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Oral communications / 4

Photodeactivation mechanisms of graphene quantum dots
Author: Sandra Gómez Rodríguez1

Co-authors: Alberto Martín Santa Daría 1; Lola González-Sánchez 1; Pablo G. Jambrina 1

1 Universidad de Salamanca

Corresponding Author: sandra.gomez@usal.es

Graphene quantum dots (GQD) are nanoparticles consisting of a single or several layers of graphene
sheets whose thickness does not exceed 100 nanometers. For their ease of preparation, biocom-
patibility and tunable absorption and emission properties, they have become extremely popular in
optoelectronics, as nanocarriers for cancer therapy drugs and in bioimaging techniques.[1]

In this work, we focus on coronene, the smallest unit of a graphene nanoflake and a zero-dimensional
quantum dot. Several studies have found that coronene shows fluorescence and phosphorescence
in the visible range of the light spectrum.[2] As a starting point, we unravel the excited state de-
activation pathways of a single unit of coronene using the ML-MCTDH method [3] and a vibronic
coupling model for the nuclear Hamiltonian, including both singlet and triplet states.

Future work will look at expanding the system size, adding further layers and pondering the effect of
functionalization to explain the strong emission found by our experimental collaborators in doped
carbon nanoparticles. [4]

References
[1]M. Li, T. Chen, J. Gooding, J. Liu, ACS Sens., 4, 1732-1748 (2019)
[2]S. Hirayama, H. Sakai, Y. Araki, M. Tanaka, M. Imakawa, T. Wada, T. Takenobu, T. Hasobe, Chem.
Eur. J., n/a-n/a (2014)
[3]H. Wang, M. Thoss, The Journal of Chemical Physics, 119, 1289-1299 (2003)
[4]D. López-Díaz, A. Solana, J. García-Fierro, M. Merchán, M. Velázquez, Journal of Luminescence,
219, 116954 (2020)

Oral communications / 5

ChargednanosilicateClusters and their InteractionwithOxygen:
Astronomical Relevance
Author: Joan Mariñoso Guiu1

Co-authors: Bianca-Andreea Ghejan 2; Joost Bakker 3; Sandra Lang 2; Stefan Bromley 4; Thorsten Bernhardt
2

1 Universitat de Barcelona
2 Ulm University
3 Radboud University
4 Universitat de Barcelona and Institució Catalana de Recerca i Estudis Avançats (ICREA),

Corresponding Author: joanmarinoso@ub.edu

Silicates are ubiquitously found as small dust grains in the interstellar medium, where they are pro-
cessed due to high-energy processes, such as UV radiation absorption. These abundant nanosilicates
are likely to play an important role in astrochemistry. In this work, we form small magnesium silicate
clusters via laser vaporization of a binary Mg2Si target in the presence of diluted molecular oxygen.
The formed species are characterized via a combination of infrared multiple-photon dissociation
spectroscopy (IR-MPD) and DFT calculations. Analysis of the spectra of MgSiO9+ and Mg2SiO9+
reveal the preferred formation of a pyroxene monomer MgSiO3+ decorated with two non-activated
oxygen molecules. The remaining oxygen atoms bind to Mg2SiO9+ as a superoxide-like species,
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but they form an ozone-like O3 unit on MgSiO9+. Due to the potentially high abundance of pyrox-
ene monomers in the diffuse interstellar space, these findings could have important implications for
the role of small silicates in explaining the missing oxygen in the diffuse ISM. Furthermore, in the
Mg2SiO9+ cluster the second Mg atom is found to bind to the MgSiO3 monomer core, which can be
considered as the simplest initial step in silicate grain growth and thus indicates that small ionized
pyroxenic clusters could assist in the initial stages of silicate dust re-birth in the ISM.

Poster Session / 6

Simulating interstellar temperatures in the laboratory to study
the gas-phase OH+NH2CHO reaction
Authors: Daniel González Pérez de Madrid1; Sara Espinosa Gómez1; Bernabé Ballesteros Ruiz1; José Albaladejo
Pérez1; Elena Jiménez Martínez1

1 UNIVERSIDAD DE CASTILLA-LA MANCHA

Corresponding Author: sara.espinosa@uclm.es

The kinetic study of neutral-neutral reactions in the gas phase at ultralow temperatures is undergo-
ing a huge advancement over the last decades [1]. Such studies have exponentially increased due
to the increasing number of new molecules detected in the interstellar medium (ISM), specially in
the coldest regions (10-100 K). To model the chemistry occurring in these extreme environments, the
formation and destruction routes for IS molecules have to be characterized by means of the rate coef-
ficient, k(T), a crucial parameter to be included in astrochemical networks. For most neutral-neutral
reactions, k(T) is usually extrapolated down to 10 K from kinetic data reported at high temperatures
(>200-300 K). However, this procedure usually fails and k(10 K) is underestimated by several orders
of magnitude, which obviously comes up with dramatic consequences in IS chemical modelling. For
that reason, mimicking interstellar conditions in the laboratory and measuring accurate k(T) are
essential. First, a suitable technique, such as the so-called CRESU (French acronym for Reaction
Kinetics in a Uniform Supersonic Flow) is used to achieve the very low temperatures of the ISM to
determine k(T) as a function of T [2]. In this work, a pulsed CRESU system has been employed to
study the temperature dependence of k(T) between 11.7 and 177.5 K for the reaction of formamide
(NH2CHO) with hydroxyl (OH) radicals, key intermediates in IS chemical processes. It is thought
that NH2CHO, which was first detected towards Sagittarius B molecular cloud [3], can play a crucial
role in the formation of prebiotic molecules in space. The available experimental k(T) for the titled
reaction is scarce and only reported around 300 K [4,5]. However, theorical calculations predict an
increase of k(T) when temperature decreases in the 200-350 K range [5]. Our kinetic study in the
low-temperature range confirms that below 200 K, k(T) increases when temperature is lower, with an
increase of k(T) in the whole temperature range with respect to k(300 K).The observed T-dependence
of k(T) will be discussed and an expression for its use in pure- and gas-grain astrochemical models
will be provided.

References
[1] B. R. Rowe, A. Canosa, D. E. Heard, Uniform Supersonic Flows in Chemical Physics, World Scientific,
Europe, 2022.
[2] E. Jiménez, B. Ballesteros, A. Canosa, T. M. Townsend, F. J. Maigler, V. Napal, B. R. Rowe, J.
Albaladejo, Rev. Sci. Instrum. 86 (2015) 045108 1-10.
[3] R. H. Rubin, G. W. Swenson, Jr, R. C. Solomon, H. L. Flygare. Astrophys. J. 169 (1971) L39-L44.
[4] N. Borduas, G. Da Silva, J. G. Murphy, J. P. D. Abbatt, J. Phys. Chem. A 119 (2015) 4298-4308.
[5] A. J. C. Bunkan, T. Mikoviny, C. J. Nielsen, A. Wisthaler, L. Zhu, J. Phys. Chem. A 120 (2016)
1222-1230.
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Atmospheric impact of hydrofluoroethers (HFEs) at a global scale:
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Can HFEs contribute to the global warming?
Authors: Sara Espinosa Gómez1; Elena Jiménez Martínez1; José Albaladejo Pérez1

1 UNIVERSIDAD DE CASTILLA-LA MANCHA

Corresponding Author: elena.jimenez@uclm.es

Global concern about the high environmental impact of hydrofluorocarbons (HFCs) led the Kyoto
Protocol to list these compounds as potent greenhouse gases. For that reason, hydrofluoroethers
(HFEs) were proposed for substitution of HFCs in several applications, such as refrigerants, because
of their relatively low global warming potential (GWP). Therefore, it is important to evaluate the
impact of future HFE emissions on climate change prior to their widespread use. For that purpose,
the most crucial physicochemical parameters to be determined are the rate coefficient for the gas-
phase reaction with OH radicals (kOH (T )), the main atmospheric diurnal oxidant, and the infrared
(IR) absorption cross sections in the atmospheric window (1250-720 cm−1), σν .
In the present work, we present the first experimental determination of kOH (T ) between 263 and
353 K for CF3CHFCF2OCH3 (HFE-356mec3) and CHF2CHFOCF3 (HFE-236ea1). The pulsed laser
photolysis/laser induced fluorescence technique was employed to generate OH radicals and to mon-
itor their temporal profile.[1] A positive T-dependence of kOH (T ) was observed in both reactions
and it is well-described by following Arrhenius expressions:

HFE-356mec3: kOH (T ) = (1.18±1.07)×10−12 exp[-(1046±27)/T] cm3 molecule−1 s−1

HFE-236ea1: kOH (T ) = (7.76±4.26)×10−13 exp[-(1417±28)/T] cm3 molecule−1 s−1

According to the observed T-dependence of kOH (T ), the OH-reactivity towards theseHFEs decreases
throughout the troposphere since T decreases with altitude. Based on the obtained kinetic results,
the atmospheric lifetime of HFE-356mec3 and HFE-236ea1 due to OH-reaction (πOH ) was estimated
to be 1.2 and 5.5 years, respectively, at sea level (T is considered 298 K). In addition, to evaluate
the impact of the emission of 1 kg of the investigated HFEs, σν were determined between 4000-500
cm−1, allowing the calculation of the radiative efficiencies (REs) corrected with πOH [2] and the
GWP relative to CO2 at a time horizon of 100 years. REs were 0.26 and 0.39 W m−2 ppbv−1 and the
resulting GWP at a time horizon of 100 years were 118 and 885 for HFE-356mec3 and HFE-236ea1,
respectively. In conclusion, the contribution of HFE-356mec3 and HFE-236ea1 to global warming of
Earth could still be significant if their emissions to the atmosphere increase. Despite this fact, HFCs
with similar structures (CH3CF2CH2CF3, CHF2CHFCF3, or CH2FCF2CF3), contribute to the global
warming of Earth in much larger extent than the investigated HFEs, presenting GWP between 804
and 8060 [2].

References
[1] Blázquez, S., Espinosa, S., Antiñolo, M., Albaladejo, J., Jiménez, E. Phys. Chem. Chem. Phys. 24
(2022) 14354-14364.
[2] Hodnebrog, Ø., Aamaas, B., Fuglestvedt, J. S., Marston, G., Myhre, G., Nielsen, C. J., M. Sandstad,
K. P. Shine4 y Wallington, T. J. Rev. Geophys. 58 (2020) e2019RG000691.

Plenary Talks / 8

Recent developments of theGeant4-DNAextension of theGeant4
Monte Carlo simulation toolkit
Author: Sébastien Incerti1

1 Univ. Bordeaux, CNRS, LP2I, UMR 5797, F-33170 Gradignan, France

Corresponding Author: sebastien.incerti@cnrs.fr

Modeling accurately biological damage induced by ionizing radiation at the scale of theDNAmolecule
remains a major challenge of today’s radiobiology research (1). In order to provide the community
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with an easily accessible mechanistic simulation platform, the general purpose and open source
“Geant4”Monte Carlo simulation toolkit (2) is being extended in the framework of the “Geant4-DNA”
project (3-7) with a set of functionalities allowing the detailed simulation of particle-matter interac-
tions in biological medium. These functionalities include physical, physico-chemical and chemical
processes that can be combined with nanometer size geometries of biological targets in order to
predict early DNA damage. We will present an overview of the Geant4-DNA project and discuss
on-going developments.

1. “Monte Carlo role in radiobiological modelling of radiotherapy outcomes,”Phys. Med. Biol., 57,
pp. R75-R97 (2012).

2. http://geant4.org

3. “Geant4-DNA example applications for track structure simulations in liquid water: a report from
the Geant4-DNA Project”, Med. Phys. 45, pp. e722-e739 (2018).

4. “Track structure modeling in liquid water: A review of the Geant4-DNA very low energy exten-
sion of the Geant4 Monte Carlo simulation toolkit,”Phys. Med., 31, pp. 861-874 (2015).

5. “Comparison of Geant4 very low energy cross section models with experimental data in water,”
Med. Phys., 37, pp. 4692-4708 (2010).

6. “The Geant4-DNA project,”Int. J. Model. Simul. Sci. Comput., 1, pp. 157-178 (2010).

7. http://geant4-dna.org

Plenary Talks / 9

Ultrafast dynamics in microsolvated biomolecules
Author: Jochen Küpper1

1 Center for Free-Electron Laser Science, Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany Department of
Physics, Universität Hamburg, Hamburg, Germany Department of Chemistry, Universität Hamburg, Hamburg,
Germany Center for Ultrafast Imaging, Universität Hamburg, Hamburg, Germany

Corresponding Author: jochen.kuepper@cfel.de

Interactions between proteins and their solvent environment can be studied in a bottom-up approach
using hydrogen-bonded biomolecule-solvent clusters. The ultrafast dynamics following UV-light-
induced electronic excitation of the biomolecular chromophores, potential radiation-damage, and
their dependence on solvation are important open questions. Specific and precise studies of the
microsolvation effect are challenging due to the inherent mix of the produced gas-phase aggregates.
We used the electric deflector to spatially separate different molecular species in combination with
pump-probe velocity-map-imaging experiments, including applications of 3D “cameras” based on
Timepix3. We demonstrated that this powerful experimental approach reveals intimate details, e.g.,
on the radiation damage of water-water and pyrrolewater dimers as well as on the UV-induced
dynamics in the near-UV-absorbing prototypical biomolecular indole-water system.
We determined the time-dependent appearance of the different reaction products and disentangled
the occurring ultrafast processes. This novel approach ensures that the reactants are well-known
and that detailed characteristics of the specific reaction products are accessible –paving the way for
the complete chemical-reactivity experiment.

1. https://www.controlled-molecule-imaging.org/
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Extreme-ultra-violet emission of W ions with open 4f-shell
Author: Filipe Grilo1

Co-authors: José Paulo Santos 1; José R. Crespo López-Urrutia 2; Marc Botz 2; Pedro Amaro 1

1 NOVA School of Science and Technology
2 Max-Planck-Institut fur Kernphysik

Corresponding Author: f.grilo@campus.fct.unl.pt

The plasma divertor for the International Termonuclear Experimental Reactor (ITER) will have tar-
get plates made out of tungsten (W) [1]. The inevitable W contamination will emit characteristic
radiation that depends on the specific charge state balance, electron temperature and density condi-
tions. Therefore, the respective emission spectra can be used as real-time diagnostics of the fusion
reactor plasma physical conditions [1, 2]. Given the importance of the spectra of this elements, both
its low and highly charged ions have already been extensively studied in the past in a wide range
of the electromagnetic spectrum [2-5]. However, the emission of the open 4f-shell charges states,
between 12+ and 28+, still remains largely understudied, as the emissions of this group of ions is
usually observed mixed with each other. In our work, an Electron Beam Ion Trap (EBIT) was used
to produce and individually observe the EUV spectrum (12-26 nm) of each of the charge states in the
open 4f-shell complex. A slow electron beam energy scan between 300 and 1000 eV allowed us to
observe the emissions for every individual charge state. The excellent resolution allows to retrieve
each charge state contribution with the Non Negative Matrix Factorization (NNMF) method. The
decomposed data was matched with the respective theoretical wavelengths of the Unresolved Tran-
sition Arrays (UTA) calculated with Flexible Atomic Code (FAC) [6]. In this regime, we observed
the O-O transitions derived from N-O collisional excitations. This data is of great importance, as it
can be incorporated in diagnostic models relevant for fusion plasma monitoring.

References
[1] J. Clementson, P. Beiersdorfer, E. W. Magee, et al., Journal of Physics B: Atomic, Molecular and
Optical Physics, 43, 14 (2010)
[2] J. Clementson, T. Lennartsson, P. Beiersdorfer, Atoms, 3, 3 (2015)
[3] T. Lennartsson, J. Clementson, P. Beiersdorfer, Physical Review A, 87, 6 (2013)
[4] H. A. Sakaue, D.Kato, N. Yamamoto, et al., Physical Reviw A, 92, (2015)
[5] T. Oishi, S. Morita, D. Kato, et al., Atoms, 9, 3 (2021)
[6] https://github.com/flexible-atomic-code/fac
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Proton diffusion in a benchmark entangled hydrogen bonding
network
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Netherlands
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Corresponding Author: bmarhay@upo.es

Hydrogen-bonded networks sustain a broad range of structural and charge transfer processes in
supramolecular materials. The modelling of the proton dynamics in these systems is challeng-
ing and demands insights into prototypical benchmark complexes. Intramolecular H-bonding in
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3-hydroxyglutaric acid (M) provides an intriguing case study of entangled proton dynamics. We
combine infrared action ion spectroscopy experiments with Born-Oppenheimer Molecular Dynam-
ics computational modeling to expose and rationalize the vibrational signatures of intramolecular
Grothuss-like proton diffussion triggered upon either the protonation or the deprotonation of M.
Despite the formally similar symmetry of the M·H+ and [M-H] ̶ frameworks, the relative proton
affinities of the oxygen centers of the carboxylic and carboxylate groups with respect to that of the
central carbohydroxy group lead to differentiated proton dynamics in the two systems. In M·H+, an
arrangement of the type HOCO·HOH·OCOH is preferred, with the two protons binding tighter to
the central oxygen atom and forming two slightly asymmetric H-bonds. In [M-H] ̶ , the asymmetric
OCO·HO·HOCO configuration is most stable, with a stronger H-bonding on the bare carboxylate
end. Both systems display nevertheless active backbone and concerted proton sharing dynamics,
leading to distinct diffuse band structures in their vibrational spectrum.

Invited talks / 12

Laser excitation of the ground-hyperfine transition inmuonic hy-
drogen
Author: Pedro AmaroNone

Corresponding Author: pdamaro@fct.unl.pt

The CREMA collaboration is pursuing a measurement of the ground-state hyperfine splitting (HFS)
in muonic hydrogen (µp) with 1 ppm accuracy by means of pulsed laser spectroscopy to determine
the two-photon-exchange contribution with 2×10−4 relative accuracy. In the proposed experiment,
the µp atomundergoes a laser excitation from the singlet hyperfine state to the triplet hyperfine state,
then is quenched back to the singlet state by an inelastic collision with a H2 molecule. The resulting
increase of kinetic energy after the collisional deexcitation is used as a signature of a successful laser
transition between hyperfine states. We calculate the combined probability that a µp atom initially
in the singlet hyperfine state undergoes a laser excitation to the triplet state followed by a collisional-
induced deexcitation back to the singlet state. This combined probability has been computed using
the optical Bloch equations including the inelastic and elastic collisions. Omitting the decoherence
effects caused by the laser bandwidth and collisions would overestimate the transition probability
by more than a factor of two in the experimental conditions. Moreover, we also account for Doppler
effects and provide the matrix element, the saturation fluence, the elastic and inelastic collision rates
for the singlet and triplet states, and the resonance linewidth. This calculation thus quantifies one
of the key unknowns of the HFS experiment, leading to a precise definition of the requirements for
the laser system and to an optimization of the hydrogen gas target where µp is formed and the laser
spectroscopy will occur.

Poster Session / 13

Gas-phase reaction of 2-methyl-2-pentenalwithCl atoms: kinetic
and product study
Authors: María Asensio Rivas1; María Antiñolo Navas1; José Albaladejo Pérez1; Elena Jiménez Martínez1

1 UNIVERSIDAD DE CASTILLA-LA MANCHA

Corresponding Authors: elena.jimenez@uclm.es, jose.albaladejo@uclm.es

Aldehydes are very important trace gases for the physical chemistry of the troposphere mainly be-
cause they are directly emitted into the atmosphere or formed in situ from the photooxidation of
organic compounds. In particular, the unsaturated aldehyde trans-2-methyl-2-pentenal (T2M2P) is
emitted into the low atmosphere from several sources such as wildland fires, vegetation, and from
some foods. Once in the troposphere, T2M2P can be degraded through gas-phase reactions initiated
by diurnal oxidants such as hydroxyl radicals (OH) or chlorine atoms (Cl), important globally or
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locally in marine atmospheres, respectively. Therefore, it is important to understand these reactions
kinetically and to identify the products that are formed. The rate coefficient for the OH-reaction of
T2M2P (kOH ) has been previously estimated [1], but neither kinetic measurements of the Cl-reaction
nor detection of the reaction products have been reported in the literature up to date. Then, the aim
of this work is, first, to evaluate the gas-phase reactivity of Cl atoms towards T2M2P at 298 K and
1 atm, by determining the rate coefficient (kCl) has been determined by the relative method in a
smog chamber coupled to a Fourier Transform Infrared spectrometer to monitor the loss of T2M2P
and a reference compound [2]. Secondly, the chemical characterization and quantification of the
gas-phase reaction products have been performed in a smog chamber coupled to a Proton Transfer
Reaction –Time of Flight –Mass Spectrometer [3] and a Fast Mobility Particle Sizer spectrometer
has been used to monitor the formation of Secondary Organic Aerosols (SOAs) and to determine the
SOA yield in the Cl+T2M2P reaction [4].
Finally, the atmospheric implications of the T2M2P reactivity will be discussed in terms of its life-
time due to the homogeneous reaction with Cl estimated from the determined kCl and the literature
kOH and in terms of the potential impact of the products generated on our health.

References

[1] Grosjean, D.; Williams, ED. Atmospheric Environment, 1992, 1395-1405.
[2] Ballesteros, B.; Jiménez, E.; Moreno, A.; Soto, A.; Antiñolo, M.; Albaladejo, J. Chemosphere, 2017,
167, 330-343.
[3] Asensio, M.; Antiñolo, M.; Blázquez, S.; Albaladejo, J.; Jiménez, E. Atmospheric Chemistry and
Physics, 2022, 22, 2689-2701.
[4] Antiñolo, M.; Asensio, M.; Albaladejo, J.; Jiménez, E. Atmosphere, 2020, 11, 715 (17).
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First-principles computations on guest-host (lattice) systems: He
inclusion in hydrates
Authors: Raquel Yanes-Rodríguez1; Rita Prosmiti1

1 Institute of Fundamental Physics (IFF-CSIC)

Corresponding Author: rita@iff.csic.es

He hydrates present an intriguing and relatively unexplored systems. As they may have significant
implications in fields such as planetary science, exploration of novel ice phases, such as ultra-low
density ices or superionic water ice, and the development of innovative materials with distinct prop-
erties and applications, such as solid electrolyte in batteries, understanding their fundamental prop-
erties is crucial for their future exploitation.
Computational investigations on the He@hydrates were motivated by the recent experimental syn-
thesis of He@sII \[1\], and in relationwith the emerging research on new low-density ice polymorphs
\[2\]. We performed quantum chemistry computations considering both aperiodic ice/clathrate-
like finite-size structures<a href=”https://doi.org/10.1039/D1CP04935F”> \33,[4\]</a> and periodic
3D crystal frameworks \[5\]. In this way, we demonstrated the importance of conducting a system-
atic benchmark study of conventional and modern DFT-D approaches, including fundamental units
(e.g. He-H2O) and building block clathrate cages (e.g. 512 or 51264) or ice channels present in the
most common sI, sII and sH clathrate hydrates or ice II and Ih. In turn, we analysed the stability of
the cages forming the He@sII clathrate, considering single and multi-occupancy \[6\], through ther-
mochemical calculations at a range of T-P conditions comparable to the experiment \[1\] . Finally,
we explored the effects on the encapsulation of He atoms in the sI/sII crystal lattices by computing
structural, mechanical and energetic properties in both empty and He-filled systems. For a more
direct comparison with measurements on He@sII structural properties, multiple cage occupancy,
similar to those established by diffraction experiments \[1\], is considered \[7\]. All these insights
serve to better understand the role of the entire guest-guest, guest-host and host-host interactions in
the stabilization of such clathrate hydrates, they address accuracy issues on weakly-bound systems,
providing valuable reference data that can be utilized for developing future predictive data-driven
models using either traditional fitting or emergent machine-learning techniques.
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The cationic lithium dimer solvated inHe clusters: Molecular Dy-
namics Simulations.
Authors: Pablo VillarrealNone; Raquel Yanes-Rodrıǵuez1; Raul Rodrıǵuez-Segundo1; Rita Prosmiti1

1 IFF-CSIC

Corresponding Author: pablovi.pv@gmail.com

The structures and energetics of Li+2-doped He clusters have been determined by means of evolu-
tionary programming optimizations and classical molecular dynamics simulations 1. The underlying
interactions in the HeN Li+2 complexes are described by sum-of-potentials ab initio-based models
2. The classical picture of the He atoms surrounding the cationic dimer shows a selective growth
of the clusters. Figure below shows a contour plot of the probability distribution in the (z, ρ)-plane
(right panel) and classical thermal conformer (left panel) for the N=30 cluster at T=2 K. The z axis is
along the cationic dimer. Using the Feynman-Hibbs second order approach 3, quantum results are
also presented and discussed.

Oral communications / 16

Ultralong-range Cs-RbCs Rydberg molecule: non-adiabaticity of
dipole moments
Authors: David Mellado-Alcedo1; Alex Guttridge2; Simon L. Cornish2; H. R. Sadeghpour3; Rosario González-
Férez4

1 [1] Departamento de F\’{\i}sica, Universidad de C\’ordoba, 14071 C\’ordoba, Spain and [2] Departamento de F\’{\i}sica
At\’omica, Molecular y Nuclear, Universidad de Granada, 18071 Granada, Spain

2 [3] Department of Physics, Durham University, South Road, Durham, DH1 3LE, United Kingdom
3 [4] ITAMP, Center for Astrophysics | Harvard \& Smithsonian , Cambridge, Massachusetts 02138, USA
4 [2] Departamento de F\’{\i}sica At\’omica, Molecular y Nuclear, Universidad de Granada, 18071 Granada, Spain and

[5] Instituto Carlos I de F\’{\i}sica Te\’orica y Computacional, Universidad de Granada, 18071 Granada, Spain

Corresponding Author: dmalcedo@uco.es

Triatomic ultra-long Rydberg molecules are formed by the interaction of a Rydberg atom, an excited
atom with an electron with high principal quantum number, and a polar molecule. The study of Ryd-
berg molecules is motivated by its interesting properties [1-3], and possible applications in ultracold
chemical reactions 4 or quantum simulations 5. In this work, we investigate the electronic structure
and properties of the Rydberg molecule Cs-RbCs.

A complete study of the adiabatic electronic potentials has been performed. The rovibrational struc-
ture is described beyond the Born-Oppenheimer approximation, and the coupled Schrödinger equa-
tion is solved by including the non-adiabatic coupling terms of the neighbouring electronic potential
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curves. We explore the transition probabilities through the avoided crossing in the electronic struc-
ture, which characterize the ultracold chemical reaction of the Rydberg atom with the diatomic
molecule. For the vibrational bound state, we provide the electric dipole moment and decay rates.
For the experimental guidance, we identify the best states for photoassociation of this Rydberg
molecules and provide the Franck-Condon factors.

1 S. T. Rittenhouse and H. R. Sadeghpour, Phys. Rev. Lett., 2010, 104, 243002
2 R. González-Férez, H. R. Sadeghpour, and P. Schmelcher, New J. Phys, 2015, 17, 013021
3 R. González-Férez, S. T. Rittenhouse, P. Schmelcher , and H. R. Sadeghpour, J. Phys. B, 2020, 53,
074002
4 S. Ospelkaus, et al, Science, 2010, 327, 853
5 H. Weimer, M. Müller, I. Lesanovsky, P. Zoller, and H. P. Büchler, Nat. Phys., 2010, 6, 382
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High-wavenumber compressiveRaman spectroscopy: a faster tool
for melanoma diagnosis.
Author: Pedro Vaz1

Co-authors: Ana L. M. Batista de Carvalho 2; João Cardoso 1; Bruno Filipe 1; Inês Santos 2; Francisco Gil 3; Luís
A.E. Batista de Carvalho 2
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Corresponding Author: pvaz@uc.pt

Raman spectroscopy (RS) is a highly-sensitive optical technique based on specific vibrations of
molecules, which enables non-invasive and non-destructive monitoring of biospecimens present
in tissues, revealing disease-prompted variations and allowing to differentiate healthy from malig-
nant samples with high accuracy, sensitivity and specificity. Nevertheless, pigmented tissues are
inaccessible to conventional RS, because of laser-induced tissue fluorescence, unless infrared exci-
tation is used. With these excitation wavelengths, Raman spectroscopy required very expensive
pixelated detectors to achieve the necessary signal-to-noise ratio. These detectors are usually asso-
ciated with liquid hydrogen cooling systems that make the equipment bulky, expensive and difficult
to operate.

In order to solve these issues, this work details the design of a new Raman spectrometer, apply-
ing compressive sensing, based on spectral multiplexing by spatial light modulators (as a digital
micromirror device) and on single-element detection. When applied to RS, these two components
allow the acquisition of the same spectral information as in multichannel detectors but at a much
higher acquisition speed, which is crucial for time constrained applications (as in clinical scenar-
ios), lowering the cost of the equipment, and allowing for a small instrument since liquid cooling
is no longer required. This offers new possibilities for the development of a much-simplified RS in-
strument that would promote a routine implementation of this technique in many different areas,
including melanoma diagnosis.

Poster Session / 18

C5N− in collision with He: rotational transitions in the ISM
Author: Lola Gonzalez Sanchez1

Co-authors: Alberto Martín Santa Daría 1; Anzhela Veselinova 1; Franco A. Gianturco 2
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In the last years, several C-bearing and (C,N)-bearing chains of molecular anions have been detected
in the interestellar medium (ISM). Since experimental treatments are still challenging, computational
methods have to be used to understand their chemistry. The C5N− anion is one of the largest (C,N)-
bearing chains and, although there are several theoretical studies [1-3] that describe the dynamics
of the smaller (CN−,C3N−) + He/H2 systems, for the moment there has been no study reported for
the collision between this molecular anion with He or H2.
We have performed quantum scattering calculations using a new ab initio potential energy surface
(PES) where the interaction potential between C5N− and He was obtained using CCSD(T) approach
and the complete basis set (CBS) limit (see Figure 1). Given the ISM conditions of this system, we
calculate the state-to-state (de-)excitation cross sections and the respective rate coefficients as a func-
tion of temperature. These results have been also compared by those obtained for the C3N−/C5N−

+ H2 system.

Oral communications / 19

Exploring space chemistry: quantum spectroscopic characteriza-
tion of Ng-containing molecules through machine learning algo-
rithms.
Authors: María Judit Montes de Oca Estevez1; Rita Prosmiti2
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2 Institute of Fundamental Physics (IFF-CSIC)

Corresponding Author: juditmontesdeoca@iff.csic.es

For a long time, space was thought to be a hostile environment characterized by extreme conditions,
in which the formation of any molecular system was highly unlikely, if not impossible. However,
advances in three fundamental areas of molecular astrophysics (theoretical modeling, experimental
laboratories, and observational missions), as well as, their joint effort are reponsible for more than
290 molecules \[1\] have been already detected up to now. In that way, the intrigue grows with
each new discovery, and the question “What comes next?” becomes more complex as the number
of viable species increases. From this point of view, in the last decade, two of the most fascinated
detection have been noble gas hydride cation complexes, HeH+ and ArH+, due to their well-known
high electronic stability<a href=”https://papers.ssrn.com/sol3/papers.cfm?abstractid = 4431879” >
\22, 33, 44, [5\] < /a > .Allthishasgeneratedagreatdealofinterestandadesiretolearnmoreabouttheinterstellar−
chemistryofnoblegases.
Inthisvein, ourmaingoalistoexploetrendsandmodelsusingquantumchemistrycomputationsinordertocollectastrochemicallyrelevantdatathatcouldbeservetofacilitatethepossibledetectionofnewmoleculescontainingnoblegasesintheinterstellarmedium <
ahref = ”https : //www.frontiersin.org/articles/10.3389/fchem.2021.664693/full” > \46, 57, [6\] <
/a > .Toaccomplishthis, weproposeamachinelearning−basedapproachtoconstructnewaccuratepotentialenergysurfacesfromabinitioelectronicstructurecalculations.Suchcomputationaltechniquesandtoolsallowtocomputationallycharacterizespecieslike [NgnHm]+
aiming to understand their chemical binding and electron exchange in clusters of noble gas hydride
cations.
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On the Determination of Lipid Monolayer Langmuir Isotherms
via Molecular Dynamics. Too big of a stretch?
Author: ALEXANDRE BLANCO-GONZALEZ1

Co-authors: Rebeca García-Fandiño 1; Ángel Piñeiro 1

Page 10

https://cdms.astro.uni-koeln.de/classic/molecules
https://www.nature.com/articles/s41586-019-1090-x
https://www.nature.com/articles/s41586-019-1090-x
https://pubmed.ncbi.nlm.nih.gov/24337290/
https://pubmed.ncbi.nlm.nih.gov/24337290/
https://www.frontiersin.org/articles/10.3389/fchem.2021.664693/full
https://www.frontiersin.org/articles/10.3389/fchem.2021.664693/full
https://www.frontiersin.org/articles/10.3389/fchem.2021.664693/full
https://www.frontiersin.org/articles/10.3389/fchem.2021.664693/full
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4431879
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4431879


IBER 2023 / Book of Abstracts

1 Universidade de Santiago de Compostela

Corresponding Author: alexandre.blanco.gonzalez@rai.usc.es

Lipid cellular membranes constitute a common factor to all known Life on Planet Earth. It is this
commonness, and yet their distinctions based on cell type, organism, or age1 what makes them
attractive targets for a wide range of treatments. Therefore, it is of paramount importance to un-
derstand how these ubiquitous structures react to different stimuli. Specifically, their mechanical
properties are of great interest in the pharmaceutical field, as the permeation of drugs is dependent
on them.
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Traditionally, the in-plane expansion of lipid membranes has been studied with wet lab techniques,
being the determination of Langmuir Isotherms for monolayers as membranemodels a gold standard
at that2. On the other hand, Molecular Dynamics has proven to be an invaluable tool at giving in-
sight on the molecular mechanisms that govern the mechanics of lipid membranes3. In this work we
attempt to design new simulation protocols to mimic Langmuir trough experiments using Umbrella
SamplingMD. Our results point to agreements, but also to differences, to typical results obtained in a
lab; and help to shed light on the nanoscopic-scale processes that are involved in membrane mechan-
ics, while paving the way towards new approaches for their study with in-silico techniques.

References
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Cabaret, O. Berdeaux, A. M. Bron, N. Acar, P. Langella and M. A. Bringer, Frontiers in Cellular and
Infection Microbiology, 2020, 9, 444.
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Single photon autioinization of aromatic molecules in solution

Authors: ASIER LONGARTE1; Iker Lamas2; Raúl Montero3

1 Universidad del País Vasco (UPV/EHU)
2 Departamento de Química Física. Universidad del País Vasco (UPV/EHU)
3 SGIker Laser Facility. Universidad del País Vasco (UPV/EHU)

Corresponding Author: asier.longarte@ehu.eus

The ionization of molecules in the condensed phase is driven by the interactions established with
the environment. In fact, for some aromatic molecules dissolved in water, the formation of the fully
separated charges (cation+electron) has been found after exciting at the onset of their electronic
absorption, well below the gas-phase ionization potentials.[1,2] By using transient absorption meth-
ods based in femtosecond pulses, we have induced and tracked the relaxation dynamics of aromatic
molecules solvated by H-bonded protic solvents. The research aims to address the nature of the ini-
tially formed electronic-excited state and the intermediate steps toward the fully separated charges,
and to establish the influence of the specific solute-solvent interactions on them.3 Understanding
this relaxation channel opens the possibility of controlling the generation of charges in solution.
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Simulation of Pm-Like Bismuth Spectra in an EBIT
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We use a multiconfiguration Dirac-Fock code [1,2] to calculate electronic excitation cross sections
and radiative decay transition probabilities for a large number of atomic levels in Pm-like bismuth.
By numerically solving a set of equilibrium equations we were able to obtain the level populations
of the 4f145s, 4f135s5f , 4f135s5d, 4f135s5p, and 4f135s2 configurations and synthesized spectra
for a number of electronic density values in an EBIT for 640 keV incident electron energy.

The synthesized spectrumwe obtained for 1010 cm−3 electronic density agrees qualitatively with the
experimental data of Kobayashi et al. 3. We found significative differences between our simulations
and Kobayashi’s for several electronic density values.

The emission lines position and relative intensity can also be compared with laser produced plasma
spectra, to improve the identification of the Pm-like ions and provide experimental values of electron
density at those plasma conditions.
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Many state-of-the-art optical readoutmicro-patterned gaseous detectors (MPGDs) are equippedwith
of standard Gas Electron Multipliers (GEMs), which are 50 μm thick. The COBRA_125, a 125 μm
thick, triple-electrode MPGD has the potential to further increase the optical gain of these detectors:
whereas in a GEM, the Electroluminescence light is only produced in the holes, the two independent
stripped electrodes imprinted on the bottom face of the COBRA_125 define a second high-field re-
gion that produces additional light. Furthermore, the increased thickness of the COBRA_125 adds
electrical robustness, meaning that higher voltages can be applied across the holes before the onset
of microdischarges.
In this work, we compare the absolute light yield of He-CF4 mixtures produced by a 125 μm COBRA
to the one obtained with a standard GEM (50 μm thick). The detector, operated in flow-mode, was
irradiated with X-rays from a 55Fe source. A Large Area Avalanche Photodiode (LAAPD) was used
to readout the light produced by the COBRA_125 and by a standard GEM. Our results show that the
COBRA_125 is able to increase the light yield of a standard GEM by an order of magnitude, proving
to be a strong solution for future optical MPGDs.
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Exploring the secondary structure of Host Defense Peptides in
their biological environment. A Molecular Dynamics approach.

Author: Fabián Suárez-Lestón1

Co-authors: Angel Piñeiro 2; Rebeca Garcia-Fandino 3

1 Department of Organic Chemistry, Center for Research in Biological Chemistry and Molecular Materials, CIQUS,
Universidade de Santiago de Compostela, Santiago de Compostela, Spain & Department of Applied Physics,
Facultade de Física, Universidade de Santiago de Compostela, Santiago de Compostela, Spain & MD.USE Inno-
vations S.L., Ed. Emprendia, Campus Vida, Santiago de Compostela, Spain

2 Department of Applied Physics, Facultade de Física, Universidade de Santiago de Compostela, Santiago de Com-
postela, Spain

3 Department of Organic Chemistry, Center for Research in Biological Chemistry and Molecular Materials, CIQUS,
Universidade de Santiago de Compostela, Santiago de Compostela, Spain

Corresponding Author: fabian.suarez.leston@usc.es

Host defense peptides (HDPs) are short cationic peptides that have a critical role in the innate im-
mune response across all living organisms 1. Their primary mode of action does not depend on pro-
tein receptors, but instead on their ability to target and disrupt the membranes of various pathogenic
and pathological cells, such as those found in cancer, bacteria, or even our own senescent cells. These
structures are characterized by their specific compositions, typically containing a relatively high
concentration of anionic lipids. Upon encountering a pathogenic/pathological lipid membrane, the
peptide’s secondary structure undergoes a transformation, promoting its adsorption through elec-
trostatic and hydrophobic interactions 2. The membrane’s functionality is compromised depending
on the concentration of HDPs, which may also lead to the disruption of its structure. The general
interaction mechanism between HDPs and lipid membranes is still not fully understood; however,
understanding the peptide’s structure in the presence of the membrane is a critical initial step to-
wards synthesizing new artificial peptides with enhanced activity.

Predicting the secondary structure of HDPs from their sequences is particularly challenging, primar-
ily due to the significant influence of the environment, specifically the presence of the membrane.
Furthermore, there is a significant lack of structural information available for HDPs: solving the
structure of a peptide in the presence of a membrane is a difficult task, resulting in sparse data com-
pared to that for proteins. The use of Molecular Dynamics (MD) simulations may compensate the
shortage of experimental results, as it is able to describe the complex interactions between the pep-
tide and the environment and reach the typical microsecond scale of the folding processes.

Page 13

http://ehubox.ehu.eus/s/f9tCwTxKeYaZ24S
https://www.nature.com/articles/s41586-019-1090-x


IBER 2023 / Book of Abstracts

References
1 Moretta, A. et al. Antimicrobial Peptides: A New Hope in Biomedical and Pharmaceutical Fields.
Front. Cell. Infect. Microbiol. 11, 668632 (2021).
2 Bahar, A. & Ren, D. Antimicrobial Peptides. Pharmaceuticals 6, 1543–1575 (2013).

Acknowledgements
This work has received financial support from the Spanish Agencia Estatal de Investigación (AEI)
and the European Regional Development Fund - ERDF (PID2019-111126RB-100, RTI2018-098795-A-
I00, and PID2019-111327GB-I00, PDC2022-133402-I00) and by the Xunta de Galicia (ED431B 2022/36,
ED431F 2020/05 and Centro singular de investigación de Galicia accreditation 2019-2022, ED431G
2019/03) and the European Union (ERDF). F. S.-L. thanks Axencia Galega de Innovación for his pre-
doctoral contract (02_IN606D_2022_2667887). All computations were carried at CESGA.

Poster Session / 25

DIRAC-FOCK CALCULATIONS OF AUGER SPECTRUM IN Au:
IMPACTONSENSITIZEDRADIOTHERAPYWITHNANOPARTI-
CLES
Authors: Fábio Carmo1; Jorge Sampaio2; Jose Manuel Pires MarquesNone

1 LIP - Lab. de Instrumentação e Física Experimental de Partículas/Faculdade de Ciências da Universidade de Lisboa
2 LIP - Lab. de Instrumentação e Física Experimental de Partículas

Corresponding Authors: jmsampaio@fc.ul.pt, fc51334@alunos.ciencias.ulisboa.pt

Several studies show that the combination of high-Z nanoparticles (NPs) and external radiotherapy
(RT) leads to an increased radiation effect in tumoral cells without an increase of the patient dose
[1,2]. Among the various elements with sensitizing potential, Au NPs have been the most studied
due to the greater biocompatibility of gold. In this technique, Au NPs are incorporated inside tumor
cells with the aid of biomolecules with specific affinity for each cell type. Thus in an RT treatment it
is possible to produce additional secondary radiation enhancement in the tumor tissues internalized
with Au NPs. This additional radiation results mostly from electronic collisions of the external beam
used in RT with the NPs. Particularly relevant is the ionization of internal atomic shells that lead to
a cascade of transitions. The low-energy component of the Auger spectrum produces electrons with
a very short range (smaller than the cell dimensions) and, therefore, contribute significantly to the
local radiosensitizing effect of NPs.

Dosimetric calculations of RT with NPs are based on Monte Carlo (MC) simulations using well-
known codes 3. These typically use libraries of atomic parameters calculated several decades ago
with outdated models. Since the low-energy component of the Auger spectrum is particularly sen-
sitive to correlation effects, we present in this paper new calculations based on the Multiconfigu-
ration Dirac-Fock method. For this, the code developed by Desclaux and Indelicato [4,5] was used
to compute radiative and radiationless transition rates as well as photoionization cross-sections for
different energies relevant in RT. The Auger spectrum is simulated using an MC-based method to
produce the atomic de-excitation cascades. The impact of the new calculations will be discussed
based on simulations of the radial dose profile in a water sphere using the TOPAS code [6,7].
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We present a new potential energy surface (PES) for the interaction between the Hydrogen molecule
ion and the Helium atom in its electronic ground state. The PES of (H2+)He cluster is represented
by two contributions: a polarization energy term due to the electric field generated by the molecu-
lar cation in the position of the polarizable He atom and dispersion-repulsion forces characterized
by an “atom-bond” potential between the bond of H2+ and the He atom. All parameters of this
new PES have been chosen and fitted from post Hartree-Fock calculations at CCSD(T) level and per-
formed with the NWCHEM Quantum Chemistry Software. By assuming pair-wise interactions and
considering the Azis-Slaman potential for the interaction between Helium atoms, we define a PES
for H2+(He)N clusters and study their energetic and structural properties employing classical and
quantum
simulations.
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Quantum Stereodynamics of cold collisions between two aligned
molecules
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One of the most fundamental questions in molecular dynamics is the dependence of a collision
outcome on the relative orientation/alignment of the reactants, i. e. the stereodynamics of a collision
process. For bimolecular gas phase reactions, it is possible to address this question by polarizing the
reactants bond-axis and/or rotational angular momentum.[1-4]

Here, we will illustrate how the outcome of a collision can be controlled by selecting the relative
geometry of the colliding partners before they start to interact. In particular, we will focus on the
collisions at low energies, which proceed with contributions from just a few partial waves, such as
those between two aligned D2 molecules, whose angular distributions have been measured recently
by Zhou et al. 2. Our results based on full-dimensional coupled-channel scattering calculations
reveal that the experimental angular distribution is caused by a L=4 resonance, and that key features
of the experimental angular distributions are only captured when four-vector correlations in aligned-
aligned molecular collisions are accounted for.
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Understanding the formation of aromatic compounds in the in-
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Understanding the formation of PoliAromatic Hydrocarbons (PAHs) can shed light on the origin of
the prebiotic Earth and even on the origin of life.1 Unfortunately, to date, the formation of organic
compounds in space is a scarcely understood area.
In this arena, automated protocols for the identification of reactionmechanisms show great potential
to aid in the learning of how PAHs are formed in space. Taking advantage of the AutoMeKin [2,3]
program, we have found thousands of potential paths that account for the formation of the simplest
PAH: benzene. We have not only uncovered several direct paths, for which reactants have been
detected in space, but also some more indirect paths in which well-known intermediates such as
benzyne or the very acetyl radical play a crucial role.
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Practical density functional theory (DFT) owes its success to the groundbreaking work of Kohn and
Sham that introduced the exact calculation of the non-interacting kinetic energy of the electrons
using an auxiliary mean-field system. However, the full power of DFT will not be unleashed un-
til the exact relationship between the electron density and the non-interacting kinetic energy is
found. Various attempts have been made to approximate this functional, similar to the exchange-
correlation functional, with much less success due to the larger contribution of kinetic energy and its
more non-local nature. In this work we propose a new and efficient regularization method to train
density functionals based on deep neural networks, with particular interest in the kinetic-energy
functional. The method is tested on (effectively) one-dimensional systems, including the hydrogen
chain, non-interacting electrons, and atoms of the first two periods, with excellent results. For the
atomic systems, the generalizability of the regularization method is demonstrated by training also
an exchange-correlation functional, and the contrasting nature of the two functionals is discussed
from a machine-learning perspective.

Poster Session / 30
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In recent years, the COVID pandemic has garnered a great deal of attention, focusing mainly on
the acute phase of the disease. However, this is only the beginning, as some patients continue to
experience persistent symptoms, known as Post-COVID Condition (PCC), and an estimated 20% of
those affected do not recover.The presence of this condition shows a number of obstacles, includ-
ing the lack of suitable therapeutic options and the long-term consequences for survivors of the
disease.

While the study of genome sequencing and the protein composition of the virus membrane is of
undeniable value for vaccine development, there are other aspects that have been overlooked. One
of these is the lipid profile of patients with COVID-19. The lipid profile plays a crucial role not
only during the acute phase, but also throughout disease progression and during medium- and long-
term effects3,4. There appears to be a potential connection between the lipid profile and COVID-19,
suggesting that the innate immune system, specifically antimicrobial peptides (AMPs), may be re-
sponsible for this association5. Therefore, understanding the importance of the lipid profile and how
AMPs function at the interface of lipid membranes affected by COVID-19 could improve our under-
standing of the disease and potentially contribute to the development of better treatments.

To investigate the interaction between antimicrobial peptides and infection-affected membranes,
we performed Molecular Dynamics (MD) simulations with various AMPs and models of altered and
unaltered membranes. The findings of this study may provide deeper insight into the role of AMPs
in the lipid profile of patients with COVID-19 and PCC, which could lead to the development of
more effective treatments.
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In today’s world, the great pollution puzzle is undoubtedly the greatest challenge facing the world’s
population. Dioxins and dibenzofurans are persistent organic pollutants (POPs); the more toxic
forms correspond to their tetrachlorinated derivatives, 2,3,7,8-tetrachloro-p-dibenzodioxin (TCDD)
and 2,3,7,8-tetrachlorodibenzofuran (TCDF). The reduction of their emissions, the elimination of
pollution already generated and the study of the interaction of these contaminants with living beings
are the three fundamental pillars in research related to this particular problem of pollution. In this
sense, the computational modelling of these systems ranges from the study of their biological activity
to the search for an effective detection method and sustainable treatment.

In this contribution, a complete computational research encompasses: the adsorption of these two
“dioxin-like”compounds on new 2D materials, such as white graphene, structurally analogous to
graphene but consisting of borazine rings acting more actively as filters or adsorbents, or hybrid
boron-nitrogen-carbon (h-BNC) structures; and their subsequent molecular detection using optical
spectroscopy, namely, Surface Enhanced Raman Spectroscopy (SERS).

The theoretical work is completed with the study of their behavior in biological media, since the
most toxic pollutants accumulate mainly in fatty tissues due to their hydrophobic character. In this
way, cell membranes behave as storage reservoirs for pollutants, becoming an internal source of
chronic exposure to contamination. Therefore, for a description of the uptake process as well as the
changes induced in the membranes at molecular level, the intermolecular interactions between the
contaminants and the membranes must be known in detail.

This theoretical research allows for a complete vision of the problem; covering the action, detection
and treatment of these substances.
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Lipid membranes are highly complex and dynamic systems formed by hundreds of different types
of lipids combined in specific ratios. Many pathological cells exhibit significant alterations in the
lipid composition of their membranes when compared to healthy cells. For example, lipid profile
singularities have been found in cancer, bacterial and viral infections and even in senescent cells 1.
All the properties of a cell membrane (the internal structure, the dynamic correlation between dif-
ferent lipids, and the thermodynamic stability of the whole system) are endowed by its molecular
composition. Mechanical perturbations could irreversibly destroy the cell or could be transitory
if the membrane spontaneously repairs itself. Thus, the vulnerability of pathological membranes to
certain perturbations could be exploited as a therapeutic strategy. However, the connection between
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membrane composition and the associated properties is poorly understood.
Lipid monolayers have been extensively used as minimalistic models for cell membranes, being li-
pidic composition essential for the determination of their structure and mechanical properties. Par-
ticularly, the determination of adsorption isotherms for Langmuir monolayers can be easily per-
formed by both computational and experimental methods [2, 3]. Molecular Dynamics (MD) simula-
tions at atomic scale can provide high resolution results not available through wet-lab experiments
4, realizing the synergistic potential of a combined in-silico/in-vitro approach in the characterization
of the mechanical membrane destabilization process.
In this work, the results obtained from MD simulations and Langmuir trough experiments will be
presented, aiming to understand the response of different models of bacteria and cancer cells to
mechanical efforts.
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Microfluidics devices with internal gas flows are nowadays subject of a rapid development. These de-
vices often operate in rarefied gas flow regimes, since the ratio of the molecular mean free path over
the channel dimensions becomes non-negligible. In those rarefied flows, effects like temperature-
jumps near the wall are expected to occur. However, there is a lack of experimental techniques
capable of measuring the internal properties, such as temperature, in gas flows confined in small
channels 1.

Raman spectroscopy is a powerful non-intrusive technique to probe gas jets at the molecular level
with high spatial resolution, aswe have demonstrated in the Laboratory ofMolecular FluidDynamics
of the IEM 2.

Here we present a first proof-of-concept application of Raman thermometry to the gas flows within
the millimetre channels. For this work, we have designed several channels with forced thermal
gradients, and demonstrated that the gas temperature in the flow can be retrieved, with high spa-
tial resolution, from the rotational and vibrational Raman spectra of molecules like N2, CO2 and
acetone.
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Understanding the behaviour of endogenous therapeutic peptides (ETPs), short cationic peptides
that have the ability to target and disrupt the pathological membranes, which typically contain a
high concentration of anionic lipids, is crucial for the development of effective therapeutic strate-
gies [1,2]. This study investigates multiple ETPs and their interaction with model lipid membranes.
The main objective of this research is to characterise the free energy profiles associated with the
interactions between various ETPs and lipid bilayers. Here, we employ advanced computational
techniques, including Metadynamics 3, which allows a comprehensive exploration of the configura-
tional space, overcoming the limitations of conventional molecular dynamics methods, where the
system can be trapped in local or global minima, which leads to poor sampling of the configurational
space. Using Metadynamics, we can effectively capture the peptide-membrane approach, the tilt or
rolling motion of ETPs and obtain a more accurate sampling of their membrane interaction states.
Energy calculations play a key role in this study, as they allow us to assess the relative stability of
different conformations and interaction states. The resulting free energy profiles provide valuable
information on the favourable interactions between ETPs and lipid membranes. These findings are
crucial for identifying ETPs, thus facilitating the rational design and development of therapeutic pep-
tides. As a result, an optimized, reproducible and easy to automate protocol to get the free energy
profile corresponding to the interaction between ETPs and lipid bilayers is obtained. The protocol
here presented is sensitive both to the ETP sequence and the lipid composition of the membrane
model.

References

1 Furman, D. et al. Chronic inflammation in the etiology of disease across the life span. Nat. Med.
25, 1822–1832 (2019).
2 Garcia-Fandino, R. & Piñeiro, Á. Delving. Into the Origin of Destructive Inflammation in COVID-
19: A Betrayal of Natural Host Defense Peptides? Front. Immunol. 11, 3532 (2021) Book name. X.
Editor, Y. Editor, Z. Editor (Eds.), City, Publisher, 2011.
3 Bussi, G. & Laio, A. Using metadynamics to explore complex free-energy landscapes. Nat. Rev.
Phys. 2020 24 2, 200–212 (2020)
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Thedetection of particle darkmatter (DM) remains an unresolved challenge in contemporary physics.
The XENONnT experiment, located at the Laboratori Nazionali del Gran Sasso, in Italy, utilizes a
multi-tonne liquid xenon time projection chamber to probe DM interactions. With an active target
of 5.9 tonnes, low background, and keV-level threshold, XENONnT completes its science program
with other rare-event searches such as solar neutrinos, solar axions, bosonic DM, and rare nuclear
decays. In this talk, I will present an overview of the XENONnT detector, its subsystems, and the
key results from its first science run.
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Investigating the Catalytic Mechanism of β-Cyclodextrin Dimer
in Previtamin D3 Isomerization

Author: David Ferro-Costas1

1 Universidade de Santiago de Compostela

Corresponding Author: david.ferro@usc.es

The sigmatropic isomerization reaction of previtamin D3 to vitamin D3, when encapsulated within a
dimer of β-cyclodextrin, exhibits a 40-fold enhanced rate compared to its counterpart in an isotropic
organic solution 1. Despite several hypotheses, the exact mechanism by which β-cyclodextrin dimer
catalyzes the reaction remained elusive.

We have conducted a rigorous investigation of the isomerization dynamics of previtamin D3within a
β-cyclodextrin dimer through a combination of molecular dynamic simulations and statistical multi-
structural transition state theory to address this knowledge gap. Two key programs in the field of
Chemical Kinetics, namely TorsiFlex [2,3] and Pilgrim 4, play a crucial role in facilitating our inves-
tigations. TorsiFlex allows for an extensive conformational search encompassing both previtamin D
and the reaction transition state, while Pilgrim enables precise calculations of thermal rate constants
within systems comprising multiple conformations.

Our results verify the experimental observations and provide unprecedented insights into the β-
cyclodextrin dimer catalytic mechanism.

Acknowledgements
The author thanks Xunta de Galicia for the financial support through a postdoctoral grant.
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and a chemical kinetics simulator”, Comput. Phys. Commun. 256 (2020), 107457.
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Graphene quantum dots (GQD) are nanoparticles consisting of a single or several layers of graphene
sheets whose thickness does not exceed 100 nanometers. GQD have become extremely popular
in optoelectronics as nanocarriers for cancer therapy drugs and in bioimaging techniques, mostly
due to their ease of preparation, biocompatibility and tunable absorption and emission properties
1.
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This work is focused on coronene (Fig. 1), the smallest unit of a graphene nanoflake and zero-
dimensional quantum dot. Several studies have found that coronene shows fluorescence and phos-
phorescence in the visible range of the light spectrum 2. As a starting point, the excited state deac-
tivation pathways of a single unit of coronene are unravel using the ML-MCTDH method 3 and a
vibronic coupling model for the nuclear Hamiltonian, including both singlet and triplet states. This
study has been extended to circumcoronene in the direction towards graphene where promising
results has been found.

Future work will look at expanding the system size, adding further layers, and pondering the effect
of functionalization to explain the strong emission found by our experimental collaborators in doped
carbon nanoparticles 4.
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Measuring physical quantities of CO2 by Raman spectroscopy

Authors: Carlos Alvarez1; Guzmán Tejeda1; José M. Fernández1
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Corresponding Author: carlos.alvarez@csic.es

In the present work, static and dynamic quantities of carbon dioxide (CO2) are studied by means of
Raman spectroscopy in gas flows.

CO2 is a molecule of great importance in several current challenges, like characterization of exo-
planets atmospheres, development of accurate climate models or synthesis of fuels through plasmas.
Most of these problems involve non-local thermodynamic equilibrium (nLTE) conditions. Therefore,
deep understanding of relaxation (and excitation) processes is needed in order to work on the afore-
mentioned questions.

Supersonic jets in the laboratory provide an ideal medium to investigate these mechanisms. Com-
bined with Raman spectroscopy, information on the evolution of the populations of the molecules
can be retrieved and a detailed study of its relaxation along the jet can be made [1,2]. Nevertheless,
this experimental method raises another problem: Raman spectroscopy strong dependency on the
polarizability transitionmoments of themolecule under study. Although this quantity is well-known
for CO2 rotational Raman transitions, reliable data for vibrational transitions is missing 3.

We present a set of results for both problems. On the one hand, by generating high-temperature
flows of CO2 in thermodynamic equilibrium, a set of measurements of the polarizability transition
moments have been obtained for more than 30 vibrational Raman transitions. On the other hand,
we probed several supersonic jets of CO2 from hot nozzles by Raman spectroscopy, obtaining a set
of state-to-state rate coefficients for rotational relaxation for a wide range of temperatures.

1 A. Ramos, G. Tejeda, J. M. Fernández, S. Montero, J. Phys. Chem. A 114, pp. 7761 (2010).

2 S. Montero, G. Tejeda, and J. M. Fernández, Astrophys. J. Suppl. Series 247, 14 (2020).

3 R. Lemus, M. Sánchez-Castellanos, F. Pérez-Bernal, et al. J. Chem. Phys. 141, 054306 (2014).
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Improvement and benchmarking of atomic data for kilonovamod-
eling
Author: Luís Leitão1
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Given the recent detection of multiple neutron-star merger events, in particular the AT2017gfo ob-
servation, in which the ejection of hot and radioactive matter, termed kilonovae, was detected as an
electromagnetic signal. It is critical to combine a more comprehensive description of nuclear and
atomic properties with advanced astrophysical simulations in order to produce accurate predictions
of r-process nucleosynthesis yields and electromagnetic signals when compared with observational
data.

Since the luminosity and spectra of the radiative emission depend significantly on the atomic opaci-
ties of the heavy elements ejected [1,2], in this work we provide results for large-scale calculations of
data needed to compute those opacities for lanthanides and actinides. The atomic data was calculated
utilizing the Flexible Atomic Code (FAC) 3, as it allows for structure, radiative and collisional data,
needed for kilonova modeling. Structure calculations are carried out by FAC employing a configura-
tion interaction approach and a central potential improved with existing experimental data utilizing
machine learning methods. In this work we also performed benchmarking tests on our atomic data
to investigate the implications of using this central potential model in our calculations.

1 N. Domoto, M. Tanaka, D. Kato, K. Kawaguchi, K. Hotokezaka, and S.Wanajo, “Lanthanide Features
in Near-infrared Spectra of Kilonovae”
The Astrophysical Journal, vol. 939, no. 1, p. 8, Oct. 2022, doi:
10.3847/1538-4357/ac8c36.

2 R. F. Silva, J. M. Sampaio, P. Amaro, A. Flörs, G. Martínez-Pinedo and J. P.
Marques, “Structure Calculations in Nd III and U III Relevant for Kilonovae Modelling,”Atoms, vol.
10, no. 1, p. 18, Mar. 2022, doi:
10.3390/atoms10010018.

3 M. F. Gu, “The Flexible Atomic Code,”Canadian Journal of Physics, vol. 86,
no. 5, pp. 675–689, May 2008, doi: 10.1139/p07-197.
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ThePlasmaWindow as a Vacuum-Atmosphere Interface for Mea-
surements of Stellar Neutron-Induced Reaction Cross Sections

Author: Ophir RuimiNone

Corresponding Author: ophir.ruimi@mail.huji.ac.il

Neutrons play a dominant role in the stellar nucleosynthesis of heavy elements. We review a
scheme for the experimental determinations of neutron-induced reaction cross sections using a high-
intensity neutron source based on the 18O(p,n)18F reaction with an 18O-water target at SARAF’s up-
coming Phase II. The quasi-Maxwellian neutron spectrum with effective thermal energy kT ≈ 5 keV,
characteristic of the target (p,n) yield at proton energy Ep ≈ 2.6 MeV close to its neutron threshold, is
well suited for laboratory measurements of MACS of neutron-capture reactions, based on activation
of targets of astrophysical interest along the s-process path. 18O-water’s vapour pressure requires
a separation in between the accelerator vacuum and the target chamber. The high-intensity proton
beam (in the mA range) of SARAF is incompatible with a solid window in the beam’s path. Our
suggested solution is the use of a Plasma Window, which is a device that utilizes ionized gas as an
interface between vacuum and atmosphere, and is useful for a plethora of applications in science,
engineering and medicine. The high-power dissipation (few kW) at the target is expected to result
in one of the most intense sources of neutrons available at stellar-like energies. Preliminary results
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concerning proton beam energy loss and heat deposition profiles for target characteristics and de-
sign, a new full-scale 3-dimensional computer-aided design model of the Plasma Window (as well
as its operation principles) and the planned experimental scheme, will be reviewed.
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Magnetic resonance spectroscopy and imaging in theCASPEr dark
matter experiment
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An overview of our experimental program to detect QCD axions and axion-like-particles (ALPs) as
possible candidates for dark matter (DM) using NMR techniques within the cosmic axion spin pre-
cession experiment (CASPEr) is presented 1. ALPs are hypothetical particles that could also solve
the strong CP violation problem, and it is predicted that the axion field would behave as a classi-
cal field: it would oscillate at a mass-dependent frequency. ALPs also have derivative interactions
with the SM fields. Nuclei that are interacting with the background axion DM acquire time-varying
CP-odd nuclear moments such as an electric dipole moment (EDM). In analogy with NMR, these
moments cause spin precession in a material sample induced by coupling between the ALP field and
the axial nuclear current, in the presence of an electric field. Precision magnetometry can be used
to look for such a precession. The signals from these particles will be very weak so all possibilities
for signal enhancement need to be considered and for that, the chosen nuclei are 129-Xe that are
hyperpolarized using the spin-exchange optical pumping (SEOP) technique inside a large optical
cell. In this method, polarization is transferred to the Xenon via Fermi contact interactions with an
optically pumped alkali metal, Rubidium. Especially for investigations of the nuclear spin resonance
of liquid Xe as a fundamental physics experiment, a non-metallic variable temperature insert (VTI)
is needed. This VTI should be suited for immersion in liquid helium. The sapphire sample holder is
to hold on a level of 165 K ±1 K by a gaseous flow of temperature-stabilized nitrogen. Xenon has a
much higher spin density when it is liquid, thus it has to be kept in that narrow temperature range.
The hyperpolarized Xenon is then to be placed in an external magnetic field that will be swept from
ultra-low field up to 14.1 T looking for the resonance with the axion field, while the Xenon nuclei
undergo precession due to the gradient interaction. The first-generation experiments explore many
decades of ALP parameter space beyond the current astrophysical and laboratory bounds. It is an-
ticipated that future versions of the experiment could ultimately cover the entire range of masses up
to ~µeV, complementary to cavity searches.

1 Derek F. Jackson Kimball, et al. “Overview of the Cosmic Axion Spin Precession Experiment
(CASPEr).”In Microwave Cavities and Detectors for Axion Research, edited by Gianpaolo Carosi
and Gray Rybka, 105–21. Springer Proceedings in Physics. Cham: Springer International Publishing,
2020.
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Time evolution of natural orbitals in ab initio molecular dynam-
ics
Author: Mario PirisNone

Corresponding Author: mpiris@gmail.com

One-particle reduced density matrix (1RDM) functional theory is an alternative formalism to both
density functional and wavefunction based methods. A pragmatic approach results in approximate
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functionals of the 1RDM in its diagonal form, that is, the use of natural orbitals and its occupation
numbers as the fundamental variables, which define a natural orbital functional (NOF).

In this talk, I will first introduce the recently proposed 1 global NOF (GNOF). The latter has shown
a balanced treatment of electron correlation effects in molecular systems with different spins, in-
cluding complete dissociation curves; as well as an adequate treatment of the strong electronic cor-
relation regime in challenge systems [2,3]. The NOF theory is currently an active research field,
which can already be applied to large molecular systems of general chemical interest [4,5] using
open-source software like DoNOF 6.

Secondly, I will present aGNOF-based ab initiomolecular dynamics (AIMD)within the Born-Oppenheimer
approximation. The most prominent feature of GNOF-AIMD is the ability to display the real-time
evolution of natural orbitals, providing detailed information on the time-dependent electronic struc-
ture of complex systems and processes, including reactive collisions. The quartet ground-state reac-
tion N(4S) + H2(1Σ) → NH(3Σ) + H(2S) is taken as validation test. Collision energy influences on
integral cross sections for different initial ro-vibrational states of H2 and rotational-state distribu-
tions of NH product are discussed, showing a good agreement with previous high-quality theoretical
results.

1 M. Piris, Phys. Rev. Lett. 2021, 127, 233001.
2 I. Mitxelena, M. Piris, J. Chem. Phys. 2022, 156, 214102.
3 J.F.H. Lew-Yee, M. Piris, J.M. del Campo, J. Chem. Phys. 2023, 158, 084110.
4 J.F.H. Lew-Yee, J.M. del Campo, M. Piris, J. Chem. Theory Comput. 2023, 19, 211.
5 J. M. Mercero, R. Grande-Aztatzi, J. M. Ugalde, M. Piris, M. Adv. Quantum Chem. 2023, 88, DOI:
10.1016/BS.AIQ.2023.02.006
6M. Piris, I. Mitxelena, Comput. Phys. Commun. 2021, 259, 107651; available at https://github.com/DoNOF/,
documentation at https://donof.readthedocs.io/
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Computational Ingredients to Model Biological Processes
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Corresponding Author: juan.nogueira@uam.es

The computational simulation of biological processes is a complex task which requires the combina-
tion of different quantum and classical mechanical techniques. Moreover, these hybrid calculations
are often performed within a dynamic framework to account for conformational sampling. In the
case where the process under investigation takes place in a long-time scale, the application of en-
hanced sampling approaches may also be needed. In this contribution, the modeling of several phys-
ical processes occurring in different biological media will be discussed, including the permeation
of drugs across lipid membranes 1, electron-transfer events on DNA strands in terms of reduction
potentials 2, and the binding of photoswitches to ion channels 3.

1 Gustavo Cárdenas, Álvaro Pérez-Barcia, Marcos Mandado, and Juan J. Nogueira. Phys. Chem.
Chem. Phys. 2021, 23, 20533.
2 Jesús Lucia Tamudo, Sergio Díaz-Tendero, and Juan J. Nogueira. Phys. Chem. Chem. Phys. 2023,
25, 14578.
3 Vito F. Palmisano, Shirin Faraji, and Juan J. Nogueira. Phys. Chem. Chem. Phys. 2023, 25,
8331.
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Benzimidazole: One molecule - two photoreactions
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Benzimidazole: One molecule - two photoreactions
Igor Reva
CIEPQPF, Department of Chemical Engineering, University of Coimbra,
Coimbra 3030-790, Portugal
Email: reva@eq.uc.pt

Monomers of benzimidazole trapped in an argon matrix at 15 K were characterized by vibrational
spectroscopy and identified as 1H-tautomers exclusively. The photochemistry of matrix-isolated
1H-benzimidazole was induced by excitations with a frequency-tunable narrowband UV light and
followed spectroscopically. Hitherto unobserved photoproducts were identified as 4H- and 6H-
tautomers.1 Simultaneously, a family of photoproducts bearing the isocyano moiety was identified.1
Thereby, the photochemistry of benzimidazole was hypothesized to follow two reaction pathways:
the fixed-ring and the ring-opening isomerizations.

The former reaction channel is initiated by cleavage of the NH bond and formation of a benzimida-
zolyl radical and an H atom. The latter reaction channel involves cleavage of the five-membered ring
and concomitant shift of the H-atom from the CH bond of the imidazole moiety to the neighboring
NH group, leading to 2-isocyanoaniline (ICA) and subsequently to isocyanoanilinyl radical (and an
H-atom). Recombination of the radical pairs yields a variety of photoproducts. The mechanistic
analysis of the observed photochemistry will be presented, demonstrating that the photochemistry
of benzimidazole occupies an intermediate position between the earlier studied prototype cases of
indole 2 and benzoxazole,3 which exhibit exclusively the fixed-ring and the ring-opening photo-
chemistries, respectively.

Acknowledgements:
All researchers involved in the studies cited in this work are kindly acknowledged. TheChemical Pro-
cess Engineering and Forest Products Research Centre (CIEPQPF) is supported by the Portuguese Sci-
ence Foundation (Fundação para a Ciência e a Tecnologia, FCT) through projects UIDB/EQU/00102/2020
and UIDP/EQU/00102/2020.
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Azobenzene derivatives are becoming increasingly popular in pharmacology due to their improved
selectivity based on trans-cis isomerization upon light irradiation. In the context of ion channels,
one of the conformations may block ion conduction, while the other allows it. We studied an azoben-
zene derivative, DAD, designed with the aim of avoiding excitation wavelengths in the UV region
of the electromagnetic spectrum. Two binding pockets of DAD in the cardiac sodium channel were
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obtained by means of Gaussian Accelerated Molecular Dynamics combined with free-energy cal-
culations, showing that the most relevant ligand-protein interactions were of electrostatic nature.
Comparison of the absorption spectra reveals similar results in water and in the binding pockets.
The photoisomerization mechanism is analogous to azobenzene: it begins with the population of the
second excited state (S2), fast crossing to S1 and relaxation along the rotation of the azo dihedral to a
S1/S0 conical intersection that connects the trans and cis geometries on the ground state. However,
it seems more favourable in the case of DAD.
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Unveiling the photosensitivity mechanisms of UVB filter PABA
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Para-aminobenzoic acid is a formerly used UVB filter that was found to react with the DNA when
exposed to sunlight.1 Molecular Dynamics (MD) and Umbrella Sampling simulations show that the
neutral species of PABA binds favourably DNA by intercalation between two nucleobase pairs, while
the binding of the anionic species is not feasible from the thermodynamic and kinetic points of
view. Simulation of the joint PABA-DNA absorption spectrum by Quantum Mechanics/Molecular
Mechanics (QM/MM) calculations on top of a MD ensemble of geometries, followed by transition
density analysis, suggests that charge transfer states could play a role in the deactivation of the
system and lead to the formation of radical species that might trigger DNA lesions.2 Moreover, the
identification of relevant deactivation routes of excited PABA in vacuum revealed the favourable
population of a long-lived triplet state, which can participate in photosensitising mechanisms, such
as energy transfer processes to thymine or to molecular oxygen.3

1 J. Photoch. Photobio. A: Chemistry, 83, 223–228 (1994). DOI: 10. 1016/1010-6030(94)03827-9.
2 Chem. Sci., 8, 5682–5691 (2017). DOI: 10.1039/C7SC01600J.
3 J. Photoch. Photobio. A: Chemistry, 7, 100042, (2021) DOI: 10.1016/j.jpap.2021.100042.
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SH⁺ is a widespread molecular ion in diffuse interstellar clouds, and has also been detected in emis-
sion toward the Orion Bar photodissociation region (PDR). In warm and dense PDRs, SH⁺ is thought
to form by exothermic reactions of S⁺ with vibrationally excitedH2 (v>1). The viability of this hypoth-
esis have been confirmed by theoretical simulations reaction which demonstrate that for vibrational
level v=2 or higher of H2, the reaction exhibit high rate constants1.
From an experimental point of view, scarce data are available2. As the reaction of the ground state
ion is endothermic by almost 1 eV, the SH⁺ product is observed only at high collision energies where
translational energy brings the needed energy to reach products, as predicted by the theoretical sim-
ulations. Interestingly, it appears from this experimental study that spin-orbit couplings between
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the quartet and first doublet state of the H2S+ system may play a significant role on the reaction,
motivating a new theoretical study of the reaction, now including the spin-orbit interactions.

Exact quantumdynamics calculations show that spin-orbit interaction does indeed play an important
role in this reaction, and that three electronic states are involve in the reaction mechanism.

Acknowledgments: Thisworkwas supported by theGrants No. PID2019-107115GB- C21 and PID2021-
122549NB-C21 from MICINN (Spain).
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We have revisited and enlarged the vibrational analysis of diacetyl or 2,3-butanedione by means of
state-of-the-art Raman spectroscopy 1 and quantum chemical computations. The Raman spectra
were obtained previously only in condensed phases 2 and hence hindered low-energy vibrational
modes were undetected. Here we measured the Raman spectra of diacetyl in all the gas and liq-
uid phases and cooled in supersonic expansions. Some new bands have been observed for the first
time. Differences in the band progression and widening are discussed. The measured bands were
assigned by means of density functional theory incorporating the anharmonic Generalized Vibra-
tional Perturbative Theory of Second Order (GVPT2) correction and Born-Oppenheimer Molecular
Dynamics. Discussion on the accuracy of the computational methods to describe Raman intensities
and vibrational mode centers in such centrosymmetric molecule are examined.

Acknowledgement
This work has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Marie Skłodowska-Curie grant agreement No 872081

1 G. Tejeda, J. M. Fernández-Sánchez, and S. Montero. High-performance dual Raman spectrometer.
Appl. Spectrosc., 51(2): 265–276, 1997.
2 J. R. Durig, S. E. Hannum, and S. C. Brown. Vibrational spectra and structure of biacetyl. J. Phys.
Chem., 75:1946–1956, 1971.
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Interstellar detection of carbonic acid (HOCOOH) at last
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The joint journey of rotational spectroscopy and radioastronomy is firmly pushing the frontiers of
interstellar chemistry based on the detection of new molecules with ever-higher degrees of molec-
ular complexity. However, for several families of compounds (e.g., carboxylic acids) the census of
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identified interstellar species has remained untouched for almost a quarter century. Herein, we
present the discovery of cis-trans carbonic acid (HOCOOH) toward the molecular cloud G+0.693-
0.027, which ranks as the first interstellar molecule containing three oxygen atoms and the third
carboxylic acid detected in the interstellar medium to date. Although the available laboratory mea-
surements ended at 65 GHz, we have used our spectral line survey as a “conventional”laboratory
spectrum and managed to detect several clear and unblended spectroscopic features directly in the
3mm radio astronomical data. Hence, we were able to improve its set of rotational spectroscopic
constants. We derive a column density for this conformer of N = (6.4 ± 0.4) x 10<sup>12</sup>
cm<sup>-2</sup>, which translates into an abundance with respect to H<sub>2</sub> of 4.7 x 10-
11. We also report the nondetection of the more stable cis-cis HOCOOH, showing an upper limit to
the molecular abundance with respect to H<sub>2</sub> of ≤ 1.2 x 10<sup>-9</sup>, because of the
huge impact that its low dipole moment (about fifteen times lower than that of the cis-trans form)
has on the overall detectability of the conformer. Nevertheless, we suggest that it may be efficiently
generated under interstellar conditions, most likely via -OH radical addition of HOCO on the surface
of dust grains, although it is nearly imperceptible to radio astronomical observations. We derive a
cis-cis / cis-trans ratio of ≤ 25, consistent with the smaller energy difference between both conform-
ers compared with the relative stability of trans- and cis-formic acid (HCOOH). Finally, we analyze
the abundance of carboxylic acids in different astronomical environments, including star-forming
regions, asteroids and comets, which enabled us to prove an overall good correlation between their
relative molecular abundance; these acids seem to survive the star-formation process.
In summary, the interstellar detection of carbonic acid, HOCOOH, deepens our understanding of
the levels of interstellar chemical complexity, and will be of great relevance to unveil the role of
HOCOOH within both carbon and oxygen interstellar chemistry. This research work will also open
a window to perform further coordinated observational, theoretical and laboratory efforts aiming to
discover molecules with an extremely low dipole moment, based on the detection of other moder-
ately higher-in-energy conformers with sizable dipole moments. This fact will be of great relevance
for high-Tkin sources such as Galactic Center molecular clouds (i.e. G+0.693), hot cores and corinos,
which are able to populate these high-energy species efficiently.
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\title{Non–Covalent Interactions in Carbon Dioxide Clusters: Comparison Between theThiophenol–
CO2 and Benzylmercaptan–CO2 Dimers Using Microwave Spectroscopy}
Carbon dioxide (CO2), as a greenhouse gas causing global warming, has received great attention
concerning its pollution effects and reactivity.\footnote{S. C. Peter, {\it ACS Energy Lett.\/}, {\bf 3},
1557–1561 (2018).\label{HQ}} Hence, various strategies have been implemented to reduce the atmo-
spheric concentration of CO2 for instance, separation, storage, and utilization.\footnote{Z. X. Sun,
Y. H. Hu, {\it Acc. Mater. Res. \/}, {\bf 2}, 48–58 (2021).\label{HQ}} The investigation of the nonco-
valent interactions involving CO2 could help understanding CO2 aggregation and reactivity in the
atmosphere. Presently, only a few clusters of CO2 and sulfur molecules have been studied using
rotational resolution.\footnote{ J. K. Rice, L. H. Coudert, K. Matsumura, et al. {\it J chem. Phys. \/},
{\bf 92}(11), 6408–6419 (1990).\label{HQ}}, \footnote{L. Sun, I. I. Ioannou, R. L. Kuczkowski, {\it Molec.
Phys. \/}, {\bf 88}, 255 (1996).\label{HQ}} In this work, we have measured the microwave spectra
of the clusters of thiophenol–CO2 and benzylmercaptan–CO2 using broadband chirped-pulsed mi-
crowave spectroscopy. Only one isomer was observed for both clusters, with dominant C···π and
C···S non-bonding interactions. The experiments are supplemented density functional theory and
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Natural Bond Orbital (NBO) calculation. Details of the experimental and computational results on
this problem will be offered during the conference.
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On the use of in-situ non-invasive spectroscopic techniques to
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Heritage science has one of its most interesting fields of research on the analysis of colour materi-
als of what ancient Artworks are made of. In the last few years, special attention has been given
to in-situ non-invasive approaches, such as the use of mapping elemental analysis (MA-XRF) and
molecular analytical techniques (UV-Vis-NIR-FORS and hyperspectral imaging analysis).
In this work, the use of these approaches at HERCULES Lab will be presented, highlighted with some
case studies involving the analysis of ancient artworks, such as the analysis of ancient Ivory or the
characterization of pigments and dyes in medieval and renaissance illuminated manuscripts.
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Application of X-ray spectroscopy instrumentation in Forensic
Sciences
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Most forensic studies deal with the identification and characterization of a sample, which is the evi-
dence of some crime activity, comparison of samples coming from different sources, and interpreta-
tion of the results obtained in the context of the events. X-ray instrumentation has been commonly
used in forensic science and also in some related fields such as Cultural Heritage objects authentica-
tion. Main strengths are its non-destructive nature, thus preserving crime evidences and materials
integrity, its ability to identify chemical compounds, to determine elemental chemistry and, in some
cases, elemental speciation. Moreover, the versatility of the X-ray techniques permits the analysis
of very diverse materials, -inorganic, organic, metals-, in powder, solid or liquid forms.

Different X-ray spectroscopy based tools, just asmany other analytical techniques, have been applied
for the analysis of crime evidences. Classical X-ray based techniques used in forensic work are
X-ray powder diffraction (XRD), X-ray fluorescence (XRF), X-ray imaging and energy dispersion
X-ray emission linked to an electron microscope (SEM-EDX). These complementary techniques are
mainly used for micro- and macro- trace analysis. Conventional macro-XRF, whilst attractive for the
forensic analyst, sometimes cannot be applied because in themajority of cases crime scene specimens
are microscopic in nature. The common bench-top XRF systems have analysis spot of perhaps 2–4
cm, and are unsuited to perform, for instance, analysis of a 100 μm pieces or even less size.

During the last decades, noticeable development was made in the instrumental aspects of X-ray
spectrometry, especially in the improvement of X-ray optics and detection systems. All this resulted
in a wide variety of instrumentation becoming available nowadays. Significant advances in focusing
optics (development of collimators and polycapillary lenses) have promoted the design of micro
beam sources for the analysis of small regions by conventional X-ray instrumentation. The use of
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automatized XYZ stages allows the possibility to choosing point, line profile or mapping analyses.
A microscopic particle from a crime scene can be directly analysed without any sample preparation,
simply located using optical cameras, and subsequently characterized for elemental content.
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Chemical characterization of microplastics by small-spot Energy
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The presence of (micro)-plastics in different aquatic environments is a matter of world concern that
has been gaining importance in recent years due to its potential impact on the environment and
human health. (Micro)-plastics have been found in practically all types of water bodies and the pres-
ence of metals in these materials, either due to their manufacture or through adsorption processes,
can be very harmful. Some toxic metals such as Pb, Hg, Cd and Cr present in (micro)-plastics can be
released into the water and this fact can negatively affect ecosystems due to their persistence.

The most commonly used methods for the determination of metals in (micro)-plastics require carry-
ing out acid digestionswithmicrowave ovens and subsequent analysiswith spectroscopic techniques
and therefore require a previous treatment of the sample in which dangerous and harmful reagents
such as strong acids and oxidizing agents are used.

The main objective of the work is the development of a non-destructive analytical methodology
focused on the use of X-ray fluorescence spectroscopy (XRF) for the multi-elemental analysis of
(micro)-plastics. In order to develop this method, it was necessary to determine the elemental com-
position of a set of plastic samples through their digestion and subsequent analysis by means of
ICP-OES, in order to use them as standards to calibrate the micro- XRF instrumentation.

Once the quality of the results obtained with the methodology developed through the analysis of
certified reference materials was verified, the method was applied to the analysis of (micro)-plastic
samples collected in the Mediterranean Sea and the Atlantic Ocean. The results obtained have been
promising and the determination of metals in the samples has been achieved without the need to
treat previously the sample. It has been observed that the elements most present in these samples
are Ca, Ti, Fe, Cu and Zn. However, in some samples it was also possible to determine appreciable
contents of more toxic metals such as Cr and Pb.
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Exploring Chemical Pathways in Molecular Clouds: Unraveling
CS Chemistry through CH + S, CS + H, and C2 + S Reactions
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3Institute of Physics, Faculty of Physics, Astronomy, and Informatics, Nicolaus Copernicus Univer-
sity in Torun, Grudziadzka 5, 87-100 Torun, Poland
4Observatorio Astronómico Nacional (IGN), c/ Alfonso XII 3, 28014 Madrid, Spain.

Carbon monosulphide (CS) is among a few sulfur-bearing species that have been widely observed
in all environments, including the most extreme ones such as diffuse clouds. Moreover, it has been
widely used as a tracer of gas density in the interstellar medium in our Galaxy and external galaxies.
Therefore, a full understanding of its chemistry in all environments is of paramount importance for
the study of interstellar matter. We performed ab initio calculations to characterize the main features
of all the electronic states correlating to the open shell reactants. For CH + S, we calculated the full
potential energy surfaces (PES) for the lowest doublet states and the reaction rate constant using a
quasi-classical method. For C2 + S, the reaction can only occur through the three lower triplet states,
all of which exhibit deep insertion wells. A detailed study of the long-range interactions for these
triplet states allowed us to apply a statistical adiabatic method to determine the rate constants 1.
Our comprehensive theoretical study of the CH+ S→CS+H reaction provides valuable insights into
its temperature dependence. We have observed that the reaction rate remains nearly constant within
awide temperature range of 10−500 K, with a consistent value of 5.5 × 10−11 cm3 s−1 at temperatures
above 100 K. Notably, this rate is consistently lower by a factor of approximately 2-3 compared to the
rate predicted by the capture model. In contrast, the rate of the C2 + S → CS + C reaction exhibits
pronounced temperature dependence. At lower temperatures, the rate is approximately 2.0 × 10−10
cm3 s−1, gradually increasing to around 5.0 × 10−10 cm3 s−1 for temperatures exceeding 200 K.
Importantly, our detailed modeling, which takes into account electronic and spin states, yields a rate
that is approximately twice as high as the currently employed rate.
1 Carlos M. R. Rocha, Octavio Roncero at al. https://arxiv.org/pdf/2307.00311.pdf

*Permanent address: University of Firat, Department of Physics, 23169 Elazig, Turkey
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Imine-based molecular switches were recently developed, and so their properties remain largely
unexplored1. Their potential to performmulti-step unidirectional rotations make them an important
addition to the existing nanomotor toolbox2. Microwave rotational spectroscopy allows us to study
the 3D structure of these molecules with great precision since we can relate the pattern of rotational
frequencies to the structure through the moments of inertia. The different energies of the various
conformations means that, when in equilibrium, they exist with a given distribution. In solution,
the interactions between the solvent molecules and the solute can alter the energetic balance of the
conformers3. In this contribution we present a rotational study of a chiral camphorquinone imine.
From our investigations we uncovered the structure of the open (E) and closed (Z) configurations
of the switch and their first and second order microsolvated species, which were validated using
experimental isotopic information. The predicted favoured stability of Z over E in the gas phase
is experimentally shown to reverse in the presence of water, with increasing abundance of E over
Z with increasing cluster size. In an attempt to understand the origin of this reversal, we used
quantum chemistry calculations to interpret the observed change in stability for isolated versus
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solvated scenarios. We will discuss our findings and the suitability of rotational spectroscopy to
engage in structural studies of highly functional micro-solvated molecular systems.

References:
1 L. Greb, A. Eichhöfer, J.-M. Lehn, Angew. Chem. Int. Ed., 2015, 54, 14345-14348
2 S. Kassem, T. van Leeuwen, A. S. Lubbe, M. R. Wilson, B. L. Feringa, D. A. Leigh, Chem. Soc. Rev.,
2017, 46, 2592-2621
3 C. H. Pollok, T. Riesebeck, C. Merten, Angew. Chem. Int. Ed., 2017, 56, 1925-1928
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Laser-induced breakdown spectroscopy (LIBS) has emerged as a versatile technique for elemental
analysis, offering high-resolution and real-time measurements, while being minimally destructive.
This powerful analytical technique holds significant promise in various fields, including academia,
technology, and industry. However, several challenges hinder its widespread adoption and limit its
potential impact in these sectors.

In INESC TECwework closely with all these domains trying to identify and address these challenges
while exploring the prospects for LIBS in different applications. Some examples of LIBS implemen-
tation in prospection and geology 1, in cork 2 and wood industries and in electrodes assessment
for Li batteries will be shown. The main challenges such as quantification, lack of data analysis al-
gorithms, integration with complementary techniques and adaptation to diverse sample matrices,
among others, will be addressed.

Despite the challenges, several promising opportunities are emerging in the LIBS landscape. The
conviction that gold standard techniques are always the best option is getting more and more con-
tradicted. Novel methods, such as LIBS, are often fit for purpose offering enough data quality, but
also unsurpassed savings in time, labor and price.

Acknowledgements: Thiswork is financed byNational Funds through the Portuguese funding agency,
FCT - Fundação para a Ciência e a Tecnologia, within project UIDB/50014/2020.

1 Capela, Diana, et al. “Robust and interpretable mineral identification using laser-induced break-
down spectroscopymapping.” SpectrochimicaActa Part B: Atomic Spectroscopy (2023): 106733.

2 R. Martins, P. Jorge, P. Marques, D. Guimarães and M. Ferreira (2020) SISTEMA E MÉTODO PARA
A CARACTERIZAÇÃO DE UMA PEÇA REVESTIDA (Portuguese Patent No. 116928). Instituto Na-
cional de Propriedade Industrial.
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Laser-induced breakdown spectroscopy as a sorting tool for high
quality recycled wood chips in industrial environment
Author: Diana Capela1
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Particleboard (PB) is produced using 50% to 75% recycled wood, with the possibility of reaching 100%
recycled content, while Medium Density Fiberboard (MDF) is mostly made with virgin wood 1. The
presence of physical and chemical contaminants in wood waste may compromise its incorporation
in recycling facilities. While physical contaminants as nails, joints, glass, textiles, etc., are easier to
detect, chemical contaminants are more challenging and need good quality analytical techniques for
detection and identification.

This work aims to develop an innovative industrial-scale sorting tool to produce high quality re-
cycled wood chips from used MDF and other non-hazardous wood waste, minimizing the risk of
incorporation of contaminated chips/fibers into PB or MDF production. Taking advantage of its un-
deniable speed, portability, low capital and maintenance costs associated, Laser-induced breakdown
spectroscopy (LIBS) was chosen as the best technique to perform this task.

A LIBS system with a Q-Switch Nd:YAG laser (1064 nm), operating at 20 Hz with pulses of 8 ns
duration and ~51 mJ was used. Acquisition range was between 180 and 926 nm. Wood samples
from different processing states were placed in a sample holder and analysed by LIBS, obtaining an
elemental distribution map with a step size of 1 cm. To help reduce the number of spots analysed,
and consequently the time of analysis, a SLIC algorithm was applied to create super-pixels based on
the color and spatial distances, creating delimitations similar with the sample shapes better defining
the areas to be analysed. Preliminary results shown that Titanium (Ti) and Lead (Pb) were present
in the samples under study, particularly in the wood painted areas. Results were displayed using a
combination of photogrammetry with spectral imaging techniques 2. LIBS showed to be a powerful
technique to detect heavy elements in the wood waste, identifying contaminated wood pieces that
must be discarded instead of being used for particleboard fabrication.

Figure 1.

![A. LIBS generated map for the distribution of Pb (405.85 nm) in an agglomerate of wood waste.
B. Superpixels obtained applying the SLIC algorithm to a photograph of the sample. C. Superpixels
filled with the average intensity of LIBS for each cluster. D. Interactive 3Dmodel of the wood sample
overlaid with the spatial distribution of Lead.]

1 Hossain, Md Uzzal, and Chi Sun Poon. “Comparative LCA of wood waste management strategies
generated from building construction activities.” Journal of Cleaner Production 177 (2018): 387-
397.

2 Lopes, Tomás, et al. “Interactive three-dimensional chemical element maps with laser-induced
breakdown spectroscopy and photogrammetry.” Spectrochimica Acta Part B: Atomic Spectroscopy
203 (2023): 106649.

Figure 1. https://drive.inesctec.pt/s/sf93YmHny4JW8bw
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Unveiling themolecular conformation of 2-(2-pyridyl)benzo[b]thiophene
using jet-cooled rotational spectroscopy
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Sulfur-containing heterocycles hoard amajor scientific interest for its key role in natural and pharma-
ceutical products [1,2]. One of these compounds is 2-(2-pyridyl)benzo[b]thiophene, a heterobiarylic
molecule whose structural insights are addressed here using computational methods and rotational
spectroscopy.
Theoretical calculations have included density functional predictions (B3LYP-D3 and B2PLYP-D3) for
the title molecule and its monohydrate, using Ahlrichs (def2-TZVP) and Pople basis sets (6-311G(d)).
The investigation of the rotational spectrum used chirped-pulse broadband Fourier transform mi-
crowave spectroscopy in a supersonic jet expansion, operating in the 2-8 GHz region.
Two conformers were detected in the rotational spectrum. The cis-locked geometry has emerged as
preferential by ca. 2.25 kJ mol-1, although transitions associated with the trans species have been
also detected. The rotational constants and the nuclear quadrupole coupling constants determined
experimentally present a satisfactory agreement with the computational predictions. Both conform-
ers are effectively planar, with a small inertial defect caused by low-frequency vibrations. Finally,
the non-covalent interactions have been rationalized using the non-covalent interactions index and
natural bond orbitals calculations. Both methods confirm the role of the N···S interaction to drive
the molecular orientation.

1 R.S. Keri, K. Chand, S. Budagumpi, S. Balappa Somappa, S.A. Patil, B.M. Nagaraja, An overview of
benzo [b] thiophene-basedmedicinal chemistry, Eur JMedChem. 138 (2017) 1002–1033. https://doi.org/10.1016/j.ejmech.2017.07.038.
2 B.R. Beno, K.-S. Yeung, M.D. Bartberger, L.D. Pennington, N.A. Meanwell, A Survey of the Role of
Noncovalent Sulfur Interactions inDrugDesign, JMedChem. 58 (2015) 4383–4438. https://doi.org/10.1021/jm501853m.
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Extreme Ultraviolet (EUV) table-top sources and soft to hard X-ray Free Electron lasers (XFELs)
have opened a new era in science, providing ultrashort, coherent, and tunable pulses that are used
to perform cutting-edge experiments in Atomic and Molecular physics, Condensed Matter Physics,
Biology and Chemistry. However, most of the reported studies rely on linear light-matter interac-
tions, which are fundamentally limited in the dynamical information they can provide. On contrary,
nonlinear radiation-matter interactions have proven to be a powerful tool to unravel hitherto inac-
cessible properties.
TheNEXT collaborationwill capitalize on pioneering promising results, reported over the last decade,
to create the first concerted experimental and theoretical effort aimed at implementing EUV/X-ray
nonlinear spectroscopies at lab-based and large-scale facility short-wavelength sources, especially
XFELs.
In this short presentation we would like to advertise this new initiative and the recently funded
COST Action (CA22148), which will be located in Spain (IMDEA Nanoscience) and should become
active in autumn 2023. We would like to particularly encourage the research groups in Spain and
Portugal to consider joining the Action and contribute to this new endeavour.
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The interest in CuInS<sub>2</sub> (CIS) quantum dots (QDs) has increased significantly in the past
few years due to broad range of their potential applications, such as photodynamic therapy or solar
cells 1. This owes to extraordinary optoelectronic properties of this material, such as broad photo-
luminescence with a large Stokes shift and long charge carrier lifetimes. To elucidate the origin of
these unique features, several mechanisms for the radiative recombination in CIS QDs have been
proposed theoretically and experimentally.
In this work we aim to understand and confirm the possibility of observing the radiative recombi-
nation resulting from an electron in the conduction band and a hole in the so-called confined hole
state [2-3], next to the effects of stoichiometry and Zn doping on the passivation of the QDs and the
formation process of the CHS 4. The range of such possible hole trapping states would explain the
broad photoluminescence and the large Stokes shift.
We approached these questions through a combination of ultrafast laser and XFEL pump-probe tech-
niques complemented with steady-state synchrotron measurements. The element and oxidation
state specificity of X-ray techniques will serve as a direct probe to track recombination and local-
ization dynamics of photogenerated holes, while optical probes will follow the electron dynamics.
We focused our X-ray studies on following the oxidation state of Cu via femtosecond-resolved Cu
K-edge XANES and comparing the electronic and geometric structures of different samples obtained
from static XANES and EXAFS at Cu, Zn and S K-edges. This allowed us to gain insights and cor-
relate the observed charge carries dynamics with the underlying CIS QD structures, the degree of
their surface passivation and the different Zn doping levels.

1 J. Kolny-Olesiak, H. Weller; ACS Appl. Mater. Interfaces 5, 12221 (2013)
2 W. van der Stam, et al.; ACS Nano 12, 11244 (2018)
3 A. Fuhr, et al.; ACS Nano 14, 2212 (2020)
4 B. R. C. Vale, et al.; J. Phys. Chem. C 124, 27858 (2020)
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NEXT: a neutrinoless double beta experiment
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NEXT (Neutrino Experiment with a Xenon TPC) is an experiment that searches for neutrinoless
double beta decay in 136Xe using a high pressure xenon (HPXe) gas time projection chamber with
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electroluminescent (EL) amplification. The aim is to determine whether neutrinos are Majorana
particles (i.e. they are their own antiparticle) or not, having huge implications in cosmology and
particle physics.

The NEXT collaboration has established a path towards the accomplishment of this task through
different phases. The NEXT-White (NEW) detector was a prototype that operated at Laboratorio
Subterráneo de Canfranc (LSC) between 2016 and 2021 to validate the HPXe-EL technology in a
large-scale detector. Its main goals were fulfilled: validation of the background model1, demonstra-
tion of a great energy resolution2 and topological discrimination3, and measurement of the two-
neutrino double beta decay half-life4. NEXT-100 is a double sized version of NEW, currently under
construction at LSC. It is expected that NEXT-100 will achieve, in the search of neutrinoless double
beta decay, similar limits to those of its main competitors in the hundred-kilogram scale. Neverthe-
less, sensitivity to longer half-lives requires detectors with larger exposures. NEXT-HD is a future
tonne-scale HPXe that will pursue the goal of the experiment after NEXT-100.

In this talk I will review the latest NEXT-White results, the construction status of NEXT-100, and
R&D efforts toward future tonne-scale detectors.
1P. Novella et al., Journal of High Energy Physics 10 (2019) 51
2J. Renner et al., Journal of High Energy Physics 10 (2019) 230
3P. Ferrario et al., Journal of High Energy Physics 10 (2019) 52
4P. Novella et al., Phys. Rev. C. (2022) 105, 055501
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Curcumin, a natural yellow pigment derived from the rhizome of turmeric (Curcuma longa L.), pos-
sesses significant biological properties. Nonetheless, its therapeutic potential is hindered by its
limited bioavailability.1 To address this challenge, and thus enhance the bioavailability and phar-
macological efficacy of curcumin, one proposed strategy is the co-administration of curcumin with
piperine, a bioactive compound of black pepper (Piper nigrum L.).2 Regardless of the extensive sci-
entific research that has been conducted on the curcumin and piperine systems, it is still clear the
lack of knowledge at the molecular level of these compounds behavior in solution.3 In this study, by
employing molecular dynamics (MD) simulations, we intend to contribute to a better understand-
ing of the aggregation patterns of curcumin (both enol and keto tautomers) and piperine in water,
ethanol, and water-ethanol mixture. In particular, we investigated the influence of piperine on the
self-aggregation of curcumin, while analyzing the structural characteristics of the resulting aggre-
gates. For the characterization of the formed aggregates, a range of properties were calculated, such
as: radial distribution functions; distances between molecules or atoms; interaction energies and
the number of hydrogen bonds; clustering analysis. In the MD simulations involving two solute
molecules a rapid formation of curcumin dimers in water was observed, as a result of its low sol-
ubility, while piperine formed less stable dimers. In contrast, both curcumin and piperine showed
limited ability to form dimers in the presence of ethanol. Larger and more complex aggregates were
obtained when additional solute molecules were introduced in water solutions, characterized by
stacked or cage-like structures.

1. Z. Hussain, H. E. Thu, M. W. Amjad, F. Hussain, T. A. Ahmed and S. Khan, Mater. Sci. Eng. C 77
(2017) 1316–1326

Page 37

http://ehubox.ehu.eus/s/f9tCwTxKeYaZ24S
https://www.nature.com/articles/s41586-019-1090-x
https://pubmed.ncbi.nlm.nih.gov/24337290/


IBER 2023 / Book of Abstracts

2. M. Kakarala, D. E. Brenner, H. Korkaya, C. Cheng, K. Tazi, C. Ginestier, G. Dontu andM. S.Wicha,
Breast Cancer Res. Treat. 122 (2010) 777–785.; P. Rinwa and A. Kumar, Brain Res. 1488 (2012)
38–50.

3. R. Wang, J. Han, A. Jiang, R. Huang, T. Fu, L. Wang, Q. Zheng, J. Li, Int. J. Pharm. 561 (2019) 9–
18.
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The current accuracy of atomic calculations is impressive, allowing us to explain and probe novel and
extremely rich physical phenomena. In turn, novel experiments constantly allow us to validate and
adjust our theories and calculations. The atomic data we can calculate encompasses many physical
interactions, providing a wide range of fields with the necessary data for their own studies.
The theory is there for us to use, however we must apply it in a practical manner for a variety
of bound systems, which oftentimes require hundreds of thousands of separate calculations. This
brings the question of how are we going to, in a more practical and autonomous manner, implement
our theories to produce usable atomic data?
In this talk I will show you how we currently utilize the MCDFGME code 1 to perform atomic
calculations on a variety of atomic systems and obtain useful, reliable and accurate atomic data. I
will also bring attention to a few details of the calculation method which, if not considered, could
result in erroneous calculations and atomic data. Finally, I will show you recent atomic data that we
have calculated using this code, which can also be obtained experimentally.

References:
1 J. P. Desclaux, A multiconfiguration relativistic DIRAC-FOCK program, Computer Physics Com-
munications 9 (1) (1975) 31–45. doi:10.1016/0010-4655(75)90054-5.
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Medical imaging plays a crucial role in the diagnosis and treatment of various diseases and condi-
tions. It allows healthcare professionals to visualize internal structures and processes of the body
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without the need for invasive procedures. Medical imaging techniques include x-ray, computed
tomography (CT), magnetic resonance imaging (MRI), and ultrasound, among others. Position sen-
sitive gas detectors are a type of detector used in medical imaging applications to detect and measure
ionizing radiation. They are particularly useful in detecting high-energy particles such as gamma
rays and x-rays, which are commonly used in medical imaging. They work by ionization of the
gas medium inside the detector, and then measuring the resulting signal to determine the location
and intensity of the event. These detectors have a number of advantages over other detectors and
techniques, including good spatial resolution, fast response times, easy scaling-up to large detection
areas at a lower cost, making them ideal for medical imaging applications. In this presentation, we
will explore the application of the Photon Induced Scintillation Amplifier (PISA) concept as a posi-
tion sensitive gas detector in medical imaging. We will show some preliminary results of the studies
performed so far.
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Primary scintillation in Xe for electrons and alpha-particles Content Gaseous xenon (GXe) is playing
an increasingly significant role in important areas of neutrino physics such as double beta decay and
double electron capture experiments and is a potential alternative to MeV-region γ-ray imaging. The
precise knowledge of the xenon response to radiation interactions in both scintillation and ionization
channels is of utmost importance for the exact understanding and modulation of xenon radiation
detectors. The primary scintillation yield, i.e. the mean energy required to produce a scintillation
photon, wsc, of GXe is far less understood than the ionization yield due to the limited number of
studies in the literature. While for 5.5-MeV α-particle interactions the wsc-value was measured to
be in the 34-60 eV range, for electrons, measuring the primary scintillation produced by x- and γ-ray
interactions, the wsc-value was measured to be in the 61 - 111 eV range. The average energy ex-
pended per excited atom in GXe is expected to be similar for x-, γ-rays or electrons and almost equal
to that obtained for α-particles. However, the results presented in the literature are inconsistent
with that expectation and not fully understood, as can be only partially ascribed to the different gas
density and/or drift field conditions. One may also pose the question of a dependence of wsc with
photon energy. We carried out a systematic study on the absolute primary scintillation yield in Xe
under reduced electric fields in the 70–300 V/cm/bar range and near atmospheric pressure, 1.2 bar,
using a Gas Proportional Scintillation Counter. Our results are supported by a robust geometrical
efficiency simulation model. Our experimental wsc-values agree with both state-of-art simulations
and literature data obtained for α-particles.
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Strong Field QEDAnalysisWith BayesianModel Selection forHe-
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Quantum Electrodynamics (QED) effects have been tested and measured in multiple systems, includ-
ing free electrons, atomic and highly charged ions systems. Frequentist statistical analyses either
point to a possible deviation from the theory prediction 1 of n = 2 → 1 transitions energy in two-
electron systems with a dependency of Z^3, Z indicating the nuclear charge, or find no disagreement
[2-5]. We present a Bayesian statistical approach method using the nested sampling algorithm, im-
plemented in the nested fit code package 6, to quantitatively evaluate different deviations via proba-
bility inference from Bayesian evidence. The deviations are modeled as aZ^n and aZ^n+b functions,
a and b being free parameters, for the measurements of multiple transitions on helium-like ions for
Z = 12 − 92. We evaluated these modeled deviations from the current theory predictions [7, 8] for
the 1s2p 1P1 → 1s2 1S0 (w), 1s2p 3P2 → 1s2 1S0 (x), 1s2p 3P1 → 1s2 1S0 (y), and 1s2p 3S1 →
1s2 1S0 (z) radiative transitions. We found that the function with highest probability corresponds
to a deviation with n ≈ 4.5, but has a marginal statistical significance of 2.7σ with respect to the
zero model with no deviation from the theory. The additional analysis of the n = 2 → 2 (Z = 5 −
92) transitions provided an even lesser evidence for either a constant or power model deviations.
Finally, we investigated on the impact of possible future high-accuracy experiments on high-Z ions.
In particular, we determine the minimum required accuracy for a meaningful test of possible devia-
tions. We construct hypothetical measurement data in the Z region of interest, vary its uncertainty
and value, and survey the behaviour of the probability distribution over the selected models for each
combination. Such an analysis will allow for a better design of future experiments for the search of
new QED contributions or even new physics, like milli-charged particle interactions.

References:
1 C.T. Chantler et al., Phys. Rev. Lett. 109, 153001 (2012).
2 S.W. Epp, Phys. Rev. Lett. 110, 159301 (2013).
3 P. Beiersdorfer and G.V. Brown, Phys. Rev. A 91, 032514 (2015).
4 J. Machado et al., Phys. Rev. A 97, 032517 (2018).
5 P. Indelicato, J. Phys. B 52, 232001 (2019).
6 M. Trassinelli, Proceedings 33, 14 (2019).
7 A. N. Artemyev et al., Phys. Rev. A 71, 062104 (2005).
8 V. A. Yerokhin et al., Phys. Rev. A 106, 022815 (2022).
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Real-timeobservation of conical intersection in biomolecules
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Conical intersections (CIs) are regions of the potential energy landscape of a molecule where the
electronic and nuclear degrees of freedom become strongly mixed and the Born–Oppenheimer ap-
proximation breaks down. CIs are ubiquitous features in the photophysics and photochemistry
of molecules and can be considered as “doorways”through which the photoexcited wavepacket is
efficiently funneled to a lower-energy electronic state. CIs play a dual role in the interaction of
biomolecules with light: either to promote efficient conversion from a reactant to a product state in
a photochemical reaction or to enable efficient dissipation of excess electronic energy, preventing a
potentially harmful photochemical reaction 1. An example of the first case are visual opsin proteins,
in which the photoexcited retinal chromophore exploits a CI to promote ultrafast photoisomeriza-
tion to a ground-state photoproduct which triggers visual transduction. An example of the second
case are nucleobases, the building blocks of DNA, for which CIs are used to promote rapid dissipa-
tion of excited state energy, preventing photoreactions which could damage the genetic code.
Given the extreme speed of the processes leading to CIs, ultrafast optical spectroscopy is the elective
tool for their observation. However, the direct visualization of a wavepacket passing through a CI is
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challenging, because the energy gap between the interacting levels changes very rapidly over a short
time, calling for the combination of high temporal resolution and broad spectral coverage. In this
talk I will present examples of real-time visualization of CIs in biomolecules (opsin proteins 2 and
nucleobases [3, 4]) using a specially developed ultrafast transient absorption spectroscopy system
combining sub-20-fs time resolution with broad frequency tunability, from the UV to the infrared
5. I will also discuss the potential of X-ray free-electron lasers to open new spectroscopic windows
for the detailed study of the CI dynamics, via element-specific probing of ultrafast electronic and
structural dynamics.

References:
1 G. Cerullo and M. Garavelli, Proc. Natl. Acad. Sci. USA 117, 26553 (2020).
2 D. Polli et al., Nature 467, 440 (2010).
3 R. Borrego-Varillas et al., J. Am. Chem. Soc. 140, 16087 (2018).
4 R. Borrego-Varillas et al., Nature Commun. 12, 7285 (2021).
5 C. Manzoni and G. Cerullo, J. Opt. 18, 103501 (2016).
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The development of radiation detectors has seen significant advancements over the past decades,
particularly in those relying on electroluminescence. Optical time projection chambers (OTPCs)
have become the preferred choice in the field of direct dark matter searches (more specifically in
WIMP searches), having also been considered for neutrino experiments. Dark matter experiments
examples include XENON, LZ, DarkSide, and CYGNO where directional information is expected to
be explored. Moreover, these detectors have found applications in nuclear physics, such as in the
study of ββ0ν decay (NEXT) and 2p-decay and related processes (Warsaw-TPC).

Even though significant progress has been observed in the development of these detectors since the
first works in the 1960s, the optimization of the light collection efficiency remains an important con-
cern. Historically, these structures were mostly made up of meshes or conventional micro-pattern
gas detectors (MPGDs) designed for avalanche mode and working mainly in quenched gases.

Given the expected scalability of most of the aforementioned detectors, light production and col-
lection pose unique challenges. Dealing with alignment, and the use of meshes or wires spanning
large areas presents practical limitations. In most cases, relying on scintillation originated in charge
avalanches will affect not only the energy resolution but also impact the attainable spatial resolu-
tion. In addition, the use of lenses, while enabling the reduction of the number of optical sensors
required to read large areas and improvement of the optical gain, may limit the spatial resolution
attainable, introducing undesirable optical effects (e.g. aberrations). Nevertheless, it is important to
consider techniques that can mitigate potential adverse effects associated with the current amplifi-
cation structures and readout.

In this work, a brief overview of the evolution of electroluminescence studies is given, along with
strategies to address some of the main challenges faced in the development of such detectors. Alter-
native structures, GEM-based, capable of providing higher optical gainswithout relying on avalanche
multiplication, thus enhancing energy resolution and detector stability (while eliminating ion back-
flow), will be presented.
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Photoinduced electron transfer and charge transfer processes occurring in organic and inorganic
materials are the cornerstone of technologies aiming at the conversion of solar energy into electrical
energy and at its efficient transport. The early stages of these processes occur in the attosecond time
scale, the natural time scale for electronic motion in atoms and molecules. Accessing this time scale
requires the use of light pulses with a duration below the femtosecond, which were first produced in
the lab at the dawn of this millennium. The first attosecond experiments aiming at the observation of
electronic motion in organic molecules date from 2014 1. The usual approach in these experiments
is to employ an attosecond pulse to generate an electronic wave packet that subsequently evolves
under the influence of the nuclear motion and to interrogate the system with a second pulse at
a given time delay in order to obtain a picture of the system at that particular time. By varying
the delay between the two pulses, one can thus obtain a sequence of frames or the “movie”of the
electronic motion.

The experiments usually record photoelectron and/or fragmentation yields as a function of the tem-
poral delay between the two pulses with attosecond resolution. However, in spite of the successful
observation of sub- and few-fs dynamics in the recorded yields [1-4], it is not yet clear how the early
electron dynamics leaves its signature in molecular fragments that may be created long after those
initial steps (usually after going through a series of non adiabatic processes) or why one should
expect a reminiscence of such electron dynamics at all. To answer these questions, one must under-
stand i) the electronic excitation or ionization induced by the first pulse, ii) the coupled electron and
nuclear dynamics that follows, iii) the interaction of the second pulse with a molecular system in a
coherent superposition of states, and iv) the coupled electron and nuclear dynamics that follows the
last step and eventually leads to fragmentation of the molecule. Every step is in itself a theoretical
and experimental challenge for molecules containing more than two nuclei. In this talk I will review
recent experimental and theoretical efforts to account for these four steps and discuss the optimum
conditions to visualize electron dynamics in molecules 5.

1 F. Calegari et al, Science 346, 336 (2014).
2 M. Nisoli, P. Decleva, F. Callegari, A. Palacios, and F. Martín, Chem. Rev. 117, 10760 (2017).
3 M. Lara-Astiaso et al, J. Phys. Chem. Lett. 9, 4570 (2018).
4 J. Delgado et al, Faraday Discussions, 228, 349 (2021).
5 A. Palacios and F. Martín, WIREs Comput. Mol. Sci. e1430 (2020).
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X-ray imaging is an invaluable tool for noninvasive analysis in many fields ranging from basic sci-
ence to medicine and security. The development of low-dose large area imaging solutions still rep-
resents an important challenge for various applications.

One solution to the imaging of large areas lies in the development of novel computational imag-
ing systems that can overcome the limitations imposed by hardware, relying instead on numerical
processing power. The single-pixel detector, depending on the application, may offer a competitive
edge over conventional cameras (being a cheaper alternative to the multi-pixelated solutions). In ad-
dition, the single-pixel detector can be used to achieve improved detection efficiency, faster timing
response, and good spatial resolution with low radiation dose. Moreover, this technique enables de-
tectors to image through diffuse mediums, increasing the image quality at significant depths, solving
the depth penetration issues of other imaging methods.

Another advantage of single pixel imaging is that it can be combined with compressive sensing,
which significantly reduces the data storage and data transfer requirements, an important consider-
ation for remote sensing applications or when the problem is high dimensional such as hyperspectral
imaging.

In thiswork, we explore the application of single-pixel imaging techniques to produce two-dimensional
images with high temporal resolution, using only a single detector (bulk detector). The setup, based
on the application of Hadamard patterns, showed promising results, proving the ability of the sys-
tem to acquire 4x4 pixel images using thin PLA masking (up to 5 mm thickness). Both simulation,
using GEANT 4, and experimental setup, based on a time projection chamber (TPC), used in this
work to demonstrate this technique will be reported here along with the first results.
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For nearly a century, the role of quantum mechanical tunneling (QMT) in organic chemistry re-
mained barely unrecognized. The interpretation of chemical selectivity has been done solely based
on the classical paradigms of thermodynamic and kinetic control. However, it has recently been
shown that these paradigms do not cover all aspects of chemical reactivity and QMT can also direct
chemical selectivity.1 QMT is very sensitive to the potential energy barrier width of a reaction, which
is measured by the mass-weighted displacement of the atoms involved on it. Reactions that occur
exclusively through higher, yet narrower, potential energy barriers than other alternative paths op-
erate through tunneling control. There is the perspective that tunneling control will be essential to
fully understand chemical reactivity.2
Direct observation of QMT organic reactions has been accomplished in experiments performed at
cryogenic temperatures, under which thermal activation is impossible.3 In the present communica-
tion, two representative examples of such experiments, related to reactions of aryl nitrenes, will be
showcased through a multidisciplinary approach involving organic synthesis, spectroscopy, photo-
chemistry, kinetics and computational chemistry. i) A novel approach where H-tunneling is acti-
vated by narrowband IR light irradiation.4 Those results provide the proof-of-concept of an exciting
novel strategy to attain control over QMT, opening new avenues to direct chemical transforma-
tions. ii) An unprecedented occurrence of two simultaneous conformer-specific reactions that occur
through QMT, which selectivity can only be interpreted based on tunneling control.5 Those results
highlight the current limitations of the classical paradigms of chemical reactivity and the need to
develop a thoroughly understanding of QMT implications in organic reactions.
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Present and Future of the ALBA Synchrotron
Author: Caterina Biscari1
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Corresponding Author: cbiscari@cells.es

Synchrotron light is a key instrument for the scientific approach towards a sustainable world, and
the ever-growing communication among the different synchrotron facilities boosts their scientific
and socio-economic impact at regional and global levels.
Over the past decade, the ALBA Synchrotron, the Spanish 3rd generation light source, has become
an important pillar of the Spanish and European Research Area, providing research capabilities and
a wide range of state-of-the-art instrumentation to a community of more than 7000 academic and
industrial users. With its ten operational experimental beamlines, while four more are being put into
operation and with the creation, in collaboration with other institutions, of an electron microscopy
center, it is an essential tool to address society’s most urgent challenges.
ALBA is prepared to leap to the 4th generation, aiming at increasing its performance, reinforcing its
role on the user community and on the industrial use of the instrumentation, aswell as its educational
vocation and training capacity. ALBA II, whose project has just started and is planned to be fully
operative in the ‘30s, will combine the upgrade to low-emittance storage ring with the construction
of new fully-optimized beamlines, the refurbishment of part of its instrumentation, and the evolution
of the data infrastructure.
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Optical negative ion drift operation at nearly atmospheric pres-
sure
Author: Elisabetta Baracchini1

1 Gran Sasso Science Institute

Corresponding Author: elisabetta.baracchini@gssi.it

We are going to present for the first time Negative Ion Drift (NID) operation in He:CF4:SF6 at
nearly atmospheric pressure within a Time Projection Chamber (TPC) with optical readout via
PMTs and scientific CMOS camera (sCMOS). These results have been obtained in the context of the
CYGNO/INITIUM project, for the development of high precision 3D TPC for directional direct Dark
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Matter searches. NID operation is a peculiar modification of the TPC principle by which, thanks
to the addition of an highly electronegative dopant to the gas mixture, anions act as image carriers
rather than electron, strongly reducing down to the thermal limit (or below) the diffusion during
drift. This characteristics allows for the use of longer drift distances, combined with improved track-
ing. We are going to illustrate the analysis of both PMTs and sCMOS data, that are not only able to
reproduce He:CF4:SF6 mobility as from previously published papers with charge readout, but also
display an impressive reduction of the diffusion during drift, as much as half of classical electron
drift with He:CF4 along 12.5 cm. The observed features can significantly boost the performances of
any experimental approach that requires high precision imaging TPCs, such as, among the others,
X-ray polarimetry, neutron spectroscopy, Migdal effect measurements and tracking in high energy
physics.
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Modelling EnzymeActivityBehindAntimicrobialResistance
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Photophysics of protonated vanillin in the gas phase: a laser ac-
tion spectroscopy and theoretical approach
Authors: Alejandro Gutiérrez Quintanilla1; Alicia Infantino2; Baptiste Moge2; Christophe Jouvet3; Isabelle Com-
pagnon2; Jennifer A. Noble3

1 IPREM (Université de Pau et des Pays de l’Adour))
2 Institut Lumière Matière
3 Laboratoire de Physique des Interactions Ioniques et Moléculaires

Corresponding Author: a.gutierrez-quintanilla@univ-pau.fr

Protonation and deprotonation processes in derivatives of aromatic systems play an important role
in various areas of chemistry. The ‘competition’ between different centers to accept or donate a
proton depends on a number of parameters, including electron density effects. This competition can
result in the formation of different tautomers, each one having a different photophysical behavior.
Vanillin serves a model system with three functional groups exhibiting distinct characteristics (see
Figure 1). In this work, we first set out to determine the protonated tautomers formed in vanillin
from an electrospray source, using different laser action techniques (such as IRMPD room tempera-
ture and UVPD in cryogenic ion trap). The results indicate that protonation predominantly occurs
at the oxygen atom of the carbonyl group (C=O). Moreover, through the analysis of the results,
we were able to unambiguously determine the configuration of the observed protonated tautomer.
These results are partially in agreement with the order of stability predicted by theoretical calcula-
tions with DFT and MP2 methods. We will discuss apparent deviations from theoretical predictions
concerning the observed isomer. Furthermore, both theoretical calculations and experiments reveal
a spectroscopic pattern similar to that of protonated benzaldehyde (benzene with HC=O group) in
terms of electronic absorption, highlighting the significant influence of the HC=O group on the pho-
tophysics of the system. Finally, we will briefly address the challenges encountered in the analysis
of the deprotonated species, such as the interpretation of the IRMPD spectrum.
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Investigating Heavy Metal Elemental Distribution in Zebrafish
(Danio Rerio)
Authors: Ana SilvaNone; Flávia Leite1; Patrícia Carvalho2; Inês Domingues3; Sofia Pessanha4; Lara Filipa Das Neves
Dias Carramate5; joao veloso6

1 I3N - Physics Department of Aveiro
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4 LIBPhys-UNL, Physics Department, NOVA School of Science and Technology, NOVA University Lisbon
5 University of Aveiro (PT)
6 university of aveiro

Corresponding Author: analuisa.silva@ua.pt

In this study, we investigated the elemental distribution of heavy metals in Zebrafish (Danio rerio)
using an X-ray fluorescence system that relies on a gaseous detector. The primary objective was to
analyze the presence and spatial distribution of heavy metals within the tissues of Zebrafish speci-
mens. The employed X-ray fluorescence system, which incorporated a THCOBRA detector, allowed
for precise and non-destructive analysis of the elemental composition in the Zebrafish samples. This
advanced technique provides valuable insights into the bioaccumulation and localization of heavy
metals in this important animal model, aiding in the assessment of potential environmental contam-
ination and its implications for aquatic ecosystems.

Poster Session / 78

Photodissociation dynamics and alignment ofCH2BrI in the third
absorption band at 193 nm
Authors: Javier Cachón1; Pedro Recio1; Luis Rubio-Lago1; David V. Chicharro1; Sonia Marggi Poullain1; Alexandre
Zanchet2; Peter C. Samartzis3; Luis Bañares1

1 Universidad Complutense de Madrid
2 Consejo Superior de Investigaciones Científicas
3 FORTH-IESL

Corresponding Author: lbanares@ucm.es

The photodissociation of dihalomethanes have received significant attention due to its role in pro-
ducing pollutant species and ozone depletion.1 Moreover, CH2BrI presents an intricate structure
of excited electronic states and a high bond selectivity. For instance, the A absorption band was
attributed to C-I dissociation, while the A’ band corresponds to C-Br bond fission.2 However, the
third band (B band) has not been investigated deeply.3
The detection of atomic iodine I(2P3/2,1/2) and bromine Br(2P3/2,1/2), using a combination of laser
pump-and-probe and slicing imaging techniques coupled to (2+1) REMPI, show the presence of two
main contributions. Combining the experimental results with high ab initio calculations, we as-
signed the faster contribution to a predissociation through the 9A’ state. Meanwhile, the slower
contributionwas attributed to a secondary dissociation after absorbing a second 193 nm photon. Due
to geometrical restrictions, this process was favored through the C-Br dissociation rather than the
C-I bond cleavage. The calculated anisotropy parameter supports the proposed mechanism.

References
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3 L. J. Butler et al., J. Chem. Phys. 86, 2051 (1987).
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Comparison of the photodissociation dynamics of alkyl nitrites
in the A and B absorption bands

Authors: Javier Cachón1; Genesis Mahecha2; Pedro Recio1; Luis Rubio-Lago1; Sonia Marggi Poullain1; Gustavo
Pino2; Luis Bañares1

1 Universidad Complutense de Madrid
2 National University of Córdoba

Corresponding Author: lbanares@ucm.es

Alkyl nitrites (R−ONO, R=CH3, n-C3H7, t-C4H9) have been widely studied due to the efficient
photodissociation and formation of NO fragment.[1,2] The absorption spectra of all these molecules
present two bands. A first band characterized by a clear vibronic structure, and a secondmore intense
band which extends to the VUV energy reagion.[2,3] In this work, three different alkyl nitrites where
studied, CH3ONO, n-C3H7ONO, and t-C4H9ONO, so a comparison of the hydrocarbon chain on the
photodissociation dynamics could be made.4 The study was performed in the two absorption bands
(A and B) independently. Pump-probe experiments using nanosecond laser pulses in combination
with velocity map imaging detection of NO by (1 + 1) REMPI were carried out.
The results in the A band show a shift in the kinetic energy distributions as higher vibrational states
for a fixed rotational quantum number J = 19.5 of the NO fragments were detected. By comparing
the three molecules, a larger shift in energy is also present, a displacement previously observed
in the studies of alkyl halogen molecules.4 Several differences in the shape of the kinetic energy
distributions, and in the angular distributions, were also detected. Meanwhile, the B band show a
parallel transition in contrast to the perpendicular transitions observed in the A band. In this case,
several contributions could be observed for each of the measurements performed.

Poster Session / 80

Dynamics of the photodissociation of methylamine: H and CH3
displacement channels

Authors: Pedro Recio1; Javier Cachón1; Luis Rubio-Lago1; Sonia Marggi Poullain1; Alexandre Zanchet2; Luis
Bañares1

1 Universidad Complutense de Madrid
2 Consejo Superior de Investigaciones Científicas

Corresponding Author: lbanares@ucm.es

Due to its similarity with ammonia (NH3) and because it has been observed in the interstellar
medium,1 methylamine (CH3NH2) has received considerable attention in the last decades. The
molecular photodissociation ofmethylaminewas studied using the pump-probemethodwith nanosec-
ond laser pulses. The molecule was excited in the 198− 203 nm range, and the generated photofrag-
ments were detected with the velocity map imaging (VMI) technique, studying the H-atom elimina-
tion and the N−C bond fission channels separately, combining experiment and theory.
On the one hand, the H-atom displacement channel presents two main dissociation pathways. One
is attributed to the formation of CH3NH(X) via a conical intersection (CI),[2,3], while the other
to CH3NH(A), observed for the first time. On the other hand, the recorded images for the NH2

+ CH3 channel show unstructured Boltzmann-type distributions; however, the speed-dependent
anisotropy parameters reveal the presence of two dissociation mechanisms. With a similar land-
scape of the computed potential energy curves to the N−H bond fission, prompt dissociation of the
C−N bond through the CI is proposed as a minor channel. In contrast, the kinetic energy distribu-
tion reflects a major slow dissociation in the ground state, which can arise from frustrated N-H bond
cleavage trajectories or vibrationally-hot ground state NH2 fragments.
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THCOBRA detector performance in mixtures of Kr/Xe mixtures
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The application of THCOBRA based detectors for X-ray imaging has been studied. The optimization
of detector performance is intrinsically related with the study of the gasmixture capable of providing
the better image quality. When operating in gas flow mode with a gas mixture of Ne/CH4 (95/5), a
charge gain of 104 was achieved, together with an energy resolution of about 22% (@ 8 keV), and a
spatial resolution close to 1.2 mm (for about 4 keV) were achieved 1. For pure Kr, in a sealed detector,
the achieved energy resolution was 23% (@ 5.9 keV) and the spatial resolution was 650 µm (for 16.5
keV) 2, allowing to improve detector performance when compared with its operation in Ne/CH4 [3,
4]. In this work, detector performance in terms of charge gain, energy and spatial resolutions were
studied, for different gas mixtures of Kr an Xe, namely 98/2, 95/5, 90/10 and 85/15. Results will be
presented and compared with the previously achieved.

1 L. F. N. D. Carramate, A. L. M. Silva, C. D. R. Azevedo, D. S. Covita and J. F. C. A. Veloso, THCOBRA
X-ray imaging detector operating in Ne/CH 4, J. Instrum. 10, (2015) P01003.
2 L. F. N. D. Carramate, A. L. M. Silva, C. D. R. Azevedo, I. Fortes, S. G. Monteiro, S. Sousa, F. M.
Ribeiro, S. De Francesco, D. S. Covita, et al., THCOBRA X-ray imaging detector operating in pure
Kr, J. Instrum. 12, (2017) T05003.
3 M. J. Berger, J. H. Hubbell, S. M. Seltzer, J. Chang, J. S. Coursey, R. Sukumar, D. S. Zucker and K.
Olsen, XCOM: PhotonCross SectionsDatabase, (2011) http://www.nist.gov/pml/data/xcom/index.cfm.
4 C. D. R. Azevedo, S. Biagi, R. Veenhof, P. M. Correia, A. L. M. Silva, L. F. N. D. Carramate and J. F.
C. A. Veloso, Position resolution limits in pure noble gaseous detectors for X-ray energies from 1 to
60 keV, Phys. Lett. B 741, (2015) 272.
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Plenary Talks / 82

Surprising reaction dynamics of radical cations following elec-
tron ionization
Author: Marcos Dantus1

1 Michigan State University

Corresponding Author: dantus@chemistry.msu.edu

Femtosecond time-resolved measurements have provided the timescales of bond breaking and bond
forming processes for a wide range of chemical reactions. Some chemical reactions such as those that
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involve a collision with an atom or an electron, however, are very difficult to study by time resolved
methods. This talk will focus on the reaction dynamics of radical cations far from equilibrium follow-
ing electron scattering, a situation that occurs in electron-ionization mass spectrometry. These types
of measurements are important because they can help refine methods for predicting molecular frag-
mentation patterns, which are essential for molecular identification. Lack of experimental dynamic
information has prevented scientists from determining how fast the energy distributes and how it af-
fects bond breaking and bond forming processes. Therefore, currently predicting the fragmentation
pattern of a given molecule remains a challenge. We have developed a method for tracking multiple
fragmentation pathways simultaneously following strong-field ionization. This talk will include ex-
amples of unexpected pathways that include roaming moieties, concerted dynamics, and intramolec-
ular rearrangements, many occurring prior to intramolecular energy redistribution.

References:
B. Jochim, L. Dejesus, M. Dantus, “Ultrafast disruptive probing: simultaneously keeping track of
tens of reaction pathways,”Rev. Sci. Instrum. 93, 033003 (2022).
J. Stamm, L. DeJesus, A. Jones, M. Dantus, “Quantitative Identification of Nonpolar Perfluoralkyl
Substances by Mass Spectrometry”, J. Phys. Chem. 126, 8851-8858 (2022).
S. Li, B. Jochim, J. E. Jackson, and M. Dantus “Femtosecond dynamics and coherence of ionic retro-
Diels–Alder reactions,” J. Chem. Phys. 155, 044303 (2021).
N. Ekanayake, et al, “H2 roaming chemistry and the formation of H3+ from organic molecules in
strong laser fields,”Nat. Commun. 9, 5186 (2018).
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Molybdenumdisulfide coated gold nanostructures for biosensing
using SERS
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Molybdenum disulfide (MoS2) is a two-dimensional (2D) semiconductor that has attracted signif-
icant attention due to its properties, such as a band gap energy dependent on the layers’number
and a large specific surface area prone to chemical functionalization. These properties make 2D
MoS2 an excellent platform for optical sensing applications [1,2]. For example, the combination of
MoS2 layers with plasmonic metals (e.g. Au) allows the fabrication of materials with potential to
detect a variety of biomolecules by exploring the surface-enhanced Raman scattering (SERS) effect
[3,4].

Herein, we report our research on MoS2 nanosheets prepared by a hydrothermal method that sub-
sequently have been deposited on different types of substrates. These nanocomposites were firstly
assessed for their SERS performance by using the dye rhodamine B (RhB) as the analyte, under a
range of operational conditions, which included the deposition method and the type of underly-
ing substrate used in such deposition process. The most intense Raman signal due to chemisorbed
RhB was observed for the Au substrates coated with the MoS2 layers. Hence, these platforms have
been investigated to detect lactate in buffer medium, as an important biomarker used for sports
performance monitoring. Hence, the immobilization of lactate dehydrogenase (LDH) on neat gold
substrates was firstly performed envisaging the indirect detection of lactate using SERS. The vibra-
tional data obtained in these experiments have been interpreted considering the specific recognition
of lactate by the biofunctionalized substrates. Finally, we discuss preliminary research on the MoS2
coated Au nanostructures in the SERS detection of lactate via the enzyme immobilization method
mentioned above (see scheme in appendix).
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Exploring materials chemistry in flatland by applying surface
spectroscopic methods

Author: Tito Trindade1

1 Universidade de Aveiro

Corresponding Author: tito@ua.pt

Two-dimensional materials are comprised of single- or few-layers of atoms arranged in a crystalline
lattice structure. These materials exhibit unique properties due to their ultrathinness and the ability
to adjust the number of layers. The research field surrounding these materials has gained significant
interest since the discovery of graphene and its derivatives 1. Recently, other 2D materials, such
as few-layered transition metal chalcogenides, have also been explored 2. Moreover, researchers
have been exploring surface chemical modifications on these layered materials, taking advantage of
their large surface-to-volume ratios. In our research, we have investigated surface chemical modifi-
cations for graphene oxide and molybdenum dissulfide colloidal suspensions. This talk emphasizes
the application of spectroscopic methods in monitoring such surface modification processes aiming
at developing functional 2D nanostructures. Specifically, we used Raman and fluorescence spectro-
scopies to study selected functionalized layered nanosystems, that were designed to respond to the
presence of target analytes in solution. Overall, this research aims to contribute to the development
of spectroscopic methods applied to 2D materials for optical
sensors.

References
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2011, 50, 6986.
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Breakthroughs in Solar-Powered Lasers
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Solar-powered laser systems directly convert free broadband and incoherent solar radiation into
narrowband and coherent laser radiation through an active medium, being considered as one of the
most promising technologies in renewable energy research.
Our research group, led by Prof. Dr. Dawei Liang, was established more than a decade ago with the
aim of substantially improving the performance of solar-powered lasers. Currently, we have been
seeking high solar laser performance through the development of alternative prototypes for pumping
laser crystals with broader absorption spectrum in the visible region (Ce:Nd:YAG), whose outcomes
will be addressed in this invited talk, and which resulted in the following breakthroughs:

• The side-pumping of a Ce:Nd:YAG laser rod at NOVA solar facility led to 1.6 times increase in solar
laser collection and conversion efficiencies compared to that with Nd:YAG laser rod under the
same pumping conditions This work demonstrated the great potential of the Ce:Nd:YAG laser
material as a gain medium for solar-pumped lasers, being featured in Journal of Photonics for
Energy.

• Maximum continuous wave solar laser power of 40Wwas registered by adopting a side-pumping
configuration with a rectangular light guide, being the highest laser power level reported from a
solar powered Ce:Nd:YAG laser medium.

• Records in collection, slope, and solar-to-laser conversion efficiencies of 41.3 W/m2, 7.64%, and
4.64%, respectively, were recently attained by end-side-pumping three thin Ce:Nd:YAG laser me-
dia simultaneously within a common pump cavity. This system allowed the concentrated solar
radiation to be shared by the three laser rods, ensuring not only a substantial alleviation of the
thermal lensing effects but also a significant rise in solar laser efficiency. This breakthrough was
spotlighted in Laser Focus World.

• The lowest threshold pump power of 29.2 W was obtained with the first Ce:Nd:YAG solar laser
pumped under a cloudy sky. The cloud-filtered sunlight enabled notable improvements in the
solar laser efficiency by lessening the thermal lensing effects.

In addition to the abovementioned breakthroughs, innovative solar laser schemes were also both
numerically and experimentally performed for high stable solar laser emission with enhanced ef-
ficiency, thermal performance, and tracking error compensation capacity. Through experimental
work, large enhancement in solar laser tracking error compensation capacity was confirmed for the
first time with a dual-rod side-pumping scheme.
Since this technology can be operated using only renewable energy, it may bring an important
economic advantage for countries with high solar availability and for the future development of
sustainable industrialization, either on Earth or in Space.
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Unveiling the interstellar grain surface chemistry by means of
quantum mechanical simulations
Author: Albert Rimola1
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The Universe is molecularly rich 1. Its chemical diversity and complexity are reflected by the more
than 290 molecular species detected in the gaseous phase by means of radioastronomy 2 and the
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different solid-state phases in the form of dust grains 3. The presence of the gas-phase molecules
cannot be explained uniquely by reactions taking place in the gas phase but chemical reactions oc-
curring on the surfaces of grains are essential to rationalize the interstellar chemistry. However,
combining astronomical observations with astrochemical modelling and laboratory experiments is
not enough to fully unveil the grain surface chemistry and its role to the chemistry of space because
they hold some intrinsic limitations [4,5,6]. Quantum chemical simulations can partly alleviate these
limitations as they provide reliable, quantitative atomic-scale information (structure, energetics, and
dynamics) of chemical processes taking place on the surface of grains, this way allowing us to deter-
mine the actual role of the grains on them, i.e., chemical catalysts, reactant concentrator and/or third
bodies. This contribution aims to present some of the potentialities of current state-of-the-art compu-
tations developed in our group to obtain unique and fundamental information that help improving
our know-how on the interstellar grain surface chemistry. To this end, examples on simulations
of i) modelling realistic grain surfaces for silicates and ices 7, ii) the adsorption of astrochemically-
relevant species [8,9], iii) chemical reactions forming interstellar complex organic molecules [10,11],
and iv) the fate of the extra energy released in interstellar exothermic reactions [12,13], will be pre-
sented.
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Complex forming reactions at the low temperatures of interstel-
lar medium: from statistical to statistical methods
Author: Octavio Roncero1

1 Instituto de Física Fundamental (CSIC) Serrano 123, 28006 Madrid (Spain)

Corresponding Author: octavio.roncero@csic.es

The molecular complexity in the interstellar medium increases in cold molecular clouds, at approx-
imately 10 K. It is then important to establish the reactivation rate constants in chemical networks
taking place in gas phase, as alternative to those taking place on cosmic ices. At 10 K, quantum
effects, such as tunneling and zero point energies are very important. Complex forming reactions
are particularly challenging, because they involve the formation of long lived complexes which are
difficult to treat with dynamical methods. In this talk I will briefly present some recent results ob-
tained using statistical methods, quantum/adiabatic statistical approach1 or capture/RRKM method
2, and dynamical methods, such as Ring Polymer Molecular Dynamics for reactions presenting rela-
tively shallow wells and barriers 3. In this last case, the role of dimers between reactants formed at
low temperatures will be also described 4, as an alternative explanation for the fast increase of the
reaction rates with decreasing temperature measured in CRESU experiments for a large variety of
organic molecules with OH radical.

References
1 S. Gómez-Carrasco, D. Félix-González, A. Aguado, O. Roncero, J. Chem. Phys. 157 (2022), 084301.
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Ultrafast inter-systemcrossing in triply fused porphyrin - nanographenes

Author: Juan Cabanillas Gonzalez1

1 IMDEA Nanociencia

Corresponding Author: juan.cabanillas@imdea.org

We present recent results on the photophysics and optical properties of
nanographenes. Thefirst part of the talk focuses on the photophysics of cove-edge hexa-peri-hexabenzo-
bis-peri-octacenes. The remarkable light emission properties and lack of excited state absorption
upon solvation give rise to net stimulated emission and amplified spontaneous emission, largely en-
abled by the cove-edge pattern. Therefore, this nanographene system stands as a promising optical
gain medium in laser cavities.
In the second part of the talk, wewill focus on a family of edge-fused nickel porphyrin-nanographenes.
Porphyrins are appealing building blocks for solar energy applications, although their photosensi-
tization capability is limited by their large optical energy gap, resulting in a mismatch in absorp-
tion for efficient harvesting of the solar spectrum. Porphyrin π-extension by edge-fusing with
nanographenes can be employed to narrow their optical energy gap, enabling the development of
porphyrin-based panchromatic dyes with an optimized energy onset for solar energy conversion
in dye-sensitized solar fuel and solar cell configurations. Combined pump-probe measurements
with time-dependent density functional theory demonstrate that photoexcitation in these nickel
porphyrin-nanographenes leads to a lowest ligand-centered singlet state, which undergoes ultrafast
intersystem crossing (1.2 ps) towards an intermediate (d,d) triplet level, unaffected by the symmetric
conjugation expansion. Remarkably, this triplet level delocalizes into a ligand centered triplet state
in 18 ps, an asset for sunlight-to-energy conversion. This observation implies that the decoration
of the porphyrin moiety with nanographenes, while significantly impacting the absorption onset of
the novel dye, promotes the formation of a ligand-centered lowest triplet state with a large spatial
extension, potentially interesting for boosting interactions with electron scavengers.

1 Gu, Yanwei, et al. “Cove‐Edged Hexa‐peri‐hexabenzo‐bis‐peri‐octacene:
Molecular Conformations and Amplified Spontaneous Emission.” Angewandte
Chemie International Edition 61.18 (2022): e202201088.
2 Garcia-Orrit, Saul, et al., “Nanographene-based decoration as a panchromatic antenna for metallo-
porphyrin conjugates”, Small (2023) 2301596. https://doi.org/10.1002/smll.202301596.
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Azobenzene Molecules Towards the Creation of Molecular Pho-
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2 Azobenzene molecules present TRANS-CIS isomerization capabilities about the N=N bound, which can be induced
with light. The TRANS conformation, naturally the most energetically stable at room temperature, can be
converted into CIS conformation under the action of light, with the rate of TRANS-CIS-TRANS conversion for
a given molecular system dependent on temperature and light, namely light intensity, wavelength, and light
electric filed direction with respect to molecular dipole moment. This process is accompanied by molecular
reorientation can be used to optically induce birefringence and to create relief grating in the medium containing
azobenzene molecules. The main use of materials is in photonics, namely in optical storage, sensors, energy
conversion devices and information processing, reason for which these materials have been widely investigated
over the past years. A general overview of these materials features will be drawn, its applications and trends.

Corresponding Author: pfr@fct.unl.pt

Azobenzene molecules present TRANS-CIS isomerization capabilities about the N=N bound, which
can be induced with light. The TRANS conformation, naturally the most energetically stable at
room temperature, can be converted into CIS conformation under the action of light, with the rate
of TRANS-CIS-TRANS conversion for a givenmolecular system dependent on temperature and light,
namely light intensity, wavelength, and light electric filed direction with respect to molecular dipole
moment. This process is accompanied by molecular reorientation can be used to optically induce
birefringence and to create relief grating in the medium containing azobenzene molecules. The
main use of materials is in photonics, namely in optical storage, sensors, energy conversion devices
and information processing, reason for which these materials have been widely investigated over
the past years. A general overview of these materials features will be drawn, its applications and
trends.
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Corresponding Author: smarggi@ucm.es

The development of light sources in the extreme ultraviolet (XUV) based on high harmonic gen-
eration has opened new avenues for the investigation of time-resolved photodynamics in cationic
excited electronic states of polyatomic molecules. Here, an XUV pump-infrared (IR) probe scheme
with femtosecond time resolution is employed to study the dynamics of dissociative ionization in
methyl iodide 1.

A time-delay-compensated XUVmonochromator is employed to isolate the 9th harmonic of the fun-
damental 800 nm (13.95 eV, 88.89 nm), which is used as a pump pulse to prepare the cation in several
electronic states. A time-delayed IR probe pulse is used to probe the dissociative ionization dynam-
ics on the first excited Ã 2A1 state. Photoelectrons and photofragment ions are detected by velocity
map imaging. The experimental results are complemented with high-level ab initio calculations of
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potential energy curves (PECs) of the electronic states of CH3I+ as well as full-dimension on-the-fly
trajectory calculations on the Ã2A1 state, considering the presence of the IR pulse. CH+

3 and I+
transients reflect the role of the IR pulse in probing the photodynamics of CH3I+ in the Ã2A1 state,
mainly through the coupling to the ground state X2E3/2,1/2 and to the excited B2E state manifold.
Oscillatory features are observed and attributed to a vibrational wave packet prepared in the Ã 2A1

state. The IR probe pulse induces a coupling between electronic states leading to a slow depletion of
CH+

3 fragments after the cation is transferred to the ground X2E3/2,1/2 states and an enhancement
of I+ fragments by absorption of IR photons yielding dissociative photoionization.

Complementary experiments have been carried out at the synchrotron SOLEIL using double imaging
photoelectron photoion coincidence (i2 PEPICO) spectroscopy to study the valence-shell dissociative
photoionization of methyl iodide. The measured threshold photoelectron spectrum for CH+

3 reveals
that the ν5 scissors vibrational mode promotes a transfer of population from the initially populated
first excited state (Ã2A1) into the ground cationic state, leading to the formation of CH+

3 . Addi-
tional high-level ab initio calculations of PECs reveal the presence of an elusive conical intersection
mediating this internal conversion.

References
1 Murillo-Sánchez et al 2021 New J. Phys. 23, 073023
2 González-Vázquez et al 2023, in preparation
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Probing molecular dynamics using ultrafast XUV transient spec-
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Attosecond probing of core-to-valence electronic transitions is a powerful tool for real-time ob-
servation of chemical dynamics.1 Here, ultrafast extreme ultraviolet (XUV) transient absorption
spectroscopy is employed to investigate the electronic and nuclear dynamics on small polyatomic
iodinated molecules. The dynamics induced by one- or two-photon absorption using either few-
femtosecond visible pulses, ranging between 500 nm and 900 nm, or 20-fs UV pulses around 260-280
nm is probed byXUV attosecond isolated pulses through iodine-4d core-to-valence transitions.

This method allows us to directly map in real time the motion of the wavepacket on the excited
states, due to the strong shift of the XUV core-to-valence transitions with internuclear separation
and the high sensitivity of the wave packet to the electronic configuration. The result presented
will involve the direct visualization of time-resolved photodynamics from a diatomic system (I2) to
polyatomic molecules.

First, coherent nuclear motion in the B excited state of molecular iodine is visualizedwith great detail
2 including thewave packet spreading and later recompression, at the outer and inner turning points,
respectively. Second, the photodissociation dynamics of alkyl iodides such as CH3I, C2H5I and
C3H5I, following one-photon absorption into the A band, is imaged in real-time [3, 4]. In particular,
the wave packet bifurcation at the conical intersection is mapped. Structural effects, with special
attention to the presence of a double bond, on the dissociation dynamics will be considered.
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Gaseous neutron detectors are crucial tools to many scientific fields, as neutrons are used to probe
matter, revealing structures and functions not accessible by other imaging means. 3He filled multi-
wire chambers are being replaced by novel instruments coated with thick layers of boron,as 3He is
now almost exclusively used for security applications. I will present a novel approach which relies
on sub-micrometer boron layers for neutron conversion. It is a counter intuitive choice which profits
from momentum conservation of the neutron capture reaction and provides superior information.
Recent results and developments will be presented, showing the potential to achieve unmatched
position resolutions, intrinsic full gamma-ray suppression and a strong reduction of the exposure
time.
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AMBER: an experiment for Hadron structure
Author: Carlos Azevedo1

1 University of Aveiro

Corresponding Author: cdazevedo@ua.pt

AMBER (Apparatus for Meson and Baryon Experimental Research) is an experiment located on the
M2 beam line of CERN SPS.The understanding of the origin of the visible mass in the universe is one
of its physics goals. It is known that the Higgs boson mechanism alone is not sufficient to explain
the mass of a nucleon. Another phenomenon must interplay with it to explain the emergence of the
hadron mass. The AMBER collaboration proposes a broad physics program to address that question
under different aspects and learn more about QCD. This talk will focus on the Drell-Yan lepton pair,
Charmonium and prompt photon production measurements dedicated to the determination of the
partonic structure of the pion and the kaon to complement and to compare to the one of the proton
in the aim of shedding light onto the emergence of hadron mass mechanism.
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Neutral bremsstrahlung emission spectrum in argon
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The interaction of an electron with the dipole field of a neutral atom or molecule can lead to radia-
tive photon emission by analogy with the familiar case of Nuclear Bremsstrahlung. This process
is referred to as Neutral Bremsstrahlung and is possible even in noble atoms due to their induced
dipole moment. Neutral bremsstrahlung in noble gases has been neglected in favor of excimer-
based Vacuum-Ultraviolet emission, being only recently studied in argon and xenon. In this study,
we present preliminary results of the neutral bremsstrahlung emission spectrum obtained experi-
mentally in pure argon at 1.2 bar, covering the 150–550 nm wavelength range, and under reduced
electric fields within the 0–2 kV/cm/bar range.
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Nuclear Fusion Challenges and the Portuguese contribution
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The production of electricity from nuclear fusion has been a long-term challenge addressed by many
research teams around the world. Recent records from inertial fusion and in magnetic confinement
fusion experiments open great perspectives for a successful outcome in this quest. ITER construc-
tion is being accompanied by a vibrant fusion research program in many countries but, in particular
in Europe, carried out by the consortium Eurofusion. The private investment in fusion is also grow-
ing considerably promising an ecosystem where innovation will accelerate the path towards fusion
energy. In the EUROFusion roadmap, DEMO is foreseen as an intermediate step between ITER (un-
der construction) and commercial power plants. Large tokamaks like ITER and the many different
DEMO devices being designed will require to solve enormous engineering problems. This lecture
will provide insights into the advancements and challenges surrounding nuclear fusion as the en-
ergy source of tomorrow. The lecture promises to delve into the world of nuclear fusion and the
Portuguese contributions to this endeavor. This contribution will present some of the multiple engi-
neering and physics challenges addressed while designing components for nuclear fusion devices.
Using as example some of the Portuguese contribution, particular focus will be given to diagnostic
development, control and data acquisition but also on experimental physics and understanding of
the plasma.
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Every time an intervention is performed, the total (biopsy) or a portion (surgery) of normal and
tumor tissue is retrieved and processed as Formalin Fixed Paraffin Embedded (FFPE) blocks for the
diagnosis and after they are stored for safekeeping. These FFPE blocks contain precious information
regarding the elemental composition of normal/tumor tissue that is not harvested because there is
no suitable analytical tool for elemental analysis of these samples. In what regards EDXRF, paraffin
embedding process alters the sample’s matrix permanently, hindering the application of common
quantitative approaches based of Certified Reference Materials (CRMs).

In this work we have analyzed 12 sets of mirrored tissue samples, processed as pellets or after FFPE,
in order to develop calibration curves and parametrize the influence of paraffin in the intensity of
elemental peaks in the EDXRF spectrum.
Measurements were performed using Bruker M4 Tornado EDXRF systemwith Rh anode X-Ray tube.
Calibration curves for S, Ca, Fe, Cu and Znwere obtained with and without correcting the intensities
for the Rh Ka Compton to Rayleigh ratio. A 13th set of samples was used for validation, comparison
of the intensity obtained in the FFPE tissue block and as pellet (true value).

Results show that using both uncorrected and corrected approaches the obtained intensities present
a bias towards the true value lower than 13%. On the other hand, precision of the method is still too
low, so there is a need to increase sample size and reduce the uncertainty of the method.

Poster Session / 97

Study of gaseous argon scintillation in the 160-650 nm range
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Argon gaseous detectors have beenwidely used in darkmatter search and neutrino experiments over
the last decade, owing to their unique ionization and scintillation characteristics. The primary and
secondary scintillation in argon mainly result from the radiative de-excitation of singlet and triplet
excimer states produced at gas pressures above 100 mbar. This well-known light production mech-
anism dominates the argon scintillation spectrum, consisting of Gaussian-like emission, centered at
128 nm, with a 10-nm width, commonly referred to as the 2nd continuum. On the other hand, alter-
native scintillation mechanisms, such as neutral bremsstrahlung and 3rd continuum emission, have
been less studied due to their lower scintillation yield compared to the 2nd continuum. Despite this
fact, their longer wavelength region, covering from the near vacuum ultraviolet to the near-infrared
range, is typically more accessible to current photosensors, thus eliminating the need for wavelength
shifters. In this work, we conducted a systematic study on the yield and time properties of the pri-
mary and secondary scintillation emissions in gaseous argon within the 160-650 nm wavelength
region. In addition to the fast emission, we observed a slow component with time constants of the
order of tens of microseconds. The yield and time properties of the slow contribution was studied
for a wide range of electric fields values.
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Electroluminescence (EL) is the phenomenon of light emission, by a material, following electron im-
pact in the presence of an external electric field. Gas Proportional Scintillation Counters (GPSC) use
this effect in noble gases as an amplification process of the ionization signal induced by radiation
interaction in the gas. Several geometries have been proposed and developed for this type of radi-
ation detectors, the most common being the double grid assembly defining two different regions,
the absorption and the electroluminescence region. One limitation in this type of detector is the
ratio between the size of the detector radiation-window to the size of the photosensor reading out
the EL. This restricts the large-window operation as the solid angle subtended by the photosensor
relative to the electroluminescence region is dependent on the location of the radiation interaction
in the gas medium. In this work, we propose the use of an annular electroluminescence region from
which the solid angle of the EL production in respect to the photosensor is constant. This enables
the use of a large radiation window area as the photon emission position is independent from the
position of the primary interaction. Other advantages are inferred such as the simpleness of the de-
tector design along with the low power electronics possibility, contributing both to a portable GPSC
solution. We report on the latest results for the energy resolution capabilities for 5.9, 22.1 and 56
keV following the latest improvements in the electric system and in the light collection, reporting a
GPSC with a radiation window area of 50 cm2 and a photosensor sensitive area of 18 cm2 for Xenon
gas at 1.09 bar. Also reported are the results for large area capabilities for several ratios between
the window size and photosensor active area, presenting an exceptional performance for six times
the radiation window area, in respect to the photosensor sensitive, 2 cm2 area, using an LAAPD.
Several results are also presented from a comprehensive simulation study of the detector obtaining
a good agreement between the simulated and experimental performance, the latter obtained using
the x-rays interacting directly with the LAAPD to calculate the electroluminescence yield. This type
of portable room-temperature detector, with large-detection-area and large-detection-volume, can
compete with solid-state detectors in x-ray astronomy applications.
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Determination of the absolute primary scintillation yield of pure
krypton
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Gas Proportional Scintillation Counters (GPSC) are gas-filled detectors in which the charge signal
produced by radiation interaction is amplified by secondary scintillation promoted by electron im-
pact (electroluminescence) taking place in the gas. Primary electrons produced by the interacting
radiation are driven towards a scintillation region, where the applied electric field is high enough to
excite but not ionize the noble gas atoms, producing a scintillation pulse through atom de-excitation
proportional to the number of primary electrons and, thus, proportional to the incident x-ray energy.
Additionally, the primary scintillation light produced is used as the event trigger in several present
experiments. In order to decide what gas to use in a given experiment, it is of utmost importance
to determine parameters such as the electroluminescence yield and the primary scintillation yield
for each candidate. Pure noble gases are an obvious choice for this kind of experiments. Krypton is
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denser than argon, much less expensive than xenon, presenting even the highest absorption cross
section for x-rays in the 14–34 keV energy range. These are advantages in applications where large
detection volumes and high pressure are required. Using a GPSC coupled to a photomultiplier tube
we have performed experimental studies on the primary scintillation yield for krypton. Preliminary
results were obtained for 5.9- and 14.3-keV x-rays.
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Wave-Length Shifting (WLS) fibers are optical fibers specially designed to shift the wavelength of
incident ultraviolet or blue light to longer wavelengths, namely green light. The usage of WLS fibers
for xenon scintillation readout offers several advantages, including enhanced light yield due to effi-
cient conversion of UV/blue scintillation photons to visible light, reduced sensitivity to electromag-
netic interference and improved spatial resolution, rendering them valuable for precise detection in
xenon-based particle physics experiments. Xenon is extremely important in experiments regarding
rare event detection, specifically in experiments for neutrinoless double beta decay and direct dark
matter searches. To conduct research on the readout of WLS fibers, simulation studies will be per-
formed to assess some characteristics of the fibers, namely their overall losses. For that purpose, an
optical, light-tight box has been assembled to house a system consisting of WLS fibers and optical
detection instrumentation for experimental validation of the simulated results.
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Since the dawn of the chirped-pulse era 1, rotational spectroscopy emerged as an outstanding tool
for structure-solving, enabling novel exploratory approaches with unprecedented tracing capabili-
ties 2. The enhanced sensitivity and broadband capabilities of chirped-pulsemicrowave spectroscopy
unlocked investigations into increasingly intricate molecular species 3, including notable examples
such as artificial molecular motors 4. Leveraging the inherently narrow line widths of rotational
transitions, microwave spectra are unique molecular fingerprints, facilitating unambiguous determi-
nation of precise three-dimensional structures and even enabling identification and quantification
of enantiomers through recently developed strategies [5,6]. In this contribution, we will discuss
recent findings showcasing the wide-ranging applications of broadband rotational spectroscopy, in
the realm of molecular structure elucidation and beyond.
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The detection of ionizing radiation is of vital importance in various branches of science, medicine,
border security and environmental monitoring, among others. The development of new detection
systems that have versatility of applications, of easy production and manipulation with viable costs
has been one of the fields of application of many recent studies, namely in the field of neutron de-
tection, since the main system to detect these particles is still based on helium 3, which is scarcely
available, and its availability has progressively been decreased over time. Liquid and plastic scintil-
lators are a viable alternative, as they are relatively easy to produce and can be produced in large
sizes and formats. This work presents the study and development of different systems of organic
scintillators with application in the detection of fast and thermal neutrons. Exploring different com-
positions for scintillators (plastic and liquid), making use of different compounds containing Boron
or Lithium, incorporated into the scintillator matrix in a homogeneous and heterogeneous way is
the aim of this work. Some preliminary results of this development are presented.

Poster Session / 103
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In this Poster, we will present a proposal for a robust gamma radiation detector system for aerial
mapping and radiation surveillance. It entails assembling and calibrating the detector using four
high-resolution crystals and studying the effects of a VETO system. The detector will be equipped
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with real-time communication capabilities and AI algorithms for data analysis and source identi-
fication. Additionally, the suitability of crystals with high intrinsic background radiation will be
explored, aiming real time energy calibration. Ultimately, the project aims to generate radiation
maps for specific areas in the United Arab Emirates.
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The PISA Photosensor for Multi-Ton Rare Event Detectors
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The search for dark matter is one of the highest priorities in contemporary modern particle physics
roadmaps. Direct detection experiments employing noble liquid detectors are currently limited by
the radioactivity from the detector materials, mostly from the specially radio-clean photomultiplier
tubes (PMTs), contributing to the background at ~ 80% level. Large area avalanche photodiodes and
SiPMs have limited gain or too small active areas to be alternatives to PMTs. We propose a sim-
ple concept, the Photon Induced Scintillation Amplifier (PISA), as an innovative high-gain photon-
multiplier with imaging capability. Instead of a multi-element stack of micropattern electron mul-
tipliers, in the PISA a true photon-multiplier is conceived. The secondary scintillation produced in
the charge avalanches that take place inside the holes of the micropattern electron multiplier will
be read out by suitable photosensors, like SiPMs. The PISA will be cost effective and allow for area
coverage above 80%, maximizing the photon detection efficiency. The SiPMs can be distributed in
a 2D array with a pitch suitable for the imaging capability. The PISA concept offers an attractive
alternative to PMTs and other photon-detector concepts for dark matter direct detection and other
high-energy physics experiments.
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α-pinene is the most abundant monoterpene in the atmosphere and its oxidation yields to several
oxygenated species that play a major role in the formation of secondary organic aerosols. α-pinene
oxide (C10H16O) is generated from the reaction of ozone with α-pinene and has been shown to con-
tribute to the formation of organosulfates under atmospheric conditions. Thus, understanding its
interactions with atmospheric molecules is crucial to explain the first steps of molecular aggrega-
tion in the aerosol formation. Here, we present the investigation of the hydrates of α-pinene oxide,
C10H16O···(H2O)n (n=1,2), using two different chirped-pulse Fourier transformmicrowave spectrom-
eters operating in the 2-18 GHz frequency range,1,2 supported by quantum chemical calculations.
The hydrates consist of water chains anchored to the oxygen atom of α-pinene oxide by a primary
O−H···O hydrogen bond and further stabilized by secondary C−H···O interactions. The structures
of these hydrates have been further confirmed by the analysis of the rotational spectra of their 18O
water isotopologues and compared with those of related
species.

References
1 doi:10.1063/5.0147909, E. M. Neeman, N. Osseiran, T. R. Huet, The gas-phase structure determina-
tion of α-pinene oxide: An endo-cyclic epoxide of atmospheric interest, J. Chem. Phys. 158, 154304
(2023).
2 doi:10.1016/j.saa.2021.120846, C. Cabezas, M. Juanes, R. T. Saragi, A. Lesarri, I. Peña, Water bind-
ing to the atmospheric oxidation product methyl vinyl ketone, Spectrochim. Acta A Mol. Biomol.
Spectrosc. 270, 120846 (2022).

Page 63


	Photodeactivation mechanisms of graphene quantum dots 
	Charged nanosilicate Clusters and their Interaction with Oxygen: Astronomical Relevance 
	Simulating interstellar temperatures in the laboratory to study the gas-phase OH+NH2CHO reaction 
	Atmospheric impact of hydrofluoroethers (HFEs) at a global scale: Can HFEs contribute to the global warming? 
	Recent developments of the Geant4-DNA extension of the Geant4 Monte Carlo simulation toolkit 
	Ultrafast dynamics in microsolvated biomolecules 
	Extreme-ultra-violet emission of W ions with open 4f-shell 
	Proton diffusion in a benchmark entangled hydrogen bonding network 
	Laser excitation of the ground-hyperfine transition in muonic hydrogen 
	Gas-phase reaction of 2-methyl-2-pentenal with Cl atoms: kinetic and product study 
	First-principles computations on guest-host (lattice) systems: He inclusion in hydrates 
	The cationic lithium dimer solvated in He clusters: Molecular Dynamics Simulations. 
	Ultralong-range Cs-RbCs Rydberg molecule: non-adiabaticity of dipole moments 
	High-wavenumber compressive Raman spectroscopy: a faster tool for melanoma diagnosis. 
	C5N− in collision with He: rotational transitions in the ISM 
	Exploring space chemistry: quantum spectroscopic characterization of Ng-containing molecules through machine learning algorithms. 
	On the Determination of Lipid Monolayer Langmuir Isotherms via Molecular Dynamics. Too big of a stretch? 
	Single photon autioinization of aromatic molecules in solution 
	Simulation of Pm-Like Bismuth Spectra in an EBIT 
	Using a 125 μm thick COBRA to increase the light yield of He-CF4 gas mixtures 
	Exploring the secondary structure of Host Defense Peptides in their biological environment. A Molecular Dynamics approach. 
	DIRAC-FOCK CALCULATIONS OF AUGER SPECTRUM IN Au: IMPACT ON SENSITIZED RADIOTHERAPY WITH NANOPARTICLES 
	A new analytical potential energy surface for (H2+)He cluster 
	Quantum Stereodynamics of cold collisions between two aligned molecules 
	Understanding the formation of aromatic compounds in the interstellar space 
	Variational principle to regularize machine-learned density functionals 
	Molecular Dynamics Simulations Shed Light on Antimicrobial Peptide Interactions with COVID-19 Altered Membranes 
	Theoretical-computational comparative study of the persistent organic pollutants: adsorption, detection and permeability 
	Lipid monolayers as membrane models for cancer and infection: a synergic in-vitro/in-silico study 
	RAMAN THERMOMETRY OF CONFINED GAS MICRO-FLOWS 
	Exploring the Interaction of Endogenous Therapeutic Peptides with Lipid Membranes: Insights from Biased calculations. 
	Status and recent results of the XENONnT experiment 
	Investigating the Catalytic Mechanism of β-Cyclodextrin Dimer in Previtamin D3 Isomerization 
	TRIGGERING EXCITED STATE DYNAMICS IN GRAPHENE QUANTUM DOTS: THE ABSORPTION SPECTRUM OF CORONENE AND CIRCUMCORONENE 
	Measuring physical quantities of CO2 by Raman spectroscopy 
	Improvement and benchmarking of atomic data for kilonova modeling 
	The Plasma Window as a Vacuum-Atmosphere Interface for Measurements of Stellar Neutron-Induced Reaction Cross Sections 
	Magnetic resonance spectroscopy and imaging in the CASPEr dark matter experiment 
	Time evolution of natural orbitals in ab initio molecular dynamics 
	Computational Ingredients to Model Biological Processes 
	Benzimidazole: One molecule - two photoreactions 
	A computational study of the mode of action of the DAD photoswitch in the NaV1.5 channel 
	Unveiling the photosensitivity mechanisms of UVB filter PABA 
	Effect of the intersystem crossings in the S⁺+H2 reaction 
	The Raman spectrum of diacetyl revisited 
	Interstellar detection of carbonic acid (HOCOOH) at last 
	Non-Covalent Interactions in Carbon Dioxide Clusters: Comparison Between the Thiophenol-CO2 and Benzylmercaptan-CO2 Dimers Using Microwave Spectroscopy 
	On the use of in-situ non-invasive spectroscopic techniques to unveil ancient artistic materials 
	Application of X-ray spectroscopy instrumentation in Forensic Sciences 
	Chemical characterization of microplastics by small-spot Energy Dispersive X-ray Fluorescence 
	Exploring Chemical Pathways in Molecular Clouds: Unraveling CS Chemistry through CH + S, CS + H, and C2 + S Reactions 
	Water-Induced Energy Reordering of the Equilibrium States in an Imine-Based Molecular Switch 
	Laser-induced breakdown spectroscopy: challenges and perspectives for scientific, technological and industrial applications 
	Laser-induced breakdown spectroscopy as a sorting tool for high quality recycled wood chips in industrial environment 
	Unveiling the molecular conformation of 2-(2-pyridyl)benzo[b]thiophene using jet-cooled rotational spectroscopy 
	NEXT - An international network for Nonlinear Extreme ultraviolet to hard X-ray Techniques 
	Ultrafast X-ray and optical studies of charge carries dynamics in colloidal quantum dots 
	NEXT: a neutrinoless double beta experiment 
	Unveiling the Aggregation Patterns of Curcumin and Piperine Mixtures in different Polar Media: A Molecular Dynamics Investigation 
	Atomic Calculations and Data Using the MultiConfiguration Dirac-Fock General Matrix Elements (MCDFGME) code 
	The Innovative PISA Concept in Medical Imaging 
	Absolute primary scintillation yield in Xe for electrons and alpha particles 
	Strong Field QED Analysis With Bayesian Model Selection for He-Like Ions 
	Real-time observation of conical intersection in biomolecules 
	Strategies for improved light detection in noble element radiation detectors 
	Real-time imaging and control of electron motion in molecules: towards attochemistry 
	X-ray Imaging with GEM-based detectors using Single-Pixel Imaging techniques 
	Exploring Quantum Tunneling in Organic Reactions 
	Present and Future of the ALBA Synchrotron 
	Optical negative ion drift operation at nearly atmospheric pressure 
	Modelling Enzyme Activity Behind Antimicrobial Resistance 
	Photophysics of protonated vanillin in the gas phase: a laser action spectroscopy and theoretical approach 
	Investigating Heavy Metal Elemental Distribution in Zebrafish (Danio Rerio) 
	Photodissociation dynamics and alignment of CH2BrI in the third absorption band at 193 nm 
	Comparison of the photodissociation dynamics of alkyl nitrites in the A and B absorption bands 
	Dynamics of the photodissociation of methylamine: H and CH3 displacement channels 
	THCOBRA detector performance in mixtures of Kr/Xe mixtures 
	Surprising reaction dynamics of radical cations following electron ionization 
	Molybdenum disulfide coated gold nanostructures for biosensing using SERS 
	Exploring materials chemistry in flatland by applying surface spectroscopic methods 
	Breakthroughs in Solar-Powered Lasers 
	Unveiling the interstellar grain surface chemistry by means of quantum mechanical simulations 
	Complex forming reactions at the low temperatures of interstellar medium: from statistical to statistical methods 
	Ultrafast inter-system crossing in triply fused porphyrin - nanographenes 
	Azobenzene Molecules Towards the Creation of Molecular Photonics 
	New insights on the non-adiabatic dynamics of the ultrafast photodissociation of the methyl iodide cation 
	Probing molecular dynamics using ultrafast XUV transient spectroscopy 
	Ultra-Thin Converter Layers for Gas Based Neutron Position Detectors 
	AMBER: an experiment for Hadron structure 
	Neutral bremsstrahlung emission spectrum in argon 
	Nuclear Fusion Challenges and the Portuguese contribution 
	Evaluation of matrix effects on Formalin Fixed Paraffin Embedded tissue samples using μ-EDXRF 
	Study of gaseous argon scintillation in the 160-650 nm range 
	A Gas Proportional Scintillation Counter with annular geometry 
	Determination of the absolute primary scintillation yield of pure krypton 
	Application of WLS fibers for xenon scintillation readout 
	MOLECULAR STRUCTURE ELUCIDATION AND BEYOND WITH MICROWAVE ROTATIONAL SPECTROSCOPY 
	Development of organic scintillators for neutron detection 
	Optimization of a drone-mounted gamma scintillation detector for radiation mapping, surveillance and search operations 
	Registration 
	Opening Session 
	The PISA Photosensor for Multi-Ton Rare Event Detectors 
	MICROSOLVATION OF α-PINENE OXIDE AS OBSERVED BY BROADBAND ROTATIONAL SPECTROSCOPY 

