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Summary

The main aim and objective of the Action is to

provide a platform for coordinated efforts among different communities in Europe to redefine the state of the
art on confined molecular systems and transfer the new generated knowledge to a sustainable industrial
development and to the field of Astrochemistry

During its first two years the Action progressed the achievement of this as
described below

The proposers of the COST Action "COSY" have undoubtedly created a leading research and training
network focused on confined molecular systems across Europe and beyond, which is composed of over
360 members from over 44 countries. This effort has been carried out through the right combination of
cutting-edge basic science and perspectives for real applications to the benefit of the European community.
Within our network, the concept of confinement has certainly grown further beyond spatial cage-like
confinement and/or pressure-exerted situations restricting molecules to a finite volume. The COST network
has cooperatively addressed a broad range of confining environmental conditions, from those relevant in
nanomaterials research to those occurring in the interstellar medium, and jointly developed and/or applied a
rich variety of experimental and theoretical-computational tools, including progresses on new methods
development, clearly surpassing the state-of-the-art, and machine-learned representations. The research
achievements have led to over 160 scientific publications on topics of the five Working Groups (WGs) of the
COST Action. The clear objectives for each WG have been targeted in a total of fourteen deliverables.
Much better than expected the goals in nine deliverables have been achieved, with clear progress on the
remaining five deliverables. As expected for the outcomes from a highly creativity and enthusiastic
community, our research accomplishments have gone beyond the original deliverables. As a result, five out
of six research coordination objectives have been achieved to 76-100%. Similarly, six out of eight capacity
building objectives are considered to have been reached to 76-100%. The latter has reflected our
commitment to raising the excellence of network research on confined molecular systems with
inclusiveness as a catalyst. A variety of measurements such as the celebration of training schools and
meetings providing hands-on science communication skills, have allowed that the difficulties due to
imbalances in the network of proposers, especially in the proportion of early career researchers (6%), have
been successfully overcome. At present, 40% of the WG members are young researchers, having taken
34% of the leadership positions of our COST Action. By enhancing our efforts aimed at a more inclusive
scientific community, our COST Action is expanding opportunities for ITC researchers, ensuring that
geography or funding limitations do not impede their participation. Thus, the percentage of members from
ITCs has increased from 27% in the original proposal to over 40%. Thus, over 54% young researchers from
ITCs were supported for transnational mobility through short-term-scientific missions in the second grant
period. Moreover, to increase the proportion of female researchers (34% in the proposal), the FemCOSY
group has been created, led by a female young researcher from an ITC, with a 48% of the leadership
positions having been taken by female researchers. Now the focus is on engaging Small and Medium-sized
Enterprises (SMEs) and building academia-industry connections in (sub)nanotechnology (NANOGAP,
Hysun, TheNextPangea) and artificial intelligence (Pending Al). Early Career Investigators are creating their
own start-ups (nanoKAT), based on methods developed within COSY. To coordinate the SME sector
efficiently in upcoming grant periods, the position of SME co-Coordinator is re-opened.

Action website

https://cost-cosy.eu
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Achievement of MoU objectives, deliverables and additional
outputs/ achievements

MoU objectives

The Action reported the following progress in achieving its specific objectives.

MoU objective

Joint strategy to
combine ab initio
methods with DFT
and ML for
describing molecul
e-environment
interactions;
integration of multi-
scale embedding;
extension of
selected methods
to describe open-
shell and highly
polarizable
systems, charge
transfer and
excited states;
generation of the
COSY-INTER
dataset;
development of
training
opportunities on
composite
methods for
COSsY.

Level of
progress

76 - 100%

Further information (hyperlink or other)

Understanding the nature of the interaction between atoms/molecules/clusters
with their inorganic materials support at the molecular-level is essential. Second-
order Mgller-Plesset perturbation theory (MP2) is one of the most cost-efficient
single-reference (ab initio) post-Hartree-Fock wave-function-based theories that
can be applied to these interactions considering adequate molecular models of
the support, and thus complementing state-of-the-art dispersion-corrected density
functional theory (DFT). However, the resulting cluster-support interaction is
typically overestimated with the MP2 method and must be corrected. Within the
framework of Working Group 1 (WG1), the coupled MP2 (MP2C) scheme,
replacing the uncoupled Hartree-Fock dispersion energy by a coupled dispersion
contribution, has proven to describe accurately van-der-Waals (vdW)-dominated
interactions between closed-shell atoms/molecules/clusters and carbon-based
supports. Within a joint Spain-Poland collaboration, the accuracy of a MP2C-
based scheme has been evaluated in modelling open-shell cluster-support
interactions that imply charge transfer or other strong attractive energy
contributions beyond vdW forces. For this purpose, the interaction of Cu3 with
molecular models of graphene of increasing size (benzene and coronene) has
been considered, achieving sub-chemical precision (within 0.1 kcal/mol). The
proposed "COSY" open-shell MP2C-based approach is expected to be of general
applicability to open-shell atoms, molecules, and clusters interacting with
polycyclic aromatic hydrocarbons (PAHSs) for regions of the potential landscapes
where single-reference electronic structure descriptions suffice (DOI:
10.1039/D4RA05401F). This approach has been extended to excited states,
allowing to determine the parameters of an inter-atomic potential model
applicable in molecular dynamics (MD) simulations on the nanoseconds scale,
and thus contributing to the COSY-INTER dataset. Other methodological
developments of WG1 include the creation of a new non-perturbative approach
for calculating interaction energies (temporarily named the non-orthogonal Pauli
Blockade approach) within the framework of a UK-Poland collaboration. This
method captures induction energy to infinite order and generates 'interaction-
dressed' orbitals. Additional WG1 developments within Symmetry Adapted
Perturbation Theory (SAPT) encompass the application of perturbation theory for
interaction-induced properties such as dipole moment surfaces interaction-driven
density changes. Moreover, within a China-Poland collaboration, the newly
developed multi-configurational SAPT method has been applied to study
complexes of a model chromophore in excited states with small molecules,
allowing to investigate in detail changes in the inter-molecular interactions upon
electronic excitation. Within WG1, additional efforts addressed the improvement
of inexpensive semi-empirical methods for non-covalent interactions, utilizing
Artificial Intelligence extensively. Within a Poland-France-US-UK-Spain
collaboration, the use of Machine Learning has been enhanced for automatic
potential generation, developing a family of potentials through the so-named
autoPES protocol. These potentials, crucial to astrochemistry, mainly focus on
molecular collisions such as those between benzonitrile, H2CI+, and fragments of
carbon chains, with H2. They have been applied to calculate collision rates for
astrochemically relevant systems. Furthermore, studies on molecular dynamics in
cometary comae have been initiated, which require more complex potentials,
particularly for the interactions between simple molecules (like HCN) and water or
CO, to better understand the leading processes in such environments (DOI:
10.1063/5.0173751). Between the activities of WG1, the organization of the
meeting "Spectroscopic and Collision Phenomena in Atmospheric
Photochemistry, Astrochemistry, and Planetary Sciences" along with Working
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Development of a
common
methodology for
investigating
molecular motion
in confined
structures;
combining
multiscale
Molecular
Dynamics, Monte
Carlo treatments
and experimental-
computational
protocols to create
new open-access
codes for
macroscopic
studies of
confinement
effects; generation
of the COSY-DYN
dataset.

Joint strategies to
integrate synthesis
and theoretical-
experimental
characterizations
of stability,
chemical reactivity,
diffusion, alloying,
magnetic and
optoelectronic
properties of novel

76 - 100%

76 - 100%

Group 5 stands by.

An in silico method has been proposed to design a new metal-organic framework
(MOF), named ZTF (for the zinc triazolate-based framework), exhibiting good
adsorption properties for CO2 capture. Within a Serbia-France-Tunisia
collaboration framed in Working Group 2 (WG2) of the COST Action, in the
search for new alternatives for the capture of SO2 and H2S pollutants, an
accurate force field-based approach has been developed for simulations of the
adsorption properties of sulfur gases (SO2 and H2S) in newly designed ZTF
metal organic frameworks (DOI: 10.1039/D2CP04295A), with the article having
been featured as the cover of the journal Physical Chemistry Chemical Physics.
By carrying out Grand-Canonical Monte Carlo (GCMC) simulations, it has been
demonstrated that the recently designed ZTF MOF composed of triazolate as the
organic ligand and Zn(ll) as the metal linker, as well as MAF-66, exhibits
excellent SO2 and H2S adsorption capacities at different gas pressures, in
agreement with experimental findings. According to the diverse analyses
performed, this sequestration is associated with several types of interactions
occurring between gas — nanomaterials pores, indicating that sulfur gases are
physiosorbed rather than chemisorbed avoiding irreversible structural
modifications of MOFs and possible drawbacks for recycling these nanomaterials
and their subsequent industrial uses. Molecular simulations reveal that these
effects are crucial in modulating the selective sequestration of gases. This activity
is associated with the creation of open-access data for microscopic studies of
confinement effects (COSY-DIN). Further developments are on the way as a joint
effort of research groups from Serbia, France, Tunisia and Estonia.

In the quest of stabilizing atomically precise metal clusters of sub-nanometer size,
within a South Africa-Spain collaboration, ab initio molecular dynamics (AIMD)
simulations have been carried out (see DOI: 10.1039/D2CP05843J). The AIMD
simulations performed at 400 K illustrated how the intrinsic defects of graphene
sheets, carbon vacancies, are capable of sticking individual Cu5 clusters.
Furthermore, the AIMD simulations showed the dimerization of Cu5 clusters on
defect-free graphene, in agreement with high-level ab initio predictions on
unsupported clusters (DOI: 10.1039/D2CP03537E). These findings have
demonstrated the potential of using graphene-based substrates as an effective
platform to stabilize metal clusters of subnanometer size. The study also showed
the usefulness of AIMD to provide information on the dynamic behavior and
reactivity at the atomic level of confined metal clusters, allowing the
understanding of catalytic processes and time-dependent properties. To
accelerate them, GPU, machine-learning (ML) accelerators and ab initio-based
interatomic potentials (DOI: 10.1039/D4RA05401F) are being developed,
contributing to the COSY-DYN dataset.

A Training School was organized in Belgrade (Serbia) about current
modeling/computational methods and their applications to treat interaction and
dynamics of molecular systems either isolated or in confined environments (see
book of abstracts at https://cost-cosy.eu/activity/training-school), attracting a large
number of young EU scientists. In addition, the first virtual WG2 meeting was
organized to gather leading experts in the field of molecular dynamics and
electronic spectroscopy. Presentations by young researchers have been
encouraged, as well as those addressed specifically Action Goals of the 2nd
Grant Period (see book of abstracts at https://cost-cosy.eu/activity/from-quantum-
to-classical-dynamics-of-isolated-molecules-and-3d-materials).

Working Group 3 (WG3) researchers have significantly contributed to
understanding the structure and behavior of subnanometric metal and metal-
oxide clusters. For example, a notable body of work focuses on uniquely stable
Cub clusters, their structural fluxionality, and behavior under chemical
environments and heat. Remarkably, a Spain-Argentina-France-Italy-Austria
collaboration found that Cu5 clusters undergo reversible oxidation by molecular
oxygen, a property, different from bulk Cu material (DOI:
10.1002/chem.202301517). The evidence of the air-stability of Cu5 clusters
opened the door for applications in energy and environmental technologies, such
as in visible light photocatalysis. A special issue was published in Physical
Chemistry Chemical Physics of the Royal Society of Chemistry (RSC) dedicated
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dataset collection
with industrial
partners in COSY-
NANO;
dissemination of
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results to public
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outreach.

Exploitation of
quantum fluid
properties of
helium droplets for
technological
applications;
promoting Europe
toward a
leadership position
in the field;
coordinated efforts

76 - 100%

to subnanometric metal clusters (DOI: 10.1039/D3CP90063K) and the Action
Chair published a Perspective presenting an outlook for their future research
(DOI: 10.1002/sstr.202400147).

Nanosized oxide clusters exhibit properties different from bulk due to quantum
confinement (QC). QC effects in (ZnO)n(H20)4 (DOI:
10.1007/s00894-023-05641-1) and (TiO2)n clusters (DOI:10.1039/D3NR06189B)
were studied computationally regarding their structural, electronic and optical
properties, which can be tuned by varying the cluster size. Small Aun clusters
capped by protecting thiolate ligands with well-defined stoichiometry and
chemical structure (DOI: 10.1021/acs.jpclett.2c03923, 10.1039/D4CP00789A)
represent an important class of nanomaterials for both fundamental studies and
potential applications. Several studies addressed their optical properties,
including the synthesis and circular dichroism of intrinsic chiral clusters within an
Austria-Finland-USA-Switzerland collaboration (DOI: 10.1021/acsnano.3c06568).
An efficient polTDDFT approach allowed to calculate their optical properties with
high accuracy (DOI: 10.1021/acs.jpca.3c05368), having been applied to
plasmonic Ag nanoparticles under oxidizing conditions (DOI:
10.1021/acs.jpca.3c05801). The dynamic behavior of CeO2-supported doped
Au25(SR)18 clusters was studied in the water-gas-shift reaction (DOI:
10.1038/s42004-023-01068-0).

Many WG3 researchers focused their work on larger nanoparticles or other
nanostructures relevant to catalysis (including photo and electrocatalysis). We
highlight collaborative works such as cyclohexane oxidative dehydrogenation on
graphene-oxide-supported CoFe204 nanohybrids (Czech Republic-France-
Switzerland-Italy, DOI: 10.1021/acscatal.3c02592), low-temperature CO oxidation
on Pt/Ce02 catalysts (Spain-Russia-Czech Republic, DOI:
10.1016/j.jcat.2023.03.004), and dehydrogenative coupling of organosilanes with
alcohols on single-atom Au catalysts (Czech Republic-France-Italy-India, DOI:
10.1021/acscatal.3c03937). Other studies include CO2 reduction by plasmonic
photocatalysis (DOI: 10.1021/jacs.3¢c12470), oxygen reduction reaction by
CoOx@Pt (DOI: 10.1038/s41929-024-01180-x) or Zr-doped PtNi nanoparticles
(DOI: 10.1063/5.0193848), H202 photoproduction by carbon dots (DOI:
10.1002/smll.202206587). These works have provided a deeper understanding of
catalytic mechanisms and relevant properties, such as nanoparticle-support
interactions, the dynamic nature of active sites, charge separation upon
photoexcitation, and interactions with adsorbates. Some of the nanoparticle-
based systems developed are directly relevant to applications, such as highly
stable self-cleaning paints (DOI: 10.1021/acscatal.3c06203), sensors
(10.1002/adom.202300750, 10.1016/j.sbsr.2024.100629) and thermoelectric
applications (10.1002/adfm.202409216).

All the organized WG3 events significantly enhanced the knowledge-exchange,
interactions, and collaborations within and outside the Action. The second WG3
online meeting (https://cost-cosy.eu/activity/second-virtual-meeting-of-the-cosy-
wg3/) was celebrated on 27 November 2023, achieving good gender and age
statistics and strategic discussions. A satellite of the CSI-2024 conference was
celebrated on April 10 2024 (https://cost-cosy.eu/activity/cosy-satellite-of-the-
clustersurface-interaction-meeting) to strengthen the collaboration with the cluster-
surface interaction community. Finally, an international CATCOSY2024 Meeting,
co-sponsored by the RSC, was organized in Madrid by the Action Chair on 26-27
September 2024 (https://cost-cosy.eu/activity/workshop-facing-challenges).

Working Group 4 (WG4) has achieved significant progresses in investigating the
quantum fluid properties of helium nanodroplets (HNDs), aiming to utilize them for
synthesizing high-purity materials with precise control over size and composition.
These materials are promising for applications in nano-catalysis, energy
conversion, nano-photonics, nano-plasmonics, and bio-medical fields, particularly
in radiotherapies. Collaborations between Austria and Spain have resulted in
development of a novel method to aggregate atoms and molecules around
multiple charges created in large HNDs (10-100 nm radius) through electron
bombardment. This innovation has enabled the production of monodisperse
samples of metallic and heterogeneous nanoclusters, including stable dicationic
clusters and aggregates not achievable by conventional methods. Specifically,
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to synthesize and
characterize
technologically
relevant prototypes
of high-purity
materials, well
controlled in terms
of size and
composition, for
efficient
production;
integration in the
COSY-NANO
dataset.

Joint strategy for
bio-metal first-
principles
characterizations
and experiments
on metal
nanoclusters
interacting with
biologically
relevant molecules;
common
methodology on
the integration of
solvent effects,
charge transfer,
and transport
through the metal-

51-75%

cationic copper clusters, alongside clusters decorated with hydrogen, sodium,
and carbon dioxide, were produced and characterized within HNDs to evaluate
their nano-catalytic properties under highly controlled conditions (DOls:
10.1039/D3CP03452F, 10.1016/j.ijhydene.2024.07.425, 10.1039/D4CP01797H).
WG4 has contributed to understanding Jahn-Teller distortions in atomically
precise metal clusters. A collaboration between Spain and France demonstrated
that bipyramidal Cu5 clusters exhibit Jahn-Teller fluxionality, providing a
methodological protocol for studying pentamer metal clusters with conical
intersections (10.1002/cphc.202300317). This work was recognized with a front
cover feature (DOI: 10.1002/cphc.202300638). Studies on ion solvation dynamics
in HNDs further enhanced our understanding of HND dynamics and ionization
processes, which are crucial for developing tailored nanomaterials (DOI:
10.1063/5.0205951). Within a Germany-Austria collaboration, the charged-HND
technique was used to spectroscopically investigate astrophysically relevant
fullerene anions (DOI: 10.1103/PhysRevResearch.6.L.012045). Theoretical
studies have shown that superfluid HND motion facilitates the soft-landing of both
neutral and charged metal atoms on zero-temperature graphene, highlighting
how high-density quantum fluctuations can brake charged species during surface
deposition (DOI: 10.1039/D3CP01303K). An Austria-Croatia collaboration
introduced diamondoid ethers into HNDs, demonstrating their self-assembly
driven by London dispersion forces (DOls: 10.1039/D3CP00489A,
10.1039/D3CP02367B). WG4 has also focused on electronically excited and
ionized HNDs, particularly studying resonant interatomic Coulombic decay (ICD)
phenomena. Collaborations among Denmark, India, Italy, and Germany explored
ICD processes in large He droplets, crucial for understanding energy transfer
reactions in quantum environments (DOls: 10.1103/PhysRevLett.131.023001,
10.1103/PhysRevResearch.6.013019). Studies on double excitation-induced ICD
in HNDs have offered new insights into ultrafast electronic interactions in weakly
bound confined systems (DOI: 10.1103/PhysRevLett.132.233001). Additionally,
research into the fragmentation of water clusters and nano-hydrated
biomolecules through charge transfer and Penning ionization in doped HNDs is
relevant for catalysis and nanostructure formation in biological systems (DOls:
10.1063/5.0194098, 10.1039/D3CP02879H). To expand this research, progress
has been made in developing ultrafast light sources, particularly bright,
continuously tunable vacuum ultraviolet (VUV) femtosecond pulses for ultrafast
spectroscopy (DOI: 10.1038/s42005-024-01226-1). This tool enables real-time
observation of dynamic processes in the VUV spectral region, advancing time-
resolved spectroscopy of HNDs. Reconstructing kinetic energy distributions from
time-of-flight mass spectra (10.1063/5.0150934) have also improved the analysis
of ionization and fragmentation dynamics. Theoretical studies have focused on
quantized vortex nucleation, filament, and jet formation in superfluid HNDs
(10.1063/5.0165820, 10.1103/PhysRevA.107.063312, 10.1063/5.0143399),
impacting the aggregation processes of new materials in superfluid environments.
WG4 also organized a training school targeting young researchers on quantum
fluid clusters, particularly HNDs https://www.trainingschool.cost-cosy.eu/,
preceding the Quantum Fluid Clusters international conference
https://conferences.au.dk/qfc2024, organized by the WG4 leader.

The first step in studying the intermolecular interactions between open-shell metal
clusters and aromatic systems has been completed, including the development of
a theoretical and practical framework for their characterization, as well as
pairwise potentials that form the basis for creating force fields (DOI:
10.1039/D4RA05401F). These force fields are essential for molecular dynamics
simulations, which are often used to explore large-scale biological systems on
long timescales. This research lays the groundwork for investigating more
complex biological interactions, such as those involving the aromatic systems in
DNA's nitrogenous bases and certain amino acids, the building blocks of proteins.
Additionally, studies on the photoactivation and optical properties of metal
clusters (DOls: 10.1016/j.jcis.2021.12.186, 10.1002/sstr.202400147) have
revealed their importance not only in understanding catalytic processes but also
in potential cancer treatments, particularly in photodynamic therapy. By using
light-activated metal clusters to selectively target cancer cells, this work could
play a role in developing novel cancer therapies. As a starting point, the effect of
an aromatic system in the conical intersections featured by Jahn-Teller fluxional
metal clusters has been addressed by applying and further enhancing multi-state
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quantum effects in
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confined molecular
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interstellar
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accomplishment
evaluation of
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helium-droplet
mediated
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COSY-ASTRO
dataset;
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multireference ab initio theory (DOI: 10.1039/D4CP03271C). Besides
demonstrating that the identity of an isolated Jahn-Teller metal cluster can be
preserved against complexation with an aromatic system at a physisorption state
and lifted out at a chemisorption state, the results indicated that a correlation
exists between conical intersection topography and fluxionality in the metal
cluster's atom-atom motifs as well as the possibility of a photo-induced boosting
of structural fluxionality and photo-reactivity. This study is also important for
bioapplications due to its influence on photochemical and catalytic processes.
Conical intersections play a key role in tuning the electronic properties of metal
clusters, which impacts photostability, enzyme-mimetic catalysis, and oxidative
stress responses in biomolecules. Understanding these effects is essential for
optimizing catalytic efficiency, developing light-activated drugs, and enhancing
photodynamic therapy. Additionally, investigating how support interactions affect
conical intersections helps control energy dissipation in biomolecules, offering
potential for advancements in bioelectronic devices, biosensors, and bio-inspired
materials.

The 2nd Scientific Workshop for Students "Computational Physics of DNA" in
Kyiv, Ukraine was organized within the COSY network to train early career
investigators in biosimulations. The results of this event were published in the
Biophysical Bulletin
(https://periodicals.karazin.ua/biophysvisnyk/article/view/24324/22044). This
workshop not only provided essential training but also contributed to the creation
of a joint strategy for advancing bio-metal simulations, focusing on the integration
of solvent effects, charge transfer, and quantum phenomena.

During the 1st Grant Period (GP), Working Group 5 (WG5) achieved significant
results, including studying quantum delocalization and its rovibrational fingerprints
in van der Waals complexes through a Hungary-Germany collaboration (DOI:
10.1002/anie.202306744). WG5 developed a general method for producing and
investigating unstable/reactive species, determining accurate spectroscopic
parameters used to create precise line catalogs for astronomical searches (DOI:
10.1039/d3fd00052d). A collaboration between Poland and Finland focused on
low-temperature molecular aggregation and nucleation processes related to
atmospheric and astrochemistry (DOI: 10.3390/molecules28031430), while a
Tunisia-Spain collaboration explored photodissociation of species that affect
chemical processes in the atmosphere (DOI: 10.1039/d3cp01460f).

In the 2nd GP, WG5 concentrated on characterizing molecular systems and their
dynamics in astrophysical environments, setting up tools and strategies for these
investigations (DOI: 10.3389/fspas.2023.1211784). They contributed to
astrochemical database collection (DOls: 10.3847/1538-4357/ad5007,
10.3847/1538-4357/ad11dd) and explored radiative and collisional processes in
interstellar molecular clouds. Results included automated learning models for
spectroscopic characterization (DOI: 10.1016/j.aichem.2024.100059) and
multidimensional potential energy surfaces applied to molecular collisions at ISM
temperatures and high-energy plasma environments. Noteworthy studies
involved propargyl cation collisions with helium (DOI: 10.1093/mnras/stae1824),
electron-BeH+ collisions for fusion plasma modeling (DOI: 10.1039/d4cp01736f),
PO+ excitation by para-H2 (DOI: 10.1093/mnras/stad3140), and PAH molecules
forming hydrogenated fullerenes in circumstellar environments (DOI:
10.1039/D4CP01147C). New data for cyclopentadiene excitation by helium
impacts enabled improved interpretations of astronomical detections of large
cyclic species (DOI: 10.1039/D4CP01380H).

Short-term scientific missions (STSMs) produced new collisional data for cyclic
molecules in the ISM, dissociative recombination in H2+/HD+ systems, and
machine learning PES for MgC2-H2 collisions. Czechia-France collaborations
focused on acetonitrile fragmentation, Italy-France explored PAH reactions, and
Turkey-France studied NO+ + H2 collisions. AColnode, a versatile database for
excitation, ionization, and recombination data, was created. Thermochemical and
kinetic calculations offered insights into PO formation (DOI:
10.3847/1538-4357/ad1ffa) and CH2SO isomers (DOI: 10.1093/mnras/stad2253),
alongside studies of reactions between methanimine and small radicals
(10.3847/1538-4357/ad11dd). Photodecomposition processes of CH2Br (DOI:
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10.1063/5.0187546) and acetaldehyde (DOI: 10.1063/5.0207362) were explored,
while new reactivity studies include glycolamide formation in icy mantles via
STSMs.

Spectroscopic characterization during the 2nd GP involved collaborations on high-
resolution spectra of species relevant to Earth-like exoplanets, with new
transitions for *C**02 (10.1002/jcc.27266), '**0*2C'0 (DOI: 10.1002/jcc.27453),
and N20O (DOI: 10.1016/j.jgsrt.2024.108902). Additionally, high-resolution ro-
vibrational lines were reported for molecular complexes such as (HF)2 (DOI:
10.1080/00268976.2024.2341106), including highly-excited vibrational states
(DOI: 10.1002/ijch.202300092). Focusing on the ISM, rotational spectroscopy
measurements enabled characterizations of deuterated (DOI:
10.1021/acs.jpca.4c02533) and hetero-aromatic species (DOI:
10.1039/d3cp03984f), as well as ions (DOI: 10.3847/1538-4357/ad5007).

WGS5 studies extended molecular collision data to new species, contributed to the
COSY-ASTRO datasets, and worked on the IUPAC definition of physicochemical
quantities (10.1039/9781839163180). They explored PAH complexes'
contributions to diffuse interstellar bands, revealing vibrational distortions in PAH
systems (10.1039/D4CP03271C). Efforts also focused on detecting organic
molecules in Martian soil (10.1038/s41598-024-66669-8, 10.1089/ast.2023.0088),
identifying cyano-astroCOMSs (10.3389/fchem.2024.1439194), and predicting
spectral data for carbamic acid dimers in NH3-CO2 ices (10.1002/jcc.27442).

Concerning the dissemination of research results, besides the presentations at
the conferences attended by WG5 members, a position paper is in preparation. A
joint WG1-WG5 meeting was held in Poland (https://cost-cosy.eu/activity/spectros
copic-and-collision-phenomena-in-atmospheric-photochemistry-astrochemistry-
and-planetary-sciences/).

The proposers of the COST Action "COSY" have undoubtedly created a leading
research and training network focused on confined molecular systems in Europe,
which is composed of over 370 members from 45 countries. This effort has been
carried out through the right combination between cutting basic science and
perspectives for real applications to the benefit of the community. Within the
network, our concept of confinement has certainly grown further beyond spatial
cage-like confinement and/or pressure-exerted situations restricting molecules to
a finite volume. The COST network has cooperatively addressed a broad range
of confining environmental conditions, from those relevant in nanomaterials
research to those occurring in the interstellar medium. The research
achievements have led to over 160 scientific publications of the five Working
Groups (WGs) of the COST Action. Thus, efforts within a Spain-Poland
collaboration in WG1 have resulted into the development of new approaches for
the interaction between a molecule and its confinement environment, reaching
sub-chemical accuracy (DOI: 10.1039/D4RA05401F). Within a WG2 Serbia-
France-Tunisia collaboration, Metal-Organic Frameworks (MOF) have been
uniquely designed for capturing and sequestering pollutants and toxic gases
through molecular dynamics simulations (DOI: 10.1039/D2CP04295A).
Remarkably, a Spain-Argentina-France-Italy-Austria WG3 collaboration found
that the smallest copper clusters undergo reversible oxidation by molecular
oxygen (DOI: 10.1002/chem.202301517), opening the door for applications in
energy and environmental technologies. COSY members from Spain, Italy,
Czech Republic and Croatia have acted as guest editors of a Royal Society of
Chemistry specail collection dedicated to subnanometric metal clusters (DOI:
10.1039/D3CP90063K), loowed up with a Perspective on their future research
(DOI: 10.1002/sstr.202400147). A joint Czech Republic-Denmark-Germany effort
within WG4 resulted into the development of a new tunable vacuum ultraviolet
source for ultrafast spectroscopy (DOI:10.1038/s42005-023-01513), assessing
the tunability in an experiment probing the interatomic Coulombic decay in doped
He nanodroplets across the He absorption bands. Within WG5, STSMs (involving
mostly young researchers) have contributed to new collisional data for cyclic
molecules in the interestellar medium (ISM), dissociative recombinations, and
machine-learned potential representations for addressing collisions of
astrochemical relevance through collaborations including Czech Republic,
France, ltaly, and Turkey. As another example of collaborative effort within WG5,
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a Hungary-Germany collaboration made possible to reveal quantum nuclear
delocalization effects and their rovibrational fingerprints for van der Waals
complexes (DOI: 10.1002/anie.202306744).

The training of young researchers on confined molecular systems has been one
of the most important goals. Thus, two Training Schools (TSs) have been
organized in Belgrade (Serbia) and Prague (Czech Republic), with the earliest TS
having uniquely addressing helium nanodroplets. In addition to scientific training,
the COSY Action emphasized hands-on activities to improve communication
skills. Key events, such as the Listen-to-My-Presentation event (https://cost-
cosy.eu/activity/the-1st-listen-to-my-presentation-event), encouraged early-stage
participants to present complex topics clearly and effectively, and receive
constructive feedback from the Science Communication Team. The “Improve
Your Presentation Skills” session, featured in the Second COSY Training School
(https://lwww.trainingschool.cost-cosy.eu/), also provided tailored guidance on
refining presentation techniques, boosting confidence, and ensuring clarity.
These initiatives empowered early-stage researchers to share their work more
effectively within the COSY network and beyond, complementing the scientific
achievements.

The COSY Action has provided a platform for exchange and collaboration among
research groups working on confined molecular systems. Spanning over 370
participants from 45 countries, the Action brought together theoretical and
experimental groups in fields such as atomic and molecular physics, physical
chemistry, biology, material science, and astrochemistry. By fostering a
collaborative environment, the Action enabled significant advancements in the
understanding and control of confined molecular systems, with impacts stretching
from fundamental science to applications.

General and dedicated meetings have been organized with the main purpose of
offering a forum for leading research groups on confined molecular systems in
Europe. The two General Meetings (see, e.g., https://cost-cosy.eu/activity/the-
second-cosy-general-meeting/) served as platforms for knowledge exchange
between Working Groups (WG) members and external participants, fostering
interdisciplinary collaboration. CATCOSY2024 (https://cost-
cosy.eu/activity/workshop-facing-challenges) brought together worldwide experts
in both theoretical and experimental metal and metal oxide (photo)catalysis. WG-
focused meetings (for the 2nd Grant Period, see, https://cost-
cosy.eu/activity/second-virtual-meeting-of-the-cosy-wg3, https://cost-cosy.eu/activ
ity/from-quantum-to-classical-dynamics-of-isolated-molecules-and-3d-materials, h
ttps://cost-cosy.eu/activity/spectroscopic-and-collision-phenomena-in-
atmospheric-photochemistry-astrochemistry-and-planetary-sciences) allowed for
deeper dives into specialized research areas such as intermolecular interactions,
theoretical methods development and machine-learning (WG1), molecular motion
in confined systems and biosystems (WG2), (sub)nanomaterials science and
(photo)catalysis (WG3), (superfluid) helium nanodroplets as confining
environments (WG4), and Astrochemistry (WG5). These meetings were crucial
for accelerating progress in the field, allowing for real-time discussions and
collaborative problem-solving. The combination of theoretical and experimental
approaches helped to build a comprehensive understanding of the behavior of
molecules in confined environments, which is central to both scientific discovery
and practical applications. The First and the Second COSY Training Schools
(see, e.g., https://www.trainingschool.cost-cosy.eu) were essential for building
capacity among early-career investigators, providing hands-on learning
opportunities from both senior and early-stage tutors, as well as soft-skills
training. STSMs promoted knowledge exchange across countries, mobility and
professional development of early-career investigators (ECIs), while an inclusive
approach ensured broad participation, prioritizing scientists from Inclusiveness
Target Countries (ITCs).

Moreover, collaborations between WG played an important role in the Action’s
success and was further supported by structured interactions during the
meetings, leading to the development of shared datasets (e.g. COSY-INTER-
NANO: https://github.com/piotrzuchowski/COSY _Inter_Nano) and methodologies
(e.g. https://patents.justia.com/patent/12068147 - patented method for producing
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charged clusters and nanoparticles out of the helium nanodroplets). This
interdisciplinary exchange directly contributed to advances in areas such as the
synthesis of new nanomaterials, the understanding chemical reactivity under
extreme conditions, and the characterization of quantum effects in confined
systems and interstellar medium. These results were disseminated widely
through high-impact publications (over 160, https://cost-cosy.eu/cosy-papers,
https://cost-cosy.eu/articles) and presentations at international conferences.
Furthermore, five podcasts (one by each Working Group) will be launched at the
end of the 2nd Grant Period to disseminate our results to a general audience.

Within the FemCOSY initiative we have established contact with Dr Tatiana
Lopez, CEO of the company Nanogap & Hysun, which participated to the event,
kindly sharing her knowledge and experience through a talk at the 2nd
FemCOSY event and subsequent round-table discussion. Representatives from
TheNextPangea company attended the CATCOSY2024 meeting, expressing
interest in the COSY Action's scientific objectives.

A collaboration was established with the "Pending Al" (a company developing
machine learning protocols for life-sciences, working on the world-wide scale with
units in Australia, Europe and US) enabling efficient studies of bio-polymers
confined architectures (DOI:10.1007/s00214-023-03046-0;
DOI:10.1101/2024.07.21.604493).

Within a COST Action research group, the nanoKAT project has been proposed
to define the groundwork for a new generation of nanoparticle catalysts, offering
the potential to make chemical processes more efficient, resource-conserving,
and less emissions-intensive. In fact, over 80% of all chemical products are
produced using catalysts, forming the basis of our modern standard of living. In
order to optimize the current status quo, precise control over nanoparticles’ sizes
and distributions is necessary. As this requirement is an ongoing challenge in
conventional nanoparticle production, a technique has been proposed based on
multiply charged helium droplets for the generation of monodisperse
nanoparticles. Helium droplets can stabilize several charge centers, which act as
nucleation centers for cluster growth when doped with atoms or molecules. As
the dopants distribute evenly on these nucleation sides and the ionization
probability of the helium droplets, as well as their pick-up probability scale with
the droplets' geometric cross-section, nanoparticles with a uniquely narrow size
distribution can grow (see "USA - Patent Nr. 12,068,147" in "Other Outputs").

During the 2nd Grant Period (GP), the COSY Network placed significant
emphasis on increasing participation and inclusivity, particularly for researchers
from Inclusiveness Target Countries (ITCs). Two major events—the 2nd Training
School and the 2nd General Meeting—were hosted in ITCs, specifically Czech
Republic and Poland. These events were co-organized by early-stage
investigators and other researchers from ITCs, highlighting the network's
commitment to promoting diverse contributions. Moreover, the 2nd Scientific
Workshop for Students "Computational Physics of DNA" was organized in Kyiv,
Ukraine. To further expand accessibility, COSY introduced several online
meetings, allowing ITC participants to participate without the need for travel
funding. This initiative enabled participants to receive training and contribute to
COSY’s efforts remotely. For example, the meetings of Working Group 2 (WG2)
and Working Group 3 (WG3) were held successfully online. During the General
Meeting, the Ukraine Management Committee (MC) member was also able to
fully participate online, including delivering an invited lecture. The 2nd Training
School featured a fully virtual session on intermolecular interactions in helium
nanodroplet systems and molecular dynamics, delivered by the AC Team.
Additionally, transversal meetings for the Early Career Researchers and
Innovators (ECIs), Science Communication, and FemCOSY groups were also
held online, reflecting COSY's commitment to inclusivity and accessibility. One of
the notable initiatives during this GP was the “Listen-my-presentation” event.
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Designed to help ECIs enhance their scientific presentation skills, this event was
largely attended by ECIs from ITC countries. After receiving overwhelmingly
positive feedback, plans are underway to repeat this event in the 3rd GP. This
approach ensures that COSY events are accessible to a wider range of
participants, regardless of funding or travel restrictions. Throughout the Grant
Period, ITC-affiliated researchers played an active role in COSY’s activities.
Whether at the General Meeting or the CATCOSY conference, a significant
number of ITC researchers contributed by attending, presenting lectures,
presenting their research, and chairing sessions. By continuing these efforts,
COSY is expanding opportunities for ITC researchers, fostering a more inclusive
scientific community, and ensuring that geography or funding limitations do not
impede participation. As a result of all our measurements, the percentage of
members from ITCs has been increased from 27% in the original proposal to 43%
(according to the draft of the Working and Budget Plan of the 3rd Grant Period).

Transnational mobility and support of scientific training for young researchers
through Short-Term Scientific Missions has been in both the First and the Second
Grant Period one of the highlights of our Action's achievements. COSY has
supported 16 successful STSMs in the 1st GP and over 20 successful STSMs in
the 2nd GP, while at the same time taking into consideration general COST
inclusiveness policies. Therefore, we supported over 40% young researchers
from ITCs and over 30% female researchers in the 1st GP, while increasing both
categories to 54% and 43%, respectively, in the 2nd GP. It should also be
mentioned that in the 2nd GP we also supported 2 researchers from COST Near
Neighbour Countries (NNC). In that way, COSY gave to our junior members an
equal and invaluable opportunity for scientific growth and training in state-of-the-
art scientific fields, despite their previous possibly less privileged background,
with an emphasis on scientific excellence and quality. By providing access to the
scientific infrastructure and to the exiting know-how of well-established research
groups in COST-member countries to young scientists from ITCs, COSY
effectively promoted direct hands-on knowledge transfer and growth
development, with a long term goal to facilitate future high level scientific
endeavors in those countries. Collaborations formed through such STSM
research visits guarantee continued joint research efforts and the pursuit of
excellent science in a transnational environment.

During the 2nd Grant Period (GP), the involvement of Early Career Investigators
(ECls) in the COSY Network expanded significantly, creating an environment that
not only supported their career development but also nurtured leadership skills
and fostered collaborations. New leadership positions, such as the Social Media
Team and FemCOSY Coordinator, were entrusted fully to ECIs, underscoring the
network’s commitment to empowering emerging researchers. Additionally, every
COSY event included dedicated sections for ECls to ensure their active
participation. In the Working Groups (WGs), as well as the General and
CATCOSY Meetings, special sessions were created for short, hot topic or flash
poster presentations, allowing ECls to showcase their work. ECls were also
involved in co-organizing these events and took on responsibilities such as
chairing sessions or meetings, for example the Local Organizing Committee
(LOC) Chair of the General Meeting in Wroclaw was a ECI female researcher.
Similarly, two of the three organizers of the CATCOSY2024 Meeting were young
researchers. This involvement not only enhanced their visibility within the network
but also honed their organizational skills. The 2nd Training School (TS) was fully
focused on providing both scientific and soft-skills training for ECls, offering a
platform for knowledge sharing and networking. A new and valuable aspect of the
TS, held in the Czech Republic, was the role EClIs played not only as trainees but
also as trainers. By delivering practical tutorials to their peers, ECls had the
opportunity to showcase their expertise and build confidence, while fostering a
collaborative atmosphere of mutual growth and scientific exchange. This model,
which promotes both collaborative development and professional leadership, will
continue in future GPs and is already integrated into upcoming COSY Academy
events, where ECls will participate as both trainers and trainees. The 2nd
Scientific Workshop for Students "Computational Physics of DNA" was

organized in Ukraine. This workshop not only provided training but also
contributed to the creation of a joint strategy for advancing biosimulations. A
standout initiative for ECls was the launch of the “Listen-my-presentation” event,
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developed on an idea from the AC. Fully organized by ECls for ECls, the event
provided a platform for participants to receive constructive feedback from the
Science Communication Team on their presentation skills and tips on how to
enhance them. This event was highly successful and will be repeated during the
3rd GP. It serves as an example of how ECls can take charge of their own
development, while benefiting from peer support and expert guidance. In
transversal activities, ECls have also been actively engaged, particularly within
the FemCOSY Board. ECIs played a role in organizing events and contributing to
the gender balance survey as part of the broader COSY gender study. These
experiences not only allowed ECIs to contribute to the network’s diversity
initiatives but also helped them develop valuable project management and
collaborative skills. Moreover, in order to further motivate YRIs involvement in the
COST Action, a "COSY Young Scientist Prize" is planned to be delivered in the
Final General Meeting in 2026.

A focus of the COSY Network has been to promote gender equity, particularly by
supporting underrepresented genders in advancing their academic careers. The
FemCOSY initiative, launched to address these challenges, has become a vital
platform for discussion, collaboration, and action toward achieving gender
balance in science. Through a series of meetings and activities, FemCOSY has
created a supportive environment aimed at empowering female researchers while
fostering a more inclusive research culture. One of the major achievements of
FemCOSY has been the steady increase in female participation within the
network, as evidenced by a rise in the proportion of female researchers from 33%
in the initial group of proposers to 37% by the time of the second FemCOSY
meeting. In addition to its success in increasing female participation, FemCOSY
is hosting a series of online meetings that engage researchers in meaningful
discussions on gender imbalance. These meetings have featured invited lectures
from distinguished guests and provided platforms for both male and female
researchers to contribute to gender equity initiatives. One of the core activities
has been the development of a comprehensive gender imbalance survey, aimed
at understanding the factors that contribute to gender disparities within the
scientific fields covered by the COST Action. The survey explored a range of
factors influencing career choices, including mentorship, peer support, and family
encouragement, and divided the analysis by gender and career stage (early-
stage vs. experienced researchers). Out of the 90 respondents of the survey,
62% were women and 54% were young researchers. Another key achievement of
FemCOSY has been the creation of leadership opportunities for
underrepresented genders. By involving female and gender-diverse researchers
in organizing meetings, chairing sessions, and leading initiatives such as the
survey, FemCOSY has empowered these researchers to take on leadership roles
and gain visibility within the scientific community. This active participation has
helped build leadership and project management skills, further supporting career
advancement. FemCOSY’s efforts have also extended beyond the meetings. The
initiative has promoted gender equity through the development of online
resources, including a dedicated webpage and promotional materials, ensuring
that the discussions and outcomes reach a broad audience. Additionally, plans
are underway to publish the findings of the gender imbalance survey in a
specialized journal, further contributing to the broader academic discourse on
gender equity in science.
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Deliverables

The Action reported the following progress with achieving its deliverables

Deliverable Month Delivery status Further information (hyperlink or
deliverable other)
due

Working Group 1. Creation of new protocols 48
for excited state calculations (M12); Results

of test calculations for ground- and excited-

states of confined systems (M24); Creation of
diverse datasets (M36); Assessment of

methods against created datasets (M48).

Working Group 1. Descriptors of systems 48
under confinement (M24); Development of
Force-Fields using Machine-Learning (M48);
Development of embedding potentials

describing confining environments along with
Working Group 3 (M36).

Working Group 2. Description of gas 36
adsorption, separation, and storage in MOFs
along with Working Group 1 (M24);

Optimized encapsulation of different active
entities in MOFs along with Working Group 1
(M24); Catalytically active COF materials with
pore-incorporated catalysts along with

Working Group 3 (M36).

Working Group 2. New protocols to 48
characterize nucleic acids in crowded
environments (M36); Quantification of binding
specificity between organic compounds and
confining environments (M36); Study of metal
clusters in biological environments:
optical/non-optical properties and charge

transfer along with Working Group 3 (M36);
Quantum dynamics of molecules under
electromagnetic fields (M48).

Working Group 3: Mono- and bi-metallic 48
nanoparticles and clusters with potential
applications synthesized and

spectroscopically characterized on various
supports along with Working Group 4 (M48);
Screening of specific
electrochemical/photocatalytic reactivity of
clusters by experiment and theory along with
Working Group 4 (M48).

Working Group 3. Analysis of metal clusters 48
interaction with biologically relevant

molecules and involved reactivity (M42);

Analysis of diffusion and aggregation of
supported size-selected metal clusters along

with Working Group 4 (M48).

Working Group 3. Ab initio descriptions of the « 42
interaction between open-shell molecules

and supported metal clusters along with

Working Group 1 (M42).

Working Group 3. Links to SMEs - e.g., 48
datasets and big data analysis by Al and ML

Not delivered, but
expected before end
of Action

Not delivered, but
expected before end
of Action

Not delivered, but
expected before end

of Action

Delivered https://cost-
cosy.eu/wg2-reporting

Delivered https://cost-

cosy.eu/wg3-reporting

Not delivered, but
expected before end

of Action

Delivered https://cost-
cosy.eu/wg3-reporting

Delivered https://cost-

cosy.eu/wg3-reporting
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technologies along with Working Groups 1
and 5, and generation of relevant prototypes
of new materials for large-scale production
along with Working Groups 3 and 4 - (M48).

Working Group 4. Controlled low-temperature
aggregation and substrate-deposition of
multicomponent metal nanostructures along
with Working Group 3 (M26); Deposition and
ex-situ characterization of relevant organo-
metallic nanoparticles (M48).

Working Group 4. Spectroscopic
characterization of helium droplet-aggregated
organic light-harvesting complexes (M48);
New routes for enhancing energy conversion
using helium droplets (M48).

Working Group 4. Detailed analysis of
astrophysically relevant cold reactions using
helium droplets along with Working Group 5
(M48) ; Controlled low-temperature formation
of cosmic dust nanoparticles (M48).

Working Group 5. Definition of the
computational protocol for grain-chemistry
and results along with Working Group 4
(M36); Thermochemical and kinetic database
for grain-chemistry along with Working Group
1 (M48); Physical and chemical properties of
adsorbed/desorbed molecules on/from
interstellar grains (M48).

Working Group 5. Spectroscopic
characterization of energetic processes on
grains and of different nanoparticles along
with Working Group 3 (M48); Definition of the
computational protocol for gas-phase
chemistry and results along with Working
Group 1 (M36).

Working Group 5. Thermochemical and
kinetic database for gas-phase chemistry in
the interstellar medium (M48); Spectroscopic
characterization of astrochemical molecules
and set-up of a database along with Working
Group 2 (M48).

48

48

48

48

48

48

Delivered

Delivered

Not delivered, but
expected before end
of Action

Not delivered, but
expected before end
of Action

Not delivered, but
expected before end
of Action

Delivered

https://cost-
cosy.eu/wg4-reporting

https://cost-
cosy.eu/wg4-reporting

https://cost-
cosy.eu/wg4-reporting

https://cost-
cosy.eu/wg5-reporting

https://cost-
cosy.eu/wgb-reporting
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Additional outputs/ achievements

The Action reported 100 publications on the topic of the Action, co-authored by at least two Action
participants from two countries participating in the Action, and for which the Action networking was

necessary.

The Action has also produced the outputs/ achievements described below.

Co-authored Action publications - peer-reviewed

1.

doi:10.1021/acscatal.3c04578
Title

Authors

DOI

Type
Published in
Published by
ISSNs

Link

doi:10.1021/acscatal.3c02748
Title

Authors

DOI

Type
Published in
Published by
ISSNs

Link

doi:10.1021/acsnano.3c06568

Title

Authors

DOl

Type
Published in
Published by
ISSNs

Link

Partial Oxidation of Methanol on Gold: How
Selectivity Is Steered by Low-Coordinated Sites
Salma Eltayeb; Lenard L. Carroll; Lukas Dippel;
Mersad Mostaghimi; Wiebke Riedel; Lyudmila V.
Moskaleva; Thomas Risse
doi:10.1021/acscatal.3c04578

Journal article

ACS Catalysis

American Chemical Society (ACS)

2155-5435; 2155-5435
https://pubs.acs.org/doi/pdf/10.1021/acscatal.3c0
4578

Impact of the Warhead of Dipeptidyl Keto Michael
Acceptors on the Inhibition Mechanism of
Cysteine Protease Cathepsin L

Adrian Fernandez-de-la-Pradilla; Santiago Royo;
Tanja Schirmeister; Fabian Barthels; Katarzyna
Swiderek; Florenci V. Gonzalez: Vicent Moliner
doi:10.1021/acscatal.3c02748

Journal article

ACS Catalysis

American Chemical Society (ACS)

2155-5435; 2155-5435
https://pubs.acs.org/doi/pdf/10.1021/acscatal.3c0
2748

Directing Intrinsic Chirality in Gold Nanoclusters:
Preferential Formation of Stable Enantiopure
Clusters in High Yield and Experimentally
Unveiling the “Super” Chirality of Auyu4

Vera Truttmann; Adea Loxha; Rares Banu; Ernst
Pittenauer; Sami Malola; Maria Francisca Matus;
Yuchen Wang; Elizabeth A. Ploetz; Ginther
Rupprechter; Thomas Burgi; Hannu Hakkinen;
Christine Aikens; Noelia Barrabés
doi:10.1021/acsnano.3c06568

Journal article

ACS Nano

American Chemical Society (ACS)

1936-0851; 1936-086X
https://pubs.acs.org/doi/pdf/10.1021/acsnano.3c0
6568
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http://orcid.org/0000-0001-6561-2305
http://orcid.org/0000-0003-0168-7126
http://orcid.org/0000-0003-0168-7126
http://orcid.org/0000-0003-0228-9189
https://doi.org/10.1021/acscatal.3c04578
https://portal.issn.org/resource/issn/2155-5435
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100.

Understanding and Predictability of
Subnanometric Metal Clusters

Author Maria Pilar de Lara ICastells

DOI doi:10.1002/sstr.202400147

Type Journal article

Published in Small Structures

Published by Wiley

ISSNs 2688-4062; 2688-4062

Link https://onlinelibrary.wiley.com/doi/pdf/10.1002/sstr

.202400147

Due to the limit of 100 publications in this form, the full list of COST Action CA21101 "COSY"
publications is available at: https://cost-cosy.eu/cosy-papers (see, for a more detailed list:

https://cost-cosy.eu/articles).

doi:10.1039/D4RA05401F
Title

A practical post-Hartree-Fock approach
describing open-shell metal cluster-support
interactions. Application to Cu; adsorption on
benzene/coronene

Authors Katarzyna M. Krupka; Agnieszka Krzeminska;
Maria Pilar de Lara-Castells

DOI doi:10.1039/D4RA05401F

Type Journal article

Published in RSC Advances

Published by Royal Society of Chemistry (RSC)

ISSN 2046-2069

Link http://pubs.rsc.org/en/content/articlepdf/2024/RA/

doi:10.1039/D4CP03271C

Title

D4RA05401F

Support effects on conical intersections of
Jahn-Teller fluxional metal clusters on the sub-
nanoscale

Authors Katarzyna M. Krupka; Maria Pilar de Lara-
Castells

DOI doi:10.1039/D4CP03271C

Type Journal article

Published in Physical Chemistry Chemical Physics

Published by Royal Society of Chemistry (RSC)

ISSNs 1463-9076; 1463-9084

Link http://pubs.rsc.org/en/content/articlepdf/2024/CP/

D4CP03271C

Proposals/ projects
The Action reported 5 project(s) and 6 proposal(s) resulting from the Action networking.
Key details of the projects are shown below:

1. OPen-shell ELectronic SYStems - OPELSYS

(National)
2. Maria de Maeztu Unit of Excellence - IQTC
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(National)
3. DNA under fire — Elucidating multiple and non-local ionization of the building blocks of DNA by X-ray
irradiation
(National)
4. Singlet fission and ICD in tailored molecular complexes for boosting organic solar cells
(National)
5. Exploring vibrational intermolecular Coulombic decay in mixed water clusters
(National)

Other outputs / achievements
The following other outputs/ achievements contributing to the COST mission resulted from the Action:

1. Paul Scheier (Innsbruck), Felix Laimer (Innsbruck), Lorenz Kranabetter (Aarhus C), Fabio Zappa
(Innsbruck), Michael Renzler (Innsbruck), Lukas Thiefenthaler (Innsbruck), Simon Albertini (Zurich),
Paul Martini (Stockholm), Siegfried Kollotzek (Innsbruck)

UNIVERSITAT INNSBRUCK (Innsbruck), USA - Patent Nr. 12,068,147, Size selected clusters and
nanoparticles

Method for producing multiply-charged helium nanodroplets and charged dopant clusters and
nanoparticles out of the helium nanodroplets, the method comprising: producing neutral helium
nanodroplets in a cold head via expansion of a pressurized, pre-cooled, supersonic helium beam of
high purity through a nozzle into high vacuum with a base pressure under operation preferably
below 20 mPa, ionizing the helium nanodroplets by electron impact, wherein the electron impact
leads to multiply-charged helium nanodroplets, doping the charged helium nanodroplets with dopant
vapor in the pickup cell, wherein the doped nanodroplets form cluster ions with the initial charges
acting as seeds, wherein the size of the nanoparticles can vary from a few atoms up to 105 atoms
by arranging the size of the neutral helium nanodroplets, the charge of the helium nanodroplets and
the density of dopant vapor in the pickup cell.
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Impacts
The Action reported the following impact(s):

Description of the impact, i.e. what will change, and for whom, as a Type of impact
result of what the Action achieved

The COSY-INTER, COSY-DYN, COSY-NANO, and COSY-ASTRO ¢ Scientific /
datasets, as well as machine learning resources, will accelerate Technological
scientific discoveries by enabling faster, more accurate modeling in

fields like materials science, nanotechnology, and astrochemistry.

They will foster cross-disciplinary insights, empower researchers with

better predictive tools, and make advanced data analysis more

accessible to a broader scientific community, ultimately enhancing

research efficiency and collaboration across diverse domains.

Timing of impact

Foreseen by the end

of the Action
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Dissemination and exploitation of Action results

Dissemination and exploitation approach of the Action

The Action’s dissemination and exploitation approach as well as all activities undertaken to ensure
dissemination and exploitation of Action results and the outcomes of these activities are described below.

The COSY Action has prioritized the dissemination and exploitation of its activities within the scientific and
academic communities. A dedicated Web Development Team maintains the COSY webpage, regularly
updating it with information on events, publications, achievements, and ongoing efforts. To further enhance
the visibility of the Action, a COSY Social Media Team was established, actively engaging audiences on
LinkedIn, X (formerly Twitter) and Instagram. These efforts have significantly boosted engagement, with
COSY’s LinkedIn now boasting over 600 followers and increased visibility among European scientific
communities, governmental institutions, and recognized scientific publishers. In addition to these efforts,
COSY has organized events aimed at improving science communication skills, particularly for Early Career
Investigators (ECIs). Notable initiatives include the "Listen-my-presentation" event, where ECls receive
feedback on their presentations, and a soft-skills training session held during the 2nd Training School.
These sessions are designed to enhance communication skills and foster professional development.
Additional events focused on science communication and outreach are planned for the 3rd Grant Period,
further supporting COSY’s mission to promote both scientific excellence and effective communication.

Dissemination
Dissemination meetings funded by the Action (possible only until 31st October 2021)

The Action did not fund any Dissemination Meetings
Other dissemination activities

The Action also undertook the following dissemination activities:

Activity 05.03.24 COST Infoday at CSIC. The Chair of the COST Action was invited to deliver a lecture about the
creation of a COST proposal as well as the first steps as Main Proposer and Action Chair once the
proposal is approved. The activity was public and announced in the social media: Programme: https://ww
w.horizonteeuropa.es/jornada-informativa-sobre-el-programa-de-cooperacion-europea-en-ciencia-y-
tecnologia-cost-1 Presentations: https://saco.csic.es/index.php/s/MSrRcHotocK2mnS , Twitter:
https://x.com/COSY_Action/status/1765423123359215993 ;
https://x.com/Europeos_CSIC/status/1762162081229324607

Target Potential applicants to COST Actions affiliated in all the CSIC centers in Spain.
Outcome 50 participants. Numerous questions from applicants to solve doubts before applying to COST Actions.

Link https://www.horizonteeuropa.es/jornada-informativa-sobre-el-programa-de-cooperacion-europea-en-
ciencia-y-tecnologia-cost-1

Activity MACCS1: 1st Italian Chinese Swedish workshop on Modeling and Characterization of Complex Systems.
The aim of the meeting is to understand and explain the behavior of complex systems of interest in the
field of materials science, biotechnology, green chemistry through experiments combined with modeling
at different scales.

Target Scientists, researchers and students in the field of Physics, Chemistry and Chemical Engineering

Outcome  There were 50 attending people, 16 talks and 16 poster presentations. COSY members participating: F.
Mocci, C.M. Carbonaro, C. Olla (University of Cagliari, Italy); Aatto Laaksonen (Stockholm University,
Sweden); XiaoYan Ji, Leon Engelbrecht (Luled University of Technology Luled, Sweden); Narcis-lulian
Cibotariu ("Petru Poni" Institute of Macromolecular Chemistry, lasi, Romania)

Link https://convegni.unica.it/maccs1/
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Activity

Target

Outcome

Link

Activity

Target

Outcome

Link

Activity

Target

Outcome

Link

Activity

Target

Outcome

Link

Activity
Target

Outcome

Link

Activity
Target

Outcome

Link

NanoLumCat Ostrava Workshop: Revealing the Future of Light Transformation. Experts in the fields of
carbon dots and single atom photocatalysis were united to broaden the horizons of nanomaterial science
with a focus on renewable energy applications. The workshop invites participants to dive deep into the
exciting worlds of carbon dots and single atom-based photo(electro)catalysis.

Scientists, researchers and students in the filed of chemistry, physics and engineering interested in
carbon nanomaterials for environmental, energy and photonic applications

There were 50 people attending the meeting, 25 talks were presented. Some COSY members involved:
F. Mocci, C. Olla, C.M. Carbonaro (University of Cagliari, Italy); Miroslav Medved (Matej Bel University,
Slovak Republic), Michal Otyepka, Markéta Paloncyova (Catrin, Palacky University Olomouc, Czech
Republic). Within the workshop, several of the COSY members presented findings and discussed the pre-
submission details of a manuscript based on a collaboration that started at the COSY General Meeting in
Cadiz (2023).

https://events.itdi.cz/event/220/

Interpreting how intermolecular interactions determine the properties of supramolecular helices and the
corresponding materials

Scientist, researchers and students in the filed of chemistry, physics and materials science at World
Congress of Advanced Materials (WCAM2023)

A COSY member - Berta Fernandez Rodriguez - presented an invited on-line talk to the international
community of materials science

https://www.bitcongress.com/wcam2023/Welcome.asp

TSRC Workshop on Intermolecular interactions: New challenges for ab initio theory.

Scientists, researchers and students at TSRC Workshop on Intermolecular interactions: New challenges
for ab initio theory.

A COSY member - Berta Fernandez Rodriguez - co-organized the Workshop and presented an invited
talk - The FGC approach for correcting noncovalent interactions in SQM methods

https://meetings.telluridescience.org/meetings/workshop-details?wid=1130

Three Examples of Efficient Evaluation of Intermolecular Interactions - 18th International Conference of
Computational Methods in Sciences and Engineering

Scientists, researchers and students in the filed of chemistry, physics and engineering at the 18th
International Conference of Computational Methods in Sciences and Engineering.

A COSY member - Berta Fernandez Rodriguez - presented an invited on-line talk.

http://www.history.iccmse.org/archives/ICCMSE2022/www.iccmse.org/index.html

16th National Physical Chemistry Meeting of the Portuguese Society of Chemistry
Portuguese researchers, doctoral candidates, students from the physical chemistry area

Oral presentation: "Unveiling Pesticide Interactions: Insights from the Aplysia californica AChBP-
Imidacloprid Complex" by COSY members Joana R. C. Santos, Paulo E. Abreu, Jorge M. C. Marques

https://xvienqf.events.chemistry.pt/

16th National Physical Chemistry Meeting of the Portuguese Society of Chemistry
Portuguese researchers, doctoral candidates and students from the physical chemistry area

Poster presentation: "Energetics and structures of borophene nanoclusters" by COSY members - J.M.C.
Marques, F. Zergani, M. Bartolomei, F. Pirani

https://xviengf.events.chemistry.pt/
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2nd BioExcel Conference on Advances in Biomolecular Simulations in Brno, Czech Republic

Biomolecular research community interested in an integrative modelling, free energy and drug design,
workflows, automation and data integration.

Poster presentation: "Molecular dynamics-driven selection of vectors for targeted delivery of doxorubicin”
by G. Gocheva, S. lliev, N. Markova, N. lvanova, G. Madjarova, J. Petkova, A. Ivanova

https://bioexcel.eu/events/2nd-bioexcel-conference-on-advances-in-biomolecular-simulations/

2nd PHYMOL Training School, St Catharine's College, Cambridge/Queen Mary University of London, UK

PHYMOL MSCA DN Doctoral Candidates, Principal Investigators, Partners of the Network from the
United States (Molssi)

DC oral presentation: K.M. Krupka - A practical ab initio approach to open-shell metal cluster-support
interactions

https://phymol.eu/events

Organisation of the The 15th International Conference on Quantum Fluid Clusters
All members of WG4 and other researchers working in the field of quantum fluid clusters
Successful conference with 85 participants from quantum fluid clusters community all around the world

https://conferences.au.dk/qfc2024

Organization of the TSRC Workshop on Intermolecular interactions: New challenges for ab initio theory

WG1 members and the international theoretical chemistry and physics community, interested in
intermolecular interactions and ab inition theory

The organization of a successful international workshop with many experts in the field participating

https://meetings.telluridescience.org/meetings/workshop-details?wid=1130

2nd PHYMOL Training School, St Catharine's College, Cambridge/Queen Mary University of London, UK

PHYMOL MSCA DN Doctoral Candidates, Principal Investigators, Partners of the Network from the
United States (Molssi)

Organization of the successful training school - B. Fernandez, A.Misquitta, P.Zuchowski

https://phymol.eu/events

1st PHYMOL Training School, Nicolaus Copernicus University in Torun, Poland

PHYMOL MSCA DN Doctoral Candidates, Principal Investigators, Partners of the Network from the
United States (Molssi)

Organization of the successful training school - B. Fernandez, A.Misquitta, P.Zuchowski

https://phymol.eu/events

PHYMOL MSCA Doctoral Network Kick—off Conference 2023, University of Luxembourg, Luxembourg
PHYMOL MSCA DN Doctoral Candidates, Principal Investigators and Network Partner

DC8 Introduction Talk - K.M.Krupka - Influence of Substituent Effects on Intra- and Intermolecular
Hydrogen Bonding in Schiff Bases and Benzimidazole Derivatives: A Comprehensive Study, State-of-the
art modelling of new quantum materials: unsupported and surface-supported atomic metal clusters

https://phymol.github.io/
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Target
Outcome

Link

The Cluster Meeting 2023 - a topical international conference with main focus on catalysis, reactivity,
characterization, imaging and modeling of primarily size-selected clusters, both free and supported.

The international community of cluster and nanoscience - 108 participants from 18 countries
Invited lecture and invited introduction to COST Action CA21101 "COSY"- Maria Pilar de Lara-Castells

https://clustermeeting2023.eu/

Exploitation activities

The Action undertook the following activities to ensure exploitation (use, in particular in a commercial
context) of the Action’s achievements:

Activity

Target

Outcome

Activity

Target

Outcome

Activity

Target

Outcome

Activity

Target

Outcome

Regular updates on the COSY Action's webpage (https://cost-cosy.eu) provide essential information
about activities, events, and research advancements of the Action

COSY Action members, researchers, students, stakeholders like policymakers and industry partners,
academic institutions, gender equality initiatives, and the general public, all interested in scientific
developments and collaboration opportunities

Regular updates increase visibility for collaborations, keep all the stakeholders informed, promote
knowledge exchange, attract diverse participation, and strengthen the COSY Action's impact in the
scientific community

Regular updates on LinkedIn, X (formerly Twitter), and Instagram enhance the COSY Action's online
presence. LinkedIn focus on professional networking and content creating, while Instagram share visually
engaging content related to scientific advancements. X provide quick updates and promote events,
maximizing outreach. https://es.linkedin.com/company/cosy-cost-action-ca21101
https://x.com/COSY_Action https://www.instagram.com/cosy_cost_ca21101/

The target audience includes researchers, industry professionals, and stakeholders on LinkedIn.
Instagram appeal to a broader audience interested in science communication, including students and the
general public. X attract followers looking for concise updates and timely announcements.

Regular social media updates enhance visibility and engagement, facilitating networking among
professionals, building a community interested in COSY Action's topics and ensuring dissemination of
information.

A COSY Webinar Series is organized to present the latest findings and methodologies from the COSY
Action and external guests from the COSY-related fields. https://cost-cosy.eu/activity/1st-webinar-of-the-
cost-action-cosy/ https://cost-cosy.eu/activity/2nd-webinar-of-the-cost-action-cosy/

The target audience includes established and early-stage researchers, students, and professionals
interested in the COSY Action’s research areas.

The webinar series provides a platform for real-time interaction and scientific discussion, regardless of
participants' stage of career and country of affiliation or mobility possibilities. Each webinar features
expert speakers and includes an interactive Q&A segment, allowing participants to engage directly with
the content.

An open discussion session was organized in a round-table format at the CATCOSY 2024 Meeting.
https://cost-cosy.eu/activity/workshop-facing-challenges/

The target audience included eliablished nad erly-stage researchers, scientists, and stakeholders from
both theoretical and experimental backgrounds, participating in the CATCOSY 2024 Meeting. This
inclusive environment encouraged collaboration and networking.

This session focused on facilitating dialogue between theoretical researchers and experimentalists,
combining their expertise to generate new ideas within the COSY network and establish plans for
maintaining the Action's network.
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Outcome

The 1st Listen to My Presentation Event provided a platform for early-career participants to present their
research and receive constructive feedback from the COSY Science Communication Team. https://cost-
cosy.eu/activity/the-1st-listen-to-my-presentation-event/

The target audience included early-career COSY Action members, students, doctoral candidates and
postdoctoral researchers seeking to improve their presentation skills.

The event facilitated the exchange of opinions and constructive feedback, helping participants refine their
research presentations. By fostering a supportive environment for dialogue and soft-skills development, it
strengthened the COSY network and attracted external early-career scientists.

The COSY Podcast Series aims to disseminate COSY Action science to the general audience and
science enthusiasts. The first episode has already been created by the Action Chair:
https://researchpod.org/informatics-technology/cost-action-cosy-new-generation-materials.

The target audience includes the general public, science enthusiasts, researchers, and students
interested in the COSY Action's science fields. The popular format appeal to a wide range of listeners,
including those new to the topics covered.

The COSY Podcast Series enhances public understanding of the COSY Action's research and promotes
the Action's milestones and progress. Plans are underway for each working group to produce their own
episode, which is nearing completion. By featuring diverse voices from each group, the podcast will raise
awareness and attract a broader audience to the Action's initiatives.
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Action Expenditure

The table below shows the budget allocated to the Action for each Grant Period (funds allocated for the first
meeting of the Action and any Final Action Dissemination are not included):

# Grant Period Start Date End Date Budget allocated to Action
(EUR)

1 | AGA-CA21101-1 1-11-2022 31-10-2023 156,231.09 (EUR)

2 | AGA-CA21101-2 1-11-2023 31-10-2024 242,500.16 (EUR)

3 AGA-CA21101-3 1-11-2024 31-10-2025 215,000.55 (EUR)
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