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Detailed program

Tuesday 2" September

14:00 — 15:00

Registrations

15:00 — 15:15

Opening remarks

Luca Bindi, Chair of the congress

Alessandra Petrucci, Rector of the University of Florence
Chiara Massera, President AIC

15:15-16:00

Paola Bonazzi Lecture (Plenary Lecture 1) - Chair: Giovanni Ferraris
Open to the public

Luca Bindi

University of Florence

Quasicrystals from extremes: High-energy origins and the case for a
cosmic abundance

16:00 - 17:15

Chair: Chiara Massera

Best master thesis award
Anna Mauri

Alice Colli

Gabriele Diana

Best PhD thesis award
Danilo Marchetti
Silvia Fanti

Martina Lippi
Presentation of the 2025 Advanced Training Awards (Giorgio Cagossi,
Mara Colombo)

17:15-17:45

Nardelli Prize — Chair: Danilo Belviso
Luca Catalano

University of Modena and Reggio Emilia
Crystal chemisty in motion

17:45 - 18:30

Mammi Prize — Chair: Anna Moliterni

Matteo Leoni

Saudi Aramco

Line profile analysis: still anything left to develop?

19:00 - 20:30

Welcome Party at Orto Botanico
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Wednesday 3" September

9:00 — 9:45 Plenary Lecture 2 - Chair: Fernando Camara
Jean-Paul Itié
Synchrotron SOLEIL
The magic scroll of the future Aampus museum of writing
9:45 -10:00 Sponsor talk - Bruker
10:00 - 10:30 | Coffee break
10:30 — 12:20 | MS1 - Mineralogy and MS2 - Crystal Growth and Epitaxy
Crystallography: Two Sides of a Same | Chairs: Elena Simone, Chiara Coppi
Coin
Chairs: Ernesto Mesto, Daniela Mauro
10:30 - 10:55 | Giovanni Ferraris (Invited) Rosalba Fittipaldi (Invited)
University of Turin CNR-SPIN
Does Avogadro hypothesis root in Hally’s | gynthesis of High-Quality Single Crystals
theory of crystal structure? for Experiments at Advanced Research
Infrastructures
10:55 - 11:20 | Paolo Lotti (Invited) Michele Baldrighi (Invited)
University of Milan Industriale Chimica S.r.1.
Crystallographic exploration at non- Crystals and Crystallization according to a
ambient conditions: Discovery of a novel |Generics API manufacturer’s daily life
high-P and high-T polymorph of leucite
11:20 - 11:35 | Alice Taddei Cecilia Fiore
University of Florence Politecnico of Turin
Diving into asgruvanite-(Ce): A structural  |siryctural and functional characterization
marvel made of altgrnatlng_REE—arsenlte of Levofloxacin-Quercetin cocrystal
layers and tunnel-like cavities solvates for controlled release in
antibacterial formulations
11:35-11:50 | Fernando Camara Matteo Savastano
University of Milan University San Raffaele Roma
3ED studies of a potential new Y-silicate |Green Polyiodides: An Aperiodic Tale
in metabauxite from Vanoise (Savoie,
France)
11:50 - 12:05 | Benedetta Chrappan Soldavini Margherita Vacchini
University of Milan University of Milan
Polytypism and swelling properties of How small a molecular crystal can be?
11.5 A phase: a major water carrier to the || 5oking for Hidden Crystalline Aggregates
mantle transition zone in Dissolving Benzoic Acid Nanoparticles
12:05 - 12:20 | Lisa Baratelli Luca Sironi
Univers/t}_/ of _Pav/a University of Milan
Communicating Crystal Structures Nucleation rate and stacking propensity of
Without Mistakes: the Crystal Palace benzoic acid derivatives: an experimental
software )
and molecular dynamics study
12:20 -13:50 | Lunch
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13:50 - 14:35 | Plenary Lecture 3 - Chair: Alessia Bacchi
Roberta Sessoli
University of Florence
Two asymmetries in one: spins in chiral structures
14:35 -16:25 | MS3 - Hybrid Functional Materials MS4 - Integrative Structural Biology
Chairs: Marco Taddei, Consiglia Tedesco | Chairs: llaria Silvestri, Antonio Chaves
Sanjuan
14:35 - 15:00 |Gabriella Cavallo (Invited) Riccardo Miggiano (Invited)
Politecnico of Milan di Milano University of Eastern Piedmont
Engineering New Functional Materials DnaB and DciA: mechanisms of helicase
through Halogen Bonding and Fluorous loading and translocation on ssDNA
Effects during the DNA replication initiation in
human pathogenic bacteria
15:00 - 15:25 |Matteo Lusi (Invited) Francesco Angelucci (Invited)
University of Limerick University of L’Aquila
Not all single crystal transformations are  [The “Doorstop Pocket” In Thioredoxin
single crystal transformations: guest Reductases - An Unexpected Druggable
diffusion versus recrystallization in an Regulator of the Catalytic Machinery
organic clathrate.
15:25 - 15:40 |Filippo Ballerini Melissa Milazzo
University of Milan University of Milan
Stretched Non-Negative Matrix Structural characterization of pathological
Factorization: A Novel Approach for protein aggregates in a cat affected by
Deciphering Temperature- and Pressure- [systemic AA amyloidosis
Induced Phase Transitions in Metal-
Organic Frameworks
15:40 - 15:55 [Danilo Marchetti Valeria Napolitano
University of Parma IBB-CNR
Exploring the reversible dynamical Integrative structural biology approach to
behaviour of nanocrystalline unveil the CPS degradation machinery of
interpenetrated diamonodoid metal-organic|bacteriophages against Klebsiella
frameworks pneumoniae
15:55 - 16:10 |Enrico Podda Simona Fermani
University of Cagliari University of Bologna
Ultra-Low Optical Loss in Single Crystal From cyanobacterial to eukaryotic
Waveguides of Fluorene/Fluorenone Cdll |phosphoribulokinase: a structural
Coordination Polymers perspective
16:10 - 16:25 |Meriem Goudijil Roberto Marotta

University of Florence

Adaptable Self-Assembly in Cu(ll)-Based
Bispidine Coordination Polymers: Diverse
Topologies and Dynamic VOCs Adsorption

Istituto Italiano di Tecnologia
Dissecting the interactions among
inhibited AB-GAPDH oligomers
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16:25-17:00 | FP1 (MS4- MS9 - MS10) FP2 (MS1 - MS3)
Chair: Martina Lippi Chair: Giovanni O. Lepore
(3 min for each presenter) (3 min for each presenter)
Roberto Marotta Camilla Ferrari
Giovanni Macetti Lorenzo Gatti
Serena Spadone Andrea Daolio
Federica Mastropirro Dario Giovanardi
Doriano Lamba Mattia Lopresti
Chiara Baroni Marco Moroni
Alessia Bacchi Alessia Boesini
Andrea lenco Alice Colli
Lisa Baratelli Daniela Mauro
Sabrina Nazzareni
17:00 - 17:30 | Coffee break
17:30 - 19:00 | AIC meeting
20:00 - 20:30 | Social Dinner at Palazzo Non Finito
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Thursday 4" September

9:00 — 9:45

Plenary Lecture 4 - Chair: Marta Ferraroni

Randy J. Read
University of Cambridge

Intersecting theory and methods in structural biology

9:45 -10:00 Sponsor talk - Anton Paar
10:00 - 10:30 Coffee break
10:30 — 12:20 MSS5 - Artificial Intelligence in MS6 - From Mineral Structures to
Structural Biology Advanced Materials: Innovations and New
Chairs: Nicole Balasco, Roberto Applications
Marotta Chairs: Giorgia Confalonieri, Tommaso
Battiston
10:30 - 10:55 |Alfonso De Simone (Invited) Maria Chiara Dalconi (Invited)
University of Naples University of Padua
Catching the Structures of Nanoscale characterization of calcium silicate
Intermediate Protein States by hydrates using synchrotron X-ray total
Integrating NMR and Computations |scattering
10:55 - 11:20 |Andrea Graziadei (Invited) Alberto Mario Martinelli (Invited)
Human Technopole CNR-SPIN
Putting the pieces together: From mineral structures to advanced materials:
crosslinking mass spectrometry, the need of large scale facilities to improve
electron microscopy and deep knowledge
learning for in situ structural biology
11:20 - 11:35 | Alessia Ruggiero Francesco Colombo
IBB-CNR University of Modena and Reggio Emilia
Structural biology at service of Selective Exchange Mechanisms of REEs in
vaccine design: in search of new NH.-Exchanged Zeolite: Insights from High-
TB antigens Resolution XRPD
11:35 - 11:50 |Elisa Fagnani Anna Mauri
IBF-CNR University of Insubria
Deciphering the structural flexibility |/n situ powder X-ray diffraction structural insight
of SMAC/DIABLO and its on greenhouse gases capture by a
interaction with IAPs: implications |micro/mesoporous metal-organic framework
for apoptosis regulation
11:50 - 12:05 |Francesco Rinaldi Leonardo Lo Presti

Istituto Italiano di Tecnologia
Elucidating RAD52 architecture
through an integrated structural
biology approach

University of Milan
Structure-properties relationships in complex Li-
doped KTa/NbO3 perovskite ferroelectrics
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12:05 - 12:20 |Luciana Esposito Vesna Zalar Serjun
IBB-CNR Slovenian National Building and Civil
The impact of AlphaFold in Engineering Institute
structural biology: the case of Phase Composition Changes in Recycled
KCTD proteins Materials During Aging
12:20 - 13:50 Lunch
13:50 - 14:35 Plenary Lecture 5 - Chair: Elena Simone
Elias Vlieg
Radboud University, Institute for Molecules and Materials
X-ray crystallography of solid-liquid interfaces
14:35 - 16:25 MS7 - Supramolecular MS8 - New Light Sources Opportunities:
Chemistry in Molecular Crystals | Innovative Approaches to Crystallographic
Chairs: Luca Catalano, Riccardo Challenges
Montis Chairs: Jasper Plasier, Michela La Bella
14:35 - 15:00 |Dritan Hasa (Invited) James Ball (Invited)
University of Trieste ESRF - European Synchrotron Radiation facility
Polymer-based cocrystals: Bringing |The ID11 Beamline: Addressing
order to disorder and confusion to  |Crystallographic Challenges with Advanced
the crystal engineer Characterisation Techniques
15:00 - 15:25 |Michael Ruggiero (Invited) Luisa Barba (Invited)
University of Rochester IC-CNR
Terahertz Vibrational Spectroscopy [/n-situ crystallographic experiments at Elettra
— A Powerful Complement to
Diffraction Studies for the Study of
Dynamic Materials
15:25 - 15:40 |Paolo Pio Mazzeo Simona Galli
University of Parma University of Insubria
Prediction of low melting eutectic as |Structural features underneath functional
intermediate for mechanochemical |performances:in situ powder X-ray diffraction
cocrystal synthesis on the stage
15:40 - 15:55 |Simone D'Agostino Giulio Isacco Lampronti
University of Bologna University of Cambridge
Enantiotropic Phase Transitions in |Dramatic effect of solvent on comminution and
18-Crown-6/Na Supramolecular  [evidence of an induction period in ball mill
Crystals for Solid-State Sodium transformations
Electrolytes
15:55-16:10 |Emmanuele Parisi Anna Moliterni

Politecnico of Turin

The Role of H-Bonding Frustration
in a Hexamorphic Crystal: A
Pathway to Reversible Structural
Transformations

IC-CNR
The power of Crystallography to shed light on
the structure of new materials for energy
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16:10 - 16:25 [Emanuela Santagata Marco Vandone
University of Naples University of Milan
New materials for advanced A direct comparison of the accuracies of the
telecommunication applications structural models of a MOF obtained using a
diverse set of X-ray diffraction techniques
16:25 - 17:00 FP3 (MS2 - MS7) FP4 (MS2 - MS6 - MS8)
Chair: Martina Lippi Chair: Andrea lenco
(3 min for each presenter) (3 min for each presenter)
Elena Simone Ackeera A. Campbell
Selene Berni Nicola Dengo
Anna Sadocha Riccardo Fantini
Remie Sundermann Maura Mancinelli
Elvira Fantechi Claudia Urru
Arkadiusz Ciesielski Luca Adami
Filomena Luigia Damiani Rossella Arletti
Anna Giovanna Sciancalepore Milo Agati
Cosimo Cardellicchio Alessia Panizzi
Andrea Sala Brianna Levy
17:00 - 19:00 Poster session and Party
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Friday 5t September

9:00 — 9:45 Plenary Lecture 6 - Chair: Diego Gatta
Wilson A. Crichton
ESRF- The European Synchrotron
25 years of X-ray powder diffraction at extreme conditions
9:45 -10:00 Sponsor talk — Rigaku/Assing
10:00 - 10:30 Coffee break
10:30 - 12:20 MS9 - Challenges in Science MS10 - Advances and Applications of In
Communication and Silico Modeling in Structure-Based Drug
Dissemination Discovery
Chairs: Simona Fermani, Nicola Chairs: Cecilia Pozzi, Carmine Talarico
Dengo
10:30 - 10:55 |Linda Pastero (Invited) Giovanni Chillemi (Invited)
University of Turin National Institute for Infectious Diseases
The Italian Crystal Growth “Lazzaro Spallanzani”
Competition for schoolchildren From sequence to drug evaluation: the role
of protein modeling in antiviral research
10:55 - 11:20 |llaria Gimondi (Invited) Maria Paola Costi (Invited)
The Cambridge Crystallographic Data |University of Modena
Centre Mapping small molecule binding at the
The CSD at 60: Empowering human thymidylate synthase dimer interface
Education and Outreach through precision mutant design
11:20 - 11:35 |Laura Chelazzi, Samuele Ciattini Maria Noemi Sgobba
CRIST — University of Florence University of Bari
Scienzaestate in the lab: exploring From Structure to Function: Modeling PCSK9
crystallography for fun Variants to Elucidate Cellular Mechanisms of
Cholesterol Regulation
11:35 - 11:50 |Giacomo Montanari llaria Silvestri
University of Bologna IC-CNR
Vitriols: a Case Study of Proto- Structural basis of selectivity in small
Scientific Colour-Based Classification [molecules targeting galectin active site
of Artificial Minerals
11:50 - 12:05 | Aurelia Falcicchio Haidi Shehi

IC-CNR
Crystal Game: Learning
Crystallography Made Easy

University of Milan
Exploring the Histone-Like Features of NF-Y
Through a Novel Extended Construct
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12:05 - 12:20

Sabrina Nazzareni Daniele Aiello

University of Parma University of Modena

A new life for Minerals and Crystals at |Disruption of the Human Thymidylate

the Museo Diffuso delle Scienze Synthase Dimer: A Structure-Guided
(MuDeS - Parma University): Investigation of Interface Hotspots and D-
innovative pathways to engage Series Inhibitors

society in geoscience awareness

12:20 - 13:50

Conclusions

15:30

Guided tour at La Specola, Natural History Museum (optional)
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Structural and functional properties of covalent organic frameworks and metal-organic
polyhedra: the role of (in situ) powder diffraction

Anna Mauri
Department of Science and High Technology, University of Insubria, Como, Italy.
amauri5@uninsubria.it

Within the 17 Sustainable Development Goals [1] set out in the United Nations’ 2030 Agenda, Goal 9 emphasizes
the urgency of “building resilient infrastructure, promote inclusive and sustainable industrialization and foster
innovation”. The separation of benzene and cyclohexane (BEN and CH) is a notable example of the current
challenge in advancing innovative and sustainable industrial processes: their similar boiling points (T, e = 353.9
K, T.ei = 354.3 K) rule out classical distillation and require energy consuming approaches. A promising alternative
lies in selective physisorption on properly tailored porous materials.

As part of a collaborative project between the research groups of Prof. Galli (University of Insubria) and Prof.
Navarro (University of Granada), my MS thesis focused on selected study cases to explore the feasibility of
employing covalent organic frameworks (COFs) and metal-organic polyhedra (MOPs) for the selective
physisorption of BEN and CH.

As the main investigation line, we focused on the COF [(TAM)(BDA).] [COF-300; TAM = tetrakis(4-
aminophenyl)methane; BDA = terephthaldehyde], known for its high flexibility [2] and affinity for BEN in both
static and dynamic conditions [3]. To rationalize these observations, we recurred to high-resolution powder X-ray
diffraction (PXRD) at the European Synchrotron Radiation Facility, in situ dosing vapours of the two chemicals
at different temperatures and across the pressure range 0.01-4.74 bar. An extensive data treatment unveiled the
formation of intermediate- and large-pore forms, corroborating the stepwise guest-induced pore aperture
anticipated from the adsorption isotherms. Guest localization and quantification led to otherwise inaccessible
crystallochemical details — local structural modifications, primary adsorption sites, host-guest and guest-guest
interactions. This comprehensive set of findings enabled us to successfully rationalise the observed functional
behaviour [4].

The second case of study, mainly undertaken at the University of Granada, explored the processability of the
tetrahedral MOPs [((n-butylCpZr),(OH).0).L:]CI; [5] (L = 1,4-benzenedicarboxylate, Zr-MOP-1, or 4,4'-diphenyl-
dicarboxylate, Zr-MOP-10). To identify an inert substrate making their inner porosity (selectively) accessible to
BEN or CH, we explored the suitability of porous hydrophilic (silica), porous hydrophobic (activated carbon) and
non-porous (polypropylene) substrates in combination with different MOP loading.

Overall, the approaches explored for BEN/CH separation not only provided valuable insights into addressing a
current industrial challenge, but also favoured the design of new-generation materials for the same applicative
context and reaffirmed the pivotal role of (non-ambient) PXRD to investigate solid-state bulk materials.

Credits are due to Prof. Simona Galli for supervising the MS thesis work, Prof. Jorge A.R. Navarro and Dr. Rebecca Vismara
for their valuable collaboration, and the Italian Crystallographic Association for recognizing this work with the 2025 Mazzi
Prize for MS Theses on crystallographic topics.

[1] https://sdgs.un.org/goals; website access: August 2025.

[2] Y. Chen, Z. Shi, L. Wei, B. Zhou, J. Tan, H. Zhou, Y. Zhang J. Am. Chem. Soc. 2019, 141, 3298

[3] M. Moroni, E. Roldan-Molina, R. Vismara, S. Galli, J.A.R. Navarro ACS Appl. Mater. Interfaces 2022, 14, 36, 40890.
[4] A. Mauri, R. Vismara, M. Moroni, E. Roldan-Molina, J.A.R. Navarro, S. Galli Small Sci. 2024, 4, 2400277.

[5] P. Delgado, J.D. Martin-Romera, C. Perona, R. Vismara, S. Galli, C.R. Maldonado, F.J. Carmona, N.M. Padial, J.A.R.
Navarro ACS Appl. Mater. Interfaces 2022, 14,23, 26501.
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The dolomite problem: an upside-down perspective

Alice Colli,? Linda Pastero,®°

a Earth Sciences Department, Universita degli Studi di Torino, Via Valperga Caluso 35, 10125 Torino, Italy,
b NIS - Nanomaterials for Industry and Sustainability Interdepartmental centre, Universita degli Studi di Torino, Via
Quarello 16, 10135 Torino, Italy

alice.colli@unito.it

Although the study of carbonate formation processes has been addressed by many Authors for a long time,
especially about magnesium carbonates, the understanding of the formation mechanisms is still extremely
incomplete.

Perhaps the most striking example of this shortcoming is dolomite (CaMg(CO.).), whose formation mechanisms
are not yet clarified to date. Complicating the situation is the fact that dolomite is abundant in ancient sedimentary
systems, where it also forms large masses, but is scarce in current ones even if they are supersaturated with respect
to it. This is briefly defined in the literature as the “dolomite problem”.

Magnesite (MgCO:) presents problems like those of dolomite regarding its reproducibility in the laboratory: under
ambient temperature and pressure conditions, its precipitation is never obtained directly, but passes through the
formation of hydrated metastable phases [1,2], generally hydromagnesite (Mgs(CO:).(OH). - 4H.0).

Because of all this, in environmental conditions, dolomite and magnesite, although thermodynamically stable,
have not yet been synthesized [1,3,4].

As regards dolomite, many studies agree on the fact that the impairment to its formation could be due to the
extremely slow formation kinetics caused by some possible factors: i) a strong hydration enthalpy of magnesium
(solvation of Mg in aqueous media) [5,6] , (ii) a high energy barrier to long-range ordering of Mg>and CO. ions
in dolomite [5,7], (iii) the increased lattice stress due to the incorporation of Mgz into the surface layers that form
upon contact with the parent solution [5,8], and , consequently, greater mineral solubility [5,9].

The study presented here focuses the attention on the "dolomite problem", examining through a series of laboratory
experiments conducted in solution under ambient conditions, the potential factors that can favor the formation of
mixed calcium and magnesium carbonates.

The former “old-style” experiments, as also reported in the literature, aimed at increasing the concentration of
magnesium in calcium carbonates without inducing the polymorphic transformation calcite — aragonite, were
intentionally "upturned", to obtain magnesium carbonates with increasing calcium concentration.

This upside-down perspective has made it possible to demonstrate first that magnesium has no difficulty in
desolvating, as instead supported in much literature, and is able to precipitate hydrated carbonates without barriers,
but that, if anything, the calcium/magnesium competition in solution excludes magnesium from the crystalline
carbonate lattice even during the early stages of growth.

The role played by the pH on the formation of crystallization intermediates with a high Mg>Ca> ratio was
highlighted, but also the fact that even at very high pH, atmospheric CO, alone is not able to induce the formation
of magnesium carbonates even in hydrated form, thus further underlining the importance of the “pH -
supersaturation” couple.

Finally, it has been widely demonstrated experimentally that under conditions of ambient temperature and
pressure, these phases are formed through non-classical nucleation processes at the end of a cascade of metastable
amorphous and paracrystalline phases.

[1] . Santos, H. S., Nguyen, H., Venancio, F., Ramteke, D., Zevenhoven, R., & Kinnunen, P., Inorganic Chemistry
Frontiers, 2023, 10(9), 2507-2546.

[2] Deelman, J. C. Eindhoven: Compact disc publications, 2003

[3] Gregg, J. M., Bish, D. L., Kaczmarek, S. E., & Machel, H. G., Sedimentology, 2015, 62(6), 1749-1769.

[4] Toroz, D., Song, F., Chass, G. A., & Di Tommaso, D., CrystEngComm, 2021, 23(28), 4896-4900.

[5] Bruno M., Ghignone S., Pastero L. & Aquilano D., CrystEngComm, 2020, Vol. 22, 4853-4861.

[6] Brady, P. V., Krumhansl, J. L., & Papenguth, H. W., Geochimica et Cosmochimica Acta, 1996, 60(4), 727-731.

[7] Xu, J., Yan, C., Zhang, F., Konishi, H., Xu, H., & Teng, H. H., Proceedings of the National Academy of Sciences, 2023,
110(44), 17750-17755.

[8] Hong, M., Xu, J., & Teng, H. H., Geochimica et Cosmochimica Acta, 2016, 172, 55-64.

[9] Davis, K. J., Dove, P. M., & De Yoreo, J. J., Science, 2000, 290(5494), 1134-1137.
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Scouting molecules against M. Abscessus iron acquisition pathways through structural
characterisation of the Salicylate Synthetase to target Cystic Fibrosis

Gabriele Diana?, Albero Cassetta®?, Sonia Covaceuszach?®

@ University of Trieste, Piazzale Europa 1, 34127, Trieste, Italy
b Institute of Crystallography-C.N.R.-Trieste Outstation, 34149 Trieste, Italy

Mycobacterium abscessus (Mab), a nontuberculous mycobacterium, is an opportunistic pathogen ubiquitous in
the environment. Although typically harmless to healthy individuals, it poses a serious threat to people with
congenital lung diseases such as cystic fibrosis (CF), leading to significant respiratory complications.

The interaction between Mab and CF is complex and influenced by various factors, including environmental
conditions, transmission between individuals, and the unique characteristics of Mab and CF. A major challenge
in treating Mab infections, especially in CF patients, is the multidrug resistance of the bacterium, which makes
standard antibiotic regimens not only prolonged but also often ineffective.

To counteract the development of drug resistance in Mab, an approach directed against iron acquisition, which is
essential for the pathogenesis of the bacterium, has been identified. Mab, like other mycobacteria, uses
siderophores to acquire iron from the host, making enzymes involved in their biosynthesis potential therapeutic
targets. Among them, Salicylate Synthase of Mab (Mab-SaS), which is the first enzyme involved in this pathway,
is particularly promising for drug development because it is not expressed in human cells.

In this thesis work, the goal is to identify from a library of low molecular weight fragments the most promising
ones, whose complexes with Mab-SaS will be studied by X-ray crystallography. From the eventual structures of
Mab-SaS in complex with one or more selected fragments, as well as several inhibitors originally developed
against the homologous enzyme of M. tuberculosis, promising compounds can be identified. These most
promising molecules will be the basis for the development of new inhibitors directed against Mab-SaS. To achieve
this goal, the target protein was expressed and purified to perform a high-throughput screening of a low molecular
weight fragment library by two different biophysical approaches, Differential Scanning Fluorimetry (DSF) and
Grating Coupled Interferometry (GCI). This process allowed the selection of the most promising candidates for
the crystallographic analysis.

The latter part focused initially on the use of co-crystallisation and optimisation of the conditions to achieve the
crystals that allowed the resolution of the structure of Mab-SaS in complex with Picolinate. The crystallographic
experiments that took place at the XRD2 beamline at the Elettra synchrotron (Trieste) revealed the structural basis
of the interactions within the catalytic site, highlighting the involvement of residues important for the catalytic
function of this enzyme. In addition, a comparison with the homologous Mbtl protein of M. tuberculosis elucidated
the structural conservation of the catalytic site and the binding mode of the coordinated ligand.

Further optimisation of the co-crystallisation condition of the complex between Mab-SaS and Compound MM90
allowed the resolution of the structure of this putative complex, which resulted in a higher resolution structure
with significant differences in the N-terminal region compared to the Apo structure deposited on the PDB, even
if no inhibitor could be found in the active site.

The results of these crystallographic analyses provide crucial insights into the structural features of Mab-SaS in
complexes with Picolinate, while a more complete model of Mab-SaS was obtained from the structure of the
putative Mab-SaS — MM90 complex. This effort, coupled with further detailed biophysical analyses, will set the
way for the potential development of effective drugs targeting Mab.
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Structural investigation of nanocrystalline
reticular materials through 3D electron diffraction

Danilo Marchetti®?

aDepartment of Chemistry, Life Sciences and Environmental Sustainability and INSTM UdR Parma, University of Parma,
Parco Area delle Scienze 17/A, 43124 Parma (PR), Italy.
bistituto Italiano di Tecnologia, Center for Materials Interfaces, Electron Crystallography, Viale Rinaldo Piaggio 34, 56025,
Pontedera, Italy.

danilo.marchetti@unipr.it

In the last decade, the structural analysis of nanocrystalline materials has experienced a significant expansion. The
development of protocols for acquiring 3D Electron Diffraction (3D ED) data, combined with novel highly
sensitive detectors, are the primary reasons for the evolution of this scientific field. [1] This method of collecting
data is based on the acquisition of single-crystal diffraction patterns by rotating the goniometer axis, like in a ¢-
scan of a single-crystal X-ray diffractometer. The data quality enables the atomic structure determination of
materials that would normally fail in a single-crystal X-ray diffraction study, due to the reduced dimensions of
their crystals. The 3D ED technique has been applied to a wide range of materials, including zeolites, [2] Metal-
Organic Frameworks (MOFs), [3] supramolecular organic frameworks (SOF), [4] active pharmaceutical
ingredients (APIs), [5] and proteins. [6] The presented work consists of a synthesis and characterisation of novel
nanocrystalline reticular materials. Various organic and metal-organic, porous 2D and 3D crystalline compounds
are reported and discussed, including Metal-Organic Frameworks (MOFs), comprising metal ions or clusters held
together by organic linkers, [7] and Supramolecular Organic Frameworks (SOFs), which derive from the self-
assembly of organic tectons through non-covalent interactions. [8,9] These materials have been obtained
employing a variety of synthetic methods, ranging from solvothermal to mechanochemical synthesis. The crucial
role of 3D electron diffraction (3D ED) analysis in the structural investigation of the reported compounds is
demonstrated throughout each argument. Diverse data collection protocols and instrumental setups dedicated to
this emerging crystallographic technique will be reported, as well as the use of a dedicated electron diffractometer.

[1] M. Gemmi, E. Mugnaioli, T.E. Gorelik, U. Kolb, L. Palatinus, P. Boullay, S. Hovméller, J.P. Abrahams, ACS Cent. Sci.
2019, 5, 1315-1329.

[2] E. Mugnaioli, A.E. Lanza, G. Bortolozzi, L. Righi, M. Merlini, V. Cappello, L. Marini, A. Athanassiou, M. Gemmi, ACS
Cent. Sci. 2020, 6, 1578-1586.

[3] Z. Huang, T. Willhammar, X. Zou, Chem. Sci. 2021, 12, 1206-1219.

[4] P. Cui, E. Svensson Grape, P.R. Spackman, Y. Wu, R. Clowes, G.M. Day, A.K. Inge, M.A. Little, A.l. Cooper, J. Am.
Chem. Soc. 2020, 142, 12743-12750.

[5] I. Andrusenko, V. Hamilton, E. Mugnaioli, A. Lanza, C. Hall, J. Potticary, S.R. Hall, M. Gemmi, Angew. Chem. Int. Ed.
2019, 58, 10919-10922.

[6] B.L. Nannenga, D. Shi, A.G.W. Leslie, T. Gonen, Nat. Methods 2014, 11, 927-930.

[7] D. Marchetti, F. Guagnini, A.E. Lanza, A. Pedrini, L. Righi, E. Dalcanale, M. Gemmi, C. Massera, Crystal Growth &
Design. 2021, 21, 6660-6664.

[8] D. Marchetti, F. Portone, F. Mezzadri, E. Dalcanale, M. Gemmi, A. Pedrini, C. Massera, Chem. Eur. J. 2022, 28,
€202202977.

[91 D. Marchetti, A. Pedrini, C. Massera, M.D. Faye Diouf, C. Jandl, G.Steinfeld, M. Gemmi,
Acta Cryst. B 2023, 79, 432-436.
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Protein-based nanomaterials as protein heterogeneous nucleants and structural studies
on enzymes from two photosynthetic organisms
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Proteins are the most important biological macromolecules and are involved in almost every aspect of life. The
elucidation of the three-dimensional structure of biological macromolecules by X-ray analysis has provided an
important contribution to our current understanding of many basic mechanisms involved in life processes.
However, obtaining crystals of proteins that diffract to high resolution, remains a major obstacle in structure
determination. Therefore, the search for materials that can effectively induce the nucleation of crystals is a very
promising endeavor. In this context, the first part of my thesis focuses to explore the ability of nanomaterials that
expose protein portions on the surface in inducing protein nucleation. To this purpose, stable Bovine Serum
Albumin nanoparticles (BSA-NPs) of two different sizes (140 nm and 240 nm) were synthetized using the
desolvation methods, and efficiently purified by dialysis and ultracentrifuge. Dimension and morphological
characterization have shown that BSA-NPs have a globular morphology, with a sphere-like shape, but are
composed of several smaller spheres. Furthermore, CD analysis confirms the retention of the secondary structure
of the albumin in nanoparticle form. Finally, the ability of BSA-NPs to act as nucleating agents for macromolecule
nucleation was investigated using three model proteins (BSA, thaumatin, and lysozyme). The effect on inducing
nucleation is visible for both sizes of BSA-NPs, but is more pronounced for larger ones, indicating a relationship
between exposed protein surface area and nucleating power. The involvement of nanoparticles in nucleation is
particularly evident in BSA and lysozyme crystallization. In fact, in the first case, the majority of BSA crystals
grow around NPs precipitate and, in the second case, the presence of BSA-NPs causes massive nucleation with
respect to the control.

The second part of my thesis addresses structural studies of enzymes from the photosynthetic organisms
Chlamydomonas reinhardtii and Arabidopsis thaliana, using X-ray crystallography. Five enzymes central to
metabolic and regulatory processes were analyzed. Three belong to the Calvin-Benson-Bassham (CBB) cycle:
phosphoribulokinase (CrPRK), triosephosphate isomerase (CrTPI), and ribulose-5-phosphate epimerase (CrRPE).
CrPRK, which regenerates RuBP for RuBisCO, was crystallized in complexes with ATP and ADP/RuU5P,
elucidating its catalytic mechanism. Additionally, the partially oxidized apo-CrPRK structure revealed regulatory
disulfide bond formation between key cysteines. CrTPI and CrRPE catalyze key sugar interconversions in the
cycle and are potential targets of S-nitrosylation. The high-resolution structure of nitrosylated CrTPI identified
Cys14 as the modification site, while CrRPE’s structure was solved for the first time, allowing insights into its
catalysis and regulation.
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Crystallography Matters

Martina Lippi
Department of Industrial Engineering, University of Florence, via di Santa Marta 3, 50139, Florence

martina.lippi@unifi.it

Podcasts are digital audio formats that are accessible anytime and anywhere, making them an ideal tool for science
communication due to their flexibility, engagement potential, and low cost. They enable clear explanation of
complex concepts by combining expert interviews, narrative storytelling, and personal experiences, while
fostering dynamic interaction with audiences.:

This project aims to promote crystallography in Italy by launching an Italian-language podcast dedicated to this
field. The series will highlight scientific careers through direct testimonies, creating a network that connects
experts and enthusiasts, and stimulating debate that broadens public understanding. In addition to reaching
specialists, the podcast seeks to engage students and early-career researchers from related disciplines, making
crystallography more accessible and encouraging interdisciplinary collaboration. Each 25-30 minute episode,
hosted by three young researchers with complementary backgrounds, will balance scientific depth with personal
storytelling. Episodes will cover crystallography’s applications in biology, chemistry, geology, and materials
science, alongside practical insights into career pathways. Interactive Q&A segments with listeners will further
promote engagement and knowledge dissemination. Targeted primarily at graduate students, PhDs, and early-
career scientists, the podcast will inspire, educate, and foster networking within the crystallographic community.
Episodes will be distributed via an hosting platform and promoted through scientific networks and social media
to maximize reach and impact.

[1] Rehman, Nayyer & Edkins, Victoria & Ogrinc, Nives. (2024). Using podcasts to bridge the gap between science
communication and specialized scientific fields: a case study of mass spectrometry. Frontiers in Communication. 9.
10.3389/fcomm.2024.1384389.
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Crystal Chemistry in Motion
Luca Catalano®P

aDynamic Molecular Materials Laboratory, Department of Life Sciences, University of Modena and Reggio Emilia, Modena
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bDepartment of Chemistry, University of Rochester, Rochester, NY 14627, USA

The chemistry of molecular crystals is far from static. Over the past decade, my research has explored how crystal
structures, often perceived as rigid, can instead exhibit remarkable adaptability, undergoing transformations in
response to external stimuli such as temperature, pressure, or light. By combining advanced single-crystal and
powder X-ray diffraction, spectroscopy across a wide frequency range, and calorimetric methods, | have
investigated the structural and energetic origins of phenomena such as polymorphism, single-crystal-to-single-
crystal transitions, and large-scale crystal dynamics. A central theme has been the design and control of molecular
and supramolecular features to achieve on-demand changes in crystal packing and macroscopic shape, paving the
way for intelligent materials with potential applications from sensors to actuators. This presentation will highlight
key milestones from my career, from the discovery of tunable molecular-scale dynamics in crystals to the rational

design of adaptive solid forms, showing how crystal chemistry, when set in motion, can open new avenues in
materials science.
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Line profile analysis: still anything left to develop?

Matteo Leoni
RASD, Research and Innovation Complex, Saudi Aramco, Dhahran, Saudi Arabia
matteo.leoni@gmail.com

Line profile analysis, which focuses on determining non-structural parameters such as the size of coherently
scattering domains and lattice defects from diffraction data, has a history spanning more than a century. The Debye
scattering equation dates back to 1915, while the Scherrer formula was introduced in 1918. Over the past hundred
years, major advances in instrumentation, mathematical formalism, and computational tools have transformed the
field. Smart algorithms, combined with the enormous increase in computing power, now allow almost
instantaneous full-pattern calculations. From the mathematical point of view, we have reached the point where the
diffraction pattern of a powder composed of given objects can be computed in closed form. Having devoted a
large part of my career to line profile analysis and contributed to the development of state of the art techniques, |
now find myself asking: is there still anything left to develop in this field? A personal perspective will be shown.
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Quasicrystals from extremes: High-energy origins and the case for a cosmic abundance

Luca Bindi
Department of Earth Sciences, University of Firenze, Firenze, Italy

luca.bindi@unifi.it

Quasicrystals are solid materials that exhibit a unique form of structural order that is neither purely crystalline nor
completely amorphous [1,2]. Unlike conventional crystals, which have repeating (periodic) atomic arrangements,
quasicrystals display long-range order without periodicity. This means their atomic structure follows specific
mathematical rules - often based on non-repeating patterns like Penrose tilings - but does not repeat regularly in
space. Once thought to be rare anomalies of matter, quasicrystals are emerging as a class of materials with
unexpected ubiquity and cosmic relevance [3]. This presentation explores a growing body of evidence suggesting
that quasicrystals may form under extreme, high-energy conditions far more frequently than previously believed.
Naturally occurring quasicrystals have been identified in meteorite fragments resulting from hypervelocity
asteroid collisions [4,5], in atomic blasts [6], and most recently reported in fulgurite-like structures formed by
lightning strikes [7]. These findings challenge long-held assumptions about the rarity of quasicrystalline phases
and prompt a re-evaluation of the thermodynamic and kinetic pathways through which such structures emerge.
By extending the search beyond Earth, we open a compelling new frontier in planetary materials science. The
Moon, Mars, and other rocky bodies - subject to meteoritic bombardment, cosmic radiation, and electrostatic
discharges - may host natural quasicrystals, preserving records of violent astrophysical events and novel
crystallization mechanisms. This talk outlines an interdisciplinary outlook integrating mineralogy, shock physics,
solid-state chemistry and planetary exploration, with the aim of developing new strategies for detecting and
characterizing quasicrystals in extraterrestrial environments. As we advance our understanding of how order arises
from chaos in the universe, quasicrystals stand as key witnesses to the most energetic and transformative processes
in nature.

This inaugural named lecture is dedicated to the memory of Paola Bonazzi, whose contributions and spirit continue
to inspire us. It is our hope that this lecture will not remain a singular event but will continue to be held on future
occasions as a lasting tribute to her legacy and impact.

[1] D. Levine, P.J. Steinhardt Phys. Rev. Lett. 1984, 53, 2477.

[2] D. Shechtman, I. Blech, D. Gratias, J.W. Cahn Phys. Rev. Lett. 1984, 53, 1951.

[3] L. Bindi, Natural quasicrystals, the Solar System’s hidden secrets. Switzerland, Springer, Springer Briefs, 96 pages,
ISBN978-3-030-95641-7, 2020.

[4] L.S. Hollister, L. Bindi, N. Yao, G.R. Poirier, C.L. Andronicos, G.J. MacPherson, C. Lin, V.V. Distler, M.P. Eddy, A.
Kostin, V. Kryachko, W.M. Steinhardt, M. Yudovskaya, J.M. Eiler, Y. Guan, J.J. Clarke, P.J. Steinhardt Nat. Comm. 2014, 5,
4040.

[5] P.D. Asimow, C. Lin, L. Bindi, C. Ma, O. Tschauner, L.S. Hollister, P.J. Steinhardt, P.J. Proc. Nat. Acad. Sci. USA. 2016,
113, 7077.

[6] L. Bindi, W. Kolb, N.G. Eby, P.D. Asimow, T.C. Wallace, P.J. Steinhardt Proc. Nat. Acad. Sci. USA. 2021, 118,
£2101350118.

[7] L. Bindi, M.A. Pasek, C. Ma, J. Hu, G. Chen, N. Yao, P.D. Asimow, P.J. Steinhardt Proc. Nat. Acad. Sci. USA. 2023, 120,
€2215484119.
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The magic scroll of the future Aampus museum of writing
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asynchrotron SOLEIL, "Musée des Ecritures Ampus, ‘Laboratoire Arscan UMR 7041

Jean-Paul.itie@synchrotron-soleil.fr

The magic scroll belongs to the collection of the future “Musée des écritures” in Ampus (Var, France). A few
engraved characters can be observed on the outside of the roll (fig. 1a). Due to the corrosion of the metal, it is
impossible to unroll it physically without damage.

To read the scroll non-invasively, an initial tomographic study was performed on the PSICHE beamline. Due
to the unexpectedly strong absorption of the metal, we were forced to increase the photon energy to the maximum
available 120 keV in pink beam mode and develop a modified acquisition strategy. The metal is lead, confirmed
by fluorescence measurements performed at the PUMA beamline (fig. 1b). These reveal flakes of copper alloy on
the surface of the scroll, indicating that it was probably stored in a bronze container, now lost.

A second beamtime in 2024 allowed the object to scanned completely, revealing that the roll is made up of
two engraved sheets (fig. 1c). A tomograph of the full axial length of the scroll (~45mm) was acquired using a
helicoidal scanning acquisition. The scroll has been virtually unrolled using Python routines and visualized using
Avizo software. The reconstruction shows that both faces of the metal foil are engraved with text. The engraved
text has been identified as Mandean, revealing the origins of the artefact in Mesopotamia, and indicating its age
as 3-5M century CE. An initial translation of the start of the text indicates that the scroll is a protective amulet for
a pregnant woman. The complete translation is in progress, and the latest results will be presented at the meeting.
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Two asymmetries in one: spins in chiral structures
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Chiral magnetic materials exhibit the simultaneous violation of temporal and spatial parity. This coexistence gives
rise to exotic and highly relevant phenomena. First, the lack of inversion symmetry enables linear spin-electric
coupling,™ allowing for the manipulation of spins with spatially confined and less energy-consuming electric
fields, rather than the more commonly used magnetic fields. Additionally, in the transport of electrons through a
chiral material, a specific spin polarization is favored depending on the directions of the electron motion and the
chirality vector. Chirality-induced spin-selectivity, known by the acronym CISS, is particularly efficient in
organic molecules composed mainly of light atoms (oligopeptides, DNA, helicenes, etc., despite their weak spin-
orbit interaction. Since the phenomenon is observable even at room temperature, it has been proposed as a possible
source of spin polarization at high temperatures, where the use of magnetic fields is ineffective because the
Zeeman interaction energy is much lower than the thermal energy.

Potential applications of the CISS phenomenon range from the separation of enantiomers using magnetic
substrates to the generation of e-fuels - favoring reactions that develop oxygen at the electrodes — and the control
of efficiency in photovoltaic cells. An application that has caught our attention is the possibility of controlling the
spin of molecules through photoinduced electron transfer, thereby extending the use of magnetic molecules as
quantum bits in emerging quantum technologies.F!

Another interesting phenomenon occurs in the interaction between matter and electromagnetic: magnetochiral
dichroism. The term dichroism is partly misused, as the phenomenon involves different absorption of non-
polarized light depending on the direction of magnetization with respect to the chirality vector of the system. By
changing the direction of magnetization, the direction of light propagation -- or by switching to the enantiomer --
the absorption changes. In optics, magnetochiral dichroism is a rare example of a non-reciprocal phenomenon that
can be observed with unpolarized light. Our research shows that strong magnetochiral dichroism can be observed
by using X-ray synchrotron radiation® and that spin-orbit coupling is a key ingredient.F!

[1] M. Fittipaldi, A. Cini, G. Annino, A. Vindigni, A. Caneschi, R. Sessoli, Nat. Mater. 2019, 18, 329-334.

[2] B. P. Bloom, Y. Paltiel, R. Naaman, D. H. Waldeck, Chem. Rev. 2024, 124, 1950-1991.

[3] A. Chiesa, A. Privitera, E. Macaluso, M. Mannini, R. Bittl, R. Naaman, M. R. Wasielewski, R. Sessoli, S. Carretta,
Adv. Mater. 2023, 35, 2300472.

[4] R. Sessoli, M.-E. Boulon, A. Caneschi, M. Mannini, L. Poggini, F. Wilhelm, A. Rogalev, Nat. Phys. 2015, 11, 69-
74.

[5] M. Atzori, F. Santanni, I. Breslavetz, K. Paillot, A. Caneschi, G. L. J. A. Rikken, R. Sessoli, C. Train, J. Am. Chem.

Soc. 2020, 142, 13908-13916.
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Over the last few decades, much of our research has focused on likelihood-based methods for protein
crystallography, built on a statistical understanding of structure factors as correlated complex numbers. This
framework has allowed us to develop powerful methods for the calculation of probability-weighted maps [1],
phasing by single-wavelength anomalous diffraction or molecular replacement [2] and the refinement of atomic
models [3].

The “resolution revolution”, which has recently enabled high-resolution structure determination of
macromolecules and their complexes by cryo-EM, has prompted us to examine the differences and common
features between crystallography and cryo-EM. At first sight, cryo-EM would seem to be a real-space method, but
it turns out that the assembly of projection views of molecules into 3D maps requires a step that is most readily
understood in terms of the Fourier transforms of those views: each view contributes a slice of the 3D Fourier
transform. Errors in the reconstructed map can be described in terms of complex errors in the complex Fourier
terms, analogous to the errors between the true and calculated structure factors in crystallography. As a result,
much of the theoretical basis for likelihood functions is common between crystallography and cryo-EM, differing
in the sources of measurement errors and most prominently in the lack of measured phase information in
crystallography. Fortunately, this last difference just makes cryo-EM more mathematically tractable than
crystallography.

Building on this common framework, we have been able to re-use many of the lessons we have learned in
crystallography. For instance, the problem of docking an atomic model into a cryo-EM map is closely analogous
to the molecular replacement problem in crystallography, and many of the tools are in common [4].

Both crystallography and cryo-EM have been transformed by another revolution, the emergence of high-accuracy
machine-learning techniques such as AlphaFold2 [5] to predict protein structure from sequence. The predicted
structures provide excellent hypotheses to bootstrap experimental structure determination, and Airlie McCoy has
been closely integrating these models into structure determination pipelines.

I will end by touching on some exciting results from using both crystallographic and cryo-EM likelihood targets
to guide machine-learning structure prediction, carried out by Alisia Fadini in collaboration with members of the
Phenix collaboration and the groups of Mohammed AlQuraishi and Doeke Hekstra [6]. We anticipate that
developments like this will help to close the loop and lead to even stronger structure prediction methods.

[1] R.J. Read. Acta Cryst., 1986, A42, 140-149.

[2] A.J. McCoy, R.W. Grosse-Kunstleve, P.D. Adams, M.D. Winn, L.C. Storoni, R.J. Read RJ. J. Appl. Cryst., 2007, 40, 658-
674.

[3] N.S. Pannu, R.J. Read. Acta Cryst., 1996, A52, 659-668.

[4] C. Millan, A.J. McCoy, T.C. Terwilliger, R.J. Read. Acta Cryst., 2023, D79, 281-289.

[5] J. Jumper, R. Evans, A. Pritzel, T. Green, M. Figurnov, O. Ronneberger, K. Tunyasuvunakool, R. Bates, A. Zidek, A.
Potapenko, A. Bridgland, C. Meyer, S.A.A. Kohl, A. J. Ballard, A. Cowie, B. Romera-Paredes, S. Nikolov, R. Jain, J. Adler,
T. Back, S. Petersen, D. Reiman, E. Clancy, M. Zielinsk, M. Steinegger, M. Pacholska, T. Berghammer, S. Bodenstein, D.
Silver, O. Vinyals, A. W. Senior, K. Kavukcuoglu, P. Kohli, D. Hassabis. Nature, 2021, 583-589.

[6] A. Fadini, M. Li, AJ. McCoy, T.C. Terwilliger, R.J. Read, D. Hekstra, Mo.AlQuraishi. bioRxiv, 2025,
https://doi.org/10.1101/2025.02.18.638828.
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X-ray crystallography of solid-liquid interfaces
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A full understanding of crystal growth requires knowledge of interfacial processes at the atomic length and time
scales. No single method can provide this, but a combination of tools should be able to [1]. Finding consistency
among the unsurpassed structural accuracy of X-ray diffraction, the local structure information from modern
microscopy tools and the results from molecular dynamics computer simulations is a route to achieve reliable
knowledge. This route starts at well-behaved, smooth interfaces and eventually leads to the local structure and
dynamics at steps and kinks.

The focus of this presentation will be on the current capabilities of X-ray diffraction to reveal the structure of
solid-liquid interfaces. A structure determination of an interface requires the intensity from a synchrotron radiation
source, hard X-rays to penetrate the liquid, and the analysis of crystal truncation rods. In general, the crystal part
of the interface is straightforward to determine because it is (typically) well-ordered, but the liquid part has much
less order and ‘crystallography’ becomes very challenging. The GaN-Ga interface, Figure 1, shows this
characteristic behaviour, where the liquid rapidly loses order away from the crystal surface [2]. If possible, it is
therefore useful to use supplementary methods and in the case of the calcite-water interface, the results of X-ray
diffraction were combined with Molecular Dynamics simulations [3]. When using the best available potentials, or
computationally expensive DFT simulations, a very consistent picture of this interface emerges. In the calcite-
water case, the liquid order does not decay slowly away from the interface, but is found to be restricted to only
two monolayers of water. Finally, the results of determining the location of growth additives used as anti-caking
agents for NaCl crystals will be discussed [4].
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Figure 1. A side view of the GaN(0001)-Ga interface, showing the order in the liquid layers in contact with the crystal as
well as Ga vacancies in the top crystal layer that are the result of the polar nature of this surface.

[1] E. Vlieg, J. Cryst. Growth (2022) 597, 126850.

[2] A.E.F. de Jong, V. Vonk, M. Bockowski, I. Grzegory, V. Honkiméki, E. Vlieg, Phys. Rev. Lett. (2020) 124, 086101.

[3] S.J.T. Brugman, P. Raiteri, P. Accordini, F. Megens, J.D. Gale and E. Vlieg, J. Phys. Chem. C. (2020) 124, 18564.

[4] E.R. Townsend, W.J.P. van Enckevort, P.T. Tinnemans, M.A.R. Blijlevens, J.A.M. Meijer and E. Vlieg, Cryst. Growth
Des. 18 (2018) 755; M.A.R. Blijlevens, E.R. Townsend, W.J.P. van Enckevort, E. Vlieg, Cryst. Growth Des. 22 (2022) 6575
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25 years of x-ray powder diffraction at extreme conditions
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I has been my pleasure to serve the ESRF’s User community over the past 25 years, and to have been a user of
other facilities, using a variety of high pressure devices. This period has seen a significant expansion in the type
of experiments possible and in the quality of resulting datasets. This fortunately, for me, coincided with a period
of significant development in powder diffraction and its general accessibility, through initiatives such as CCP14,
or SDPD, and the transferral of the codes, tutorials and information obtainable from these hosts (and elsewhere)
to the study of powders at extreme conditions. The combination was powerful tool for Users to explore phase
diagrams and reactions, to describe the structures of phases encountered and to determine their properties.

In this talk we will describe the instruments and experiments and what technological and practical advances were
necessary for their realisation; this will include porting of high-pressure techniques to other, non-traditional, HP
instruments and the complementarity of ancillary measurements. We will describe the newest large-volume
developments for diffraction, which can offer previously unobtainable time and diffraction resolutions — both in
normal and deformation modes — and with a variety of tooling strategies to suit. We offer our suggestions to take
these yet further; from a technical point-of-view and with scientific cases in mind. The examples will be drawn
from my own work, from DAC and Paris-Edinburgh and multi-anvil techniques; from x-ray and neutron sources
—and from domains as diverse as pharmaceuticals to liquids and glass, and from geosciences and energy materials.
I will also pick from Users’ results to highlight the evolution of the possible outcomes from the increasingly varied
suite of programs or techniques employed, primarily, for the resolution of structures, or for their refinement by
powder methods.

Figure 1. The structure of -KaP.07, 3855 A3 and P61, a®, resolved by powder methods [1].

[1] A. Le Bail, Th. Hansen, W. A. Crichton Powder Diffraction 2013, 28, 2-12.
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In his essay published in 1811 [1] A. Avogadro hypothesizes that, under equal conditions, in the same volume of
any gas the number of molecules is the same. Three years later A. Ampeére [2] published the same hypothesis
declaring that he had read Avogadro's essay only when his work was in printing. The purpose of Avogadro's paper
was to explain the results published by J. L. Gay-Lussac [3], according to which a volume of a gaseous substance
always combines with an equal, double, or at most triple volume of another gaseous substance. These results could
not be explained by J. Dalton's atomic theory [4] and the Avogadro's success was possible thanks to the distinction
he made between molecules (i.e. atoms) and integrant molecules (i.e. molecules).

I shall show that Avogadro borrowed the expression integrant molecule and its meaning from R.-J. Haly, who, in
his turn, took the definition from P. J. Macquer [5] and used it in his theory of the internal structure of the crystals.
In fact, Haiy’s theory is based on the triperiodic translation of a polyhedral integrant molecule which determines
both the chemical composition and the symmetry of the corresponding crystalline solid [6, 7]. Ampere, instead,
preferred the term corpuscle. Both authors, in their essays, cite results published by Hally, but do not recognize
any particular inspiration in him, neither for the distinction between integrant molecule and molecule, nor for the
assumed same separation between the integrant molecules in any gas.

According to Hally the integrant molecule of each crystalline species has specific polyhedral shape and volume:
it represents the smallest portion of the crystal. Instead, in gases Avogadro assumed that the integrant molecules
have negligible dimensions, compared to their constant separation, so that equal volumes of different gases contain
the same number of particles. Note that in the crystals the constant distance is a consequence of the periodicity
and depends on the volume of the integrant molecule.

To my knowledge, the hypothesis presented here about the debt that Avogadro would have towards Hally never
appeared in the literature, probably because Avogadro's work was long forgotten and the distinction between
molecules and atoms affirmed by him, for never sufficiently clarified reasons [8], was neglected for half a century.
It was only at the first international congress of chemistry (Karlsruhe 1860) that S. Cannizzaro [9] brought to the
general attention the 1811 paper that, actually, Avogadro had published in a well-known international journal [1].
At the time of the Karlsruhe congress also the Haily's theory, improved by various authors (e.g. [10, 11]), was
alive only among the scholars of crystallography, a science that unfortunately had passed from being a fruitful
field of research, useful to investigate the structure of the matter, to a niche subject related to mineralogy. Thanks
to Cannizzaro, the majority of chemists and physicists accepted that a molecule is an aggregation of chemically
bonded atoms half a century before Laue’s discovery of the X-ray diffraction [12] had allowed to prove that
experimentally.

[1] A. Avogadro 1811 J. Phys. Chim. Hist. Natur. 1811, 73, 58.

[2] A.-M. Ampére Ann. Chim. 1814, 94, 43.

[3] J. L. Gay-Lussac Mém. Soc. Phys. Chim. de la Soc. d'Arcueil 1809, 2, 207 and 252.
[4] J. Dalton A new system of chemical philosophy, Manchester, 1808.

[5] P. J. Macquer Dictionnaire de chymie, Paris, 1766.

[6] R.-J. Hatlly Essai d’une théorie sur la structure des crystaux, Paris, 1784.

[7] R.-J. Hailly Exposition abrégée de la théorie sur la structure des crystaux, Paris, 1792.
[8] M. Morselli Amedeo Avogadro, Dordrecht, 1984.

[9] S. Cannizzaro Il nuovo cimento 1858, 7, 321.

[10] W. H. Wollaston Philosoph. Trans. Roy. Soc. 1813, 103, 51.

[11] L. Pasteur Ann. Chim. Phys. 1848, 24, 442.

[12] W. Friedrich, P. Knipping, M. Laue Sitzungsberichte 1912, 303.
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Crystallographic exploration at non-ambient conditions:
Discovery of a novel high-P and high-T polymorph of leucite

Paolo Lotti?, Davide Comboni 2, Benedetta Chrappan Soldavini®,
Marco Merlini?, G. Diego Gatta?
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Leucite, ideally KAISIi»Os, is a common feldspathoid/zeolite, usually a primary component of alkaline K-rich
mafic and ultramafic volcanic rocks. Understanding its physical-chemical properties as a function of temperature
and pressure, including its phase stability fields and relationships with other minerals, is therefore of the outmost
importance for modelling these magmatic systems at geological deep conditions.

The physical-chemical properties of a mineral are a direct consequence of its crystal structure and how it re-
arranges at varying conditions. Leucite, in particular, shows a quite complex polymorphic behavior with
temperature. It crystallizes at high temperature in a cubic form (la3d), but under cooling, in the T range ca. 620-
670 °C, it undergoes two phase transitions to the tetragonal polymorphs 141/acd and then 141/a [1], the latter being
the stable form of leucite down to ambient conditions. These phase transitions also imply a complex merohedric
and pseudo-merohedric twinning, whereas it has been observed that several factors, including chemical
composition and thermal history, may significantly modify this transitions pathway [1-3]. At high pressure (and
ambient temperature), the 141/a polymorph was observed to undergo a first-order phase transition to a metrically
triclinic polymorph (potentially P-1, structure not determined) with a significant increase in density at about 2.4
GPa [4]. In this study, we have re-investigated the high-pressure and, for the first time, the combined high-pressure
and high-temperature behavior of leucite by in situ single-crystal synchrotron X-ray diffraction (at the P02.2 and
ID15B beamlines of Petra-111 and ESRF synchrotrons, respectively). The results have shown an unexpected phase
transition path, from the tetragonal 14:/a polymorph toward a trigonal form with R-3 space group at pressures
above 2.2-2.5 GPa, both at ambient and high temperature. This suggests that several factors, such as the kinetics
of compression, may also control polymorphic transitions at high pressure. The trigonal polymorph of leucite,
never reported by previous studies, is characterized by two independent K sites with different coordination
environments and four independent tetrahedral sites.

These results further demonstrate the complex polymorphic behavior of leucite to temperature and pressure, and
the importance of structural determination in order to model and understand its phase stability in deep geological
environments.

[1] D.M. Hatch, S. Ghose, H.T. Stokes Phys. Chem. Minerals 1990, 17, 220.

[2] D.C. Palmer, M.T. Dove, R.M. lbberson, B.M. Powell Am. Mineral. 1997, 82, 16.
[3] R.A. Lange, |.S.E. Carmichael, J.F. Stebbins Am. Mineral. 1986, 71, 937.

[4] G.D. Gatta, N. Rotiroti, T. Boffa Ballaran, A. Pavese Am. Mineral. 2008, 93, 1588.
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Diving into asgruvanite-(Ce):
A structural marvel made of alternating REE—-arsenite layers and tunnel-like cavities
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Bindi?
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Asgruvanite-(Ce), ideally CesCasAl(SiO4)s(AsO3)s(CO3)2ClaF3(OH),, is a new mineral species [1] from the
Asgruvan Fe-skarn deposit, Norberg, Vastmanland, Sweden. The empirical chemical formula, calculated on the
basis of electron-microprobe and single-crystal X-ray diffraction data, is:
[(Ces.89Nd3.36Y3.34L.21.84Pr0.81SM0.67Gd0.53DY0.32Er0.15 Y Do.0s T0.07H00.06 TMo.02LUo.01) 516.15Ca4.85PD0.01] z21.01 (Alo.s5F o,
22Cr0.18)50.95(Si6.00P0.06)26.06(AS*7.955D0.04)£7.99(C1.885* 0.12) 52.00054[ (Cl.82F0.18)4.00(F1.540H1.46)£3.00(OH) 2] z9.00.
Asgruvanite-(Ce) crystallizes in the trigonal system, space group P-3m1 (Z = 1), with unit-cell parameters a =
10.5728(6) A, ¢ = 15.0899(11) A. The structure was refined to R1 = 6.23% for 987 reflections and 108 refined
parameters.

The structure of the new mineral is unique and consists of two layers, A and B, alternating along the ¢ axis. Layer
A (~8.4 A) has the composition [(Ce1oCas)AlSie(C1.50S0.50)2.00030(OH)2]'>*. Layer B (~6.7 A) corresponds to the
composition [(CesCaz)As**s024ClsF3]*5~. These layers form tunnel-like cavities parallel to [100], alternately
occupied by a Cl atom and a vacant As**-defined tetrahedron. Arsenic atoms sit at the apex of trigonal pyramids
pointing towards the centre of the tunnels, sharing basal edges with Ce polyhedra. An isolated Si tetrahedron is
linked to an Al-dominant, octahedrally coordinated site through one corner: due to the symmetry of these sites,
this results in an octahedron having tetrahedra attached at each of its corners. Despite its unique structural and
compositional features, asgruvanite-(Ce) shows crystal-chemical analogies with other mineral species (e.g.,
sulfite-bearing thaumasite [2], ulfanderssonite-(Ce) [3], members of the vicanite-group, etc.), including an unusual
3-fold-coordinated split site hosting C and S. Spectroscopic data (infrared and micro-Raman) corroborate the
structural model.

[1] A. Taddei, D. Holtstam, E. Jonsson, H.-J. Forster, L. Bindi, S. Andersson, O. Appelt CNMNC Newsletter 85, Mineral.
Mag., 2025, 89, 1-8.

[2] I.V. Pekov, N.V. Chukanov, S.N. Britvin, Y.K. Kabalov, J. Géttlicher, V.O. Yapaskurt, A.E. Zadov, S.V. Krivovichev, W.
Schiller, B. Ternes Mineral. Mag., 2012, 76, 1133-1152.

[3] D. Holtstam, L. Bindi, U. Hélenius, U. Kolitsch, J. Mansfeld Eur. J. Mineral., 2017, 29, 1015-1026.
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3ED studies of a potential new Y-silicate in metabauxite from Vanoise (Savoie, France)
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Millimetre-long acicular crystals in bright orange bundles, found in the micaceous fractures of a

metabauxite, were first mistaken for carpholite (Mn?*Al,Si,O¢(OH)4, which has orthorhombic cell, a 13.716, b
20.084, ¢ 5.110 A, Ccca), but proved to be an unidentified silicate mineral as chemical analysis revealed Ca and
Y (as well as some heavy rare earth elements, mostly Gd and Dy) as major constituents. However, the WDS
analyses yielded always low totals (ca. 80-83 wt%), probably related to the presence of H,O. The Raman spectra
have minor bands in common with erionite but are seriously affected by fluorescence. Fourier infrared
spectroscopy confirmed the presence of H in the structure as absorption bands are evident in the O-H stretching
region (broad bands centred at 3355 and 3450 cm™) but also at 1586 cm™ compatible with bending modes of H,O
groups, and at 1441 cm? related to the asymmetric stretch of CO3 groups. X-ray diffraction analysis of single
crystals separated from the bundles resulted in very disordered material in which only one periodicity could be
clearly recognized (5.75(4) A). A 3ED approach seemed to be the right choice to unravel their nature. At the TEM,
elongated lath-shaped fragments of a few hundred nanometres show apparent single-crystal diffraction spots.
However, the 3D reconstructions of electron diffraction data resulted in one pseudo-hexagonal lattice (a 26.267(4),
b 26.481(4), ¢ 5.7379(7) A, 0 89.92(1), B 90.11(1), y 119.61(2)°) with non-crystallographic extinction conditions
that suggest the presence of twinning. A careful MicroED collection in low-dose TEM mode was performed with
a Talos F200X equipped with a Ceta 16M camera using a -71 to 71° tilt series with an increment of 1°. The
processing of the collected EDT dataset, revealed the presence of a triple twin of a monoclinic C-centred lattice
(a 26.263(5) A, b 5.7370(8) A, ¢ 13.234(2) A, 89.90(1)° 119.58(6)°, 90.13(1)°, V 1734.5(5) A3). This cell can
account for almost all the diffraction peaks obtained by pseudo-Gandolfi patterns obtained with a Rigaku Sinergy-
S XtaLAB diffractometer. However, the presence of a triple twin with many overlapping reduces seriously the
availability of untwinned structure factors and therefore the possibility of obtaining a suitable set for structure
solving by intrinsic methods (SHELXT) or charge-flipping methods (JANA2020). Work is in progress using X-
ray powder data indexed with the cell obtained by 3ED, and advanced low-dose 4D STEM imaging investigation
at atomic resolution.

3 keywords: 3ED, REE-silicate, crystal structure

Session MS 1 — Mineralogy and Crystallography: Two Sides of a Same Coin.
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The understanding of the deep water cycle is crucial to assess the mechanisms behind large scale geological
processes. In subduction zones, the water transport occurs through mineralogical reactions that involve the
destabilization of water-bearing phases. In the last thirty years, high-pressure and high-temperature syntheses
revealed the existence of new complex silicates that form after the destabilization of known hydrous minerals
(e.g., antigorite, chlorite) and could play a crucial role in the transport and release of water in the mantle [1]. To
understand the behaviour of these phases under mantle conditions and the dehydration mechanisms involved,
crystallographic information and thermo-elastic studies are needed. Among these phases (Figure 1), the 11.5 A
phase [2], with chemical formula MgsAl(SiO4)2(OH)-, has a wide stability field along with the 23 A phase [3].
The two phases share the same chemical formula, but their structural relation remained an open question. The 11.5
A phase structure has been obtained with standard precession-assisted electron diffraction tomography (PEDT),
revealing a layered structure consisting of TOT groups and double di-octahedral layers of face-sharing octahedra,
with unit cell parameters a = 9.012(1)A b = 5.201(1)A ¢ = 23.202(5)A B = 97.8(1)° and space group C2/c [4],
while for the 23 A phase there is no structural information. We performed multi-anvil syntheses at different
pressure-temperature conditions starting from natural chlorites with variable composition to obtain chemical and
crystallographic information in this system. Single-crystal X-ray diffraction (SC-XRD) allowed for the first
structural solution of the 23 A phase, which resulted in an orthorhombic pseudo-hexagonal polytype of the 11.5
A phase, with space group Cmcm and unit cell parameters a = 8.9783(3)A b = 5.2018(2)A ¢ = 22.9982(8)A. We
also report SC-XRD thermo-elastic studies on both polytypes, that revealed an interesting behaviour. A single
crystal to single crystal phase transition at 400°C revealed a 5% volume increase upon partial dehydration,
associated with an unpacking of the double Mg-octahedral layers. The energy release associated with this volume
increase could play a crucial role in the formation of deep earthquakes as well as being of particular interest in
materials science, in the study of energy-storing materials.
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Figure 1. Water-bearing phases stability in the MgO-Al203-SiO2-H20 system (modified after [3])

[1] J. Hermann, S. Lakey Geology. 2021, 49, 911.

[2] P. Fumagalli, S. Poli, J. Fischer, M. Merlini, M. Gemmi Contrib. Mineral. Petrol. 2014, 167, 979.
[3] N. Cai, T. Inoue Comptes Rendus Geosci. 2019, 351, 104.

[4] M. Gemmi, M. Merlini, L. Palatinus, P. Fumagalli, M. Hanfland Am. Mineral. 2016, 101, 2645.
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In a recent high-pressure (HP) Raman spectroscopy investigation of natural omphacite (space group P2/n, with a
composition close to JdasDis7), we observed significant changes in its elastic properties under pressures up to 10
GPa [1]. The pressure-dependent behaviour of certain Raman peaks exhibited a discontinuity near 5 GPa,
suggesting a variation in the compression mechanisms occurring in the six- and eight-coordinated sites of the
ordered omphacite structure. While numerous HP diffraction studies have been published [2-4], these are generally
limited by incomplete reciprocal space coverage, which does not allow a comprehensive structural refinement
under varying pressures. Specifically, the limited data coverage prevents a full refinement of the anisotropic
atomic displacement parameters (adp’s) for all atoms in the omphacite structure, essential for precisely tracking
geometric changes with pressure. To address these limitations, we conducted a HP single-crystal X-ray diffraction
study of the same sample using synchrotron radiation. The crystal was carefully sectioned into two orthogonal
directions using focused ion beam technology and then loaded into a diamond anvil cell (DAC) to maximize the
reciprocal space information available during the HP experiments. This approach allowed us to overcome typical
restrictions associated with reciprocal space accessibility in conventional HP DAC studies, facilitating a complete
structural refinement with adp’s. With this improved dataset, we were able to refine the adp’s for all atoms in the
omphacite structure while changing pressure, providing accurate insights into the structural deformations,
including bond elongation and coordination polyhedron distortions. The experimental results were compared with
Hartree-Fock/Density Functional Theory simulations on a fully ordered JdsoDiso omphacite up to 8 GPa, as well
as with Raman spectra collected up to 10 GPa by [1].

Acknowledgements: This work was financially supported by the Fondazione Cariplo grant agreement #2023-2431 assigned to
M. Alvaro by the PRIN-MUR project no. 2020WPMFE9 to G. Pennacchioni.

[1] L. Baratelli, M. Murri, M. Alvaro, M. Prencipe, B. Mihailova, F. Camara Am. Min. 2024, 109, 2105-2115.
[2] T.C. McCormick, R.H. Hazen, R.J. Angel Am. Min. 1989, 74, 1287-1292.

[3] F. Pandolfo, F. Nestola, F. Camara, M.C. Domeneghetti Am. Min. 2012, 97, 407-414.

[4] D. Zhang, Y. Hu, P.K. Dera Phys. Chem. Minerals. 2016, 43, 707-715.
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Progress in science relies heavily on the availability of high-quality single crystals. Moreover, it is only through
the combination of such crystals with large-scale research facilities that groundbreaking experiments can be
conducted.

In this talk, I will provide an overview of the crystal growth of various ruthenate oxides (including
superconductors, magnetic materials, and Mott insulators), bismuth-based topological insulators, and palladium
intermetallic compounds using the floating zone technique. This method, employed in optical furnaces, enables
the synthesis of exceptionally high-quality crystals by avoiding many of the limitations typically encountered in
flux growth from the melt. The floating zone technique allows for the production of defect-free and highly pure
crystals, which is essential for conducting demanding experiments aimed at exploring quantum phases in
condensed matter systems. | will also present selected experimental results obtained from crystals grown at CNR
SPIN, highlighting outcomes from several international collaborative research projects.

In particular, on the surface of Sr.RuO,, the observation of static weak dipolar fields attributed to orbital loop
currents at the reconstructed surface [1], along with evidence of spin—orbital chiral currents [2], will be presented,
offering new insights into unconventional magnetism and quantum phases in this strongly correlated material.
Moreover, in the Mott insulator Ca,RuO,, the formation of non-volatile nanoscale stripe domains [3]—a
phenomenon linked to voltage-controlled electronic phases with potential applications in non-volatile
electronics—will be discussed. Finally, the induction of an insulator-to-metal transition (IMT) in Ca,RuO, by a
weak electric current, without disrupting its Mott insulating state, will be examined [4].

[1] R. Fittipaldi, R. Hartmann, M. T. Mercaldo, S. Komori, A. Bjerlig, W. Kyung, Y. Yasui, T. Miyoshi, L. Olde-Olthof, C.
Palomares-Garcia, V. Granata, I. Keren, W. Higemoto, A. Suter, T. Prokscha, A. Romano, C. Noce, C. Kim, Y. Maeno, E.
Scheer, B. Kalisky, J. W. A. Robinson, M. Cuoco, Z. Salman, A. Vecchione, A. Di Bernardo Nature Communications. 2021,
12,5792.

[2] F. Mazzola, W. Brzezicki, M. T. Mercaldo, A. Guarino, C. Bigi, J. A. Miwa, D. De Fazio, A. Crepaldi, J. Fujii, G. Rossi,
P. Orgiani, S. K. Chaluvadi, S. P. Chalil, G. Panaccione, A. Jana, V. Polewczyk, I. Vobornik, C. Kim, F. Miletto-Granozio, R.
Fittipaldi, C. Ortix, M. Cuoco, A. Vecchione, Nature. 2024, 626, 752

[3] N. Gauquelin, F. Forte, D. Jannis, R. Fittipaldi, C. Autieri, G. Cuono, V. Granata, M. Lettieri, C. Noce, F. Miletto Granozio,
A. Vecchione, J. Verbeeck, M. Cuoco, Nano Letters. 2023, 23, 7782.

[4] D. Curcio, C. E. Sanders, A. Chikina, H. E. Lund, M. Bianchi, V. Granata, M. Cannavacciuolo, G. Cuono, C. Autieri, F.
Forte, G. Avallone, A. Romano, M. Cuoco, P. Dudin, J. Avila, C. Polley, T. Balasubramanian, R. Fittipaldi, A. Vecchione, P.
Hofmann, Physical Review. 2023, 108, L161105.
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Crystallization is the natural and desirable outcome of any API manufacturing process as it is the most easily
applicable and tunable isolation process that can be applied in an industrial environment.

In addition to allowing for the physical isolation of the product, the use of different crystallization strategies and
solvent systems may allow for the obtainment of specific solid forms (polymorphs, pseudo-polymorphs), for the
removal of undesired impurities, for the obtainment of different crystal morphologies that can have a dramatic
impact on the powders’ physical properties and secondary processing behavior and, last but not least, for the
maximization of the production yields given the desired (very high) purity grade.

In this presentation we will discuss the impact of crystals and crystallization strategies within the API
manufacturing landscape looking from the perspective of a Generic APl manufacturer that needs to provide quality
products within an extremely regulated environment, while extricating from the usually complex intellectual
protection “jungle”.

The case studies proposed will be contextualized in our daily-life scenario where the products’ chemical quality
attributes are given for granted and success largely depends on the ability to meet the powders’ physical attributes
desired by the market and, sometimes, to find alternatives and turnarounds.
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Nowadays, bioactive compounds isolated from different plants have gained interest in the crystal engineering
community due to their beneficial effects in human health, considering them promising candidates for
cocrystallization with active pharmaceutical ingredients (APIs).,[1,2] The solid-state association of an active
ingredient with a molecular component belonging to the GRAS [3] family (generally recognized as safe) may
allow to explore new ways to enhance and/or alter the overall material performance. In a previous work, [4] the
potential multi-target activity of a cocrystal formed by a 1:1 stoichiometric assembly of the flavonoid Quercetin
(QUE) with the antibacterial API Levofloxacin (LEVO) was investigated, and some preliminary antibacterial tests
were performed with respect to the starting materials and physical mixture.

Several solvates and cocrystals within the LEVO-QUE combination were obtained and their solid-state properties
and thermal characterization were explored. The complete structure determination was performed using 3D
electron diffraction (3D ED) in continuous rotation mode (cRED). 3D ED data were collected at 100K by
automatically tracking the crystal position during the sample rotation thanks to an in house developed software
for data acquisition.

Extensive studies on surface properties, solubility and dissolution rate were also conducted for a better
understanding of the complex relationship between crystal structure and bulk properties.

[1] Almarsson, O.; Zaworotko, M. J., Chem. Commun. 2004,17, 1889-1896.

[2] Shemchuk, O.; D’Agostino, S.; Fiore, C.; Sambri, V.; Zannoli, S.; Grepioni, F.; and Braga, D. Cryst. Growth Des. 2020,
20, 10, 6796-6803.

[3] Burdock, G. A.; Carabin, I. G., Toxicol. Lett. 2004, 150 (1), 3-18.

[4] Fiore, C.; Antoniciello, F.; Roncarati, D.; Scarlato, V.; Grepioni, F.; Braga, D. Pharmaceutics 2024, 16, 203.
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Polyiodides have long attracted structural and theoretical interest. Catchy manifestations of the optical properties
of linear chains of polyiodides, e.g. the famous starch-iodine blue complex [1], also attracted earliest interest. A
renewed attention came with Grotthuss-type conductor and superconductors, booming mostly in the 1970-80s [2].
Nowadays the interest continues both in the realm of advanced materials and in the basic area of supramolecular
chemistry [3].

From a structural viewpoint, linear chains of polyiodides have been observed to be: i) so disordered they could
not be solved [2]; ii) displaying a puzzling bond length alternation over unrealistically long periods [4]; iii)
displaying no bond length alternation at all [5]. Even in instances ii) and iii), the matter of structural disorder
persisted. As a matter of fact, nor the crystal structure of the historically relevant starch-iodine complex, nor the
structure of technologically relevant linear iodine complexes like herapathite (at the core of the fortune of the
Polaroid corporation) were ever elucidated. We will add here, as a comment, that most of the observed instances
share the hexagonal crystal system as a common trait.

On our hand, we have been interested in polyiodides for years now. One sunny day, a block of green-gold crystals
with a metallic lustre serendipitously crystallized. The mother solution contained Nal, 1, and DMSO. The unusual
colour of the crystals attracted our attention. We discovered that the structure, essentially a polymeric sodium
solvate, contains an iodine linear chain. The structure presented some peculiar problems with the determination
of the correct unit cell. Literature inspection revealed that the structure had been solved before, twice [6,7], always
with structural issues. Of note, the crystals were never obtained in a systematic manner. As our first result, we
identified three different paths leading to these crystals in a quantitative manner (fusion, mechanochemistry, 1, gas
adsorption). A closer inspection of the reciprocal space revealed satellite diffraction peaks and the need of a
(3+1)D treatment of crystallographic data. Not only the structure was finally successfully solved for the first time
(as an incommensurately modulated structure in the P63/m(00y)s0 superspace group), but this led us to suspect
that the ubiquitous disorder along polyiodide infinite chains, along with the conflicting reports about bond
alternation, might arise from related crystallographic issues. As of now, the acetone analogue of our crystals, one
of the prime (almost sole) examples of linear infinite polyiodide chain with no bond alternation [5], is confirmed
to have an aperiodic crystal structure.

We anticipate that these results will carry strong significance in elucidating chemical bonding in extended linear
systems, together with consequent inherent properties at the material level.

[1] J. J. Colin and H. F. Gaultier de Clauby, Annales de Chimie 1814, 90, 87-100.

[2] D. L. Smith and H. R. Luss, Acta Cryst B, 1977, 33, 1744-1749.

[3] M. Savastano, H. H. Osman, A. Vegas and F. J. Manjon, Chem. Commun., 2024, 60, 12677-12689.

[4] S. Madhu, H. A. Evans, V. V. T. Doan-Nguyen, J. G. Labram, G. Wu, M. L. Chabinyc, R. Seshadri and F. Wudl, Angew.
Chem. Int. Ed., 2016, 55, 8032-8035.

[5] R. A. Howie and J. L. Wardell, Acta Cryst. C, 2003, 59, m184-m186.

[6] A. Duarte-Ruiz, N. Nufiez-Dallos, L. Garzén-Tovar, K. Wurst, E. Avella-Moreno and F. Gémez-Baguero, Chem. Commun.,
2011, 47, 7110-7112.

[7] R. E. Plata, D. E. Hill, B. E. Haines, D. G. Musaev, L. Chu, D. P. Hickey, M. S. Sigman, J.-Q. Yu and D. G. Blackmond,
J. Am. Chem. Soc., 2017, 139, 9238-9245.

M.S. gratefully acknowledges the contribution of the research fund of the University San Raffaele Roma.

47



(1]
(2]

(3]

51st AIC Meeting Firenze 2-5 September 2025

How small a molecular crystal can be? Looking for Hidden Crystalline Aggregates in
Dissolving Benzoic Acid Nanoparticles

Margherita VVacchini,? Luca Sironi,® Giovanni Macetti® and Leonardo Lo Presti?

a Department of Chemistry, Universita degli Studi di Milano, Milano, Italy

margherita.vacchini@unimi.it

Answering the title question would provide valuable information on the behaviour of matter at the molecular scale.
The problem is far from trivial: while crystals can be experimentally detected through their physico-chemical
properties, such as coherent X-ray scattering, nanocrystals emerging from their liquid matrix are too small to be
detected unequivocally by standard crystallographic techniques.

We face the problem by means of Molecular Dynamics (MD), as available in the Milano Chemistry Molecular
Simulation (MiCMoS) package [1,2]. We exploit a “top-down” approach by investigating the dissolution of a
small (~5 nm, 576 molecules) benzoic acid (BZA) nanoparticle embedded in a ~14 nm large nanodroplet of its
own liquid at 300 K. By operating in high degree of undercooling (AT = 100 K) the goal was to slow down the
dissolution kinetics enough to detect any persistent supramolecular aggregate that could retain some degree of
translational symmetry.

Findings [3] indicate that the BZA nanoparticle invariably melts, as confirmed by the global loss of both rotational
correlation and RDFs features compared to the experimental crystal structure. However, we developed a
correlation-based criterion that allowed us to detect some metastable supramolecular aggregates that persist for
more than 30 ps, which share some packing features with crystalline BZA, despite being fluxional and partly liquid
structures. The similarities of these alleged “crystal embryos” to the bulk structure were assessed through
geometrical analysis on intervals of the trajectory where local equilibrium conditions were roughly fulfilled. If
partially symmetric aggregates have detectable cohesion while persisting for enough time, it is reasonable that
they could represent true metastable intermediates for the inverse process — that is, when the crystal grows.
Analysis of the molten region of the nanoparticle further indicates that the system is not fully liquid yet, as the
dominant aggregation mode remains identical to only one found in the crystalline state. We also show that Bragg
peaks could be recognizable in principle from partially crystalline structures down to ~3 nm, providing some
suggestions on how an experiment should be designed to probe these elusive structures at their minimum length

scale.
(a) (b)
0 ps 500 ps

Figure 1. Benzoic acid (BZA) nanoparticle embedded in its liquid: (a) at the start of the simulation (b) in the middle of the
simulation (500 ps). Highlighted by a red circle the remaining crystalline core.

A. Gavezzotti, L. Lo Presti, and S. Rizzato, CrystEngComm, 24, 5, 922-930, 2022

A. Gavezzotti, L. Lo Presti, MiCMoS 2.3 Users’ Manual https://sites.unimi.it/xtal_chem_group/index.php/research/5-
micmos

M. Vacchini, L. Sironi, G. Macetti and L. Lo Presti, in preparation.
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The mechanism of nucleation remains poorly understood due to the lack of experimental techniques capable of
directly observing it. Gaining insight into nucleation is crucial for controlling crystallization processes and for the
design of drug molecules and functional materials with tailored properties. This study aims to investigate
nucleation indirectly, by determining the nucleation rates of benzoic acid derivatives and performing molecular
dynamics simulations [1,2].

Nucleation rates of 4-bromobenzoic acid and 4-(methoxycarbonyl)benzoic acid were determined using the
Crystall6 automated crystallizer, based on induction time experiments [3,4]. Five different supersaturations in
isopropanol at 20 °C were tested, repeating each experiment 80 times to account for the stochastic nature of
nucleation, yielding a total of 400 experiments per compound. The experimentally determined nucleation rates
were added to a dataset of other benzoic acid derivatives measured under identical conditions [3,4]. The nucleation
propensity of each compound was evaluated by identifying the supersaturation at which a predefined nucleation
rate is reached.

Molecular dynamics simulations were carried out using the free, open-source MiCMoS software [5,6], to simulate
the liquid phase above and below the melting points of selected benzoic acid derivatives with varying stacking
energies. Stacking propensity was estimated by analysing frequency and persistence of stacking interactions, as
observed in the simulations. Finally, the correlation between nucleation propensity and stacking behaviour was
examined, offering insights into the role of stacking interactions in the nucleation process.

| Nucleation propensity >

P a

4AcOMe-BA

Figure 1. Stacking interactions observed in the crystal structure of benzoic acid, 4-bromobenzoic acid and 4-
(methoxycarbonyl)benzoic acid.

[1] L. Sironi, G. Macetti, L. Lo Presti, Phys. Chem. Chem. Phys., 2023, 25, 28006-28019.

[2] L. Sironi, G. Macetti, L. Lo Presti, J. Mol. Liq., 2024, B414, 126141.

[3] A.J. Cruz-Cabeza, R. J. Davey, S. S. Sachithananthan, R. Smith, S. K. Tang, T. Vetter, Y. Xiao, Chem. Commun., 2017,
53, 7905-7908.

[4] S. K. Tang, R. J. Davey, P. Sacchi, A. J. Cruz-Cabeza, Chem. Sci., 2021, 12, 993-1000.

[5] G. Macetti, L. Sironi, L. Lo Presti, Classical molecular dynamics simulation of molecular crystals and materials: old
lessons and new perspectives in Comprehensive Computational Chemistry, Elsevier, 2024, 777-803.

[6] A. Gavezzotti, L. Lo Presti, S. Rizzato, CrystEngComm, 2022, 24, 922-930.
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In recent years, halogen bonding (XB) has emerged as a powerful tool in materials science, thanks to its unique
features that are not easily replicated by other noncovalent interactions.[1]

First of all, the anisotropic distribution of electron density in covalently bound halogen atoms allows the formation
of highly directional interactions both with nucleophiles (XB through the -hole) and electrophiles (at the negative
belt perpendicular to the covalent bond formed by the halogen). This high directionality, together with the tunable
interaction strength enabled by the halogen atom selection, makes the XB an effective tool for controlling the self-
assembly of molecular building blocks and fine-tuning their functional properties.

Additionally, XB donors often include fluorinated moieties, which not only enhance the interaction strength but
also increase the hydrophobic nature of the resulting supramolecular structures. This confers greater resistance to
moisture and enhances the overall stability of the material. Further, the relatively large size of halogen atoms can
also influence the photophysical properties of halogenated dyes, providing valuable advantages in the design of
purely organic solid-state phosphorescent materials.

In this talk, we will present a selection of our recent work on XB-based functional materials, ranging from liquid
crystals [2] to perovskites [3] and we show how XB strength and directionality, coupled with the segregation
tendency of perfluoroalkyl and alkyl chains, might open the way to several new possibilities for structure control
as well as for the tuning of functional properties.

[1] P. Metrangolo, L. Canil, A. Abate, G. Terraneo, G. Cavallo, Angew. Chem. Int. Ed. 2022, 61, €202114793
[2] G. Cavallo, A. Abate, M. Rosati, G. P. Venuti, T. Pilati, G. Terraneo, G. Resnati, P. Metrangolo ChemPlusChem 2021, 86,

469-474
[3] A. Stergiou, L. Leccioli, D. Ricci, M. L. Zaffalon, S. Brovelli, F. Baldelli Bombelli, G. Terraneo, P. Metrangolo, G. Cavallo

Angew. Chem. Int. Ed. 2024, 202408570

We acknowledge the financial support from the MUR, project SHINE (PRIN2022, no. 20225SYHXM).
The powder and small/wide angle X-ray diffraction experiments were carried out at the NeXt-GAME Laboratory of the
Politecnico di Milano, co-funded by Regione Lombardia.
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Clathrates are inclusion compounds in which a guest is surrounded by a molecular host and are the first generation
of porous materials for molecular storage and separation.! Generally guest absorption requires a drastic structural
rearrangement that requires a liquid medium and guest elimination destroys the integrity of the solid. In some
case, the enclathration occurs as a solid gas or solid liquid reaction enabling the precise investigation of the reaction
mechanism in the solid state. In the case of griseofulvin both mechanisms are possible depending on the reaction
conditions (figure 1).2 3 Optical microscopy and single crystal analysis reveal the differences and the possible

causes.
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Figure 1. Solid forms of griseufulvin clathrate and their relationships

[1] Matteo Lusi, Leonard J. Barbour; Angew. Chem. Int. Ed. 2012, 51, 3928-3931
[2] Mariana Diniz, Enrico Spoletti, Peuli Ghosh, Matteo Lusi, Michael Svrd, Ake Rasmuson, Sarah P. Hudson Cryst. Growth

& Des. 2023, 12, 8953 - 8961
[3] Enrico Spoletti, Mariana O Diniz, Michael Svard, Ake Rasmuson, Sarah P Hudson, Matteo Lusi. Chem. Eur. J. 2025, 31,

€202403488
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Stretched Non-negative Matrix Factorization (SNMF) offers a promising approach for analyzing non ambient
condition powder X-ray diffraction (PXRD) data of metal-organic frameworks (MOFs) which exhibit
temperature- (VT-PXRD) or pressure- (VP-PXRD) driven phase transitions. Conventional NMF struggles to
disentangle components when signals undergo thermal expansion or contraction, as it assumes fixed component
profiles. SNMF addresses this by introducing a stretching factor matrix to model differential expansion rates across
components, enabling precise decomposition even when structural changes occur due to phase transitions.[1] This
approach is particularly valuable for in situ studies, where dynamic structural changes require algorithms robust
to both peak shifts and intensity variations and accurate phase identification informs mechanistic understanding
of transition pathways. This methodological advancement could be particularly significant in the context of MOFs,
which are known for their structural flexibility and responsiveness to external stimuli. In these systems, phase
transitions often involve continuous or discontinuous peak shifts, changes in relative intensity, and the appearance
of intermediate or transient states that are difficult to resolve using conventional analytical methods. So, we want
to show the novelty and the power of this approach in the field of MOFs advanced structural characterization by
applying it to a series of VT- and VP-PXRD of model compounds, such as MIL-53 [2], M(bdp) (M=Co, Ni, Fe;
Hobdp = 1,4-bis(1H-pyrazol-4-yl)benzene) [3], M(btca) (M=Zn, Co; Hsbtca=benzotriazole-5-carboxylic acid) [4],
to highlight the pronounced phase transitions and to identify physically meaningful components, such as transient
coordination states in Co(btca) or intermediate breathing states in MIL-53, which are often obscured by
overlapping diffraction patterns. Our goal is to prove that SNMF provides a robust tool for dynamic structural
analysis in functional materials research by resolving overlapping signals induced by both thermal/pressure effects
and phase changes. In this work, we present SNMF not just as an extension of NMF, but as a useful method for
tackling the challenges of complex and evolving diffraction data, offering a valuable instrument available to the
crystallographic community.

[1] R. Gu, Y. Rakita, L. Lan, Z. Thatcher, G. E. Kamm, D. O’Nolan, B. Mcbride, A.Wustrow , J. R. Neilson, K. W. Chapman,
Q. Du & S. J. L. Billinge npj Computational Materials. 2024, 10, 193.

[2] F. Millange & R. I. Walton Israel Journal of Chemistry. 2018, 1019-1035.

[3] J. A. Mason, J. Oktawiec, M. K. Taylor, M. R. Hudson, J. Rodriguez, J. E. Bachman, M. |. Gonzalez, A. Cervellino, A.
Guagliardi, C. M. Brown, P. L. Llewellyn, N. Masciocchi & J. R. Long Nature. 2015, 527, 357-361

[4]1 Y. Yue, J. A. Rabone, H. Liu, S. M. Mahurin, M.-R. Li, H. Wang, Z. Lu, B. Chen, J. Wang, Y. Fang & S. Dai The Journal
of Physical Chemistry C. 2015, 119, 9442-9449
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Metal-Organic Frameworks (MOFs), hybrid organic-inorganic crystalline materials formed by the self-assembly
of metal ions or clusters coordinated with organic linkers, have earned significant attention due to their exceptional
tunability, large surface area, and potential for applications in various fields, including gas storage, catalysis, drug
delivery, environmental remediation, energy storage and water purification.[1]

MOFs are typically synthesized via solvothermal reactions; however, more environmentally friendly methods to
avoid the massive use of organic solvents are desirable. In this respect, Mechanochemistry has emerged as a
promising green alternative, as it minimizes solvent consumption and excess reagents while enabling the formation
of unique phases or structures that are difficult or impossible to achieve via conventional methods.[2]

In this study, we report the mechanochemical synthesis of a highly interpenetrated MOF with a diamond-like
network, achieved by combining the TPPM (tetra-4-(4-pyridil)phenylmethane) linker with Cu(ll) paddle wheels
or discrete octahedral complexes as metal nodes.[3] Due to challenges in growing large single crystals, 3D electron
diffraction (3D ED) analysis was crucial for the structural elucidation of the nanocrystalline materials. This
characterization, combined with powder X-ray diffraction analysis, allowed us to identify both open and closed
pore forms of the frameworks. The MOFs thus obtained, which show a dynamic behaviour (Figure 1), were further
functionalized by introducing specific secondary building units (SBUs) to investigate their effects towards the
absorption of fluorinated volatile anaesthetics (VAs) and per- and polyfluoroalkyl substances (PFAS).

Flexible Diamondoid MOFs
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Figure 1. Scheme of the synthetic process, dynamic behavior, and applications of TPPM-based MOFs.

[1] H. Furukawa, et al., Science. 2013, 341, 1230444,
[2] K.J. Ardilla-Fierro, et al., ChemSusChem. 2021, 14, 2145-2162.
[3] Marchetti, et al., Chem. Mater. 2025, 37, 6, 2230-2240.
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Single-crystal optical waveguides represent a promising avenue for the development of advanced photonic
devices. In this study, we report on the design, synthesis, and structural characterization of a series of cadmium(l1)-
based coordination polymers (CPs) incorporating fluorene and fluorenone derivatives as organic ligands [1].
Single-crystal X-ray diffraction (SC-XRD) analysis revealed the presence of three isostructural CPs, which
featured a sinusoidal zigzag motif dictated by the coordination sphere surrounding Cd" centers and decorated by
supramolecular interactions.

The comparative study of these CPs provided insight into the role of crystal packing in optical waveguiding
performance. Notably, while the isostructural CPs exhibited consistent structural assemblies, their optical
properties are significantly influenced by the ligand environment, as demonstrated by photoluminescence (PL)
studies and time-dependent density functional theory (TD-DFT) calculations. The fluorenone-based CPs
outperform their fluorene-based counterparts in terms of optical propagation efficiency, with the best-performing
CP exhibiting an optical loss (OL) coefficient of just 0.390 dB mm . Furthermore, the analysis of the two
polymorphic forms isolated in one case highlights that chemical connectivity plays a more critical role than
molecular packing in determining optical losses. Our findings contribute to the understanding of structure-property
relationships in CPs and provide a foundation for the rational design of novel CP-based materials with optimized
optical performance. This work emphasizes the potential of CPs as robust candidates for next-generation photonic
applications.

Ry
5 B

Figure 1. X-ray crystal structure of a fluorene-based CP presented in this study.

[1] E. Podda, M. Arca, A. Pintus, V. Lippolis, S. J. Coles, J. B. Orton, S. Porcu, P. C. Ricci, M. C. Aragoni. JACS Au 2025, 5,
2,727-739

55



51st AIC Meeting Firenze 2-5 September 2025

Adaptable Self-Assembly in Cu(ll)-Based Bispidine Coordination Polymers: Diverse
Topologies and Dynamic VOCs Adsorption

Meriem Goudjil, Martina Lippi,? Patrizia Rossi?, Massimo Cametti,” Paola Paoli?

aDepartment of Industrial Engineering, University of Florence, Florence 50139, Italy.
bDepartment of Chemistry, Materials and Chemical Engineering “Giulio Natta”, Politecnico di Milano, Milano 20131, Italy.

meriem.goudjil@unifi.it

Bispidine ligands are gaining increasing attention in the development of coordination polymers (CPs), particularly
for adsorption-related applications [1-4]. 1D CPs assembled from bispidine ligands, despite lacking intrinsic
porosity, have demonstrated the ability to reversibly adsorb volatile organic compounds (VOCs) through guest-
induced structural reorganization. These materials, composed of loosely interacting chains with diverse topologies
(e.g., linear, zig-zag, helical [2,3]), are able to respond dynamically to the inclusion of VOCs by adapting
interchain distance and orientation, and the overall packing [2]. Functionalization of the bispidine scaffold further
enables fine-tuning of metal coordination, interchain and chain-solvent interactions, enhancing selectivity and
responsiveness. This feature makes bispidine-based 1D CPs promising candidates for the design of flexible,
stimuli-responsive materials in selective adsorption technologies, in a way that could be complementary to those
proposed for 3D CPs like MOFs. In our latest study, we investigated the self-assembly of R-substituted bispidine
ligands (L1: methyl, L2: benzyl, and L3: p-(methoxy)-benzyl; see Figure 1) with Cu(ll) chloride. The results
revealed CPs of various topologies where Cu(ll) ions display either penta- or hexa-coordinated geometries, as
determined by single-crystal X-ray diffraction analysis, featuring intriguing dynamic behavior. In particular, the
L1-based CP with chloroform, 1-TCM, exhibiting a 1D ribbon-like topology, has shown remarkable structural
rearrangements upon water and acetonitrile solvent-exchange as it undergoes single-crystal-to-single-crystal and
single-crystal-to-powder transformations to afford 1D and 2D networks, named 1-H20 and 1-MeCN, respectively

[4].

L1 R=CH,
L4 R=benzyl L] @
L5 R= p-(methoxy)-benzyl

® Adsorption

Figure 1. Self-assembly of Cu (I1)-Bispidine ligands into CPs with diverse topologies: 1D ribbon-like structures,
and 2D extended networks, exhibiting dynamic behavior in VOCs adsorption and solvent-exchange.

[1] M. Lippi, M. Cametti, J. Marti-Rujas. Dalton Trans. 2019, 48(44), 16756-16763.

[2] A. Sayed, M. Cametti. Chem. Eur. J., 2024, 30(40), e202401464.

[3] M. Lippi, M. Goudjil, E. Valentini, P. Rossi, P. Paoli, M. Cametti. Inorg. Chim. Acta., 2025, 577, 122469.

[4] M. Goudjil, M. Lippi, C. Pelosi, L. Bernazzani, P. Rossi, P. Paoli, M. Cametti. Chem. Eur. J., 2025, e202501431.
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In all domains of life, replicative helicases known as DnaB are required to unwind genomic DNA and expose
single strands, then used as template during the DNA replication mechanism. The assembly of the helicase DnaB
onto the origin of replication underlies distinct mechanisms and relies on replication factors termed helicase
loaders. Most human pathogenic bacteria, including Mycobacterium tuberculosis (Mt) and Vibrio cholerae (Vc),
possess the ancestral replicative helicase loader DciA, which displays key features of peculiar proteins associated
with DnaB, operating during the DNA replication initiation [1]. Despite the central role of this event, structural
and kinetic details in DciA-dependent systems still need to be outlined. Here, we shed new light on the helicase
loading and activation pathway in V¢ and Mt systems. Our cryo-EM structure of the ATPyS-bound VcDnaBssDNA
complex displays features such that it represents an alternative translocation state than the previously determined
GDP+AlF-bound DnaB, providing proofs on the nucleotide-dependent conformational switching, reinforcing the
proposed hand-over-hand model occurring during DNA unwinding [2]. Then, the expulsion of DciA from the
DnaB-ssDNA complex remains unknown. Our integrative biophysics approach proved that up to three copies of
loader tightly interact with the helicase, leading to the suppression of its ATPase activity, thus controlling DnaB’s
activation in the early stages of replication initiation. Alongside, thanks to a FRET-based platform, we detected
the DciA-dependent DNA fork unwinding operated by DnaB, and then we turned to a specifically designed DNA
bubble to capture the loading-dependent helicase translocation on a physiological substrate. Taken together, our
data suggest that DciA loads DnaB onto ssDNA using the ring-opening mechanism.

[1] Brézellec, P et al. (2016), Nat. Commun. 7, 13271
[2] Itsathitphaisarn, O et al. (2012), Cell 151, 267-277
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High-molecular-weight thioredoxin reductases (TrxRs) and glutathione reductases (GRs) belong to the pyridine
nucleotide-disulfide oxidoreductase family and are central regulators of vertebrate redox pathways, orchestrating
essential cellular functions. TrxRs, in particular, have emerged as critical drug targets for a range of human
diseases, including parasitic infections and cancer. However, despite over 25 years of research, no selective TrxR
inhibitors have successfully progressed through the drug development pipeline. This challenge stems primarily
from two key factors: the field’s heavy reliance on electrophilic and redox-active compounds, which frequently
trigger off-target effects in vivo, and the limited structural data on protein-inhibitor complexes, which hampers
rational compound optimization [1]. Recently, using an integrated structural biology approach, we identified a
previously unrecognized regulatory and druggable site on TrxRs and GR-like enzymes, which we have termed the
"doorstop pocket" [2,3]. This site, located distal to the nucleophilic active site, plays a crucial role in enzyme
turnover by modulating the entry of NADPH and the exit of NADP . Targeting this pocket represents a novel and
promising strategy for achieving selective inhibition. Our approach has yielded particularly promising results in
Schistosoma mansoni Thioredoxin Glutathione Reductase (TGR), where some of the initial compounds identified
demonstrate superior efficacy compared to current treatments in animal models of schistosomiasis. Moreover,
preliminary findings suggest that this strategy may also be applicable to human TrxR, offering a potential avenue
for novel cancer therapeutics [4].

[1] Ardini M. et al., The "Doorstop Pocket" In Thioredoxin Reductases - An Unexpected Druggable Regulator of the Catalytic
Machinery. J Med Chem. 2024, 67,15947-15967.

[2] Silvestri I, Lyu H et al., Fragment-Based Discovery of a Regulatory Site in Thioredoxin Glutathione Reductase Acting as
"Doorstop" for NADPH Entry. ACS Chem Biol. 2018, 13, 2190-2202.

[3] Petukhova VVZ, Aboagye SY, Ardini M et al., Non-covalent inhibitors of thioredoxin glutathione reductase with
schistosomicidal activity in vivo. Nat Commun. 2023, 14, 3737.

[4] Flowers et al., Pleiotropic anti-cancer activities of novel non-covalent thioredoxin reductase inhibitors against triple
negative breast cancer. Free Radic Biol Med. 2025, 227, 201-209.
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AA amyloidosis is a systemic disease caused by the accumulation of toxic Serum Amyloid A (SAA) protein
aggregates, eventually causing organ failure. Although AA amyloidosis cases are sporadic in the human
population, the disease can severely impact animals. Indeed, a high prevalence of the pathology was demonstrated
in cats living in shelters [1]. Despite substantial studies on aggregation, the molecular mechanisms underlying
SAA aggregation and amyloid fibril formation are still elusive. In this study, we structurally characterized Felis
catus SAA pathological aggregates to investigate whether the amyloid precursor protein of a single cat adopts
different conformations upon unfolding and aggregation in multiple organs. Specifically, we extracted cardiac and
hepatic fibrils from ex-vivo samples collected post-mortem from a cat affected by AA amyloidosis. All extracts
underwent mass spectrometry analysis, and one SAA protein variant was identified. The structural data were
obtained with a Talos Arctica microscope (Unitech NOLIMITS) and a Titan Krios microscope (ESRF, Grénoble).
Cryo-EM data of the helical assemblies were processed in Relion-3.1. Three polymorphisms were distinguished
from the cardiac sample, named polymorphisms I, Il and 111, all characterized by different crossover. Density maps
of polymorphisms I and Il were resolved at 3.9 and 3.5 from this dataset. De novo model building revealed
that the two models are characterized by a similar protein fold in the amyloid core. Interestingly, despite differing
by two amino acid residues, the identified amyloid core adopts a distinct fold compared to the previously observed
feline amyloid structure [2]. Subsequently, the data processing from the hepatic sample revealed six
polymorphisms, and three of them were resolved at 2.9 ,3.2 ,and 3.3 , respectively. Despite being formed
of a distinct number of protofilaments (from one to six), all polymorphisms share the same amyloid core, and the
residues at the interface of interaction between protofilaments are conserved. Moreover, the same “polymorphism
11” was identified in both organs. These results contribute to new insights into the structural basis of AA amyloid
formation, showing that one SAA variant in the same cat systemically adopts a single fold in the amyloid core.

[1] Ferri F, Ferro S, Porporato F, et al. AA-amyloidosis in cats (Felis catus) housed in shelters. PLoS One.
2023;18(3):e0281822. Published 2023 Mar 29. doi:10.1371/journal.pone.0281822.

[2] Schulte T, Chaves-Sanjuan A, Mazzini G, et al. Cryo-EM structure of ex vivo fibrils associated with extreme AA
amyloidosis prevalence in a cat shelter. Nat Commun. 2022;13(1):7041. Published 2022 Nov 17. doi:10.1038/s41467-022-
34743-2.
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The ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, and Enterobacter species) are the leading cause of nosocomial infections
worldwide. Among the others, K. pneumoniae is particularly concerning due to its ability to develop multidrug
resistance and hypervirulent genotypes (1). The bacterial capsule, composed of capsular polysaccharides (CPS),
protects the microorganism from phagocytosis and directly disrupts the vulnerable host response system and thus
is a major virulence factor (2). Phage-encoded depolymerases represent a promising therapeutic approach being
able to hydrolyze the bacterial CPS and expose the bacteria to the host immune system (3).

Over the years, we have characterised several phage-originated depolymerases acting against K. pneumoniae (4).
Aiming to a thorough understanding of serotype specificity of these enzymes, we combine X-ray crystallography,
CPS degradation assays, mass spectrometry and computational analyses to identify the mode of action of
depolymerases acting against different serotypes. We also show that the CPS degradation product can induce the
maturation and differentiation of Monocyte-Derived Dendritic Cells which, in turn, induce lymphocyte
proliferation and Th polarisation. Altogether, our findings provide structural insights into the CPS degradation
machineries against K. pneumoniae and a strong basis for considering depolymerases as potent anti-virulence
agents, due to their dual role in depleting bacteria of their CPS shield while also releasing CPS fragments that
stimulate the host immune response.
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Photosynthetic CO. fixation is a fundamental source of food, fuels and chemicals for human society. In the vast
majority of photosynthetic organisms, carbon fixation is operated by the Calvin-Benson-Bassman (CBB) cycle
[1]. Phosphoribulokinase (PRK) is involved in CBB and catalyses the ATP-dependent phosphorylation of
ribulose-5-phosphate (Ru5P) to produce ribulose-1,5-biphosphate, which is required for ribulose-1,5-bisphosphate
carboxylase/oxygenase (Rubisco)-dependent CO, fixation, as a result of which the CBB cycle is initiated.
Depending on light availability, PRK activity is strictly controlled by thioredoxins (TRXs) that mediate a dithiol-
disulfide exchange reaction regulating different target enzymes of CBB.

Compared to eukaryotic PRKs, the cyanobacterial enzyme lack a loop of eighteen amino acids (named clamp
loop) between the two regulatory cysteines, which has been proposed to participate in TRX binding [2].

In this study, a comparative biochemical analysis among the cyanobacterial PRK from Synechocystis sp. PCC
6803 (S6803PRK), the eukaryotic PRK from the green algae Chlamydomonas reinhardtii (CrPRK) and a mutant
form of CrPRK depleted of the clamp loop (CrPRKAw.) has been performed. SAXS analysis showed that
cyanobacterial and algal enzymes are both dimeric and their crystal structures in the oxidated form confirmed the
already reported PRK inhibition mechanism [3,4]. Moreover, in order to elucidate the PRK ligand and substrate
binding mode, the crystal structures of CrPRK in complex with ATP and with ADP/Ru5P or AMP-PCP/RU5P are
described for the first time.

[1] L. Michelet, M. Zaffagnini, S. Morisse, F. Sparla, M.E. Pérez-Pérez, F. Francia, A. Danon, C.H. Marchand, S. Fermani, P.
Trost, S.D. Lemaire. Frontiers in Plant Science 2013, 4, 470.

[2] L. Gurrieri, A. Del Giudice, N. Demitri, G. Falini, N. V. Pavel, M. Zaffagnini, M. Polentarutti, P. Crozet, C. H. Marchand,
J. Henri, P. Trost, S. D. Lemaire, F. Sparla, and S. Fermani. Proc Natl Acad Sci USA 2019, 116(16), 8048.

[3] R. H. Wilson, M. Hayer-Hartl, and A. Bracher. Acta Cryst. F 2019, 75, 278-289.

[4] Yu,Y. Xie, X. Pan, H. Zhang, P. Cao, X. Su, W. Chang, and M. Lia. Plant Cell 2020, 32, 1556.
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In land plants, AB-glyceraldehyde-3-phosphate dehydrogenase (AB-GAPDH) is a key enzyme of the Calvin—
Benson cycle, composed of hetero-tetramers formed by A- and B-subunits. As the primary consumer of
photosynthetic NADPH, the enzyme is tightly regulated. This regulation occurs through the oxidation of a specific
pair of cysteine residues located in the C-terminal extension (CTE) of the B-subunits, as well as through the
substitution of NADP(H) with NAD(H) in the cofactor-binding domain. These changes affect the enzyme's
oligomerization state, ultimately leading to its inhibition. Using small-angle X-ray scattering coupled with size-
exclusion chromatography (SEC-SAXS) and cryo-electron microscopy (cryo-EM), we identified several
oligomeric forms of AB-GAPDH coexisting in a dynamic equilibrium ([(A2B2).-GAPDH oligomers with n=1, 2,
4, and 5]) [1]. Due to the sample's high compositional and conformational heterogeneity, we were able to resolve
the structures of AB-GAPDH oligomers at resolutions ranging from 7 A for the less abundant A1oB1-GAPDH
icosamer, to approximately 3 A for the two hexameric conformations of the most abundant oligomer (Figure). Our
findings show that all observed AB-GAPDH oligomers share the same regulatory mechanism, involving mutual
exchange between adjacent B-subunits through their C-terminal extensions (CTE). Moreover, the high-resolution
cryo-EM maps offer molecular-level insights into subunit interactions and the interplay between the CTE, the
coenzyme, and the active site binding domains.
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Figure. A, B, and C, the A10B10-, ABB8Minor-, and AsBsMajor-GAPDH top view cryo-electron density maps fitted with their
models. D, rotated and enlarged view of the AsBsMajor-GAPDH.Note the presence of the CTEs (boxed). E, detail of the CTE
corresponding to the boxed region in D. The asterisks point to the different portions of the CTE: * linker region, ** helix,
***circular motif, and **** random coil.

[1] R. Marotta, A. Del Giudice, L. Gurrieri , S. Fanti, P. Swuec , L. Galantini, G. Falini, P. Trost, S. Fermani, F. Sparla. Acta
Crystallogr D Struct Biol, 2022, 78, 1399.
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Biomolecular mechanisms are often governed by high-energy conformational states, including intermediate
structures that are elusive to current techniques of structural biology. We employ an integrated approach combining
structural-molecular biology, including solution and solid-state sSNMR, with multiscale computations powered by
Al methods to elucidate the structure and interactions of intermediate protein states in various biological contexts.
Our multiscale approach has been exploited primarily in the context of protein aggregation into amyloids, a process
that is associated with a range of highly debilitating neurodegenerative conditions, including Parkinson’s and
Alzheimer’s diseases. Despite the significant progress in understanding the structures of mature amyloid fibrils,
the properties of intermediate monomers and oligomers, which are considered the most pernicious species in the
etiology of amyloid diseases, remain unclear. Our ultimate goal is to gain a detailed understanding of the
conformations of intermediate species along the amyloid pathway including monomers [1], oligomers [2] and
protofibrils [3] to elucidate the mechanisms by which these species induce neurotoxicity in vitro and in vivo [2-
4].

[1] Sanz-Hernandez, M.; Barritt, J. D.; Sobek, J.; Hornemann, S.; Aguzzi, A.; De Simone, A. Mechanism of
misfolding of the human prion protein revealed by a pathological mutation. Proc Natl Acad Sci U S A
2021, 118 (12), e2019631118

[2] Fusco, G.; Chen, S. W.; Williamson, P. T. F.; Cascella, R.; Perni, M.; Jarvis, J. A.; Cecchi, C.; Vendruscolo,
M.; Chiti, F.; Cremades, N.; et al. Structural basis of membrane disruption and cellular toxicity by alpha-
synuclein oligomers. Science 2017, 358 (6369), 1440-3.

[3] Chen, S. W.; Barritt, J. D.; Cascella, R.; Bigi, A.; Cecchi, C.; Banchelli, M.; Gallo, A.; Jarvis, J. A.; Chiti, F;
Dobson, C. M.; et al. Structure-Toxicity Relationship in Intermediate Fibrils from alpha-Synuclein
Condensates. J Am Chem Soc 2024, 146 (15), 10537-49.

[4] Cascella, R.; Perni, M.; Chen, S. W.; Fusco, G.; Cecchi, C.; Vendruscolo, M.; Chiti, F.; Dobson, C. M.; De
Simone, A. Probing the Origin of the Toxicity of Oligomeric Aggregates of alpha-Synuclein with
Antibodies. ACS Chem Biol 2019, 14, 1352-62.
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Understanding the biological function of macromolecules requires insight into their structure, dynamics,
interactions, and regulation within the cellular environment. Traditional structural biology has focused on high-
resolution studies of isolated components. In contrast, modern proteomics techniques, particularly crosslinking
mass spectrometry (XL-MS), can now detect and characterize hundreds of protein-protein interactions directly
from complex samples, either in situ or ex vivo.

This talk will explore how combining XL-MS with deep learning, cryo-electron microscopy (cryo-EM), and
AlphaFold enables us to model dynamic or previously unresolved assemblies within biological contexts. These
integrated approaches produce structural models that are not only interpretable but also come with quantifiable
uncertainty, making them suitable for hypothesis generation and biological inference.

I will present two examples: the retrograde conformation of intraflagellar transport (IFT) trains [1], and the
activation of human condensin Il by M18BP1 [2]. These cases highlight how protein assemblies adopt distinct
conformations depending on cellular conditions and functional state, and how these can be characterized by
integrative approaches.

Finally, I will introduce tools such as AlphaLink[3], which extend AlphaFold2 by incorporating experimental
crosslinking constraints into structure prediction. These developments show how deep learning can be guided by
empirical data to improve accuracy while preserving interpretability and confidence estimation.

The technologies presented in this talk are also available as services at no cost for Italian universities and IRCCS
in the National Facility for Structural Biology established at Human Technopole [4].

[1] S. Lacey, A. Graziadei, G. Pigino Cell. 2024, 17, 4621 - 4636.e18

[2] A. Borsellini, - D. Conti, - E. E. Cutts, R. J. Harris, K. Walstein, A. Graziadei, V. Cecatiello, T. F. Aarts, R.
Xie, A. Mazouzi, - S. Sen, C. Hoencamp, - R. Pleuger,- S. Ghetti, - L. Oberste-Lehn, - D. Pan, - T. Bange, - J. H.I.
Haarhuis, - A. Perrakis, - T. R. Brummelkamp, - B. D. Rowland, - A. Musacchio, A. Vannini Molecular Cell
2025, in press

[3] K. Stahl, A. Graziadei, T. Dau, O. Brock, J. Rappsilber Nature Biotechnology 2023 41, 1810-1819

[4] https://humantechnopole.it/en/facilities/national-facility-for-structural-biology/
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According to the World Health Organization's Global Tuberculosis Report 2024, tuberculosis (TB) has resurged
as the leading cause of death from a single infectious agent, overtaking COVID-19, with 8.2 million diagnosed and
1.25 million deaths, with cases of multidrug-resistant having risen to 410,000 globally [1]. Inadequate treatment,
development of drug resistance and delays in diagnosis contribute to the severity and mortality of the disease [2].
Therefore, prevention of TB disease rather than its treatment is the solution to this severe heath emergency. Despite
this, BCG is still the only vaccine approved to prevent TB, despite its limited efficacy, particularly in adults. [3].
Finding new TB antigens for the design of new subunit or multi-epitope vaccines may represent a valid approach
to figth TB since they have a greater safety profile and can be given to immunocompromised individuals without
risk of infection. Currently, we are investigating a number of potentially effective mycobacterial antigens, as they
effectively induce activation of macrophages or dendritic cells (DCs) maturation via interaction with TLR4/TLR2
receptors and possess anti-mycobacterial action [4-6]. Combining structural to biophysical studies and peptide
synthesis, we provide an overall picture on the biological role and the contribution of the investigated antigens for
vaccine development (Fig.1). Moreover, the identification of the most immunogenic parts of the targets allows the
use of structural vaccinology as a rational guide to re-design more stable and effective vaccine antigens [7].
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Figure 1. Rationale of the project.
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The Second Mitochondria-Derived Activator of Caspases (SMAC), also known as DIABLO (Direct IAP Binding
protein with Low pl), is a mitochondrial protein that plays a pivotal role in the regulation of apoptosis [1]. In
response to apoptotic stimuli, SMAC is released from the mitochondrial intermembrane space into the cytosol,
where it interacts with inhibitor of apoptosis proteins (IAPs)—including XIAP, clAP1, and clAP2—uvia its
conserved N-terminal tetrapeptide motif (Ala-Val-Pro-lle) [2]. One of the most thoroughly studied 1AP family
members is XIAP (X-linked inhibitor of apoptosis protein), which possesses three baculoviral 1AP repeat (BIR)
domains, a UBA and a C-terminal RING domain. XIAP directly binds and inhibits caspases-3, -7, and -9 via its
BIR2 and BIR3 domains, making it a critical apoptosis suppressor. XIAP is frequently overexpressed in various
human cancers, where it contributes to enhanced survival and resistance to apoptosis. As a natural antagonist,
SMAC/DIABLO binds to the XIAP BIR3 domain through its N-terminal AVPI motif, thereby displacing caspases
from XIAP and reactivating apoptotic pathways [3]. Owing to this mechanism, the SMAC N-terminal motif has
been used as a structural scaffold for the development of SMAC mimetics—small molecules currently in advanced
clinical trials aimed at reactivating apoptotic pathways in cancer cells [4].

Our group has shown that SMAC/DIABLO exists predominantly as a tetramer in solution [5], and we have
initiated a detailed investigation of its oligomeric assembly and interaction with XIAP using an integrative
structural biology approach. Intriguingly, while X-ray crystallographic studies reveal discrete tetrameric
assemblies of SMAC, analyses via small-angle X-ray scattering (SAXS) and cryo-electron microscopy (Cryo-
EM) suggest alternative conformations, indicating a degree of structural flexibility that may be functionally
relevant for optimizing 1APs binding. By integrating these experimental findings with structural prediction tools
such as AlphaFold and molecular dynamics simulations, we have developed a refined model of the SMAC tetramer
that serves as a framework for studying its molecular interactions with XIAP .In conclusion, SMAC/DIABLO is
a key regulator of apoptotic signaling, and elucidating the structural dynamics of its oligomeric state and
complexes with IAPs could uncover new insights into its dual roles in cell death and survival—particularly in
cancer contexts where these pathways are often dysregulated.

[1] Shiozaki EN, Shi Y. Caspases, IAPs and Smac/DIABLO: mechanisms from structural biology. Trends Biochem Sci. 2004
Sep;29(9):486-94. doi: 10.1016/j.tibs.2004.07.003.

[2] Wu G, Chai J, Suber TL, Wu JW, Du C, Wang X, Shi Y. Structural basis of IAP recognition by Smac/DIABLO. Nature.
2000 Dec 21-28;408(6815):1008-12. doi: 10.1038/35050012.

[3] Liu, Z., Sun, C., Olejniczak, E. et al. Structural basis for binding of Smac/DIABLO to the XIAP BIR3 domain. Nature 408,
1004-1008 (2000).

[4] Morrish E, Brumatti G, Silke J. Future Therapeutic Directions for Smac-Mimetics. Cells. 2020 Feb 11;9(2):406. doi:
10.3390/cells9020406.

[5] Mastrangelo E, Vachette P, Cossu F, Malvezzi F, Bolognesi M, Milani M. The activator of apoptosis Smac-DIABLO acts
as a tetramer in solution. Biophys J. 2015 Feb 3;108(3):714-23. doi: 10.1016/j.bpj.2014.11.3471.
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Human RAD52 (hRAD5?2) is a 47 kDa protein of 418 amino acids, which plays important functions in many DNA
repair mechanisms such as HR and SSA [1, 2]. Recent studies have shown that simultaneous loss of hRAD52 and
other DNA repair proteins, such as BRCA1, BRCA2, PALB2, XAB2 or RAD51 paralogs results in synthetic
lethal [1, 2]. This evidence highlights hRAD52 as a promising target for drug discover studies aimed at triggering
synthetic lethality in BRCAZ2 deficient cells [1, 2]. hRAD52 consists of two functionally different domains: the
highly conserved N-terminal domain (a.a. 1-208), responsible for oligomerization and DNA binding, and the less
conserved C-terminal domain (209-418), which contains the nuclear localization signal sequence (NLS), and
binding regions for \RAD51 and RPA [3]. Although the interest in hRADS52 has exponentially grown in the last
decade, much remains unknown about its structure and mechanism of action [3]. In particular, the absence of
structural information for the C-terminal domain of hRAD52 FL hinders a comprehensive understanding of its
interactions with partner interactors. To get novel structural insights on this interesting target, Cryo-EM studies
were performed on the hRAD52 FL. While the N-terminal region of RAD52 FL is structured in an undecameric
ring, as demonstrated by previous X-ray crystallography studies, the C-terminal domain was poorly resolved and
largely absent, highlighting that this region is intrinsically disordered. To address the flexibility of the C-terminal
domain and gain additional structural insights, we combined AlphaFold2 simulations and SEC-SAXS
experiments. These analyses confirmed the extreme flexibility of the RAD52 C-terminal domain, which can be
described as an intrinsically disordered region. This observation further draws attention on the role played by this
portion of the protein, which may fold only upon partner binding. These results will significantly inform future
investigations into RAD52’s mechanism of action and the development of inhibitors, especially within emerging
synthetic lethality strategies.

[1] M. J. Rossi, S. F. DiDomenico, M. Patel, and A. V. Mazin, “RAD52: Paradigm of Synthetic Lethality and New
Developments,” Front. Genet., vol. 12, no. November, pp. 1-16, 2021, doi: 10.3389/fgene.2021.780293.

[2] M. Toma, K. Sullivan-Reed, T. Sliwifiski, and T. Skorski, “RAD52 as a potential target for synthetic lethality-based
anticancer therapies,” Cancers (Basel)., vol. 11, no. 10, 2019, doi: 10.3390/cancers11101561.

[3] Balboni B., Rinaldi F., Previtali V., Ciamarone A., Girotto S., Cavalli A. Novel Insights into RAD52’s Structure, Function,
and Druggability for Synthetic Lethality and Innovative Anticancer Therapies Cancers (Basel), Vol. 15(6), no. 1817, 2023,
doi: https://doi.org/10.3390/cancers15061817
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The occurrence of an intimate relationship between the structure and the function of proteins is the paradigmatic
assumption of structural biology. Indeed, a full understanding of protein activities cannot be achieved without a
profound knowledge of their structural and dynamic properties. The possibility of predicting reliable protein
structures from their sequences, guaranteed by recently released computational approaches [1], has been opening
new and previously unforeseen scenarios in structural biology. Particularly appealing is the perspective that
comprehensive approaches, aimed at unraveling structural similarities/dissimilarities among all members of a
protein family, have become feasible at a global level.

We have applied this approach to the KCTD (proteins containing a (K)Potassium Channel Tetramerization
Domain) family [2], a class of proteins involved in fundamental physiological and pathological processes,
including cancer, neurodevelopmental disorders, and genetic diseases. For many years, a full understanding of the
functionality of these proteins has been hampered by the paucity of related atomic-level structural data, to which
we contributed through the x-ray structural characterization of the KCTD1 member of the family [3].

We have recently unraveled previously undetected molecular relationships among the C-terminal-domains of the
members of the family, hence generating a new structure-based pseudo-phylogenetic tree [4]. Moreover, we
created reliable three-dimensional structures of all family members in their functional oligomeric states (Figure 1)
[5]. Finally, we defined the structural basis of molecular recognition for many of their biological partners [6].
Collectively these findings shed a new and global light into the structural properties of these proteins paving the
way for structure to function analyses.

KCTD6 KCTD7 KCTD13
Figure 1. Important KCTDs with previously uncharacterized 3D structures.

[1] J. Jumper, R. Evans, A. Pritzel et al. Nature 2021, 596, 583.

[2] Z. Liu, Y. Xiang, G. Sun Cell Biosci. 2013, 3, 45.

[3] N. Balasco, A. Ruggiero, G. Smaldone, G. Pecoraro, L. Coppola, L. Pirone, E.M. Pedone, L. Esposito, R. Berisio, L.
Vitagliano Int. J. Biol. Macromol. 2024, 277, 134390.

[4] L. Esposito, N. Balasco, G. Smaldone, R. Berisio, A. Ruggiero, L. Vitagliano Biomolecules. 2021, 11, 1862.

[5] L. Esposito, N. Balasco, L. Vitagliano Int. J. Mol. Sci. 2022, 23, 13346.

[6] N. Balasco, L. Esposito, G. Smaldone, M. Salvatore, L. Vitagliano Int. J. Mol. Sci. 2024, 25, 1881.
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A pivotal contribution to understanding the structural models of calcium silicate hydrates, the most significant
binding phases in cement, comes from the seminal works on crystal structures of natural minerals tobermorite-
14A (plombierite) and tobermorite [1, 2]. Since these important works on crystal structure determination by
classical single-crystal X-ray diffraction, impressive progress has been made in achieving a detailed description
of calcium silicate hydrate (C-S-H) at the atomic scale. However, as new findings often lead to new questions,
challenges persist in developing a comprehensive model for C-S-H that can capture the chemically complex and
structurally disordered nature of these phases. Innovative and advanced methods are required to go beyond the
current state-of-the-art.

To this aim, novel modelling approaches coupled with advanced synchrotron X-ray total scattering experiments
are applied here to pure C-S-H and C-A-S-H samples. Atomistic models for these phases were developed and
refined against the experimental X-ray scattering pattern (Debye Scattering Equation analysis [3]), providing a
comprehensive description of the structure, size and morphology of C-S-H/C-A-S-H nanoparticles from the atomic
to the nanometre scale.

Such information can be effectively transferred to more complex systems, e.g. alkali activated materials, to
quantify the precipitation of newly formed hydration products within a multi-phase matrix.

[1] E. Bonaccorsi, S. Merlino, e A. R. Kampf, Journal of the American Ceramic Society, 2005, 88 (3), 505-512.

[2] S. Merlino, E. Bonaccorsi, e T. Armbruster, American Mineralogist, 1999, 84 (10), 1613-1621.
[3] A. Cervellino, R. Frison, F. Bertolotti, e A. Guagliardi, J Appl Crystallogr, 2015, 48 (6), 2026-2032.
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Large-scale facilities, such as synchrotron light and neutron sources, are a valuable tool for scientists to gain an
in-depth and comprehensive knowledge of materials. The fascinating physics that distinguish and characterize
different classes of materials often (if not always) emerges from the delicate and complex interaction with the
underlying structural and microstructural properties. Understanding this direct relationship is a critical and
fundamental step in improving the performance of new materials. The possibility of analyzing samples under
temperature and/or pressure conditions that are difficult (if not impossible) to obtain using laboratory-based
sources, as well as the complementarity between the different analytical techniques (even exclusively
diffractometric ones, such as neutron and X-ray diffraction, pair distribution function) allow us to understand
hidden or elusive aspects of the structural poperties, which are fundamental for understanding the physical
properties that derive from it. With this approach, even synthetic counterparts of well-known mineral phases can
reveal unexpected and original characteristics

An overview will be presented of how the application of advanced diffractometric techniques (neutron and X-ray
diffraction, pair distribution function) has allowed to our research group to better understand the correlation
between the physical properties of various classes of materials (magnetic, superconducting, luminescent,
thermoelectric) with of the underlying structural and microstructural properties.
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Rare Earth Elements (REEs) are indispensable to modern technologies, especially in catalysis, electronics, and
green energy systems. Due to their critical economic importance and supply chain vulnerabilities—particularly
the EU’s dependence on imports from China—they have been classified as Critical Raw Materials (CRMs). In
this context, the recovery of REEs from secondary sources such as Waste Electrical and Electronic Equipment
(WEEE) has emerged as a strategic priority. However, selective separation of individual REES remains a major
bottleneck. This study focuses on the structural behavior of REEs during cation exchange with a commercial NH,-
exchanged 13X zeolite, using mono- and bi-elemental solutions of Ce, La, Eu, and Y at concentrations simulating
those found in leached phosphor powders from spent fluorescent lamps. High-resolution synchrotron X-ray
Powder Diffraction (XRPD, ID22 — ESRF) was employed to investigate the position, coordination, and occupancy
of the REEs within the zeolite framework following exchange. Ce and La showed nearly identical exchange
behaviors and were both located at site 11*—within the supercage and near the hexagonal window to the sodalite
cage—where they interact directly with the framework oxygen atoms, achieving similar occupancy levels.
Although Eu was present at a lower concentration, it appeared to occupy the same crystallographic site as Ce and
La, suggesting analogous framework bonding and exchange mechanisms. Yttrium, despite being introduced at the
highest concentration, exhibited the lowest exchange efficiency. Structural analysis revealed that Y occupies a
distinct site (site I11) in the supercage, positioned near a square window at the intersection of two mirror planes.
Unlike the other REEs, Y is in coordination with water molecules rather than directly bonding with the zeolite
framework. This weaker interaction explains both its lower retention after exchange and its greater release during
subsequent NH, re-exchange steps. Bi-elemental tests (Ce—La and Eu-Y) further corroborated these findings. Ce
and La again exhibited overlapping behaviors and were indistinguishably incorporated into the same exchange
sites. In contrast, the competition between Eu and Y was dictated by both concentration and structural
compatibility: Y consistently outcompeted Eu, not necessarily due to a higher affinity for the zeolite, but rather
due to its high starting concentration. These results demonstrate how structural factors—namely, site specificity
and hydration state—govern the selective uptake of REEs in zeolite. The study highlights the critical role of XRPD
in elucidating ion-framework interactions and offers valuable insight for designing zeolite-based materials tailored
for selective REE recovery from complex waste streams.

74



51st AIC Meeting Firenze 2-5 September 2025

In situ powder X-ray diffraction structural insight on greenhouse gases capture by a
micro/mesoporous metal-organic framework

Anna Mauri,? Gioele Colombo,? Catherine Dejoie,’ Simona Galli*”

aDepartment of Science and High Technology, University of Insubria, Como, Italy
b European Synchrotron Radiation Facility (ESRF), Grenoble, France

amauri5@uninsubria.it

The steadily increase of greenhouse gases (GHGs) atmospheric concentration, primarily due to anthropogenic
activities, is at the base of global warming. This complex phenomenon is one of the current environmental issues,
as witnessed e.g. by Sustainable Development Goal 13: Climate Action [1]. Among the most diffuse GHGs are
carbon dioxide (CO) and nitrous oxide (N20O): though CO; shows a ca. 1000 times higher global concentration
(420 and 0.337 ppm, respectively, in 2023 [2]), N2O possesses a 273 times greater global warming potential,
together with an ozone-depleting effect [2]. Till effective technologies will be worldwide implemented to reduce
their emissions, physisorption on porous solids appears a feasible approach to decrease GHGs atmospheric
concentration.

Metal-organic frameworks (MOFs) are crystalline porous materials built through the self-assembly of inorganic
nodes and organic linkers [3]. Due to the vast libraries of nodes and linkers and the chances offered by post-
synthetic modifications, pore shape, dimension and decoration can be tuned to enhance MOFs affinity toward
specific adsorbates, making them promising candidates also for GHGs capture.

NU-1000-PhTz, derived from the known micro-mesoporous MOF NU-1000 [4] via solvent-assisted ligand
incorporation, showed a temperature-dependent selectivity toward CO; vs. N>O [5]. To disclose the structural
aspects underneath this behaviour at comparison with that of NU-1000, we recurred to high-resolution powder X-
ray diffraction (HR-PXRD) (beamline 1D22, European Synchrotron Radiation Facility [6]), in situ dosing the two
gases in the range 0-3 bar at 253, 273 and 298 K. An extensive data treatment revealed the substantial rigidity of
the two frameworks under the adopted experimental conditions and further unveiled salient, otherwise non-
accessible features: adsorption sites, host-guest interactions and local modifications of the framework cooperating
to adsorbate entrance. Quantification of the adsorbed gas led to single-site and cumulative PXRD isotherms and
the relevant thermodynamic information therefrom.

Overall, this work demonstrates the potential and versatility of in-situ PXRD to unveil atomic-scale structural
observations enriching the actual case of study and, more importantly, paving the way to improved next-generation
materials for the title applicative context.

[1] https://sdgs.un.org/goals

[2] https://www.epa.gov/ghgemissions/overview-greenhouse-gases

[3] O.M. Yaghi, M.J. Kalmutzki, C.S. Diercks, Introduction to reticular chemistry, Wiley-VCH, Weinheim (Germany), 2019.
[4] J.E. Mondloch, W. Bury, D. Fairen-Jimenez, S. Kwon, E.J. De Marco, M.H. Weston, A.A. Sarjeant, S.T. Nguyen, P.C.
Stair, R.Q. Snurr, O.K. Farha, J.T. Hupp J. Am. Chem. Soc., 2013, 135, 10294.

[5] G. Mercuri, M. Moroni, S. Galli, G. Tuci, G. Giambastiani, T. Yan, D. Lin, A. Rossin ACS Appl. Mater. Interfaces, 2021,
13, 58982.

[6] doi.org/10.15151/ESRF-ES-1888158763
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Tantalate-niobate solid solutions are perovskite-type crystalline ferroelectrics with groundbreaking optical
properties, like giant broadband refraction (n>25) across the entire visible and near infrared spectrum [1]. At the
Curie point, a coherent ordered 3D mesoscale structure emerges, which could be rationalized as a ferroelectric
supercrystal [2] composed by topological large-scale defects that self-organize into a hypervortex structure [3].
Here, we report on an accurate multi-T single crystal X-ray study on the Li-doped tantalate-niobate system
Ko.997Li0.003T20.64Nb0.3603 in the 300-90 K range of T, at steps of 3 K. Three first-order structural phase transitions
occur, which break the Pm-3m symmetry of the parent RT structure and induce uniaxial polarization within the
unit cell, where Nb and Ta are displaced in opposite directions and Li is most probably off-centered (Figure 1).
The transitions are confirmed by independent calorimetric and dielectric spectroscopy measurements. We
reproduce most experimental observations, including key diffuse scattering features around selected Bragg effects,
by means of classical Molecular Dynamics simulations with the new Dynamics Universal Oxide Modeller of the
free Milano Chemistry Molecular Simulation package (MiCMoS-DUOMOo) [4-6]. The results provide a substantial
step forward toward the understanding of large-scale polarization in these materials, with potential applications in
miniaturized circuitry and nonlinear optics.
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Figure 1. Spontaneous symmetry breaking in Ko.gs7Li0.003Taos4Nb0.3603 produces reciprocal space features that may be
investigated by classical Molecular Dynamics techniques.

[1] F. Di Mei et al. Nature Photonics 2018, 12 734.

[2] D. Pierangeli et al. Nature Commun. 2016, 7, 10674.
[3] L. Lo Presti et al., Phys. Rev. B 2020, 102, 214110.

[4] A. Gavezzotti et al., CrystEngComm 2020, 22, 7350
[5] A. Gavezzotti et al., CrystEngComm, 2022 ,24, 922.
[6] L. Lo Presti et al., Crystal Growth Des. 2022, 22, 1857.
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Different industrial by-products represent a valuable alternative to virgin raw materials. Given the large quantities
of raw materials consumed in the construction sector, and in line with the European Green Deal objectives, such
recycled materials—particularly those that can act as binders or cement supplements—are of great importance.
Two key properties that support their use are hydraulic activity and CO, capture potential. Hydraulic activity
enables their use as binders, while their capacity for mineral carbonation makes them a promising solution for
reducing the carbon footprint of construction materials—both by supplementing conventional binders and by
sequestering CO..

In this study, various recycled materials from combustion processes and the steel industry were investigated for
their (latent) hydraulic activity and CO, capture capacity, as an initial step toward assessing their reactivity and
potential for carbon capture and storage applications. Several types of ash from different combustion processes,
along with steel refining slag, were subjected to hydration at varying water-to-binder ratios. The curing process
was monitored over multiple time intervals. Carbonation was carried out under different semi-dry conditions, with
varying CO, concentrations. The focus was placed on phase composition transformations in relation to moisture
and CO; content, as well as the time-dependent progression of hydration and carbonation processes.

This study demonstrates that nearly all investigated industrial by-products exhibit hydraulic activity, with the
lowest hydration activity observed in ashes not collected by electrostatic precipitation. Paper ashes, due to their
high calcareous phase content, were the most reactive, while the amorphous phase content in coal and co-
combustion ashes influenced their hydration mechanisms. Preliminary findings suggest that less reactive ashes
can be effectively activated in binary systems with more hydraulically reactive ones. Higher humidity improve
the carbonation degree in larger extent than higher concentration of CO, itself. Carbonation of different hydration
products was evidently identified.

The results show that hydration and carbonation processes occur simultaneously and can influence each other.
The interactions between these two mechanisms can be complex under curing conditions. While hydration
products such as Ca(OH), and C-S-H are susceptible to carbonation, the primary carbonation product—CaCO;—
can, in turn, affect both the kinetics of hydration and the composition of hydration products. Therefore, a
comprehensive understanding of the overall hardening process is essential. Future work will focus on identifying
and clarifying the key influencing factors.
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Figure 1. Time dependent XRD results of co-combustion ash during its hydration (Et- ettringite; Hc/Mc-
hemi/monocarboaluminate).

77



51st AIC Meeting Firenze 2-5 September 2025

MS7 — Supramolecular Chemistry in Molecular
Crystals

78



51st AIC Meeting Firenze 2-5 September 2025

Polymer-based cocrystals: Bringing order to disorder and confusion to the crystal
engineer

Dritan Hasa,? and Dejan-Kre$imir Bugar,”

aDepartment of Chemical and Pharmaceutical Sciences, University of Trieste, Piazzale Europa 1, 34127 Trieste, Italy
bDepartment of Chemistry, University College London, 20 Gordon Street, London, WC1H 0AJ, United Kingdom

dhasa@units.it

Polymer-based cocrystals represent an emerging subclass of multicomponent crystals, offering a unique approach
for altering the properties of polymers through non-covalent interactions. Unlike traditional polymer composites,
where the polymer matrix and additives remain phase-separated, polymer-based cocrystals ensure molecular-level
dispersion, which can directly influence the physical, chemical, and mechanical properties of the material.

The design and synthesis of polymer-based cocrystals can be driven by the principles of crystal engineering. [1]
Various methods, including solvent evaporation, melt crystallization, and mechanochemical methods, can be
employed for the preparation of these multicomponent solids. [2] The resulting materials demonstrate enhanced
performance in multiple aspects, such as improved mechanical strength, thermal stability and solubility. For
instance, in pharmaceutical applications, polymer-based cocrystals have been shown to enhance the solubility of
poorly soluble drugs [3]. In this contribution we discuss the serendipitous discovery of a cocrystal of a polymer
and demonstrate how this discovery was used in a crystal engineering exercise that aimed the modulation of its
thermal properties. A particular focus of this presentation will be the discussion of the interplay between thermal
properties of polymer cocrystals and the chain length of the investigated polymers.

By highlighting recent published examples and addressing existing challenges, this talk aims to stimulate further
research and innovation in this area of material science.

Figure 1. A packing of two small molecules, namely caffeine and 5-fluoroanthranilic acid forming ladders in a ternary
cocrystal with polyethylene glycol dimethyl ether.

[1] L.S. Germann, E. Carlino, A. Taurino, O.V Magdysyuk, D. Voinovich, R.E Dinnebier, D.-K. Bucar, D. Hasa. Angew Chem
Int Ed. 2023, 135, €202212688.

[2] M. Lightowler, S. Li, X. Ou, J. Cho, B. Liu, A. Li, G. Hofer, J. Xu, T. Yang, X. Zou, M. Lu, H. Xu. Angew. Chem. Int.
Ed. 2024, 63, €202317695.

[3] P. Chappa, A. Maruthapillai, R. Voguri, A. Dey, S. Ghosal, M.A. Basha. CrystGrowthDes. 2018, 18, 7590-7598.
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Understanding the intricate relationship between structure, dynamics, and material function in molecular solids is
essential for the rational design of next-generation functional materials. Across a broad range of systems—from
small-molecule organic crystals to complex biomacromolecular assemblies—weak intermolecular forces and their
associated dynamics play a pivotal role in dictating macroscopic behavior. Recent advances in terahertz and low-
frequency vibrational spectroscopy have enabled unprecedented insight into these relationships, particularly in
systems exhibiting order—disorder transitions, polymorphism, and cooperative phase phenomena.

A key strength of this approach lies in the synergy between terahertz spectroscopy and crystallography. Traditional
crystallographic techniques, such as powder X-ray diffraction (PXRD), provide robust information about long-
range periodic order and atomic connectivity. However, they often struggle to resolve light atoms (e.g., hydrogen),
disordered systems, or materials with ambiguous co-crystallized molecular orientations, such as in host-guest
complexes. Terahertz spectroscopy is extremely powerful in these instances, as low-frequency vibrational modes
(<100 cm 1) are highly sensitive to long-range, weak intermolecular forces and collective lattice dynamics. These
spectral fingerprints are strongly influenced by subtle differences in bulk structure, enabling clear differentiation
between closely related or competing structural models that may be difficult to resolve using diffraction methods
alone.

Together, these techniques offer a powerful platform for resolving complex structural questions while also
providing insight into how fundamental molecular motions give rise to material properties. For example, in the
well-studied metal-organic framework MIL-53(Al), terahertz spectroscopy was able to unambiguously determine
the orientation of guest water molecules in the crystal structure—resolving a long-standing structural ambiguity
not accessible using diffraction methods (X-ray and neutron) alone. In another example, terahertz spectroscopy
revealed that the onset of dynamics of a single molecular functional group were enough to promote bulk dynamic
phenomena, such as crystals jumping, cracking, and even self-healing.

In this work, the relationship between terahertz modes and bulk properties will be explored. By correlating specific
vibrational modes with structural transformations, we advance a framework for understanding and potentially
controlling phase behavior in functional solids—opening pathways for the design of tunable semiconductors,
responsive crystalline materials, and sustainable biomaterials.
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Multicomponent molecular materials, such as cocrystals, are largely used in high valuable arenas such as
pharmaceutical, food and agrochemical industries to finely tune physical properties of the active compounds or to
induce synergistic effect to its biological properties.

Mechanochemistry has emerged in the last decade as a cost effective and sustainable method to perform chemical
synthesis although its use is not widely spread yet. Indeed, once the jar is closed, it is hard to directly probe the
reaction and, although many studies appeared in recent literature focusing on the in-situ monitoring of di erent
mechanochemical reactions [1-2], the mechanism of the reaction paths is far from being understood.

It has been suggested that proceeding through liquid intermediates may facilitate the activation of the
mechanochemical process. The a priori knowledge of whether a reaction mixture could give rise to a low melting
eutectic mixture would be of great impact on the experimental design of mechanochemical protocols.

Here an accurate and time-resolved investigation of cocrystals syntheses is proposed [3], with a focus on the
estimation of the likelihood of the low melting eutectic formation by means of a friendly predictive tool (POEM,
i.e. Predictor of Eutectic Mixtures) we have recently developed [4] based on the intrinsic thermal properties of the
coformers and the intermolecular interactions involved.

(] ﬁ» 3
X-ray
beam L '
et 3 DDRE TN 0’ @

EUTECTIC

Figure 1. Workflow of cocrystal design and time resolved in-situ monitoring of mechanochemical reaction proceeding
though low melting eutectic intermediate

[1] G. I. Lampronti, A. A. L. Michalchuk, P. P. Mazzeo, A. M. Belenguer, J. K. M. Sanders, A. Bacchi, F. Emmerling, Nature
Comm., 2021, 12, 6134

[2] P. P. Mazzeo, G. I. Lampronti, A. A. L. Michalchuk, A. M. Belenguer, F. Emmerling, Faraday Discuss.,2023, 241, 289
[3] P. P. Mazzeo, M. Prencipe, T. Feiler, F. Emmerling, A. Bacchi, Crystal Growth & Design 2022, 22, 7, 4260-4267

[4] M. Prencipe, P. P. Mazzeo, A. Bacchi, RSC Mechanochem.,2025, 2, 61
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The development of sodium-ion solid electrolytes has emerged as a critical area of research in the pursuit of next-
generation energy storage systems [1]. Sodium, being abundant and low-cost, presents an attractive option for
large-scale energy storage and a more sustainable alternative to lithium-ion batteries [2]. However, one of the key
challenges in advancing sodium-ion battery technology lies in identifying solid electrolytes that offer high ionic
conductivity, chemical stability, and compatibility with electrodes [1, 2].

In this talk, I will present tour latest results about the use of supramolecular complexation with 18-crown-6 ether
and Na -ions to investigate enantiotropic solid-to-solid phase transitions in crystalline materials for potential
application as sodium-ion conductors.

A series of supramolecular complexes with different anions (SO.? , PFs , BF, , BPh, ) has been synthesized via
mechanochemical methods whereas Single-Crystal X-Ray Diffraction (SCXRD) has been employed to elucidate
their structures. The phase transitions of these complexes have been studied using microcalorimetric techniques
(TGA, DSC, HSM), Variable-Temperature Powder X-Ray Diffraction (VTPXRD), and Electrochemical
Impedance Spectroscopy (EIS).

The results demonstrate that the ionic conductivity of these materials is strongly influenced by both anion type
and phase transitions, with promising implications for the development of sodium-ion conductors for large-scale
energy storage applications.
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Figure 1. Na -18-crown-6 complexes with various anions show temperature-dependent ionic conductivity, highlighting the
role of anion type and phase behavior in sodium-ion transport.

[1] M. Saiful Islam, C. A. J. Fisher Chem. Soc. Rev. 2014, 43, 185.

[2] M. Schirber Physics. 2024, 17, 73.
[3] M. DeGraef, M.E. McHenry Eds. Structure of Materials: an Introduction to Crystallography, Diffraction and Symmetry,

Cambridge University Press, Cambridge, 2012.
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The study of the dynamic effects in molecular crystals is gaining significant interest in recent years, as it allow the
exploration of the elaborated mechanisms behind their smart behaviour, providing valuable insights for future
design and development of smart advanced materials.[1,2] Although the discovery of organic thermosalient
crystals has largely been unexpected, researchers are making significant efforts to identify the structural features
responsible for this behaviour.[3] In this work we discuss the phase behaviour of an hexamoprhic compound
(ImB) (Figure 1) that has been rationally designed to exhibit hydrogen bond frustration for the strong amide N—
H donor, preventing its involvement in both hydrogen bonding and in van der Waals interactions.[4] This
compound shows phase transitions that cover monotropic and enantiotropic, fast and slow, diffusive and
displacive and single-crystal to single-crystal cases (SCSC). Of the five SCSC transition, two are enantiotropic
and three are monotropic. The reversible SCSC transitions IV 1l Il showcase an alternation of symmetry
rules controlling the formation of hydrogen-bonded chains. Based on this study, we propose a possible roadmap
for prediction of SCSC transitions in crystalline systems.
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Figure 1. Sketch of Phase Transformations of ImB.
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[1] P. Naumov, S. Chizhik, M. K. Panda, N. K. Nath, E. Boldyreva, Chem. Rev. 2015, 115, 12440.

[2] P. Naumov, D P. Karothu, E. Ahmed, L. Catalano, P. Commins, J. M. Halabi, M. B. Al-Handawi and L. Li, J. Am. Chem.
Soc. 2020, 142, 31, 13256-13272

[3] Park, S. K.; Diao, Y. Chem. Soc. Rev. 2020, 49 (22), 8287- 8314

[4] E. Parisi, E. Santagata, E. Simone, F. Borbone, R. Centore J. Am. Chem. Soc. 2024, 146, 19405.
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Global warming and climate change are closely linked to rising atmospheric CO; levels, which are currently at an
all-time high. While most current efforts focus on emission mitigation, utilizing CO, as a feedstock for the
production of high-demand chemicals, presents a dual advantage: reducing dependence on fossil fuels and helping
to curb CO, accumulation [1].

Formate is a valuable platform chemical that can be synthesized via CO, reduction and serves as a precursor for
various products, including biofuels. Metal-dependent formate dehydrogenases (FDHSs), particularly those
containing molybdenum (Mo-FDH) or tungsten (W-FDH), are promising biocatalysts for this transformation [2].
In this study, FDHs from Methylorubrum extorquens and Rhodobacter aestuarii were selected for structural and
functional characterization, to develop a biomimetic system for sustainable CO, fixation [3] [4].

A structural comparative analysis, consisting of homologous protein sequence sampling and multiple sequence
alignment (MSA), was conducted to identify conserved sequence motifs, potentially involved in cofactor and [Fe-
S] cluster binding. Structural comparison through fold-recognition and crystal structure superposition was also
performed to analyze cofactor positioning and structural conservation.

The investigated FDH coding sequences were cloned in the pET21b(+) vector for heterologous expression in E.
coli BL21(DE3). Initial trials successfully yielded the MeFDH a-subunit and RaFDH B-subunit. After purification,
the functional complexes will be crystallized, cross-linked, and immobilized on a solid support. Coating the protein
crystals with S-layer proteins will enable the assembly of a biocatalytic device for continuous conversion of CO,
into formate.
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Figure 1. Workflow for the development of a biocatalytic unit for continuous CO-to-formate conversion.

[1] R.S. Norhasyima, T.M.I. Mahlia, Journal of CO: utilization, 2018, 26, 323-335.

[2] Mengwei Yuan, Selmihan Sahin, Rong Cai, Sofiene Abdellaoui, David P Hickey, Shelley D Minteer, Ross D Milton,
Angewandte Chemie International Edition, 2018, 57, 6582-6586.

[3] Kyoungseon Min, Yong-Soo Park, Gwon Woo Park, Joon-pyo Lee, Myounghoon Moon, Chang Hyun Ko, Jin-Suk Lee,
Bioresource technologies, 2020, 305.

[4] Ami Kobayashi, Midori Taketa, Keisei Sowa, Kenji Kano, Yoshiki Higuchi, Hideaki Ogata, IUCrJ, 2023, 544-554.
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Since its establishment in 1992, the ID11 beamline has long been at the forefront of advanced crystallographic
characterisation techniques, covering the entire spectrum of diffraction experiments from single crystals to powder
diffraction studies. In this presentation, these available characterisation techniques will be described, showcasing
their applicability to a broad range of research areas.

Following early work in collaboration with the Risg group in the early 2000s, grain mapping techniques such as
Three-Dimensional X-Ray Diffraction (3DXRD), Diffraction-Contrast Tomography (DCT) and Topo-
Tomography, by measuring of grain-averaged strain states, orientations, and grain shapes. These techniques have
been applied to a wide variety of research problems across many materials science disciplines, from domain-
switching in ferroic barium titanate [1], to fatigue crack initiation in aluminium [2], to simultaneous deformation
of over 15,000 grains in shape-memory alloys [3].

Since the development of the new nanoscope measuring station [4], and particularly since the ~40x increase in
flux following the ESRF-EBS upgrade, the implementation of Scanning 3DXRD has also enabled the
measurement of sub-grain strain tensors and orientations down to a spatial resolution of 100 nm. This has enabled
the characterisation of grain boundary strain localisation in CdTe solar cells [5], fractured granite [6], and strain
in additively-manufactured stainless steels [7].

In addition to the advanced grain mapping techniques mentioned so far, the nanoscope station has also facilitated
advanced single-crystal structure determination experiments at high pressures inside diamond anvil cells [8, 9,
10], owing to the 50 nm positioning ability of the sample stage, coupled with a highly-sensitive photon-counting
Eiger detector.

The ID11 beamline also provides a range of powder-like measurement techniques in cases where diffraction events
cannot be attributed to single crystals [11]. Recent work has also shown promising strides in the field of strain and
texture tomography [12,13], and strain field localisation in metallic glasses [14].

[1] M. Majkut et al., Journal of the American Ceramic Society, vol. 100, pp. 393-402, 2017
[2] V.-D. Le et al., International Journal of Fatigue, vol. 193, p. 108762, 2025

[3] P. Sedmak et al., Science, vol. 353, pp. 559-562, 2016

[4] J. Wright et al., Current Opinion in Solid State and Materials Science, vol. 24, p. 100818, 2020
[5] A. Shukla et al., J. Mater. Chem. A, vol. 12, pp. 16793-16802, 2024

[6] J.-B. Jacob et al., J Appl Cryst, vol. 57, Art. no. 6, 2024

[71 Y. Zhang et al., Materials Research Letters, vol. 0, pp. 1-9

[8] A. Aslandukova et al., Science Advances, vol. 10, p. eadl5416, 2024

[9] L. Dubrovinsky et al., Nature, vol. 605, pp. 274-278, 2022

[10] D. Laniel et al., Nat Commun, vol. 14, p. 6207, 2023

[11] E. Lawrence Bright et al., J Synchrotron Rad, vol. 28, pp. 1377-1385, 2021

[12] M. Carlsen et al., J Appl Cryst, vol. 58, pp. 484-494, 2025

[13] P. Modregger et al., preprint, 2025, arXiv:2504.05796.

[14] M. Stoica et al., ACS Nano, vol. 15, pp. 2386-2398, 2021
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XRD1 is one of Sincrotrone Elettra’s most versatile beamlines. Originally dedicated to single-crystal diffraction
of macromolecules, it has significantly evolved to support powder diffraction, thin-film analysis, and increasingly
complex in situ and operando studies. Since 2016, macromolecular crystallography and high-pressure diffraction
have been transferred to the XRD2 and XPRESS beamlines, respectively, while XRD1 has consolidated its role -
alongside MCX and the Austrian SAXS beamline - as a core facility for hard X-ray diffraction and scattering
within the CERIC-ERIC infrastructure, particularly for materials science applications.

In this contribution, we will highlight a selection of recent in situ and operando experiments enabled by flexible
sample environments, including controlled-atmosphere chambers, non-ambient temperature stages, and integrated
reaction cells. These setups have supported research in fields ranging from energy materials and catalysis to soft
matter and food science. Finally, we will discuss how the upcoming Elettra 2.0 upgrade will enhance the
beamline’s performance and open new experimental possibilities for tackling emerging crystallographic
challenges.

[1] B. Joseph, G. Bais, L. Gigli, F. Alabarse, K. A. Irshad, L. Barba, A. Cassetta, P. Kumar Mondal, H. K. Poswal, D. D.
Sarma, J. R. Plaisier, M. Polentarutti IUCr. Abstracts of the 34th European Crystallography Meeting Padova, Italy, 26-30
August 2024
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The development of next-generation adsorbents with application-specific functional properties inherently relies
on the (integrated) recurse to advanced solid-state characterization techniques [1-3]. This approach is essential to
uncover fundamental atomic-level details that are crucial to rationalizing the functional performance of the
adsorbent materials under investigation. Indeed, the use of complementary techniques such as (in situ) X-ray
diffraction, X-ray absorption, electronic absorption spectroscopy, and luminescence spectroscopy, does provide
access to key features such as primary adsorption sites, adsorbent-adsorbate interactions, the role of unsaturated
metal centers or linker moieties, local and long-range structural dynamics, and the thermodynamic parameters
retrieved therefrom. This comprehensive understanding is vital for guiding innovation in material design.

In this context, the present lecture will illustrate a selection of case studies [4-8] from the research group in
Structural chemistry of advanced materials, Universita dell’ Insubria, where the application of a multi-technique
strategy — comprising in-situ synchrotron-radiation powder X-ray diffraction — proved essential in disclosing the
atomic-level details (Fig. 1) underlying the observed bulk functional properties of metal-organic [9] and covalent
organic frameworks [10].
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Figure 1. Example of the current potential of synchrotron-radiation in-situ PXRD. Adapted from [4].

[1] H. Petersen, C. Weidenthaler, Inorg. Chem. Front., 2022, 9, 4244.

[2] J. Albalad, C.J. Sumby, D. Maspoch, C.J. Doonan, CrystEngComm, 2021, 23, 2185.

[3] . Senkovska, V. Bon, in The chemistry of metal-organic frameworks: synthesis, characterization, and applications,
Volume 1, S. Kaskel Ed., Wiley-VCH, 2016.

[4] A. Mauri, R. Vismara, M. Moroni, E. Roldan-Molina, J.A.R. Navarro, S. Galli, Small Sci., 2024, 4, 2400277.

[5] R.Vismara, S. Terruzzi, A. Maspero, T. Grell, F. Bossola, A. Sironi, S. Galli, J.A.R. Navarro, V. Colombo, Adv. Mater.,
2024, 2209907.

[6] M. Moroni, E. Roldan-Molina, R. Vismara, S. Galli, J.A.R. Navarro, ACS Appl. Mater. Interfaces, 2022, 14, 40890.

[7] C. Giacobbe, E. Lavigna, A. Maspero, S. Galli, J. Mater. Chem. A, 2017, 5, 16964.

[8] N. Masciocchi, S. Galli, V. Colombo, A. Maspero, G. Palmisano, B. Seyyedi, C. Lamberti, S. Bordiga, J. Am. Chem.
Soc., 2010, 132, 7902.

[9] The chemistry of metal-organic frameworks: synthesis, characterization, and applications, Ed. S. Kaskel, Wiley—VCH,
2016.

[10] R.-R. Liang, S.-Y. Jiang, R.-H. A, X. Zhao, Chem. Soc. Rev., 2020, 49, 3920.
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Mechanochemical technologies are transforming how we think about chemical reactivity, whilst offering new,
sustainable routes for industrial manufacture. However, mechanochemistry’s true potential is limited by our lack
in understanding of how these processes work. Mechanochemical reactions are preceded by an induction period,
during which no reaction is observed. The processes involved in the induction period remain elusive despite being
observed in numerous exsitu and in-situ kinetic investigations. In here we present a time resolved in-situ x-ray
diffraction study of the polymorph conversion of the 1:1 co-crystal of theophylline and benzamide under milling
conditions in the presence of added solvent (tetrahydrofuran, isopropanol, ethanol) in varied amount. Form | of
the co-crystal transforms into Form 11 under the milling conditions used provided that enough solvent is added to
the milling jar [1]. A previously presented miniaturized milling setup [2] was modified for maximizing powder
loading, and thus optimizing accuracy on solvent volumes and diffraction peak to background ratio for in-situ
work at Diamond Light Source, UK, beamline i11. Diffraction data were analysed with sequential Rietveld
refinements. Physically meaningful constraints on refined parameters allowed for unprecedented estimated
standard deviations, highlighting the complex evolution of the crystallite size for the phases involved. In particular,
the data analysis shows reproducible immense control on crystallite size with solvent type and quantity for both
polymorphic forms. Remarkably, we observe that, after reaching a minimum, the crystallite size of the short-lived
polymorph grows and continue to increase until its conversion to the persistent polymorph is complete. We suggest
that the minimum in crystallite size marks the end of the induction period, and the beginning of the polymorph
conversion.
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Figure 1. a) Varying amount of solvent both below and above the Form | to Form Il conversion threshold were added to a
milling jar containing Form I. b) Time resolved in-situ XRD data were collected using synchrotron radiation to
monitor the evolution of the milling process. c¢,d) Data analysis provided evidence that in experiments where Form
I (black symbols) transforms into Form 11 (grey symbols), the crystallite size reaches a minimum before the
transformation occurs. Estimated standard deviations are shown as error bars in the plots.

[1] G.I. Lampronti, A.A. Michalchuk, P.P. Mazzeo, A.M. Belenguer, J.K.M. Sanders, A. Bacchi, F. Emmerling Nature

Communications. 2021, 12(1), 6134.
[2] A.M. Belenguer, G.1. Lampronti, N. De Mitri, M. Driver, C.A. Hunter, J.K.M. Sanders,. Journal of the American Chemical

Society. 2018, 140(49), 17051.
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Scientific interest in new materials with unique optoelectronic properties, making them promising candidates for
energy-related applications (e.g., LEDs, OLEDs, photodetectors, solar cells,..), is steadily growing.
Crystallographic study of these compounds provides fundamental insights into their structure and allows the
identification of key intra- and intermolecular interactions, helping to clarify the origins of their distinctive
physical properties, such as luminescence and charge transport. Crystallography thus plays a central role, offering
essential support and valuable guidance to scientists engaged in the crystal engineering of energy-relevant
compounds.

In the case of very small crystals, such as nanocrystalline powders or microcrystalline single crystals, the use of
non-conventional radiation sources (e.g., synchrotron light) is often required to achieve successful structural
characterization.

The illuminating power of single crystal and powder crystallography, applied to energy materials, will be
illustrated through recent, and in some cases pioneering, studies concerning compounds of different nature:

a) organic, e.g. anthracene-derived compounds, studied by single-crystal (synchrotron light) microdiffraction [1];
luminescent compounds of interest for OLED devices, characterized by microcrystalline powder diffraction
(conventional X-ray source) [2];

b) inorganic, e.g. nanocrystalline metal chalcohalides [3-5], studied for the first time by powder diffraction, using
a conventional X-ray source [3] or synchrotron light [4-5];

¢) hybrid organic-inorganic, in the case of perovskite microcrystals, characterized by synchrotron light [6-7].

[1] A. Moliterni, D. Altamura, R. Lassandro, V. Olieric, G. Ferri, F. Cardarelli, A. Camposeo, D. Pisignano, J.E. Anthony, C.
Giannini Acta Cryst. B 2020, 76, 427.

[2] M. Montrone, A. Maggiore, A. Moliterni, P. Pander, M. Pugliese, A. L. Capodilupo, S. Gambino, C.T. Prontera, V.
Valenzano, F. Mariano, G. Accorsi, T. Sibillano, C. Giannini, G. Gigli, A. Cardone, V. Maiorano J. Mater. Chem. C. 2025,
13, 160.

[3] S. Toso, Q. A. Akkerman, B. Martin-Garcia, M. Prato, J. Zito, I. Infante, Z. Dang, A. Moliterni, C. Giannini, E. Bladt, I.
Lobato, J. Ramade, S. Bals, J. Buha, D. Spirito, E. Mugnaioli, M. Gemmi, L. Manna J. Am. Chem. Soc. 2020, 142, 10198.
[4] S. Toso, M. Imran, E. Mugnaioli, A. Moliterni, R. Caliandro, N.J. Schrenker, A. Pianetti, J. Zito, F. Zaccaria, Y. Wu, M.
Gemmi, C. Giannini, S. Brovelli, I. Infante, S. Bals, L. Manna Nat. Comm. 2022, 13, 3976.

[5] D. Quarta, S. Toso, R. Giannuzzi, R. Caliandro, A. Moliterni, G. Saleh, A.L. Capodilupo, D. Debellis, M. Prato, C. Nobile,
V. Maiorano, I. Infante, G. Gigli, C. Giannini, L. Manna, C. Giansante Angew. Chem. Int. Ed. 2022, 61, €202201747.

[6] B. Dhanabalan, G. Biffi, A. Moliterni, V. Olieric, C. Giannini, G. Saleh, L. Ponet, M. Prato, M. Imran, L. Manna, R.
Krahne, S. Artyukhin, M.P. Arciniegas Adv. Mater. 2021, 33, 2008004.

[7] L. Polimeno, G. Lerario, M. De Giorgi, L. De Marco, L. Dominici, F. Todisco, A. Coriolano, V. Ardizzone, M. Pugliese,
C.T. Prontera, V. Maiorano, A. Moliterni, C. Giannini, V. Olieric, G. Gigli, D. Ballarini, Q. Xiong, A. Fieramosca, D.
Solnyshkov, G. Malpuech, D. Sanvitto, D. Nat. Nanotechnol. 2021, 16, 1349.
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As the number of researchers in the field of porous reticular materials continues to grow globally, there is a
pressing need to organize knowledge and establish standards for reporting scientific findings, and this is
particularly relevant for structural characterization of MOFs materials. Thanks to the increasing computing power
of PC, and the continuous development of algorithms for structure solution from PXRD, it is now firmly
established that high quality structural models can be obtained not only from SC-XRD but also from PXRD.
Additionally, in recent years, several Al-based algorithms have emerged for modelling plausible structures of
framework materials based on their building units.[1] In the field of MOFs, the growing research interest and their
applicability across various domains have resulted in a significant rise in the number of published structures.[2]
However, many reported structures are inaccurate, leading to misleading material characterization. This issue is
particularly common in systems like 2D layered MOFs/COFs, which often lack sufficient crystallinity for sharp,
intense diffraction signals. Nonetheless, structural models are frequently proposed even when PXRD data quality
is too low for reliable Rietveld refinement. The intrinsic averaged nature of the structures obtained from X-ray
diffraction, both from single crystals and powders, also limits the accuracy of the structural models in a multiscale
range. This, in turn, gives rise to unprecise descriptions of the local environments within these materials that still
require dedicated techniques to be fully described. Luckily, recent years have also seen the increasing adoption of
Pair Distribution Function (PDF) analysis in the field of MOF systems, in the trial to describe disordered structures
and defectivities.[3] The inherent local nature of the information derived from the analysis of PDF signals
furnishes a direct insight into the short-range order of MOF materials, thus increasing the accuracy of the final
model. To highlight the importance of using a comprehensive set of techniques for accurate modeling at both short
and long range, we selected the well-known HKUST-1[4] structure to assess the accuracy of models derived from
various methods. In this work, we directly compare structures obtained from SC-XRD and PXRD analyses using
both synchrotron and copper radiation sources. The obtained structural models are then used to compute the
theoretical PDF profiles, which are compared to the experimental ones, obtained from conventional laboratory-
scaled diffractometer and using synchrotron data. This way, a direct insight into the accuracy of different structure
solution procedures is obtained, with a dedicated description of the averaged structure and the local environment
information. Moreover, considering the increasing interest and applicability of Al-derived models for structure
solutions, we also compared the “experimental” models with the one obtained by simulating the structure of
HKUST-1 using a novel algorithm recently published[1b]. With this work we sought to increase the information
available for scientists working with porous reticular materials by providing a comparative study to highlight the
different accuracy levels obtainable using different techniques and to emphasize the importance of choosing the
best technique(s) for developing an accurate structural model, depending also on the quality of the diffraction data
available for the analysis.

[1] a) S. Lee et Al. ACS Appl. Mater. Interfaces 2021, 13, 20, 23647-23654; b) Lee, J., Oba, J., Ohba, N. et al. npj
Comput Mater 9, 135 (2023); c) Coelho, A. A. An. J. Appl. Crystallogr. 51, 210-218 (2018).

[2] C. R. Groom, I. J. Bruno, M. P. Lightfoot and S. C. Ward, Acta Cryst. (2016). B72, 171-179

[3] Bechis, 1., et Al (2022). Chemistry of Materials, 34(20), 9042-9054

[[4] Chui, S. S. Yet Al (1999). Science, 283(5405), 1148-1150.
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The Italian Crystal Growth Competition for Schoolchildren is in its sixth year. This initiative aligns with the
overarching objectives of the International Union of Crystallography (IUCr), particularly those associated with
the International Year of Crystallography (I'YCr) [1]. The I'YCr represents a significant occasion to promote and
disseminate crystallography at all levels of education, as well as to raise the general public's awareness of
crystallography and its potential. Since I'YCr, the crystallographic community has promoted popular activities
aimed at educating the public about crystallography and its links to the real world and everyday life. These links
include technological developments in modern society, drugs, biology, cultural heritage artifacts, environmental
and medical issues and more.

In this edition, the Italian competition has undergone significant renovation due to a collaboration between the
AIC-Crystal Growth and Epitaxy Section and the Regional Museum of Natural Sciences in Turin (Italy). This
collaboration marks a significant development, as it facilitates interaction between two distinct domains: the
museum world, which is inherently oriented towards popularization and fostering science awareness, and the
crystallographic world, which is predominantly focused on research and peer discussion.

The competition has officially commenced in recent days, precluding the presentation of data for close comparison
with previous editions. Accordingly, we'll illustrate the path to the initiative's current structure and assess the
critical issues and opportunities.

[1] AAVV Crystallography matters ... more! Events and outcomes from the international year of crystallography, 2014,
https://www.iycr2014.org/home
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The Cambridge Structural Database (CSD) [1], the crystallographic database for organic and metal-organic
molecules, is celebrating its 60th anniversary. It now contains over 1.35 million crystal structures, providing a
wealth of data that makes it an invaluable resource both in research and in education. In this presentation we will
explore how the CSD and its associated software can be used in education and outreach to address some of the
challenges that science educators encounter.

First, we will introduce the CSD Teaching Subset [2], a collection of structures selected as particularly suitable
for teaching chemistry and crystallography. The teaching subset can be accessed via the Access Structure portal
or via the visualisation software Mercury. Both ways will be presented with particular focus on the 3D
visualisation possibilities they provide. We will also highlight some of the resources from the CCDC and our
collaborators that demonstrate the use the CDS to teach chemistry concepts.

Then, we will see how these tools and resources can also effectively support the creation of outreach activities and
social media content. Indeed, crystal structures and their 3D representations are fascinating for curious minds of
all ages. As an example, we will show selected outreach resources and games available on our website.
Throughout the presentation, we will also introduce resources created by the community that are hosted on the
CCDC website and were shared by their authors with the aim at supporting other educators and learners in the
community.

[1] C.R. Groom, 1.J. Bruno, M.P. Lightfoot, S.C. Ward Acta Cryst. 2016, B72, 171-179. DOI: 10.1107/S2052520616003954.
[2] G.M. Battle, F.H. Allen, G.M. Ferrence J. Chem. Ed. 2010, 87(8), 809-812. DOI: 10.1021/ed100256k.
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For over twenty years, Openlab, a service center of the University of Florence for open science, has organized
ScienzaEstate, an annual public outreach event that brings together all university departments and the broader
community. This initiative includes a variety of seminars and science communication activities and features two
open-evening events at the Scientific Campus in Sesto Fiorentino. During these evenings, technical staff and
faculty members host interactive exhibits and demonstrations, offering the public a rare opportunity to explore
research laboratories and learn about the scientific work conducted within them. Activities are tailored to
audiences of all ages and backgrounds, allowing creativity and engagement to guide the experiences.

The Structural Crystallographic Center (CRIST) has participated in ScienzaEstate since its inception, presenting
a range of hands-on labs and educational games designed to introduce visitors to crystallography and the
instruments used in the field. Through these initiatives, the Center aims to make the invisible structures of matter
accessible and exciting to everyone.

Hundreds of visitors over the years have engaged with scientific games, fun readings, videos and investigative
activities, using diffractometer, fluorescence techniques and tomography.

In this contribution, we would like to showcase all the activities we have carried out over the years, offering an
overview of how they were developed, what goals we aimed to achieve, and the results obtained in terms of
scientific dissemination and public entertainment.
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The use of mineral ingredients in technical, medical, and alchemical recipes is well attested since Antiquity.

The identification of these minerals is a key point in understanding how these recipes should work, and what is
the underlying chemistry involved. Unfortunately, historical descriptions alone often prove insufficient for a clear
identification of several minerals.

This is particularly evident with vitriols, substances described since Antiquity and extensively documented in the
Middle Ages. Despite their ubiquity as ingredients, these descriptions are frequently unclear or even contradictory.
An often overlooked source of information is provided by recipes to prepare artificial equivalents of these
compounds, not as a counterfeit, but as ingredients to be used in other preparations.

Systematic descriptions and instructions on how to make various kinds of vitriols by the 9th century Persian
philosopher, physician, and alchemist Al-RazT allow us to investigate these ingredients from an experimental point
of view . By cross-referencing historical descriptions with the visible results of replications, we gain valuable
insights on how these substances were categorized. In particular, solid state characterization of the products allows
the identification of the crystalline phases produced, contributing to shedding more light onto a fascinating topic
of early chemical knowledge.
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Dissemination and communication of research are nowadays considered an integral part of any research project.
Both help in increasing the visibility of research outputs, public engagement in science and innovation, and public
trust in research. The strategic goal is to strengthen interaction with local communities, build stable relationships
with schools, engage children and young people with science, identify emerging talent, and help improve society's
perception of research [1,2].

In this context, making concepts such as crystal, crystallography, and symmetry accessible to non-experts is a key
objective. Crystallography is a highly versatile discipline, widely used in the study of materials of various kinds
— biological, technological, and medical — providing essential tools for understanding their structure and
properties.

The Institute of Crystallography [3]. plays an important role in a variety of third mission activities, such as the
dissemination of scientific research results to the general public, participation in committees and public
consultations, and educational initiatives, including those carried out in schools. Crystal Game is a science
education project for elementary school students (around 10 years old) that aims to introduce children to the
concepts of crystallography and symmetry through brainstorming sessions, direct interaction with researchers, and
engaging laboratory activities. The project involved a total of 200 fourth-grade primary school students from two
different schools in the Apulia region. The students had the opportunity to deepen their understanding of
theoretical concepts through classroom lectures led by a researcher, as well as through hands-on experiments —
such as building a crystal lattice and crystallizing simple samples (Figure 1).

Figure 1. Crystal lattice constructed with sticks and plasticine and
Crystallization of copper sulphate

[1] A. Nerghes, B. Mulder, J.-S. Lee, PLos One. 2022, Dec 1;17(12): e0277677. doi:10.1371/journal.pone.0277677
[2] N. Sokolovska, B. Fecher, G. G. Wagner, Publications, 2019, 7, 64; doi:10.3390/publications7040064.
[3] https://www.ic.cnr.it
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Despite geosciences play a crucial role in addressing today’s global challenges, public perception of their
societal relevance remains limited. Natural History Museum collections can act as bridges between science and
society, fostering inclusive, interdisciplinary, and participatory education. The Collezione di Mineralogia of the
Museo Diffuso delle Scienze (Parma University) is currently undergoing a major reorganization. The project
focuses on reinterpreting the Museum’s historical collections through a contemporary lens by developing some
thematic pathways that connect mineralogy with urgent societal issues. The main relevant interpretative paths

are:

a)

b)

c)

d)

strategic resources in a changing world. By displaying selected mineral specimens alongside interactive
maps and infographics, the exhibition invites visitors to explore the global supply chains of rare minerals,
the socio-political contexts of mining, and the environmental costs associated with extraction. It
stimulates critical thinking about resource dependency, circular economy, and responsible consumption.
seeing the invisible. A digital pathway introduces visitors to the complex geometries of crystal structures
through immersive technologies and 3D visualization tools. With the project Vision3D visitors
@Collezione di Mineralogia and @Collezione di Cristallochimica, can interact with mineral models at
the atomic scale using rotation, zooming, and dissecting them virtually to better understand materials in
3D space, support conceptual understanding of crystallography, and make scientific contents concrete for
visitors of all ages.

the sound of stones. An interdisciplinary itinerary which highlights how minerals are used for their
acoustic, aesthetic, and functional properties in the crafting of musical instruments: clay in ocarinas,
quartz in lithophones, metals in bells, or mica in varnishes for string instruments. The section includes
audio samples and interactive stations where visitors can hear and feel the sounds of minerals, merging
scientific content with sensory engagement and cultural history.

Minerals and Disability. An inclusive pathway which explores both the physical accessibility of the
museum and the technological applications of minerals in assistive devices. Visitors learn how materials
such as silicon, titanium, and rare earth elements are essential for hearing aids, prosthetics, wheelchairs,
and augmentative communication tools. The display integrates tactile models, Braille panels, audio
descriptions, and visual supports, creating a learning environment accessible to people with diverse
abilities and cognitive profiles, and promoting a broader dialogue on the social dimensions of materials
science.

By linking mineralogy to contemporary themes such as sustainability, inclusion, and equality, the
project encourages a broader and more diverse audience to appreciate the societal value of Earth
sciences. The Museum becomes not only a place of preservation but also a space for dialogue,
reflection, and active participation in shaping a sustainable future.
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High-throughput sequencing technologies have revolutionized our ability to identify pathogens in samples ranging
from wastewater to cerebrospinal fluid and clinical swabs. Efficient bioinformatic pipelines, opportunely
configured on High Performance Computing (HPC) systems, can manage the large sequencing data produced, for
example, by shotgun metagenomics samples, fully characterizing pathogens circulating in environmental or
clinical samples, identifying their molecular characteristics and mapping protein variants in a timely manner.
Examples of different viruses, sequenced at the National Institute for Infectious Diseases (INMI “Lazzaro
Spallanzani” IRCCS), such as SARS-Cov-2, dengue and human Respiratory Syncytial Virus (hRSV), will be
presented [1-3]. Accurate molecular models of viral proteins embedded within lipid bilayers including their amino
acid glycosilations, coupled with state-of-the-art Molecular Dynamics simulations capable of characterizing
protein structures and dynamics, are increasing our understanding of host-pathogen interaction mechanisms
[2,4,5]. At the same time, the resulting realistic protein conformations can be used as input for high-throughput
virtual screening bioinformatic pipelines for drug design or repurposing. Optimization and automation of each in
silico step, together with the availability of High Performance Computing resources, can make the fight against
pathogenic viruses more efficient and effective.
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Figure 1. Schematic representation of the human respiratory syncytial virus (hRSV) F glycoprotein (wild-type), highlighting
key structural domains: 1) signal peptide (aa 1-23): directing the protein to the endoplasmic reticulum (ER), 2) fusion peptide
(aa 137-155): inserts into the host membrane to initiate fusion, 3) heptad repeat A (HRA, aa 157-205): forms part of the six-
helix bundle essential for membrane fusion, 4) heptad repeat B (HRB, aa 485-516): complements HRA in the post-fusion
structure, 5) transmembrane domain (aa 525-550): anchors the protein to the viral membrane and facilitates interactions with
other viral and cellular proteins, and 6) cytoplasmic tail (aa 551-574): involved in cellular localization of the F protein,
facilitates the formation of viral filaments, and influences the production of infectious progeny.
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Homomeric proteins result from the self-assembly of monomeric units, a physiological molecular event with
several biologically relevant consequences. This self-assembly can increase protein structural stability and
solubility in water and can lead to the selection of physiologically active conformations [1]. Therefore, small
molecules capable of altering the physiological assembly of homomeric enzymes can induce substantial changes
in the chemical properties and behavior of these proteins, thereby impacting their biological functions. Human
thymidylate synthase (hTS), a well-known homodimeric enzyme and anti-cancer drug target, has recently been
shown to possess multiple druggable sites, including two active sites and "hot regions" at the inter-monomer
interface. The active site is well characterized. Inhibitors targeting this site demonstrate clear evidence of binding
at the subsites of 2'-deoxyuridine-5'-monophosphate (dUMP) and N5-methylenetetrahydrofolate (mTHF), its
natural substrates. Several X-ray crystallographic structures of complexes of this enzyme with either substrates or
substrate analogues have been obtained. These structures consistently suggest that such ligands stabilize the
protein in its dimeric isoform, mostly in the active conformation. Almost all hTS known drugs bind to the active
site of the protein, stabilizing the dimeric isoform. In contrast, hTS dimer destabilizers (DDIs) produce
dramatically different intracellular effects compared to conventional anti-TS drugs like antifolates. Since TS
monomers are degraded more rapidly than dimers by the proteasome (with a 30% higher degradation rate), the
imbalance caused by these compounds alters sophisticated equilibria within the hTS network [2]. Despite our
efforts to computationally describe the binding site of these compounds at the monomer interface, the molecular
details of their interaction with the inter-monomer TS surface have remained unclear. An enhanced understanding
of the structural details of the interaction between these small molecules and the inter-monomer interface may
form the basis for further medicinal chemistry modifications of current dimer destabilizers. To achieve this
understanding, we selected 15 compounds with diverse chemical structures that demonstrated inhibition of wild-
type (WT) hTS with 1C50s in the micromolar range and were proven to destabilize the enzyme dimer within this
same concentration range. To this end, we generated six interfacial mutants of hTS by replacing four hot-spot
residues (K47, F59, L198, and Y202) with alanine, and by inserting two positively charged amino acids (Q62R
and T251E) whose repulsive forces strongly destabilized the protein dimers. We then measured the abilities of the
selected dimer destabilizers to inhibit the enzymatic activities of both WT and mutant hTSs (IC50s), as well as to
decrease the FRET efficiency (A®FRET), which indicates dimer destabilization, for the first four mutants. The
comparative analysis was extended to include the effects of the mutations on the binding affinities of the hTS
natural substrates and active site-binding inhibitors and on these results a differential binding affinity map was
generated, showing the consistency with the experimental data. Additional experiment using PhotoAffinity
Labelling (PAL) techniques further clarified the mutants mapping experiments finding.
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Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) is a key modulator of cholesterol homeostasis, promoting
the degradation of the low-density lipoprotein receptor (LDLr) upon complex formation. Due to its involvement
in hypercholesterolemia, PCSK9 is an important therapeutic target [1,2]. In this study, we employed in silico
structural biology approaches to model the full-length PCSK9 protein, analyze disease-associated missense
variants, and assess their structural and functional impacts. We investigated interactions between PCSK9 and the
N-terminal region of LDLr, as well as the structural implications of selected PCSK9 variants, according to
validated protocols [3]. To integrate the limitations of the current crystallographic data—specifically the absence
of terminal regions and flexible loops in deposited PCSK9 structures—we generated a full-length 3D model of
human PCSK9 using fold recognition and homology modeling tools. The PCSK9 sequence was queried against
the Protein Data Bank (PDB) using modeling tools, producing a complete model, including the prodomain portion
(residues 31-60) and C-terminal domain portion (residues 683-692), both missing from experimental structures.
We also curated 101 PCSKO9 variants from the human genome mutation database (HGMD), classifying them based
on gain- or loss-of-function and in association with cholesterol-related disorders. Most mutations are localized
within the catalytic domain. Structural analysis focused on E32K [4], R237W [5] (gain-of-function), and R496W
[6] (loss-of-function), suggesting distinct mechanisms affecting protein—protein interactions and stability. These
findings enhance the structural understanding of PCSK9 variants and set the stage for rational drug design
targeting functionally relevant sites, offering a valuable framework for future development of novel cholesterol-
lowering agents, such PCSK9 inhibitors.
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Galectins are a family of B-galactoside-binding proteins involved in essential physiological processes such as cell
death, immune modulation, homeostasis, and embryonic vascular development. Sixteen galectins have been
identified in mammals, functioning across both intra- and extracellular compartments. Due to their role in various
pathological conditions—including inflammation, infection, autophagy, and tumor progression—galectins have
become attractive targets for therapeutic development [1, 2]. Among them, Galectin-3 (Gal-3) stands out for its
involvement in cancer and fibrotic diseases. Its modular structure, consisting of an N-terminal domain responsible
for oligomerization and a C-terminal carbohydrate recognition domain (CRD), allows Gal-3 to regulate diverse
cellular processes such as apoptosis, proliferation, mMRNA splicing, cell adhesion, migration, and inflammatory
responses [3, 4]. Current inhibition strategies focus on preventing galectin—glycan interactions, primarily targeting
the CRD with sugar-based or glycomimetic compounds. Although the high structural conservation of the
carbohydrate-binding site poses a challenge for selective inhibition, the relatively low sequence homology among
CRDs opens a window for designing inhibitors specific for each galectins [5, 6]. In this context, we have developed
novel compounds capable of binding to the active site of galectins. Using high-resolution X-ray crystallography,
we characterized their interactions with Gal-3 and compared them with those observed in other galectin family
members. This structural analysis identified key anchoring points within the Gal-3 active site that are absent in
Galectin-1 (Gal-1) and Galectin-7 (Gal-7). These insights enabled the rational design of ligands with enhanced
selectivity for Gal-3 by exploiting interactions with residues outside the conserved carbohydrate-binding motif.
This approach not only improves binding specificity but also provides a robust framework for the development of
next-generation galectin inhibitors with therapeutic potential in Gal-3—driven pathologies.
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Histone fold proteins constitute a class of proteins characterized by a conserved structural motif known as the
histone fold domain (HFD). This domain is commonly found in DNA-binding proteins, particularly those involved
in gene regulation and chromatin architecture maintenance [1]. A prototypical example of HFD-containing
proteins is the core histones (H2A, H2B, H3, and H4) which form octamers around which DNA is wrapped to
create nucleosomes. In addition to the core three a-helices, histone fold proteins often feature structural extensions
at their N- and C-termini. These flexible tails undergo a diverse array of post-translational modifications—such
as acetylation, methylation, phosphorylation, and ubiquitination—which play a central role in epigenetic
regulation by modulating chromatin structure and gene expression via interacting with various chromatin-
associated proteins [2]. NF-Y is a HFD transcription factor (TF) that specifically binds and activates the CCAAT-
box, often acting synergistically with adjacent TFs, including those involved in cell growth and oncogenesis [3].
NF-Y operates as a heterotrimeric complex composed of three subunits—NF-YA, NF-YB, and NF-YC. NF-YB
and NF-YC both harbour HFDs, which mediate the formation of a stable heterodimer. This dimer engages
extensively with the DNA phosphate backbone in a manner reminiscent of the H2A/H2B-DNA interface within
the nucleosome, thereby classifying NF-Y as a “deviant” histone protein. The structure of the minimal functional
domains (NF-Y™) of NF-Y bound to the CCAAT motif has been resolved by X-ray crystallography [4]. Our
recent studies apply an integrated approach combining structural, biophysical, and biochemical methods to
investigate the architecture and DNA-binding properties of the HFD extensions in NF-Y. Beyond enhancing our
understanding of NF-Y’s functional assembly, these findings contribute to the design of a stable, functional, and
optimized HFD-extended construct. This, in turn, facilitates future studies of NF-Y in complex with neighbouring
TFs—particularly those implicated in growth regulation and oncogenesis—and supports the development of
targeted NF-Y inhibitors.
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Human thymidylate synthase (hTS) is a validated anticancer target that functions as an obligate homodimer, with its catalytic
site formed at the interface between monomers.! While classical inhibitors act within the active site, emerging strategies focus
on disrupting the dimeric architecture itself, an approach that promises to overcome resistance mechanisms linked to structural
plasticity. In this context, the hTS dimer interface represents a functionally and structurally critical region, whose perturbation
may impair enzymatic activity through allosteric destabilization.??

Guided by experimental mutagenesis data, which identified key interfacial residues (e.g., K47, F59, Q62, L198, Y202, T251),
we conducted a comprehensive structure-based computational analysis to probe the molecular determinants of dimer
disruption. Using the inactive crystal structure of hTS (PDB ID: 3N5E), with the LR-stabilizing peptide removed, we mapped
the spatial organization of interface hotspots and assessed their druggability via molecular docking. A series of dimer-
disrupting inhibitors (D1-D33) was investigated using a multistep pipeline involving Glide XP docking, Induced Fit Docking
(IFD), and MM-GBSA free energy calculations.* Initial docking focused on residue-centered grids, followed by refined
docking within a composite grid encompassing the interface region. Residues Q62 and Y202 emerged as the most favorable
anchoring sites across the D-series.

Molecular dynamics (MD) simulations* (750 ns per compound) were performed on selected ligand—protein complexes to
evaluate stability, adaptability, and persistence of binding. Notably, compounds such as D22 and D33 formed sustained
interactions with residues His51, GIn74, and Arg78, exhibiting compact and stable poses within a flexible interfacial
environment. RMSD and clustering analyses revealed distinct binding dynamics across the series, with some ligands sampling
multiple conformational basins while preserving core contacts. These results aligned with previous data on prototypical ligands
(e.g., A04 and A16), further validating the robustness of the interface-targeting strategy.

MM-GBSA binding energy estimations, particularly when restricted to stable MD intervals, correlated well with experimental
Ki-derived AG values for the most potent ligands. Contact time analyses highlighted the role of interface residues Y202, Q211,
R175, and Y213 as persistent anchors for ligand engagement, confirming their dual role as both structural and functional
determinants. In contrast, residues like F59 and K47 contributed more modestly to binding stabilization, consistent with their
peripheral location.

Altogether, this integrative study delineates a structural framework for understanding hTS dimer disruption via targeted
interface engagement. The synergy between hotspot-based docking, mutagenesis mapping, and MD simulation reveals how
the plasticity and modular organization of the interface can be leveraged to design next-generation inhibitors. The D-series
ligands demonstrate diverse yet convergent binding behaviors, validating the dimer interface as a druggable region and offering
a blueprint for the rational development of interface-directed anticancer agents.

[1] Carreras CW, Santi DV. The catalytic mechanism and structure of thymidylate synthase. Annu Rev Biochem. 1995, 64:721.
[2] Pozzi, C. et al. Evidence of Destabilization of the Human Thymidylate Synthase (hTS) Dimeric Structure Induced by the
Interface Mutation Q62R. Biomolecules 2019, 9, 134.

[3] Costantino, L. et al. Destabilizers of the Thymidylate Synthase Homodimer Accelerate Its Proteasomal Degradation and
Inhibit Cancer Growth. Elife 2022, 11, 1-57.

[4] Schrodinger Release 2024-3: Maestro, Schrodinger, LLC, New York, NY, 2024..
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The growing population is increasing the demand for clean, potable water, making effective wastewater treatment
essential. Water pollution, particularly from industrial discharges and agricultural runoff, introduces heavy metals
such as arsenic, lead, and cadmium, which are harmful in large amounts [1,2].

This project aims to develop innovative, cost-effective and sustainable organic-inorganic composite materials for
the selective removal of toxic heavy metals—specifically arsenic (As V), thallium (TI I), selenium (Se 1V), and
antimony (Sb V)—from contaminated water.

Emphasis is placed on assessing the adsorption performance of different microporous materials, including both
natural and synthetic zeolites (clinoptilolite, 13X, ferrierite, beta, and L-type zeolites), alongside the metal-organic
framework ZIF-8.

Under same laboratory conditions (pH, stirring time, temperature, adsorbent material concentration, and metal
concentration), all tested materials exhibited adsorption capabilities, as confirmed by thermal analysis and X-Ray
Diffraction (XRD). Adsorption capacity was evaluated using Inductively Coupled Plasma Mass Spectrometry
(ICP-MS), while thermal analysis (TG, DTA) and X-ray Powder Diffraction (XRD) provided structural insights
into the interaction between the adsorbents and the targeted metal ions. Among the tested materials, calcined Beta-
25 (Zeolyst - CP814E) and calcined Ferrierite (Zeolyst - CP914C) demonstrated superior efficiency in removing
all four metals [3].

ZIF-8, characterized by its exceptionally high surface area (1300-1800 m2/g), was also evaluated. It showed
notable adsorption capacities of ~65% for arsenic and ~25% for selenium, though its performance was
comparatively lower for thallium and antimony.

Post-adsorption structural refinements of metal-loaded zeolites revealed significant variations in lattice parameters
and extraframework composition, confirming the immobilization of contaminants within the microporous
networks. The presence and distribution of metal species were further corroborated by distinct thermal phenomena
observed in DTA curves, attributed to differences in the type and concentration of extraframework species residing
within the zeolite channels.

Future work will involve in-depth optimization of key operational parameters—such as pH, temperature, solid-to-
liquid ratio, and initial metal concentration—as well as the evaluation of these materials under real fluid conditions
to assess competitive adsorption and long-term stability.

[1] Shah, M. P. Chemistry in the Environment Series No. 5 Biological Treatment of Industrial Wastewater Edited. 2022.

[2] Jian, M.; Liu, B.; Zhang, G.; Liu, R.; & Zhang, X. Colloids Surf. A Physicochem. Eng. Asp., 2015 465, 67-76.
[3] Pasti, L.; Sarti, E.; Cavazzini, A.; Marchetti, N.; Dondi, F.; & Martucci, A. J SEP SCI 2013, 36(9-10), 1604-1611.
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High-pressure can be an incredible tool to find new ways to synthesize materials or to discover completely new
ones. Carbon nanothreads are one of the most innovative carbon nanomaterials successfully synthesized only
recently by applying high pressures (20 GPa / 200k atm) to benzene or other similar aromatic compounds [1]. This
way, m-stacking interactions are forced and the resulting product is a fully saturated one-dimensional carbon
polymer, resembling a diamond string [2]. Double-core carbon nanothreads have been recently synthesized at
LENS from pseudo-stilbenes opening many possibilities for the functionalization of this nanomaterial [3].
However, the harsh reaction conditions do not allow for industrial use, therefore a complete knowledge of the
reaction dynamics is necessary to fully grasp the processes involved and to fully optimize the reaction conditions.
Powder and single crystal X-ray diffraction provide extremely important information about the structural evolution
of the molecules in the crystals as a function of pressure leading to the product, whose formation is signaled by its
characteristic diffraction pattern [2]. However, the use of a specifically designed instrument to apply high pressure
to the sample, which is the diamond anvil cell (DAC), greatly limits the accessible reciprocal space for the
collection of the reflections, making it more difficult to obtain precise and reliable data. With some precautions,
good data can be retrieved and X-ray diffraction as a tool becomes the most powerful when combined with other
spectroscopic techniques. A comprehensive study and a full characterization of three selected pseudo-stilbenes
(azobenzene, stilbene and bibenzyl) as a function of pressure is presented. Powder and single crystal X-ray
diffraction is employed revealing a competition between different reaction paths which are selected on the basis
of the compression conditions, which force different phase transitions leading to different final products.
Measurements of the fluorescence and of the Raman phonons in compression are in line with the structural data
confirming a reorientation of the molecules which greatly enhances m-stacking interactions between molecules.

;
® ©© ‘ E

Figure 1. Pseudo-stilbenes compounds and a double-core carbon nanothread. Left to right: stilbene, azobenzene, bibenzyl.
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Understanding and addressing the complexity of today's world requires a basic scientific education, which should
be acquired as a competence through the school education pathway. One of the roles of academic institutions and
University Science Museums is to share high-level scientific knowledge with society, starting from collaboration
with educational institutions and extending to general dialogue with the public and the social fabric, as outlined
by the new definition of a museum established by the International Council of Museums (ICOM) in August 2022:
A museum is a permanent non-profit institution at the service of society, which conducts research, collects,
conserves, interprets, and exhibits cultural, material, and immaterial heritage. Open to the public, accessible, and
inclusive, museums promote diversity and sustainability. They operate and communicate ethically and
professionally and with community participation, offering diverse experiences for education, enjoyment,
reflection, and knowledge sharing.

The promotion of STEM disciplines is crucial in this sense to form a society capable of understanding the
challenges in the environmental, medical, and frontier technology fields for sustainable development. In this
contribution we outline a project that aims to create a hub for the dissemination of crystallographic and molecular
sciences, centered on the Crystallochemistry Museum Collection and the Mineralogy Museum Collection of the
University of Parma [1, 2], embracing cross-cutting themes ranging from earth sciences to chemistry to structural
biology. This VISION3D project uses 3D representation, Virtual Reality and Augmented Reality methods to
engage users in understanding the relationships between the structure and properties of natural, synthetic, and
biological materials.

The project plans to integrate information available on structural database platforms (Cambridge Crystallographic
Data Center, Inorganic Crystal Structure Database, Protein Data Bank) with locally installed software and
augmented reality viewing devices, such as headsets and glasses, to be made available to visitors. Virtual
exploration paths will be created to explore the properties of materials of environmental, medical, and
technological importance. VISION3D will develop resources accessible at various levels: citizens, enthusiasts,
primary and secondary schools, university level. The project also has educational value for STEM courses,
promoting the development of a critical analysis of the concept of a model thanks to the versatility of 3D
representation, Virtual Reality and Augmented Reality compared to traditional physical models.

[1] https://www.sma.unipr.it/it/museo-diffuso-delle-scienze/collezione-di-cristallochimica/
[2] https://www.sma.unipr.it/it/museo-diffuso-delle-scienze/collezione-di-mineralogia/
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The biggest challenge in reporting the results of crystallographic studies in accordance with FAIR principles is
the organization and presentation of the structural data. For single structures this is addressed by use of a
crystallographic information format file (cif file). However, the organization, analysis and reporting of structural
data from a parametric study (e.g. as a function of pressure or temperature or a series of compositions) remains a
major obstacle. Use of conventional programs that handle one refined crystal structure at a time is very time
consuming and runs the risk of introducing cut-and-paste errors into final tables. And a major shortcoming of cif
files as currently used is that they do not contain the full variance-covariance matrix from the structure refinement,
but only the uncertainties of the individual positional parameters. Without the covariance of positional parameters,
the esu’s of bond lengths and angles cannot be determined.

Crystal Palace [1] is a new Windows program for Parametric Analysis of Least squares and Atomic Coordination
with Estimated standard uncertainties. The primary purpose of the program is to organise the refined structures
from parametric structural studies for analysis of the structural trends, and the production of tables for publication
without the risks associated with manual editing. The program reads structural information from one or more cifs.
It organises the data by finding the structurally equivalent atoms in each structure and therefore can organise
structural information even if atom names or site occupancies are different (e.g. in solid solutions), or the atom
lists in the cifs are ordered differently. This improves the reusability of data deposited as cifs.

Crystal Palace uses symmetry to estimate the covariance of structural parameters and thus the uncertainties of
bond lengths, angles and polyhedral volumes (and is the first program to fully calculate esu’s of polyhedral
volumes). Crystal Palace also calculates various polyhedral distortion parameters and rigid-body corrections to
bond lengths. The program can write new cifs and export unit-cell data and polyhedral volumes to the EosFit
program to allow their thermal expansion and compressibility to be fitted with equations of state.

The program is available as freeware from www.rossangel.net
CFS was supported by BMBF project 05K22VFA, 'PERODET'. MA was supported by the Fondazione Cariplo
grant agreement #2023-2431 assigned by the PRIN-MUR project no. 2020WPMFE9 to G. Pennacchioni.

[1] RJ. Angel, M.L. Mazzucchelli, L. Baratelli, C.F. Schweinle, T. Balié-Zuni¢, J. Gonzalez-Platas, M. Alvaro Acta
Crystallographica A. 2025, in press, doi:10.1107/52053273325002682
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The onset and progression of tumor growth involve numerous aberrant proteins and signaling pathways,
highlighting the complexity of developing effective therapies. While traditional single-target drugs are often used
in combination, designing chemical entities with multifunctional pharmacological properties offers distinct
advantages, including enhanced patient compliance and more predictable pharmacokinetics [1]. Here we report a
series of compounds designed to merge within a single chemical scaffold the Carbonic Anhydrase (CA) binding
group and that of Histone Deacetylase (HDAC) (i.e. primary sulfonamide and benzamide group, respectively).
CAs are a family of metalloenzymes that catalyze the reversible hydration of carbon dioxide to bicarbonate ions
and protons. Among the human (h) CAs, the membrane-bound isoforms X and XII are recognized as significant
solid tumor therapeutic targets being overexpressed in various cancer cell lines [2].

On the other hand, human HDACSs are metalloenzymes that regulate the expression of numerous proteins involved
in cancer initiation and progression by removing acetyl groups from histones, leading to chromatin conformations
that repress gene transcription [3]. They are divided in four different classes. Interestingly, HDAC1, HDAC2 and
HDACS3, belonging to the Class I, are inactive in the solitary state and their enzymatic activity depends on their
incorporation into structurally and functionally distinct multiprotein complexes [4].

The synthesized compounds were evaluated for their ability to inhibit the most clinically relevant human CA
isoforms and their binding modes to hCA 11 (the most abundant physiological isoform) and the cancer related
isoform hCAXII were elucidated using X-ray crystallography. Additionally, docking studies were performed to
predict the binding mode of the inhibitor series to the NuRD and MiDAC multiprotein complexes containing
HDACL. These findings contribute to the rational design of dual-targeting anticancer agents and highlight their
potential as innovative therapeutic strategies in oncology.

[1] A. Doostmohammadi, H. Jooya, K. Ghorbanian, S. Gohari, M. Dadashpour Cell Commun Signal, 2024, 22, 228.
[2] C.T. Supuran Biochemical Journal, 2016, 473, 2023-2032.

[3] M. Glozak, E. Seto Oncogene. 2007, 26, 5420-5432.

[4] M.D. Asmamaw, A. He, L.R Zhang, H.M. Liu, Y. Gao Biochim Biophys Acta Rev Cancer. 2024, 1879(5), 189150.
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LIFE IP RESTART is a key national project supporting the implementation of Slovenia’s Waste Management and
Waste Prevention Programmes (WMPP). Its primary objective is to accelerate the country’s transition to a circular
economy by deploying technical, digital, environmental, and social solutions across six demonstration pilots [1].
These pilots address some of the most critical and voluminous waste streams through innovative reuse and
recovery strategies, aiming to enhance material self-sufficiency and circular resource flows.

One of the key pilots focuses on the valorization of industrial waste through landfill mining at the Vrhe
metallurgical landfill near Celje (Slovenia). This site serves as a model for recovering secondary raw materials,
primarily steel slag and other metallurgical residues, with potential reuse in both the construction and metallurgical
sectors.

A key aspect of this initiative is the comprehensive material characterization of the landfill content, essential for
assessing its suitability for reuse in the construction and metallurgical sectors. Six probings were performed to
map the heterogeneity, stratigraphy, and depth composition of the landfill materials. This approach allowed the
extraction of bulk samples, particularly useful for characterizing coarse-grained fractions, which are not
adequately sampled by conventional drilling methods.

Recovered material was classified on-site, then subjected to a suite of laboratory analyses, including grain size
distribution, mineralogical identification, and chemical leaching tests to assess potential environmental risks.
These data provide the input for selecting promising zones for further excavation and potential reuse. Additionally,
stratigraphic profiles from each probing enable the development of a three-dimensional understanding of the
landfill's internal structure, supporting process optimization for pilot-scale exploitation.

By integrating physical and chemical characterization with large-scale field operations, this pilot demonstrates the
feasibility of recovering valuable secondary raw materials from legacy industrial landfills. The results will Support
broader adoption of landfill mining as a sustainable strategy for material recovery, contributing to Slovenia’s
transition towards a circular and self-sufficient economy.

[1] Life Restart 2024, https://life-restart.si/en/projekt/
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Water and carbon dioxide are widespread molecules in our Universe, especially on the surfaces of various icy
bodies of the outer solar system [1]. Together, CO, and H;O can form various adducts among which carbonic acid
(H2COg) is of particular interest as its anions control the pH and CO; solubility equilibria, playing a huge role for
life and astro/geochemical processes. However, the H,CO3 molecule is not stable at ambient conditions, hence it
has not been extensively studied. Moreover, the synthetic routes for obtaining H.COs crystals are relatively
complicated, involving for example proton irradiation [2] and laser heating [3].

Recently we discovered a novel pathway to obtain solid H,COs: the low T compression of the CO, clathrate
hydrate above 3 GPa and its subsequent heating to at least 0°C [4]. Depending on the pressure applied, two solids
are obtained: an amorphous form of H,CO3 and a metastable phase that we called e (indexed with a 12/m space
group thanks to synchrotron XRD). Both phases convert to another H,COs phase, presumably the monohydrated
H2COs, already reported in literature (that we called €) [5]. The halving of Raman phonons from € to €m, suggesting
a halving of Z, and the absence of certain bands ascribable to the O-H stretching in €, hint at the possibility that
em features disordered water molecules (hypothesis supported by DFT calculations and by the comparison of €
and &y unit cell volumes). An intriguing aspect of this study is the mechanism regarding the synthesis of these
molecular crystals. We investigated the em formation with parallel experiments by means of synchrotron XRD and
in-house Raman spectroscopy. Using a cryostat, we carefully reproduced the P-T path normally followed quite
rapidly during the cryo-loading of CO; clathrate hydrate to form H,COj crystalline polymorphs. Raman attests for
a progressive amorphization of the CO; hydrate (confirmed also by XRD data) and upon isobaric heating shows
first the H,CO3; molecules formation (200 K) and then their organization into a crystalline structure (280 K).
Moreover, synchrotron XRD upon heating revealed the formation of an intermediate state at 280 K, where narrow
peaks appear in the x-ray diffraction patterns instead of the large band of the amorphous solid. This phase cannot
be indexed with any of the water polymorphs and possibly is a pre-state where carbonic acid molecules exhibit
only a partial ordering. 10°C above, the crystallisation of the em crystal takes place and its expected diffraction
pattern appears.

This study revealed, other than an astonishing stability (up to half a Mbar) and polymorphism of the elusive H,CO3
molecule solid forms, a synthetic route possibly occurring during subduction phenomena of icy bodies of the solar
system, thus providing valuable insights to model their composition and chemical processes.

[1] S. K Trumbo, M. E. Brown Science, 2023, 381.6664: 1308-1311.

[2] M. H. Moore, R. Khanna, B. Journal of Geophysical Research: Planets, 1991, 96.E2: 17541-17545.

[3] H. Wang, J. Zeuschner, M. Eremets, I. Troyan, J. Willams Sci Rep 2016, 6: 19902.

[4] S. Berni, D. Scelta, S. Romi, S. Fanetti, F. Alabarse, M. Pagliai, R. Bini, Angewandte Chemie International Edition, 2024,
63.22: €202403953.

[5] E. H. Abramson., O. Bollengier, J. M. Brown et al. American Mineralogist, 2018, 103.9: 1468-1472.
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Structural studies of carbonate minerals provide essential insights into a broad spectrum of geological processes,
ranging from surface dynamics to deep-Earth mechanisms. Understanding their behavior under high-temperature
and high-pressure conditions is particularly critical for unravelling the complexities of Earth's carbon cycle [1]. In
this context, we focus on the structural investigation of synthetic barium carbonate (BaCOs, the mineral witherite),
which crystallizes at ambient temperature and pressure in an orthorhombic structure. BaCOs is isostructural with
aragonite-type carbonates such as strontianite (SrCOs) and cerussite (PbCOs). Exploring the behavior of BaCO;
and isostructural carbonates allows to shed light on phase transition sequences in carbonates—processes that can,
in turn, enhance our understanding of carbon dynamics within the Earth’s mantle [2,3].

X-ray powder diffraction experiments were performed at the European Synchrotron Radiation Facility (ESRF),
Grenoble, France. Data collection was performed in situ upon heating at the high-resolution powder-diffraction
beamline D22 and upon compression at ID15B beamline.

Thermal expansivity was studied up to 830 °C (Figure 1, left panel). High-temperature data show that cell
parameters follow linear trends up to 800°C. At 830°C an incomplete transformation from the orthorhombic phase
Pmcn to a trigonal phase (R3m or R-3m) was observed and the diffraction pattern shows the coexistence of both
phases.

Compressibility was investigated up to 14.85 GPa (Figure 1, right panel). As the pressure increases BaCO3
gradually transforms from the aragonite structure Pmcn to a post-aragonite structure with space group Pmmn. The
phase transition is identifiable at 11 GPa and the coexistence of both phases was observed up to 14.85 GPa. The
coexistence of the two phases persists during the gradual release of pressure and the high-pressure phase was
observed upon decompression, down to 2.65 GPa, highlighting a complex phase transitions behaviour for the
studied phases.
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Figure 1. The variation of the unit-cell parameters of the sole Pmcn BaCO3 with temperature (right panel) and pressure (left
panel).

[1] S. Ono Phys. Chem. Miner. 2007, 34, 215.

[2] S.M. Antao, I. Hassan The Can. Mineral. 2009, 47, 1245.
[3] S. Nie, Y. Liu, Q. Liu, M. Wang, H. Wang Eur. J. Mineral. 2017, 29, 433
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Abstract

Metal-organic frameworks (MOFs) are crystalline materials composed of metal ions coordinated to organic
ligands, forming porous structures with tunable properties. Lanthanide-based MOFs have garnered significant
interest due to their luminescent and magnetic characteristics, making them suitable for applications in sensing
catalysis and gas storage. (Laurikenas, A. et al, 2018). This study investigates the synthesis and structural
characterization of lanthanide (lI1)-stiloene coordination polymers (CPs) using the H,sdc (stilbene-4,4'-
dicarboxylic acid) ligand. The compounds were prepared via solvothermal, solvent evaporation and reflux
methods with the goal of producing crystals suitable for single crystal X-ray diffraction (SCXRD). The compounds
are characterized by X-ray diffraction, infrared and thermogravimetric/differential scanning calorimetry methods.
Novel Ln(ll)-stilbene CPs and Ln(l11)-formates are formed which and highlight the need to carefully control
reaction variables such as lanthanide salt, temperature, solvent composition, and pH to control compound
formation.

Keywords: MOFs, Coordination Polymers, Lanthanide, Stilbene
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Omeprazole, whose (S)-enantiomer is a successful drug for the treatment of gastric diseases [1], is the most
representative molecule in the scaffold of chiral aryl benzyl sulfoxides. In our research on the enantioselective
oxidation of aryl benzyl sulfides by hydroperoxides in the presence of chiral titanium complexes [2-5], we reported
a simple, straightforward and versatile procedure that allowed us to synthesise over 70 enantiopure aryl benzyl
sulfoxides with an efficiency comparable to the enzymatic processes.

Over 30 crystals of these sulfoxides were found to be suitable for X-ray diffraction experiments, and the main
features of these structures were reported [2-6].

In our investigation on the comparison of the crystal structures of racemic and enantiopure aryl benzyl sulfoxides,
we were able to identify 4 conglomerates. Conglomerates are racemic compounds consisting by crystals
containing a single enantiomer [7]. They have a great interest from an applicative point of view [7-9], because it
is possible to set up a process of separation of enantiomers in a conglomerate, at least in principle. Therefore,
single enantiomers of a conglomerate could be obtained without resorting to asymmetric synthesis.

The finding of so many conglomerates in the omeprazole scaffold is a particularly interesting result, given the
industrial relevance of this blockbuster drug. Indeed, one conglomerate in this family had already been reported
[10], but this result has been overlooked until now.

T
*
Arl/stzr
Al Ae aryl or heteroaryl

Figure 1. Enantiopure aryl benzyl sulfoxides.
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Although urea is a relatively small molecule, it forms many unusual structures, such as clathrates. The first urea
clathrate structures were identified in the 1980s. It was shown that urea molecules, interacting through hydrogen
bonds, form hexagonal channels that can accommodate guest molecules. These channels are infinite, allowing
guest species a certain degree of mobility within them, which in turn leads to positional disorder. Studies on
clathrates have shown that systems that can be incorporated into urea channels include unbranched aliphatic
hydrocarbon molecules and their derivatives [1-3]. In 2002, finite urea channels were obtained, closed at both ends
by solvent molecules [4].

Our studies of these systems have led to the formation of clathrates with long-chain aliphatic amines:
undecylamine (N11), dodecylamine (N12), tetradecylamine (N14), hexadecylamine (N16), and octadecylamine
(N18). Methanol is also incorporated into the crystal lattice of each of these structures. Within each channel, two
amine molecules are oriented with the amine groups outward, which allows interaction with the methanol
molecule. This arrangement leads to the formation of a closed channel structure and results in relatively ordered
guest molecules. It is worth noting that the cross-section of these channels does not resemble a perfect hexagon,
as is the case for infinite urea clathrates. The N11, N12, and N14 systems crystallize in the C2/c space group, N16
in P21/c, whereas N18 in P2./n. In the asymmetric part of N11, N12 and N14 structures, one amine—methanol pair
is present alongside to urea molecules. Undecylamine and dodecylamine molecules occupy two alternative
positions. In clathrates N16 and N18, two amine—methanol pairs are present and no disorder is observed in these
systems. The channels formed in all obtained structures are chiral.

[1] L. Yeo, K. D. M. Harris, F. Guillaume, J. Solid State Chem. 1997, 128, 273-281.
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7175-7185.
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Calcite (CaCOs3), aragonite (CaCOs), magnesian calcite ((Ca,Mg)COs3), dolomite (CaMg(COs),) and magnesite
(MgCOQ3) are the most abundant carbonate minerals in nature. Besides being the main constituents of carbonate
sedimentary rocks, they are formed in very different environments and chemical conditions. Although there is
considerable knowledge of the natural formation and laboratory synthesis processes of calcium carbonates, the
same cannot be said for magnesium carbonates and even more so for magnesium carbonate hydrated phases.
Despite the relative simplicity of the reactions of magnesium carbonatestheir precipitation kinetics can be
complicated by various environmental conditions and interactions, including: pH fluctuations, gas-phase
interactions, presence of organic molecules or biological activity, ionic interactions, and different substrates [1].
This study aims to fill this large knowledge gap in the literature by unravelling through laboratory experiments,
what are the conditions of formation, stability, and evolution of metastable phases over time [2,3] belonging to
the groups of hydromagnesite (Mgs(CO3)4(OH)- - 4H,0 and nesgheonite (MgCOs - 3H,0), focusing, in particular,
on two minerals belonging to these series: Mgs(CO3)4(OH). - 5(H20) dypingite and Mg(COs) - 5H,0 lansfordite.
Both composition and crystal structure of these two phases have been studied superficially over time. The few
data in the literature reflect the degree of confusion and uncertainty present in this field; one of the most significant
examples concerns dypingite Mgs(COs)a(OH)2 - 5(H20), which is reported by authors to have both 5 and 8 water
molecules, this aspect has meant that a structure has never been clearly solved making this mineral a fake known.
Studying and characterizing these phases in terms of formation conditions, composition and structure, in our
opinion are important building blocks for the overall understanding of the magnesium carbonate system.

[1] Deocampo, Daniel M. Geochemistry of Continental Carbonates, in Carbonates in Continental Settings:
Geochemistry,Diagenesis and application. s.I. : A.M. Alonso-Zara and L.H. Tanner, Elesevier, 2010 Vol.62,pp. 1-59.

[2] Santos, Hellen S., et al. Mechanisms of Mg carbonates precipitation and implications for CO2 capture and
utilization/storage. Inorganic Chemistry Frontiers, 2023, 10.9, p. 2507-2546.

[3] Deelman, J. C. Low-temperature formation of dolomite and magnesite. . [Compact disc publications] s.I. : Eindhoven,
2003.
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Among the porous cutting-edge functional materials, Metal-Organic-Frameworks (MOFs), coordination polymers
deriving from the combination of metal-containing secondary-building-units (SBUSs), interconnected by organic
linkers, have a prominent role [1]. Despite their promising properties and potential application, the use of high-
boiling and toxic solvents, long reaction times and, often, unsatisfactory yields negatively impact the cost-
effectiveness and viability of the final materials in practical applications.

Mechanochemistry is hence gaining traction as a sustainable and efficient route to synthetize those materials. In
fact, many MOFs can now be produced within minutes in quantitative yields thanks to mechanochemistry [2].
Moreover, mechanochemically produced MOF might display staggering differences from those obtained with
solvothermal methods. However, this strategy is in turn stifled by the inability to produce single crystals. 3D-
electron (3DED) diffraction techniques are extremely useful to structurally characterize the materials, but the high-
vacuum conditions necessary for the analysis often results in structures dramatically different from ambient
pressure, especially when dealing with extremely flexible porous materials [3].

In this contribution, we present the mechanochemical synthesis and structural characterization of two MOF
structures obtained under mechanochemical conditions. The structures have been solved by 3DED and Rietveld
refinement, strongly aided by PW-DFT calculations, was used to characterize the materials in ambient conditions.
Invariably, the mechanochemical route produced MOFs with different SBU orientations from those obtained in
solution experiments, validating the importance of this route to discover and finely analyze new materials.

Rietveld

PW-DFT {\ —
= (-

Mechanochemistry Pawley

PW-DFT

Figure 1. Graphical representation of the procedure yielding the ambient condition structure of one of the novel MOFs
obtained through mechanochemistry. From left to right, starting components, high-vacuum structure obtained via
3DED and employed as a starting model for the ambient condition refinement, superimposed models obtained from
Rietveld refinement, blue Energy minimum and red PXRD fitting model.
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Lead-free halide double perovskites (HDPs) represent a promising class of environmentally friendly
semiconductors with potential applications in optoelectronics. In this work, we present a novel multi-step solution-
based synthetic strategy that enables efficient compositional engineering of Cs;B*InClg nanocrystals (B* = Na*,
Ag*, K*). This versatile method separates precursor dissolution and reaction, allowing precise control of
stoichiometry and structural phase formation, and is adaptable to high-throughput and automated synthesis
platforms.

Using high-resolution synchrotron powder diffraction data coupled with Rietveld refinement and DFT
calculations, we provide atomic-level insights into the structural evolution, bonding, and distortions induced by
B substitution. We demonstrate the formation of solid solutions in the Cs,(Na,Ag)InClg series and highlight the
limited miscibility of K*, which leads to a distorted tetragonal structure in Cs;KInClg, characterized by non-
octahedral coordination and temperature-induced phase transitions.

These structural findings are correlated with optical properties, revealing how subtle modifications in local
coordination and bonding, particularly in mixed (Na,Ag) systems, enhance photoluminescence through electronic
structure changes and local clustering effects. Our results underscore the importance of synthetic and structural
control in designing HDPs with tailored functionalities, bridging applied crystallography and functional material
development.
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Figure 1. [left] (Exaggerated) schematic representation of the deformation of (Na,Ag)Cle and InCle octahedra upon. [right]

Evolution of (Na,Ag)-Cl (squares) and In-Cl (circles) bond distances as function of the Na* fraction Na*/Ag*
alloying.
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The Second Mitochondria-Derived Activator of Caspases (SMAC), also known as DIABLO (Direct IAP Binding
protein with Low pl), is a mitochondrial protein that plays a pivotal role in the regulation of apoptosis [1]. In
response to apoptotic stimuli, SMAC is released from the mitochondrial intermembrane space into the cytosol,
where it interacts with inhibitor of apoptosis proteins (IAPs)—including XIAP, clAP1, and clAP2—uvia its
conserved N-terminal tetrapeptide motif (Ala-Val-Pro-lle) [2]. One of the most thoroughly studied IAP family
members is XIAP (X-linked inhibitor of apoptosis protein), which possesses three baculoviral IAP repeat (BIR)
domains, a UBA and a C-terminal RING domain. XIAP directly binds and inhibits caspases-3, -7, and -9 via its
BIR2 and BIR3 domains, making it a critical apoptosis suppressor. XIAP is frequently overexpressed in various
human cancers, where it contributes to enhanced survival and resistance to apoptosis. As a natural antagonist,
SMAC/DIABLO binds to the XIAP BIR3 domain through its N-terminal AVPI motif, thereby displacing caspases
from XIAP and reactivating apoptotic pathways [3]. Owing to this mechanism, the SMAC N-terminal motif has
been used as a structural scaffold for the development of SMAC mimetics—small molecules currently in advanced
clinical trials aimed at reactivating apoptotic pathways in cancer cells [4].

Our group has shown that SMAC/DIABLO exists predominantly as a tetramer in solution [5], and we have
initiated a detailed investigation of its oligomeric assembly and interaction with XIAP using an integrative
structural biology approach. Intriguingly, while X-ray crystallographic studies reveal discrete tetrameric
assemblies of SMAC, analyses via small-angle X-ray scattering (SAXS) and cryo-electron microscopy (Cryo-
EM) suggest alternative conformations, indicating a degree of structural flexibility that may be functionally
relevant for optimizing IAPs binding. By integrating these experimental findings with structural prediction tools
such as AlphaFold and molecular dynamics simulations, we have developed a refined model of the SMAC tetramer
that serves as a framework for studying its molecular interactions with XIAP .In conclusion, SMAC/DIABLO is
a key regulator of apoptotic signaling, and elucidating the structural dynamics of its oligomeric state and
complexes with IAPs could uncover new insights into its dual roles in cell death and survival—particularly in
cancer contexts where these pathways are often dysregulated.

[1] Shiozaki EN, Shi Y. Caspases, IAPs and Smac/DIABLO: mechanisms from structural biology. Trends Biochem Sci. 2004
Sep;29(9):486-94. doi: 10.1016/j.tibs.2004.07.003.
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2000 Dec 21-28;408(6815):1008-12. doi: 10.1038/35050012.

[3] Liu, Z., Sun, C., Olejniczak, E. et al. Structural basis for binding of Smac/DIABLO to the XIAP BIR3 domain. Nature 408,
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Probucol (PROB, 2,6-ditert-butyl-4-[2-(3,5-ditert-butyl-4-hydroxyphenyl) sulfanyl propan-2-ylsulfanyl]
phenol, Figure 1a) is widely investigated as active pharmaceutical ingredient for the treatment of several diseases.
Due to its low aqueous solubility and oral bioavailability, there is an increasing interest in stabilizing the
amorphous phase of PROB and in investigating the formation of different polymorphs and solvates.

Within this framework, this work focuses on the exploration of the solid-form landscape of PROB by
crystallization from solutions using different solvents and experimental conditions. Four polymorphs (FI to FIV)
were obtained from ethanol and were characterized by single-crystal X-ray diffraction. Forms FI and FIl were
already described in the literature [1] as conformational polymorphs with significant differences in one of the
C-S-C-S torsions, packing arrangements and nonexistent or weak hydrogen bonds, while FIII and FIV were
identified in this work for the first time and could only be obtained after long induction times (weeks or months)
at subambient conditions. Crystal structure comparison of the polymorphs shows that molecular flexibility and
hydroxyl groups hindrance are key factors in the observed diversity of solid forms. While FI, FlIl, and FIV show
bent conformations around the central chain dihedral angles (Figure 1b), FIl exhibits a straighter conformation
with a high degree of void volume. Since previous molecular dynamics calculations [2] proposed that the
formation of FIlI could be intermediated by the solvent, three different solvates were obtained by crystallizations
from methanol, acetonitrile, and dichloromethane and their crystal structures were solved in this work. These
solvates result to be more stable than FI and are almost isostructural to FIl (Figure 1c), with solvent molecules
located in FIl voids, and can be obtained from solution with quite low induction times (from minutes to hours).

In conclusion, PROB has shown to be an interesting model to investigate the effects of solvents on the outcome
of crystallization processes and on the formation of new polymorphs.

Isostructural forms:

MeOH solv.
ACN solv.

Figure 1. a) Molecular structure of PROB; b) crystal structure (hydrogen atoms omitted) of FI (yellow), FII (blue), FlII
(orange), and FIV (red); c) crystal structure (hydrogen atoms omitted) comparison of FIl and solvates.

[1] Gerber, J. J.; Caira, M. R.; Létter, A. P. J. Crystallogr. Spectrosc. Res. 1993, 23, 863.
[2] Rexrode, N. R.; Orien, J.; King, M. D. J. Phys. Chem. A. 2019, 123, 6937.
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The details of crystal structures are of paramount importance for understanding the properties of pure crystalline
substances. However, such information is accessible only when these substances are available in crystalline form
of sufficient quality, purity, and quantity.

On the one hand, such fine details of a crystal structure may appear to be scientific curiosities in the eyes of most
industries. On the other hand, having accurate crystallographic models is crucial for reliable quantitative phase
analysis, which is of great importance for both sellers and users of raw materials.

Natural raw materials may contain mineral phases whose precise chemical composition is unknown and may differ
from the crystallographic models available in the literature. This leads to difficulties when dealing, for example,
with minerals displaying solid solutions or non-stoichiometric compositions, such as pyroxenes, feldspars, clay
minerals and zeolites. Moreover, sample texture (e.g., irregular grain size, preferred orientation) can strongly
influence the observed X-ray Powder Diffraction (XRPD) pattern, especially in highly disordered structures such
as clay minerals.

In this work, we illustrate the impact of different structural models, isomorphic substitutions, and selected disorder
parameters on the calculated XRPD pattern and, consequently, on the phase quantification of several mineral
phases of interest to the ceramic industry. Additionally, we present in-depth analyses of complex clay raw
materials, applying the abovementioned methods to samples of known phase composition.

To obtain robust phase quantifications, it is essential to consider all contributing factors and to support the
interpretation with all available information, including data from the literature on similar products (if available)
and the geological origin of the sample (if known). Moreover, a multidisciplinary approach proves to be the most
effective strategy, calling upon optical and electron microscopy, thermal analysis, and spectroscopic techniques.
This project is part of PNRR-M4C2INV1.5 NextGenerationEU-Avviso 3277/2021 -ECS_00000033-
ECOSISTER-spk5.
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Figure 1. Effects of Mg-Fe substitution in octahedral cationic sites of chlorite structure on the XRPD pattern.
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Hybrid organic-inorganic perovskites (HOIPs) are being studied in various application fields, including solar cells,
light-emitting diodes and photodetectors, due to their outstanding absorption and luminescence properties. The
structural flexibility of these materials allows easy modification of the chemical composition, consequently
modifying the crystal structure and energy bands [1,2]. Furthermore, chiral organic cations can be inserted into
the perovskite structure to integrate the excellent optical properties of HOIPs with the advantages of chiral
molecules, such as nonlinear second-order optical responses, enabled by the resulting lack of centrosymmetry in
the overall structure [3]. Although HOIPs are highly tunable, allowing the design of various materials by
modifying the constituents, lead halide materials remain the most studied nowadays [4], hence investigating
materials with less toxic metal centers is a current challenge.

In this context, we have developed 2D chiral perovskites having a Ruddlesden-Popper structure characterized by
layers of corner-sharing BBrs octahedra separated by a bilayer of ditopic ligand R/S/Rac-3-aminoquinuclidine
(R/S/IRac-3-AQ) cations including and additional layer of bromide anions to maintain the structure
electroneutrality. The obtained materials have formula [(R/S/Rac-3-AQ).BBr,]-2Br with B = Pb?*, Sn?* and Ge?".
Single crystal X-Ray diffraction analysis allowed to determine the crystal structure and structural parameters, such
as the octahedra distortion, and evaluate their variation with the change of the metal size. Theoretical calculations
by Density Functional Theory (DFT) are being performed on all materials for the determination of electronic states
density and band structure, as well as for confirming the bandgap observed by UV-Vis absorption. With this
approach we aim to evaluate the impact of the central metal on the electronic properties. see how the metal affects
them. Finally, through circular dichroism and photoluminescence measurements, the chiroptical properties are
being studied, with the aim of correlating the optical response to the crystalline structure and clarify the structural
parameters HOIPs should possess to optimize the chiro-optical response.

[1] A.K. Jena, A. Kulkarni, T. Miyasaka. Halide Perovskite Photovoltaics: Background, Status, and Future Prospects. Chem.
Rev. 2019, 119, 3036-3103.

[2] M.Yuan, L. N. Quan, R. Comin, G. Walters, R. Sabatini, O. Voznyy, S. Hoogland, Y. Zhao, E. M. Beauregard, P.
Kanjanaboos, Z. Lu, D. H. Kim, E. H. Sargent. Perovskite Energy Funnels for Efficient Light-Emitting Diodes. Nature
Nanotechnology 2016, 11, 872-877.

[3] M. Kauranen, B. Busson, S. Van Elshocht, T. Verbiest, A. Persoons, C. Nuckolls, T. J. Katz. SecondOrder Nonlinear
Optics Based on Chiral Materials. Optics & Photonics News 2000, 11, 24.

[4] F. Giustino, H. J. Snaith. Toward lead-free perovskite solar cells. ACS Energy Letters 2016, 1.6, 1233-1240.

124



51st AIC Meeting Firenze 2-5 September 2025

Stimuli-Responsive Photophysical Behavior of Cu(l)-Based Coordination Polymers: A
Structural Investigation

Lorenzo Gatti, Lucia Maini, Chiara Gualandi, Damiano Genovese, Daniele Fazzi, Emma Contini, Chiara Corapi
Department of Chemistry*““Giacomo Ciamician”, the University of Bologna, Bologna, Italy
lorenzo.gattil2@unibo.it

We present a comprehensive study on the structural characterization and stimuli-responsive photophysical
behavior of Cu(l)-X hybrid coordination polymers (HCPs), with a specific focus on their mechanochromic
properties. These materials, composed of coordination clusters, exhibit significant and reversible changes in their
emission spectra when exposed to external stimuli, including mechanical and thermal inputs.

Our investigation primarily focused on the mechanochromic response induced by mechanical stress. The
synthesized materials displayed notable shifts in emission characteristics correlated with the intensity and duration
of the applied mechanical stimulus. Spectroscopic analyses highlighted how these variations are associated with
structural changes induced by the external perturbation.

To further understand the impact of mechanical stress, structural analysis revealed that, despite the introduction
of lattice distortions, the crystalline integrity of the material was preserved. Additionally, complementary studies
were conducted to investigate the thermal response, exploring the relationship between structural dynamics and
photophysical behavior.

This work provides valuable insights into the dynamic luminescence of Cu(l)-based HCPs, emphasizing their
potential applications in responsive optical devices and adaptive materials. The results contribute to advancing the
understanding of structure-property relationships in coordination polymer systems.
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In this study, two pillared Mixed-Ligand Metal-Organic Frameworks (ML-MOFs) decorated with amidic
functionalities, namely PUM168w and PUMZ210m, are compared as porous crystalline materials for the uptake of
various guest molecules, including phenolic derivativess and nitrogen-containing heterocycles. These two MOFs
are synthesized via solvothermal reactions involving N,N’-(1,1’-biphenyl)-4,4’-diylbis-4-pyridinecarboxamide
with either 4,4’-biphenyldicarboxylic acid or 2,6-naphthalenedicarboxylic acid. Despite the similar synthetic
approach and related ligands, the resulting frameworks exhibit distinct architectures: PUM168 shows a triply
interpenetrated structure with typical paddle-wheel secondary building units (SBUs), whereas PUM210 forms a
polycatenated framework comprising two types of SBUs: complete and truncated paddle-wheels.

The guest uptake capacity and selective release of bioactive compounds is investigated and correlated with several
structural features, such as: framework flexibility, porosity, the nature of the SBUs, and the supramolecular
organization adopted by the guests within the host matrix, as determined through single-crystal X-ray diffraction
analysis.
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Figurel. Schematic representation of guest capture mechanisms shown by PUM168 and PUM210

[1] Balestri, D.; Mazzeo, P. P.; Carraro, C.; Demitri, N.; Pelagatti, P.; Bacchi, A. Angewandte Chemie 2019, 131 (48), 17503-
17511. https://doi.org/10.1002/ange.201907621.

[2] Balestri, D.; Bassanetti, |.; Canossa, S.; Gazzurelli, C.; Bacchi, A.; Bracco, S.; Comotti, A.; Pelagatti, P. Cryst Growth Des
2018, 18 (11), 6824-6832. https://doi.org/10.1021/acs.cgd.8b01062.

[3] Balestri, D.; Mazzeo, P. P.; Perrone, R.; Fornari, F.; Bianchi, F.; Careri, M.; Bacchi, A.; Pelagatti, P. Angewandte Chemie
- International Edition 2021, 60 (18), 10194-10202. https://doi.org/10.1002/anie.202017105.
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The goal of this work is to account, in a diachronic perspective, for the linguistic contact between legal language
and the world of crystallography as an example of sectorial scientific language. After having identified a list of
lemmas belonging to the world of crystallography, we will try to investigate whether such words are present in
the Italian legal language of the past but also among the contemporary ones. The reference jus corpus for the
investigation will be constituted by the Normattiva web portal (the public web portal that contains all the Italian
state regulations published in the Gazzetta Ufficiale from 1861 to today) and by two CNR databases, Lessico
Giuridico Italiano (LGI — VocaNet) and Lessico Giuridico Italiano (LLI). LGI covers a period from the 10th to
the 20th century and is made up of over 900,000 image cards taken from the analysis of approximately 2000 legal
texts that were intended to serve to develop a vocabulary of Italian legal language [1], while LLI is made up of
the complete collection of over 180 Italian legislative texts (statutes, codes, constitutions, constitutional laws)
issued between 1539 and 2007 [2].
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Figure 1. Example of a LGI database card.
The investigation should allow us to verify whether the words of crystallography are present in the Italian legal
language, since when and with what meanings, also to be able to identify any points of contact between the
scientific development in our country and the legislative and legal production in general. This investigation aims
to constitute a step to identify educational paths to be developed for the training and dissemination activities of
researchers of the CNR territorial area of Florence for high schools of the Florentine territory [3].
Acknowledgements: The authors are grateful to the support by the CHANGEGAME Project, funded by CNR.

[1] P. Fiorelli, Per un glossario giuridico della Toscana napoleonica, in Lingua degli uffici e lingua di popolo nella Toscana
napoleonica, in Quaderni degli studi di lessicografia italiana, n. 3, Accademia della Crusca, Firenze, pp. 61-210, 1985.

[2] F. Romano, E. Tombesi, Francesismi e anglismi nei testi giuridici italiani: studio sugli archivi Vocanet-LLI e Normattiva,
in Italiano Digitale, 2022, XXII, 3, pp. 181-194.

[3] C. D’Errico, F. Rossi, A. lenco, F. Romano, V. Grasso, Un tesoro di scienza al CNR: una caccia al tesoro a squadre per
scoprire I’Area Territoriale di Ricerca di Firenze, in Quaderni di comunicazione scientifica, 2023, 4, pp. 91-102.
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Chemical warfare nerve agents and pesticides, known as organophosphorus compounds inactivate cholinesterases
(ChEs) by phosphorylating the serine hydroxyl group located at the active site of ChEs. Over the course of time,
phosphorylation is followed by loss of an organophosphate-leaving group and the bond with ChEs becomes
irreversible, a process known as aging. Differently, structurally related irreversible catalytic poisons bearing sulfur
instead of phosphorus convert ChEs in its aged form only by covalently binding to the key catalytic serine.
Kinetic and crystallographic studies of the interaction between Torpedo californica (Tc) acetylcholinesterase and
a small organosulfonate, methanesulfonyl fluoride (MSF), indeed revealed irreversibly methylsulfonylated serine
200 (Fig.1B), to be isosteric with the bound aged Sarin/Soman analogues. The potent bulky reversible inhibitor 7-
bis-tacrine (BTA) adopts, in the active site of the crystal structure of the MSF-enzyme adduct (Fig.1A), a location
and an orientation that closely resemble the one being found in the crystal structure of the BTA-enzyme complex
[1 . Remarkably, the presence of BTA accelerates the rate of methanesulfonylation by a factor of two. This
unexpected result can be explained on the basis of two facts: i) the steric hindrance exerted by BTA to MSF in
accessing the active site and ii) the acceleration of the MSF-enzyme adduct formation as a consequence of the
lowering of the rotational and translational degrees of freedom in the proximity of the catalytic serine.

It is well known that Pralidoxime alone or in the presence of the substrate acetylcholine cannot reactivate the
active site serine of the TCAChE-MSF adduct. We show that the simultaneous presence of Pralidoxime and the
additional neutral oxime, 2-[(hydroxyimino)methyl]-I-methylimidazol, triggers the reactivation process of
TcAChE within the hour timescale.

Overall, our results pave the way toward the likely use of a cocktail of distinctive oximes as a promising recipe
for an effective and fast reactivation of aged cholinesterases [2 .

[1 Rydberg, E.H., Brumshtein, B., Greenblatt, H.M., Wong, D.M., Shaya, D., Williams, L.D., Carlier, P.R., Pang, Y.P.,
Silman, 1., Sussman, J.L. J. Med. Chem. 2016, 49, 491.
[2 Stojan J, Pesaresi A, Meden A, Lamba D. Protein Sci. 2024 33, e4977.
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Lanthanide-based metal-organic frameworks (Ln-MOFs) have attracted growing interest due to their unique
photoluminescence, sensing, catalytic and gas storage properties [1]. This research explores the synthesis of
novel Ln-MOFs using 2-bromoterephthalic acid and 2,5-dibromoterephthalic acid. These ligands are chosen as
organic linkers to investigate the role of halogen-halogen interactions in the self-assembly of MOFs. Compounds
were synthesized with various lanthanides via slow evaporation and solvothermal techniques and characterized
by X-ray diffraction, FTIR and TGA/DSC methods. Our findings reveal a strong dependence of compound
formation and crystallization on key reaction parameters, including type of ligand, temperature, pH, solvent
composition, concentration, and the specific lanthanide salt used. This work significantly expands the existing
library of Ln-MOF compounds.

[1] Smith, J. A.; Singh-Wilmot, M. A.; Carter, K. P.; Cahill, C. L.; J. August Ridenour. Lanthanide-2,3,5,6-
Tetrabromoterephthalic Acid Metal-Organic Frameworks: Evolution of Halogen---Halogen Interactions across the
Lanthanide Series and Their Potential as Selective Bifunctional Sensors for the Detection of Fe3*, Cu?*, and Nitroaromatics.
Crystal Growth & Design 2018, 19 (1), 305-319. https://doi.org/10.1021/acs.cgd.8b01426.
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Organometal halide perovskites (OMHPs) have emerged as promising candidates for sustainable energy
technologies, owing to their remarkable optoelectronic performance, cost-effectiveness, and tunability through
crystal engineering. Among recent developments, a sub-class incorporating triphenylsulfonium [(Ph)sS ] or
trimethylsulfonium [(CH3);S ] cations with lead- and bismuth-halide frameworks has attracted considerable
interest, particularly for their reduced structural defectivity and superior photovoltaic efficiency [1]. In this study,
we focus on the structural and spectroscopic investigation of lead-halide OMHPs containing the bulky
triphenylsulfonium cation in combination with halide anions (I , Br, ClI ). Such sulfonium-based systems are
interesting due to the presence of strong charge-assisted chalcogen bonding at the sulfur site [2], and their
structural flexibility is enhanced by additional substituents (e.g., iodide or thiophenyl groups) and aromatic
moieties, which facilitate a rich network of weak interactions. Nevertheless, the steric hindrance of the (Ph);S ion
tends to favor the formation of low-dimensional perovskite architectures (OD or 1D).

Three distinct solution-based synthesis routes - aqueous precipitation at low temperature, crystallization from
volatile polar solvents, and evaporation from dimethylformamide (DMF) - were exploited, yielding a variety of
crystalline phases. X-ray diffraction (both powder and single-crystal) and vibrational spectroscopies (FTIR and
Raman) confirmed the formation of novel perovskite-like compounds. Detailed structural analyses were carried
out on three representative materials: (Ph);S(PbBrs) (space group 12/a), (Ph):S[PbBr;(DMF)] (P2:/n), and
(Ph)sS[Pbls(DMF)] (P24/n), revealing 0D and 1D configurations. Spectroscopic characterization supported the
crystallographic findings, and UV-vis spectroscopy was employed to determine their optical band gaps.
Additionally, vibrational mode assignments and electronic band structure (including projected density of states,
PDOS) were obtained via computational methods.

Ongoing research is aimed at extending these investigations to sulfonium and related derivatives incorporating
different functional groups, as well as alternative metal centers such as bismuth and copper. High-pressure and
high-temperature studies are underway to evaluate structural memory effects and explore the evolution of
electrical and conductive properties under extreme conditions.

[1] Kim Y. et al. (2024) — Enhancing performance of two-step fabricated perovskite solar cells with sulfonium
triflate-based additive. EcoMat, 6, 12446, https://doi.org/10.1002/eom2.12446.

[2] Kutznetsova et al., (2024) — Chalcogen bonds provide supramolecular association of beta-octamolybdate and
chalconium cations. Inorg. Chem. Front., 11, 8902, https://xlink.rsc.org/?DO1=D4Q102258K.
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Organic crystals play a pivotal role in a wide range of applications, spanning from pharmaceuticals to advanced
materials. In particular, the control of polymorphism is of utmost importance, as it is well known that the physico-
chemical properties of a crystal depend upon the established network of intermolecular interactions between the
molecules [1]. To control polymorphism, a thorough understanding of nucleation and crystallization processes is
therefore essential.

Although experimental approaches remain the gold standard, this path is not always feasible. This is often the case
for metastable structures, such as polymorphs that are difficult to obtain under standard conditions. In this context,
computer-aided simulations have gained more an more importance in the last decades. A pivotal role is played by
two cornerstone methods: Monte Carlo (MC) and Molecular Dynamics (MD). These techniques can efficiently
explore the conformational and configurational space of the system, providing valuable insights that are often
inaccessible to experiments. In particular, MD simulations introduce time-dependent effects, which are critical for
assessing mechanical stability, detecting phase transitions, and exploring dynamic disorder in crystals.

In this contribution, | will present recent advances from our research. | will discuss how Molecular Dynamics can
enrich the static picture typically obtained from conventional techniques. A major focus will be on the Crystal
Structure Prediction field, where we coupled MD to our recently developed Symmetry-Constrained Monte Carlo
method [2]. This approach exploits the presence of symmetry elements in the crystal to reduce the number of
degrees of freedom to those within the asymmetric unit, significantly speeding up the search for plausible crystal
structures. MD simulations then help assess whether the predicted thermodynamically stable compounds are also
mechanically stable, thereby confirming, or revisiting, the proposed structures stability.

Finally, we will present an application involving the analysis of commensurate modulations observed in certain
"flat" molecular structures, such as acrylic acid [3], which are often invisible in standard X-ray crystal diffraction
experiments.

[1] G. Macetti, L. Sironi, L. Lo Presti, Classical Molecular Dynamics Simulation of Molecular Crystals and Materials: Old
Lessons and New Perspectives in Comprehensive Computational Chemistry, Elsevier, 2024.

[2] G. Macetti, L. Sironi, M. Vacchini, L. Lo Presti, Cryst. Growth Des. 2025, under revision.

[3] L. Sironi, G. Macetti, M. Vacchini, L. Lo Presti Struct. Chem. 2025, DOI: 10.1007/s11224-025-02483-w.
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This study investigates the potential of both natural and synthetic zeolites (5A, 13X, Y720, and CHA) for
encapsulating heavy metals from leachates produced by steam washing of Municipal Solid Waste Incineration
(MSWI) fly ash [1-2]. Batch adsorption tests were performed to assess the removal efficiency of metals such as
Pb, Zn, Cd, Cu, Mn, and Fe. Zeolite 13X demonstrated the highest removal efficiency, particularly for Pb, Zn, and
Cu, owing to its high adsorption capacity and favorable crystal structure, which allows for optimal metal ion
interaction. Zeolite 5A also exhibited notable removal, especially for Zn and Pb, but was less effective for Cd due
to differences in pore size and framework structure. Zeolite Y720 selectively adsorbed Mn and Fe, attributed to
its higher Si/Al ratio, enhancing its capacity for specific metal ion capture. Zeolite CHA, while effective for Pb
and Zn, showed reduced efficiency for other metals, likely due to ion competition from Ca, Fe, K, and Mg within
the framework. These findings highlight the importance of crystallographic characteristics, such as pore size
distribution and Si/Al ratio, in optimizing zeolite selection for metal removal, with significant implications for
advancing metal recovery processes and supporting circular economy strategies in the treatment of hazardous
waste effluents.

[1] Z. Jiang, et al. Environ. Sci. Pollut. Res. Int. 2019, 26(14), 14188-14199.
[2] Zhao, Y., et al. J. Environ. Manag. 2019, 243, 42-58.
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We present the near-atomic model of the plant-infecting carnation Italian ringspot virus (CIRV) (Tombusvirus
dianthi) [1, 2]. The CIRV cryo-EM density map, showing most side-chain densities clearly resolved, was
determined by single-particle cryo-electron microscopy (cryo-EM) at an average resolution of 3.3 A (0.143 FSC
criterion) (see figure). CIRV virion, with an average diameter of 30 nm, displays icosahedral symmetry (T=3) and
is assembled from repeating homotrimers, each comprising three distinct domains: protruding, shell, and RNA-
binding [3] (see figure). The 4763 nt viral RNA genome, likely largely disordered, is almost entirely masked by
the capsid symmetry. Notably, the cryo-EM map was obtained using a mid-range, multipurpose, side-entry
transmission electron microscope and a limited number of micrographs, highlighting the potential of such
instrumentation for structural studies of macromolecular complexes [4]. Though the structure of the related tomato
bushy stunt virus has been well known [3], this is the first description of CIRV particles at 3.3 A resolution.

Figure. A, CIRV electron density map (I13). The homo-trimer unit is in color. B, CIRV homo-trimer cryoEM map detail
showing the protruding, shell, and RNA domains respectively in orange, yellow, and green. C, the homo-trimer homology
model, with the same color code, obtained using TBSV as a template. D, CIRV cryoEM density map detail fitted with the
homo-trimer homology model.

[1] M. Hollings, O.M. Stone, G.C.Bouttel Ann. Appl. Biol. 1970, 65, 299

[2] D. Rochon, S. Lommel, G.P. Martelli, L. Rubino, M. Russo. Virus taxonomy: classification and nomenclature of viruses.
Ninth Report of the International Committee on Taxonomy of Viruses. Elsevier, San Diego, 2012

[3] AJ. Olson, G. Bricogne, S.C. Harrison J. Mol. Biol. 1983, 171, 61

[4] M.G. Campbell, B.M. Kearney, A. Cheng, C.S. Potter, J.E. Johnson, B. Carragher, D. Veesler J. Struc. Biol. 2014, 188,
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Cardiovascular diseases represent the leading cause of mortality worldwide, with hypercholesterolemia being a
major associated risk factors [1]. Elevated LDL cholesterol promotes the formation of atherosclerotic plaques and
increases the risk of major cardiovascular events [2]. While statins remain the first-line treatment, a subset of
patients exhibits intolerance or an inadequate response to the therapy, necessitating alternative pharmacological
options [2, 3]. Among emerging therapeutic targets, PCSK9 (Proprotein Convertase Subtilisin/Kexin Type 9)
plays a central role in cholesterol homeostasis by promoting the degradation of LDL receptors (LDLr), thereby
increasing plasma LDL levels [2-4]. Gain-of-function mutations in PCSK9, such as the E32K variant, are
associated with familial hypercholesterolemia and an increased cardiovascular risk [5].

Therapeutic strategies targeting PCSK9 have been developed and include approved monoclonal antibodies (i.e.,
alirocumab and evolocumab), which block the interaction between PCSK9 and the LDLr, and inclisiran, a small
interfering RNA-based agent that reduces PCSK9 mRNA levels and plays a key role in cholesterol regulation by
modulating LDL receptor expression [2, 3].

In this study, we conducted an in silico analysis to explore novel PCSK9 inhibitors. In this context we hypothesized
that the compound 1BH, crystallized in complex with subtilisin DY, a bacterial protease structurally related to
PCSK9, could interfere with pro-PCSK9 maturation and prevent the PCSK9-LDLYr interface [6]. Based on these
observations, we synthesized two new 1BH structurally related compounds, LP36 and LP5, to be tested for their
inhibitory properties on PCSK9. The two compounds have been tested on human HepG2 cells constitutively
expressing the protein, as well as on HEK293 cells engineered to overexpress PCSK9 or its E32K variant.
Cytotoxicity was assessed using the Alamar Blue assay, which showed no significant toxic effects at the tested
concentrations and time points, indicating a favorable safety profile. Ongoing experiments include western blot
analysis to evaluate intracellular PCSK9 maturation and ELISA assay to quantify the secreted active PCSK9 and
assess the inhibitory potential of LP36 and LP5.

[1] Samantha Karr P. Epidemiology and Management of Hyperlipidemia. 2017 Jun 21

[2] Melendez QM, et al. Hypercholesterolemia: The role of PCSK9. Arch Biochem Biophys. 2017 Jul 1; 625-626:39-53.
[3] Hummelgaard S, et al. Targeting PCSKO9 to tackle cardiovascular disease. Pharmacol Ther. 2023 Sep 1; 249:108480.
[4] Bao X, et al. Targeting proprotein convertase subtilisin/kexin type 9 (PCSK9): from bench to bedside. Signal Transduct
Target Ther. 2024 Jan 8;9(1):1-49.

[5] Xia X dan, et al. Regulation of PCSK9 Expression and Function: Mechanisms and Therapeutic Implications. Front
Cardiovasc Med. 2021 Oct 15;8: 764038.

[6] Eschenburg, S., et al. (1998). Crystal structure of subtilisin DY, a random mutant of subtilisin Carlsberg. European
Journal of Biochemistry, 257(2), 309-318.
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Badalovite, NaNaMg(MgFe®*)(AsO.)s, and calciojohillerite, NaCaMgMg(AsO4)s, are members of the alluaudite
supergroup [1]. Their type locality is the Arsenatnaya fumarole, Second scoria cone, Tolbachik Volcanic field,
Kamchatka Peninsula, Russia [2, 3].

The examination of a specimen from the Monte Calvario quarry (Biancavilla, Etna volcanic complex, Sicily, Italy)
allowed the identification and description of the second world occurrence of these two rare arsenates. Owing to
the nature of the studied material, a detailed crystal-chemical study, using electron microprobe analysis, single-
crystal X-ray diffraction, and micro-Raman spectroscopy, was performed for badalovite only.

Badalovite occurs as vitreous to resinous aggregates of yellowish to brownish prismatic crystals, in some cases
forming sheaf-like aggregates, up to 0.5 mm in length, associated with hematite, pseudobrookite, and an
amphibole-supergroup mineral. Badalovite is intimately intergrown with minor calciojohillerite. The chemical
formulae of these alluaudite-group members, recalculated on the basis of 12 O atoms per formula unit and
assuming the occurrence of iron as Fe®, are (Nay.7aa1)Ko.011)Ca0.30(8))52.05
(Mg1.74@Alo.02¢2)Mno 27(2)Cao.118)ZN0.03(1)FE0.84(14))s3.01  (AS2.85(4)Po.113))s296 O12 and  (Naw.aae)Ko.o1(1)Cao.ee(1))z2.11
(M@2.27¢yMno.28(1)ZN0.01(2)F€0.48(2)) 53.00 (AS2.793)Po.13(2))52.92 O12, respectively.

Single crystal X-ray diffraction data collected on badalovite gave the following unit-cell parameters a =
11.9760(5), b = 12.7857(5), ¢ = 6.6650(3) A, B = 112.689(2)°, V = 941.58(7) A3, space group C2/c. Its crystal
structure was refined to Ry = 0.0257 for 1711 unique reflections with F, > 40(F,) and 97 least-square parameters.
The general features of the crystal structure of badalovite agree with those reported by [2]. With respect to the
Russian sample, a detectable expansion of the unit-cell volume was observed in Italian badalovite, i.e., 941.58(7)
A% vs. 936.59(4) A3, with a AV = +0.53%.This volume increase is due to some chemical features of badalovite
from Biancavilla (e.g., Mn enrichment).

The genesis of badalovite and calciojohillerite at the Monte Calvario quarry is probably due to the interaction
between fumaroles and volcanic rocks, at temperature higher than 450°C, in agreement with the Russian
occurrence.

The discovery of these arsenates at Biancavilla represents a further explanation for the high As contents identified
in this area by previous authors [4], suggesting that other mineral species hosting As may be hidden among
fumarolic assemblages of the Etna volcanic complex, e.g., [5].

[1] F. Hatert Eur J. Mineral. 2019, 31, 807-822.

[2] I.V. Pekov, N.N. Koshlyakova, A.A. Agakhanov, N.V. Zubkova, D.I. Belakovskiy, M.F. Vigasina, A.G. Turchkova, E.G.
Sidorov, D.Y. Pushcharovsky Mi n e r a.l2020, 84 &16-622.

[3] I.V. Pekov,N.N. Koshlyakova, A.A. Agakhanov, N.V. Zubkova, D.l. Belakovskiy, M.F. Vigasina, A.G. Turchkova, E.G.
Sidorov, D.Y. Pushcharovsky. Mi n e r a.l2021, 89, 215-223.

[4] S. Mazziotti-Tagliani, M. Angelone, G. Armiento, R. Pacifico, C. Cremisini, A. Gianfagna Environ. Earth Sci. 2012, 66,
561-572.

[5] F. Scordari, E. Schingaro, G. Ventruti, E. Nicotra, M. Viccaro, S. Mazziotti-Tagliani Am. Min. 2013, 98, 1017-1025.
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Synthetic hydroxyapatite, Caio(PO4)s(OH)2, is a widely used bioactive material which is often characterized by
structural defects that affect its mechanical and thermal performance. Upon heating, it begins to dehydroxylate at
T~800 °C and decomposes at T>900 °C into -Cas(PO4). and CaO. As a consequence, swelling, cracking and
dissolution limit its applications in high-temperature processing [1-4]. Fluoro-hydroxyapatite,
[Ca10(PO4)s(OH)2 F,; 0<x<1], is instead chemically and thermally more stable than hydroxyapatite, due to
decomposition temperature higher than 1600 °C and low solubility in physiological environments [5, 6]. Syntheses
based on the OH ~ F substitution (e.g., pH-cycling in NaF/NH4F solutions) are slow, complex to control, and
often incomplete [7].

The new synthesis method, here proposed, consists in the full hydrolysis of defective hydroxyapatite precursors
and -Cas(PO.)2 using concentrated HNOs, followed by chemical precipitation in NH4F under controlled pH. The
procedure involves five steps with defined chemical reactions. The acid hydrolysis—reprecipitation strategy is
inspired by processes employed in fertilizer and phosphoric acid production, as well as in rare earth recovery [8].
The proposed method offers several advantages: (i) purification of the raw material via strong acid hydrolysis, (ii)
dissolution of natural biopolymers (e.g., chitosan) allowing for composite synthesis, (iii) precise control of ionic
ratios as well as the possibility to introduce functional ions in the synthesized apatite. Our preliminary experiments
demonstrate the feasibility and versatility of this synthetic pathway, enabling improved control of product
composition and potential integration of bioactive polymers.

[1] N.V. Bulina, S. V. Makarova, S. G. Baev, A. A. Matvienko, K. B. Gerasimov, O. A. Logutenko, V. S. Bystrov Minerals,
2021, 11(12), 1310.

[2] S. Lazi¢, S. Zec, N. Miljevi¢, S. Milonji¢, Thermochim. Acta, 2001, 374(1), 13-22.

[3] V.V. Skorokhod, S.M. Solonin, L. L. Kolomiets, T. V. Permyakova, A. V. Shinkaruk Powder Metall. Met. Ceram., 2010,
49(5-6), 324-329.

[4] Pajor K., L. Pajchel, J. Kolmas, Materials, 2019, 12(17), 2683.

[5] E.C. Moreno, M. Kresak, R.T. Zahradnik, Nature, 1974, 247(5435), 64—65.

[6] L. Gineste M. Gineste, X. Ranz, A. Ellefterion, A. Guilnem, N. Rouquet, P. Frayssinet J. Biomed. Mater. Res., 1999, 48(3),
224-234.

[7]1 S. Seyedmajidi, M. Seyedmajidi, IUST, 2022, 19(2), 1-20.

[8] J.C. Wang, C.L. Ko, C.C. Hung, Y.C. Tyan, C.H. Lai, W.C. Chen, C.K. Wang, J. Dent., 2010, 38(2), 158-165.
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In the past few years, chiral hybrid organic-inorganic perovskites (HOIPs) have emerged as promising materials
for applications in optoelectronics, spintronics, photodetection, energy harvesting and beyond, enabling the
absorption and subsequent emission of polarized light with enhanced tunability across the electromagnetic
spectrum [1,2]. So far the research has largely focused on 2D and quasi-2D HOIPs, along with a few 1D and 0D
ones, demonstrating remarkable chiro-optoelectronic and spin-polarization properties. However, expanding the
corner-sharing interconnection of the inorganic motif in the three dimensions is challenging due to steric
constrains, as the bulky chiral cations prevent the accordance with the Goldschmidt tolerance factor, but highly
demanded for isotropic charge transport since the organic layers usually act as dielectrics in low-dimensional
systems [3].

In our work, we have synthesized novel chiral HOIP derivatives featuring a 3D corner-sharing octahedral
architecture closely resembling that of prototypical perovskites. This structural motif is attained by incorporating
the relatively small ditopic cation R/S-3-aminoquinuclidine (R/S-3AQ) leading to the (R/S-3AQ)Pb.Brs materials,
where the inorganic motif features perpendicular raws of corner-sharing [PbBr:]+ octahedra running along the a
and b axes and further connected along c. This material exhibits a direct bandgap and an isotropic electronic band
structure in agreement with a three-dimensionally delocalized excitation, in sharp contrast with the Ruddlesden-
Popper counterpart (R/S-3AQ).PbBr.-2Br, synthesized by tuning the precursor’s stoichiometric amounts and
presenting the typical 2D features. The measured chiral anisotropy factor is in good agreement with the values
predicted from first-principles calculations for such a chiral inorganic framework, and a pronounced Rashba-type
spin splitting is observed in the conduction band, arising from the synergy between spin—orbit coupling and
structural chirality. A lower exciton binding energy was found out in the 3D composition, indicating a more stable
excitonic population and being beneficial for an enhanced charge transport extending to the three dimensions. The
demonstrated 3D chiral HOIP derivatives, featuring a wide chemical tunability, represent a promising platform
for developing next-generation materials merging the nonlinear optical responses with an isotropic three-
dimensional charge transport.

[1] J. Ma, H. Wang, D. Li, Adv. Mater. 2021, 33, 2008785.

[2] E. 1. Jung, H. J. Lee, J. Kim, Q. T. Siddiqui, M. Kim, Z. Lin, C. Park, D. H. Kim, Materials Science & Engineering R. 2024,
160, 100817.

[3] N. K. Tailor, Yukta, R. Ranjan, S. Ranjan, T. Sharma, A. Singh, A. Garg, K. S. Nalwa, R. K. Gupta, S. Satapathi, J. Mater.
Chem. A. 2021, 9, 21551-21575.
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The mechanism of trace element incorporation in minerals is of great importance in geosciences and material
sciences, because not only the physical properties of materials and minerals may change by doping but also the
partition coefficient describing the uptake or the release of such elements from/to the environment depends on the
solubility of the element into the structure (local structure environment and coupled substitutions to achieve charge
neutrality).This peculiar pyroxene property has been used in geosciences to estimate the pressure of crystallisation
in magmatic system [1-2], and the cooling rate of host rocks. Diopside, CaMgSi.Os, has a relatively simple
structure but very sensitive to incorporate small amount of transition metals depending on intensive parameters,
like P, T and oxygen fugacity. Moreover, diopside doped with elements like Li, Sc, Ti, Ga, Fe, can often be
relatively easily synthesised, and has been studied to probe the incorporation mechanisms and to measure the
variation on physical properties. Scandium, which has similar chemical properties as REEs and easily substitute
Mg in octahedral coordination, has been used to dope a series of diopside. Their average crystal structure obtained
by single-crystal X-ray diffraction (SC-XRD) describes the coupled substitution of Sc** at M1 octahedron
suggesting a charge balance by vacancy at M2 site [3]. We compared the structure obtained from ab-initio
modelling techniques at the density functional theory (DFT) level with the structure solved by employing SC-
XRD. Furthermore, we compared IR and Raman spectroscopy experiments with vibrational density of states
(VDOS) calculated from the Fourier transform of the velocity autocorrelation function obtained processing ab-
initio (DFT) molecular dynamics simulations. In this framework, we developed a computational tool to assign the
vibrational mode associated with a specific frequency [4]. The comparison of the two models suggests that when
the diopside structure is doped with Sc the main effects are the broadening of the peaks above 1000 cm* together
with a shoulder at ca. 860 cm™, and the occurrence of a small peak at 700 cm™, which could be ascribed to the
presence of vacancy at M2. The best model also suggests that the vacancies are in proximity to the nearby Sc site,
in agreement with a distribution of bond valences associated with the trivalent cations substituting the divalent
Mg. We speculate that the position of this peak could be related to the average distance between the Sc and the
vacancies; however, this topic represents the main object of further investigations. Overall, the computed VDOSs
are in good agreement with the measured Raman and IR spectra, and provide a more detailed interpretation of the
spectroscopic signature of the samples. In particular, we could correlate the M1 polyhedral distortion due to the
Sc-doping to the broadening of the low frequencies Raman peaks. We are confident that the application of this
method can offer a comprehensive characterisation of complex systems, such as minerals or nanomaterials.

[1] S. Nazzareni, V. Barbarossa, H. Skogby, V. Zanon, M. Petrelli (2020) CMP171(9), 87

[2] S. Nazzareni, S. Rossi, M. Petrelli, L. Caricchi (2021) In Dynamic Magma Evolution, Vetere P. Eds Geophysical
Monograph AGU vol 254: 133-151

[3]S. Nazzareni, H. Skogby, U. Halenius (2013) PCM 40(10): 789-798

[4] L. Bellucci, M. Cassetta, H. Skogby, S. Nazzareni (2024) PCCP 26, 4029

138



51st AIC Meeting Firenze 2-5 September 2025

Separation of Nd3® and Dy?® lons: A Molecular Approach towards Rare Earth
Sustainability

Alessia Panizzi @ Alex Falco 2, Matteo Melegari 2, Matteo Tegoni 2, Flavia Artizzu ®, Angela Serpe 9, Luciano
Marchio @

aDepartment of Chemistry, Life Sciences and Environmental Sustainability, University of Parma, Parma, Italy.
b Department of Sustainable Development and Ecological Transition, University of Eastern Piedmont ““A. Avogadro”,
Vercelli, Italy.
¢ Department of Civil and Environmental Engineering and Architecture, and research unit of INSTM, University of Cagliari,
Cagliari, Italy.
4 Environmental Geology and Geoengineering Institute of the National Research Council (IGAG-CNR), Cagliari, Italy.

alessia.panizzi@unipr.it

The ongoing transition to green technologies demands for the development of new materials and systems to
minimize our environmental impact. Rare Earth Elements (REEs) are fundamental in this transformation due to
their unique magnetic, luminescent and catalytic properties [1]. These elements are essential in a wide range of
technological applications, including lighting systems, catalyst production, medical imaging, ceramic and glass
materials [2]. Among them, neodymium-iron-boron (NdFeB) permanent magnets play a key role in electronic
devices, wind turbines, rechargeable batteries, and electric vehicles [3].

Despite all of the applications, the growing demand for REEs is also associated with significant geopolitical,
economic and environmental challenges. The distribution of REEs-rich ores is highly uneven, with the global
production dominated by a few countries, resulting in supply chain and market imbalances [4]. Furthermore, the
extraction and processing of metals from primary ores can generate a large amount of environmental pollutants
and hazardous waste [5]. As a result, the recovery and recycling of REEs from end-of-life (EOL) products is
gaining increasing importance as a sustainable strategy to guarantee the supply and reduce the dependence on
mining.

Our work focuses on the development of a ligand-assisted strategy for the selective precipitation of REEs found
in high-performance NdFeB magnets, which typically contain iron (~65%), neodymium (Nd, ~20%), and
dysprosium (Dy, ~1%). A family of Salpen-based ligands were easily synthesized and designed to modify the
steric hindrance and lipophilicity near the metal coordination sites, with the aim of influencing the precipitation
or the dissolution of the corresponding Nd** and Dy%* complexes in different organic solvents. Structural
characterization of the resulting compounds was performed using Single-Crystal X-ray Diffraction (SCXRD),
providing insight into the coordination environments and speciation of these metal-ligand systems. Five distinct
Dy complexes were isolated and characterized, revealing different stoichiometries and nuclearities, which were
consistent with the speciation observed in solution through titration experiments followed by UV-vs spectroscopy.
Promising results for the selective separation of rare earth cations were obtained by exploiting the ligand steric
hindrance in combination with the subtle chemical differences between Nd** and Dy?*, such as their ionic radii
and coordination number. Overall, this ligand-controlled separation approach offers a promising pathway toward
a more efficient and scalable recycling of REEs from waste products.
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Figure 1. Scheme of the synthesis of Nd3* and Dy3* complexes, and of the strategy for their separation through precipitation
in ethanol. On the right are reported some of the results for the separation of Nd and Dy by precipitation.

[1] S. Cotton, Lanthanide and Actinide Chemistry. 2" edition, Wiley, 2024.
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Human RAD52 (hRAD52) is a 47 kDa protein of 418 amino acids, which plays important functions in many DNA
repair mechanisms such as HR and SSA [1, 2]. Recent studies have shown that simultaneous loss of hRAD52 and
other DNA repair proteins, such as BRCA1, BRCA2, PALB2, XAB2 or RAD51 paralogs results in synthetic
lethal [1, 2]. This evidence highlights hRAD52 as a promising target for drug discover studies aimed at triggering
synthetic lethality in BRCAZ2 deficient cells [1, 2]. hRADS52 consists of two functionally different domains: the
highly conserved N-terminal domain (a.a. 1-208), responsible for oligomerization and DNA binding, and the less
conserved C-terminal domain (209-418), which contains the nuclear localization signal sequence (NLS), and
binding regions for LRAD51 and RPA [3]. Although the interest in hRAD52 has exponentially grown in the last
decade, much remains unknown about its structure and mechanism of action [3]. In particular, the absence of
structural information for the C-terminal domain of hRAD52 FL hinders a comprehensive understanding of its
interactions with partner interactors. To get novel structural insights on this interesting target, Cryo-EM studies
were performed on the hRAD52 FL. While the N-terminal region of RAD52 FL is structured in an undecameric
ring, as demonstrated by previous X-ray crystallography studies, the C-terminal domain was poorly resolved and
largely absent, highlighting that this region is intrinsically disordered. To address the flexibility of the C-terminal
domain and gain additional structural insights, we combined AlphaFold2 simulations and SEC-SAXS
experiments. These analyses confirmed the extreme flexibility of the RAD52 C-terminal domain, which can be
described as an intrinsically disordered region. This observation further draws attention on the role played by this
portion of the protein, which may fold only upon partner binding. These results will significantly inform future
investigations into RAD52’s mechanism of action and the development of inhibitors, especially within emerging
synthetic lethality strategies.

[1] M. J. Rossi, S. F. DiDomenico, M. Patel, and A. V. Mazin, “RAD52: Paradigm of Synthetic Lethality and New
Developments,” Front. Genet., vol. 12, no. November, pp. 1-16, 2021, doi: 10.3389/fgene.2021.780293.

[2] M. Toma, K. Sullivan-Reed, T. Sliwifiski, and T. Skorski, “RAD52 as a potential target for synthetic lethality-based
anticancer therapies,” Cancers (Basel)., vol. 11, no. 10, 2019, doi: 10.3390/cancers11101561.

[3] Balboni B., Rinaldi F., Previtali V., Ciamarone A., Girotto S., Cavalli A. Novel Insights into RAD52’s Structure, Function,
and Druggability for Synthetic Lethality and Innovative Anticancer Therapies Cancers (Basel), VVol. 15(6), no. 1817, 2023,
doi: https://doi.org/10.3390/cancers15061817
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Ectoine is a very interesting compound belonging to the amino acid group. It was first isolated from bacteria
of the Ectothiorhodospira species [1]. Due to its strong hygroscopic properties, it is produced by bacteria
to protect against adverse conditions such as high salinity. Ectoine is a kosmotrope, stabilizing protein structures
through its high water-binding capacity. These properties make ectoine widely used in cosmetics
and pharmaceuticals.

The crystal structure of ectoine was only determined in 2020 [2]. It can crystallize in an anhydrous form
or as a dihydrate. Interestingly, in these structures different conformations of the carboxyl group in ectoine
molecules are observed. In anhydrous crystals the carboxyl group is equatorial, while in dihydrate crystals it adopts
a less energetically favorable axial conformation. It is likely that hydrogen bonds between ectoine and water
molecules stabilize this arrangement. In dihydrate crystals, ectoine molecules form channels that incorporate water
molecules. The structure of ectoine solvate with methanol is also known [3] — it is isomorphic with the dihydrate
structure. So far, no co-crystals of ectoine with other substances have been identified.

This research aims to investigate the potential interactions of ectoine in the solid state with inorganic anions
and a carboxylate anion. Given the kosmotropic properties of ectoine, emphasis was placed on understanding
its influence on the water-binding capacity within the crystal lattice. Furthermore, it is particularly essential
to characterize ectoine’s interactions with carboxyl groups, due to their presence in protein-building amino acids.
Eight cocrystals of ectoine were obtained and structurally characterized: with oxalic acid, oxamic acid, tartaric
acid, malic acid, as well as with inorganic acids such as hydrofluoric acid, hexafluorosilicic acid, and hydrochloric
acid (hydrate and anhydrous form).

Analysis of the obtained structures reveals that ectoine readily forms dimers when its carboxyl group adopts
an equatorial conformation. This behavior is observed in cocrystals with oxalic acid, malic acid, hydrochloric acid
(hydrate), and hydrofluoric acid. Moreover, in each of these structures, proton sharing can be observed: either
between the carboxyl group of ectoine and a fluoride anion (in the cocrystal with hydrofluoric acid) or between
two carboxyl groups of ectoine (in other mentioned structures). No dimer formation or proton sharing is observed
when the carboxyl group of ectoine adopts an axial conformation, probably due to steric constraints imposed
by the molecular geometry. Water molecules are incorporated into the crystal lattices of ectoine cocrystals formed
with two carboxylic acids (tartaric acid and oxamic acid) and two inorganic acids (hydrochloric acid
and hexafluorosilicic acid).

[1] E. A. Galinski, H. P. Pfeiffer, H. G Troper, Eur. J. Biochem. 1985, 149, 135-139

[2] W. M. Hitzler, E. Mossou, R. Vollrath, M. Kohagen, I. EI Ghrissi, M. Grininger, G. Zaccai, J. Smiatek, D. Oesterhelt,
CrystEngComm, 2022, 22, 169

[3] W. Schuh, H. Puff, E. A. Galinski and H. G. Triper, Zeitschrift fur Naturforsch. - Sect. C J. Biosci., 1985, 40, 780-784
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Coordination polymers (CPs) represent a notably intriguing, and adaptable category of chemical compounds.
These materials possess unique properties, regardless of whether they are porous (for instance, Metal-Organic
Frameworks) or non-porous, monometallic or multimetallic.

Conventional synthesis routes often involve solvo/hydrothermal methods, which often produce high-quality
crystals suitable for characterization using single crystal X-ray diffraction (SCXRD). This outcome is not
invariably assured, as the crystals sometimes fail to grow sufficiently and consequently remain too small for this
type of characterization. Furthermore, alternative methodologies, such as mechanosynthesis or sonochemical
synthesis, have arisen as alternatives to the aforementioned techniques in order to simplify and render the synthesis
of these materials more environmentally friendly [1]. Despite these advances, these alternative methods
predominantly yield to nanopowders, rendering structural characterization using conventional techniques like X-
ray diffractometers exceptionally challenging. Recently, Three-Dimensional Electron Diffraction (3D ED) has
demonstrated its suitability as the preferred, and in certain instances the unique, technique for structural analysis
of these specific crystalline phases [2].

Typical ligands employed in the synthesis of robust CPs are represented by bi- or tricarboxylic acids. In contrast,
tetracarboxylic acids have been comparatively under-investigated. Despite their limited use, these molecules
possess the potential to form highly diverse networks, offering a broad spectrum of applications ranging from
catalysis to separation or the adsorption of various substances.

The objective of this extensive study is the synthesis and 3D ED structural characterization of novel CPs based on
tetracarboxylic acid ligands, such as those depicted in Figure 1A and 1B. With the aim of obtaining both
monometallic and bimetallic materials, the formation of new structures containing such ligands and metals nodes
like Fe(111), Ni(ll), Cu(ll), or Zn(I1) has been investigated. Furthermore, to extend the applicability to the field of
sensing, a secondary ligand, specifically 2-aminoterephthalic acid (Figure 1C), has been introduced in attempt to
obtain robust, cage-like, porous CPs.
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Figure 1. Ligands employed in this study: (A) Pyromellitic Acid; (B) 1,2,4,5-tetrakis(4-carboxyphenyl)benzene (H4BTTB);
(C) 2-aminoterephthalic acid.

[1] R. Lalawmpuia, M. Lalhruaitluangi, Lalhmunsiama, D. Tiwari Environ. Eng. Res. 2024, 29(5), 230636.

[2] M. Gemmi, E. Mugnaioli, T. E. Gorelik, U. Kolb, L. Palatinus, P. Boullay, S. Hovméller, J. P. Abrahams ACS Cent. Sci.
2019, 5(8), 1315-1329.
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The advancement of high-performance solar cells is crucial to address global energy needs and combat climate
change. Solar cells represent a sustainable energy solution by utilizing renewable sources, minimizing reliance on
fossil fuels, reducing greenhouse gas emissions, and enabling decentralized power generation, all key attributes
for the transition toward a green economy. Incorporating bacteriorhodopsin (bR) crystals into perovskite solar
cells (PSCs) presents a promising strategy to enhance energy transport efficiency, leveraging bR’s exceptional
photosensitizing properties [1]. In this work, we introduce a bio-inspired in-crystal lab-on-chip device combining
perovskite solar cell technology with crystalline bR as a photoactive component. The bR/perovskite crystals are
grown within an agarose-gel matrix [2], which serves multiple functions: protecting the protein crystals,[3]
optimizing bR alignment for improved light harvesting [4,5], and mitigating perovskite degradation induced by
moisture. Our findings confirm that agarose gel is compatible with perovskite synthesis conditions. Perovskites to
be used in device preparation will be selected according to their band alignment with bR and already demonstrated
stability in aqueous environments [6]. The structural characterization of bR/perovskite crystals will be performed
using X-ray crystallography to identify perovskite binding sites on bR, while electron microscopy will assess
potential perovskite incorporation within crystal defects. The device will be finally fabricated via microfluidic
techniques, layering agarose-embedded bR/perovskite crystals onto a TiO,-coated ITO substrate. The design
allows precise control over crystal growth and perovskite precursor diffusion into the bR crystals. The
photoelectric performance of the device will be systematically evaluated. Compared to conventional PSCs and
amorphous bR-based systems, this in-crystal lab-on-chip approach is anticipated to yield higher energy conversion
efficiency while reducing susceptibility to moisture- and oxygen-induced perovskite degradation. This study will
advance solar cell innovation, supporting the shift toward sustainable energy solutions.

[1] V. Mirabelli, S. Majidi Salehi, L. Angiolillo, BD Belviso, A. Conte, MA. Del Nobile, G. Di Profio, R. Caliandro, Global
Challenges, 2018, 2, 1700089.

[2] E. Pebay-Peyroula, G. Rummel, Jurg P. Rosenbusch, Ehud M. Landau, Science, 1997, 277, 1676 .

[3] S Sugiyama, M Maruyama, G Sazaki, M Hirose, H Adachi, K Takano, S Murakami, T Inoue, Y Mori, H Matsumura, J
Am Chem Soc, 2012, 134, 5786-9.

[4] A. Landi and D. Padula, Journal of Materials Chemistry A, 2021, 9, 24849.

[5] L. Mustardy, K. Buttle, G. Steinbach, G. Garab, The Plant Cell, 2008, 20, 2552.

[6] S. Das, C. Wu, Z. Song, Y. Hou, R. Koch, P. Somasundaran, S. Priya, B. Barbiellini, ACS applied materials & interfaces,
ACS Appl Mater Interfaces, 2019,11, 30728.
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Food products are complex multiphase materials often including crystalline phases. To give few examples, ice
cream is a semi-solid foam where fat crystals’ aggregates stabilize air bubbles, whereas fine ice crystals provide
the characteristic texture of this popular dessert. The main ingredient of chocolate is instead cocoa butter, a mixture
of triglycerides that result in crystals with a complex polymorphic landscape; choosing the right crystal structure
is necessary to ensure the desired texture, mouthfeel and shelf-life [1].

Precise design and control of food crystallization processes is, hence, essential to guarantee food quality.
Furthermore, food crystalline particles can be precisely engineered to obtain novel multiphase formulation with
enhanced nutritional and textural properties, as well as flavors.

In this work we illustrate how different crystal engineering tools (both experimental and modelling) can be applied
for the design of multiphase formulations stabilized by crystalline particles (e.g., Pickering effect) [2,3]. In
particular, we will focus on the use of crystals of natural molecules such as polyphenols and triglycerides for the
design of novel food ingredients.
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[1] Simone et al. A synchrotron X-ray scattering study of the crystallization behavior of mixtures of confectionary
triacylglycerides: Effect of chemical composition and shear on polymorphism and kinetics. Food Research International, 2024,
177, 113864

[2] Tenorio-Garcia et al. Fabrication and stability of dual Pickering double emulsions stabilized with food-grade particles.
Food Hydrocolloids, 2024, 156, 110327

[3] Del Duca et al. A crystal engineering approach for rational design of curcumin crystals for Pickering stabilization of
emulsions. Food Research International, 2024, 194, 114871.
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Global warming and climate change are closely linked to rising atmospheric CO; levels, which are currently at an
all-time high. While most current efforts focus on emission mitigation, utilizing CO, as a feedstock for the
production of high-demand chemicals, presents a dual advantage: reducing dependence on fossil fuels and helping
to curb CO, accumulation [1].

Formate is a valuable platform chemical that can be synthesized via CO, reduction and serves as a precursor for
various products, including biofuels. Metal-dependent formate dehydrogenases (FDHSs), particularly those
containing molybdenum (Mo-FDH) or tungsten (W-FDH), are promising biocatalysts for this transformation [2].
In this study, FDHs from Methylorubrum extorquens and Rhodobacter aestuarii were selected for structural and
functional characterization, to develop a biomimetic system for sustainable CO, fixation [3] [4].

A structural comparative analysis, consisting of homologous protein sequence sampling and multiple sequence
alignment (MSA), was conducted to identify conserved sequence motifs, potentially involved in cofactor and [Fe-
S] cluster binding. Structural comparison through fold-recognition and crystal structure superposition was also
performed to analyze cofactor positioning and structural conservation.

The investigated FDH coding sequences were cloned in the pET21b(+) vector for heterologous expression in E.
coli BL21(DE3). Initial trials successfully yielded the MeFDH a-subunit and RaFDH B-subunit. After purification,
the functional complexes will be crystallized, cross-linked, and immobilized on a solid support. Coating the protein
crystals with S-layer proteins will enable the assembly of a biocatalytic device for continuous conversion of CO,
into formate.
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Figure 1. Workflow for the development of a biocatalytic unit for continuous CO-to-formate conversion.

[1] R.S. Norhasyima, T.M.I. Mahlia, Journal of CO: utilization, 2018, 26, 323-335.

[2] Mengwei Yuan, Selmihan Sahin, Rong Cai, Sofiene Abdellaoui, David P Hickey, Shelley D Minteer, Ross D Milton,
Angewandte Chemie International Edition, 2018, 57, 6582-6586.

[3] Kyoungseon Min, Yong-Soo Park, Gwon Woo Park, Joon-pyo Lee, Myounghoon Moon, Chang Hyun Ko, Jin-Suk Lee,
Bioresource technologies, 2020, 305.

[4] Ami Kobayashi, Midori Taketa, Keisei Sowa, Kenji Kano, Yoshiki Higuchi, Hideaki Ogata, IUCrJ, 2023, 544-554.
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The Industrial scale use of most conventional pesticides, insecticides and bactericides are unsustainable for
ecosystems, users and consumers. Essential oils (EOs) have been demonstrated to possess antibacterial, antiviral,
antifungal and insecticide effects [1] . However, their ability to evaporate or sublime quickly makes them more
prone to be used in the perfume industry than anywhere else for now. By including them in co-crystal structures
or host-guest arrangements in MOFs or HOFs, synthesized in bulk by mechanochemistry, the stabilization of EOs
increases the timeframe of action by several orders of magnitudes from several days to weeks of effective action
[2].

We developed cocrystal structures for example between thymol and isonicotinamide or niacin or isonicotonitrile,
and carvacrol and isonicotinamide or 8-aminochinoline. We subsequently demonstrated that our carvacrol
cocrystals with isonicotinamide released carvacrol constantly over a timeframes greater than 2 weeks at room
temperature. This highlights the successful modulation of the release profile of EOs into the environment, thus
opening the possibility to exploit their properties in agricultural or food related uses.
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Figure 1. Process of mechanochemical synthesis of cocrystals.

[1] 1. Perricone, M.; Arace, E.; Corbo, M. R.; Sinigaglia, M.; Bevilacqua, A. Bioactivity of Essential Oils: A Review on Their
Interaction with Food Components. Front. Microbiol. 2015, 6, No. 76.

2. Hammer, K. A.; Carson, C. F.; Riley, T. V. Antimicrobial Activity of Essential Oils and Other Plant Extracts. J. Appl.
Microbiol. 1999, 86, 985-990.

3. Bakkali, F.; Averbeck, S.; Averbeck, D.; Idaomar, M. Biological Effects of Essential Oils- A Review. Food Chem. Toxicol.
2008, 46,446~ 475.

[2] Dispensing Essential Oil Components through Cocrystallization: Sustainable and Smart Materials for Food Preservation
and Agricultural Applications. Fabio Montisci, Paolo P. Mazzeo, Claudia Carraro, Michele Prencipe, Paolo Pelagatti, Fabio
Fornari, Federica Bianchi, Maria Careri, and Alessia Bacchi. ACS Sustainable Chemistry & Engineering 2022 10 (26), 8388-
8399 DOI: 10.1021/acssuschemeng.2c01257
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Clay minerals are promising adsorbent materials due to their high surface area, tunable porosity, controllable
particle size, low cost, and environmental compatibility. These characteristics make them especially suitable for
environmental applications such as the removal of emerging contaminants. Among these, pharmaceuticals, illicit
drugs, personal care products, and endocrine-disrupting compounds can pose serious risks to both environmental
and human health even at very low concentrations [1].

Saponite is a trioctaedral smectite clay with a 2:1 layered structure composed of a MgOs octahedra brucite-like
plane sandwiched between two planes of SiO, tetrahedra. The substitution of Si(1V) by AIl(Ill) atoms gives
negatively charged layers, balanced by M?* ions into the interlayer space. The chemical formula is My, [Mgs][Sis-
xAL]O20(0OH)4-nH,0 (0.4 < x<1.2) [2].

This study investigates the effect of the synthetic route (sol-gel and hydrothermal), and of different Si/Al ratios (x
= 0.6, 0.9 and 1.2), compared with a natural saponite from Ballarat on the performance in adsorbing emerging
contaminants from aqueous solutions [3], [4].

X-Ray Powder Diffraction (XRPD) investigations showed differences in the crystallinity depending on both the
synthetic method and composition. The sol-gel sample has a lower degree of crystallinity with respect to the
hydrothermal ones, which are obtained with varying degrees of ordered stacking depending on the Si/Al ratio.
Characterization of the clays was also performed using FT-IR spectroscopy, scanning electron microscopy (SEM),
and transmission electron microscopy (TEM). Different morphologies are observed with the microscopic analysis,
confirming the XRPD observations.

The adsorption efficiency of different nanoclays was investigated using two representative emerging
contaminants: ofloxacin (OFL), selected as a model compound for the fluoroquinolone antibiotic class, and 17a-
ethinylestradiol (EE2), representative of steroid hormones. The nanoclays were exposed to aqueous solutions at
mg L !t concentrations to evaluate their maximum adsorption capacities and compare the performance of the
various adsorbent materials.

The results revealed distinct adsorption behaviors, depending on the chemical characteristics of each compound.
In the case of EE2, the sol-gel synthesized saponite exhibited the highest adsorption capacity. Conversely, for
OFL, the mineral saponite and the hydrothermally synthesized saponites showed better performance.

These results suggest that zwitterionic ofloxacin is better recovered with samples that exhibit higher crystallinity,
due to partial electrostatic interactions with the negatively charged surfaces. On the contrary, hormone adsorption
depends on physical and weak interactions.

[1] D. J. Lapworth, N. Baran, M. E. Stuart, and R. S. Ward, “Emerging organic contaminants in groundwater: A
review of sources, fate and occurrence,” Environmental Pollution, vol. 163, pp. 287-303, Apr. 2012, doi:
10.1016/j.envpol.2011.12.034.

[2] F. Carniato, G. Gatti, and C. Bisio, “An overview of the recent synthesis and functionalization methods of saponite
clay,” New J. Chem., vol. 44, no. 24, pp. 9969-9980, Jun. 2020, doi: 10.1039/DONJ00253D.

[3] R. J. M. J. Vogels, “Synthesis and characterization of saponite clays,” American Mineralogist, vol. 90, no. 5-6, pp.
931-944, May 2005, doi: 10.2138/am.2005.1616.

[4] F. B. Gebretsadik, D. Mance, M. Baldus, P. Salagre, and Y. Cesteros, “Microwave synthesis of delaminated acid
saponites using quaternary ammonium salt or polymer as template. Study of pH influence,” Applied Clay Science, vol. 114,
pp. 20-30, Sep. 2015, doi: 10.1016/j.clay.2015.05.004.
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Modern multi-user laboratories demand powder X-ray diffraction (XRD) systems that deliver outstanding data
quality across a wide variety of applications and sample types, while also ensuring high efficiency and intuitive
operation. The XRDynamic 500 automated multipurpose powder diffractometer from Anton Paar addresses these
needs by combining advanced capabilities—including grazing incidence XRD, non-ambient XRD, small-angle
X-ray scatt