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SCHEDULE 
 

Monday 6th September  
 

8:30-9:00 Congress Opening  

 

Alessia Bacchi, Scientific Committee  

Chiara Massera, Organising Committee  

Paolo Pio Mazzeo, Organising Committee  

 

9.00-10:00 Plenary lecture [Chair: Alessia Bacchi (Università di Parma)]  

Marijana Ðaković, Zagreb University (Croatia)  

Mechanically responsive molecular crystals  

 

MS1: Crystallography of minerals and synthetic analogues  

Chairs: Gianni Andreozzi (Università Roma La Sapienza), Marta Morana (Università di Pavia)  

Invited talks:  

10:30-11:00 KN1 Tiziana Boffa Ballaran, University of Bayreuth  

A crystallographic view of the Earth's mantle  

11:00-11:30 KN2 Ferdinando Bosi, Sapienza University of Rome  

What do we mean by mineral species? 

 
Oral presentations:  

11:30-11:50 O1 Francesco Pagliaro - High-pressure behavior and crystal chemistry of natural 

REE-bearing arsenates and phosphate  

11:50-12:10 O2 Giovanni Orazio Lepore - Short-range order of tunnel cations in hollandite 

supergroup minerals  

12:10-12:30 O3 Maria Chiara Dalconi - A new calcium aluminate phase containing formate from 

the cement industry  

 

MS2: Non-covalent interactions in crystals  

Chairs: Consiglia Tedesco (Università di Salerno), Luca Catalano (Universitè Libre de Bruxelles)  

Invited talks:  

10:30-11:00 KN1 Antonio Frontera, University of Balearic Islands  

Structure guiding role of σ-hole interactions in X-ray structures  

11:00-11:30 KN2 Patrizia Rossi, Università di Firenze  

Investigating NSAIDs salts: A solid-state point of view 

 
Oral presentations:  

11:30-11:50 O1 Fabio Montisci - Cocrystallization of Essential Oils for Food Preservation and 

Agriculture  

11:50-12:10 O2 Emanuele Priola - Solid-state peculiarities and polymorphism in imidazo[1,5-

α]pyridine dyes  

12:10-12:30 O3 Marco Moroni - Bipyrazolate MOF phase transition driven by adsorbent-

adsorbate non covalent interactions: a multi-technique investigation  

 

 

12:30-14:30 Poster Session 1 (MS1-MS4) 
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MS3: Innovative functional materials: crystal growth and properties  

Chairs: Antonio Vecchione (CNR-SPIN, Salerno), Paola Prete (CNR-IMM, Lecce)  

Invited talks:  

14:30-15:00 KN1 Enrico Giannini , University of Geneva  

Magnetic van der Waals materials: structures and physical properties  

15:00-15:30 KN2 Christian Kranert , IISB Fraunhofer  

Facet Growth and Geometry of the Growth Ridge During Dynamic Czochralski Processes 

 
Oral presentations:  

15:30-15:50 O1 Paola De Padova - The Importance of Being Silicene  

15:50-16:10 O2 Piero Mazzolini - Ga₂O₃ polymorphs: tailoring the epitaxial growth conditions  

16:10-16:30 O3 Andrea Sala - Photovoltaic varnishes: chalcogenide based thin film solar cells by 

ultra-low-cost ball milling  

 

MS4: Hot topics in macromolecular crystallography  

Chairs: Giusy Tassone (Università di Siena), Massimo Degano (HSR, Milano)  

Invited talks:  

14:30-15:00 KN1 Andrea Mattevi, Università di Pavia  

NADPH Oxidase: Structure, enzymology and drug design  

15:00-15:30 KN2 KN2 Andrea Ilari, IBPM-CNR Roma  

Trypanothione Reductase: one target, different approaches for the development of a broad-

spectrum trypanocidal drug 

 
Oral presentations:  

15:30-15:50 O1 Vincenzo Mangini - Structural investigations on the interplay between metal ions 

targeting proteins involved in copper homeostasis  

15:50-16:10 O2 Ludovica Lopresti - Structural characterization of YAP-TEAD4 protein-protein 

interaction: an emerging target for cancer treatment  

16:10-16:30 O3 Silvia Fanti - Structural insights into the Catalytic Site of Phosphoribulokinase 

from the green microalga Chlamydomonas Reinhardtii  

 

 

17:00-18:00 Plenary lecture [Chairs: Roberto Fornari (Università di Parma), Andrea Zappettini 

(IMEM-CNR)]  

Juan Manuel Garcia Ruiz, University of Granada (Spain)  

The Crystal and the Rose: The impact of crystals and crystallography on art and mind  

 

Tuesday 7th September  
 

9:00-10:00 Plenary lecture [Chair: Sabrina Nazzareni (Università di Perugia)]  

Mohamed Mezouar, ESRF, Grenoble (France)  

Revealing Phase Transitions and the Emergence of Structural Complexity at the ESRF 

Extremely Brilliant Source  

 

MS5: Integration of diffraction techniques in structural biology  

Chairs: Alessandro Grinzato (Università di Padova), Marina Mapelli (IEO – Milano)  

Invited talks:  

10:30-11:00 KN1 Federico Forneris, Università di Pavia  

The molecular diversity of collagen lysine post-translational modification enzymes  

11:00-11:30 KN2 Montse Soler Lopez, ESFR Grenoble  

Integrative biology to unlock the secrets of protein complexes 
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Oral presentations:  

11:30-11:50 O1 Marco Nardini - Structural Basis of Inhibition of the Pioneer Transcription 

Factor NF-Y  

11:50-12:10 O2 Giorgio Giardina - Cryptic functions and the need for imperfection  

12:10-12:30 O3 Martino Bolognesi - Mapping ion permeation, gating, and drug binding in the 

HCN4 pacemaker channel  

 

MS6: Frontiers in Methods and Techniques for crystal structure characterization  

Chairs: Benedetta Carrozzini (IC-CNR, Bari), Paolo Mazzeo (Università di Parma)  

Invited talks:  

10:30-11:00 KN1 Carlotta Giacobbe, ESRF, Grenoble  

Extremely Brilliant Sources and opportunities. Are we really prepared?  

11:00-11:30 KN2 Piero Macchi, Politecnico di Milano  

The connubium between crystallography and quantum mechanics 

 
Oral presentations:  

11:30-11:50 O1 Nicola Corriero - Machine Learning approach for symmetry prediction from X-

ray powder diffraction patterns  

11:50-12:10 O2 Giulio Lampronti - Reversible quantitative interconversion of three polymorphs 

by ball mill grinding: subtle control of relative polymorph stabilities  

12:10-12:30 O3 Stefano Racioppi - A Topological Approach to the Electronegativity of Atoms in 

Molecules and Crystals  

 

12:30-14:30 Poster Session 2 (MS6-MS8) 

 

MS7: Structure, function, application and dynamics of porous and nonporous crystals  

Chairs: Donatella Armentano (Università della Calabria), Stefano Canossa (Antwerp University)  

Invited talks:  

14:30-15:00 KN1 Marco Taddei, Università di Pisa  

Atomic-level description of the cooperative CO₂ adsorption behaviour in a perfluorinated metal-

organic framework  

15:00-15:30 KN2 Nuria Martín, University of Valencia  

Porous crystalline materials for catalytic applications 

 
Oral presentations:  

15:30-15:50 O1 Rebecca Vismara - The role of pore plasticity during benzene/cyclohexane 

separation in Zr(IV) aromatic-based MOPs and MOFs  

15:50-16:10 O2 Tommaso Battiston - P-induced crystal-fluid interactions in erionite-K: a natural 

nano-sponge  

16:10-16:30 O3 Rossella Arletti - Amino acids adsorption in mordenite zeolite: the effects of 

spatial confinement and pressure  

 

MS8: Structure and Function in synthetic and natural nano and polycrystalline materials  

Chairs: Elisa Boanini (Università di Bologna), Arianna Lanza (ELDICO Scientific – Villigen - CH)  

Invited talks:  

14:30-15:00 KN1 Linda Pastero, Università di Torino  

Bulk vs surface structure in biological apatites  

15:00-15:30 KN2 Andrew Kentaro Inge, University of Stockholm  

Green and stable metal-organic frameworks inspired by metallodrugs 
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Oral presentations:  

15:30-15:50 O1 Anna Vivani - Synthesis and Characterization of Novel Environmentally 

Sustainable FASnI₃ Perovskite Nanocrystals  

15:50-16:10 O2 Stefano Pasini - Optimization of the window layers in Sb₂Se₃ thin-film solar cells  

16:10-16:30 O3 Nicole Balasco - Atomic-Level Three-Dimensional Models of Amyloid-Like Self-

Assembling Peptides Derived by Molecular Dynamics  

 

 

17:00-18:00 Plenary lecture [Chair: Massimo Degano (IRCCS Scientific Institute San Raffaele)]  

Andrea Musacchio, MPI Dortmund (Germany)  

The kinetochore: an intrinsically divisive molecular machine  

 

Wednesday 8th September  
 

MS9: Cristallografia, comunicazione scientifica e società  

Chairs: Chiara Massera (Università di Parma), Pietro Roversi (CNR - Milano)  

Invited talks:  

9:00-9:30 KN1 Ilaria Gimondi  

Using Crystallography in Education and Outreach – insights from the CCDC  

9:30-10:00 KN2 Leonardo Feletto  

How COVID-19 spiked the interest for structural biology  

10:00-10:30 KN3 Chiara Ceci  

Seeing things under a different light: reflections and case studies on communication of 

crystallography from the United Kingdom 

 
10:30-11:00 Premi “progetti di divulgazione delle scienze cristallografiche” 2020/2021  

Francesco Bonì - Cristalli a Raggi X, dalla malattia alla cura. Presenta Gabriele Princiotta  

Paolo Pio Mazzeo - GCI talks to…    Presenta Marta Morana  

Marzia dell’Aera - CrystalMApp  

Maria Romano - Cristallograficamente  

Luigi Scietti - Cosa è la cristallografia e cosa ha fatto/può fare per voi?  

 
 

11:30-12:30 Plenary lecture [Chair: Andrea Ienco (CNR-ICCOM), Sabrina Nazzareni (Università 

di Perugia)]  

Andrea Plazzi, Symmaceo Communications  

What we talk about when we talk about Comics&Science  

 

Thursday 9th September 

 

08:30-9:20 Registration 

 

9:20-9:45 Welcome Address  

Angela Altomare, Presidente AIC  

Paolo Martelli, Prorettore Vicario  

Andrea Zappettini, Direttore IMEM-CNR  

Roberto Corradini, Direttore Dipartimento SCVSA  
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09:45-10:30 Mammi Award  

Chair: Angela Altomare (IC-CNR Bari)  

Martino Bolognesi, Università di Milano  

Protein Crystallography Evolution: a Professional Life-Time Experiment  

 

10:30-11:00 Coffe break  

 

11:00-11:20 Nardelli Award 2020  

Chair: Carlo Mealli (CNR-ICCOM, Firenze)  

Simone d’Agostino, Università degli Studi di Bologna  

Crystal Engineering: Harnessing Intermolecular Interactions for the Design of New Materials  

 

11:20-11:40 Nardelli Award 2021  

Chair: Carlo Mealli (CNR-ICCOM, Firenze)  

Carlotta Giacobbe, ESRF, Grenoble  

Crystallography of asbestos fibers. Challenges and (structural) solutions  

 

11:45-12:00 Best PhD Thesis Award 2020  

Gabriele Cerutti  

Crystal structure and functional characterization of an oligosaccharide dehydrogenase from 

Pycnoporus cinnabarinus provides insights into fungal breakdown of lignocellulose  

 

12:00-12:15 Best PhD Thesis Award 2020  

Rebecca Scatena  

Charge and Spin Density based Properties of Materials  

 

12:15-12:30 Best PhD Thesis Award 2021  

Ilaria Silvestri  

Pioneering strategies for the schistosomiasis treatment by means of a structure-based drug 

discovery approach  

 

12:35-12:40 Best Graduate Award 2020  

Francesco Pagliaro  

Crystal-fluid interaction in MFI zeolites at high pressure  

 

12:40-12:45 Best Graduate Award 2021  

Pia Antonietta Antignani  

Crystallographic orientations and timing relationships of clinopyroxene inclusions in diamond  

 

13:00-15:00 Lunch  

 

15:00-18:30 AIC General Assembly 
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MAMMI AWARD 

 

Protein Crystallography Evolution: a Professional Life-Time Experiment 

 

Martino Bolognesi 

 

aDipartimento di Bioscienze, Centro di Ricerca Pediatrica R.E.Invernizzi, 

Università di Milano – martino.bolognesi@unimi.it 

 
My professional career as a crystallographer has been placed within very significant scientific periods. On one 

hand, as a young scientist I was able to meet the founders of protein crystallography, who were still active and attended 

meetings when I started (1974). On the other, I developed my activities over a time when synchrotron radiation became 

the standard for data collections, supporting incredibly fast high quality diffraction data acquisitions as well as viable 

phasing approaches based on X-ray anomalous scattering. Following all such developments has been a unique and 

enriching experience, which is close to an end, with my retirement at the end of 2021. Nevertheless, the last few years 

have been enriched by two (somehow) unexpected scientific developments: the ‘resolution revolution’ in cryoEM (2015) 

and the recent breaking of the protein folding code, whereby most protein 3D structures can be predicted with high 

accuracy based on machine learning approaches. 

 

To discuss some of the issues mentioned above, I will present historical data on the first few protein structures I 

studied in my career (globins and proteases [1,2]), to move then toward more challenging crystallographic projects 

(protein:DNA complexes) and to a couple of cryoEM protein 3D structures (including a membrane ionic channel; Fig. 1; 

[3]) that highlight how integration of the structural biology methods is the key for facing the complexity and challenges 

posed by functional biological assemblies.  

 

 

 
 

Figure 1. A schematic representation of the HCN4 cardiac ionic channel 

 

 
[1] Blundell, T.L., Brunori, M., Curti, B., Bolognesi, M., Coda, A., Fumagalli, M., Ungaretti, L.  

     J Mol Biol. 1975, 97, 665. 

[2] Bolognesi, M., et al. J Mol Biol. 1982, 162, 839. 

[3] Saponaro, A., et al. Mol Cell. 2021, 81, 2929. 
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NARDELLI AWARD 2020 

 

Crystal Engineering: Harnessing Intermolecular Interactions for the Design of New Materials 

 

Simone d’Agostinoa 

 

aDipartimento di Chimica “Giacomo Ciamician”, Università degli Studi di Bologna, Bologna, Italy. 

 

 
Crystal engineering [1] can be defined as a multidisciplinary branch of chemistry that aims to design molecular solids 

with specific physical and chemical properties through an understanding and manipulation of intermolecular interactions 

governing the final assembly in the resulting solid. Engineering strategies typically rely on the exploitation of 

supramolecular interactions such as hydrogen bonding and coordination bonds. Still, one can also use other interactions, 

such as halogen bonds, π–π interactions, hydrophobic effect, and of course, a combination of them. 

 

In the present talk, I will discuss some, amongst, the latest results achieved from our group in the Crystal Engineering 

field, spanning from the solid-state synthesis and characterization of inclusion complexes obtained by reacting native 

cyclodextrins (CDs) with the UV filters avobenzone (UVA filter) and octinoxate (UVB filter), commonly used in 

sunscreen's formulation, or with bentazon, widely used as a selective herbicide [2,3], to the design and mechanochemical 

synthesis of phosphorescent co-crystals obtained by reaction of organic emitting molecules with polyhalogenated co-

formers [4]. Finally, I will also discuss the effect of solid-solution formation on the order-disorder transition observed in 

supramolecular salts made up of protonated diazabicyclooctane (DABCO) and crown ethers [5], as well as the exfoliation 

properties of the self-complementary molecule 4-pyridinylboronic acid [6]. 
 

 
Figure 1. The multidisciplinary character of Crystal Engineering, in which, of course, Crystallography   plays the lion's share. 

 

[1] G. M. Desiraju J. Mol. Struct. 2003, 656, 5–15.  

[2] S. d’Agostino, A. Azzali, L. Casali, P. Taddei, F. Grepioni. ACS Sust. Chem. Eng. 2020, 8, 13215−13225.  

[3] S. d’Agostino, A. Azzali, F. Grepioni. ACS Sust. Chem. Eng. 2021, Just Submitted.  

[4] F. Spinelli, P. Taddei, B. Ventura, F. Grepioni, S d'Agostino Cryst. Growth & Des 2019, 19, 336−346.  

[5] S. d'Agostino, L. Fornasari, D. Braga, F. Grepioni, M R. Chierotti, R. Gobetto, F. Rossi, Chem. Eur. J. 2018, 24, 15059-15066.   

[6] L. Fornasari, R. Mazzaro, E. Boanini, S. d’Agostino, G. Bergamini, F. Grepioni, D. Braga Cryst. Growth & Des., 2018, 18, 7259–

7263.  
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NARDELLI AWARD 2021 

 

Crystallography of asbestos fibers. Challenges and (structural) solutions 

Carlotta Giacobbe,a  

 
a European Synchrotron Radiation Facility, Grenoble, France 

carlotta.giacobbe@esrf.fr 

 

The choice of studying nano and micro natural fibres can be exciting and lead to successful scientific 

stories, but not always results are immediate and it can take several years to get some.  

One of the main challenges is to obtain an accurate structure analysis of natural samples, as they do 

not form crystals large enough for single-crystal x-ray diffraction (SC-XRD), and their analysis is 

often hampered by reflection overlap and the coexistence of multiple fibres linked together (Figure 

1).  

The advent of high-brightness, fourth generation synchrotron sources and improvements in X-ray 

focusing optics [1] has enabled new techniques for materials investigations with nanometre spatial 

resolution.  

Possibilities for multiscale characterization for environmental mineralogy using the same probe, 

together with the high penetration power and coherence, are some of the most advantageous factors 

of synchrotron X-ray sources and the case of asbestos materials can benefit by the bright and small 

beam available in synchrotron facilities, especially at ID11, the Materials Science Beamline at the 

ESRF. 

Challenges and results collected over the past 10 years studying natural fibres will be shown in this 

contribution. 

 

 
 

Figure 1. Challenges in using diffraction based techniques to analyse natural fibers. 

 

 [1] Snigirev, A. A., Snigireva, I., Grigoriev, M., Yunkin, V., Di Michiel, M., Kuznetsov, S. & 

Vaughan, G. (2007). Proc. SPIE, 6795, 670506 

 

mailto:carlotta.giacobbe@esrf
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BEST PhD THESIS AWARD 2020 

 

Crystal structure and functional characterization of an oligosaccharide dehydrogenase from 

Pycnoporus cinnabarinus provides insights into fungal breakdown of lignocellulose 

 

Gabriele Cerutti1,2,6, Elena Gugole1, Linda Celeste Montemiglio3, Annick Turbé-Doan5, Dehbia Chena5, David 

Navarro5, Anne Lomascolo5, François Piumi4,5, Cécile Exertier1, Ida Freda1, Beatrice Vallone1,2,3, Eric Record5, 

Carmelinda Savino3 and Giuliano Sciara5 

 

1Dipartimento di Scienze Biochimiche “A. Rossi Fanelli”, Sapienza University of Rome, Rome, Italy, 2Istituto Pasteur-Fondazione 

Cenci Bolognetti, Sapienza University of Rome, Rome, Italy, 3Consiglio Nazionale delle Ricerche (CNR) Institute of Molecular 

Biology and Pathology, Rome, Italy, 4Anses, INRAE, Ecole Nationale Vétérinaire d’Alfort, Université Paris-Est, UMR1161 Virologie 

Maisons-Alfort, France, 5INRAE, Aix Marseille Université, BBF UMR1163 Biodiversité et Biotechnologie Fongiques, 163 Avenue de 

Luminy, 13009 Marseille, France. 

gabriele.cerutti@uniroma1.it 

 
Fungal glucose dehydrogenases (GDHs) are FAD-dependent enzymes belonging to the glucosemethanol-choline 

oxidoreductase superfamily [1,2]. These enzymes are classified in the “Auxiliary Activity” family 3 (AA3) of the 

Carbohydrate-Active enZymes database, and more specifically in subfamily AA3_2, that also includes the closely related 

favoenzymes aryl-alcohol oxidase and glucose 1-oxidase [3]. Based on sequence similarity to known fungal GDHs, an 

AA3_2 enzyme active on glucose was identified in the genome of Pycnoporus cinnabarinus, a model Basidiomycete able 

to completely degrade lignin [4].  

In our work, substrate screening and functional characterization showed an unexpected preferential activity of this enzyme 

toward oligosaccharides containing a β(1→3) glycosidic bond, with the highest efficiency observed for the disaccharide 

laminaribiose. Despite its sequence similarity to GDHs, we defined a novel enzymatic activity, namely oligosaccharide 

dehydrogenase (ODH), for this enzyme.  

The crystallographic structures of ODH in the sugar-free form and in complex with glucose and laminaribiose unveiled a 

peculiar saccharide recognition mechanism which is not shared with previously characterized AA3 oxidoreductases and 

accounts for ODH preferential activity toward oligosaccharides. The sugar molecules in the active site of ODH are mainly 

stabilized through CH-π interactions with aromatic residues rather than through hydrogen bonds with highly conserved 

residues, as observed instead for the fungal glucose dehydrogenases and oxidases characterized to date. Finally, three 

sugar-binding sites were identified on ODH external surface, which were not previously observed and might be of 

importance in the physiological scenario. 
 

 

[1] D.R. Cavener J Mol Biol. 1992, 223, 811–4.  

[2] L. Sützl, G. Foley, E.M.J. Gillam, M. Bodén, D. Haltrich Biotechnol Biofuels. 2019, 12, 118. 

[3] L. Sützl, C.V.F.P. Laurent, A.T. Abrera, G. Schütz, R. Ludwig, D. Haltrich Appl Microbiol Biotechnol. 2018, 102, 2477–92. 

[4] F. Piumi, A. Levasseur, D. Navarro, S. Zhou, Y. Mathieu, D. Ropartz Appl Microbiol Biotechnol. 2014, 98, 10105–18. 
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BEST PhD THESIS AWARD 2020 

 

Charge and Spin Density based Properties of Materials 

 

Rebecca Scatenaa and Piero Macchib 

 

aDepartment of Physics, Clarendon Laboratory, University of Oxford, Oxford, United Kingdom 

bDepartment of Chemistry, Materials, and Chemical Engineering, Polytechnic of Milan, Milan, Italy 

rebecca.scatena@physics.ox.ac.uk  

 
In the field of material science, the possibility to predict materials’ properties by the knowledge of their structure is an 

evergreen puzzle. Indeed, any progress in the definition of structure-property relationships, besides progressing our 

fundamental knowledge, significantly contributes to the possibility of selecting and developing functional materials. 

Magnetic materials whose properties rely on superexchange magnetic interactions through diamagnetic ligands are very 

appealing candidates to explore low-dimensional magnetism phenomena by triggering or quenching specific interactions. 

However, such control requires the knowledge of the structural parameters that regulate the magnetic interactions. Bearing 

this goal in mind, we investigated the magnetic properties of some families of coordination polymers such as 

[Cu(HCOO)2L](H2N(CH3)2) [1], [Cu(pyrazine)2L](BF4) [2,3], and [M(NCS)2(thiourea)2] (Figure 1) [4], where L,M are 

the structural variables together with external applied pressure. DFT simulations, elastic neutron scattering, and magnetic 

susceptibility measurements were used to uniquely determine nature and magnitude of the magnetic interactions. For 

these compounds, structural parameters alone could not fully explain the observed trends. Therefore, electron charge 

density distribution was estimated by means of low-T high-resolution SCXRD and DFT simulations [5]. The result was 

analysed through quantum theory of atoms in molecules (QTAIM) [6] and electron density-based bond descriptors were 

obtained and used to explain structure-property relationships in this class of materials. 

 

Figure 1. (a) Structure of [M(NCS)2(thiourea)2] with M=Co2+ or Ni2+ and (b) the bond lengths. (c) Deformation density map for the 

two isostructural materials. 

[1] Scatena, R., Johnson, R. D., Manuel, P., Macchi, P. (2020) J. Mater. Chem. C, 8, 12840–12847. 

[2] Kubus, M., Lanza, A., Scatena, R., Dos Santos, LHR., Wehinger, B., Casati, N., Fioka, C., Keller, L., Macchi, P., Rüegg, C., 

Krämer, KW. (2018) Inorg. Chem., 57, 4934-4943 

[3] Scatena, R., Montisci, F., Lanza, A., Casati N. P. M., Macchi, P. (2020) Inorg. Chem., 59, 10091–10098. 

[4] Curley, S. P. M., Scatena, R., Williams, R. C., Goddard, P. A., Macchi, P., Hicken, T. J., Lancaster, T., Xiao, F., Blundell, S. J., 

Zapf, V., Eckert, J. C., Krenkel, E. H., Villa, J. A., Rhodehouse M. L., Manson, J. L. (2021) Phys. Rev. Mater., 5, 1–12. 

[5] Macchi, P. (2013) Cryst. Rev., 19, 58-101 

[6] Bader, RFW., (1990) Clarendon Press, 438. 
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BEST PhD THESIS AWARD 2021 

 

Pioneering strategies for the schistosomiasis treatment by means of a structure-based drug 

discovery approach 

 

Ilaria Silvestria, Haining Lyub, Francesca Fataa, Matteo Ardinia, Rodolfo Ippolitia, Andrea Bellellic, Qing Chengd, Elias 

S. J. Arnérd, Valentina Z. Petukhovae, Gregory R. Thatchere, Pavel A. Petukhove, David L. Williamsb, Francesco 

Angeluccia 

 

aDept. of Life, Health and Environmental Sciences, University of L'Aquila, Italy, bDept. of Microbial Pathogens and Immunity, Rush 

University Medical Center, Chicago, IL USA, cDept. of Biochemical Sciences, Sapienza University of Rome, Italy, dDept. of Medical 

Biochemistry and Biophysics, Karolinska Institutet, Stockholm, Sweden, eDept. of Medicinal Chemistry and Pharmacognosy, College 

of Pharmacy, University of Illinois at Chicago, Chicago, IL USA. ilaria.silvestri@univaq.it 

 
Members of the FAD/NAD-linked reductase protein superfamily are recognized as important targets in drug development 

for cancers, inflammatory disorders and infectious diseases. However, individual reductases are difficult to inhibit 

selectively due to off target activity decreasing efficacy of the identified compounds. Thioredoxin glutathione reductase 

(TGR), a Sec-containing thioredoxin reductase-like enzyme, has been established as a favorable drug target for the 

treatment of schistosomiasis, a neglected disease afflicting more than 200 million people worldwide. Taking advantage 

of fragments selected from a high throughput screening campaign and using X-ray crystallography combined to functional 

studies, two important secondary sites of the enzyme, namely Site1 and Site2, not directly implicated in the catalytic 

mechanism of the enzyme, have been identified. Compounds binding at Site1 hinder the well-known and conserved 

conformational variations associated with NADPH reduction, acting as a doorstop for cofactor entry; while 2-

naphtholmethylamino analogues bind to Site2 where the specific amino acidic environment enables the serendipitous 

transformation of the initial molecules into a covalent modifier. The so generated electrophilic compound reacts with the 

nucleophilic centers of SmTGR, i.e. the low pka Cys or the C-terminal Sec, inhibiting the enzymatic activity. The two 

distinctive mechanisms of inhibition, here identified, open new routes to selectively inhibit homologous enzymes of 

crucial importance in numerous human diseases. 

 
Figure 1. Site1 and Site2 orientation in TGR dimer respect to the NADPH binding site 

 
[1] Silvestri, I; Lyu, H; Fata, F; Boumis, G; Miele, AE; Ardini, M; Ippoliti, R; Bellelli, A; Jadhav, A; Lea, WA; Simeonov, A; Cheng, 

Q; Arner, ESJ; Thatcher, GRJ; Petukhov, PA; Williams, DL; Angelucci, F. Fragment-Based Discovery of a Regulatory Site in 

Thioredoxin Glutathione Reductase Acting as "Doorstop" for NADPH Entry. ACS Chem Biol., 2018, 13, 2190-2202. 

[2] Silvestri, I; Lyu, H; Fata, F; Banta, PR; Mattei, B; Ippoliti, R; Bellelli, A; Pitari, G; Ardini, M; Petukhova, V; Thatcher, GRJ; 

Petukhov, PA; Williams, DL; Angelucci, F. Ectopic suicide inhibition of thioredoxin  glutathione reductase. Free Radic Biol Med, 

2020, 147, 200-211. 
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In the last decades, several studies have been dedicated to investigate the Pressure-induced intrusion of molecules in 

nanoporous compounds, as this type of phenomenon may lead to new routes for tailoring functional materials. The zeolites 

with the MFI-type structure topology are used as catalysts in some olefins-production processes, representing an appealing 

alternative to the high-energy demanding Steam Cracking process, which presently accounts for ~95% of the total 

worldwide olefins production [1]. At ambient conditions, only the surfaces of the zeolite crystallites are supposed to be 

active in the methanol-to-olefins process. Pressure could significantly improve the efficiency of the catalytic process, 

driving the injection and diffusion of the methanol molecules through the zeolitic channels. In the present work, already 

reported in [2] six MFI-type zeolites with different chemical composition, characterized Fe-, Al- and B-doped siliceous 

frameworks, balanced by Na or H as extra-framework cations, have been synthesized. Their compressional behavior has 

been investigated up to 2 GPa by in-situ powder synchrotron X-ray diffraction using two different hydrostatic pressure 

transmitting fluids: methanol (capable of entering the structural voids of the MFI zeolite) and silicone-oil (a polymeric 

fluid with a kinetic diameter of the molecules larger than the diameters of the structural channels). For each sample, the 

compressibility in silicone-oil has been found to be considerably higher than that in methanol. This difference in the bulk 

elasticity is due to the injection of methanol within the structural voids of the zeolites and the magnitude of the intrusion 

process seems to be influenced by the sample crystal chemistry. Due to the high number of experimental pressure points, 

a phase transition from the monoclinic polymorph (P21/n, stable at room pressure) to the orthorhombic polymorph (Pnma) 

(hereafter MOPT) has been identified at about 0.4 GPa for all the monoclinic zeolites compressed in silicone oil. 

Conversely, only two zeolites compressed in methanol (i.e., a penetrant fluid) show the MOPT and, in these cases, the 

phase transition shifted at greater pressure with respect to what observed with in the silicone oil experiments. A 

comparative analysis of the effect of pressure on the methanol adsorption by the MFI zeolites with different chemical 

composition may provide useful information on their application as catalysts in the methanol-to-olefins conversion 

processes. 

 

 

[1] S.M. Sadrameli. L. Gonsalvi Organometallics. Catalytic Cracking Review 2016, 173, 285–297. 

[2] D. Comboni, F. Pagliaro, P. Lotti, G.D. Gatta, M. Merlini, S. Milani, M. Migliori, G. Giordano, E. Catizzone, I.E. Collings, M. 

Hanfland. Catalysis Today, 2020, 345, 88-96. 
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Diamonds and their inclusions are unique "fragments" of the Earth's mantle, which reveal crucial information about the 

geological processes that occurred within the inaccessible interior of our planet throughout its history. For a long time, 

inclusions in diamonds have commonly been considered syngenetic, i.e., they crystallized simultaneously from the same 

genetic process. However, recent crystallographic studies have challenged the paradigm of syngenesis, suggesting that 

several minerals included in lithospheric diamonds were actually formed before their hosts (i.e., protogenetic) 

[1,2,3,4,5,6]. These determinations may have crucial implications for the significance of the information we acquire about 

diamonds deduced from their mineral inclusions. In particular, syngenesis has been a long-standing prerequisite for 

calculating the age of diamonds by radiogenic dating methods applied on their mineral inclusions [2,3,6]. One of the most 

widely used mineral inclusions for dating diamonds is clinopyroxene (cpx), which is abundant in lithospheric diamonds 

(about 12% of all inclusions [7]) and is datable via Sm-Nd isotopic analyses. Nonetheless, the timing relationships (i.e., 

the syn- versus protogenetic nature) between cpxs and their host diamonds have still been poorly studied.  

In this work, we studied the crystallographic orientations and the timing relationships of 37 cpx inclusions in 9 lithospheric 

diamonds from the Voorspoed kimberlite (Kaapvaal Craton, South Africa) by single-crystal X-ray diffraction. The results 

indicate no specific crystallographic orientations between the cpx and their host diamonds. However, we found multiple 

iso-oriented cpx inclusions in single diamonds (all the crystallographic directions are fixed within a few degrees). This 

suggests that they derived from pre-existing cpx monocrystals partially dissolved during diamond growth, i.e., they are 

protogenetic. The finding of protogenetic cpx inclusions raises questions about the reliability of many diamond formation 

ages obtained by dating cpx inclusions. Chemical diffusion modeling for the Sm-Nd system at pertinent pressures and 

temperatures for diamond formation within the Earth's mantle has demonstrated that the chemical re-equilibration of cpx 

in contact with the diamond-forming media occurs over a very long geological timescale. Therefore, the Sm-Nd system 

of a protogenetic cpx may not be completely reset during its entrapment by the diamond host, and the age obtained by 

dating the cpx inclusion is likely older than the real diamond age. Thus, the use of cpx is not recommended for determining 

the age of lithospheric diamonds. 
 

[1] F. Nestola, P. Nimis, R.J. Angel, S. Milani, M. Bruno, M. Prencipe, J.W.  Harris. International Geology Review. 2014, 56, 1658-

1667. 

[2] F. Nestola, H. Jung, L. A. Taylor. Nature communications. 2017, 8, 1-6. 

[3] F. Nestola, D.E. Jacob, M.G. Pamato, L. Pasqualetto, B. Oliveira, S. Greene, S. Perritt, I. Chinn, S. Milani, N. Kueter, others. 

Geology. 2019, 47, 431-434. 

[4] S. Milani, F. Nestola, R.J. Angel, P. Nimis, J.W. Harris. Lithos. 2016, 265, 312-316. 

[5] P. Nimis, R.J. Angel, M. Alvaro, F. Nestola, J.W. Harris, N. Casati, F. Marone. Contributions to Mineralogy and Petrology. 2019, 

174, 1-13. 

[6] M.G. Pamato, D. Novella, D.E. Jacob, B. Oliveira, D.G. Pearson, S. Greene, J.C. Afonso, M. Favero, T. Stachel, M. Alvaro, others. 

Geology. 2021, 49, 941–945. 

[7] T. Stachel, J.W. Harris. Ore Geology Reviews. 2008, 34, 5-32. 
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The adaptability of crystalline solids to external stimuli has recently attracted widespread attention due to their great 

potential for application in emerging technologies [1]. Despite a number of crystalline responses to external stimuli like 

hear or UV radiation (viz. moving, jumping, splitting, flexing, twisting, curling, or exploding) that have already been 

widely reported, mechanically induced flexibility is still relatively rarely observed among molecular crystals and the 

rational behing those responses is not yet fully understood. Coordination polymers recently emerged as a promissing class 

of materials that, in addition to their unique and tunable properties (i.e. magnetic and electronic properties), proved to be 

ideal model systems for exploring structural prerequisites for delivery of a specific mechanical response. Moreover, they 

offered a range of not hiterto observed mechanical behaviours of crystalline materials as well as fine tunability of their 

responses to external mechanical stimuli.  

In the first report on mechanical flexibility of coordination polymers (CPs) we have shown that crystals of a family of 

Cd(II) polymers are capable of displaying not only exceptional elasticity but also a distinctly different extent of flexibile 

responses [2]. They can actually diversely tolerate exerted force and the diverse tolerability showed to be a result of slight 

differences in the importance of intermolecular interactions in crystal packing. Furthermore, a variability in plastic 

responses was also firstly obsered on crystals of CPs, and here as well the non-covalent bonds proved to be the driving 

force for delivering a desired mechanical output [3]. Several other modes of tunability of crystal adaptability to 

mechanical stimuli as well as unpresedented respones to exerted force will be presented in this talk together with a number 

of custom-made experiments and state-of-the-art techniques for quantification of crystal flexiblity [4,5].  

   

 

 

 

 
 

[1] P. Naumov, S. Chizhik, M. K. Panda, N. K. Nath, E. Boldyreva, Chem. Rev. 2015, 115, 12440. 

[2] M. Đaković, M. Borovina, M. Pisačić, C. B. Aakeröy, Ž. Soldin, B.-M. Kukovec, I. Kodrin, Angew, Chem. Int. Ed. 2018, 57, 14801. 

[3] M. Pisačić, I. Biljan, I. Kodrin, N. Popov, Ž. Soldin, M. Đaković, Chem. Mater. 2021, 33, 3660. 

[4] M. Pisačić, I. Kodrin, I. Biljan, M. Đaković, submitted. 

[5] O. Mišura, M. Pisačić, I. Kodrin, M. Đaković, in preparation. 
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The belief in the existence of a sharp boundary dividing the world of symmetry into the realm of biology and sensuality 

and the realm of minerals and cold rationality has had a crucial impact on studies on early life detection on Earth and 

elsewhere [1]. I have explored the origin of this secular antinomy and found that such a fictitious boundary has 

permeated the landscape of arts and philosophy for centuries. It is shown that crystals and crystallographic theories have 

played a crucial role in the intellectual construction of that presumed boundary [2]. The antinomy is illustrated with a 

debate between the young poet Federico García-Lorca and the young artist Salvador Dali, an archetypal debate to which 

crystals and what they evocate were central. It is concluded that along with the invaluable contribution of 

crystallography to the advancement of science and technology of art preservation, the notion of crystal transcended 

scientific thinking to inspire the arts, from literature to painting, from architecture to dance, from music to filmmaking. 

Thus, the very idea of crystal and crystallographic theories has been highly influential in the world of arts, architecture, 

and culture. The importance and the consequences that the crystalline order has had in the conformation of the 

consciousness, in the conception of the world, and the history of arts goes beyond what has been considered a metaphor 

[3], and it is a subject that needs to be further explored in the future. 

 
[1] García-Ruiz, J. M. Substantia. 2018, 2, 19. 

[2] García-Ruiz, J.M.  IUCrJ. 2021 Submitted.   

[3] Bletter R.H. Journal of the Society of Architectural Historians. 1981, 40, 20-43. 
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Phase transitions are fascinating phenomena at the heart of condensed matter physics. They are induced by a small 

variation of an external parameter such as the pressure, temperature or magnetic field and produce drastic changes in 

materials physical properties. Phase transitions concerns a large variety of systems, type of interactions, thermodynamic 

parameters that are affected, and orders of magnitude. For instance, by slightly increasing the temperature ice become 

water which, by further increasing the temperature, transforms to vapor. By reducing the temperature, metals become 

superconductors and helium convert to a superfluid state. By subjecting it to high pressure and temperature conditions, 

soft opaque carbon graphite transforms to superhard crystalline diamond. Despite this diversity, it is quite remarkable that 

this field of research presents a great unity; unity of concepts and universality of a large number of properties. However, 

“phase transitions” is an archetypal N body problem (large number of interacting particles) and remain a very complex 

field of research with important open questions. For instance, the underlying microscopic mechanisms that induce melting 

and the glass transition are still far from being fully understood. Also, the driving forces behind the emergence of 

complexity are still elusive. This concerns, for instance, the transformation of simple molecular systems into large 

polymeric chains. In this presentation, we will provide examples where the outstanding properties of the ESRF Extremely 

Brilliant Source could play a key role. 
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Chromosome bi-orientation is the pre-condition for successful cell division, but how it is achieved on the molecular level 

in settings as diverse as mitosis and meiosis remains poorly understood. Kinetochores play a decisive role in promoting 

chromosome bi-orientation and in imparting fidelity to the chromosome segregation process. In addition to binding 

microtubules, they recognize and correct improper microtubule attachments, and act as control centers to make the timing 

of cell division contingent on completion of bi-orientation through the spindle assembly checkpoint. How are these 

different activities regulated and integrated within the kinetochore’s structure? To answer this question, our laboratory 

took up the long-term goal of reconstituting kinetochores and their functions in vitro, focusing on human kinetochores as 

model system. The reconstitution is challenging, because kinetochores consist collectively of ~35 core subunits [1], and 

several additional regulatory subunits, for a total of ~100 different polypeptides. The challenge is compounded by the 

embedding of kinetochores in the complex and incompletely understood environment of the centromere, a specialized 

chromatin domain whose organization promotes epigenetic propagation of the kinetochore assembly site through cell 

generations. As a summary of our work so far, I will present three large reconstitutions, comprising two major stable 

kinetochore sub-complexes (each with molecular mass  1 MDa), and the signaling ensemble of the spindle assembly 

checkpoint [1-3]. I will illustrate what organizational principles have emerged from this work, and how they are inspiring 

our current attempts to build the entire kinetochore and its functions in vitro. All three reconstitutions reflect stable 

interactions at thermodynamic equilibrium, and therefore cannot be considered “alive” by any means. The ultimate 

challenge for future in vitro work on the kinetochore, and a more general challenge for any in vitro reconstitution, is to 

ignite energy-dissipating reactions that subtend to regulation. We would like to build particles that, like their cellular 

counterparts, sense bi-orientation (or lack thereof) and turn the checkpoint on or off depending on context. This will 

require the addition of enzymes, most notably mitotic kinases and phosphatases, whose opposing regulation determines, 

at any given time, appropriate context-dependent signaling outcomes.  

 

 

[1] Walstein K, Petrovic A, Pan D, Hagemeier B, Vogt D, Vetter IR & Musacchio A Assembly principles and stoichiometry of a 

complete human kinetochore module, Sci Adv. 2021, 7:eabg1037.  

[2] Piano V, Alex A, Stege P, Maffini S, Stoppiello GA, Huis In 't Veld PJ, Vetter IR & Musacchio A (2021) CDC20 assists its catalytic 

incorporation in the mitotic checkpoint complex. Science 2021, 371:67-71.  

[3] Singh P, Pesenti ME, Maffini S, Carmignani S, Hedtfeld M, Petrovic A, Srinivasamani A, Bange T & Musacchio A. BUB1 and 

CENP-U, primed by CDK1, are the main PLK1 kinetochore receptors in mitosis, Mol Cell. 2021, 81:67-87.  
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Pietro Greco's “Scicomm Uncertainty Principle” states 

 

Δa•Δt ≥ k 

 

where a=accuracy and Δa is therefore the error we make while illustrating science ideas and principles 

in a mainstream context (i.e. to non experts); t=how much a scientific concept/notion is actually 

transmissible and Δt is the error made while trying to communicate in a way fitting what we think is 

our audience's ability to understand. 

k>0 is a constant depending on the topic and the audience we are addressing. 

Given this setting, each attempt of communicating Science is an attempt to make the left side as close 

as possible to k, with precision and understanding mutually limiting themselves. 

 

Comics&Science is one of such attempts, relying on a well known and ever-popular medium: since 

their birth somewhere across XIX and XX Century, depending on definition and on the country, 

comics (fumetti, bandes dessinées, historietas, quadrinhos, manga, manhwa) have proved to be an 

effective tool in conveying ideas and notions in a direct, informal way. 

At the same time, they historically are an entertaiment-oriented medium, a way of spending leisure 

time in a gratifying way. 

Bringing these two sides of the coin together is what Comics&Science is about. 
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Crystal-chemistry is an essential discipline in Earth’s sciences, because it gives insight into the relationship between the 

atomic structure of a mineral and its physical and chemical properties. With the advent of high-pressure techniques, 

crystal-chemical studies have helped constraining the structural variations of minerals as a function of composition, 

pressure and temperature in order to shed light on the chemistry and structure of the deep Earth’s. The close relationship 

between the crystal structure of various mantle minerals and their elasticity is the basis of mineral-physics models used 

to compute velocity profiles for possible candidate mineral assemblages to be compared with seismic observations. 

Several techniques have been used for these crystal-chemistry/elasticity studies, mainly involving the use of diamond 

anvil cell coupled with diffraction and spectroscopy measurements or multi-anvil presses. Examples of the crystal-

chemistry and high-pressure and high-temperature behaviour of relevant minerals of the Earth’s mantle, i.e. garnet, 

akimotoite, bridgmanite, will be presented in order to discuss the strengths and weaknesses of three particular techniques, 

namely X-ray diffraction, Brillouin scattering and ultrasonic measurements. Moreover, these examples will help to 

elucidate how the elastic properties of minerals can be used to constrain the seismic signature of the Earth’s interior.  

 
 

  



21 

 

MS1-KN2 What do we mean by mineral species? 

 

Ferdinando Bosi 

 

Dipartimento di Scienze della Terra, Sapienza Università di Roma, Roma, Italia. ferdinando.bosi@uniroma1.it 

 
What do we mean by mineral species? It is a simple question that is often incorrectly addressed in many (and also recent) 

papers and textbooks. 

Since 1995, this issue was realized by the Commission on New Minerals, Nomenclature and Classification of the 

International Mineralogical Association (IMA-CNMNC) [1,2], and I summarize it here as follows: a mineral species is a 

solid chemical substance that forms by a geological process. Disregarding the geological process, this definition implies 

that a mineral can be crystalline, quasi-crystalline (quasicrystal), or even non-crystalline (amorphous and metamict) [3]. 

In fact, the basic requirement for an inorganic or organic solid phase to be a mineral is to have a chemical homogeneity 

proving its uniqueness. 

What makes mineral species different from one another? In accord with the IMA-CNMNC guidelines, we can set up a 

series of criteria. As most of the mineral species (> 99%) have a crystalline structure, detailed information on their site 

populations may become important in particular for mixed crystals. This compositional criterion implies that “at least 

one structural site in the potential new mineral should be predominantly occupied by a different chemical component 

than that which occurs in the equivalent site in an existing mineral species” [2]. As a mineral species is typically 

characterized by chemical composition and crystallographic properties, its polymorphic forms can be regarded as different 

species if their structures are significantly different [2]. This structural criterion has occasionally been extended to include 

the symmetry in similar structures: e.g., monoclinic K(AlSi3O8) is sanidine, triclinic K(AlSi3O8) is microcline; 

orthorhombic Mg2Mg5Si8O22(OH)2 is anthophyllite, monoclinic Mg2Mg5Si8O22(OH)2 is cummingtonite. Moreover, 

because some mineral species are embedded in the scientific literature, they may be defined by a range of compositional 

variability which does not strictly follow the IMA-CNMNC rules. This historical criterion has been adopted for example 

along the tremolite–actinolite–ferro-actinolite join in amphiboles. 

How can we represent a mineral species? With a pertinent name, accompanied by a chemical formula. In particular, the 

mineral formula should be as consistent as possible with its end-member composition [4]. The latter is an abstract concept, 

but important for unambiguous identification of the mineral and for determining its thermodynamic properties. 

What is the main feature of a mineral most related to its stability? The first-order control on the structure of a mineral is 

the bonding strength that holds the atoms together. Where the constituents in a mineral occur as ions, that mineral may 

be regarded as an arrangement of n+ and n– charges that forms its structure. In accord with the ionic model, the atomic 

charge is the most important feature that affects the cohesive energy of a specific mineral as the product (n+  n–) is 

capable of much larger variation than interatomic distances. Consequently, a heterovalent substitution is expected to 

produce a larger variation in the cohesive energy than a homovalent substitution. This simple conclusion implies that 

minerals with mixed site occupancy should be identified on the basis of the dominant end-member charge arrangement 

rather than dominant end-member composition. This is why the dominant-valency approach is recommended for mineral 

nomenclatures [4]. 
 

[1] E.H. Nickel Can. Mineral. 1995, 33, 689. 

[2] E.H. Nickel J.D. Grice Can. Mineral. 1998, 36, 913. 

[3] F. Bosi, C. Biagioni, R. Oberti Minerals, 2019, 9(10), 591 

[4] F. Bosi, F. Hatert, U. Hålenius, M. Pasero, R. Miyawaki, S.J. Mills S.J. Mineral. Mag. 2019, 83, 627. 
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Rare Earth Elements (REE) are a group of 17 elements, containing the lanthanides and their geochemical cognates Sc and 

Y. REEs are fundamental elements in several high-tech applications, including magnets, catalysis and glass additives. All 

the REEs have been classified as critical raw materials, for their elevated supply risk. Despite their high economic 

relevance, only few studies have been devoted to the crystal chemistry, behavior and phase stability at non-ambient 

conditions of natural REE-bearing minerals, characterized by a multi-REE composition. The REE-composition seems to 

highly influence the stability field of REE-bearing compounds [1] and, in this light, we aim to study the high-P phase 

stability and elastic behavior of four natural multi-REE-bearing minerals, occurring at the Mt. Cervandone deposit 

(Piedmont, Italy): chernovite-(Y), (nominally YAsO4), gasparite-(Ce) (nominally CeAsO4), xenotime-(Y) (nominally 

YPO4) and monazite-(Ce) (nominally CePO4). Chernovite-(Y) and xenotime-(Y) share the same zircon-type structure 

with tetragonal symmetry (space group I41/amd) and are characterized by HREE- (Gd-Lu series) and Y-enrichment. 

Conversely, gasparite-(Ce) and monazite-(Ce) share the same LREE (La-Eu) enrichment and the so-called monazite-type 

structure (space group P21/n). All the selected minerals have been investigated over 20 GPa, using a diamond anvil cell 

(DAC), by means of in situ synchrotron single-crystal X-ray diffraction. For both the zircon-type structure minerals, a P-

induced phase transition has been observed: chernovite-(Y) undergoes a transition to a scheelite-type structure at ~11 

GPa, as previously observed for its synthetic pure analogue YAsO4 [2]. The phase transition in xenotime-(Y) to a 

monazite-type structure, as for synthetic pure YPO4, is observed between 17 and 19 GPa [3]. However, synthetic YPO4 

is characterized by a second phase transition to a scheelite-type structure [3], but in our natural studied sample a similar 

behavior has not been observed at least up to 30 GPa. Conversely, for gasparite-(Ce) and monazite-(Ce), no phase 

transitions occur within the pressure-range under investigation. For all the investigated REE-bearing minerals, both with 

tetragonal and monoclinic symmetry, the bulk compression is mainly accommodated by the REE-coordination polyhedra. 

Whereas in the tetragonal chernovite-(Y) and xenotime-(Y) the [001]-axis is the less compressible direction, due to the 

polyhedral chains running along this axis, in gasparite-(Ce) and monazite-(Ce) the distortion of the REEO9 polyhedra 

leads to the lowest linear compression laying in the (010) plane and, therefore, not coinciding with the direction of chain 

development. The structural analysis also reveals that the arsenates are more compressible with respect to the isostructural 

phosphates. The observed difference in compressibility between phosphates and arsenates is related to the different 

behavior of the As and P coordination tetrahedra: AsO4 shows a significant compression, especially in the low-P regime, 

whereas PO4 substantially behaves as a rigid body under pressure.  
 

[1] Lacomba-Perales, R., Errandonea, D., Meng, Y., & Bettinelli, M. Phys. Rev. 2010 B81, 064113. 

[2] Errandonea, D., Kumar, R., Lopez-Solano, J., Rodriguez-Hernandez, P., Muñoz, A., Rabie, M. G., & Puche, R. S. Phys. Rev. 2011 

B83, 134109. 

[3] Zhang, F. X., Wang, J. W., Lang, M., Zhang, J. M., Ewing, R. C., & Boatner, L. A. Phys. Rev. 2009 B80, 184114. 
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Hollandites [1] are quite common oxides in several geological settings; they are among the most common Mn minerals 

in soils and in Mn dendrites observed on rock surfaces and fractures [2]. Hollandite supergroup minerals belong to the 

so-called tunnel oxides (e.g., [3]), owing to the occurrence of channels delimited by octahedral walls and partially 

occupied by large di- or mono-valent cations (Ba, Pb, Sr, K, Na), H2O groups, and vacancies (Figure 1). The cavities are 

formed by eight oxygen atoms at the corners of a distorted square prism with 4 additional capping oxygen atoms more 

than 3 Å away. Hollandites have general formula XY8O16; octahedral Y sites are occupied by Mn4+ (coronadite group), 

Ti4+ (priderite group) [1], or Si4+, [e.g. 4], partially replaced by lower charge cations, thus balancing the introduction of 

X cations within the channels. The ideal topological symmetry is tetragonal, I4/m (a ≈10.0 Å, c ≈2.9 Å) but partial 

ordering of cations within the channels can yield superstructures and/or decrease in symmetry. In order to investigate the 

local structure of tunnel cations, we performed EXAFS (Extended X-ray Absorption Fine Structure) analyses on Ba, Sr 

and Pb on four samples belonging to the coronadite group. Preliminary results obtained at Ba K-edge indicate a sensibly 

different local environment around Ba atoms compared to the average Ba coordination obtained from crystallographic 

data. The eight Ba-O distances belonging to the prism are generally shorter. The distances between Ba and the 4 capping 

oxygens are divided into two groups as in the model refined by [5] for ferrihollandite; the two “short” Ba-O distances are 

generally shorter that those obtained from the literature, while the two “long” ones are generally longer indicating a locally 

higher distortion. Analysis of EXAFS data collected at Pb L3- and Sr K-edges on the same samples are currently in 

progress; a markedly low EXAFS amplitude suggests a strongly disordered environment for the atoms substituting for 

Ba. Further investigation concerning chemical and crystal structure characterization will be performed in order to compare 

the long-range periodicity with local features around tunnel cations. 

 
 

 

 
 

 

 

 

 

 

 

Figure 1. Crystal structure of hollandite supergroup compounds view approximately along [001]. X = large, light-grey circles, Y = 

grey octahedra, O = small, dark-grey circles.  
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Ca-formate has a long tradition in cement industry as a non-corrosive accelerator of cement setting and hardening it is 

extensively used in prestressed and reinforced concrete applications [1]. Its use has been established on the basis of 

empirical optimization of the mixtures whereas the formate-cement interaction at molecular scale has not been deeply 

investigated and little is known about the fate of formate molecules in the hydrated cement paste. 

We present the crystal structure of a new calcium aluminate phase containing formate. This new phase has been indicated 

as the M-phase and was obtained from a Portland cement paste with the addition of a high dosage of calcium formate. 

The M-phase was additionally obtained by reacting tricalclium alluminate (C3A in cement notation) with calcium formate 

in excess of water. The crystal structure of the M-phase was successfully solved in the R-3 space group of the trigonal 

system on the basis of synchrotron X-ray single crystal diffraction data. The structural model was confirmed by Rietveld 

refinement of the powder diffraction data acquired on the synthesized pure sample. The crystal structure of the M-phase 

resembles that of ettringite, being characterized by columns of AlO6 octahedra alternating with groups of three edge-

sharing CaO7 polyhedra. The formate ions (HCOO)- share two oxygens with Ca polyhedra and are located in the 

interspace between the columns. 

The crystal structure of the M-phase gives evidences of the strong interaction occurring between small organic molecules 

as formate and the calcium aluminate components of the cement phases. The proposed structural model of M-phase fills 

a gap in the knowledge of the possible hydration products of Portland cement and on their interaction with formate ions. 

 

  
 

Figure 1. Left: SEM SE image of M-phase (field of view = 3.3 m). Right: Phase-M crystal structure view along  [0001] direction 
 
 

[1] P. K. Metha and P. J. M. Monteiro, Concrete – Microstructure, Properties, and Materials, third ed., McGraw-Hill, 2006. 
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The interest in π-hole and σ-hole interactions is growing very fast among the scientific community thus allowing the 

understanding, developing and exploitation of new lines of research [1-6]. The distribution of electron density is 

anisotropic in the elements of groups 15-17 due to the coexistence of lone pairs and σ–holes on the same element. The 

number of lone pairs varies from 0 to 3 and the number of σ-holes from 1 to 4 on going from group 14 to group 17 (if 

multivalent species of the heavier elements are not considered). The number and location of positive and negative 

electrostatic potential regions at the surface of atoms is related to the number and position of the covalent bonds the atoms 

are engaged. That is, the elements of groups 14, 15, 16, and 17 most frequently form four, three, two, and one covalent 

bonds that coincide with the number of σ-holes opposite to these bonds. 

In this communication, σ-hole interactions involving elements of groups 14 to 17 are analyzed and compared using both 

a theoretical perspective and also using the Cambridge Structural Database. The theoretical analysis not only compares 

the properties within the same group but also in the same period. Illustrative examples retrieved from the CSD where σ-

hole interactions are relevant in the solid state as structure guiding contacts are highlighted. 
 

 

Figure 1. Tetrel in the solid state of CSD refcodes VUZVUH (a), QAHXIG (b) BIBQIN (c) and BAJWOY (d) X-ray structures 

(represented in ball & stick). The TtBs are represented using dashed lines. The values of distances (Å) and angles of 

interactions are indicated close to the contacts. 
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Non-steroidal anti-inflammatory drugs (NSAIDs) represent a widespread group of analgesic Active Pharmaceutical 

Ingredients (APIs) which are used to reduce pain and inflammation. Under the general name of NSAIDs different classes 

of compounds are comprised, the most important of which is that formed by arylpropionic acids, including ibuprofen, 

ketoprofen and naproxen. Due to their low solubility in water such APIs are administered as salts. 

 

 

 
Figure 1. Ibuprofen (left), ketoprofen (middle), naproxen (right).  

 

In recent years, our attention has been focused on the study of arylpropionic acid NSAIDs salts, in particular organic ones 

containing the above-mentioned APIs [1-3]. 

The idea that has driven our research is that an in-depth solid-state analysis, and the knowledge of the intermolecular 

forces that bring to the formation of the solid forms, is of fundamental importance to determine their stability and to better 

understand their behaviour (polymorphic and pseudo-polymorphic transitions, for example) under different 

environmental conditions.  

More recently, the possibility of obtaining enantiomers separation through the formation of diastereomeric salts has been 

investigated. In fact, due to the presence of a stereogenic center, the arylpropionic acid NSAIDs exist as a pair of 

enantiomers, of which only the S one is the API. 

Although the racemic mixture is generally used, over the last years the interest in using the single-enantiomer drug has 

increased due to undoubted advantages, such as easier pharmacokinetic and pharmacodynamic profile, lower prescribed 

amount, higher therapeutic index, quicker activity.  
 

[1] P. Rossi, E. Macedi, P. Paoli, L. Bernazzani, E. Carmignani, S. Borsacchi, M. Geppi Crystal Growth & Design 2014, 14, 2441. 

[2] P. Rossi, P. Paoli, S. Milazzo, L. Chelazzi, M. P.G. Guerrini, A. Ienco, M. Valleri, L. Conti Crystals 2020, 10, 659. 

[3] P. Rossi, P. Paoli, L. Chelazzi, S. Milazzo, D. Biagi, M. Valleri, A. Ienco, B. Valtancoli, L. Conti Crystal Growth & Design 2020, 

20, 226. 
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The ever-increasing attention on environmental problems and sustainability has highlighted several problems related to 

the use of conventional pesticides in the agricultural industry, e.g., toxic residues in the soil and hazards for the 

environment and human health [1]. In the search for natural antimicrobial and insecticide alternatives, essentials oils 

(EOs) have emerged as promising candidates not only as natural pesticides, but also as active pharmaceuticals ingredients 

and food preservatives [1-4], thanks to their high content of terpenes, terpenoids and aromatic compounds. One of the 

drawbacks of EOs derivatives is that most of them are liquids or low melting point solids, which poses some practical 

and logistic difficulties. As we showed in a recent study [3], a possible workaround is to exploit cocrystallization to tune 

their physical properties and hence extend their applicability. Indeed, by choosing the right coformers, we can generate a 

network of intermolecular interactions that traps the molecule of interest in a more stable solid form, and even improve 

certain characteristics like its shelf life or performances [3, 4]. We here report a study on cocrystals of natural components 

of thyme and oregano, regioisomers thymol (solid) and carvacrol (liquid), which present bioactivity against bacteria and 

fungi, as well as many pharmacological properties [3, 5]. As coformers, we employed rigid nitrogen containing molecules 

prone to act as HB acceptors (isonicotinamide, pyrazine, 2,3,5,6-tetramethylpyrazine, and 2,3-dimethylquinoxaline). The 

cocrystals were prepared mechanochemically in a green solvent-free manner, and their purity, structure and stability were 

investigated via powder and single-crystal XRD, DSC, TGA and DFT calculations. Moreover, each cocrystal was also 

tested in terms of EO release by headspace GC-MS analyses over 14 days. We show how cocrystallization affects the 

delivery profile of the EO, improving the release over time of pure thymol and carvacrol, which is desirable for 

agricultural and food industry applications. We also report the conversion of a cocrystal to a new structure with different 

stoichiometry, which seems to afford a delayed boost of EO release that could be very interesting for food preservation. 
 

 

 

Figure 1. Exemplificative scheme of the stabilization of natural substances via cocrystallization. 
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Imidazo[1,5-α]pyridines are a family of heteroaromatic polycyclic compounds that showed in the last decades a multitude 

of applications: from luminescent compounds for OLED technology to ligands for a multitude of different metals. In 

medicine, they have been applied as anticancer molecules or enzymatic inhibitors.[1][2] An enormous effort in perfecting 

the synthesis of all the different kind of derivatives and to maximize the performances has been done.[3][4] However, 

although some structural results have been collected in literature, no systematic analysis has been performed. We manage 

to crystallize and analyse with X-ray diffraction a family of 15 differing molecules (4 of them in more than one crystal 

forms), and some surprising general trends have been observed: from the tendency to polymorphism, to a frequent 

appearance of non-centrosymmetric space group in absence of chiral centres, or the presence of more than one non-

equivalent molecules in the asymmetric unit. These characteristics are much more that exotic games and can either 

influence the known properties or open new frontiers of research into this stimulating theme of research. 
 

 

 

 
Figure 1. Luminescence, pseudosymmetry and conformational polymorphism in imidazo[1,5-α]pyridine. 
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Water contamination by mercury is a contemporary global concern due to its wide environmental spread, mainly caused 

by anthropogenic activities, and its toxic effects on the living organisms. To detect or remove heavy metals from water, 

adsorption is both economic and effective, though the inorganic adsorbents investigated so far show several limitations 

[1]. Metal-organic frameworks (MOFs) [2], crystalline porous materials built up by the coordination of metal cations to 

multidentate organic ligands, possess great potential to fix these issues [3]. 

In this context, a multi-technique approach, combining powder X-ray diffraction structural studies with electronic-state 

transition spectroscopy (UV-Vis absorption and fluorescence) and advanced in silico modeling, enabled us to shed light 

on a phase transition selectively driven by mercury adsorption. Exploiting the ligand carbon-carbon triple bond to trigger 

host-guest MOF-mercury interactions, the novel MOFs Zn(BPE) and Zn(BPE)nDMF [i-Zn and ni-Zn; H2BPE = 1,2-

bi(pyrazol-4-yl)-ethyne; DMF = dimethylformamide] were prepared as microcrystalline powders. The two MOFs possess 

a 3D (interpenetrated, i-Zn, or not interpenetrated, ni-Zn) network with 1D channels. While ni-Zn converts into i-Zn 

after 1-day water suspension, the latter is water stable for at least 15 days and was thus selected for the functional 

properties study. 1-hour suspension of i-Zn in HgCl2(aq) (10-500 ppm) unveiled a partial but progressive conversion into 

Hg@ni-Zn consequent to HgCl2 adsorption. Suspending i-Zn into 500 ppm HgCl2(aq) for increasing amounts of time, the 

equilibrium among i-Zn and Hg@ni-Zn was reached within 10 min. No transition was observed in the same experimental 

conditions when HgCl2 was substituted by a selection of Group I and Group II metal chlorides. The two MOFs excitation 

spectra maximally differ in correspondence of a charge transfer band peaked at 365 nm. Upon exciting at 365 nm, intense 

fluorescence peaked at 470 nm is detected for ni-Zn, which is partially quenched for i-Zn, due an excitation energy 

transfer through the - (triple bond-triple bond) interactions between the two interpenetrated networks. This excited-

state dynamics is confirmed by TD-DFT calculations. This spectroscopic benchmark was exploited to i) measure the 

Hg@ni-Zn fractional concentration in the batches recovered from 10-500 ppm HgCl2(aq); ii) monitor in real-time the i-

Zn to Hg@ni-Zn interconversion kinetics at different HgCl2(aq) concentrations, unveiling a sizeable fluorescence increase 

within a 1 h time lapse even at 5 ppb. DFT calculations on model systems representing i-Zn and ni-Zn highlighted the 

inability of HgCl2 to be adsorbed in i-Zn, and the insurgence of interactions among HgCl2 and the carbon-carbon triple 

bond in ni-Zn. 

This case study contributes to shed light on the chemical and structural features a MOF should possess for its employement 

in luminescence-based sensing of heavy metals in water under mild experimental conditions. 
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The possibility to create atomically thin materials, whose physical properties can be tuned by the thickness, has marked 

the last decade and will revolutionise future electronics. In addition, if a long-range magnetic order can by stabilised in a 

pure 2D material, exotic physical phenomena can be observed and new exciting perspectives open in the field of 

spintronics.  

First demonstrated in Cr2Ge2Te6 and CrI3 by-layer and monolayer in 2017 [1,2], stable magnetic order in 2D is now found 

in a dozen of van der Waals materials, but is predicted to exist in more than 80 compounds [3]. Depending on the magnetic 

transition metal ion, various lattice symmetries are possible and the most common is either honeycomb hexagonal or 

triangular. The strength of the spin-orbit coupling determines the magneto-crystalline anisotropy, which in turn favours 

the magnetic moments to orient isotropically (Heisenberg-type), in an easy plane (XY-type) or along an easy axis (Ising-

type), giving rise to either ferromagnetic, A-type antiferromagnetic or various in-plane antiferromagnetic orders. Multiple 

magnetic transitions occur, and new exciting physical properties appear, that can be tuned by the applied field, thickness, 

strain, chemical doping and engineered by stacking different monolayers to form heterostructures. 

In this presentation, the structural peculiarities of various magnetic van der Waals materials will be reviewed, as well as 

the crystal growth techniques to fabricate them [4]. For selected materials, the magnetic phase diagrams will be shown, 

drawing particular attention to the experimental techniques that allow tracking the magnetic state in atomically thin layers. 

  

 
Figure 1. Ferromagnetic 2D monolayer of CrI3 
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Growth ridges have been the first indicator of dislocation-free growth of crystals from melt for decades. Sudden changes 

of their shape or, more strikingly, their disappearance are clear signs of dislocations formed in the crystal. However, the 

growth ridge also holds valuable additional information, about the growth process, such as the temperature gradient at the 

outer surface of the crystal and the relation between axial and azimuthal heat fluxes. This information was neglected for 

a long time even though, figuratively speaking, the growth ridge can be understood as a diary of the growth process which 

just needs to be read and interpreted. 

In the past years, we developed a routine for measuring the growth ridge geometry based on optical profilometry. Due to 

the growth ridge being exposed at the lateral surface of the crystal, this optical method can in general be applied non-

destructively. It allows the necessary high-resolution detection of the 3D geometrical parameters over the full crystal 

length [1]. 

In order to interpret the measured data, a theoretical understanding of the formation of the growth ridge is crucial. The 

foundations for that were laid by Voronkov, who gave a theoretical description of the growth ridge geometry for stationary 

growth conditions [2], which well describes the experimental results in the limit of a constant crystal diameter. However, 

real crystal growth processes always involve fluctuations of the crystal diameter and their control resulting in non-

stationary facet growth as observed e.g. in Figure 1. Based on a simplified model taking these fluctuations into account, 

which we incorporated into Voronkov’s theory on the growth ridge geometry [3], we are able to model the observed 

variations of the geometry parameters as a result of growth fluctuations. The underlying theory tells which geometrical 

parameters are relevant and gives insights into the condition at the crystal edge during growth. 

In our contribution, we will describe the experimental and theoretical approach for the growth ridge analysis. Further, we 

will open a few diaries of crystals and have a look on which story about the growth process they are telling us. 
 

     

 
Figure 1. Growth ridge of Cz silicon crystals, a) with fluctuating size and b) with strongly asymmetric shape. Both effects are results 

of the non-stationary conditions during growth. 
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2D artificial elemental materials with the suffix -ene of the III, IV, V and VI groups that came after 

the progenitor silicene [1] have been enormously attracted the attention of the scientific research 

world both from experimental and theoretical point of view. 

In particular, the search for new 2D silicon systems pushes towards the epitaxial growth of silicene 

and multilayer silicene on Si (111), through the formation of a metal-silicon interface. 

The synthesis of silicene and multilayer silicene have been obtained, taking into account the two main 

phases,  and , that the bismuth atoms form on the Si (111) substrate. Reflection electron energy 

loss spectroscopy and Auger electron spectroscopy, as a function of the electron beam incidence 

angle, low electron energy diffraction, as well as grazing-incidence x-ray diffraction, scanning 

tunneling microscopy (STM), and scanning tunneling spectroscopy will be presented [2]. 

 

 

 

[1] Springer Handbook of Surface Science, Rocca, Rahman, Vattuone Editors, 2020. 
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Gallium oxide is a wide bandgap semiconductor (Eg ≈ 4,6-5,3 eV) interesting for various applications 

such as power electronics and solar-blind UV photodetectors. Ga2O3 presents different polymorphs, 

with the monoclinic β being the only thermodynamically stable and so far the most investigated one. 

Nonetheless, large interest is recently building up also on metastable polymorphs; in particular, α- 

and k- (also referred as ε-) Ga2O3 possess peculiar characteristics which could be particularly 

advantageous for optoelectronic devices, e.g., higher crystallographic symmetry with respect to β, 

which favors heterostructure fabrication and deposition on relatively cheap substrates (i.e., c-plane 

sapphire), and different physical properties like ferroelectricity for ε, while α presents the highest 

bandgap of all of the polymorphs (Eg = 5.3 eV).  

Therefore, being capable of synthesizing metastable polymorphs of Ga2O3 in the form of thin films 

is a topic of major interest in this field. In this talk, a literature survey will be presented along with 

own data on epitaxial growth of Ga2O3 so to (i) define the synthesis parameters for various chemical 

and physical vapor deposition techniques (CVD and PVD) and (ii) critically discuss the possible 

physical reasons behind these results. 

  



34 

 

MS3-O3 Photovoltaic varnishes: chalcogenide based thin film solar cells by ultra-low-cost ball 

milling 

 

Andrea Sala,a,b Elena Del Canale,a,c Massimo Mazzer,a Stefano Rampino,a Francesco Pattini,a Edmondo Gilioli,a  

Davide Delmonte,a 

 

aIMEM-CNR, Parma, Italy. andrea.sala@imem.cnr.it 

bDipartimento di Scienze della Chimiche della Vita e della Sostenibilità Ambientale, Università degli Studi di Parma, Parma, Italy 

cDipartimento di Scienze Matematiche Fisiche e Informatiche, Università degli Studi di Parma, Parma, Italy 

 

Nowadays, photovoltaics is one of the most proficient energy sources used to combat climate change. Semiconductor 

technologies, such as silicon-based ones, are characterized by very low costs and mild environmental impact. Despite 

this, if a single p-n junction can ideally reach 33% of conversion efficiency, silicon has a physical limit, and it cannot 

overcome 27.6% (NREL source). Besides, the best efficiencies worldwide are actually obtained via multi-junction devices 

which are extremely expensive and require specific irradiation condition to properly work. Thin film solar devices allow 

to reduce the quantity of material employed as absorber, potentially keeping invariant the performances. This is possible 

exploiting materials characterized by higher absorption coefficients than classical silicon. On the contrary, the main 

problem of those technologies is related to the synthesis cost. In the chalcogenides, with general formula Cu(InxGa1-

x)(S,Se)2, the control of cationic and anionic substitutions can be used to finely tune the bandgap. Anion substitution with 

sulphur instead of selenium leads to a significant increase of the optical bandgap; a subsequent partial cation substitution 

with gallium can in principle be used to extend it even more. Despite the lower toxicity, if compared to the parent 

selenides, the sulphides, such as CuInS2 (CIS) or Cu(InxGa1-x)S2, are less utilised in thin film technologies due to severe 

drawback in the sample. 

We present an alternative and totally new method for the synthesis of S-based chalcogenides and the production of cheap 

and self-standing thin film solar cells. The reaction is obtained starting from the binary chalcogenides by 

mechanosynthesis (MC), in a high energy planetary ball milling. The synthesis conditions can be tuned by changing few 

fundamental MC parameters: the engine rotation velocity (rpm), the balls diameter and hardness, ball-to-powder ratio, 

and time. Thanks to this method it is possible to prepare great quantities of such sulphides in short time and in an easy 

and “green” way [1]. Here we report on the formation of a stable suspension of the MC products, by a proper Liquid 

Assisted ball milling refinement. After having found precise particle concentration of the suspension, a varnish is created 

and can be literally painted on a proper substrate, guaranteeing a good degree of control of the uniformity and thickness 

of the final layer. Subsequently, varnishes deposited on transparent conductive oxides (TCO) or on a molybdenum layer 

pre-covered with a thin layer of a dopant (NaF), have been sintered through a few-step process: (1) in a first phase, the 

layer is pre-densified through a simple hydraulic jack; (2) secondly it is annealed in a N2 controlled atmosphere to improve 

crystallinity and adhesion. The so-obtained film is then (3) buffered with CdS through a proper Chemical Bath Deposition 

(CBD). A final densification (4) is required to completely consolidate the interfaces and stabilize the absorbing thin film. 

Finally, the p-n junction is completed by depositing, via RF-Sputtering technique, two very thin window layers of undoped 

and Al-doped ZnO layer (constituting the transparent and conductive top contact of the cell). Concluding, the introduced 

low-cost processes of synthesis, preparation, and development of CIS varnishes/inks-based solar cells, open the route for 

their rapid industrial scalability mainly in the field of Building or Product Integrated PhotoVoltaics (B-PIPV), as semi-

transparent modules over wide rigid/flexible surfaces.  

 

[1] D. Delmonte et al, Semicond. Sci. Technol, 2020, 35, 045026. 
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NADPH oxidases (NOXs) are the only known human enzymes solely in charge of ROS production. In addition to their 

roles in the innate immunity and response to stressful conditions, NOXs are part of the redox signaling pathways that 

sustain cell proliferation, oncoprotein (e.g. RAS) driven cell transformation, and tumor microenvironment manipulation. 

NOXs are tightly controlled and understanding the molecular mechanisms underlying their isoform-specific regulation is 

an open issue with far-reaching implications for drug design. 
Because of their membrane association and poor stability, NOXs continue to resist extensive structural investigations. In 2017, our 

group in Pavia has solved and published the first crystal structures of the dehydrogenase and transmembrane domains of a bacterial 

NOX5, 40% identical to human NOX5 [1-3]. Computer modelling was then used to view the overall structure of the NOX catalytic 

core. This landmark result revealed the structural basis for flavin reduction, “across-the-membrane” electron transfer, and ROS 

generation on the outer side of the membrane. Moreover, this work generated the first tools (crystals, recombinant proteins, 3D models, 

enzymatic assays) for drug discovery, highlighting the NADPH- and oxygen-binding sites as potential targets for structure-based 

inhibitor development. In parallel to the structural studies, we have thoroughly investigated the putative NOX inhibitors that have been 

reported in the literature. Initially, this work focused on NOX5 but it was later extended to human NOX4 and human NOX2. This 

painstaking project led us to realize that virtually all known NOX inhibitors (31 of them were evaluated) suffer from off-targets effects, 

such as ROS scavenging and assay interference. This issue is so overwhelming that it was impossible to discern between the non-

specific effects exerted by these compounds and their specific binding to NOXs (if any [4]). We have therefore employed the NOX5 

dehydrogenase domain as our initial platform to carry on a drug design campaign. To this end, together with our collaborators at 

Harvard Medical School and Dana Farber Cancer Institute, we have conducted an ultra large-library computational screening using our 

NOX5 dehydrogenase domain PDB structure. We have evaluated the chosen library using a robust and high throughput workflow 

comprising primary and orthogonal assays as well as control assays to probe assay interfering compounds and ROS scavengers. Protein 

crystallography studies of the protein with the best hits have yielded for the first-time a crystal structure of this class of enzymes in 

complex with our studied inhibitors. Accordingly, our current efforts rely on the study and development of new and effective isoform-

specific NOX inhibitors and the understanding of their effect on cancer model cells in which NOXs have a key role. 

The presentation will summarize our recent efforts to overcome these issues in drug design and the ongoing work on tackle the 

structures of human NOXs using both crystallography and cryoEM. 

 

[1] Magnani, F., Nenci, S., Millana Fananas, E., Ceccon, M., Romero, E., Fraaije, M.W., Mattevi*, A. (2017) Crystal structures and 

atomic model of NADPH oxidase. Proc. Natl. Acad. Sci. USA 114, 6764-6769. 

[2] Oosterheert, W., Reis, J., Gros, P., Mattevi, A. (2020) An Elegant Four-Helical Fold in NOX and STEAP Enzymes Facilitates 

Electron Transport across Biomembranes-Similar Vehicle, Different Destination. Acc. Chem. Res. 53, 1969-1980. 

[3] Magnani, F., Mattevi*, A. (2019) Structure and mechanisms of ROS generation by NADPH oxidases. Curr. Opin. Struct. Biol.59, 

91-97. 

[4] Reis J, Massari M, Marchese S, Ceccon M, Aalbers FS, Corana F, Valente S, Mai A, Magnani F, Mattevi, A. (2020) A closer look 

into NADPH oxidase inhibitors: Validation and insight into their mechanism of action. Redox Biol. 32, 101466. 
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Trypanothione reductase (TR) is a key actor in the redox homeostasis of Trypanosomatid parasites, critical for 

survival in the oxidative environment generated by the host to fight infection. TR is considered an attractive target for the 

development of broad-spectrum anti-trypanosomal agents as it is highly conserved and essential for parasites but has no 

close homologue in humans. However, the high efficiency and turnover constitute a main limitation of TR as a drug target 

such that only potent inhibitors can significantly affect parasite redox state and viability.  

In the last decade we focused on the structural characterization of TR and on the identification of new molecular 

scaffolds targeting this protein. We exploited different strategies and techniques including fragment-based crystal 

screening, very recently performed at the XChem platform at Diamond Light Source. Fragment-based screening is a 

powerful approach to targeted drug discovery in that it leads the identification of new binding small molecules as well as 

unnoticed interaction hotspots, aiding the design of effective compounds by merging different scaffolds or driving the 

discovery of new mechanisms of inhibition. 

 

Figure 1. Trypanothione reductase from T. brucei 
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Essential metals are fundamental in biological systems and play a central role in key biological reactions. Due to the 

delicate mechanisms in which metals are involved, the cell must be able to selectively uptake the ions, to keep their 

concentration constant and to excrete the exceeding ions. Copper (Cu) is required for maturation of cuproenzymes, cell 

proliferation, and angiogenesis, and its transport entails highly specific protein-protein interactions. In humans, the 

chaperone Atox1 mediates Cu delivery to P-type ATPases Atp7a and Atp7b (the Menkes and Wilson disease proteins, 

respectively), which are responsible for Cu release to the secretory pathway and excess Cu efflux. [1] Nevertheless, other 

physiological and non-physiological metal ions are able to interfere with Cu exchange mechanisms. 

Here, the interaction between Atox1 and platinum (Pt) has been investigated by using X-ray crystallography, thus 

providing the structural basis for inhibition of Cu trafficking by Pt and for the uptake, sequestration, and efflux from cell 

of Pt-based drugs. X-ray diffraction investigations have disclosed the Pt binding sites of Atox1, and shown that the metal 

binding site of the Atox1 dimer is partially occupied by a Pt ion, with Cu ions completing the site occupancy [2]. Thus, 

the Pt ion is able to replace partially the Cu ion, leading to a disruption of the process that regulates Cu level. A further 

study has revealed the structural mechanisms underlying the interaction between a Pt-based anticancer drug (cisplatin), 

Atox1, and the first domain of Menkes ATPase, Mnk1 [3]. It was possible to determine the atomic structure of the 

heterodimer made by the two proteins in the act of interacting simultaneously with a Cu ion and the Pt drug. Overall, 

crystallographic and nuclear magnetic resonance investigations demonstrated that the kinetic inertness of the Pt derivative 

imparts a bullet time effect to the fast process of Cu exchange between Atox1 and Mnk1, by freezing the Cu ion or 

hijacking it to glutathione (Figure 1). Thus, the anticancer drugs can interfere with the rapid exchange of Cu between 

Atox1 and Mnk1, with possible consequences on cancer cell viability and migration. 
 

 

 
Figure 1. Cisplatin breaks the equilibrium of Cu exchange between Atox1 and Mnk1 

 

[1] D. Denoyer, S. Masaldan, S. La Fontaine, and M. A. Cater. Metallomics. 2015, 7, 1459.  

[2] B.D. Belviso, A. Galliani, A. Lasorsa, V. Mirabelli, R. Caliandro, F. Arnesano, G. Natile, Inorg. Chem. 2016, 55, 6563. 

[3] A. Lasorsa, M.I. Nardella, A. Rosato, V. Mirabelli, R. Caliandro, R. Caliandro, G. Natile, F. Arnesano. J. Am. Chem. Soc. 2019, 

141, 12109. 

  

mailto:vincenzo.mangini@ic.cnr.it


38 

 

MS4-O2 Structural characterization of YAP-TEAD4 protein-protein interaction: an 

emerging target for cancer treatment 

 

Ludovica Lopresti,a Cecilia Pozzi,a Lorenzo Tagliazucchi, c Domenico D’Arca,b  

Gaetano Marverti, bMaria Paola Costi, c and Stefano Mangania 

 

aDipartimento di Biotecnologie, Chimica e Farmacia, Università degli Studi di Siena, Siena, Italy 

bDipartimento Neurobiomet and cDipartimento di Scienze della Vita, Università degli Studi di Modena e Reggio Emilia, Modena, 

Italy. 

lopresti4@student.unisi.it 

 
The Hippo pathway is a signalling network which plays a key role in tissue homeostasis and organ size control, by 

regulating cell growth, proliferation and apoptosis. Once activated, the signalling transduction involves a core kinase-

cascade, resulting in the phosphorylation, cytoplasmic retention and subsequent degradation of the Yes-associated protein 

(YAP). YAP is a DNA transcription co-activator without an intrinsic DNA binding domain, which, in its hypo-

phosphorylated status, translocates into the nucleus and directly interacts with several DNA-binding partners. In 

mammalian cells, YAP primarily binds all four transcriptional enhancer associate domain (TEAD1-4) family members 

[1]. Since TEADs transcription factors are, in turn, unable to induce gene transcription, the interaction between YAP and 

TEAD is essential for the expression of Hippo pathway-downstream genes, involved in cell proliferation and apoptosis 

[2]. All four human TEADs (hTEADs) allocate an acylation binding site that is occupied by palmitic/myristic acid in 

physiological condition, but the influence of TEAD acylation on YAP:TEAD interaction is yet not fully understood [3]. 

Dysregulations of the Hippo pathway are associated with tumorigenesis, thus targeting YAP:TEAD interaction is an 

emerging, attractive therapeutic strategy in the oncology field [4]. To date, very few YAP:TEAD4 inhibitors have been 

reported and the development of new molecules targeting this protein complex remains challenging [5]. Structural 

information is missing and more work is necessary to contribute to function and ligand design. Here, we report the 

development of reliable protocols for co-expression, co-purification and crystallization of the TEAD-binding domain 

(TBD) of human YAP (hYAP) (fragment 50-171) in complex with the C-terminal YAP-Binding Domain (YBD) of 

hTEAD4 (residues 217-434). Crystals of the hYAP-hTEAD4 complex were obtained using the microseeding 

crystallization technique, leading us to obtain the first structural characterization of the de-acylated state of this complex. 

The overall structure of de-acylated TEAD4 closely resembles that of the acylated protein in agreement with the 

biochemical and cellular assays of Mesrouze et al (3), assessing that acylation is not required for the interaction with 

hYAP, but it contributes to TEAD4 stability. However, some differences have been detected in the conformation of 

hYAP1 and in the orientation of its flexible N-terminal region. Our investigation aims to the unveil the mechanisms 

regulating YAP:TEAD4 protein-protein interactions to support the rational design of new TEAD4 binder, preventing the 

formation of the complex. 

 

 

[1] Zhao, B., Tumaneng, K. & Guan, K. Nat Cell Biol. 2011; 13, 877–883.  

[2] Vassilev A, Kaneko KJ, Shu H, Zhao Y, DePamphilis ML. Genes Dev. 2001;15(10):1229-1241.                               

[3] Mesrouze, Y., Meyerhofer, M., Bokhovchuk, F., Fontana, P., Zimmermann, C., Martin, T., Delaunay, C., Izaac, A., Kallen, J., 

Schmelzle, T., Erdmann, D., & Chène, P. Protein science. 2017; 26(12), 2399–2409.   

[4] Santucci M., Vignudelli T., Ferrari S., Mor M., Scalvini L., Bolognesi M.L., Uliassi E., Costi M.P.  J. Med. Chem. 2015;58:4857–
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Photosynthetic CO2 fixation supports life on Earth and 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 (CB) cycle, 

that consists of 13 distinct reactions catalyzed by 11 enzymes [1]. Phosphoribulokinase (PRK) is one of these enzymes 

that catalyses the ATP-dependent phosphorylation of ribulose-5phosphate (Ru5P) to produce ribulose-1,5-biphosphate, 

which is required for Rubisco-dependent CO2 fixation, as a result of which the CB cycle is initiated. The crystallographic 

structures of PRK in the apo-form, have recently been determined for two photosynthetic eukaryotic organisms: the green 

alga Chlamydomonas reinhardtii (CrPRK) and the plant Arabidopsis thaliana (AtPRK) [2]. 

To identify and deepen understand the cofactor and the substrate binding site, the structures of CrPRK in complex with 

ATP (natural cofactor) and with ADP (inhibiting cofactor) and Ru5P (ribulose-5-phosphate, the natural substrate of 

PRKs), were determined. CrPRK is a dimer of two identical monomers related by a twofold non-crystallographic axis 

and the active site, one for monomer, is located in an elongated cavity at the edges of the dimer (Figure 1). In addition, 

we crystallized a form of PRK partially oxidized at the active site and fully oxidized at the terminal cysteines (cys243-

cys249). This result suggests that oxidized CP12 is not essential to form the disulfide bond, as it was previously reported 

[3]. 
 

 

 
Figure 1. Catalytic site of CrPRK  

 

[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] Thieulin-Pardo, G., Remy, T., Lignon, S., Lebrun, R., & Gontero, B. (2015). Phosphoribulokinase from Chlamydomonas 

reinhardtii: A Benson-Calvin cycle enzyme enslaved to its cysteine residues. Molecular BioSystems, 11(4), 1134–1145 
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Collagen lysine residues are subject to a variety of post-translational modifications (PTM) that impact on the overall 

organization of mature collagens and confer to these complex macromolecules their unique physico-chemical properties. 

In humans, the PTM machinery acting on collagen lysines groups multifunctional lysyl hydroxylases-glucosyltransferases 

(LH), galactosyltransferases (GLT25D), lysyl oxidases (LOX) and glucosidases (PGGHG). Besides their fundamental 

roles in collagen homeostasis, malfunctions in these molecular machineries due to misfolding, mislocalization or 

abnormal enzymatic activity have been associated to a wide variety of connective tissue diseases as well as increased 

metastatic progression of numerous solid tumors. By focusing on lysine hydroxylation and subsequent glycosylation 

events, in our group we have characterized the different human collagen lysyl hydroxylases-glucosyltransferases isoforms 

and also the galactosyltransferase GLT25D1 using a combination of biochemistry, structural biology and biophysical 

approaches. Collectively, our published and unpublished results reveal unexpected quaternary organizations that underpin 

the molecular complexity of these essential, yet poorly characterized molecular systems, providing insights on their 

cooperative mechanisms of lysine PTM and templates for structure-based drug discovery campaigns. 

 
[1] L. Scietti, F. Forneris. Encyclopedia of Inorganic and Bioinorganic Chemistry. 2020, 2739. 
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[3] L. Scietti, M. Campioni, F. Forneris. Journal of Bone and Mineral Research, 2019, 34, 1376-1382. 
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Respiratory complexes located in the internal membranes of our mitochondria are true macromolecular batteries: they 

couple the flow of electrons through clusters of metals and cofactors with a transfer of protons to create a gradient that 

provides the energy necessary for the ATP production and therefore to the nourishment of essential life processes. The 

first complex in the respiratory chain, named Complex I, is one of the largest membrane proteins, made up of 45 subunits. 

The processes of its assembly and its sophisticated regulation are still poorly understood, although it is known that their 

disruption leads to neurodegenerative diseases such as Alzheimer's.  

In a previous network biology study, we identified the multitask protein ECSIT (Evolutionarily Conserved Signaling 

Intermediate in Toll pathway) as a potential player in amyloid pathology [1,2] in addition to its role as a CI assembly 

factor. While exploring the molecular basis for ECSIT protein recognition in the Mitochondrial CI Assembly (MCIA) 

complex, using a combination of biochemical, biophysical and structural techniques, we discovered that ECSIT plays a 

key role in the regulation of the ACAD9 (Acyl-CoA dehydrogenase 9) enzyme, which juggles between two incompatible 

activities: fatty acid oxidation and CI assembly. Taken together, these results suggest a unique molecular mechanism to 

regulate the mitochondrial energy pathways and are of great relevance to the field of mitochondrial neurobiology. 

 

 
 

Figure. Proposed model of how deflavination of ACAD9 by ECSIT permits the coordinated regulation of the 

mitochondrial energy metabolism pathways FAO and respiratory chain. 
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NF-Y is a transcription factor (TF) comprising three subunits (NF-YA, NF-YB, NF-YC) that binds with high specificity 

to the CCAAT sequence, a widespread regulatory element in gene promoters of prosurvival, cell-cycle-promoting, and 

metabolic genes [1]. Tumor cells undergo “metabolic rewiring” through overexpression of genes involved in such 

pathways, many of which are under NF-Y control. In addition, NF-YA appears to be overexpressed in many tumor types 

[2]. Thus, limiting NF-Y activity may represent a desirable anti-cancer strategy. With virtual-screening docking 

simulations on a library of pharmacologically active compounds, we identified suramin as a potential NF-Y inhibitor. By 

electrophoretic mobility shift assays (EMSA), isothermal titration calorimetry (ITC), STD NMR, X-ray crystallography, 

and molecular dynamics (MD) simulations, we showed that suramin binds to the histone fold domains (HFDs) of NF-Y, 

preventing DNA-binding [3]. Our analyses, provide atomic-level detail on the interaction between suramin and NF-Y and 

reveal a region of the protein, nearby the suramin-binding site and poorly conserved in other HFD-containing TFs, that 

may represent a promising starting point for rational design of more specific and potent inhibitors with potential 

therapeutic applications (Figure 1). In line with this purpose, we started a collaboration with the “High-throughput 

crystallization laboratory” of the European Synchrotron Radiation Facility (ESRF) to apply a fragment-based drug design 

(FBDD) approach, with the aim to find small fragments hits for driving the rational design of new inhibitors and/or to 

design suramin hybrids with more specificity and druggability features. 
 

 

 

Figure 1. Structure of the (NF-Yd)2–suramin complex. A representative electron density map (grey net), contoured at 1.0 σ, is 

shown around the bound molecules. 
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Can we learn from evolution? Is it possible to design political and cultural roadmaps inspired by what we learn from 

nature?  Genetic variations expand the conformational landscape of proteins and may underlie cryptic functions that 

influence protein adaptability under unfavourable conditions. Cryptic functions usually associate with regions of 

decreased structural stability (frustrated) or even disordered, whose role in evolutionary adaptation is increasingly being 

recognized. Hence, the balance between protein stability and controlled disorder translates in the dichotomy between the 

need to allow adaptability (innovation) while conserving functional stability (sustainability). Therefore, the most 

comprehensive measure of protein fitness is a mix of innovation and sustainability defined as innovability. In this context, 

understanding how genetic variations affect protein fitness is not trivial, since cryptic functions behind frustrated regions 

are not easily detectable. Herein, we used as model the human pyridoxal 5’-phosphate (PLP)-dependent enzyme 

alanine:glyoxylate aminotransferase (AGT), which is present as a common major allelic form (AGT-Ma) and a minor 

polymorphic form (AGT-Mi) expressed in 20% of Caucasian population and considered a lower limit of AGT fitness. By 

solving the crystal structure of AGT-Mi, we could show that three distinct regions, that are structured in AGT-Ma, are 

disordered in AGT-Mi. Molecular dynamics shows that AGT-Mi samples more flexible conformations than AGT-Ma, 

supporting a plasticity effect propagated to all the structure. In-depth biochemical characterisation of variants from a 

library encompassing the three regions reproduces the fitness window between AGT-Ma and AGT-Mi. Cellular studies 

highlight the consequences of this plasticity at a functional level and suggest the existence of cryptic functions possibly 

related to protein-protein interactions. These results establish that naturally occurring genetic variations tip the balance 

between protein stability and frustration to encode cryptic functions that expand the innovability-potential of the protein. 

Interestingly, these concepts can be easily translated to a Culture and Society context, as the lesson of evolution is that 

imperfection is useful. Therefore, a multi-cultural society, although apparently more disordered, has more chances to 

react and adapt to the global changes that we are facing. Imperfection is the salt of life. 
 

 

Figure 1. Graphical representation of the two evolutionary forces that 

are balanced and determine the fitness windows for allowed protein 

variants. Mutation that produce proteins that are either too stable or too 

disordered will not be conserved. 
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The HCN1-4 ionic channel family is responsible for the hyperpolarization-activated cation current that controls 

automaticity in cardiac and neuronal pacemaker cells. The HCN4 membrane channel was isolated in two different 

surfactant milieus and analysed through single particle cryo-electron microscopy in the presence/absence of bound cAMP 

(at 3.2 – 3.6 Å resolutions) [1]. The refined 3D structures allowed us, for the first time in the HCN channel family, to map 

the pore domain in the closed and open conformations that control transfer of K+/Na+ across the plasma membrane. We 

were able to map ligand-induced conformational transitions that transfer the effect of cAMP to a cytosolic domain to the 

transmembrane helices ruling the open/closed state of the channel. Moreover, our structures highlighted the key regulatory 

role of a Mg2+ coordination site that supports the transfer of such conformational transitions across the cytosolic and 

membrane domains. Comparison of open/closed pore states shows that the cytosolic gate opens through concerted 

movements of the S5 and S6 transmembrane helices and, coupled to MD simulations provide insights into the mechanisms 

of K+/Na+ permeation, revealing ion dependent adaptation in the selectivity filter. The channel open state allows the 

binding of Ivabradine, an approved drug for treating heart arrhythmias, to the inner pore regions, prompting further 

research on drug development. The reported 3D structural analyses contribute new mechanistic understanding on HCN 

channel gating, cyclic nucleotide-dependent modulation, and ion permeation, i.e., concepts that can be extended to other 

members of the HCN family and to ionic channels in general. 

 

[1]  Saponaro, A., Bauer, D., Giese, M.H., Swuec, P., Porro, A., Gasparri, F., Sharifzadeh, A.S., Chaves-Sanjuan, A., Alberio, A., 

Parisi, G., Cerutti, G., Clarke, O.B., Hamaker, K., Colecraft, H.M., Mancia, F., Hendrickson, W.A., Siegelbaum, S.A., DiFrancesco, 

D., Bolognesi, M. Thiel, G., Santoro, B. Moroni, A. (2021) Mol. Cell, in press. 
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Structural studies, in general, and crystallography in particular, have benefited and still do benefit dramatically from the 

use of synchrotron radiation. 

Synchrotron radiation has had a tremendous impact on the characterization of all types of materials from hard to biological 

and has contributed to the development of new materials.  

Scientists in a broad range of fields are familiar with the use of photons generated by third generation storage rings. 

However, there are also some experiments that could benefit if the beam of photons had a higher brightness and smaller 

emittance, and other experiments that depend strongly on the coherence properties of the beam.  

These wishes of the scientists are now fulfilled with the next generation of light sources. 

It is now possible to acquire many Terabytes (TBs) of XRD data per dynamic experiment and this is expected to increase 

significantly with the advent of the fourth generation synchrotron facilities all around the world, such as the Extremely 

Brilliant Source (EBS) of the European Synchrotron Radiation Facilities (ESRF) 

Advancements in X-ray sources, optics and detector technologies have led to a dramatic increase in the volume and data 

quality of experimental diffraction experiments. Let us think, for example, to 5D operando tomographic diffraction 

imaging experiments (three spatial, one scattering and one dimension to denote time/imposed state) to the big amount of 

data produced [1].  

This contribution will give a broad overview of the scientific opportunities in terms of new types of experiments that can 

benefit from the higher brightness, the smaller emittance and the coherence of the beam. The first of the new generation 

of light sources, ESRF, started operating in March 2020 and one could expect that this will lead to new technical 

developments and new scientific results (Figure 1). 

 

 

 
Figure 1. The novel hybrid multi-bend achromat (HMBA) lattice design for the storage ring developed by the ESRF 

 

 

[1] Vamvakeros, A. et al. Nat. Commun. 2018,  9, 1–11 (2018). 
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The link between the Quantum Mechanics and Crystallography is much tighter than what most scientists think. The 

entanglement started quite soon after the first X-ray diffraction experiments in the early 1900's because the emerging 

technique was suitable to solve some fundamental questions of quantum physicists. [1] 

On the other hand, crystallography needed models to exhaust the increasing flow of information possible thanks to X-ray 

diffraction. To see the atomic content of a crystal, one must adopt a quantum mechanical perspective. 

This synergy continues nowadays. The technique in use is not only X-ray diffraction, but also neutron diffraction or 

electron diffraction (together with many spectroscopic techniques). The models are ever more sophisticated and enable 

reconstruction of the charge and spin electron density and even a calculation of wavefunctions restrained to the 

experimental data.[2]  

 

 
Figure 1. The deformation density of oxalic acid di-hydrated over the years. a) deformation density from X-ray-neutron diffraction 

Fourier synthesis [3]; b) deformation density from multipolar expansion [4]; c) deformation density X-ray restrained 

wavefunction [5]; d) x-ray restrained extremely localized molecular orbitals [6].  

 

[1] P. Macchi Crystallography Reviews. 2020, 26, 209-268. 

[2] P. Macchi, P Quantum Crystallography: Fundamentals and Applications. Berlin: De Gruyter. 2022.  

[3] P. Coppens, P. M. Sabine Acta Cryst. 1969, B25, 2451–2458. 

[4] E. D. Stevens, P. Coppens Acta Cryst. 1980, B36, 1864–1876. 

[5] D. Grimwood, D. Jayatilaka Acta Cryst. 2000, A57, 87–100. 
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Machine learning (ML) techniques have been extensively adopted in recent years in all sectors to accelerate scientific research and 

technological innovation processes. Their use for data analysis makes it possible to assist traditional methodologies for advancing in 

sectors of scientific and technological interest such as: innovative materials, environment and health. 
Our study is aimed at the development of machine learning models for the prediction of the crystal system (label) of polycrystalline 

compounds.  
The ML algorithm ‘learns’ from a big dataset constituted by calculated X-ray powder diffraction patterns, given as input and generated 

by the EXPO2014 software[1] using the crystallographic information contained in the CIF files stored in the POW_COD database[2]. 

The learning process takes advantage from the information about the correct crystal system contained in the CIF file.  
The quality of the input data is one of the most important aspects to be carried out to allow an efficient machine learning training step. 

For this reason, low quality data have been eliminated and a balancing of the amount of data among the seven crystal systems has been 

performed.  
The dataset has been split into two parts: the 70% used for the learning step and the 30% for the validation one. The classification 

performance for each crystal system from the test dataset is reported in the confusion matrix given in Figure 1, where the values 

represent the ratio of a crystal system classified by the model (predicted label) to a given crystal system in the dataset (actual label). 

The values along the diagonal correspond to the accuracy. Our model succeeded in classifying crystal systems with an accuracy of 

about 86%,  
 

 

 
Figure 1. Confusion Matrix   

 
The developed ML model works well though some aspects need more in-depth analysis. In addition, to try to improve the quality of 

results in the case of observed data, test involving the use of the number and position of diffraction peaks, are in progress.  
The machine learning model has been created by using keras and tensorflow library in python. 
 
[1] A. Altomare, C. Cuocci, C. Giacovazzo, A. Moliterni, R. Rizzi, N. Corriero and A. Falcicchio 
J. Appl. Cryst., 2013, 46, 1231-1235 
[2] A. Altomare, N. Corriero, C. Cuocci, A. Falcicchio, A. Moliterni, R. Rizzi, J. Appl. Cryst.,2015, 48, 598-603. 
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We present here for the first time the in-situ reversible quantitative interconversion of three polymorphs of the molecular 

compound 4-chlorophenyl-2-nitrophenyl-disulfide (2NO2-PhS-SPh-4Cl) [1,2,3] by ball mill grinding as illustrated in 

Figure 1, revealing subtle control over thermodynamic stability. We can quantitatively interconvert these 3 polymorphs 

(Form A, Form B and the previously unknown Form C) by modifying the experimental ball mill grinding conditions using 

ball mil neat grinding (NG) or liquid assisted grinding (LAG):  starting from crystals of Form B, LAG with water results 

in Form C; NG of Form C results in Form A; LAG of Form A with acetonitrile returns back to Form B; crystals of Form 

B can be transformed to Form A by NG; this polymorph yealds Form C if subjected to LAG; Form C returns back to 

Form B under LAG conditions with acetonitrile. We ran all these turnover experiments through two cycles (Form B, to 

Form C, to Form A; Form B, to Form A, to Form C) and in duplicate to prove that these polymorph transformations can 

be repeated as many times as desired and are reproducible. In their bulk form, dispersion corrected density functional 

theory (DFT-D) simulations suggest the polymorphic stability to follow as Form B > Form C > Form A. We have shown 

previously that for nanocrystalline materials, polymorph stabilities depend not only on internal lattice energy, but also on 

crystal size and surface solvation effects [2,3,4]. Ball mill grinding breaks crystals down to nanometre length scales, with 

a dramatic increase in their surface to volume ratio [2,5]. A significant proportion of the molecules of 1-2 is now located 

on the surface of the crystal, experiencing different interactions and therefore different energy. Our hypothesis is that 

environmental effects such as proximity and binding of solvent molecules under ball mill LAG conditions will 

significantly affect nanocrystal stability and the potential to form a new polymorph. We previously performed polymorph 

interconversion turnover experiments between Form A and Form B, showing that the crystal size (Scherrer size) of Form 

A was consistently smaller (around 40 nm) as compared to Form B (60-79 nm) [2]. These fundamental thermodynamic 

principles should be universal and must apply to any milling system, independent of the mechanisms and type of bond 

(ionic, covalent, metallic or supramolecular) involved in the phase transformation. 

Form B

Form A 

H2O

LAG

NG
Form C 

MeCN

H2O

MeCN

 
Figure 1. Polymorph interconversion between the 3 polymorphs of 2NO2PhSSPh4Cl by ball mill grinding  and relative experimental 

conditions. 
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Ever since Pauling’s work, electronegativity has proven a helpful tool in rationalizing electronic structure, and in 

particular trends in charge transfer, bond polarity, bond strength, and reactivity.[1] Electronegativity can be quantified in 

many different ways, for example as an average electron energy, �̅�, a quantity that can be both quantum mechanically 

calculated or experimentally estimated.[2,3] In our approach, electronegativity is a part of an energy decomposition 

equation:[4,5] 

 

𝐸 = − ∫ 𝜌(𝒓)�̅�(𝒓)𝑑𝒓 − 𝐸𝑒𝑒 + 𝑉𝑁𝑁 (1) 

 

where 𝐸 is the total energy, 𝜌(𝒓) is the electron density, �̅�(𝒓) is the space resolved average energy of electrons, associated 

with the concept of electronegativity [2], 𝑉𝑁𝑁 is the nuclear-nuclear repulsion, and where 𝐸𝑒𝑒  equals all electron-electron 

repulsions.   

Here we present our most recent work on the topic of electronegativity and explore the analysis of 𝛸(𝒓) = 𝜌(𝒓)�̅�(𝒓), the 

electron energy density resolved in three-dimensions. Figure 1 shows how topological analysis can be used to partition 

carbon monoxide into atomic basins, each of which can be attributed to an electronegativity and a charge. Here, the 

underlying theoretical framework will be discussed and applications of the methodology on well-known molecular and 

crystalline examples will be presented. In particular, we will show that the atomic electronegativities calculated with our 

methodology are predictive for several chemical properties, such as chemical bonding, charge transfer, proton acidity and 

molecular pKa. 

 

Figure 1. Carbon monoxide subdivided into atomic basins (left) defined from the gradient field of the electron density 𝛸(𝒓) (right).  

 

[1] Pauling, L. The Nature of the Chemical Bond. IV. The Energy of Single Bonds and the Relative Electronegativity of Atoms. J. 
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[2] Rahm, M.; Zeng, T.; Hoffmann, R. Electronegativity Seen as the Ground State Average Valence Electron Binding Energy. J. Am. 
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Solid adsorbents for postcombustion CO2 capture are object of intensive research, due to their potential advantages in 

terms of energy intensity and recyclability over the state-of-the-art technology based on aqueous amines. So-called 

“phase-change” adsorbents are of particular interest because they display steep gas uptake when a threshold partial 

pressure of adsorbate is reached, with benefits in terms of achievable working capacity, selectivity and energy efficiency 

[1]. In the case of metal-organic frameworks (MOFs), this behaviour is determined by an adsorption-induced structural 

rearrangement, which can be either a breathing effect, due to the flexible nature of the framework [2], a cooperative 

adsorption mechanism, as the CO2 insertion recently observed in amine-appended MOFs [3], or rotation of organic rings 

within the framework, which renders a ring configuration that maximises the host-guest interaction [4]. 

The recently discovered F4_MIL-140A(Ce), an ultramicroporous MOF based on CeIV and tetrafluoroterephthalate, 

displays non-hysteretic step-shaped CO2 adsorption isotherm, with steep uptake increase at pressure < 0.2 bar at 298 K, 

leading to reach saturation in a narrow range of pressure [5]. This behaviour is specific to CO2 adsorption, endowing the 

MOF with excellent CO2/N2 selectivity. Furthermore, this MOF can be synthesised from commercially available reagents 

in mild conditions and in aqueous medium, an attractive method for prospective bulk production. 

In this work, we have combined in situ synchrotron powder X-ray diffraction, in situ Fourier transform infrared 

spectroscopy, in situ extended X-ray absorption fine structure, solid state nuclear magnetic resonance and density 

functional theory calculations to gain a detailed understanding of the structural dynamics occurring both during activation 

of the MOF and upon adsorption of CO2. The evidence in our hands suggests that removal of a water molecule from the 

Ce coordination sphere during activation induces a rearrangement of the position of the perfluorinated aromatic rings and 

generates an open metal site. Introduction of CO2 triggers cooperative rotation of the rings to enable strong interaction of 

the adsorbate with both the metal atom and the fluorine atoms in the organic linkers. The phase transition is fully reversible 

in desorption and can be equally induced by a reduction in pressure in isothermal conditions or a decrease in temperature 

in isobaric conditions, in agreement with the lack of hysteresis observed in the sorption isotherm. To the best of our 

knowledge, such an adsorption mechanism is described here for the first time in MOFs. 
 

[1] L. Joss, M. Hefti, Z. Bjelobrk and M. Mazzotti, Energy Procedia, 2017, 114, 2271. 
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[5] R. D’Amato, A. Donnadio, M. Carta, C. Sangregorio, D. Tiana, R. Vivani, M. Taddei and F. Costantino, ACS Sustainable Chem. 

Eng., 2019, 7, 394. 

  

mailto:marco.taddei@unipi.it


51 

 

MS7-KN2 Engineering porous crystalline architectures for catalytic applications  

Nuria Martín,a 

 
aInstituto de Ciencia Molecular, Universidad de Valencia, Spain, nuria.martin@uv.es 

 
The design and synthesis of porous crystalline solids with high catalytic performance is a challenging task that needs to 

be addressed from the knowledge of the structure of the materials. The rational understanding of the location and type of 

active sites in the crystalline framework of the material allows us to optimize its catalytic application in terms of activity 

and selectivity. However, the design and synthesis of the optimal structure of the desired industrial catalyst is a 

challenging task, given the high cost and toxicity of state-of-the-art methodologies. In this sense, novel protocols to 

prepare microporous frameworks in a cheap and scalable manner has an impact on industrial catalytic processes related 

to the production of chemicals and the reduction of contaminants. [1] Zeolites are microporous aluminosilicates with 

crystalline structures and tunable texture (i. e. surface area, crystal size) and composition (i.e. Si/Al ratio, heteroatoms). 

In this contribution, I will highlight on the one hand new routes for the synthesis of small pore zeolites with large cavities 

with optimal structure and acidity for the transformation of methanol into light olefins, such as ethylene and propylene, 

which are highly-demanded feedstock for the manufacture of plastics. [2] On the other hand, the introduction of different 

metal active sites within the porous, crystalline architecture (e.g. Cu, Fe, ZnO, In2O3) from the metal salts, or through 

novel Metal-Organic-Frameworks (MOF)-derived methodologies will be presented. These crystalline porous 

aluminosilicates containing well-dispersed metal sites proved to be highly active and selective catalysts for the reduction 

of NOx contaminants from the combustion of fuels, synthesis of N-heterocyclic active pharmaceutical ingredients, and 

the direct conversion of greenhouse gases such as CO2 into valuable light olefins. [3, 4] Finally, the design and synthesis 

of tunable MOFs with appended active sites at well-known positions will be commented on, together with its catalytic 

applications in the synthesis of fine chemicals through different C-C bond formations. 

 

Figure 1. Design of the porous structure in zeolites and MOFs for the catalytic transformation of small and large molecules.  
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The resolution of benzene (BEN) / cyclohexane (CH) mixtures is one of the challenging separation processes in the future 

hydrogen economy. Through hydrogenation-dehydrogenation cycles, liquid organic hydrogen carriers (LOHCs) can be 

used for hydrogen storage and release [1]. After the catalytic hydrogenation process, unreacted aromatic hydrocarbons 

are present as impurities in the reactor effluent stream and must be removed to recover pure aliphatic hydrocarbons.  

Selective separation of gases/vapors possessing similar physicochemical properties, such as BEN vs CH [Tb(BEN) = 350 

K vs Tb(CH) = 351 K], involves energetically costly distillation processes. Alternative separation processes based on 

shape-selective molecular sieving, taking place on porous materials, are less energy demanding but require an optimal 

balance between selectivity and diffusion kinetics. To achieve this goal, we focused the attention on advanced porous 

materials of variable framework rigidity and pore size in order to study the impact of pore plasticity and dimension on 

molecular diffusivity, hence on the efficiency of the separation process.  

Two systems were investigated, namely: i) novel isoreticular ZrIV metal organic polyhedra (MOPs) [2], as examples of 

soft and processable porous materials, and ii) rigid ZrIV metal-organic frameworks (MOFs) of the UiO family [3], as 

structurally related extended and stiff porous networks. Taking advantage of the isoreticular synthesis approach, we 

employed linkers of different length to study the impact of pore size and framework stiffness on guest dynamics.  

A comprehensive evaluation of vapor-solid interactions, dynamics and efficiency of the BEN vs CH separation process 

was carried out by means of both experimental and computational studies: static vapor adsorption isotherms and dynamics 

adsorption breakthrough curve experiments were coupled to powder X-ray diffraction and molecular dynamic simulations 

to locate the adsorbate in the loaded systems. This multi-technique approach enabled us to unveil the preferential 

adsorption sites and molecular dynamics of the adsorbed molecules in both soft-pore materials (MOPs) and rigid-

framework materials (MOFs), as well as the impact of pore plasticity and size on the low temperature efficiency of the 

title molecular separation process.  
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The study of the high-pressure behaviour of microporous compounds, e.g. zeolites, experienced, in last decades, a raising 

interest related to the P-mediated intrusion of solvated ions/molecules, from the so-called “penetrating” P-transmitting 

fluids into the zeolitic structural voids [1]. These phenomena may occur when the molecules have a kinetic diameter that 

allow their adsorption into the structural cavities and may be potentially exploited in the tailoring of functional materials. 

In this study, we have investigated the P-mediated intrusion of H2O and alcohols molecules, carried by the P-transmitting 

fluids, into the structural cavities of the natural zeolite erionite-K, by means of in situ high-pressure single-crystal 

synchrotron X-ray diffraction, using a diamond anvil cell, at the Xpress beamline of the Elettra synchrotron (Trieste, 

Italy). Erionites are a series of minerals belonging to the zeolite group, with a wide chemical variability expressed as solid 

solution among three end-members: erionite-Ca, erionite-K and erionite-Na. The samples we analysed are classified as 

erionite-K, with an average chemical formula: K2.31Na0.02Ca2.15Mg0.69Ba0.04Sr0.02(Al9.00Si27.19)O72·18.66H2O. 

The erionite-type framework is based on the repetition of six-membered rings with a sequence AABAAC. This stacking 

leads to a structure characterized by the presence of large cages (23-hedron, called “erionite-cage”), superposed along the 

c-axis, hosting most of the extra-framework population. 

To constrain the crystal-fluid interaction, we performed two high-P ramps using different P-transmitting media: 1) with 

the non-penetrating silicone oil, up to 2.60(5) GPa, and 2) with the potentially penetrating methanol:ethanol:H2O = 16:3:1 

(hereafter mew) mixture, up to 4.97(5) GPa.  

Silicone oil data allowed the refinement of the isothermal bulk modulus of the pristine sample, expressed as KV0 = 44(1) 

GPa (βV0 = KV0
-1 = 0.0227(5) GPa-1, where βV0 is the bulk volume compressibility), after a fit of a II-order Birch-

Murnaghan equation of state to the experimental P-V data.  

The P-V data from the mew ramp unambiguously show a marked decrease in compressibility, which is unequivocally 

related to the P-induced intrusion of H2O (and possibly alcohols) molecules from the P-transmitting fluid. This 

phenomenon, which appears to be irreversible in decompression, apparently occurs in three different steps, approximately 

at 0.2, 1.2 and 2 GPa. In addition, the magnitude of the intrusion appears to be comparable with that observed for synthetic 

zeolites as SiO2-ferrierite [2] or AlPO4-5 [3] and this is somehow unexpected if we consider that the studied erionite is a 

natural sample, with structural cavities largely filled by extra-framework cations and H2O molecules.  

Further experiments, with different classes of potentially penetrating fluids, will allow to fully understand and constrain 

the P-induced adsorption phenomena in natural erionite. 

 

[1] Gatta GD, Lotti P, Tabacchi G Phys. Chem. Miner. 2018 45, 115-138. 

[2] Lotti P, Arletti R, Gatta GD, Quartieri S, Vezzalini G, Merlini M, Dmitriev V, Hanfland M Micropor. Mesopor. Mater. 2015 218, 

42-54. 

[3] Lotti P, Gatta GD, Comboni D, Merlini M, Pastero L, Hanfland M. Micropor. Mesopor. Mater. 2016 228, 158-167. 
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In this study the absorption of glycine, α-alanine and β-alanine amino acids within the pores of a synthetic Na-mordenite 

was investigated with the aim of: i) evaluating the effectiveness of MOR framework type in amino acid adsorption (via 

vapor and aqueous loading); ii) understanding the host-guest and guest-guest interactions to  possibly  design a tailor 

made material and a loading procedure able to maximize the amino acid adsorption; iii) study the effect on the adsorbed 

amino acids when applying pressure.  

The structural characterization, carried out with the combination of diffractometric and infrared spectroscopy analyses, 

shows that MOR can adsorb amino acids, which are present both in protonated/deprotonated (possibly also generating 

zwitterions) form. Vapor loading is ineffective for α-alanine, while it is effective in β-alanine and glycine adsorption, 

even if the loading degree results different. The shape and size of MOR channels is suitable to accommodate a peptide. 

In the Glycine loaded sample some molecules condensate to form cyclic dimers, while linear oligomers are present only 

in β-alanine loaded samples.  The sample loaded with α-L-Alanine from aqueous solution did not show the presence of 

amide bond signals, indicating that the molecules are mostly hosted in zwitterionic form in Na-MOR channels. The 

application of external baric stimuli did not induce substantial modifications in the structure of the loaded sample: this 

may be explained by the low number of molecules hosted in the channels. the amino acid amount within the zeolite is the 

most important reactivity parameter and an increased loading could induce chemical modifications. 

 

 
 

Figure 1. Structure refinement for glycine (a) and β-alanine (b) adsorbed on Na MOR.  
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Apatite as the mineral part of hard tissues in vertebrate bones and teeth plays a strategic role in biomedical applications 

as bioceramic material because of its bioactivity, biocompatibility, and slow-degradation rate. On the other hand, the 

structure and morphology of apatite are critical in many pathological mineralizations related either to environmental 

issues or diseases. 

The synthesis of biomimetic analogs of apatite is well-mastered at the laboratory scale: many wet and dry methods 

achieved the mass crystallization of nanosized crystals applied as a scaffold for medical purposes [1]. New biomedical 

applications have been proposed in recent years, to name one, cancer diagnosis and treatment [2]. It is now even more 

clear to the reader how crucial the comprehension of the mechanisms of interaction of these minerals with the biological 

environment is, and it is needless to say that the interaction with the surroundings works through the interfaces.  

Notwithstanding, little attention has been paid to the relationships between bulk structure and surfaces, and the role of 

these surfaces on the mechanisms involved during the early stages of mineralization. These mechanisms are eventually 

related to the functional and compositional selection of apatites in the biological context. 

This is the background against which we discuss here a comprehensive approach to the mechanisms of interaction between 

the surfaces of apatite and some impurities of biological and pathological interest in the light of the cooperative effect 

[5,6,7], considering the modification of growth habit and, in the end, the incorporation of foreign species as the 

consequence of the epitaxial growth. 

 

[1] L. Sun, L. C. Chow, S. A. Frukhtbeyn J. Res. Natl. Inst. Stand. Technol., 2010, 115, 243-255 

[2] A. Al-Kattan, S. Girod-Fullana, C. Charvillat, H.Ternet-Fontebasso, P. Dufour, J. Dexpert-Ghys, V. Santran, J. Bordère, B. Pipy, 

J. Bernad, C. Drouet  International Journal of Pharmaceutics, 2012, 423/1,26-36 

[5] L. Pastero, M. Bruno, D. Aquilano Minerals, 2017, 7, 139-160 

[6] L. Pastero, M. Bruno, D. Aquilano Crystals, 2018, 8, 308 

[7] A. Cotellucci, L. Pastero, M. Bruno, D. Aquilano, in prep. 
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Metal-organic frameworks (MOFs) are a class of crystalline nanoporous materials constructed of metal cations linked to 

one another by organic “linker” molecules. Their appeal is in part attributed to their vast structures and chemical 

compositions which are of interest for a wide range of environmental, energy and health related applications. Over the 

years, efforts have been focused on improving the stability of MOFs as well as the development of green synthesis 

processes of MOFs using renewable resources. 

While the majority of MOFs are prepared using synthetic organic linkers with carboxylate functional groups, 

comparatively fewer linkers with other functional groups have been developed. Highly stable MOFs have been developed 

instead using synthetic phenol linkers which form strong metal ligand interactions [1]. We investigated the possibility of 

developing new stable and green MOFs using naturally occurring phenolic molecules: polyphenols. Bismuth complexes 

comprising of natural phenolic ligands such as gallic acid or salicylic acid have been used as active pharmaceutical 

ingredients (APIs) for over a century. Taking inspiration from the stability of phenolic MOFs and bismuth phenolate 

APIs, a new green and highly stable bismuth MOF, denoted SU-101 was developed using one of the main building units 

of polyphenols – ellagic acid. SU-101 was synthesized using a very simple procedure involving inexpensive and entirely 

biocompatible regents, at room temperature in air.    

Similar to other more stable MOFs, SU-101 was only synthesized as a fine powder and thus 3D electron diffraction [3] 

was applied for crystal structure determination. The MOF exhibited one of the highest uptakes of H2S gas by a MOF and 

also very high chemical stability. The combination of stability, rather low production cost for a MOF and the green 

synthesis process make SU-101 of interest for environmental and health related applications such as the capture of 

hazardous compounds and drug delivery. 
 

 

 
Figure 1. (From left to right) Ellagic acid; crystals of SU-101; electron diffraction data on SU-101; and the crystal structure of SU-

101. [2]   

 

[1] G. Mouchaham, L. Cooper, N. Guillou, C. Martineau, E. Elkaim, S. Bourrelly, P. L. Llewellyn, C. Allain, G. Clavier, C. Serre, and 

T. Devic Angew. Chem. Int. Ed., 2025, 54, 13297. 

[2] E. Svensson Grape, J. G. Flores, T. Hidalgo, E. Martínez-Ahumada, A. Gutiérrez-Alejandre, A. Hautier, D. R. Williams, M. 

O’Keeffe, L. Öhrström, T. Willhammar, P. Horcajada, I. A. Ibarra, A. K. Inge J. Am. Chem. Soc., 2020, 142, 16795. 

[3] M. Gemmi, E. Mugnaioli, T. E. Gorelik, U. Kolb, L. Palatinus, P. Boullay, S. Hovmöller, J. P. Abrahams ACS Cent. Sci. 2019, 5, 

1315. 
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Among the enumerable classes of semiconductor nanomaterials, metal halide perovskite nanocrystals (NCs) have lately 

emerged for their unequalled opto-electronic properties, such as strong light absorption, long-range charge mobility, high 

tolerance to intrinsic defects, which prefigure excellent performances in many applicative fields [1]. Parallelly to the 

extensively studied lead-based perovskites, non-toxic and environmental-friendly alternatives are currently under 

investigation. Among these, FASnI3 compounds (where FA represents the formamidinium ion (CH(NH2)2
+)) have 

recently showed interesting electronic properties at the bulk scale, finding application especially as semiconductor 

components in photovoltaic devices, thanks to the particularly suitable bandgap width in the NIR spectrum region [2]. In 

this work, we present the synthesis of novel FASnI3 colloidal NCs and a thorough characterization of their structure and 

optical properties by means of a large number of experimental techniques. Through an optimized hot-injection synthesis, 

pure and colloidally stable cuboidal NCs of about 10 nm in size have been obtained, with maximum emission wavelength 

at 800 nm. The structural characterization has been performed using advanced Wide Angle X-rays Total Scattering 

techniques, which, as a first step, consists of the construction of atomistic models, and, afterwards, the refinement of the 

model parameters is carried out against high-resolution data, collected with synchrotron source, using a computational 

approach based on the Debye Scattering Equation [3]. This method enabled us to determine the crystal structure, obtaining 

information on the internal structural disorder and the NCs population descriptors, in terms of average size and dispersity. 

Moreover, the occasional detection of a defective tetragonal crystal phase (FA4Sn5I14) with 5:5:1 reconstruction will 

also be presented. Funding by MIUR, Project PRIN 2017L8WW48. 

 

 

[1] M. V. Kovalenko and M. I. Bodnarchuk Chimia. 2017, 71, 461. 

[2] S. Shao, J. Liu, G. Portale, H. Fang, G. R. Blake, G. H. ten Brink, L. J. A. Koster, M. A. Loi Adv. Energy Mater. 2018, 8, 1702019. 
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Market-available thin film solar cells are based on materials (typically CuInGaSe2 and CdTe) that show critical points: 

some of the contained elements are rare or toxic and this has been limiting the widespread use of this promising 

technology. For this reason, the research is focused on the discovery of new materials making use of Earth-abundant 

elements together with environmentally sustainable production method. In this perspective, Sb2Se3-based solar cells fulfill 

the above-mentioned requirements. Up to now, a photovoltaic conversion efficiency over 6% was reached with an all 

inorganic Sb2Se3-based thin-film solar cell [1].  

Some problems are still open, such as the preferential orientation and the mixed layer that forms at the interface between 

Sb2Se3 and the window layer. In the literature there are few articles regarding the deposition of Sb2Se3 layers on different 

materials to form the p-n junction in superstrate configuration. In this study, the dual functionality of the window layer to 

induce the longitudinal growth of Sb2Se3 grains and to drive the interaction between both the materials which form the p-

n junction is highlighted. In particular, CdS, ZnCdS, As2S3 and CdSe are proposed as windows layer. The surface 

morphology and the crystalline phase of the Sb2Se3 film, deposited on different buffer layers, will be compared. The 

influence of the window layer on the photovoltaic parameters of the finished devices will be critically discussed in the 

light of the obtained results.  

 

 
 

Figure 1. Optical microscope of the Sb2Se3 thin film deposited by CSS at 400 °C in which is evidenced the different morphology due 

to the growth crystal plane: (a) Sb2Se3 (plane (120) deposited on CdS and (b) Sb2Se3 (plane (221) deposited on CdSe. 
 
[1] Wang, L., Li, DB., Li, K. et al. Stable 6%-efficient Sb2Se3 solar cells with a ZnO buffer layer. Nat Energy 2, 17046 (2017). 

https://doi.org/10.1038/nenergy.2017.46 
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Molecular self-assembly in ordered supramolecular structures represents an attractive tool for the fabrication of novel 

nanomaterials. In this field, self-assembled peptides have received significant interest as their physicochemical properties 

make them suitable for several applications in biology, nanomedicine, nanofabrication in both academia and industry [1]. 

Since the functional properties of these nanomaterials seem strictly correlated with their morphological features, a deep 

knowledge of their structural organization is essential for understanding their physicochemical properties and for the ad-

hoc engineering of new materials with enhanced properties. In recent years, we have studied novel self-assembled 

PEGylated peptide-based systems (F6, dinaphthylalanine, (FY)3, W4, Y4) which are also endowed with interesting 

photoluminescent properties. Using molecular modelling and molecular dynamics (MD) techniques, we were able to 

provide the first atomic-level model for the peptide moiety of these assemblies (Figure 1) [2-8]. We showed that the steric 

zipper association exhibited by amyloid-like peptides is highly compatible with the structure of the peptide-based spine 

of these materials. Our models well agree with the experimental characterization performed on these systems using 

spectroscopic and X-ray scattering techniques. We also performed Replica Exchange MD simulations on aggregates of 

rather limited dimensions to gain insights into the structural mechanisms underlying the formation of these complex 

supramolecular structures [3]. These studies indicated that the antiparallel β-structure of the final assemblies is likely 

dictated by the preferred association modes of the individual chains in the very early stages of fiber formation. Altogether, 

the determination of the fine structural features of these systems and the identification of the physicochemical basis of 

their stability will have significant implications for the design and the development of new peptide-based nanomaterials. 
 

 

 
Figure 1. Atomic level model of the peptide moiety of the self-assembling F6 peptide. 

 

[1] N. Balasco, C. Diaferia, G. Morelli, et al. Front Bioeng Biotechnol. 2021, 3,  641372. 

[2] E. Gallo, C. Diaferia, N. Balasco, et al. Sci Rep. 2021, 11, 2470. 

[3] C. Diaferia, N. Balasco, D. Altamura, et al. Soft Matter 2018, 14, 8219-8230 

[4] C. Diaferia, N. Balasco, T.  Sibillano, et al. Chemphyschem. 2018, 19, 1635-1642. 

[5] C. Diaferia, N. Balasco, T. Sibillano, et al. Chemistry 2018, 24, 6804-6817. 

[6] C. Diaferia, E. Gianolio, T. Sibillano, et al. Sci Rep. 2017, 7, 307. 

[7] C. Diaferia, T. Sibillano, N. Balasco, et al. Chemistry 2016, 22, 16586-16597. 
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Crystallography is the branch of science that allows us to look inside solids and learn about molecules and how they 

organise in crystals. This investigation leads to advances in our understanding of chemistry and in research and discoveries 

in fields like pharmaceutical, agrochemical, and the food industry. This means that thanks to crystallography we can learn 

about molecules geometry, optimise drug design, and answer questions like “why does an old chocolate bar look and taste 

different?”, just to name a few. 

The recognition of the value of crystallography for research and education purposes is one of the driving forces at the 

Cambridge Crystallographic Data Centre (CCDC). At the CCDC we curate the Cambridge Structural Database (CSD), a 

database of over 1 million experimental crystal structures shared by scientist from all over the world. Our mission is the 

advancement of chemistry and crystallography for the public benefit by providing high quality information services and 

software.  

Over the last year we have created new content, such as games and videos, to demonstrate the power of structural data in 

fun and engaging ways, targeted to inspire a new generation of scientists. This has included a wide variety of activities, 

social media campaigns and (virtual) science festivals and is often done in collaboration with others in our community. 

At the CCDC, we are privileged to be surrounded by a network of passionate educators. Finding out more about how they 

use structural science in education through a dedicated series of blogs and virtual meetings has been insightful for us and 

we know it has been valued by other educators in our community. We have learnt from their journey, and it has been an 

opportunity to hear about their experiences moving to a remote learning environment and start to create a wider support 

network.  

In this talk, I will present some of the current education and outreach efforts of the CCDC, how we communicate such 

initiatives and resources, and reflect on how we engage with our community.  What we have learnt along the way can 

help us and others explore how we can better spread the science of crystallography and its application in research and 

education inside and outside the crystallographic community. And it can start with chocolate.  
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The COVID-19 pandemic abruptly reminded us all of our vulnerability to ‘enemies’ we cannot see. Since the beginning 

of the pandemic science has been providing answers and solutions, yet our inability to visualise its responsible agent 

caused fear and, in some individuals, scepticism, limiting the strategies that can be applied. Structural biology had a 

special role to play in this crisis: as soon as a couple of months after the first virus identification, it enabled the 

understanding of the disease at its molecular level, reflecting an unprecedented effort in determining key structures of the 

virus [1-4]. Besides giving researchers the opportunity to participate in the search for therapies [5], structural biology ‘put 

a face’ to the enemy, making its features widely recognised by the broad public. One can hence include the popularisation 

of the main structural features of SARS-CoV2 among the drastic changes that shaped these times. Could this be a first 

step towards a larger diffusion of this complex and niche discipline? 
 

[1] Z. Jin et al., "Structure of M(pro) from SARS-CoV-2 and discovery of its inhibitors," Nature, vol. 582, no. 7811, pp. 289-

293, Jun 2020, doi: 10.1038/s41586-020-2223-y. 

[2] A. C. Walls, Y. J. Park, M. A. Tortorici, A. Wall, A. T. McGuire, and D. Veesler, "Structure, Function, and Antigenicity of 

the SARS-CoV-2 Spike Glycoprotein," Cell, vol. 181, no. 2, pp. 281-292 e6, Apr 16 2020, doi: 10.1016/j.cell.2020.02.058. 

[3] D. Wrapp et al., "Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation," Science, vol. 367, no. 6483, 

pp. 1260-1263, Mar 13 2020, doi: 10.1126/science.abb2507. 

[4] C. L. Hsieh et al., "Structure-based design of prefusion-stabilized SARS-CoV-2 spikes," Science, vol. 369, no. 6510, pp. 

1501-1505, Sep 18 2020, doi: 10.1126/science.abd0826. 

[5] M. L. Lynch, E. H. Snell, and S. E. J. Bowman, "Structural biology in the time of COVID-19: perspectives on methods and 

milestones," IUCrJ, vol. 8, no. Pt 3, pp. 335-341, May 1 2021, doi: 10.1107/S2052252521003948. 
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Crystallography may be a branch of science little known to the public, but it is one with an important role in helping to 

understand the world around us. In this talk we will look at a series of case studies about science communication and 

public outreach activities from the United Kingdom and reflect on how crystallography stories are communicated. We 

will look at events related to the International Year of Crystallography and other public activities, such as those organised 

by the Royal Society of Chemistry and the Royal Institution, and consider what are the main challenges and opportunities 

in the communication of crystallography. 
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In this work we present the effect of time and pressure in the polymerization of linear chains of hexadiene inside the 

porosities of the two zeolite framework types, TON and MOR. 

Conductive polymers, obtained from the polymerization of hydrocarbons (e.g. acetylene, butadiene, ethylene), are, 

indeed, exploitable in many technological applications, such as electronic devices for solar energy conversion, 

optoelectronic and gas sensing. Being these sensors very sensitive to humidity, their confinement inside a host matrix is 

necessary to reduce their instability in air. Pure silica zeolites, thanks to their structure and composition, have been proved 

to be promising host materials [1]. The presence of channels in their frameworks can drive the polymerization along 

specific directions [2] and their hydrophobic nature allows isolating and protecting the resulted polymers from water vapor 

present in the air.  

X-Ray Powder Diffraction was used to monitor the intrusion of hexadiene molecules into the framework porosities of the 

two zeolites, the structure evolution and the host-guest relationships as a function of time (for Si-MOR) and pressure (for 

Si-TON).  Further investigations were performed by Thermogravimetry Analysis (TGA), Infrared Spectroscopy (IR) and 

Temperature Programmed Desorption (TPD). Both zeolites show the intrusion of hexadiene molecules by vapor loading 

and the carried out studies well describe the position and configuration of the molecules within the channels.   

Our results show that, for the sample SI-MOR, the polymerization occurs in almost one week without the application of 

pressure. Indeed, we proved that this process is driven by the presence of few acid sites distributed along the channel 

walls. Once the molecules are properly organized inside the void-space architecture, they are prone to react yielding quasi 

unidimensional polymers [3].  

On the contrary, this does not occur in SI-TON. Here, the time was not sufficient to create suitable conditions for the 

polymerization, therefore molecules were forced to draw closer one to each other applying pressure in a diamond anvil 

cell.  

Despite hexadiene molecules change positions and host-guest and guest-guest interactions with the pressure increase, the 

low number of acid sites present in this zeolite prevents the polymerization reaction.  

 

[1] D. Scelta, M. Ceppatelli, M. Santoro, R. Bini, F.A. Gorelli, A. Perucchi, M. Mezouar, A. Van der Lee, J. Haines, Chem. Mater. 

2014, 26, 2249-2255. 

[2] M. Santoro, F.A. Gorelli, R. Bini, J. Haines, A. Van der Lee, Commun. 2013, DOI: 10.1038/ncomms2564. 

[3] M. Fabbiani, G. Cofalonieri, S. Morandi, R. Arletti, S. Quartieri, M. Santoro, F. Di Renzo, J. Haines, R. Fantini, G.Tabacchi, E. 
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Each gypsum deposit, resulting from different geological conditions, presents crystals with specific morphologies. From 

a chemical-physical point of view, experimental and theoretical methods describe the influence of the (crystal's formation) 

environment on (crystal) its equilibrium shape and how the growth mechanism of a face can change following the 

temporary absorption of foreign substances, following the transitions: F ↔ S, F ↔ K, S ↔ K. 

On this basis,  we focused on the study of giant crystals of selenitic gypsum, formed at the beginning of the Messinian 

salinity crisis (5.96 – 5.60 million years ago). This gypsum is always twinned according to the swallowtail law, with a 

dominant {010} form and {hk0} and {0kl} forms absent. Therefore, it can be assumed that the growth of Messinian  

gypsum took place under different temperature and pressure conditions than the STP (25 °C and 1 atm) and in the presence 

of impurities (both organic and inorganic). Consequently, these growth conditions thermodynamically favored a specific 

crystal morphology and a twin law. 

Theoretical studies have already been done. These works focused on  determining the equilibrium morphology of gypsum 

at 0 K and defining of the character (F – S – K) of the faces [1,2,3]. Then, the twin formation energies (ϒPT) were 

calculated to find the most favorable twin laws [4,5].  

Currently, starting from  CaSO4 * 2H2O saturated solution, we are studying the effect of marine inorganic molecules on 

gypsum morphology. Most of these impurities have an active role as crystal habit modifiers. Epitaxial relationships 

between the gypsum and foreign phases are hypothesized. In some cases, the impurity promotes a precise twinning law 

preferentially, giving us a deeper understanding of the genesis of Messinian gypsum. Subsequent steps will be  the 

characterization of the organic molecules present in Messinian gypsum, the study their effects on gypsum morphology 

and, ultimately, the comprehension of the causes of the massive precipitation of large Messinian gypsum, invariably 

twinned according to the swallowtail law. 
 

[1] Massaro, F. R.; Rubbo, M.; Aquilano, D. Theoretical Equilibrium Morphology of Gypsum (CaSO 4 ·2H 2 O). 2. The Stepped Faces 

of the Main [001] Zone. Crystal Growth & Design 2011, 11 (5), 1607–1614.  

[2] Massaro, F. R.; Rubbo, M.; Aquilano, D. Theoretical Equilibrium Morphology of Gypsum (CaSO 4 ·2H 2 O). 1. A Syncretic Strategy 

to Calculate the Morphology of Crystals. Crystal Growth & Design 2010, 10 (7), 2870–2878. 

[3] Rubbo, M.; Massaro, F. R.; Aquilano, D.; Vanzetti, W. Morphology of Gypsum: A Case Study. Crystal Research and Technology 

2011, 46 (8), 779–783. 
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A hydrated complex of 1,10-phenanthroline with Cu2+ cation was intercalated in the interlayer space of montmorillonite. 

This intercalation occurs initially by through a cation exchange mechanism in which the charge of the complex cation 

compensates the excess of the negative charge of the interlayer (semisaturated material). Once the CEC value has been 

reached, further complex can be immobilized up to twice the CEC value by direct co-adsorption of the complex with 

sulphate anions (saturated material). This hybrid material has showed interesting entrapping properties of gaseous phases, 

in particular H2S [1] and NH3 gases [2], and a peculiar chemical reactivity. However, the explanation of the formation of 

this material as well as of its intriguing property to work as gas trap is difficult with only experimental techniques. Hence, 

we used computational methods at atomic level to characterize the molecular structure of this material and their adsorption 

capacity of ammonia gas inside the interlayer confined space of montmorillonite for a better understanding of the 

experimental behaviour.  

First Principles calculations were performed based on Density Functional Theory (DFT) [3]. The intercalation by cation 

exchange process of the Cu2+-phenanthroline complex inside the nanoconfined interlayer space of montmorillonite is 

energetically favourable. The further adsorption of Cu2+-phenanthroline complex with sulphate anions is also 

energetically possible. In both structures, phenanthroline rings are more or less parallel to the mineral surface. 

The adsorption of ammonia gaseous molecules by these hybrid materials is also energetically favourable, according to 

the experimental results. The ammonia adsorption does not change the spatial disposition of the hydrated Cu2+-

phenanthroline complexes in the interlayer nanospace of smectite confirming their high stability in montmorillonite. A 

proton exchange between ammonia and water molecules is possible forming ammonium cations in the nanoconfined 

interlayer space of montmorillonite. These theoretical results confirm our previous experimental observations validating 

the theoretical methodology used in this work.  

  
Figure 1. Structured interlayer space of montmorillonite saturated with Cu2+-phenanthroline complex after the adsorption of six 

ammonia molecules per montmorillonite 3x2x1 supercell.  
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Mixed-valent molybdenum phosphates (MoPs) constitute a highly versatile family of compounds. Recently, they have 

gained an increasing interest for use as new cathode materials for lithium and sodium ion batteries [1], [2]. Besides, 

mixed-valent MoPs possess redox properties that make them potential candidates for heterogeneous catalysis reactions 

[3] such as mild oxidation of propane and methanol. 

In the present study, we report on the synthesis and the structural (single-crystal and powder X-ray diffraction) and 

spectroscopic (micro-Raman and Infra-Red) characterizations of a new molybdenum monophosphate compound, 

K5[(Mo3.2W1.8)O11](PO4)3[(Mo0.5P0.5)O4]. The latter was prepared via solid state reaction at 560 °C. It crystallizes in the 

Pnma space group, with a = 9.0360(4) Å, b = 10.1603(4) Å, c = 26.1538(12) Å and V = 2401.14(18) Å3. The crystal 

structure of this compound exhibits a two-dimensional (2D) mixed-valent framework, consisting of anionic layers 

[(Mo5+
1.5Mo6+

2.2W6+
1.8)P3.5O27]5− built upon MO6 (M: Mo, W) octahedral sheets interconnected with TO4 (T: P, Mo) 

tetrahedra via vertex-sharing. The corner-sharing MO6-TO4 chains running along [010] are arranged to form complex 

bundles having elliptic sections where K+ cations are hosted. The elliptic sections are oriented along [201] and along [-

201] and appear as a herringbone packing down [010]. The 2D framework can be regarded as an ordered stacking along 

[010] of KTP-type (potassium titanium phosphate KTiPO5) and MPTBh-type (monophosphate tungsten bronze with 

hexagonal tunnels) rows that are delimited by infinite chains [M1M3(T1)O14]∞ along [001]. Micro-Raman and Infra-Red 

allowed identifying the vibrational modes associated with MoO6, WO6, MoO4 and PO4 species. 
 

 

Figure 1. Crystal structure of K5[(Mo3.2W1.8)O11](PO4)3[(Mo0.5P0.5)O4] projected along the b-axis, showing complex polyhedral 

bundles oriented along [201] and [-201] in a herringbone packing. 

 

[1] W. Deng, X. Feng, Y. Xiao, and C. Li, Layered Molybdenum (Oxy) Pyrophosphate (MoO2)2P2O7 as a Cathode Material for Sodium-

Ion Batteries. Chemelectrochem. 5 7 (2018) 1032-1036.  

[2] S. Dai, T. Feng, C. Chen, X. Li, and M. Wu, Communication—Phosphate K(Mo2PO6)(P2O7) as a Novel Cathode Material for 

Potassium Ion Batteries: Structure and Electrochemical Properties. J Electrochem Soc. 167 11 (2020) 110517.  

[3] S. Rawat, P. Gupta, B. Singh, T. Bhaskar, K. Natte, and A. Narani, Molybdenum-catalyzed oxidative depolymerization of alkali 

lignin: Selective production of Vanillin. Applied Catalysis A: General. 598 (2020) 117567.  

 

  



67 

 

MS1-P5 Characterisation of pyrochlore from Agua de Pau syenites 

 

Sabrina Nazzareni,a Gabriele Giuli,b Paola Giura,c Eugenio Calandrini,c Alessandro di Michele,a Josè Pacheco,d 

 

aDipartimento di Fisica e Geologia, Università degli Studi di Perugia, Perugia, Italy sabrina.nazzareni@unipg.it 

bScuola di Scienze e Tecnologie –sez. Geologia, Università degli Studi di Camerino, Camerino, Italy  

cInstitut de Minéralogie, de Physique des Matériaux et de Cosmochimie (IMPMC), Sorbonne Université, Paris, France 

dInstituto De Investigação Em Vulcanologia E Avaliação De Riscos, Azores University, Ponta Delgada, Portugal 

 

 
Accessory minerals are able to incorporate trace-elements whose content is affected by factors that include lattice strain, 

melt polymerization and the water content of the melt. Most of High Field Strength Elements (HFSE) including rare earth 

elements (REE), yttrium (Y), zirconium (Zr), hafnium (Hf), niobium (Nb), and tantalum (Ta) are used in a vast array of 

devices such as lasers, electronic screens, permanent magnets, battery alloys, and ceramics. A worldwide increasing 

demand on HFSE supply raised the interest on exploiting new deposits, improving extraction processes and REE recovery 

from waste for reuse. In this framework, understanding the physical and chemical properties of REE- and REE-bearing 

minerals become critically important. Pyrochlore-group minerals have a structure characterised by a [8]-fold and a [6]-

fold cations sites where HFSE cations can enter by a complex substitutions scheme. Na, Ca, Ba, Y, Ce (and other REE) 

may be hosted in A site, whereas the B site may host Ta, Nb, Ti. The X and Y sites can host OH, F, H2O and vacancies. 

We selected natural Na-pyrochlore and microlite from the Agua de Pau syenites (Azores islands, Portugal), Chelyabinsk 

Oblast (Urals region, Russia) and Yenisei Ridge (Siberia Russia).  

Selected samples contain Nb, Ti and Ta as B cations and together with Na and Ca in A site there are variable amount of 

Ce, La, Dy, Nd, Th, resulting in a colour span from yellow to orange to red-orange. Infrared microspectroscopy (IR), 

single-crystal X-ray diffraction, FE-SEM and XAS measurements were performed on the pyrochlore crystals aiming to 

characterise the influence of cations substitutions on the structure of pyrochlore-group minerals. 

IR measurements collected in a transmission configuration in an energy range between 645 and 4839 cm-1 reveal several 

bands varying accordingly with samples composition and provide direct access to the chemical coordination of crystal 

sites.  

All samples showed three O-H stretching modes between 3200 and 3560 cm-1 suggesting that Y site is characterised by 

OH together with F.  

SC-XRD results show small differences in the bond distances related to the chemical variability as resulting by the sites 

occupancy as well. 

A detailed characterisation of the elastic and inelastic behaviour of pyrochlore crystals will better define the physical and 

chemical properties of the pyrochlore-structure type, giving some insights on the mechanisms of HFSE incorporation and 

eventually their extraction. 
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Mechanochemical synthesis are a valid alternative to solution chemistry in terms of reducing solvents waste and access 

to different reaction paths [1]. However, a complete understanding of how the mechanochemical process occurs require 

a real-time in-situ monitoring. 

As case of study, we proposed a cocrystallization reaction performed by a vibrational ball mill and investigated via time-

resolved synchrotron-radiation X-ray powder diffraction (TR-SR-XRPD). The coformers involved, thymol and 4,4'-

azopyridine, give a metastable liquid at room temperature which turns into a 2:1 cocrystal. The setup used (i.e. a PMMA 

jar and 0.7 A X-ray source) [2] allowed for a complete characterization both in terms of structure and microstructure 

evolution. All data were individually inspected and refined against peaks intensity and peaks profile, highlighting that the 

cocrystallization under investigation proceeds through an evident amorphous intermediate that lasts for a very short time 

interval (ca. 5 seconds).  

Calorimetric measurements enable to determine the binary phase diagram and the amorphous liquid composition. Finally, 

cocrystallization from mestastable liquid was carried out and Raman spectra of starting liquid and newly formed cocrystal 

were compared, confirming TR-SR-XRPD analysis. 
 

 
 

Figure 1. Scheme of mechanochemical cocrystallization between thymol and 4,4’-azopyridine. 
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The main feature of biomolecules is their capability to adapt their conformation to recognize and bind different guest 

molecules and substrates to perform fundamental biological processes. Many efforts aim at the design and synthesis of 

artificial systems able to mimic proteins. Peptoids (or N-substituted oligoglycines) demonstrated to be suitable for these 

purposes. Environmental changes, like thermal treatment or exposure to different gas or solvents, trigger fascinating 

dynamic behaviour in the solid state [1-4]. In particular, we deeply investigated a single-crystal-to-single-crystal (SCSC) 

transformation of a cyclic hexapeptoid decorated with methoxyethyl and propargyl side chains (1 in Figure 1), which 

forms “on-demand” porous structures and exchanges acetonitrile guest molecules by moving two propargyl side chains 

by 113° [1]. We demonstrated that it is possible to reversibly remove the acetonitrile guest molecules and obtain a more 

densely packed crystal form. Here we show that dramatic side-chain movement is a peculiar feature of the solid-state 

assembly, driven by a backbone conformational change that leads to stabilizing CH···OC intermolecular interactions, 

which tighten the framework upon acetonitrile release. Weak interactions with the guest molecules as (CH···OC and CH-

π bonds) provide the energy contribution to unzip the framework and reverse the transformation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                            (a)                    (b) 

 

 

 
Figure 1. (a) Cyclo-(Nme-Npa2)2 (1). Nme = N-(methoxyethyl) glycine, Npa = N-(propargyl) glycine 1; (b) Energy frameworks 

upon the reversible SCSC transformation. 
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Germanium is a semiconductor material with an indirect bandgap at 0.66 eV, has a diamond cubic crystal structure; due 

to its good properties, high carrier mobility, high dielectric constant is interesting for the realization of many electronic 

devices [1]. 

Due to its crystallographic characteristics,  germanium is used in the semiconductor technology to prepare epitaxial 

structures; in combination with III-V’s compounds it can be used both as a substrate and as an active layer.  

Germanium bulk crystals can be grown from melt using Czochralski method [2], it is possible to obtain high quality ingots 

that can be sliced and processed intowafers for semiconductor technology. 

The vapour phase technique has been also used to growth germanium “bulk” crystals: the physical vapour transport (PVT) 

is not convenient to prepare large crystals because germanium vapour pressure is too low at the melting point. This 

drawback can be solved by using the chemical vapour transport (CVT) technique[3,4]  

Here we report on the germanium  crystals preparation by chemical vapour transport (CVT), using three different 

procedure: the Stationary Temperature Profile (STP), the  Linear Time-varying Temperature Profile (LTVTP) and  the 

LTVTP [5] followed by the Oscillatory Temperature Profile (OTP) in the same run. 

With the optimization of the growth parameters we  have obtained a progressive increase of the crystal sizes and a 

reduction of the crystalline nuclei during the primary nucleation. As a final result we achieved the growth of only one 

crystal using the Linear Time-varying Temperature Profile associated with Oscillatory Temperature Profile 

(LTVTP+OTP). 

The crystals morphology observed by Scanning Electron Microscopy (SEM) shows details of their shape typical of cubic 

structure. 

The structural properties were studied by X-ray diffraction, from which we obtained a clear indication that all samples 

were single crystalline with diamond cubic structure.  
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In the field of tissue engineering and restorative medicine calcium phosphates are extensively studied due to their 

similarity to the inorganic deposit of bones[1]. To improve the inherent characteristic of these materials many attempts 

have been done, such as the insertion of therapeutic ions. Calcium phosphates are known to be suitable for this process, 

for instance hydroxyapatite and beta tricalcium phosphate have a very flexible crystalline lattice so both cationic and 

anionic substitutions are possible[2]. Brushite (Ca2HPO4·2H2O, DCPD) is considered to be one of the possible precursors 

of the apatitic phase in biological conditions and can easily convert into other phosphates. For example when it is heat 

treated it loses the two structural water molecules and its anhydrous form, known as monetite, is obtained[3]. Furthermore, 

in aqueous solutions it solubilizes easily and it hydrolyses in octacalcium phosphate and/or in hydroxyapatite depending 

on experimental conditions. All the ions (II) studied in this work, such as Strontium, Manganese, Magnesium, Cobalt and 

Zinc were selected due to their biological role. The aim of this work is to study the ability of these ions to replace the 

calcium ion in DCPD structure, determining the substitution interval, its influence on structural and morphological 

features of crystals and their chemical stability (hydrolysis process). Brushite crystals were obtained by direct synthesis 

in aqueous solution increasing the content of substituting cation. The characterization of the obtained products showed 

that almost all the selected ions succeed in replacing calcium, although in different amounts. Only the presence of Zinc 

made it impossible to obtain brushite as the only crystalline phase, since the precipitation of parasholtzite (CaZn2(PO4)2· 

2H2O) was always observed. In the presence of Sr it was possible to obtain brushite as the only crystalline phase up to 

about 34at% content. It was also possible to synthesize DCPD in the presence other ions although with lower percentages. 

Besides the effects in terms of inibition of the crystallization and formation of other phases, ionic sustitutions also affect 

cell parameters: Sr leads to an increase of the cell volume, whereas ions with a smaller radius (Co, Mn) provoke a 

contraction of the cell. Also crystals morphology is deeply affected by the presence of foreign ions, which induce 

aggregation and sometimes significant variations of shape and dimensions. Futhermore the substitutions affects the 

hydrolysis process, slowing down the conversion to octacalcium phosphate at 37°C and favoring the formation of new 

crystalline phases at 60°C. 
 

a)   b)   

Figure 2: SEM images of brushite  (a) and mixed sample of brushite and parasholtzite (b) crystals. 

 

[1] F. Kermani, S. Mollazadeh, S. Kargozar, J. V. Khakhi Materials Science & Engineering C. 2021, 124, 112082 

[2] N. Strutynska, O. Livitska, S. Prylutska, et al. Journal of Molecular Structure. 2020, 1222, 128932 

[3] E. Boanini, F. Silingardi, M. Gazzano, A. Bigi Crystal Growth & Design. 2021, 21, 1689 

  



72 

 

MS3-P3 Diffraction-tomography combined approach to study the hydration of gypsum 

plaster 

 
Michela La Bella,a,b Rogier Besselink,b Alexander E. S. Van Driessche,b Jonathan P. Wright,a Carlotta Giacobbe,a 

Alejandro Fernandez-Martinezb 

 
aEuropean Synchrotron Radiation Facility, 71 Avenue Des Martyrs, Grenoble 38040, France 

bInstitut de science de la Terre, Université Grenoble Alpes, 1381 Rue de la Piscine, Gières 38610, France.  

michela.la-bella@esrf.fr 

 

Gypsum plaster is one of the most widespread hydraulic binder materials with many applications. To list some of its 

applications: it is used in the construction industry for the production of cement, to make molds for the production of 

ceramics, and in medicine. To obtain gypsum plaster, calcium sulfate hemihydrate must react with water creating the 

porous interlocking matrix of gypsum crystals that characterize this material. The organization of the microstructure of 

gypsum plaster is strictly connected to the behaviour of the material in terms of mechanical properties [1].  

We applied a combined approach of two imaging techniques to study the evolution of the hydration reaction of gypsum 

plaster and therefore the crystallization process of gypsum, in in-situ conditions. The scanning three-dimensional X-ray 

diffraction (3DXRD) is a diffraction based imaging technique that consists in probing a section of the sample with a 

pencil beam that is moving across it with a resolution equal to the beam size. At each step of the beam, the sample is 

rotated of 180° (or 360°) and all the diffraction spots are collected with the detector [2]. This allows to follow, in a non-

destructive way, the formation of the gypsum grains understanding their crystallographic lattice parameters, orientation 

and size (Figure 1a). The Phase Contrast Tomography (PCT) technique instead, was used to reconstruct the volume of 

the sample following the development of the hydration reaction. This permits to achieve information about the 

morphology of the gypsum crystals and their distribution within the sample (Figure 1b).  

The combination of these two techniques is a powerful tool that gives us the possibility to understand and trace the kinetic 

of the hydration reaction of gypsum plaster (a fundamental knowledge for the improvement of the material properties) 

and to follow the crystallization and growth of gypsum crystals knowing their crystallographic parameters and shape.  

 

 
 

Figure 3. From the left a) diffraction intensity image of a dry calcium sulfate hemihydrate sample and grain map showing indexed 

calcium sulfate hemihydrate grains; b) reconstructed volume of a dry calcium sulfate hemidrate sample and reconstructed volume of 

a hydrated calcium sulfate hemihydrate sample showing gypsum crystals.  
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In the search of new generation photovoltaic systems as one of the leading technologies towards a fossil fuel-free society 

in the future, a key innovation is to develop higher-efficiency, lower-cost solar cells with respect to the actual Si-based 

commercial devices, which could in principle surpass the saturation limit of the standard silicon (around 25% PCE). One 

solution is represented by the tandem cells on Si.  

The concept of a tandem cell is to stack several cells characterized by different band-gap value: junctions with higher 

bandgap values should be placed closer to the surface exposed to the solar radiation, while lower bandgap junctions should 

be placed inwards. The top cell must absorb light with higher frequency and must allow to higher wavelength to reach 

inner layers. This allows to overcome the main limitation of the standard Si-Cell, namely its limited absorption/conversion 

in the near UV of the solar spectrum. In a tandem cell, the optical coupling of high direct bandgap absorbers deposited 

on commercial cells would make possible to enhance the energy conversion efficiency totally exploiting the solar 

irradiance.  

We present the preliminary results on an innovative, ultra low-cost and green method to synthetize and deposit 

Cu(In,Ga)(S,Se) (CIGS) chalcogenides. In this class of compounds, it is possible to finely tune the absorber band gap by 

controlling both the anionic (S/Se) and the cationic (Ga/In) ratio in the solid solution. For the purposes of our research, 

we selected the full sulphide with ratio Ga/(Ga+In) = 0.44, corresponding to a direct bandgap of 1.8 eV, the ideal value 

for tandem cell application. Such a solid solution is synthetized via high-energy mechanical ball milling. The products 

are refined with a lower energy ball milling process to obtain a stable suspension that could be used as ink/varnish to be 

deposited by low-cost liquid-phase physical methods. 

As a result, due to nanometric dimensions (50-200 nm) and the extremely high surface-volume ratio, the material optical 

properties are deeply modified, resulting in the so-called BROWN CIGS (polycrystalline CIGS films usually are black 

with a high absorption coefficient > 105 𝑐𝑚−1). The thickness of the deposited material varies between 0.4 – 1 μm, and 

the microstructural properties of the phase leads to visible to-the-eye transparency, quantified over 90% in the optical 

range where Si-absorption is maximized. The film recrystallization occurs via annealing under inert atmosphere. 

In conclusion, the mechanical-synthesized chalcogenide materials show morphological and optical properties which make 

them suitable for 4-terminal tandem cell application on Silicon technologies. 
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Lignin is a polyphenolic aromatic polymer that confers mechanical support to plants. Thanks to its antibacterial, antifungal 

and antioxidant properties it protects plants against pests and diseases [1]. 

About 70 million tons per year of lignin are obtained from several industrial processes and nowadays the 60% is treated 

as a waste, while the remaining 40% is burnt to get energy producing CO2 [2].  

The study about possible applications of lignin is increasing more and more in recent years [3]. The main potential 

applications are as additive in the field of functional materials, as precursor for small molecules by depolymerization, but 

also in the packaging and agriculture fields [1,2]. 

Copper is well-known for its antimicrobial properties and copper-based pesticides are widely used as crop protective 

agents. Extensive use of copper-based pesticides has important drawbacks, due to accumulation of the metal into the soil 

with potential risks of groundwater contamination. There is therefore an urgent need to develop effective pesticides 

featured by low copper content [4]. 

It is in this scenario that our research takes place. The idea is to develop new pesticides with a reduced amount of copper 

exploiting the antibacterial properties of lignin [5].  

Starting from lignin and CuSO4, two different hybrid materials were synthesized under different experimental conditions, 

named HMW@brochantite (brochantite=Cu4(SO4)(OH)6) [5] and HMW@cuprite, (cuprite=Cu2O). In both cases, XRPD 

and TEM analysis revealed nanocrystals of these two copper mineral phases embedded in the lignin matrix. The 

optimization of the synthesis led us to obtain materials with different percentages of copper (from 3% to 18%, determined 

by ICP-AES analysis), thus evaluating the effect of copper concentration on the crystals morphology [6].  

By GPC, FT-IR and Pyrolysis-GC/MS analysis it was possible to ascertain that lignin does not undergo significative 

changes during the crystallization of the inorganic phases, thus maintaining intact its properties.   

The antibacterial activity of these new hybrid materials was evaluated by in vitro and in vivo tests, revealing a high 

efficiency with a reduced amount of copper compared to commercially available copper based pesticides [5,6]. A 

correlation between the morphology of the crystals and their effectiveness by means of in vivo tests was also possible [6]. 

 

[1] J. Becker, C. Wittmann, Biotechnology Advances, 2019, 37, 107360. 

[2] S. Beisl, A. Friedl, A. Miltner, Int. J. Mol. Sci. 2017, 18, 2367. 

[3] N. Mandlekar, A. Cayla, F. Rault, S. Giraud, F. Salaün, G. Malucelli, J. Guan, Web of Science, 2018, 9, 207. 

[4] European Food Safety Authority (EFSA), EFSA Journal, 2018, 16(1), 5152. 

[5] V. Sinisi, P. Pelagatti, M. Carcelli, A. Migliori, L. Mantovani, L. Righi, G. Leonardi, S. Pietarinen, C. Hubsch, D. Rogolino, ACS 

Sustainable Chem. Eng. 2019, 7, 3213. 

[6] C. Gazzurelli, A. Migliori, P. P. Mazzeo, M. Carcelli, S. Pietarinen, G. Leonardi, A. Pandolfi, D. Rogolino, P. Pelagatti, ACS 

Sustainable Chem. Eng. 2020, 8, 14886. 
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Novel materials, which often exhibit unexpected physical properties are crucial for advances in technologies. In this 

scenario the possibility to tune structural and physical properties through a small electrical current is of great interest both 

fundamentally and technologically. 

Experimental and theoretical studies demonstrated that the antiferromagnetic Mott insulator Ca2RuO4 plays a key role to 

attain this goal. The ground state of Ca2RuO4 is an insulating phase. Increasing the temperature a transition to a metallic 

phase occurs (TMI ~360K) along with a structural transition. The insulator-to metal transition may be induced also by 

applying pressure, electrical field or elemental substitution. 

The main effect of doping is to reduce the structural phase transition, accompanying the metal-insulator transition (MIT), 

from TMI ~360 K to lower temperature. 

We have realized single crystals doping the Ca2RuO4 with Pr. Single crystals of  Ca2-xPrxRuO4 with x =0,04  has been  

synthesized by floating zone technique with an excess of Ru in the starting material.  Extensive x-ray, electron diffraction 

and scanning electron microscopy studies were performed to determine the morphology, the microstructure and the purity 

of our crystals. Compositional analysis has been carried out by Energy dispersive spectroscopy (EDS). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Typical x ray diffraction spectra of a Ca2-xPrxRuO4 (x =0.04) crystal; in the inset is shown the picture of a crystal 
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Among various applications of synthetic graphene, vertical transport devices making use of band engineering in 

heterostructures combining graphene with 3-dimensional semiconductors allows to exploit many of graphene functional 

properties [1]. 

Chemical vapor deposition (CVD) using methane (CH4) is currently the most widely employed method for the synthesis 

of high quality single-layer graphene on copper. However, this approach requires temperatures in excess of 1000°C, 

which are incompatible with the direct growth of graphene on most common semiconductor materials (such Si and GaAs). 

The growth of graphene at temperatures well below 1000°C using less thermally stable hydrocarbon precursors would 

allow a cheaper and safer deposition process, and, possibly, direct deposition on semiconductor substrates. Among 

alternative C-precursors, liquid aromatic hydrocarbons were suggested as suitable molecules for the low-temperature 

CVD growth of graphene, in reason of their much lower dehydrogenation energies with respect to CH4. Indeed, the 

synthesis of graphene on Cu well below 300°C has been reported using benzene [2] and toluene [3] in H2. However, the 

actual role of these precursors in graphene synthesis is still debated [4], which points out the necessity to complement 

experimental studies with appropriate multi-scale surface modelling of the CVD process. First-principles calculations 

within density functional theory (DFT) predicted growth temperatures down to 300°C for the synthesis of graphene on 

(111)Cu when using benzene or p-terphenyl, as result of the interaction of precursor molecules with the substrate through 

London dispersion forces [5]. No such studies have been carried out instead for the case of toluene.  

In this work we present results of DFT calculations with van der Waals corrections (DFT-D3) of both benzene and toluene 

molecular interactions with Cu(111) surface; we thus estimate and compare the energies required for their 

dehydrogenation and (for toluene) methyl group release, and identify most-likely reaction paths (and associated molecular 

transition states) leading to the synthesis of graphene. Geometry optimization calculations were first used to determine 

the structural configuration of adsorbates onto Cu(111) surface, and thus identify the most stable adsorption sites. Our 

results revealed the hcp site as the most stable one for benzene and toluene adsorption with barrierless exothermic energies 

of 0.65 eV and 0.77 eV, respectively. The higher value for toluene could be attributed to the role of the methyl-surface 

interaction, enhancing toluene adsorption. In both cases the energy values above are higher than for CH4, facilitating the 

low-temperature formation of active carbon species onto the Cu surface. Finally, the minimum energy pathways of 

chemical reactions were investigated with the climbing image nudged elastic band (CI-NEB) method: the energy barriers 

for dehydrogenation of adsorbed benzene and toluene were found to be almost the same (1.6 eV).  

 

[1] L. Britnell, R.V. Gorbachev, R. Jalil, B.D. Belle, F. Schedin, A. Mishchenko, T. Georgiou, M.I. Katsnelson, L. Eaves, S.V. 

Morozov, N.M.R. Peres, J. Leist, A.K. Geim, K.S. Novoselov, L.A. Ponomarenko Science 2012, 335, 947. 

[2] J. Jang, M. Son, S. Chung, K, Kim, C. Cho, B.H. Lee, M.H. Ham Sci. Reports 2015, 5, 17955. 

[3] B. Zhang, W.H. Lee, R. Piner, I. Kolmanov, Y. Wu, H. Li, H. Ji, R.S. Ruoff ACS Nano 2012, 6, 2471. 

[4] M.H. Khan, M. Moradi, M. Dakhchoune, M. Rezaei, S. Huang, J. Zhao, K.V. Agrawal Carbon 2019, 153, 458. 

[5] J.-H. Choi, Z. Li, P. Cui, X. Fan, H. Zhang, C. Zeng. Z. Zhang Cryst. Growth Des. 2021, 21, 3521. 
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Antimicrobial resistance (AMR) poses a serious threat to global human and animal public health. The excess 

and improper use of antibiotics is increasing the number of reported resistant microbial strains, compromising 

the conventional clinical treatments. The World Health Organization (WHO) has declared AMR a health 

emergency and has announced that the deaths attributable to AMR every year will be of 10 million in 2050, 

exceeding all the other major causes of death. To respond to AMR threat, an immediate action is required. 

Structural insights of key molecular players of AMR are fundamental for a deeper understanding of 

antimicrobial resistance and for the exploration of alternative therapeutic strategies.  

A group of six scary nosocomial pathogens is named with the acronym 'ESKAPE' because capable of 'escaping' 

the biocidal action of antibiotics classified as highly important for human medicine. ESKAPE bacteria are a 

serious health concern, as they increase frequency of treatment failures and severity of human infections by 

adapting to altered environmental conditions and by acquiring resistance determinants. Among ESKAPE 

bacteria, three are most problematic, the highly resistant Gram-negative (Gram-) K. pneumoniae, P. 

aeruginosa and A. baumannii, typically associated with infections in severely ill hospitalized patients. As in 

other bacteria (1,2), their cell envelope shield is the first line of defence against stress conditions and is crucial 

to resistance to antibiotics (3-5). This complex structure exposes two important barriers, capsule 

polysaccharides (CPS) and lipopolysaccharides (LPS). CPS is an important virulence factor of all Gram- 

ESKAPE pathogens as it protects bacteria from harsh environmental conditions, immune system response and 

phage infection. A strong correlation exists between CPS overproduction and hypervirulence in K. 

pneumoniae, as poorly capsulated strains or capsule-deficient mutants are more efficiently phagocytized by 

macrophages and neutrophils. In a previous work, we determined the first crystal structure of a CPS-degrading 

enzyme encoded in a phage acting against K. pneumoniae (5). Those enzymes, especially when directed to 

hypervirulent strains, have strong applications in making highly resistant bacteria susceptible to antimicrobials 

and innate immunity. Structural and functional data on depolymerases with different serotype specificity will 

provide a structural framework for enzyme-engineering to produce serotype-broad-active enzyme complexes 

against K. pneumoniae. 
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The acetyl- and butyrylcholinesterases have been deliberately targeted for both therapy and toxicity, with inhibitors being 

used in the clinic for a variety of disorders, including Alzheimer’s disease, and conversely for their toxic potential as 

pesticides and chemical weapons.  

A “competitive” AChE inhibitor occupies the catalytic site temporarily and is readily established and reversed according 

to concentration-driven kinetics.  

“Pseudo-irreversible” inhibitors such as the carbamates form a covalent enzyme-inhibitor bond at the catalytic site, which 

then undergoes spontaneous hydrolysis, eventually allowing the recovery of enzyme activity.  

Neither competitive nor pseudo-irreversible inhibitors require the new synthesis of enzyme for the recovery of activity.  

An “irreversible” AChE inhibitor, on the other hand, forms a permanent covalent enzyme-inhibitor bond at the catalytic 

site that does not undergo spontaneous hydrolysis to restore enzyme activity. Thus, recovery from irreversible inhibition 

requires the synthesis of new, uninhibited enzyme. 

Methanesulfonyl fluoride (MSF) forms an extremely stable covalent bond at the catalytic site that is very refractory to 

reactivation [1]. MSF-induced AChE inhibition can only be overcome by the new synthesis of uninhibited enzyme. 

It has been reported that the methanesulfonylated enzyme is not reactivated by water or by hydroxylamine, hydrazine, 

acetate, or by the pyridine-2-aldoxime methiodide. Instead, it is reactivated by the pyridine-3-aldoxime methiodide [2]. 

We hypothesize that when MSF attacks the catalytic serine, the acylated adduct already mimics the so-called aged 

enzyme, closely resembling the phosphoryl and carbamyl enzyme derivatives formed with other classes of oxydiaphoric 

(acid transferring) inhibitors.   

We aimed to validate this hypothesis by combining X-ray crystallography and carefully designed enzyme kinetic 

experiments.  

Since the rate of sulfonylation is well known to be influenced by substituted ammonium ions [3] we also assessed the 

acceleration of methansulfonylation of AChE by the cationic accelerator decamethonium with respect to the bulkier 

reversible inhibitor bis-(7)-tacrine (B7T). 

X-ray crystallography of the binary AChE-MSF and ternary AChE-MSF-B7T complexes provided direct evidences for 

the controversial reactivation kinetic mechanism.  

Despite the commonly accepted notion of the inability to reactivate an aged methansulfonyl AChE, we provide new 

insights into the mechanism by which this goal of clinical relevance can be achieved by exploiting the joint action of the 

charged pyridine-2-aldoxime methiodide oxime and of the neutral 2-[(hydroxyimino)methyl]-l-methylimidazol oxime. 
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Substrate binding proteins represent a large protein family that partecipates in selective transportation of metabolites 

across membrane. In the last few years we have structurally characterized and manipulated the Thermotoga maritima 

Arginine Binding Protein (TmArgBP) that is endowed with several unusal features, which include an extraordinary 

thermal and pressure stability and a remarkable structural versatility [1-7]. In these investigations, the wild-type swapping 

dimer of TmArgBP was initially transformed in a monomeric form by deleting its C-terminal helix (Figure) [3]. This 

truncated form was further dissected into two domains (D1 and D2, Figure) that were exhaustively characterized using a 

repertoire of different experimental and computational techniques [4]. These analyses demonstrated that, although in the 

parent protein both D1 and D2 cooperate for the arginine anchoring, only D1 is intrinsically able to bind the substrate. 

Interestingly, both individual domains retain the remarkable thermal/chemical stability of the wild-type protein [8]. The 

analysis of the structural and dynamic properties of TmArgBP and of the individual domains have also highlighted 

possible routes of domain communication. Very recently, we also report the development of two TmArgBP-based 

different scaffolds for arginine sensing characterized by different sizes and properties [9]. Given the remarkable stability 

of TmArgBP, we also used one of its variants as a scaffold for efficient epitope presentation by exploiting the protein 

thermostability and the helix insertion motif, which we recently identified and characterized in this protein [10]. 

Interestingly, the variants bearing epitopes extracted from proteins of HCV or HIV viruses tightly binds neutralizing 

antibodies targeting these pathogens. Our data indicate that TmArgBP may be effectively engineered to generate protein 

variants that can be used as a scaffold and for epitope presentation. 

 
Figure. TmArgBP dissection from the wild-type swapping dimer to the individual domains. 
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Structural vaccinology is a rational-based approach to design immunogenic antigens aimed at generating an effective 

vaccine. It combines experimental methods like X-ray crystallography, molecular biology, electron microscopy and mass 

spectrometry, with computational methods like molecular modelling and epitope prediction [1,2].  

The first step of this approach is the three-dimensional structure determination of the antigen using computational methods 

further confirmed with structural biology tools such as X-ray crystallography, cryo-electron microscopy, and nuclear 

magnetic resonance. Key to vaccine development is the knowledge of the exact regions of an antigen that are recognized 

and bound by antibodies. This knowledge may be acquired using experimental methods named as “epitope mapping”, 

which makes use of x-ray crystallography, NMR and more recently cryo-EM. These methods provide the whole set of 

information needed to engineer new constructs with better properties in terms of elicitation of the immune response, 

stability in solution and ease of production [3]. Using this approach, we have currently identified and developed a number 

of vaccine antigens against difficult nosocomial pathogens, belonging to the so-called ESKAPE family and the 

particularly dangerous Mycobacterium tuberculosis. Enterococcus faecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumanii, Pseudomonas aeruginosa and Enterobacter sp. build the ESKAPE group of 

pathogens, that possess an enormous capacity to develop a high level of resistance to antimicrobials and cause severe 

infections, which outcome can be fatal, especially for immunocompromised hospitalized patients [4]. Nonetheless, no 

lower interest should be dedicated to the most threatening bacterial pathogen on Earth – M. tuberculosis, since currently 

used vaccines for tuberculosis are not efficient in adults [5]. We are facing a growing problem, that desperately needs a 

solution. Vaccine development can be an important tool within the battle between antimicrobials resistant bacteria and 

humankind [6]. These studies are being implemented through an integrative effort of Partners of the Marie Skłodowska-

Curie Action BactiVax - Anti-Bacterial Innovative Vaccines. This poster will report an update of our structural studies. 

 
[1] B. S. Graham, M. S. A. Gilman, J. S. McLellan. Annu. Rev. Med. 2019, 70, 91-104.  
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Bacterial cell division is a complex cell cycle that undergoes division of a parent cell in two daughter cells. In preparation 

for division, bacteria replicate their DNA and segregate the newly formed chromosomes. After the completion of 

chromosome segregation, the division process begins with the formation of the septal ring, called Z-ring. A major 

constituent of bacterial septa and of the whole cell wall is peptidoglycan (PGN), an essential and complex cell wall 

polymer, formed by glycan chains of β−(1-4)-linked-N-acetylglucosamine (GlcNAc) and N-acetylmuramic acid 

(MurNAc), cross-linked by short peptide stems to form a large molecule of strong but elastic nature. In Mycobacterium 

tuberculosis, the degradation of bacterial septa to split the cell wall material shared by adjacent daughter cells, is mediated 

by the essential NlpC/P60 endopeptidase Resuscitation promoting factor Interacting Protein A (RipA), which cleaves 

peptidoglycan peptide crosslinks [1]. Consistently, it has been shown that the deletion of the gene encoding for this 

enzyme generates abnormal bacteria with multiple septa [2]. This makes RipA an excellent candidate as a drug target 

against Tuberculosis. We provide an update of structural and functional data highlighting the central role of RipA in 

mycobacterial cytokinesis and the fine regulation of its catalytic activity, which involves multiple molecular partners 

[3,4]. NlpC/P60 endopeptidases have also proven to act as good vaccine antigens in several bacterial diseases. Under the 

framework of the Marie Skłodowska-Curie Action BactiVax - Anti-Bacterial Innovative Vaccines, we are investigating 

another protein belonging to the NlpC/P60 endopeptidase family [5]. This enzyme, denoted as SagA, is a secreted 

peptidoglycan hydrolase and a strongly immunogenic protein from Enterococcus faecium. Structural and functional 

analysis of this enzyme will afford new opportunities for vaccine development against antibiotic resistant bacteria. 
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NF-Y is a transcription factor (TF) comprising three subunits (NF-YA, NF-YB, NF-YC) that binds with high specificity 

to the CCAAT sequence, a widespread regulatory element in gene promoters of prosurvival, cell-cycle-promoting, and 

metabolic genes [1]. Tumor cells undergo “metabolic rewiring” through overexpression of genes involved in such 

pathways, many of which are under NF-Y control. In addition, NF-YA appears to be overexpressed in many tumor types 

[2]. Thus, limiting NF-Y activity may represent a desirable anti-cancer strategy. With virtual-screening docking 

simulations on a library of pharmacologically active compounds, we identified suramin as a potential NF-Y inhibitor. By 

electrophoretic mobility shift assays (EMSA), isothermal titration calorimetry (ITC), STD NMR, X-ray crystallography, 

and molecular dynamics (MD) simulations, we showed that suramin binds to the histone fold domains (HFDs) of NF-Y, 

preventing DNA-binding [3]. Our analyses, provide atomic-level detail on the interaction between suramin and NF-Y and 

reveal a region of the protein, nearby the suramin-binding site and poorly conserved in other HFD-containing TFs, that 

may represent a promising starting point for rational design of more specific and potent inhibitors with potential 

therapeutic applications (Figure 1). In line with this purpose, we started a collaboration with the “High-throughput 

crystallization laboratory” of the European Synchrotron Radiation Facility (ESRF) to apply a fragment-based drug design 

(FBDD) approach, with the aim to find small fragments hits for driving the rational design of new inhibitors and/or to 

design suramin hybrids with more specificity and druggability features. 
 

 

 

Figure 1. Structure of the (NF-Yd)2–suramin complex. A representative electron density map (grey net), contoured at 1.0 σ, is 

shown around the bound molecules. 
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Almost 20 years ago, the crystal structure of porcine holo Aromatic L-Amino Acid Decarboxylase (AADC) (90% 

sequence identity to human) was solved and 10 years later, human apoAADC structure was published [1,2]. These 

structures represented milestones in the investigation on the pathogenicity of a number of variants associated with the 

AADC deficiency (AADCd), a rare autosomal recessive inborn disease. AADC is a pyridoxal-5’-phosphate (PLP) 

dependent enzyme responsible for the synthesis of two essential neurotransmitters dopamine and serotonin (from L-Dopa 

and L-hydroxytryptophan) whose altered levels are responsible for severe motor and neurological symptoms. In the past 

years, efforts on human recombinant AADC pathogenic variants were done to provide support to the research on AADCd 

by means of biochemical and biophysical approaches determining the impact of the amino acid substitutions on the 

enzyme features [3]. Here, a further contribution to the comprehension of the AADCd is provided. Human holoAADC 

crystal structure has been solved in its native and ligand-bound form at physiological pH providing new insights to the 

mechanism of acquisition of the catalytically competent conformation. A role in the rearrangement of the active site upon 

binding of the ligand could be attributed to the conformation of a crucial element called loop3 (in particular to residues 

Leu353 and Arg355) bearing the catalytic residue Tyr332 [4] and to some structural water molecules. When ligand-PLP 

complex is formed, loop3 reorganization is driven by an exchange between Leu353 and Arg355 in contacting the PLP 

through a water molecule, possibly favoring the catalytically competent Tyr332 position.  

In addition, the structures of holoAADC both native and ligand-bound have been solved at different pH values 

highlighting the importance of the monomer-monomer interface (including loop3). The position of structural water 

molecules and the orientation of specific residues (Glu150 and Arg355) are found to determine conformational changes 

possibly related with the observed optimum activity at pH 7.5 [5]. Altogether, this study on human AADC provides new 

elements for the comprehension of the structure-function relationship of AADC with a particular focus on dimer interface. 

Lastly, structural details might represent the basis for the designing of novel specific inhibitors and for a better 

comprehension of the molecular aspects of the variants associated to AADC deficiency. 
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Mechanochemistry is an interesting synthetic approach that combines environmental-friendly conditions with rapid and 

efficient reactions[1]. In the past twenty years, it has found application in the synthesis of new organic and metal-organic 

materials in the form of molecular crystals, salts, cocrystals and polymeric structures. One of the advantages of this 

method is that the low amount (or absence) of solvents required leads to synthetic processes characterized by high 

conversion of reagents, low energy consumption and reduced chemical waste production. Moreover, mechanochemical 

synthesis can allow the formation of products, polymorphs and topologies different from those obtained in solution.  

However, the structural characterisation of the obtained products is one of the main challenges related to this synthetic 

approach, due to the presence of nanometric crystals that cannot be analysed by conventional single-crystal X-ray 

diffraction. Furthermore, powder diffraction methods can be extremely difficult to apply in case of large unit cells, low 

symmetry and polyphasic systems.  

Electron crystallography, especially 3D electron diffraction performed in a transmission electron microscope, is an 

emerging characterisation technique that, due the most recent developments, can be successfully employed to obtain the 

structure of nanocrystalline species. This has allowed the structural characterisation of different types of materials, 

spanning from porous MOFs, COFs and zeolites, to pharmaceutical APIs[2-4].  

In this contribution, we will show how we have combined mechanochemistry and 3D ED-TEM for the synthesis and 

characterisation of metal-organic compounds based on 2,6-pyridine dicarboxylic acid and 4,4’-bipyridine as ligands and 

zinc(II) or copper(II) as metal centers. The successful improvement of the 3D ED model, by using Rietveld refinement 

on X-ray powder diffraction data, will also be discussed.  

 

  
 

Figure 1. Left. Crystal packing of a 2D coordination polymer oriented along an arbitrary axis. The structural model was obtained by 

3D electron diffraction characterisation. Channels are represented as yellow cylinders. Right: Reconstruction of the reciprocal lattice, 

calculated from 3D-ED data, of the coordination polymer on left. The view is oriented along the c* axis.  
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Charge density wave (CDW) systems are of fundamental and enduring importance because of the competition between 

incipient CDW formation and superconductivity, and also the possible application of CDW ground states in driving low 

thermal conductivity for efficient thermoelectric processes [1]. A CDW is a periodic modulation of the carrier density 

coupled to the crystal lattice. The electronic modulation normally coexists with a periodic lattice distortion (PLD).  

 

A canonical example is Krogmann’s salt, K2Pt(CN)4Br0.3 · xH2O [2], which was thoroughly studied in the ‘70s. Its 

structure is composed of columnar stacks of [Pt(CN4)]1.7- ions which have a distance of 2.9 Å between them, leading to 

highly 1D behaviour associated with a partially-filled dz
2 band. CDWs with a 1D origin are normally defined as a type I 

and a sharp phase transition to the CDW phase is normally very difficult to trace. The phase transition can be considered 

“sluggish”, as, at first, the CDW formation happens around 220K. However, the distortion in the 1D platinum chains have 

no correlation between chains and neither with the lattice. The 3D ordering appears at lower temperature, around 77K, 

when the interchain interaction is also taken in account. To study this slow transition, we decided to study this compound 

by total neutron scattering, where inelastic and elastic component can be detected. Thanks to that, we are able to provide 

a new insight on the phase transition from the high symmetry phase to the CDW phase. 
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Mixed-ligand MOFs are crystalline materials deriving from the self assembly of two different linkers with one metal 

nucleus [1]. The large number of possible combinations between organic linkers and metal substructures allows the 

isolation of crystalline frameworks featured by different degrees of porosity and functionalization. MOFs are then 

excellent host-guest materials. Natural essential oil components, such as eugenol, carvacrol and thymol, are phenol 

derivatives featured by antioxidant and antimicrobial poroperties that find numerous applications as nutraceuticals [2]. 

The inclusion of these compounds in properly functionalized mixed-ligand MOFs leads to multicomponent materials 

capable of a controlled guest release. To understand the release properties of a given material, the knowledge of the host-

guest interactions is of paramount importance. In this communication we present the crystal engineering approach 

developed in our laboratory to make functionalized mixed-ligand MOFs able to include liquid natural essential oil 

components by simple soaking experiments of the pristine crystals in the liquid guest [3]. Single crystal to single crystal 

transformations have been used to elucidate the structural organization adopted by the guest molecules included in the 

MOF freamework. This can be nicely correlated with the guest release profile determined by static headspace GC-MS 

analysis [4]. 
  

 

 

 
Figure 1. Scheme of the EO inclusion and release. EO = essential oil; DMF = N,N-dimethylformamide 
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DUT-67, where DUT stands for the Dresden University of Technology, is a more recent addition to the family of Zr-

MOFs, with composition Zr6O8 (TDC)4(OAc)2 2H+, where TDC is 2,5-thiophenedicarboxylate and OAc is a carboxylic 

acid. The structure of DUT-67 is formed by 8-connected Zr6-clusters [Zr6(μ3-O)6(μ3-OH)2]10+ bridged by TDC linkers in 

reo topology [1]. The DUT-67 structure, in the Fm-3m (225) space group, presents two large microporous cavities: an 

octahedral cavity and a cubo-octahedral cavity. Catalytic metal active sites can be introduced in DUT-67 via impregnation 

[2]. The improvement of the environmental impact and the scalability of Zr-MOF syntheses has received wide attention, 

notably implying microwave heating in an aqueous solvent and continuous synthesis in microfluidic systems [3] [4]. In 

this context of growing interest, virtually no attention has been given to the nature and formation of EFCs, despite their 

potential relevance for the properties of the materials, from the porosity to the affinity for adsorbed species in separation 

and catalysis processes. In a first attempt to assess the variability of EFCs in Zr-based MOFs as a function of the 

preparation conditions, the present study is focused on the assessment of the nature of EFCs formed in DUT-67 

synthesized from different metal precursors in the presence of a formic acid modulator. DUT-67 MOFs have been 

synthesized in the presence of formic acid from different zirconium precursors and the EFCs formed have been 

characterized by X-ray diffraction. Rietveld structure refinement has permitted to localize inside the microporosity 

zirconium and oxygen atoms of extra framework clusters (EFCs), whose conformation depended on the nature of the 

zirconiumprecursor. Dissolution-condensation processes of ZrCl4 and ZrOCl2 during the synthesis gave rise to Zr6 EFCs 

in one every six cuboctahedral pores. Less numerous zirconia-like Zr12 oxoclusters were formed from Zr isopropylate, 

whereas characteristic Zr8 nitro-clusters were formed from Zr oxonitrate. 
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One of the most important challenges of the modern era is to close the life-cycle of electronic materials that are dominant 

in today's economy. Rare-earth metals (REEs) are one of the most precious components of these devices, due to their low 

presence in nature and their difficult isolation. For example, a peculiar Nd–Fe–B permanent magnet of e-vehicles, e-

scooters and e-bikes typically contains 28–35 wt% REEs (Pr, Nd, Tb, and Dy) [1]. In the present work we design specific 

ligands that takes into account the little and subtle differences between the chemical properties of the lanthanides, such 

as ionic radius or coordination numbers (Figure 1) with the aim to recovery one specific REE over another [2,3]. A set of 

known or new heptadentate N/O ligands (trensal family, H3trensal = 2,2’,2’’-Tris(salicylideneimino)triethylamine) were 

prepared, starting from a central trietylamine scaffold functionalized with aromatic hydroxylamines (N/O donor), imine 

(N donor) or phenoxy (O donor) groups. The different moieties of these ligands allows to modify the chemical-physical 

properties of REE complexes such as the solubility in various solvents. We focused on Neodymium and Dysprosium rare-

earth metals and studied the different structures that this two metals build with the same ligand. At a further level, the 

lipophilicity of the ligands can be also modified by including specific hydrophilic or hydrophobic moieties (for example 

with halogen atoms I>Br>Cl).  

 

 
 

Figure 1. Different coordination numbers and complexes of Nd and Dy metals with trensal-type ligands. 
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Xanthines are a group of alkaloids, which act as mild stimulants and as bronchodilators. Xanthines are commonly used 

in the treatment of asthma or influenza symptoms [1]. In this study, we report a strategy to tailor the physio-chemical 

properties of three active molecules all belonging to the class of xanthine, with the focus on theophylline. 

Theophylline’s mechanism of action implies the inhibition of phosphodiesterase, which is responsible for the smooth 

muscle relaxation. However, theophylline is also known for its narrow therapeutic index (30–100 μM) caused by a 

noteworthy low selectivity. Indeed, a concentration of 110 μM already leads to a wide range of adverse reactions such 

as nausea, vomiting, metabolic acidosis and arrhythmias [2]. 

To tune the properties of this drug, a salification of theophylline with squaric acid was carried out with the aim to 

expand the dosing interval, varying its solubility, dissolution rate and diffusion. Furthermore, an improved drug released 

allows a prolonged effect, a better regulation of the adverse reactions, and an overall better control of the administrated 

drug, due to a longer residence time in the lungs [3]. 

The structural characterization through single crystal and powder X ray diffraction will be discussed together with 

calorimetric analysis and the physico-chemical characterizations relevant for the biological properties, namely 

dissolution and diffusion studies using a simulated fluid. 
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Figure 4. Structure of Theophylline Squarate trihydrates. 
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Metal–organic frameworks are a class of permanently porous materials exhibiting impressive chemical tunability and 

high internal surface areas [1]. An important subset of MOFs features high densities of exposed metal cation sites that 

typically act as Lewis acids, able to accept electron density from easily polarized gas molecules, such as CO2 [2]. This 

electrostatic interaction is at the basis for a wide variety of potential applications in gas storage and separations [3]. 

Moreover, MOFs featuring π-donating exposed metal sites acids can display unprecedented selectivity in separations with 

gas molecules that can behave as π-acids, such as CO and other small molecules with low-lying π* orbitals. Exceptional 

adsorption performances have been indeed observed in MOFs with coordinatively unsaturated Fe2+ sites that undergo a 

transition from high to low spin upon binding CO. The framework Fe-BTTri (H3BTTri = 1,3,5-tris(1H-1,2,3-triazol-5-

yl)benzene) exhibits extremely steep yet 

reversible CO uptake [3]. Moreover, a 

cooperative spin transition mechanism 

for CO uptake on Fe2+ sites has been 

reported for Fe2Cl2(btdd) (H2btdd = 

bis(1H-1,2,3-triazolo[4,5-b],[4′,5′-

i])dibenzo[1,4]dioxin ) [4]. In this 

contribution we report our work on the 

characterization of these adsorption 

processes with X-ray absorption 

spectroscopy (XAS) experiments in 

operando conditions (Figure 1). These 

experiments are able to provide a direct 

and highly sensitive measure of the 

electronic processes behind the CO 

adsorption induced spin transition, 

providing valuable electronic structure 

details about the underlying mechanism.  
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Figure 1. Fe L2,3-edge spectra for FeBTTri under different gas 

atmosphere, showing the CO-induced spin-transition (orange line). 
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Metal-Organic Frameworks (MOFs) are a class of synthetic porous crystalline materials based on metal ions connected 

through spacing ligands. High porosity [1], high concentration of metal centres and flexibility [2] are examples of the 

interesting properties they possess. Furthermore, MOFs can retain their crystal structure upon removal, inclusion, 

exchange or reaction of a broad selection of guests, making them useful for multiple applications, e.g. in selective gas 

adsorption/separation. The synthesis of chemically and thermally stable MOFs, the understanding of their properties and 

knowledge of their crystallographic traits, are important for the design and development of well performing materials. 

MOFs’ crystal structure is intrinsically related to their properties, therefore, a deep understanding of the host-guest 

interactions during adsorption processes is a crucial aspect [3].  

In this contribution, we present a high-resolution powder X-ray diffraction (HR-PXRD) crystallographic study of the 

host-guest interactions in Fe2(BDP)3 [H2BDP = 1,4-bis(pyrazol-4-yl)benzene] upon CO2 adsorption. This MOF is 

characterised by a 3D network with 1D triangular channels and its good Brunauer-Emmett-Teller specific surface area 

(1230 m2/g) [4] gave us the motivation to further investigate the MOF as CO2 storage material, revealing an uptake 

capacity of 298.0 cm³/g at PCO2 = 0.99 bar and T = 195 K.  

HR-PXRD data were collected in situ and operando at the ESRF ID22 beamline, under the following conditions: T = 273 

and 298 K while varying the CO2 loading in the pressure range 0-8 bar. The presented results were obtained after an in-

depth data analysis, including the evaluation of the variation of unit cell parameters, location of the primary adsorption 

sites and quantification of the adsorbed guest. These outcomes provide key information to better understand the CO2-host 

interactions during the overall adsorption process, thus disclosing the chemical and structural features a MOF should have 

to promote CO2 uptake at mild conditions.  
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Metal single-atom catalysts (SACs) promise great rewards in terms of metal atom efficiency. However, the requirement 

of particular conditions and supports for their synthesis, together with the need of solvents and additives for catalytic 

implementation, often precludes their use under industrially viable conditions [1]. Here, we show that palladium single 

atoms are spontaneously formed after dissolving tiny amounts of palladium salts in neat benzyl alcohols, to catalyze their 

direct aerobic oxidation to benzoic acids without ligands, additives, or solvents [2,3]. 

With this result in hand, the gram-scale preparation and stabilization of Pd SACs within the functional channels of a novel 

methyl-cysteine-based metal−organic framework (MOF) was accomplished, to give a robust and crystalline solid catalyst 

fully characterized with the help of single-crystal X-ray diffraction (SCXRD). These results illustrate the advantages of 

metal speciation in ligand-free homogeneous organic reactions and the translation into solid catalysts for potential 

industrial implementation. 

 

 

 
Figure 1. Catalytic oxidation of benzyl alcohols to benzoic acids using MOF-supported Pd0. 
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Circumventing the impact of agrochemicals on aquatic environments has become a  necessity for health and 

ecological reasons. Herein, we report the use of a family of five eco-friendly water-stable isoreticular 

metal−organic frameworks (MOFs), prepared from amino acids, as adsorbents for the removal of neonicotinoid 

insecticides (thiamethoxam, clothianidin, imidacloprid, acetamiprid, and thiacloprid) from water. Among them, 

the three MOFs containing thioether-based residues show remarkable removal efficiency. In particular, the novel 

multivariate MOF{SrIICuII6[(S,S)-methox]1.5[(S,S)-Mecysmox]1.50(OH)2(H2O)}·36H2O (5), featuring narrow 

functional channels decorated with both −CH2SCH3 and −CH2CH2SCH3 thioalkyl chains from L-methionine and L-

methylcysteine amino acid-derived ligands, respectively stands out and exhibits the higher removal efficiency, 

being capable to capture 100% of acetamiprid and thiacloprid in a single capture step under dynamic solid-phase 

extraction conditions less than 30 s. Such unusual combination of outstanding efficiency, high stability in 

environmental conditions, and low-cost straightforward synthesis in 5 places this material among the most 

attractive adsorbents reported for the removal of this type of contaminants. 

 

 

 

 
Figure 1. Perspective views in the ab (left) and bc (middle) planes of thiacloprid@5, the guest molecule structures is shown in detail 

in the right side of the porous structure. 
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Mechanochemistry has emerged as an attractive and sustainable synthetic tool with applications for the synthesis of 

organic, inorganic, and hybrid metal-organic molecules and materials. 

Providing “greener” and potentially less expensive strategies than traditional solution methods, mechanochemistry was 

dubbed by the IUPAC as one of the 10 chemical innovations that will change our world.  

Time resolved in-situ (TRIS) monitoring has revolutionised the study of mechanochemical transformations but has been 

limited by available data quality.  

We report how a combination of new miniaturised grinding jars together with a novel X-ray powder diffraction data 

collection and state-of-the-art analysis strategies transform the power of TRIS synchrotron mechanochemical 

experiments.  

Accurate phase compositions, comparable to those obtained by ex-situ measurements, can be obtained with small sample 

loadings (10mg). Moreover, microstructural parameters (i.e. crystal size and microstrain) can be also determined with 

high confidence. This strategy applies to all chemistries, is readily implemented, and yields high-quality diffraction data 

even using a low energy synchrotron source. This offers a direct avenue towards the mechanochemical investigation of 

reactions comprising scarce, expensive, or toxic compounds. A case study including the in-sity investigation of the 

mechanochemical synthesis of a cocrystal is here presented [1] 

  

      
Figure 1. Schematic representation of the TRIS-BallMilling set up and the XPRD data analysis approach. 
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Paper items from historical archives and libraries are often subjected to serious processes of deterioration carried out by 

fungi and insects feeding on paper [1]. These so-called “biodeteriogens” are responsible for macro- and micro-alterations 

on paper, such as structural damages, staining and discoloration, but also loss of resistance and elasticity of paper fibres 

[2]. Many physico-chemical techniques have been experimented to treat or prevent paper biodeterioration, but it is still 

hard to combine safety with efficacy [3]. Among natural compounds, terpenes display strong antimicrobial properties but 

short-time efficacy, due to their high volatility [4]. The inclusion of terpenes into crystalline networks represents a strategy 

to obtain a gradual release of the active principle, extending its efficacy over time. Moreover, solid formulates are easy 

to handle, have long shelf-life and help to overcome the scarce water solubility of terpenes [5]. We therefore chose 

terpenes as plant-derived antimicrobials to be complexed into solid formulates and tested against paper-degrading fungi. 

Thymol, carvacrol and eugenol were included into β-cyclodextrins and complexed with phenazine to obtain co-crystals. 

[5] Solvent-free methodologies were used to synthesize the two solid formulates, which were structurally characterized 

by XRD, GC-MS, and tested as antifungal agents against four fungal strains (Alternaria sp., Aspergillus sp., 

Cladosporium sp., Trichoderma sp.) isolated from a book depository. Results from microbiological tests showed an 

inhibiting activity of the terpene-based formulates; specifically, the co-crystals’ bioactivity was comparable to that of 

their pure constituents (thymol, carvacrol, eugenol). Further experimentations on paper will enable to better define the 

applicability of these terpene-based formulations, including the investigation of possible adverse impacts on paper. 

 

The authors are grateful to Regione Toscana ("aDESSO" project, POR-FESR 2014-2020) and Giovanisì (www.giovanisi.it), the 
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Bone tissue is composed of two different structural components: the organic matrix, that is mainly made of collagen type 

I fibers and non-collagenous proteins, and the inorganic phase, that can be identified as poor crystalline Hydroxyapatite 

(HA) in which calcium and phosphate can be partially substituted with several foreign cations and anions[1]. Because of 

their similarity to the bone inorganic phase, calcium orthophosphates are widely investigated for their application in bone 

cements production. Among various orthophosphates, anhydrous dicalcium phosphate (DCPA, CaHPO4)[2]  sparks 

interest for its in vivo resorption ability and for its application in calcium phosphate cements (CPCs).  Resorption is a 

crucial process for new bone formation; it is a mechanism of both passive dissolution and cellular resorption and its rate 

is influenced by CPCs solubility at physiological pH.  

These promising properties coupled with lack of literature about DCPA synthesis and ionic substitution, led us to 

investigate the effects played by cationic substituent (bivalent metallic cations) in a reaction environment that previously 

has been proved to induce DCPA precipitation[3]. Besides the influence on phase precipitation due to the chemical nature 

of cationic substituents, also differences between two synthesis methods have been object of study: (i) direct DCPA 

precipitation method in aqueous solution, and (ii) DCPD (CaHPO4∙2H2O) synthesis in aqueous solution with subsequent 

thermal treatment, in order to cause water loss from crystal lattice and formation of the anhydrous DCPA. 

A previous study conducted by the same research group[3] had leaded to strontium to calcium substitution at 100% and 

60% through the two methods mentioned above respectively; in the present work both synthesis methods were performed 

with magnesium, cobalt, lead and manganese, while zinc and cadmium were introduced only in DCPA direct synthesis 

method. 

Samples have been synthetized with cations at various concentrations. Characterization has been performed through X-

Ray powder diffraction technique, attenuated total reflection analysis and scanning electron microscope coupled with 

energy dispersive X-Ray spectroscopy.  

DCPA direct synthesis method performed with magnesium and cobalt lead to 𝛽-tricalcium phosphate (𝛽-TCP) 

precipitation at 50at% and 20at% respectively while manganese causes multiphase precipitation, including 𝛽-TCP, even 

at 20at%. Zinc stabilizes parascholtzite phase and lead causes precipitation of DCPA together with its lead isomorph. In 

the case of cadmium DCPA was the only crystalline phase up to 10 at% in solution.  

Magnesium, manganese and cobalt at concentration of 60at%, 20at% and 25at% respectively allowed DCPD 

precipitation, while multiphase samples have been obtained with lead at 5at%. Samples that were converted in DCPA 

after thermal treatment show a low crystallinity degree. 
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Efficient electrical energy-storage for large scale applications is one of the main needs for the near future. To this end, 

the development of new, more efficient and safer batteries is strongly required. Conventional Li-ion batteries take 

advantage of liquid electrolytes. In recent years, research has developed around all-solid-state batteries, which, employing 

solid electrolytes, promise to be safer, more versatile and with shorter charging times. Several solid electrolytes have been 

identified so far, but their performance still does not fully meet the requirements for practical applications.  

In this scenario, lithium intercalated fullerides represent a promising, yet under-studied, class of materials. It has been 

shown that in LixC60 (x = 4, 6) Li ions easily diffuse in the fullerene network already at room temperature and displaying 

a ionic conductivity comparable with that of liquid electrolytes (up to 𝜎 = 10-2 S/cm) [1, 2]. However, the presence of 

mixed ionic and electronic conductivity limited its practical use so far [3]. 

More recently, efficient ionic conductivity has been highlighted also in LiBH4-C60 nanocomposites [4]. Fast Li-ion 

mobility in pure LiBH4 is a well-known phenomenon, which however occurs at temperatures higher than 390 K, when a 

structural phase transition occurs from orthorhombic to hexagonal upon heating [5]. The presence of C60 has been shown 

to stabilize sizeable Li conductivity down to room temperature, although the underlying mechanism is still unclear, mainly 

due to the lack of crystallinity in these compounds. 

In this work, we systematically investigated the class of LixC60-LiBH4 solid electrolytes (x = 6, 12). We managed to obtain 

samples with higher crystallinity and better ionic conductivity properties than in previous works, and to isolate a 

crystalline phase where C60 molecules packs with isosterical LiBH4 clusters. 
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