, not focusing on the lowest-energy structures only.
[1] J. Cami, J. Bernard-Salas, E. Peeters, and S. Malek, Science 329, 1180 (2010).
[2] A. Léger and J. L. Puget, Astron. Astrophys. 137, L5 (1984).
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Spectroscopy of relevant non-rigid molecules of astrophysical
interest: ethylene glycol and dimethyl-ether.
I present my own methodology for the study of non-rigid molecules. As examples, the last works on
ethylen glycol (EGLY)[1] and dimethyl-ether (DME) [2] are shown. EGLY was astrophysically identified
in 2002 [3]. DME was found in 1974 [4] and latter on, it was observed its firts torsional state [5].
Many medium-sized organic molecules present non-rigidity. Large amplitude motions (LAM),
intertransform the different conformers. In EGLI, they can stabilize by the formation of intramolecular
hydrogen bonds which determine the symmetry and play important roles on the low vibrational energy
levels. A variational procedure of reduced dimensionality based on CCSD(T)-F12 calculations is applied
to understand the FIR spectrum [1]. The anisotropy of the surface in the gauche region converts the
assignment and classification of the torsional levels into a tricky puzzler.
DME is an asymmetric top molecule with two internal rotors undergoing large amplitude motions. One
of the torsional bands is forbidden in the infrared spectra, that preventing the experimental determination
of some of the interaction parameters. The FIR spectrum was first observed and assigned by Groner and
Durig in 1977 [6]. In 1995 [7-8], we erformed ab initio calculations concerning the torsional structure and
the research was reconsidered in 2015 [9] using highly correlated ab initio calculations. New Raman
measurements at different temperatures [2] allowed us to reassign relevant torsional bands.
[1] R. Boussesi et al.J.Chem.Phys., 144, 164110 (2016)
[2] J.F.Fernández et al. ApJSupSer (2019)

[3] J. M. Hollis et al. Astrophys.J, 571, 59 (2002).
[4] L.E. Snyder et al. ApJ,191, L79 (1974)
[5] S.E. Bisschop et al., A&A, 552, A122 (2013)
[6] P. Groner and J.R. Durig, J. Chem. Phys., 66, 1856 (1977)
[7] M.L.Senent et al.Can J. Phys., 73, 425 (1995)
[8] M.L.Senent et al.J.Chem.Phys., 5952 (1995)
[9] M.Villa, et al.J.Phys.Chem.A, 115, 13573 (2011)
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Quantum Dynamics of H2 in SWCNTs: Eigenstates, Diffusion, and Surface Coupling
The rise of new materials presenting cavities and other structures with a characteristic dimension on the
order of the nanometer has taken to the discovery of new physical phenomena. These quantum
confinement effects play a major role on the electronic properties of the materials, and also on the
behaviour of the molecules adsorbed therein [1]. The level fine control achievable nowadays during the
synthesis of nanostructured materials allows for the design of new devices to tune the properties of the
adsorbates -altering their electronic structure, their dynamics, and thus even their reactivity- in order to
find new applications such as storage devices for light gases[2], molecular flasks[3], or quantum
sieves[4,5,6].
Here we present an overview of our work on the accurate quantum dynamics simulation of H2 embedded
in a (8, 0) Single Walled Carbon Nanotube. Results will cover confinement effects on the eigenstate
spectrum of the molecule, its diffusion along the carbon nanotube and our latest progress on the coupling
between the molecular motion and the nanostructer phonons. These observations may be helpful in the
design of new quantum sieves.
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Structural transformations of supported Pd clusters induced by hydrogen
adsorption
The properties of metal clusters depend on cluster size and shape. A lot of effort has been devoted to
determining the structures of clusters as a function of cluster size. Supported clusters and nanoparticles
are used as novel catalysts. Besides of the strong size-dependence, different isomeric structures of the
clusters may lead to a completely different activity and selectivity of the catalyst.
Our interest focusses on the adsorption and dissociation reaction of hydrogen on supported metal
nanoparticles [1,2] which is a process of broad technological application in fields such as catalysis,
hydrogenation reactions, hydrogen fuel cells, hydrogen storage, etc. How the dissociation of H2 affects
the structure of the cluster is a question of practical interest for the stability of the catalytic process.
Therefore we have performed ab initio dynamical simulations based on the density functional formalism
for molecular hydrogen impinging on a Pd6 cluster anchored to a vacancy defect in graphene. A
substantial fraction of the hydrogen molecules rebound after colliding with the Pd cluster but still a
significant number of H2 molecules adsorbs on the cluster. A number of those adsorbed molecules later on
dissociate on the cluster, leading to two chemisorbed H atoms. Interestingly, dissociation of H2 triggers a
transition from the original octahedral structure of the anchored Pd6 to an incomplete pentagonal
bipyramid structure, No such structural change was previously observed for Pd6 adsorbed on pristine
graphene.
Although this new result comes for a specific reaction the observation of a structural change, which
means that the cluster structure is not immune to the reaction taking place on its surface, may be relevant
for many catalytic processes occurring on the surface of small metal particles.
1- A. Granja, J.A. Alonso, I. Cabria, M.J. López, RSC Adv. 2015, 5, 47945.
2- M. Blanco-Rey, J.I. Juaristi, M. Alducin, M.J. López, J.A. Alonso, J. Phys Chem C 2016, 120, 17357.
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THE STEREODYNAMICS OF ELEMENTARY PROCESSES CONTROLLED BY
ANISOTROPIC INTERMOLECULAR FORCES
Present work focus on a proper investigation of the role of electric and magnetic field gradients, arising
from anisotropic intermolecular forces, which can induce molecular polarization, i. e. alignment and/or
molecular orientation as a consequence of molecular collisions. Knowledge of these phenomena, still not
fully understood, is of general relevance for the control of the stereodynamics of elementary chemicalphysical processes, under a variety of conditions both in gas phase and at surface. In particular, the modespecificity in reaction dynamics of open-shell atoms, free radicals, molecules, atomic and molecular ions,
under hyper-thermal, thermal and sub-thermal conditions is determinant for catalysis, plasmas,
photodynamics, interstellar and low-temperature chemistry. On the ground of the experimental findings
achieved in our laboratory, we distinguish:
Molecular alignment by weak van der Waals forces-It arises as combined effect of several elastic/inelastic
collisions occurring along preferential directions in environments where anisotropic velocity distributions
are operative;
Molecular orientation controlled by anisotropic intermolecular forces of intermediate strength- Occurring
even in single collision events, if molecules are in low lying rotational states;
Molecular orientation induced by anisotropic intermolecular forces of high strength- Dominant in each
collision event under an ample variety of conditions.
Experimental findings [1-4] will be presented and open questions will be discussed.
[1] V. Aquilanti, D. Ascenzi, M. de Castro Vitores, F. Pirani, D. Cappelletti, J. Chem. Phys., 111: 2620–
2632, 1999
[2] F. Pirani, D. Cappelletti, M. Bartolomei, V. Aquilanti, M. Scotoni, M. Vescovi, D. Ascenzi, D.
Bassi, Phys. Rev. Lett., 86, 5053–5038, 2001
[3] L. F. Roncaratti, D. Cappelletti, P. Candori, F. Pirani, Phys. Rev. A, 90, 012705, 2014
[4] A. Cernuto, P. Tosi, L. M. Martini, F. Pirani, D. Ascenzi, Phys. Chem. Chem. Phys., 19, 19554-19565,
2017
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On the role of long-range interactions in the dynamics of OH + H2 collisions

Recently, we carried out an investigation on the dynamics of OH+H2 collisions [1] through a mixed
quantum-classical method [2], where vibrations are treated according to quantum mechanics and rotations
and translation are treated classically. The study showed that the dynamics of the OH+H2 reaction
depends on the vibrational excitation of the H2 bond, whereas it is much less affected by the vibrational
excitation of OH. The simultaneous calculation of vibrational energy exchange probabilities on the other
hand suggests that the non-reactive dynamics is mainly non-adiabatic. However, to get reliable results in
this respect, the potential energy surface (PES) has to take into account long range effects, which are
essential to accurately evaluate the exchange of vibrational quanta.
To this end, the PES [3] first employed in the study was modified by adding a long-range tail according to
an Improved Lennard Jones model [4]. The results show that not only vibration to vibration energy
exchange probabilities are dramatically sensitive to long range effects, but also reactive probabilities and
rate coefficients are influenced by the correct description of the whole potential energy surface. From a
physical standpoint, it is possible to understand that certain specific relative configurations of the
colliding partners are more effective for reactive and/or inelastic scattering processes, so that comparison
between the two PES’s for those geometries allows to rationalize their behavior to predict reactive and
inelastic scattering events.

[1] C. Martì, L. Pacifici, A. Laganà, C. Coletti, Chem. Phys. Lett. 674, 103 (2017).
[2] C. Coletti, G.D. Billing, J. Chem. Phys. 113, 11101 (2000).
[3] J. Chen, X. Xu, X. Xu, D.H. Zhang, J. Chem. Phys. 138, 154301 (2013).
[4] F. Pirani, S. Brizi, L.F. Roncaratti, P. Casavecchia, D. Cappelletti, F. Vecchiocattivi, Phys. Chem.
Chem. Phys. 10, 5489 (2008).
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Disorder hyperuniform states: new properties from well known materials
Disordered hyperuniform states were characterized more than a decade ago by Torquato and Stillinger
(2003), as peculiar states of matter that display local disorder (in common with fluids and glasses) and
long range order (in common with crystals). These states are characterized by the suppression of long
range density (or concentration) fluctuations, which implies vanishing structure factors for small
wavenumbers. They have been shown to be at the source of the acute visual systems of birds, and also in
the presence of unusual wide optical gaps in amorphous semiconductors. In this presentation, we will
address the nature of disordered hyperuniformity in mixtures and single component systems, in two
dimensional systems in Euclidean and non-euclidean geometries, and illustrate the connection between
hyperuniformity and the accurate numerical representation of images.
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Simulating adamantane clusters: atomistic versus coarse-grained models.
Putative structures for the global minima of adamantane clusters, (C10H16)N, are presented. Based on a
rigid model for individual molecules with atom-atom pairwise interactions that include Lennard-Jones
and Coulomb contributions, low-energy structures were obtained up to N=40 using the basin-hopping
method [1]. The results indicate that adamantane clusters initially grow
accordingly with an icosahedral packing scheme, followed above N=14 by
a structural transition toward face-centered cubic structures. The special stabilities obtained at N=13, 19,
and 38 are consistent with these two structural families and agree with recent mass spectrometry
measurements on cationic adamantane clusters [2]. Coarse-graining the intermolecular potential by
averaging over all posible orientations only partially confirm the all-atom results, the magic numbers of
13 and 38 being preserved. However, the details near the structural transition are not captured well,
because despite their high symmetry the adamantane molecules are still rather anisotropic [3].
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Microsolvation of ions by using state-of-the-art methods based on
artificial intelligence
Solvation is a ubiquitous physical process, which is relevant to understand many phenomena across
several disciplines. A detailed way to look at such process is based on the microsolvation approach, where
the solvent entities (atoms or molecules) are added stepwise to the solute.
Major challenges to set up the theoretical study of microsolvation are: (i) the accurate description of the
interaction potential, which requires the use of state-of-the-art methods to perform electronic-structure
calculations that are, then, employed in a least-squares fit to an adequate analytical potential function; (ii)
by using such a potential function and effective global-optimization methods, one may be able to discover
low-energy structures of the clusters; (iii) the re-optimization of these low-energy geometries by
employing a higher level of theory, i.e., with either ab initio or density functional theory (DFT)
calculations, may lead to more realistic structures. In particular, the latter becomes extremely time
consuming due to the great number of minima that grow up rapidly with the size of the cluster.
I will present the recent advances carried out in our group to deal with the aforementioned three stages
needed to study microsolvation of alkali-metal ions with either atoms or molecules [1-3]. Specifically, I
will discuss the ability of the analytic potential energy surface to represent accurately low-energy
minimum structures that are discovered with our evolutionary algorithms [2, 3]. The recently proposed
[4] machine-learning methodology employed to select the most promising structures to be re-optimized at
a higher level of theory will be also described and discussed.
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Molecular dynamics simulation of the interaction between isoleucine enantiomers and βcyclodextrin with different solvents
A molecular dynamics simulation was carried out to study the capacity of isoleucine enantiomers to form
inclusion complexes with β-cyclodextrin (β-CD), and to be discriminated by this chiral compound, in
vacuo and with different solvents. The interaction energy is modelled by the force field proposed by
Weiner et al. for the molecular simulation of nucleic acids and proteins. Solvents were characterized not
only by the value of dielectric constant ε in the Coulombic interaction energy, but also by the neutral and
zwitterion configurations of isoleucine (Ile) [1]. The molecular dynamics simulation of the interaction
between Ile and β-CD shows that the enantiomers usually enter the cavity, move around inside during a
certain period of time forming a stable complex and then exit from the CD. The factors that mainly
influence inclusion complex formation are the solvent and the initial conditions of Ile in the trajectories.
Isoleucine can form inclusion complexes with β-CD in vacuo and with different solvents. The binding
free energy F for each enantiomer decreases when ε increases, the complex formed by Ile with β-CD in
vacuo being the most stable. The solvent polarity influences the binding free energy F, since with the
same value of ε the complexes formed by zwitterions are more stable than the neutral configurations of
the amino acid. The first eluted enantiomer in vacuo and with different solvents is L-Ile [2],
independently of the solvent polarity. Two probable configurations are deduced from the molecular
dynamics simulation, in which the guest is always inside the cavity and with the carboxylic end of the
amino acid oriented towards either rim of β-CD.
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A linear polar molecule in a two-color laser field: a symmetry analysis
An experimental technique to induce molecular orientation is based on the use of non-resonant two-color
laser fields [1], which couples pendular states with different parity due to the interaction with the
molecular hyperpolarizability. In this work, we investigate the rotational dynamics of a linear polar
molecule in a non-resonant two-color cw laser field. We consider non-resonant two-color laser fields
having parallel polarizations in the regime where the time-average approximation does not hold [2]. To do
so, we decrease the frequencies of the laser fields until the time-average over the rapid oscillations of the
laser field becomes non-negligible. Note that we still assume that the laser field does not drive any
electronic, vibrational or rotational transitions in the molecule, which is described within the rigid-rotor
approximation. Thus, the field-dressed rigid-rotor Hamiltonian includes the interaction of the two-color
electric field with the permanent electric dipole moment, the polarizability, and the hyperpolarizability of
the molecule.
In the regime beyond the time-average approximation, we explore the symmetries of the two-color
electric field given by the biharmonic function [3] and analyze their impact on the field-dressed rotational
dynamics. This study is done for different initial conditions as well as by averaging the influence of the
initial condition on the final results. We investigate the rotational dynamics of a rigid-rotor molecule in
detail as the parameters of the two-color electric field, i.e., the frequencies of the two electric field
components, their relative phase, and their relative strength, are varied. We show that the alignment and
orientation are symmetric and antisymmetric, respectively, as a function of the relative phase of the two
components of the electric field. We also provide the field parameters needed to reach the largest
orientation.
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Quantum trap for atomic states: a case study
A great interest in the study of confined systems has been motivated by the development of experimental
techniques for the encapsulation of atoms and molecules [1-4]. In this communication we address the
problem of the fate of a Hydrogen atom when it is liberated from a confining environment, which is
described by a square-well potential [5]. The analytic continuation method and the sudden approximation
are used in the work [6-8].
Ionisation probabilities of the atom when confinement is removed are obtained for different starting
states. They are analysed as a function of the confinement size for fixed height and width of the well. For
the well considered, a high ionisation probability is observed for two orbitals, while for the rest of states it
presents lower maxima. Such behaviour can be explained by the attractive nature of the well, causing a
state
to
be
trapped
in
the
well
for
sizes
larger
than
5.0
a.u.
Figure: Ionisation probability of the 2s to 6s states as a function of the confinement size, r0.
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Combined theoretical and experimental studies of atom-diatom reactions
We have recently investigated the dynamics of atom-diatom reactive collisions by means of a statistical
quantum mechanical model [1,2] and mean potential phase space theory [3,4]. Theoretical results have
been compared with previous and recent experimental work in order to analyze the possible complexforming nature of the reaction pathways.
In particular we present cross sections and rate constants for C(1D) + H2 [5] and O(1D) + D2 [6] with
isotopic variants where hydrogen and deuterium atoms can be interchanged.
[1] E. J. Rackham et al. J. Chem. Phys. 119, 12895 (2003)
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[3] P. Larrégaray et al. J. Phys. Chem. A 127, 084308 (2007)
[4] P. Larrégaray et al. J. Chem. Phys. 127, 084308 (2007)
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[6] D. Nuñez-Reyes et al. Phys. Chem. Chem. Phys. 20, 4404 (2018)

ID: 03687, S5. Frontiers in Molecular Physics (GEFAM), (Poster)
Author ID: 3150
Firstname: José
Surname: Campos Martínez
e-mail: j.campos@csic.es
A multi-proton cooperative mechanism for graphene permeation of protons

It has been recently found that pristine graphene and some other 2D materials can be permeated by
protons and deuterium at room tempeature[1,2], following a low barrier ( ∼ 0.8 eV) activated
process. Most of the theoretical attempts have found so far, that permeation of the H + (D+) involves
large energy barriers (around 3.5 eV) and therefore they are too high to explain experiments[3]. In
previous models it was assumed an isolated proton permeating the 2D membrane. In this work
however, we consider protonated graphene at high local coverage and explore the role played by
nearby chemisorbed protons in the process. By using density functional theory calculations (DFT)
applied to large molecular prototypes for graphene we have found[4] that when various protons are
absorbed on carbons belonging to the same hexagonal ring, permeation barrier can be lowered
down to 1.0 eV, thus making feasible the permeation of protons through pristine graphene. The
proposed insertion mechanism necessarily need to count with the nearby protons and it could be of
relevance not only to help in the understanding of the experimental results, but also in many other
scenarios of basic and technological interest.
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Cisplatin physisorbed on graphene oxide prototypes: a computational study

The physical adsorption of the cisplatin anticancer drug (CP)[1] on graphene oxide (GO)
and reduced graphene oxide (rGO) is investigated at the DFT level of theory by using
suitable molecular prototypes[2] representing the most probable adsorbing regions of GO
and rGO platelets. The obtained results show that CP is preferentially adsorbed in
correspondence of the epoxy and hydroxy groups (see Figure 1), by exploiting an effective
hydrogen bonding between the -NH3 ends of the drug and the oxygen substituents on the
(r)GO basal plane, as revealed by an energy decomposition analysis. Moreover, it is found
that the reactivity of the physically adsorbed CP is practically unaltered being the free
energy variation related to the first hydration reaction almost matching that of its free
(unadsorbed drug) counterpart[3]. The reported results indicate that overall the CP
physical adsorption on GO and rGO carriers is feasible being an exergonic process also in
an aqueous medium. The CP adsorption could facilitate its solubility and transport in water
solutions, exploiting the high hydrophilicity of the peripheral carboxylic acid groups
located on the edge of the GO and rGO platelets. Moreover, it is also suggested the the CP
loading on (r)GO platelets and its release could depend on the pH of the aqueous medium.
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Experimental and theoretical investigation of Cs+ ions solvated in HeN clusters
Solvation of Cs+ ions inside helium droplets have been investigated both experimentally and theoretically.
On the one hand, mass spectra of doped helium clusters ionized with a crossed electron beam, HeNCs+ ,
have been recorded for sizes up to N = 60. The analysis of the ratio between the observed peaks for each
size N reveals evidences of the closure of the first solvation shell when 17 He atoms surround the alkali
ion. On the other hand, we have obtained energies and geometrical structures of the title clusters by
means of basin-hopping, diffusion Monte Carlo (DMC) and path integral Monte Carlo (PIMC) methods.
The analytical He-Cs+ interaction potential employed in our calculations is represented by the improved
Lennard-Jones expression optimised on high level ab initio energies. The weakness of the existing
interaction between helium and Cs+ in comparison with some other alkali ions such as Li+ is found to
play a crucial role. Our theoretical findings confirm that the first solvation layer is completed at N = 17
and both evaporation and second difference energies obtained with the PIMC calculation seem to
reproduce a feature observed at N = 12 for the experimental ion abundance. The analysis of the DMC
probability distributions reveals the important contribution from the icosahedral structure to the overall
configuration for He12Cs+ .
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Solvation of Cs+ in hydrogen/deuterium: a joint experimental-computational study
Interactions between molecular hydrogen and cations of metallic atoms are dominated by chargequadrupole as well as induction forces, hence they are relatively strong despite being non-covalent. Due
to these characteristics, one can ask whether hydrogen molecules would form dense, solid-like, solvation
shells around the ion. In this work, the interactions between Cs + and H2/D2 are investigated both
experimentally and computationally. On the one hand, helium nanodroplets doped with cesium and
hydrogen or deuterium are ionized by electron impact and the (H 2/D2)nCs+ (up to n=30) clusters formed
are identified by mass spectrometry. On the other hand, a new and accurate potential energy surface is
reported and cluster energies and structures are computed by means of classical and quantum-mechanical
Monte Carlo calculations. Dependence of the computed evaporation energies with the cluster size, n, is
remarkably similar to the behavior of the measured ion abundances. Clusters (H2)12Cs+ and (D2)12Cs+
stand out for their stability and quasi-rigid icosahedral structures. However, the first solvation shell
involves thirteen or fourteen molecules for hydrogenated or deuterated clusters, respectively. It is found
that these solvation layers exhibit the typical characteristics of the well-known Atkins snowballs. The role
played by three-body induction interactions as well as the rotational degrees of freedom of the molecules
is analyzed and it is found that, despite they are important at a quantitative level (10-15%), they become
negligible once the first shell is completed.

