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Smart eLab - volume 18, anno 2022

Editorial

Presentation of 4 th Join AIC - SILS Conference.

Doriano Lamba,a Federico Boscherini,b Angela Altomare,c Cinzia Giannini.c

Dear Participants,
Despite its historic scale and intensity, the COVID-19 pandemic and the Ukraine crisis did not refrain us to �nalize in
presence the fourth Joint AIC-SILS Conference in Trieste, 12-15 September 2022.

The event returned to take place in Trieste nineteen years after the �rst one, held in July 2003.
On behalf of the Organizing Committee, we are very much thankful to the members of the Conference Steering and

Scienti�c Committees in supporting and helping us in shaping an exciting and multidisciplinary scienti�c program.
The Conference hosted 13 micro-symposia, which included multidisciplinary aspects on:
Modern Integrative Structural Biology; Understanding Advanced Functional Materials Through Operando Stud-

ies; Italy@EuXFEL; Frontiers in Mineralogy and Inorganic Geochemistry; Experimental Design & Analysis of Data;
Crystallographic and Spectroscopic Advanced Tools Applied to Pharmaceuticals, Materials at Extreme Conditions: X-
ray Crystallography and Beyond; Bright Radiation Sources and Novel Software Applications; Current Approaches in
Structural Biology; Investigating Molecular Crystals: Methods and Application; Interplay between Crystal Growth and
Advanced Characterizations for Materials Development; Nanostructured Materials; Science & Society: from Dissemi-
nation to Communication.

We hope that the selected topics provided you with a wealth of information and paved the way for new research
collaborations.

It is fair to say that the conference has been a success!
Nearly 200 attendees have contributed in so many ways to turn this event into a smoothly running meeting with

many very insightful contributions: 4 plenary lectures, 25 keynote lectures, 42 oral and 25 �ash communications, 27
E-posters, 3 commercial presentations and a vibrant atmosphere for discussion and networking.

The Conference has greatly bene�ted from the support of institutional Patronages and from the commitment,
generosity and interest of the sponsors Highlights of the Conference have been:

� "Mineralogy 2022" a global-scale initiative established under UNESCO sponsorship to celebrate the importance
of mineralogy among the basic sciences;

� The Round Table Discussion on �Horizon-Europe and the Future of Research Infrastructures: Next Generation of
Scienti�c Instrumentation, Tools and Methods�.

A particular emphasis has been placed on gender balance and on student and early-career research participation.
The Mario Nardelli AIC 2022 prize has been awarded ex-aequo to Paolo Pio Mazzeo, University of Parma, and to

Marco Taddei, University of Pisa. The SILS Young Scientist 2022 prize has been awarded to Alberta Terzi, Institute of
Crystallography - CNR, Bari and the SILS �Carlo Lamberti� 2022 best PhD prize to Mariele Romano, Ludwig Maximilian
University, München. Rosaria Bruno, University of Calabria, Alessandro Grinzato, University of Padova and Daniela
Mauro, University of Pisa were the recipients of the Fiorenzo Mazzi AIC 2022 prize for the best PhD thesis.

Lisa Baratelli, Tommaso Battiston and Luca Sironi, all from the University of Milano, were the recipients of the
Fiorenzo Mazzi AIC 2022 prize for the best MSc thesis.

a CNR - Istituto di Cristallogra�a, Strada Statale km 163.5 Basovizza, Trieste, Italia
b Dipartimento di Fisica e Astronomia, Università di Bologna, Viale Berti Pichat 6/2, Bologna Italia
c CNR - Istituto di Cristallogra�a, via G. Amendola 122/O, 70126 Bari, Italia
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AIC and SILS generously provided 10 and 2 travel grants and complimentary registrations respectively to assist
early-carrier investigators, post-docs and undergraduate students to attend the Conference.

Eldico Scienti�c presented to Matteo Melegari, University of Parma the prize for the best E-poster; CCDC presented
ex-aequo to Francesca Menescardi, University of Genova, and to Davide Salusso, University of Torino the prize for the
best �ash contribution.

Meetings of the AIC Biological Macromolecule and AIC Young Crystallographer groups as well as the AIC and SILS
Annual General Assemblies took place during the Conference.

The web master Guido Righini has designed the set-up of the contents of the web site and has succeeded in building
a logical structure with user-friendly registration procedure and the total program including all abstracts online. Nicola
Corriero and Teresa Sibillano have composed the Abstract Book.

The �green� crew of Luisa Barba, Angelo Chiatto, Giuseppe Chita, Andrea Caporale, Alberto Cassetta, Sonia Co-
vaceuzach and Alessandro Pesaresi from the Institute of Crystallography - CNR, Trieste and, Rita de Zorzi and Neal
Hickey from the Department of Chemical and Pharmaceutical Sciences, University of Trieste, are thanked and compli-
mented for their enormous effort and effective contribution to welcoming and helping participants with registration
and logistics.

We owe much gratitude to Silvano Geremia and Francesco Princivalle for selecting the Teatrino Basaglia situated in
the Saint John Park, Trieste and the Department of Chemical and Pharmaceutical Sciences of the University of Trieste
as the venues of the Conference. The staff of the social cooperative �La Collina�, the Posto delle Fragole and Nuovo
Savron have taken care of professional technical excellence and high-quality catering.

The pleasant performance by the Ricmanje Orchestra Wind Quintet enlivened the Welcome Party with the unmis-
takable atmosphere of the Mitteleuropa music.

The Conference Gala Dinner took place at the historical CafØ Tommaseo. Finally, yet importantly, we are honored
to pass the baton to the Organizers of the 2023 SILS Annual meeting to be held in Roma and of the 50° AIC congress
to be held in Bologna, to whom we wish good work!

To all those who contributed to the success story of the fourth Joint AIC-SILS conference: Thank you for all your
excellent work!

Doriano Lamba � Chair of the Organizing Committee
Federico Boscherini � Chair of the Scienti�c Program
Angela Altomare � President AIC
Cinzia Giannini � President SILS
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Committees

Steering Committee

Altomare � Angela Presidente A.I.C., IC-CNR, Bari, Italy
Artioli Gilberto Università di Padova, Padova, Italy
Franciosi Alfonso Elettra-Sincrotrone Trieste, Trieste, Italy
Gatta Giacomo Diego Università di Milano, Milano, Italy
Giannini � Cinzia Presidente S.I.L.S, IC-CNR, Bari, Italy
Ienco Andrea ICCOM-CNR, Sesto Fiorentino (FI), Italy
Kolar Jana CERIC-ERIC, Trieste, Italy
Lamba Doriano IC-CNR, Trieste, Italy
Maini Lucia Università di Bologna, Bologna, Italy
Massera Chiara Università di Parma, Parma, Italy
Morgante Alberto Università di Trieste, Trieste, Italy
Nazzareni Sabrina Università di Perugia, Perugia, Italy
Princivalle Francesco Università di Trieste, Trieste, Italy
Rizzi Rosanna IC-CNR, Bari, Italy
Rossi Giorgio NFFA, Trieste, Italy

(*) Chair-Steering Committee

Scienti�c Committee

Aquilanti Giuliana Elettra - Sincrotrone Trieste, Trieste, Italy
Belmonte Donato Università di Genova, Genova, Italy
Borfecchia Elisa Università di Torino, Torino, Italy
Boscherini * Federico Università di Bologna, Bologna, Italy
Cedola Alessia Nanotec-CNR, Roma, Italy
Cianci Michele Università Politecnica delle Marche, Ancona, Italy
Comboni Davide ESRF, Grenoble, France
Cuocci Corrado IC-CNR, Bari, Italy
D’Angelo Paola Università di Roma "La Sapienza", Roma, Italy
Di Cicco Andrea Università di Camerino, Camerino, Italy
Fermani Simona Università di Bologna, Bologna, Italy
Forni Alessandra SCITEC-CNR, Milano, Italy
Galli Simona Università dell’Insubria, Como, Italy
Giuli Gabriele Università di Camerino, Camerino, Italy
Gozzo Fabia Excelsus Structural Solutions AG, Villigen, Switzerland
Mangani Stefano Università di Siena, Siena, Italy
Mascioveccho Claudio Elettra - Sincrotrone Trieste, Trieste, Italy
Milanesio Marco UniversitÆ del Piemonte Orientale, Alessandria, Italy
Morana Marta Università di Pavia, Pavia, Italy
Pascarelli Sakura European XFEL, Hamburg, Germany
Pitrelli Nico SISSA, Trieste, Italy
Prete Paola IMM-CNR, Lecce, Italy
Priola Emanuele Università di Torino, Torino, Italy
Saviano Michele IC-CNR, Bari, Italy
Scardi Paolo Università di Trento, Trento, Italy
Stellato Francesco Università di Roma "Tor Vergata", Roma, Italy
Vallone Beatrice Università di Roma "La Sapienza", Roma, Italy

(*) Chair-Scienti�c Committee
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Organizing Committee

Barba Luisa IC-CNR, Trieste, Italy
Borfecchia Elisa Università di Torino, Torino, Italy
Caporale Andrea IC-CNR, Trieste, Italy
Cassetta Alberto IC-CNR, Trieste, Italy
Covaceuszach Sonia IC-CNR, Trieste, Italy
De Giacomo Ornela CERIC-ERIC, Trieste, Italy
Geremia Silvano Università di Trieste, Trieste, Italy
Lamba� Doriano IC-CNR, Trieste, Italy
Nazzareni Sabrina Università di Perugia, Perugia, Italy
Panaccione Giancarlo IOM-CNR, Trieste, Italy
Paolucci Giorgio Elettra-Sincrotrone Trieste, Trieste, Italy

Technical Program Committee
Chiatto Angelo IC-CNR, Trieste, Italy
Chita Giuseppe IC-CNR, Trieste, Italy
Corriero Nicola IC-CNR, Bari, Italy
De Zorzi Rita Università di Trieste, Trieste, Italy
Hickey James Neal Università di Trieste, Trieste, Italy
Pesaresi Alessandro IC-CNR, Trieste, Italy
Plaisier Jasper Elettra-Sincrotrone Trieste, Trieste, Italy
Righini Guido IC-CNR, Roma, Italy
Sibillano Teresa IC-CNR, Bari, Italy

(*) Chair Organizing & Technical Committees
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Scienti�c Programme

MS-01 Modern Integrative Structural Biology

Chairs: S. Mangani, B. Vallone

The complexity of the chemistry occurring in living organisms involves interactions between large numbers of a
variety of molecules. In order to achieve a better understanding, at the structural level, of the processes occurring
in the crowded environment of cells there is need to exploit the capabilities of different experimental techniques.
Modern Integrative Structural Biology addresses this subject and involves cross-links of data coming from X-
ray crystallography, cryo-electron microscopy/tomography, computational methods, NMR, XAS, SAXS and other
spectroscopies to produce structural models of biological systems.

The microsymposium aims to highlight updated scienti�c results obtained by such integrated approaches.

MS - 02 Understanding Advanced Functional Materials Through Operando Studies

Chairs: E. Borfecchia, S. Galli

The microsymposium will focus on in situ/operando studies aimed at disclosing the structural and physico-
chemical properties of advanced materials and at tracking their response in controlled environments relevant to
the target functional application. An emphasis will be given to cutting-edge diffraction methods applied under
non ambient conditions and synchrotron-based X-ray spectroscopies exploiting in situ/operando setups, as well
as to their possible combination and integration within multi-technique approaches. The microsymposium is
envisaged to encompass a broad range of high-impact research �elds, including, e.g., (photo/electro-) catalysis,
gas adsorption and separation, energy storage and conversion.

MS - 03 Italy@EuXFEL

Chairs: C. Masciovecchio, S. Pascarelli

The European X-Ray Free-Electron Laser (EuXFEL) provides the international user community hard and soft x-
ray �ashes with unprecedented characteristics, enabling new experiments in a variety of scienti�c �elds ranging
from condensed matter physics to chemistry and from geophysics to biosciences. In 2020, in synergy with
SILS, EuXFEL initiated an effort to better organize its scienti�c exploitation by Italy and a �rst very successful
�Italy@EuXFEL 2020� workshop demonstrated the interest by the scienti�c Italian community to take advantage
of the unique features of EuXFEL. At this MS, �rst results in particular from Italian users will be presented, and
discussions will focus on how to foster tighter links between EuXFEL and potential Italian users.

MS - 04 Frontiers in Mineralogy and Inorganic Geochemistry

Chairs: D. Belmonte, G. Giuli

This microsymposium deals with state of the art techniques (using either laboratory facilities or synchrotron light
sources) aimed at studying structure, chemistry, reactivity, thermodynamic and physical properties of minerals,
glasses, melts and �uids of interest in Earth Science and technological applications.

We encourage submission of contributions reporting advanced experimental and/or numerical approaches aimed
at studying mineralogical and geochemical aspects related to both Earth Science and advanced technology.

MS - 05 Experimental Design & Analysis of Data

Chairs: A. Di Cicco, M. Milanesio

The recent evolution of both sources and detectors allowed improving the data quality and signaling to noise
ratio at XFEL, synchrotron and laboratory X-ray sources. X-ray diffraction and spectroscopy techniques can
now be carried out routinely at high resolution with a time frame of seconds or even much less with a high
degree of automation in sample manipulation and experiment execution. New experimental possibilities and
new challenges are emerging. Innovative methods, complementary to traditional ones, are necessary to face �the
X-ray big data� analysis and propose ef�cient solutions. The microsymposium is focused on the new avenues of
both methods and data analysis in X-ray diffraction and spectroscopies of the XXI century.

MS - 06 Crystallographic and Spectroscopic Advanced Tools Applied to Pharmaceuticals

Chairs: F. Gozzo, M. Saviano
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This microsymposium is intented to be the opportunity for academic and industrial scientists to exchange on
the main challenges faced in the pharmaceutical world and the advanced methodology available for the charac-
terization of pharmaceutical compounds. The microsymposium welcomes contributions dealing with the many
aspects related to the advantages offered by the combination of different characterization methods applied to
pharmaceuticals.

MS - 07 Materials at Extreme Conditions: X-ray Crystallography and Beyond

Chairs: G. Aquilanti, D. Comboni

In the last decades, experiments at non-ambient conditions have greatly bene�ted from the improvement of
large-scale facilities, which allow investigating and manipulating matter at extreme PT conditions. Experiments
performed at non-ambient conditions are devoted to unveil the interplay between structure, physical proper-
ties, reactivity and the deformation mechanisms of various materials, expanding our knowledge regarding the
evolution of planets and providing critical information to tailor the future new cutting-edge materials. This mi-
crosymposium aims to be the stage for scientists who wish to show the results of their research performed under
extreme conditions using a variety of analytical techniques.

MS - 08 Bright Radiation Sources and Novel Software Applications

Chairs: C. Cuocci, F. Stellato

AIC and SILS societies collect scientists exploiting high intensity photons and electron beams to study a wealth of
crystalline and non-crystalline systems. The microsymposium dedicated to �Bright Radiation Sources and Novel
Software Applications� acts as a bridge connecting the two sides of the research.

On the one hand, the microsymposium collects contributions about the brightest present and future radiation
sources, keeping an eye on the new experiments they will allow. On the other hand, it hosts talks describing
the most recent software developments that allow an increasingly ef�cient information extraction from the
experimental measurements.

MS - 09 Current Approaches in Structural Biology

Chairs: M. Cianci, S. Fermani

In the last decades, structural biology has experienced a tremendous growth. The ensemble of low- and high-
resolution techniques now available offers the possibility of studying complex macromolecular structures at an
unprecedented resolution. Historically, X-ray crystallography was the preferred method for structure determina-
tion; however, alternative/complementary approaches are further increasing our capability to explore previously
intractable molecules. This microsymposium is focused on the current strategies (single or in combination) used
to study both the structure and the dynamics of proteins and protein complexes which are relevant for biomedical
and biotechnological applications.

MS -10 Investigating Molecular Crystals: Methods and Applications

Chairs: A. Forni, E. Priola

This Microsymposium welcomes contributions from both fundamental and applicative research on solid-state
molecular systems, where knowledge of the crystal structure, possibly combined with information obtained from
quantum mechanical calculations, is vital to understand properties, processes and reactivity. Examples include,
but are not limited to, quantum crystallography studies on molecular properties and intermolecular interactions,
structure/properties investigations on emissive and non-linear optical materials, crystal engineering of functional
materials.

MS - 11 Interplay between Crystal Growth and Advanced Characterizations for Materials Development

Chairs: F. Boscherini, P. Prete

To go beyond a trial and error approach for the optimization of functional properties of modern materials a
close connection between the development of novel methods for crystal growth and use of re�ned tools for their
experimental characterization is essential. The goal of this interplay is to gain a physical understanding at the
atomic level of materials properties. In this symposium we aim to highlight recent results in these two strongly
connected and challenging areas of materials science.
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MS - 12 Nanostructured Materials

Chairs: A. Cedola, P. Scardi

The study of materials at the nanoscale is now an integral part of various research disciplines, which go far
beyond materials science and concern all the physical, chemical and life sciences. Diffraction and imaging
techniques, in particular those based on X-rays, are among the most widespread tools both in basic research and
in the development of applications of nanostructured materials. The microsymposium aims to collect the state
of the art in crystallography and X-ray analysis applications in this lively and ongoing �eld of research.

MS - 13 Science & Society: from Dissemination to Communication

Chairs: P. D’Angelo, M. Morana

Crystallography and synchrotron radiation are fascinating topics that play a major role in a wide range of disci-
plines, shedding light on materials, minerals, and biomolecules. However, the general public is mostly unaware
of this contribution. This microsymposium aims to promote dissemination and outreach of these themes, high-
lighting the importance of science communication in many different aspects of everyday life, including the on-
going COVID-19 pandemic. At the same time, we want to stimulate the discussion about the interplay between
science and society in terms of inclusion, representation and diversity.
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Conference

Quantum imaging with X-rays.

Sharon Shwartz.a

Quantum optics has been very fruitful and led to many seminal achievements in fostering quantum technologies
in a variety of �elds including imaging and spectroscopy. 1 However, the focus of quantum optics is on the optical
range of the electromagnetic spectrum. The extension of concepts of quantum optics into the x-ray range can lead to
remarkable applications with enhanced performances with respect to the present methodologies that are used in x-rays
science and technology.2 Recently, the properties of the strong time-energy correlations of photons produced by the
process of spontaneous parametric down conversion (SPDC) have been extended to the x-ray regime to demonstrate
the ability to improve the visibility and the SNR of an image with a small number of photons in an environment with
a noise level that is higher than the signal by many orders of magnitude.3 Another quantum imaging modality called
ghost imaging has been reported as well.4. More recently, the observation of the interaction of a single photon with
a beam splitter has been observed5 and extension of other quantum effects such as the Hong-Ou-Mandel effect to
sub-attosecond sub-Angstrom optical path metrology with x-rays have been proposed.6 Ghost imaging with SPDC of
x-rays into visible radiation has been discussed for the high-resolution imaging.7 Thereby, opening the possibility for
future application of x-ray imaging and phase sensing applications with low radiation dose.

In my talk I will review the recent progress toward quantum x-ray imaging and discuss the potential advantages of
using quantum technologies for x-ray sensing.

Fig. 1 Example for x-ray quantum imaging: Reconstruction of the image of the triple slit object by (A) quantum enhanced x-ray
detection. (B) Classical imaging of the same object for comparison. In each of the panels the horizontal axis represents the
relative position of the object and the vertical axis represents the number of events that are detected.

References

1 S. Mukamel, M. Freyberger, W. Schleich, M. Bellini, A. Zavatta, G. Leuchs, C. Silberhorn, R. W. Boyd, L. L. SÆnchez-
Soto, A. Stefanov, et al., Roadmap on quantum light spectroscopy, Journal of physics B: Atomic, molecular and
optical physics 53 (7) (2020) 072002.

2 R. Röhlsberger, J. Evers, S. Shwartz, Quantum and nonlinear optics with hard x-rays, Synchrotron light sources and
free-electron lasers: accelerator physics, instrumentation and science applications (2020) 1399�1431.

a Physics Department and Institute of Nanotechnology, Bar Ilan University, Ramat Gan, Israel
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3 S. Sofer, E. Strizhevsky, A. Schori, K. Tamasaku, S. Shwartz, Quantum enhanced X-ray detection, Physical Review X
9 (3) (2019) 031033.

4 A. Schori, D. Borodin, K. Tamasaku, S. Shwartz, Ghost imaging with paired x-ray photons, Physical Review A 97 (6)
(2018) 063804.

5 A. Schori, S. Shwartz, X-ray ghost imaging with a laboratory source, Optics express 25 (13) (2017) 14822�14828.
6 E. Strizhevsky, D. Borodin, A. Schori, S. Francoual, R. Röhlsberger, S. Shwartz, Ef�cient interaction of heralded x-ray

photons with a beam splitter, Physical review letters 127 (1) (2021) 013603.
7 S. Volkovich, S. Shwartz, Subattosecond x-ray Hong�Ou�Mandel metrology, Optics Letters 45 (10) (2020) 2728�

2731.
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Conference
High Pressure Phase Transitions in Molecular Crys-
tals.

Simon Parsons.a

In the organic solid state, high pressure to 10 GPa leads to compression of intermolecular interactions and phase
transitions. Pressure is therefore a very useful means for studying polymorphism in molecular solids. We have investi-
gated hydrogen-bonded materials (e.g.amino acids) as well as very simple compounds (e.g.pyridine), and the talk will
show how experimental structures of organic solids can be interpreted using semi-empirical andab initio volume and
energy calculations to develop an understanding of phase stability. Volume minimisation is the dominant driving force
in almost all high-pressure phase transitions, although the relief of unfavourably compressed contacts can also play a
role. Analysis of volume changes are therefore critical in the interpretation of phase transitions at high pressure, and
we have developed a Monte Carlo algorithm for calculation of occupied (‘network’) and unoccupied (‘void’) space in
crystal structures.1 The variation of the volumes of the voids and the network of intermolecular contacts with pressure
sensitively reveals discontinuities associated with �rst and second order phase transitions, providing insight into the
effect of compression. The method is shown to be especially useful for the correlation of high-pressure crystallographic
and spectroscopic data, illustrated for naphthalene, where a phase transition previously detected by vibrational spec-
troscopy, and debated in the literature for over 80 years, has been revealed unambiguously in crystallographic data for
the �rst time.

Fig. 1 Variation of packing coef�cient with pressure. Inset: loss of interstitial void space in naphthalene at high pressure.

References
1 C. J. Wilson, T. Cervenka, P. A. Wood, S. Parsons, Behavior of occupied and void space in molecular crystal structures

at high pressure, Crystal growth & design 22 (4) (2022) 2328�2341.

a University of Edinburgh, Great Britain
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Conference
Nanoscience & Nanotechnology Powering the Digi-
tization of Our World.

Heike Riel.a

For decades Moore’s law has been the driving force of semiconductor technology and miniaturization has resulted
in microprocessors with billions of transistors thus enabling today’s information technology. The past 20 years ex-
empli�ed this trend, with nanotechnology research spearheading the extension of Moore’s Law past prophesies of its
demise. Heroic engineering and scaling efforts have propelled the development of successive generations of technol-
ogy for the acquisition, processing, and storage of digital information reaching now the 3nm and 2nm-technology
node. Reducing the power consumption and increasing the performance as well as density will remain the driving
force for future innovation. Therefore, the precise control and characterization of nanoscale materials and devices will
increase in importance.

Beyond scaling and digital computing completely new computing paradigms are explored and developed such as
quantum computing and specialized hardware for AI including non-von Neumann architectures. Despite the contin-
ued computational advances, there are still many important and relevant problems that are intractable to classical
computers but could be addressed by Quantum Computers. Quantum computing systems are built from the bottom
up and are reaching today the limits of what can be classically simulated. Signi�cant advances have been recently
achieved that enabled to scale superconducting qubits to a 127-qubit processor and increase quality and speed to
improve the performance of quantum computation.

In this presentation I will discuss developments in nanoscale science and technology that have transformed the
digital world over the past two decades and looks into the future how today’s nanotechnology discoveries are likely
to impact the next 20 years. The talk will include a brief overview of our activities in the �eld of new computing
paradigms of AI hardware technologies and quantum computing.

a IBM Research, Zurich, Swiss
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Conference

Macromolecular Crystallography � Quo vadis?

Thomas R. Schneider.a

Macromolecular Crystallography with X-rays (MX) had its beginnings in the 50’s and 60’s of the last century. Since
then, the method has become ever more powerful by enormous technological progress in the production of samples,
growth of crystals, production of X-rays, instrumentation for data collection, computer programs, and data bases. MX
has produced the major fraction of the high-resolution structural information on biological macromolecules available
to us today.

With the recent resolution revolution in cryo-electron microscopy and the latest breakthroughs in protein structure
prediction, the landscape of methods supporting structural biology is changing. I will discuss this changing landscape
and expose current and future opportunities in static and time-resolved macromolecular crystallography, in particular
with respect to its use in the �eld of structural enzymology.

a EMBL Hamburg Unit, Germany
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Conference
Crystal Engineering for storage and release of
molecular active ingredients.

Paolo P. Mazzeo,a;� Michele Prencipe,a Fabio Montisci,a Fabio Fornari,a Federica
Bianchi,a Maria Careri,a Paolo Pelagatti,a Alessia Bacchi.a

The ever-increasing attention on environmental problems and sustainability has highlighted several issues related
to the use of conventional pesticides in the agricultural industry and the use of more effective food preservatives
for the development of active packaging against food waste. In the search for natural antimicrobial and insecticide
alternatives, essential oils and their active components have emerged as promising candidates, although they suffer
from some drawbacks related to their physical properties. We exploited different crystal engineering approaches
to stabilize the active components of the essential oils into the solid-state, either trapping them into �exible metal
organic frameworks via crystalline sponge methods1,2 or designing novel cocrystals with the �nal aim of controlling
their release into the environment. 3�5 Wherever possible, and particularly for cocrystals, mechanochemical syntheses
were preferred to wet reaction strategies. Providing �greener� and potentially less-expensive strategies than traditional
solution methods, mechanochemistry was dubbed by the International Union for Pure and Applied Chemistry (IUPAC)
as one of the 10 chemical innovations that will change our world. An excursus on different case studies will be
provided with an hint into the mechanistic description of the mechanochemical synthesis via time-resolved in situ
monitoring X-ray powder diffraction (TRIS-XRPD). 5,6

References
1 D. Balestri, P. P. Mazzeo, R. Perrone, F. Fornari, F. Bianchi, M. Careri, A. Bacchi, P. Pelagatti, Deciphering the

supramolecular organization of multiple guests inside a microporous mof to understand their release pro�le, Ange-
wandte Chemie 133 (18) (2021) 10282�10290.

2 P. P. Mazzeo, D. Balestri, A. Bacchi, P. Pelagatti, Stabilization of liquid active guests via nanocon�nement into a
�exible microporous metal�organic framework, CrystEngComm 23 (41) (2021) 7262�7269.

3 P. P. Mazzeo, C. Carraro, A. Monica, D. Capucci, P. Pelagatti, F. Bianchi, S. Agazzi, M. Careri, A. Raio, M. Carta, et al.,
Designing a palette of cocrystals based on essential oil constituents for agricultural applications, ACS Sustainable
Chemistry & Engineering 7 (21) (2019) 17929�17940.

4 F. Bianchi, F. Fornari, N. Riboni, C. Spadini, C. S. Cabassi, M. Iannarelli, C. Carraro, P. P. Mazzeo, A. Bacchi,
S. Orlandini, et al., Development of novel cocrystal-based active food packaging by a quality by design approach,
Food Chemistry 347 (2021) 129051.

5 F. Montisci, P. P. Mazzeo, C. Carraro, M. Prencipe, P. Pelagatti, F. Fornari, F. Bianchi, M. Careri, A. Bacchi, Dispens-
ing essential oil components through cocrystallization: Sustainable and smart materials for food preservation and
agricultural applications, ACS Sustainable Chemistry & Engineering.

6 G. I. Lampronti, A. A. Michalchuk, P. P. Mazzeo, A. M. Belenguer, J. K. Sanders, A. Bacchi, F. Emmerling, Changing
the game of time resolved x-ray diffraction on the mechanochemistry playground by downsizing, Nature communi-
cations 12 (1) (2021) 1�9.

a Dipartimento di Scienze Chimiche, della vita e dalla Sostenibilità Ambientale, Università degli studi di Parma, Parma, Italy
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Conference
The quest for ordered porosity in zirconium phos-
phonates: blood, sweat and tears (and powder X-ray
diffraction).

Marco Taddei.a

The chemistry of metal phosphonates has a long history, started in 1978 when the �rst examples of zirconium
phosphonates were reported.1 From the structural point of view, metal phosphonates often adopt dense layered or
pillared-layered arrangements, with the organic moieties residing in the interlayer region, hardly accessible to potential
guest species. In fact, most metal phosphonates are non-porous materials. When porosity is present, it is usually the
result of a disordered assembly of the structure and lacks the speci�city desirable for many applications, such as gas
sorption/separation and catalysis2

The advent of metal-organic frameworks (MOFs), a class of porous and crystalline organic-inorganic materials, has
sparked huge research interest, thanks to their high surface areas and well-de�ned pore size distribution. Most MOFs
are based on carboxylate or N-heterocyclic linkers, and phosphonate-based MOFs only represent a rather small fraction
of the thousands of MOF structures reported over the last 20 years.2 Yet, the exceptional stability and insolubility of
metal phosphonates are attractive features for practical employment.

This contribution is concerned with the challenging development of zirconium phosphonates possessing ordered
porosity, starting from the design and synthesis of suitable polyphosphonic linkers to escape the ubiquitous dense
layered motif, through the identi�cation of the synthetic conditions to obtain suf�ciently (micro)crystalline products,
and ending with the ab initio determination of crystal structures from powder X-ray diffraction data. 3

References
1 G. Alberti, U. Costantino, S. Allulli, N. Tomassini, Crystalline zr (r-po3) 2 and zr (r-opo3) 2 compounds (r= organic
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and Nuclear Chemistry 40 (6) (1978) 1113�1117.
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14834.
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Conference
Metal-Organic Frameworks as advanced porous ma-
terials for gas separation and water remediation.

Rosaria Bruno.a

The removal of contaminants from air and aquatic systems must be a priority research topic to re-establish ecosys-
tem balance and secure a more sustainable future. In this context metal�organic frameworks (MOFs) have revealed
them as excellent platforms for the removal of harmful species from both air and water. MOFs show great potential for
applications in the area of environmental sustainability because their channels can be pre- or post-synthetically �ne-
tuned, in terms of size, shape, and functionality, resulting in a fascinating controlled host-guest chemistry. In addition,
unlike other porous materials, MOFs allow for the use of X-ray crystallography to observe what happens within their
channels. Single crystal X-ray diffraction leads to structural resolution that allows to understand and rationalize the
adsorption mechanisms that conduct to an ef�cient capture or separation of hazardous species.

In this work, MOF-based technologies are reported unveiling successful developments achieved in the adsorptive
removal of inorganic or organic contaminants. A new emerging class of porous materials, which are the mixed
component metal-organic frameworks known as multivariate-MOFs (MTV-MOFs), have been also studied. In these
MTV-MOFs heterogeneity and complexity are installed at the service of application performances. The modular nature
of MTV-MOFs opens substantial possibilities in the �eld of water remediation, as it makes possible to tailor their
porosity with two or more different and cooperative functional groups, capable of acting synergistically to capture
contaminants of very different nature at once.

In-situ studies on single crystal X-ray diffraction by synchrotron radiation revealed the nature of the interactions of
gases with MOF active sites. These results were used then to prepare rubbery mixed matrix membranes (MMMs) with
MOFs as �ller and new MMMs for liquid or gas phase capture/separation were produced and tested.

Fig. 1 Metal organic Framework for gas capture and water remediation.
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Conference
Applications of Cryo-Electron Microscopy in Struc-
tural Biology.

Alessandro Grinzato.a;b

For many years, cryo-electron microscopy (Cryo-EM) was used only to determine low-resolution density maps of
large proteins structure. However, thanks to recent technological developments, the resolution achievable with Cryo-
EM reaches the same values as those obtained with X-Ray crystallography. Moreover, Cryo-EM can study �exible and
functionally active macromolecules, which are impossible to study using X-Ray crystallography. Below are presented
the structures of four different protein complexes which, due to their �exible and heterogeneous nature, could not be
solved without the aid of cryo-EM

Campylobacter jejuni serine protease HtrACj is implicated in bacterial virulence, stress response, proliferation,
migration, and cell fate. We took a cryo-EM approach to understand how its unique architecture is responsible for a
remarkable structural and functional plasticity that allows cells to respond to misfolded or mislocalized polypeptides
rapidly. The 3D reconstruction pictures HtrACj as a dodecamer built of four trimers. The contact between the trimers
is loose, which explains the dodecameric assembly’s �exibility and mobility. Such �exibility allows the opening of the
dodecamer to expose the proteolytically active site of the protease.

Tetanus neurotoxin (TeNT) is the bacterial protein toxin that causes tetanus. Although a vaccine exists for tetanus,
it remains a health concern owing to the observations of decreasing anti-TeNT antibodies-load in human serum after
the vaccination, implying the need to look for other therapeutics. Therefore, we explored the possibility of neutralizing
TeNT using human-derived fabs. The structure of the TeNT-Fabs complex shows the relative movement of the toxin
domains and the Fab bounding. Identifying new TeNT epitopes will help in antibody design to block the insurgents of
tetanus.

Photosystem II-LHCII is a protein complex of the thylakoid membrane involved in photosynthesis and is formed by
one or more LHCII trimers that bind in a stable (S) or moderate (M) manner to the PSII dimeric core (C2). To study the
PSII-LHCII light acclimation, we collected two different datasets of PSII-LHCII grown in low and high-light conditions,
which led respectively to a map of the stacked (C2S2M2)2, (C2S2M)2, and (C2S2)2 conformation, con�rming that
M trimers decrease with the increasing of light exposure. Furthermore, all these maps show the presence of �exible
connections between the two PSII-LHCII and a different rotational offset between the two PSII-LHCII of the stacked
conformation around the membrane plane’s normal vector, responsible for modifying their interaction and energetic
connectivity.

Potato virus X (PVX) is a �exible �lamentous plant virus from the Alpha�exviridae family that infects herbaceous
plants. While PVX has a detrimental impact on the global potato economy, PVX can be genetically engineered to be
used as a scaffold for nanotechnology or nanomedicine applications. The 2.2 ¯ resolution map, obtained using helical
reconstruction, provides near-atomic details of the interaction between its coat-protein and the genomic RNA, thereby
opening the avenue to the design of antiviral compounds. Furthermore, the structure of the virus particle shows that
the N-terminal region is �exible and exposed to the solvent, suitable for the transport and delivery of epitopes.
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Conference
Crystal-chemistry of the secondary minerals of the
thallium-rich pyrite ores from the Apuan Alps (Tus-
cany, Italy).

Daniela Mauro.a;b

The mineralogy of secondary assemblages deriving from the alteration of pyrite ore deposits from the southern
sector of the Apuan Alps (Tuscany, Italy) has been investigated. Twenty-�ve mineral species have been identi�ed so
far; among them, eight, showing interesting crystal-chemical features, were fully characterized using X-ray diffraction,
chemical analyses, and spectroscopic techniques.1 The structural description of some previously known minerals (ep-
somite, wilcoxite, coquimbite, khademite, alum-(K), and voltaite) allowed to improve our knowledge about H-bond
systems in sulfates and to assess their role in hosting potentially toxic elements. Moreover, this study permitted the
identi�cation of two new mineral species, giacovazzoite, K5Fe3+

3 O(SO4)6(H2O)9 � H2O, from the Monte Arsiccio mine,
and bohuslavite, Fe3+

4 (PO4)3(SO4)(OH)(H2O)10 � nH2O (5 < n < 24), from the Buca della Vena mine. 2,3

Giacovazzoite (Figure 1) is the natural counterpart of the b -Maus’ Salt. It is monoclinic, space groupP21=c, with a
= 9.48, b = 18.44, c = 18.05 ¯, b = 92.6°, V = 3153.6 ¯ 3. Its crystal structure is characterized by a heteropolyhedral
[Fe3+

3 O(SO4)6(H2O)3]5� cluster and by an interstitial complex with composition [K5(H2O)7]5+ . The heteropolyhedral
cluster is known in other minerals (metavoltine, scordariite, carlsonite) as well as in some synthetic compounds.

Bohuslavite (Figure 1) is triclinic pseudo-hexagonal, space groupPfl1, with unit-cell parameters a = 13.38, b =
13.34, c = 10.86 ¯, a = 92.8, b = 91.0, g = 119.9°, V = 1675.7 ¯ 3. This mineral can be considered a new kind
of microporous compound, with heteropolyhedral layers with composition [Fe3+

4 (PO4)3O(OH)(H2O)10], decorated on
both sides bySO4 groups. Additional H2O groups are hosted in channels running alongc as well as in the interlayers.

This work stressed the complexity of sulfates, improving the knowledge of their systematics.

Fig. 1 Giacovazzoite (a,b) and bohuslavite (c,d): crystal morphologies and crystal structures.
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Conference
Crystal chemical study of arsenates and vana-
dates of the brackebuschite supergroup from Val-
letta mine, Canosio, Val Maira (CN).

Lisa Baratelli,a;� Fernando CÆmara Artigas.a

The aim of this study is the crystal chemical description of arsenates and vanadates of the brackebuschite super-
group, belonging to Valletta mine, in Canosio municipality (CN), Piedmont, Italy, through structure and composition
determination.

The Valletta mine is type locality of three new species of the brackebuschite supergroup:
canosioite Ba2Fe3+ (AsO4)2(OH), grandaite Sr2Al(AsO4)2(OH) and lombardoite Ba2Mn3+ (AsO4)2(OH). As-rich miner-
als probably form by precipitation from hydrothermal �uids in an oxidizing environment. They are concentrated in
quartz or calcite-rhodochrosite veins, often associated with baryte, or along the fault planes. They are present in
orange-brownish and submillimetric crystalline aggregates.

Minerals of the brackebuschite supergroup have general formula A2M3+(TO4)2(OH), in which:

� A = Pb, Ba, Sr, Ca;
� M = Al, Fe 3+ , Mn3+ (Zn, Cu if an hexavalent is present in the T site);
� T = V, As, P (S, Si).

The crystal structure can be described as composed of in�nite chains of sharing edge octahedra [M3+O6] which
extends along the [010] direction. The octahedra chains are connected to each other by two tetrahedra sites [T5+O4]
or (OH)- groups or a water molecule.

Minerals of the brackebuschite supergroup were characterized by:

� transmission optical microscopy, for the description of thin sections and the measurements of the optical proper-
ties;

� scanning electron microprobe (SEM) with EDS and WDS;
� single crystal X-ray diffraction;
� Raman spectroscopy.

Following the analyses it was possible to identify a new lombardoite polytype and a new mineralogical phase of
the brackebuschite supergroup; it was called aldomarinoite, in honour of Aldo Marino, researcher and collector, and
discoverer of the Valletta mine. Aldomarinoite has chemical formula Sr2Mn3+ (AsO4)2(OH) and has recently been
approved by IMA (International Mineralogical Association).

The results of this study show that there is a relation between the Raman shifts and the chemical composition
of the analysed minerals which would allow identifying different species in terms of peaks position variation in the
Raman spectra. This was possible because of the understanding of structural variations obtained through structure
re�nements.
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Conference
Thermal and compressional behavior of the natural
borate kurnakovite, (MgB3O3(OH)5 � 5H2O).

Tommaso Battistona

Natural borates are minerals of relevant economic interest, as they represent the main source of boron (i.e. since
2014, in the Critical Raw Material list for the Europe’s economy). The peculiar properties of boron opened several
routes of applications in a large variety of industrial sectors, including glass, ceramics, electronics, metallurgy, textile,
cosmetics and chemistry.1 Moreover, boron also �nds applications as a fundamental constituent of neutron radiation-
shielding materials, which are used in nuclear energy plants, as well as in facilities for scienti�c research or medical
applications2 The high capability of borates to act as neutron-shielding materials is due to the isotope10B, representing
about 20% of natural boron, having a high cross section ( 3840 barns) for thermal neutrons, leading to the following
reactions:

10B+ n ! a + 7 Li + g

In this light, kurnakovite (MgB3O3(OH)5 � 5H2O, a = 8.308(7) b = 10.599(2) c = 6.442(3) a = 98.85(3) b =
109.09(6) g = 105.57(4), space group = Pfl1) was selected as a promising natural candidate in neutron radiation-
shielding materials, based on Portland or Sorel cements.3 Moreover, the absence of Na prevents the occurrence of
alkali-silica reactions, which can decrease the durability and the mechanical strength of Portland cements.4

In this study, the thermal and compressional behaviour of kurnakovite was investigated (up to 13.65(5) GPa and
in a T range 100(2) � 393(2) K) by means in-situ single-crystal synchrotron X-ray diffraction experiments, performed
at the XRD1 beamline at Elettra (Trieste, Italy) and at P2.02 beamline at PETRA-III (Hamburg, Germany). The
bulk thermal expansion coef�cient was calculated based on the non-ambient T data, yielding to the value of an =
5:18(1) � 10� 5K� 1. The crystal structure showed the �rst evidence of collapse at T > 393 K and completely amorphized
at 423 K, posing questions on the potential application as matrix-aggregates in radiation-shielding concretes.4 The
re�ned bulk modulus of kurnakovite resulted to be KV0 = 35(3)GPa� 1. A reconstructive phase transition was observed
in the range 9.23(5) � 11.11(5) GPa [4]. The high- Ppolymorph, kurnakovite-II, is still triclinic with a unit cell volume
three times larger with respect to kurnakovite [4]. As observed in other borates (e.g. ulexite and colemanite,5,6 only
a fraction of trigonal-planar B increases its coordination to tetrahedral by bonding with a H2O-oxygen atom.4
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Conference
Combined Experimental and Computational Stud-
ies on Molecular Recognition among D-Glucose
Molecules.

Luca Sironi,a;� Silvia Rizzato,a;b Leonardo Lo Prestia.b

D�glucose (C6H12O6) is a strategic chemical for the agri-food and pharmaceutical industries, with a market that is
expected to grow in next years. Two anhydrousP212121 crystal forms, differing in the anomeric ( a =b ) con�guration,
plus one hydrated form, are known to date.1 Due to the presence of a high number of �OH groups with almost null
rotational barriers, many low-energy structures are predicted for both anomers in computational studies.2 Thus, the
reasons for the observed conformational monomorphism in glucose are unclear. In this work (Figure 1), an extensive
crystallization screening was carried out, which led to the discovery of a new acetonitrile solvate of theb anomer that
was crystallized at room temperature. Through high resolution (0.46 ¯) single crystal X-ray diffraction experiments at
T = 90(1) K, the most common a form was characterized, demonstrating a possible anomeric disorder, never reported
before. The experimental charge density study of the crystalline anomera was obtained from the high-resolution
dataset, quantifying the relative strength of hydrogen bonds in the crystal.3 Finally, Molecular Dynamics simulations
of the crystal, liquid and solution states were carried out with the MiCMoS 4 and GROMACS5 suite of programs
at different temperatures. These complemented the static, space-time average picture of standard crystallographic
methods with the analysis of the equilibrium dynamics in condensed phase, allowing us to shed new light on the
nature of the cohesive forces in D�glucose.

Fig. 1 (a) a D-glucose single crystals obtained from EtOH:pentane. (b) Same, from EtOH:hexane. (c) Crystal structure of the
newly discovered bD-glucose CH3CN solvate, with the space occupied by the solvent shown as brown cavities. (d) Negative
charge density Laplacian (� Ñ 2r ) in the region of one hydrogen bond. Solid lines highlight regions of charge concentration.
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Conference
The health seen through collagen network: from dis-
ease to regeneration.

Alberta Terzi,a;� Teresa Sibillano,a Davide Altamura,a Liberato De Caro,a Dritan
Siliqi,a Anna Moliterni,a Rocco Lassandro,a Cinzia Giannini.a

In the last decades the extracellular matrix (ECM) has aroused growing interest thanks to its pivotal bio-physical
interaction with cells, modelling the structure and function of tissues in relation to physiologic and pathologic stimuli.
It is a complex �brous network made by different components, but the main �bril-forming protein is type I collagen.
Thanks to its tissue-speci�c morphology, its hierarchical structure and the functional domains, it supplies bio-physical
support to cells attachment, tissue growth and re-modeling. From the molecular order, up to supramolecular scale,
type I collagen is organized in triple helices assembled in �brils and �bers, in accordance with a liquid crystalline
arrangement at nanoscale, a quasi hexagonal packing observed in corneal tissue.1 In order to study collagen arrange-
ment and to deeply understand the role of its alteration at both atomic and nanoscale in pathology, we combined
scanning small (SAXS) and wide angle (WAXS) X ray scattering microscopies, inspecting the structural features in the
tissue over an extended area. For instance, mapping abdominal and popliteal aortic aneurysms biopsies by scanning X-
ray microscopy led to the detection and co-localization of the nanometric structure of type I collagen, myo�lament and
elastin, organic components of the tissues. It were also identi�ed pathological micro calci�cations, whose crystalline
phases have been identi�ed.2 Multiscale scanning microcopies were also employed for the structural characterization
of intra- and inter-molecular features of type I collagen in diabetes minimal models for the study of the effect of
glycation. In particular X-ray scattering (SAXS/WAXS) analyses conducted on decellularized bovine pericardia bio-
tissues, soaked with different sugars (D-glucose, D-galactose, D-ribose) at increasing concentrations (0, 2.5, 5, 10,
20 and 40 mg/ml), and incubated at 37°C for 3, 14, 30 and 90 days, allowed to identify the sites of glycation and
speed of glycation due to glucose/galactose and ribose.3�5 te Moreover the study of type I collagen by X-ray diffraction
techniques have also demonstrated to be a useful tool in regenerative medicine. Indeed, its biocompatibility, activity
and degradability, made collagen attractive as biomaterial for implantable medical devices. It was extracted from
different collagen-rich tissues of distinct animal species by chemical and/or enzymatic processes and each biomaterial
fabrication steps could modify the physiologic sub and supramolecular features of the protein, leading to different
biomaterials. WAXS and SAXS techniques have revealed how manufacturing protocols deeply affect the structural
characteristic of the biomaterial itself, and therefore its function, becoming fundamental tools to screen the suitable
protocols, according to the tissue to regenerate.6�8
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Conference
A multi-technique hierarchical X-ray phase-based
approach for the characterization and quanti�cation
of the effects of novel radiotherapies.

Mariele Romano,a;b;� Paola Coan.a;c

Cancer is the �rst or second leading cause of premature deaths worldwide with an overall rapidly growing burden-
1 Standard cancer therapies include surgery, chemotherapy and radiotherapy (RT) and often a combination of the
three is applied to improve the probability of tumour control. Follow up techniques, able to monitor and investigate
the effects of therapies, are important for surveying the ef�cacy of conventionally applied treatments. They are also
key for evaluating the curing capabilities and the eventual onset of acute or late adverse effects of new therapies. In
this framework, this research project proposed the X-ray Phase Contrast Imaging - Computed Tomography (XPCI-CT)
technique2 to study and quantify the effects of novel RTs, namely Microbeam and Minibeam Radiation therapy (MRT3

and MB4), and to compare them to the standard Broad Beam (BB) induced effects on brain and lungs in pre-clinical
settings. MRT and MB deliver an array of highly collimated micrometric spatially fractionated X-ray beamlets issued
from a synchrotron radiation source. To visualize with high sensitivity the effects of the treatment along and outside
their path, a high-resolution and a full-organ imaging approach is necessary. XPCI-CT was here suggested and proven
as a powerful imaging technique able to determine and quantify the effects of the radiation on normal and tumour-
bearing tissues5,6 Moreover, it is shown as an effective technique to complement, with 3D information, the histology
�ndings in the follow-up of the RT treatments. Using a multi-scale and multi-technique X-ray-based approach, we
analysed the effects of RT delivery on healthy and glioblastoma multiforme-bearing rat brains as well as on healthy
rat lungs. Ex-vivoXPCI-CT datasets acquired with isotropic voxel sizes down to0:653mm3 could distinguish, with high
sensitivity, the idiopathic effects of MRT, MB and BB therapies. Histology, immunohistochemistry, synchrotron Small-
and Wide-Angle X-ray Scattering and X-ray Fluorescence experiments were also carried out to accurately interpret
and complement the XPCI-CT �ndings as well as to obtain a detailed structural and chemical characterization of the
pathological and treatment-effect features. Overall, this multi-technique approach provided the recognition and differ-
entiation of brain and lungs anatomical details down to the cellular level and identi�cation of microscopic cancerous
cell-clusters far from the main lesion. For brains, it was possible to discriminate tissue necrosis, tumour oedema,
micrometric MRT-transections as well as high-density calci�cations, identi�ed, for the �rst time, as hydroxyapatite
crystals with the coexistence of Fe deposits.5 In lungs, radiation induced �brosis and collagen noduli are visible. The
former can be visualized as thickening of alveolar walls, expansion of alveolar spaces and destruction of their normal
structures, which are replaced by irregular, abnormal air spaces and large areas of scarring.6 The 3D nature of XPCI
datasets was �nally exploited to quantify the radio-induced pulmonary and brain lesions. This multi-technique ap-
proach appears to be well suited for investigating cancer development and radiotherapy effects on both the studied
biological targets. In the future, other types of tumours and target organs will be considered and the method will be
also tested for image-guidance during radiotherapy in preclinical research.
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Molecular Crosstalk between Fate Determination
and Orientation in Epithelial Cell Divisions.
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via Monzani,a Valentina Cecatiello,e Chiara Gaddoni,a Francesca Rizzelli,a James
Foadi, f Sebastiano Pasqualato,e Marina Mapelli.� ;a
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In multicelular organisms, oriented cell divisions are fundamental for morphogenesis and homeostasis.1 Division
orientation is orchestrated by the microtubule-based motor dynein, which sustains all mitotic spindle functions. Dur-
ing cell division, cortical force generators connect epithelial polarity sites with astral microtubules, allowing dynein
movements to orient the mitotic spindle meanwhile astral microtubules depolymerize. Complexes of the LGN and
NuMA proteins, that are fundamental components of force generators, are recruited to the cortex by Ga i-subunits
of heterotrimeric G-proteins. They associate with dynein/dynactin and activate the motor activity pulling on astral
microtubules. I will present the structure of NuMA:LGN hetero-hexamers, and discuss their role in promoting by mul-
tivalent interactions the assembly of active cortical dynein/dynactin motors required to oriented divisions in polarized
cells. I will also describe the bipartite interaction interface between NuMA and the light intermediate chain (LIC)
of eukaryotic dynein, supporting the notion that NuMA acts as a dynein-activating adaptor in the mitotic processes
of spindle organization and positioning. Collectively this work elucidates the basis for the structural organization of
essential spindle orientation motors.
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Structural Characterization of a post-mortem Amy-
loid Fibril from a Cat Kidney.
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Fig. 1 Cryo-EM image of a single �bril
with the reconstructed map and model

Amyloidosis are systemic diseases characterized by deposition of misfolded
proteins into cross-b amyloids in multiple organs in humans and animals. Dur-
ing chronic in�ammation, serum amyloid A protein (SAA) levels increases,
which result in AA amyloidosis. There is a extreme disease prevalence in cap-
tive animals, e.g. 70% in captive cheetah and 57-73% in domestic short hair
cats kept in shelters,1 and therefore a prion-like mechanism in amyloid forma-
tion has been proposed to explain the horizontal transmission of the disease.

Herein, we present the 3.3 ¯ resolution cryo-EM structure of �brils from
renal tissue of a cat affected by severe AA amyloidosis in a shelter (Fig. 1).2

The �bril is assembled from two twisted proto-�laments, each comprising 76
residues. Amyloid fold and �bril assembly differ from previously reported
human and mouse ex vivo AA amyloid structures. Almost identical �bril se-
quences and similar disease prevalence in related captive cheetah suggest that
the structure reported here may depict the prion agent responsible for the high
AA amyloidosis prevalence in these two related felids
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Cattaneo,d;e Doriano Lamba.a; f

The human genetic variant BDNF (V66M) represents the �rst example of neurotrophin family member that has
been linked to psychiatric disorders. In order to elucidate structural differences that account for the effects in cognitive
function, this hproBDNF polymorph was expressed, refolded, puri�ed and compared directly to the WT variant for
the �rst time for differences in their 3D structures by DSF, limited proteolysis, FT-IR and SAXS measurements in
solution. Our complementary studies revealed a deep impact of V66M polymorphism on hproBDNF conformations in
solution. Although the mean conformation in solution appears to be more compact in the V66M variant, overall, we
demonstrated a large increase in �exibility in solution upon V66M mutation. Thus, considering that plasticity in IDR is
crucial for protein function, the observed alterations may be related to the functional alterations in hproBDNF binding
to its receptors p75NTR, sortilin, HAP1 and SorCS2. These effects can provoke altered intracellular neuronal traf�cking
and/or affect proBDNF physiological functions, leading to many brain-associated diseases and conditions such as
cognitive impairment and anxiety. The structural alterations highlighted in the present study may pave the way to the
development of drug discovery strategies to provide greater therapeutic responses and of novel pharmacologic strategy
in human populations with this common polymorphism, ultimately guiding personalized medicine for neuropsychiatric
disorders.1
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C-terminus of the histone-lysine N-methyltransfe-
rase NSD3 characterized by small-angle X-ray scat-
tering.

Benny Danilo Belviso,� ;a Yunpeng Shen,b Benedetta Carrozzini,a Masayo Morishita,c

Eric di Luccio,c Rocco Caliandro.a

Fig. 1 Structural model of the NSD3 C-terminal region
comprising PWWP2, SET and PHD4 domains (center), obtained
by modelling SAXS data on the constructs PWWP2-SET and
SET-PHD4.

Nuclear receptor binding SET domain (NSD) pro-
teins, a family of three histon lysine methyl trans-
ferases, are considered decisive for suppressing cur-
rently lethal cancer diseases.1 Aside from the well
characterized catalytic SET domain, NSD have multiple
potential chromatin-binding motifs that are clinically
relevant, such as the proline-tryptophan-tryptophan-
proline (PWWP), the plant homeodomain (PHD) and
the adjacent Cys-His-rich domain (C5HCH) located at
the C terminus. The crystal structure of the individual
domains is available and has allowed initiating drug-
designing of potential inhibitors, but the analysis of the
intra-domain features and the characterization of mu-
tual domain conformations has been hindered by the
intrinsic �exibility of larger constructs. We have ob-
tained the �rst structural characterization of the NSD3
C-terminal region comprising PWWP2, SET and PHD4
domains, by using solution small-angle X-ray scattering
(SAXS). The challenging task of modelling �exible sys-
tems has been faced by complementing SAXS data on
two multiple-domain NSD3 constructs with size-exclusion chromatography and advanced computational modelling.
Structural models predicted by state-of-the-art homology modelling based on machine learning have been validated
in direct space, by comparison with the SAXS-derived molecular envelope, and in reciprocal space, by reproducing the
experimental SAXS pro�le. Selected models have been re�ned by molecular dynamics simulations, where the ab initio
molecular envelope calculated from SAXS data represents an additional potential. The role of S-adenosyl methionine
and histone H3 peptide ARTKQTARKSTGGKAPGGC in determining the geometrical features of the interdomain con-
formation has been also elucidated, �nding a dramatic effect of the �rst ligand in shrinking the SET-PHD4 region. This
study shows how SAXS data can be used in synergy with advanced computational modelling technique to achieve a
detailed structural characterization that sheds light on how NSD3 domains are interconnected in the C-terminus.
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Directional explosion. A hybrid simulation study.

Emiliano De Santis,a;b;� Ibrahim Dawoda,c Sebastian Cardoch,a Nicusor Timneanu,a

Carl Calemana.d

Single particle imaging (SPI) using X-ray pulses has become increasingly attainable with the advent of high-
intensity free electron lasers. SPI overcomes the need of a crystalline sample, but the extreme intensity of the X-
ray pulse causes severe radiation damage to the molecule, leading to coulombic explosion.1 Diffraction patterns are
thus obtained from separate exposures of identical molecules, each in their own random orientation. Hence, a single
diffraction pattern re�ects a single view of the particle. The unknown orientation of the particle renders its 3D recon-
struction problematic, complicated and expensive � in terms of large sample consumption and beam-time required.
If additional information about the orientation of the protein in the instant of X-ray exposure could be recorded, it
would be bene�cial for the algorithms that �nd the relation between the diffraction images.

One way to control proteins orientation prior to the interaction with the X-ray pulses is to make them interact with
external electric �eld. 2 Unfortunately, in some cases, the �eld can be destructive for the protein structures, as positively
and negatively charged moieties will be pulled in opposite directions, potentially leading to unfolding and therefore to
artefacts on the reconstructed images. It has also been proposed that by measuring the directions of the ejected ions
from the Coulomb explosion of the protein, the orientation of the protein could be determined a posteriori. 3 In our
previous simulation study, it has been shown how the sulphur atoms from a lysozyme protein tend to follow similar
trajectories in 150 independent simulations. Since lysozyme is a rather small protein, and most of the sulphurs are
closed to the surface of the protein, it is hard to draw any conclusions of how well de�ned the trajectories of atoms
heavier than N, C and O from a larger protein would be. To test if the �ndings from the simulations agrees with what
happens in an experiment, one needs to design an experiment to test this aspect. In such experiment it is necessary
to know how the distance from the surface of the protein affects the direction of the ion path. In the present study
we are addressing this speci�c question. By placing a sulphur atom at different distances from a water surfaces, and
measure sulphur trajectories we aim at understanding how close to the surface of a biomolecule an atom can be to give
reliable orientation information. To this end, we developed a hybrid simulation approach employing a combination of
non-local thermodynamic equilibrium and extensive classical molecular dynamics simulations. Based on our �ndings,
we conclude that explosion data can aid spatial orientation in SPI experiments and could substantially improve the
capabilities of the SPI technique.
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Structural insights into the hYAP-hTEAD4 protein-
protein interaction: an emerging target in cancer
treatment.
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The Hippo pathway is a signaling network, regulating cell growth, proliferation, and apoptosis, involved in tissue
homeostasis and organ size control. A central role in this pathway is played by the Yes-Associated Protein (YAP), a
DNA transcription co-activator without an intrinsic DNA binding domain. Upon activation of the Hippo pathway, a core
kinase-cascade mediates the intracellular signaling, leading to phosphorylation and subsequent degradation of YAP. In
its hypo-phosphorylated status, YAP moves inside the nucleus where it interacts with various DNA-binding partners. In
mammalian cells, YAP primarily binds all four Transcriptional Enhancer Associate Domains (TEAD1-4).1 TEAD tran-
scription factors can induce gene transcription only upon interaction with YAP [2]. This protein-protein interaction
(PPI) is essential for expressing Hippo pathway-downstream genes, modulating cell proliferation and apoptosis.2 All
human TEADs (hTEADs) have an acylation binding site, physiologically occupied by palmitic/myristic acid; even so,
the functional role of acylation is yet not fully understood. 3 Dysregulation of the Hippo pathway is associated with
tumorigenesis, thus targeting the YAP:TEAD interaction is an emerging, attractive therapeutic strategy in the oncol-
ogy �eld. 4 The development of new modulators of this PPI is challenging, indeed very few YAP:TEAD4 inhibitors
have been reported so far.5 A relevant problem is the poor structural information available on this complex, limited
to the characterization of the C-terminal YAP-Binding Domain of hTEAD4 (hTEAD4-YBD) in complex with a 40mer
peptide, a fragment of the TEAD-Binding Domain of human YAP (hYAP-TBD). Aiming to expand the current structural
understanding on this PPI, we developed reliable protocols for co-expression and co-puri�cation of hTEAD4-YBD in
complex with hYAP-TBD (L-complex) and with two shorter fragments, including 70 and 90 residues (S and M complex,
respectively). All three complexes were crystallized but, despite optimization, crystals showed only poor diffraction
in preliminary X-ray crystallographic analyses. Meaningful improvements were achieved by the microseeding tech-
nique, allowing to obtain diffraction quality crystals for both the S and L complexes. The structure of the S complex
was determined to 2.5 ¯ resolution, in the trigonal space group P3121 with unit cell parameters a,b=164.58 ¯ and
c=258.61 ¯, whereas the L complex was obtained to 3.1 ¯ resolution. The crystal ASU consists of 12 heterodimers,
showing new structural insights on hYAP:hTEAD4 PPIs. Recently, we further expanded the study of this complex to
the characterization of hTEAD4-YBD in complex with full length hYAP (XL complex). We set up a production protocol
and preliminary structural characterization through bioSAXS, cryo-EM and X-ray crystallography are currently ongo-
ing. Our results expand the current knowledge on the downstream effectors of the Hippo pathway, providing novel
information to design hYAP:hTEAD4 PPI modulators.
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ship in Nanocatalysts for CO2 Electroreduction using
Time-Resolved XAS and Advanced Data Analysis.
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ElectrochemicalCO2 reduction to valuable chemical feedstocks and fuels, powered by the energy from renewable
sources, is an attractive possibility for theCO2 minimization in the atmosphere (e.g., at industrial sites where con-
centrated CO2 is available) but a suitable catalyst is needed. Currently Cu-based catalysts are the only ones that can
convert CO2 with signi�cant yield to energy dense C2+ products, such as ethylene and ethanol. Nonetheless, the distri-
bution of possible reaction products for CO2 reduction reaction (CO2RR) over Cu catalysts is broad, and the selectivity
of the catalyst is hard to control. Atomistic details of the CO2RR and the nature of active states also remain debated
due to the coexistence and transformations under reaction conditions of multiple copper species. To address these
questions, X-ray absorption �ne structure spectroscopy (XAFS) has been used for decades.1 Nonetheless, new exciting
possibilities are enabled by the recent development in the instrumentation and data analysis approaches. The former
allow now operandoquick XAFS (QXAFS) studies with subsecond time resolution. Thus, the evolution of the catalyst
structure and composition under realistic working conditions can be directly tracked for the �rst time. Moreover,
QXAFS method provides also a direct insight into the catalyst dynamics under non-equilibrium reaction conditions,
which have been recently proposed as an attractive way to steer the catalyst functionality by dynamically controlling
the catalyst’s surface composition and structure.2 On the other hand, the breakthrough developments in data science
provide now the possibility to employ machine learning methods for the interpretation of XAFS data, allowing quick
analysis of disordered, heterogeneous structures of working electrocatalysts.3�5

Here we demonstrate the potential of QXAFS method and machine learning-based data analysis on an example
of studies of Cu-based catalysts under potentiostatic and dynamic (pulsed) CO2RR conditions. In particular, our
approach allows us to explain the different selectivity trends for shape-selectedCu2O nanocubes (NCs) exposed to
pulsed CO2RRwith different pulse durations, 2 to understand the dynamics of NCs oxidation state under pulsed and
static CO2RR in gas-fed cell at high current densities,6 and to track the fast alloying/dealloying processes and their
link to oxidation/reduction processes in Zn-decorated Cu2O NCs.5 The compelling evidences about the nature of the
catalyst active states, obtained from operando time-resolved XAFS coupled with advanced data analysis approaches
allow us to decouple the contributions of different species coexisting in working catalysts to theCO2RRselectivity, and
provide guidelines for the further optimization of catalytic systems and reaction protocols.
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Conference
Characterization of metal-organic frameworks with
synchrotron and neutron sources for catalytic appli-
cations.

Marco Ranocchiari.a

The chemical-�exibility, tunable pore size and chemical and structural stability of MOFs can be used to design
active sites at the molecular level and to produce heterogeneous catalysts, which can be characterized with atomic
precision.1,2 In this contribution, we show how advanced characterization at synchrotron sources can be used to
reveal the mechanism of formation of UiO-66 under microwave irradiation conditions. The synthesis of UiO-66 was
monitored with in-situ X-ray diffraction at the material science beamline at the Swiss Light Source revealing the
in�uence of modulators and aging in the yield and crystallite size of the material. 3

In addition, we present how X-ray and neutron sources can help identify active sites in catalysis and the structure of
adsorbed species. We developed a catalytic methodology that uses such metal complexes to catalyze Suzuki-Miyaura
cross coupling reactions in unprecedented mild conditions, at a low temperature of 40 °C and with a mild organic
base such as triethylamine and characterized the relation between active site and selectivity.4 The use of a MOF-
immobilized catalysts results in a ten-fold reduction of the metal and ligand contamination in the reaction products.
We also show how MOFs with MOF-74 and UMCM-1 topologies push Co-catalyzed hydroformylation into kinetic
regimes not available under standard conditions. The micropores of MOFs increase the ole�ns density beyond neat
conditions and partially prevent the adsorption of syngas allowing branched selectivity up to 90% using ole�ns with
no directing groups, which is not achievable with existing Co catalysts.5 Neutron diffraction revealed the structure of
the adsorbed alkenes.
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Conference
Operando and ex-situ PXRD Study of Ni-doped Man-
ganese Hexacyanoferrate Cathode Material in Aque-
ous Zn-ion Battery System.

Mariam Maisuradze,a;� Min Li,a Mattia Gaboardi,b Jasper Rikkert Plaisier,b Marco
Giorgetti.a

Operando experiments are essential in the �eld of battery research as they avoid the typical drawbacks of ex situ
experiments, such as sample transfer or relaxation reactions, that may occur after opening the electric circuit; alongside
the availability of providing sample behaviour under the normal operating conditions in single test cell experiments,
avoiding the uncontrolled differences between the cells.1 Aqueous rechargeable Zinc-ion batteries (ARZIBs) are one of
the most promising post lithium-ion battery candidates and Prussian blue analogues (PBAs) are widely considered as
cathode materials for them, due to their large ionic channels and redox-active sites.2 Our study material is manganese
hexacyanoferrate (MnHCF). For the improvement of its performance Ni-doping technique is applied, mostly for the
relaxation of the Jahn-Teller distortion and therefore improving the long-time stability. 3

Here the experimental results of 10% Ni doped MnHCF will be highlighted in AZIB system with 3M ZnSO4 elec-
trolyte and Zn metal anode. PXRD studies were performed in MCX beamline in Elettra synchrotron facility. For
operando experiment EL-CELL was used in re�ection mode with CCD detector.

Generally, during the cycling process some structural changes or the new phase formation might occur inside the
cathode material. The structural exchange of Mn with Zn in AZIB system based on XAS analysis has been reported
before in pure MnHCF material.4 According to our operando and ex-situ PXRD measurements the same phenomena
were observed for Ni-doped material. The lattice parameter has changed and the additional peaks have appeared even
during the resting mode, just by electrode being exposed to the electrolyte. Changes continued to occur during the
consecutive charge and discharge process. The appearance of additional peaks both in operando and ex-situ samples
proves the new phase formation inside the material. During the discharge process the PXRD patterns showed only
partial reversibility of the structure. 5

Fig. 1 El-cell (left) and operando PXRD pattern of Ni-doped MnHCF (right).
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Conference
On the mechanism of cocrystal mechanochemical
reaction via low melting eutectic: a time resolved
in-situ monitoring investigation.

Paolo P. Mazzeo,a;� Michele Prencipe,a Torvid Feiler,b Matteo Masino,a Franziska
Emmerling,b Alessia Bacchi.a

Cocrystals, namely crystalline compounds made of different chemical entities, are typically synthetized in bulk via
mechanochemistry. Whereas the macroscopic aspects of grinding are becoming clear,1 the fundamental principles that
underlie mechanochemical cocrystallisation at the microscopic level remain poorly understood.

Time-resolved in situ (TRIS) monitoring approaches have opened the door to exceptional detail regarding mechanochem-
ical reactions.2�4 We here report a clear example of cocrystallisation between two solid coformers that proceeds
through the formation of a metastable low melting binary eutectic phase. The overall cocrystallisation process has
been monitored by TRIS-XRPD with a customized ball milling setup and low-energy synchrotron beam. The reaction
is complete in less than 5 seconds and the metastable formation of the amorphous-like phase is clearly spotted thanks
to a fast data acquisition time of 500 ms.5

An insight on the details of the TRIS-XRPD data analysis for the real-time structure and microstructure investiga-
tion, generally applicable to all chemistry, will be also provided. 4

The binary system and the low melting eutectic phase were further characterized via DSC, HSM, and VT-XRPD.

Fig. 1 Schematic representation of the TRIS-XRPD setup and the Rietveld Re�nement output.
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Conference
MZrOx (M = Zn, Ga) catalysts for CO2 hydrogenation
reaction: exploiting XAS and PXRD to understand
catalyst’s structure, activity and stability.

Davide Salusso,a;� Dragos Stoian,b Elisa BOfecchia,a Evegnly Redekop,c Pier-
francesco Ticali,a Sara Morandi,a Sen Wang,d Silvia Bordiga,a Tomas Cordero
Lanzac,b Unni Olsbye.b

In the panorama of CO2 hydrogenation catalysts, the COZMOS project (https://www.aspire2050.eu/cozmos) is
investigating MZrO2-x (M : Zn,Ga) as potential catalysts for CO2-to-methanol conversion. Aliovalent elements ZrO2
doping has been largely exploited to improve catalyst’s properties through oxygen vacancies (Vo) formation. However,
whilst great efforts have been done to improve catalyst performances, very little research investigated how and where
the Vo active site was generated during doping. In this contribution, through Powder X-Ray Diffraction (PXRD) and
X-Ray Absorption Spectroscopy (XAS) we unveil as two MZrO2-x catalysts having similar catalytic properties are
structurally very different. Single phase PXRD patterns are observed for both materials and, as largely accepted, they
describe the catalysts as a MZrO2-x solid solutions. Nevertheless, a detailed in-situ - XAS analysis at Zn/Ga/Zr K-edges
unveils as: I) ZnZrOx catalyst consists of ZnO nanoclusters embedded in a ZrO2 matrix having catalytic active site at
the ZnO/VO/ZrO2 interface and II) Ga substitutionally replaces Zr forming a xGaZr(1-x)ZrZr(2-x/2)OO solid solution
where Ga tetrahedral/octahedral coordination changes under reducing conditions increasing the active sites Ga-VO-Zr
concentrations. The different structural nature of the two catalysts drastically affects their reactivity and stability.
Indeed, whilst any evident differences are observed for GaZrOx after reaction, ZnO/ZrO2 reportsigni�cant variations
of Zn total concentration and local environment. By in-situ PXRD and ex-situ XAS we observe as during H2 activation
ZnO cluster dimension increases favouring Zn sublimation, globally causing a drastic loss of active ZnO/ZrO2 interface
and reducing tetragonal ZrO2 polymorph stability.
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Conference
Hg(II)-Bispidine 1D Coordination Polymers: three
different topologies and their dynamic behavior in
solvent adsorption and exchange processes.

Martina Lippi,a;� Andrea Murelli,b Patrizia Rossi,a Paola Paoli,a Massimo Cametti.b

The wide development of Coordination Polymers (CPs) has raised large interest in solid-state and material chem-
istry. Build upon the combination of organic ligands and metal salts, or clusters, CPs represent functional materials
for many useful applications, such as storage, adsorption, sensing and catalysis.1 Besides the presence of an intrinsic
porosity, the possibility to control the �nal structural arrangement can be of real advantage to develop materials with
speci�c features suitable for speci�c applications. Moreover, dynamic structural properties can be considered advan-
tageous for adsorption purpose, especially in the case of 1D CPs whose entire architecture does not always warrant
for porous structures, preferably required for this intent. Indeed, there are several works revealing solvent exchange
and selective adsorption ability of 1D CPs, often controlled by their intrinsic crystal �exibility. 2 From our recent stud-
ies a new class of ligands based on bispidine molecules has been employed for the synthesis of novel 1D Mn(II)-CPs
with interesting tunable adsorption properties. 3,4 Herein, the work describes the development of novel 1D solvated
CPs made upon the self-assembly between a further bispidine ligandL3 and HgCl2 in presence of different solvents
such as 1,2- and 1,3-dichlorobenzene, toluene, MeCN, EtOH and MeOH (Figure 1). The dynamic attitude of these
systems in response to chemical and physical stimuli was studied by means of X-ray analysis.5 In particular, CPs in
forms of single crystals and microcrystalline powder were produced depending on the reaction conditions (fast and
slow crystallization, solid-state grinding). Five good quality single crystals were obtained showing the formation of
different topologies of 1D CPs: two zig-zag, a ribbon-like and a more uncommon poly-catenane structures (Figure
1). Microcrystalline powders were synthesized, characterized by XRD and tested for solvent adsorption and exchange
experiments as well as thermal treatments. Zig-zag structures showed much more stability if compared to the behavior
of poly-catenane which undergoes a change of topology after chemical stimuli. Results showed different CPs response
in relation to their different topologies, con�rming the close connection between the structural assembly of CPs and
their dynamic behavior.

Fig. 1 Self-assembly between L3, HgCl2 and different solvents leading to three different CPs topologies.
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Conference
Megahertz-rate Ultrafast X-ray Scattering and Holo-
graphic Imaging at the European XFEL.

Matteo Pancaldi.a;b

During 2019, the novel DSSC 2D imaging detector1 was commissioned at the Spectroscopy and Coherent Scat-
tering (SCS) instrument of the European X-ray Free-Electron Laser (EuXFEL).2 To fully exploit the high repetition
rate provided at EuXFEL (up to 2.25 MHz), the DSSC detector was designed to be the fastest one-megapixel camera
available worldwide, providing single-photon sensitivity in the soft X-ray regime. As a test-bed for operation at mega-
hertz rates, time-resolved magnetic X-ray scattering and holographic imaging experiments in solid state samples were
chosen as representative-3 Indeed, these two types of measurements allow to assess fundamental features of a 2D
detector for X-ray science. For example, a high dynamic range is needed for recording the tiny variations in magnetic
scattering induced by a laser pump, and holography requires measurements characterized by a high signal-to-noise
ratio in order to provide well-de�ned image reconstructions. During this talk, we will present the obtained results,
which were validated by measurements performed at other facilities (BESSY II, SOLEIL, MBI).

As potential future application for high-repetition rate scattering and imaging experiments at free-electron lasers,
we propose the use of light beams possessing orbital angular momentum (OAM), which are rapidly becoming a way
for probing condensed-matter systems, even in the X-ray regime.4 The wavefronts of such beams are characterized by
an azimuthal angular dependence of the electric �eld phase, associated with an OAM topological chargel 6= 0 .

In this framework, OAM beams allow for novel kinds of dichroism experiments, paving the way for new spectro-
scopic tools in the �elds of orbital physics and magnetism.5 In particular, it has been demonstrated that, after the
scattering of an OAM beam from magnetic structures featuring a non-uniform magnetization (like magnetic vortices),
the far �eld intensity pro�le encodes the vortex symmetries in a way that depends on the sign and value of l , giving
rise to magnetic helicoidal dichroism-6

On the other hand, for imaging purposes, the use of OAM beams can help in overcoming the Rayleigh criterion
limit, so enhancing the theoretical resolution with respect to gaussian illumination ( l = 0)- 7 This feature has been
recently tested at the DiProI beamline of the FERMI free-electron laser8 by performing ptychographic experiments
with a standard sample. As predicted, the ptychographic reconstructions with OAM beams showed a higher image
resolution, and the retrieved illumination functions proved to be very sensitive to optical aberrations, providing the
basis for new characterization and diagnostic tools.
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Conference
Ultra-fast structural dynamics in materials at ex-
treme conditions.
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Planetary science is witnessing a revolution with the discovery of hundreds of extra-solar planets orbiting nearby
stars1 Characterising such astrophysical objects requires the knowledge of physical properties of their main con-
stituents at multi-Mbar pressures and few-eV temperatures (1 eV = 10605 K). The precondition is the establishment
of phase diagrams of these materials, in order to identify and characterize structural changes, phase transitions, met-
allization, and dissociation processes. Physical and chemical changes induced by the application of high pressures and
temperatures can occur in a wide range of different time scales, thus capturing their nature and underlying mech-
anisms requires the use of adapted tools, capable to catch happening phenomena in static and dynamic regimes.
Also, it was shown that materials structural response to pressure increase might be different under static or dynamic
compression loads i.e.2

Since the opening in 2019, HED Instrument at the European XFEL has persistently upgraded and today offers
standard platforms for static and dynamic compression studies, at timescales spreading between minutes and seconds
to micro- or nanoseconds. X-ray diffraction and emission spectroscopy are routinely coupled to diamond anvil cells
(static and dynamic, dDAC) in a different range of sample environments. Relevant studies comprehend the synthesis
of metastable iron hydrides, phase diagram of water, dynamic compression of high-Z compressible gases like Krypton,
the spin states and electronic transitions in iron sulfates, carbonates, and melts and many more. Shock-compression
will be also available by the end of 2022 and will be coupled initially to x-ray diffraction and large area detectors.
The presentation will focus on our most recent and interesting results. An outlook towards the future will elucidate
ongoing projects and expected outcome.

References
1 M. Mayor, D. Queloz, A jupiter-mass companion to a solar-type star, Nature 378 (6555) (1995) 355�359.
2 C. M. PØpin, A. Sollier, A. Marizy, F. Occelli, M. Sander, R. Torchio, P. Loubeyre, Kinetics and structural changes in

dynamically compressed bismuth, Physical Review B 100 (6) (2019) 060101.
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Conference
First high energy and temporal resolution pump-
probe RIXS at the EuXFEL.

L. Adriano,a A. Alic,b D.R. Baykusheva,m R. Carley,a G.S. Chiuzbaian,b M.P.M. Dean,c

O. Duros,b A. Foelisch,d M. Foerst,e B.K. Freelon, f N. Gerasimova,a G. Ghiringhelli,g

X. Jiang,i D. Jost,i M. Kusch,d T. Laarman, j V. Lebedev,k, W.S. Lee,i C.Y. Liu,d L.
Martinelli,g;� L. Mercadier,a G. Merzoni,a;g M. Minola,l M. Mitrano,m S. Molodtsov,a

C.S. Pathiraja, f S. Parchenko,a J.N. Ranhili Pelige, f Y. Peng,h Q. Qiu,h T. Schmitt,n J.
Sears,c A. Scherz,a S. Sreenkatan Nair Lalithambika, j S. Techert, j M. Teichmann,a

S.F.R. TenHuisen,m B. van Kuiken,a Z. Yin,a J. Schlappa.a

High-resolution Resonant Inelastic X-ray scattering (RIXS) and ultrafast pump-probe techniques using optical or
THz radiation have nowadays reached a prominent role for the investigation of strongly correlated materials.

At the intersection of the two worlds, the development of a high energy and high temporal resolution RIXS instru-
ment at the SCS beamline of the European XFEL is a cornerstone in the �eld of x-ray techniques. After the successful
commissioning of the User Consortium Heisenberg RIXS (hRIXS) spectrometer in May 2021, we have recently carried
out �rst pump-probe (pp) RIXS experiments. As a test case, we selected the prototypical cuprate parent compound
La2CuO4 (LCO) and NiO, pumped with an optical laser above the Mott gap. The pp-RIXS measurements at the Cu L3
and Ni L3 edges were performed with a 113 kHz pulse repetition rate, reaching a temporal resolution of � 100 fs and
an energy resolution of � 93 meV and � 80 meV for the Cu and Ni L3 edges, respectively. Exploiting full control over
laser power and delay between optical and x-ray pulses, we acquired spectra changing the pump delay between 0.1
ps and 5 ps, and the laser �uence on the sample from1mJ=cm2 up to 35mJ=cm2.

We observed strong changes in the orbital and charge-transfer excitations driven by the optical pumping in both
samples, clearly scaling with the laser �uence and with a sub-ps dynamics. The results of this �rst high-resolution
ppRIXS commissioning represent a major success and opens the route to ppRIXS studies on strongly correlated mate-
rials at the European XFEL.

a European XFEL, Schenefeld, Germany
b Sorbonne University, Laboratoire de Chimie Physique-MatiŁre et Rayonnement, Paris, France
c Brookhaven National Laboratory (BNL), Upton, NY, United States
d Helmholtz-Zentrum Berlin für Materialien und Energie GmbH, Berlin, Germany
e Max-Planck-Institut (MPI) für Struktur und Dynamik der Materie (MSPD), Germany
f Department of Physics and Texas Center for Superconductivity, University of Houston, Houston, TX
g Dipartimento di Fisica, Politecnico di Milano, Milano, Italy
h International Center for Quantum Materials, School of Physics, Peking University, Beijing, China
i Stanford University and SLAC, SIMES, Stanford, United States
j Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany
k Bernal Institute, University of Limerick, Limerick, V94 T9PX, Ireland
l Max Planck Institute for Solid State Research, Solid State Spectroscopy, Stuttgart, Germany
m Harvard University, Department of Physics, Cambridge, MA, United States
n Paul Scherrer Institut, Laboratory Condensed Matter, Villigen-PSI, Switzerland
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Conference
Microsecond dynamics in complex liquids with MHz
XPCS.

Francesco Dallari,a;� Gerhard Grübel, a Felix Lehmkühler. a

Complex liquids are a broad family of materials that cover key roles in several aspects of everyday life, from
biological processes that can take place only in such environments to industrial applications that sees complex liquids
either as a �nal product or as a fundamental manufacturing step. From a physicist perspective most of the more
interesting phenomena take place at inter-particle distances, which for proteins and nanoparticles correspond to few
nanometers, accessible only via X-ray based techniques. Moreover, such processes are often connected to diffusion
mechanisms, which for water-based systems implies timescales of the order of few microseconds. These time and
spatial constraints pose a real challenge to current 3rd generation synchrotron sources, limiting experiments only to a
handful of complex experiments on prototypical systems.1

The MHz repetition rate of the European XFEL matches perfectly with these timescales making it an ideal choice for
this kind of experiments. Here we report the results from MHz X-ray Photon Correlation Spectroscopy (XPCS) exper-
iments performed at the instruments MID and SPB/SFX,2,3 showing how it is possible to execute measurements both
on prototypical charge-stabilized silica in water and on radiation-sensitive core (silica) � shell (PNIPAm) nanoparticles.
Moreover, we can show that tuning the pulse intensity and repetition rate it is possible to control the radiation-induced
heating of the system without necessarily damaging it, which, combined with the capabilities of the XPCS techniques,
opens the way to the study of out of equilibrium dynamics.

Fig. 1 Example of an out of equilibrium measurement on a colloidal system. The two times correlation matrix (a) shows a clear
speeding up of the dynamics with increasing number of pulses. This acceleration can be quanti�ed selecting portions of the
matrix, highlighted by the white arrows in �gure (a), and plotted in �gure (b). Figure adapted from 2.

References
1 Q. Zhang, E. M. Dufresne, S. Narayanan, P. Maj, A. Koziol, R. Szczygiel, P. Grybos, M. Sutton, A. R. Sandy, Sub-
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Emergence of anomalous dynamics in soft matter probed at the european xfel, Proceedings of the National Academy
of Sciences 117 (39) (2020) 24110�24116.
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Conference
Crystal Chemistry of Natural REE-Phosphates and
Arsenates and their (T,P)-Behavior.

Paolo Lotti.a

Rare Earth Elements (REE, i.e. lanthanides, Y and Sc) are nowadays fundamental components in many technolog-
ical applications. For their strategic importance and supply risk, REE have been included in the EU list of the so-called
�critical raw materials�. 1 This has recently fostered the study of REE minerals, aiming at a deeper understanding
of their crystal chemistry, formation and accumulation processes. This contribution focusses on the crystal-chemical
features and (T,P)-behavior of REE phosphates and arsenates from Mt. Cervandone (Western Alps, Italy), where
REE minerals are common constituents of Alpine quartz-bearing hydrothermal veins, cross-cutting pegmatitic dykes
intruded in leucocratic gneisses of the metamorphic basement.

The mineral species under study are the isostructural monazite-(Ce) (ideallyCePO4) and gasparite-(Ce) (CeAsO4),
Sp. Gr. P21=n, hosting the larger Light REE, and the isostructural xenotime-(Y) (YPO4) and chernovite-(Y) (YAsO4), Sp.
Gr. I41=amd, hosting the larger Heavy REE. They de�ne two solid solutions characterized by the monoclinic monazite-
type and the tetragonal zircon-type structures, respectively. Chemical data obatined by WDS electron microprobe
analysis show that an almost complete solid solution occurs along the xenotime-chernovite tetragonal series, with Y
being the dominant cation in the 8-coordinated A site followed by the HREE, whereas a strong depletion in LREE is
observed. The latters populate the 9-coordinated A site in the monoclinic structure of monazite and gasparite, for
which an apparent miscibility gap is observed among the end members, differently to what observed in samples from
other localities. 2 Single-crystal XRD analyses on samples with different crystal chemistry pointed out the prevailing
control exerted by the composition of the tetrahedra (P vs: As) on the size and disortion of the structural units and, in
turn, of the unit cell volume, independently from the REE composion of the A site. In situ single-crystal and powder
synchrotron XRD esperiments have been performed at high-T (Elettra, Trieste), high-P (ESRF, Grenoble; PETRA-III,
Hamburg) and combined HPHT (PETRA). The interplay among the crystal chemical and structural features control the
bulk response of the investigated REETO4 phases to external thermal and compressional stimuli. The results showed
that the monazite-type structure is more compressibile and expandable than the tetragonal zircon-type, whereas,
among the zircon-type minerals, chernovite is more compressibile than xenotime, but at high temperature xenotime
shows the higher thermal expansion coef�cient. In situ HPHT XRD experiments have been performed for the �rst
time on monazite and chernovite: monazite was found to be stable within the investigated range (T < 500 °C and P
< 20 GPa), whereas chernovite, which at ambient-T undergoes a phase transition to a scheelite-type polymorph at P
> 8-12 GPa, at 250 � T (°C) � 500 preserves the zircon-type tetragonal structure at P < 20 GPa, even though with
signs of structural destabilization above 12-15 GPa. A comparison with the thermo-elastic parameters reported in the
literature for synthetic end members (see e.g.2,3) suggests that further studies on complex multi-component natural
solid solutions are needed for a thorough comprehension of the structure-related properties in these minerals.

References
1 G.A. Blengini, F. Mathieux, L. Mancini, M. Nyberg, H.M. Viegas Study on the EU’s list of Critical Raw Materials.

Executive Summary. Publication Of�ce of the European Commission, Luxembourg, 2020.
2 F. Pagliaro, P. Lotti, A. Guastoni, N. Rotiroti, T. Battiston, G. D. Gatta, Crystal chemistry and miscibility of chernovite-

(y), xenotime-(y), gasparite-(ce) and monazite-(ce) from mt. cervandone, western alps, italy, Mineralogical Maga-
zine 86 (1) (2022) 150�167.

3 D. Errandonea, High-pressure phase transitions and properties of mto4 compounds with the monazite-type struc-
ture, physica status solidi (b) 254 (5) (2017) 1700016.
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Conference
Elastic vs. Visco-plastic Rheology of Stressed Host-
Inclusion Mineral Systems under non-Ambient Con-
ditions: Insights from in situ Raman Spectroscopy.

Nicola Campomenosi,a;� Ross J. Angel,b Matteo Alvaro,c Boriana Mihailova.a

Mineral inclusions at ambient conditions often show residual pressures (Pinc) signi�cantly different from the exter-
nal one. This is the result of the contrast in the thermo-elastic properties between the inclusion and its surrounding
host, which can be used to back calculate the pressure (P) and temperature (T) conditions of inclusion entrapment dur-
ing metamorphic processes. This is the underlying concept of elastic thermobarometry, a method exclusively relying
on the elastic behaviour of the system.1

We have studied zircon-in-garnet (ZiG) systems by in-situ Raman spectroscopy at high temperature and ambient
pressure to explore the elastic and non-elastic rheology of the system when the inclusion passes from the compression
to tensile stress with respect to a free crystal at the same external conditions.

Upon heating non-elastic relaxation takes place immediately after the zircon inclusion experiences a given tensile
residual stress with respect to a free crystal at the same external conditions. However, the inclusion develops a new
compressive elastic stress on subsequent cooling without relaxation within the same T range it occurred upon heating.
Consequently, Pinc at room T is signi�cantly different from the original one. We conclude that ZiG resetting within the
time scale of laboratory experiments occurs because, under tensile stress conditions, the resistance to plastic (rate-
independent) deformation decreases signi�cantly with respect to compression.

An important geological implication is that elastic thermobarometry using ZiG systems is only reliable when applied
to low-P high-T rocks where the cooling path after inclusion entrapment passes quickly into the compression domain
of the inclusion. 2 On the other hand, high-pressure rocks exhumed along quasi-isothermal paths take zircon inclusions
into the tensile domain where they are reset until signi�cant cooling starts at low pressures. ZiG systems in UHP rocks
therefore often indicate pressures on clockwise exhumation paths instead of the conditions of original entrapment.3

Finally, we emphasize how these results open the avenue for new and promising experimental approaches to study
host-inclusion rheology beyond elasticity.

References
1 R. Angel, P. Nimis, M. Mazzucchelli, M. Alvaro, F. Nestola, How large are departures from lithostatic pressure?

constraints from host�inclusion elasticity, Journal of Metamorphic Geology 33 (8) (2015) 801�813.
2 M. Gilio, M. Scambelluri, R. J. Angel, M. Alvaro, The contribution of elastic geothermobarometry to the debate on

hp versus uhp metamorphism, Journal of Metamorphic Geology 40 (2) (2022) 229�242.
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Using the elastic properties of zircon-garnet host-inclusion pairs for thermobarometry of the ultrahigh-pressure
dora-maira whiteschists: problems and perspectives, Contributions to mineralogy and petrology 176 (5) (2021)
1�17.
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Ab initio thermodynamics of MgSiO3 protoenstatite
at high temperatures conditions.

Mattia La Fortezza,a;� Francesca Menescardi,a Donato Belmonte.a;b

Protoenstatite (PEn) is one of the high temperature forms of MgSiO3 pyroxenes, having stability range from 1200
to 1600 K at ambient pressure. Its importance has been recognized by many authors, in fact PEn is regarded as a
precursor phase of low-clinoenstatite (LP-CEn)/orthoenstatite (OEn) intergrowths in some cometary samples1 and in
calcium-aluminum-rich inclusions (CAIs) from CV3 chondrites.2 The presence of a high temperature PEn precursor
in planetary materials implies that its formation must have occurred close to solar nebula conditions by equilibrium
condensation via a reaction between forsterite and gaseous SiO3 or, alternatively, as a result of reheating process after
primary condensation.2 Despite its role as a precursor mineral phase in the solar system, very little is known about
the thermodynamics and phase relations of PEn with otherMgSiO3 polymorphs. This is due for the most part to its
unquenchable nature, meaning that even if PEn can be synthetized at high temperature conditions, it doesn’t preserve
as a metastable phase at ambient conditions since it very rapidly reverts either to OEn or LP-CEn.4 The impossibility to
perform measurements on samples of PEn prevents to obtain information on its thermodynamic properties, which are
in turn fundamental for the investigation of phase equilibria. In that sense, ab initio calculations based on quantum-
mechanical theory are one of the most reliable methods available to obtain information on thermodynamics and
phase relations of minerals at planetary conditions. We present a DFT basedab initio B3LYP computational study
on MgSiO3 protoenstatite thermodynamics. All the relevant thermophysical and thermodynamic properties of PEn
(e.g. heat capacity, vibrational entropy, thermal expansion, EoS) have been calculated in the framework of the quasi-
harmonic approximation (QHA) by a full phonon dispersion calculation. This allowed to obtain original insights
into protoenstatite thermodynamics and enabled to retrieve a complete set of physically consistent thermodynamic
properties, that are in excellent agreement with the very few experimental data currently available.

References
1 S. Schmitz, F. E. Brenker, Microstructural indications for protoenstatite precursor of cometary mgsio3 pyroxene: A

further high-temperature component of comet wild 2, The Astrophysical Journal 681 (2) (2008) L105.
2 S. Che, A. J. Brearley, Microstructures of enstatite in �ne-grained cais from cv3 chondrites: Implications for mecha-

nisms and conditions of formation, Geochimica et Cosmochimica Acta 296 (2021) 131�151.
3 H. Nagahara, Kinetics of gas�solid reactions in the solar system and beyond, Reviews in Mineralogy and Geochem-
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4 J. R. Smyth, Experimental study on the polymorphism of enstatite, American Mineralogist: Journal of Earth and

Planetary Materials 59 (3-4) (1974) 345�352.
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High Pressure Single-crystal Synchrotron XR
diffraction of natural pyrochlores.

Sabrina Nazzareni,a;� Marco Merlini,b Sula Milani,b Paolo Lotti,b Joseph Boby.c

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, niobium, and tantalum are used in a vast array of devices such as lasers, electronic
screens, permanent magnets, battery alloys, and ceramics. The worldwide demand of HFSE supply raised constantly in
recent time. In this framework, understanding the physical and chemical properties of REE- and REE-bearing minerals
becomes critically important as, based on the available data, they are still far to be fully understood.

In particular, in order to understand the structural factors governing REE incorporation in host lattices and REE
partition coef�cients, is crucial to investigate the structural role of REE in crystalline structures of accessory REE-
minerals.

In order to increase the available data on the physical and chemical properties of REE-minerals we studied the HP
structural variation of natural pyrochlore by performing XRD data collections at increasing pressures in hydrostatic
mode up to around 10 GPa at the XPRESS beamline (Elettra).

Pyrochlore-group minerals are among the most common HFSE-bearing minerals, they have a cubic structure (sp.gr.
F-3d) characterised by a [8]-fold and a [6]-fold cations sites where HFSE can enter by a complex substitutions scheme.
Na, Ca, Ba, Y, Ce (and other REE) may be hosted in the A site, whereas the B site may host Ta, Nb, Ti. The X and Y
sites can host OH, F, H� 2O and vacancies.

We selected natural Na-pyrochlore from the Agua de Pau syenites (Azores islands, Portugal) particularly rich in Ba.
The pyrochlore crystal was tested for crystallinity by single-crystal in-house XRD at the Dept of Physics and Geology
(Perugia University) before the HP experiment. The selected crystal is cubic, sp. gr. F-3d, with lattice parametera =
10.3568(3) ¯ and a volume of 1110.91(6) ¯ 3.

For the HP experiment we used a DAC assemblage prepared with a stainless steel gasket indented to 81mm thick
with a hole of 150 mm, and 600 mm culets diamonds. A mix of methanol:ethanol 4:1 was used as pressure transmitting
medium. As pressure calibrant a ruby chip was loaded in the DAC. Pressure was measured before and after each data
collection. Data collections were carried out by � 35 w-rotation scan, angular step 1° and 5 sec scan time. We collected
diffraction data at 16 pressure points up to ca. 9 GPa. Each collection data were processed by the CrysAlis software
(Rigaku) to obtain the cell parameters and to extract the intensity for the re�nements.

Pyrochlore crystal remained crystalline up to 9 GPa. A discontinuity in the lattice parameters and volumeP-trends
between 6 and 7 GPa suggests a phase transition.

We will present the bulk elastic parameters and structure modi�cation up to the phase transition.
How the entering of REE correlates with physical properties like bulk modulus could help to better understand the

pyrochlore cation partitioning at high pressure.

a Dipartimento di Fisica e Geologia, Università degli Studi di Perugia, Perugia, Italy
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Conference
The Cu-Fe-Ni-Co Sulphide Ore Deposits of the Monte
Ramazzo-Lagoscuro Mines..

Sirio Consani,a;� Donato Belmonte,b Roberto Cabella,b Cristina Carbone.b

The Cu-Fe-Ni-Co sulphide ore deposits hosted in ophiolitic rocks of the Sestri-Voltaggio Zone (Genova, North-West
Italy) have a great interest due to the several new minerals discovered here and for the processes which are recorded
from such mineralisations. Sulphides in the Monte Ramazzo-Lagoscuro mines occur in stockwork-vein and sea�oor
stratiform orebodies associated with serpentinised mantle peridotites and serpentinite breccias.1 The primary miner-
alisation records severals stages of evolution due to geological processes happened both before and after orogenesis.
Fluid-rock interaction, hydrothermal mobilisation, and multi-stage alteration processes led to sulphide reconcentra-
tion and recrystallisation along tectonic structures. Moreover, metal reworking and formation of secondary phases,
such as (Ni,Co)-bearing oxy-hydroxydes, carbonates, and silicates took place. The mineral assemblage occurring in the
Monte Ramazzo-Lagoscuro ore deposit is quite different from other hydrothermal sulphide mineralisation described
so far in ophiolites from the Eastern Liguria, where (Ni,Co)-enrichment occurs mostly in pyrite and/or accessory min-
erals like millerite, siegenite, and pentlandite. 2�4 The aim of then present work was to fully understand and unravel
the several stages of evolution recorded by the sulphide mineralisation. In order to achieve this goal, we applied a
multi-analytical approach (Optical Microscope, Scanning Electron Microscope, and Powder X-ray Diffraction). Our
observations allowed us to understand that the primary sulphide ore deposits where composed of pentlandite and
�rst generation pyrrhotite. During the phase of cooling, �rst generation hexagonal pyrrhotite exolved in a monoclinic
pyrrhotite, a more stable phase at this T condition.5 Ni- and Co-rich pentlandite transformed to violarite ( NiFe2S4)
and second generation pyrrhotite. Another alteration stage of the sulphide ore led to the formation of �rst gen-
eration magnetite and valleriite ( 2[(Fe;Cu)S]1:53[(Mg;Al)(OH)2]). Finally, during the orogenesis the Sestri-Voltaggio
Zone underwent pumpellyite-actinolite facies metamorphism.6 This peculiar moment led to the formation of second
generation magnetite and andraditic garnet, probably related to hydrothermal �uid circulation.

Further data are needed in order to unravel the fate of Co and Ni during the different evolution stages. The
relationships between the Cu-Fe-Ni-Co primary mineralisation and secondary phases would shed a light on the effect
of hydrothermal �uids in Ni vs. Co selective mobilisation and enrichment.
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Conference
Molecular dynamics strategies to determine the
melting curve of CaO.

Francesca Menescardi,a;� Davide Ceresoli,b Donato Belmonte.a

The thermodynamic properties of multicomponent liquids at high pressure and temperature (HP-HT) are of paramount
importance to elucidate the melting and crystallization phase relations in geological systems. High-pressure melting
experiments suffer from uncertainties of hundreds of K and rarely predict the ultimate nature of melting. 1 Ab initio
molecular dynamics (AIMD) gave useful insights on the structure-energy properties of solid and liquid phases up to
very HP-HT conditions, but the calculated melting temperature (Tm) depends critically on the simulation protocol and
the computational cost increases proportionally with the number of atoms to process.

In this work we focus on the melting curve of CaO, not only because is a key phase in material and geological
sciences, but also because the thermodynamic properties of the liquid phase are still controversial due to the very high
melting point of the crystal. 1,2 The simplicity of its phase diagram makes it a good candidate for AIMD simulations.
However, AIMD simulations are expensive, while classic MD with empirical potentials allows to employ different
strategies at a reasonably low computational cost.

We simulate the melting process of CaO with classic molecular dynamics, by the means of the LAMMPS code.3 We
tested three different methods, which gave insights both on the melting temperature of the crystal and on the enthalpy
of fusion (DH f ).

The two-phase solid-liquid cohexistance method consists of running a solid-liquid interface at constant enthalpy.4,5

The melting temperature is determined as the average equilibrium temperature. The void-nucleated method exploits
holes in the crystal structure to initiate the melting process, thus decreasing the unrealistic high melting point resulting
from homogeneous heating simulations by introducing a defect.6. Finally, to calculate the enthalpy of fusion, the
temperature of the crystal is increased up until the solid melts, and then the temperature is lowered again until the
liquid phase recrystallizes. The difference in energy between the liquid and the solid curves at the melting point
represents the enthalpy of fusion,DH f .6

The values of Tm and DH f obtained with these methods by the means of classic MD on CaO are found to be
consistent with experimental data available in literature. 7,8
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Conference
Combining experimental and statistical tools for a
comprehensive approach to cultural heritage.

Ilaria Carlomagno.a

X-rays, thanks to the elemental selectivity coupled with the non-destructiveness, are well known for the investiga-
tion of structural and chemical properties of historical artefacts. Synchrotron radiation sources provide high-intensity
X-ray beams, with the additional bene�t of energy tunability, which is crucial to fully exploit the elemental sensitivity of
X-rays. This talk presents several methodological case studies on samples relevant for cultural heritage. In these stud-
ies, X-rays techniques such as X-Ray Fluorescence (XRF) and X-ray Absorption Near Edge Spectroscopy (XANES) were
employed not only for a chemical analysis of the artefacts but also to assess the nature of the surface contaminants.

XRF data is commonly used to evaluate the surface distribution of the elements and/or to provide quantitative
analysis of the chemical content of a given specimen. Lately, a preliminary data treatment using a t-SNE algorithm has
been proposed to compare the pixels in each XRF map on the basis of their spectral similarities. Upon this comparison,
the pixels being the most representative of the clean specimen can be discriminated from the ones being most affected
by the contamination of successive deposits due to the burial periods. This preliminary selection, operated before the
quantitative analysis, ensures the minimisation of the contaminants contribution, and the identi�cation of different
phases, enhancing the accuracy of the results.

Quantitative analyses carried out after this preliminary treatment can highlight small �uctuations in the samples
composition and assess the presence of trace elements. Such details can be used as proxies to grasp further information
of historical relevance (e.g. �neness of coins as a function of the time of coinage, for devaluation dynamics; different
composition of inks to assess the artistic knowledge in ancient times).

The areas corresponding to the pixels discarded for the quanti�cation of the clean specimen composition, can be
used to investigate the nature of the debris accumulated on the surface of the samples. In artefacts found underground,
soil is likely to accumulate in the hollow areas. As the relative abundance of Fe oxides in soil depends on environmental
conditions, the fraction of Fe oxides can then be used as an indicator for the provenance of the accumulated soil. From
XANES spectra collected in the hollow regions, oxides can be easily identi�ed and quanti�ed, yielding information on
the fate of the artefacts over the centuries.

a Elettra Sincrotrone Trieste, Italy
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Conference
Synchrotron in situ Experimentation, Big data, and
New Tools for Fast Data Processing and Analysis.

Dmitry Chernyshov.a

Synchrotron in-situ or operandoexperiments assume large volumes of experimental information to be collected, vi-
sualised, processed and analysed; those volumes increase with advent of new detectors and upgrade of the synchrotron
sources. In many cases the data have to be treated during operando experiment to tune physical-chemical processes
of interest and optimize the information outcome. Fast and ef�cient algorithms for automated processing and analysis
of big scattering data are discussed and illustrated with powder and single crystal diffraction data collected at BM01
station of Swiss-Norwegian Beam Lines at the European Synchrotron Radiation Facility.

a Swiss-Norwegian Beam Lines at the European Synchrotron Radiation Facility, Grenoble, France
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Conference
Relativistic effects in EXAFS: overview and applica-
tion to gold.

Nodoka Hara,a;� Georghii Tchoudinov,a Calogero R. Natoli,b Adriano Filipponi,c An-
drea Di Cicco.a

Current XAFS (X-ray Absorption Fine Structure) data-analysis is based on accurate multiple-scattering (MS) calcu-
lations, usually carried out solving the non-relativistic Schrödinger equation for complex effective optical muf�n-tin
potentials describing the scattering of the atoms. The introduction of relativistic effects in extended XAFS (EXAFS)
multiple-scattering calculations has been described in several previous papers1�4 and shown to be important for heavy
atoms. However, few examples of applications and detailed studies of relativistic effects were given so far. In this
work, we have performed a systematic investigation of relativistic corrections in systems of increasing atomic number,
using a reliable simulation scheme based on the incorporation of a pseudo-Schrödinger equation4,5 effectively replac-
ing the Dirac relativistic form and incorporated in the GnXAS package for data-analysis.6,7 Calculations have been put
to a test in 12 different pure-element condensed-state systems, with the atomic number ranging from Z = 10 for crys-
talline Ne to Z = 90 for crystalline Th. The importance of accounting for relativistic effects has been highlighted for
elements with Z > 60, as ones for which relativistic corrections for amplitudes of calculated XAFS MS signals exceed
10%. The impact of relativistic effects for calculated higher-order XAFS signal has been also evaluated for L3 and K
edges, showing a slight increase of relativistic corrections for the L3 spectra. The present accuracy of XAFS simulations
have been studied comparing the results obtained for structural re�nements of the L3 edge of crystalline Au in a wide
temperature range from 80 K to the melting point.
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Conference
Spectroscopic investigations of nitroxide persistent
organic radicals. Future perspectives in view of Elet-
tra 2.0: the MOST beamline.

Roberta Totani,a;� Ivan Ljubic,b Sascha Mehl,c Matteo Jugovac,c Cesare
Grazioli,dFederico Galdenzi,e Monica de Simone,e Polina Sheverdyaeva,a Paolo
Moras,a Tsud Nataliya, f Marcello Coreno.a

Nitroxide free radicals (NRs), such as (2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO, Fig.1a), are organic radicals
stabilized by the delocalization of their unpaired electron between N and O atoms as well as by screening of the
paramagnetic center by bulky substituents1 They are employed in catalysis2 and, in chemical synthesis, as initiators in
radical-chain polymerization and redox reactions.3 Moreover, the magnetic moment of their unpaired electrons makes
them suitable for quantum computing, spintronics and molecular magnetism.4

We will show the synchrotron radiation investigations performed on TEMPO and three of its analogues, i.e., Di-
tert-butyl nitroxide (DTBN), nit8 and nit9 (Fig.1) in gas phase and as thin �lms, with the support of Density Functional
Theory (DFT) calculations. In gas phase,5 we exploited X-ray Absorption Spectroscopy (XAS) and Resonant Photoe-
mission Spectroscopy (ResPES), to determine N and O atomic contributions to the resonant valence band structures.
This elucidated the role of the Single Occupied Molecular Orbital in the photoexcited molecules. Afterwards, we grew
molecular �lms of TEMPO and nit9 on Au(111) and Cu(111) in ultra-high vacuum (UHV) and we performed X-ray
Photoemission Spectroscopy (XPS) and XAS. To the best of our knowledge, this was the �rst time NRs molecular �lms
were achieved under well-controlled UHV conditions. In the �lms the molecular properties are preserved on Au(111)
and consistently modi�ed on Cu(111). Moreover, while the amide functional group is not in�uencing the behavior of
the isolated photoexcited molecules in gas phase, it plays a fundamental role in the molecular �lms. Indeed, its pres-
ence can prevent NRs undergoing a complete decomposition of the nitroxide paramagnetic center upon adsorption on
the more reactive Cu surface.

The obtained results mark a step forward towards the full comprehension not only of through-bond effects in
the isolated molecules but also of the through-space effects in the adsorbate systems and are an important proof of
principle in view of the realization of organic radical-based devices.

In the end, we would like to spend few words about the conceptual design of MOST (Molecular and Optical
Science Technology), the new beamline of Elettra 2.0, replacing the existing GasPhase and Circular Polarization (CiPo)
beamlines. MOST innovative optical layout will employ state-of-the-art technologies, to allow a full exploitation of the

a ISM-CNR, LD2 Unit, Basovizza Area Science Park, 34149 Trieste, Italy
b Ruflder Bo�kovi·c Institute, Bijeni�cka cesta 54, HR-10000 Zagreb, Croatia
c Elettra - Sincrotrone Trieste SCpA, Strada Statale 14, Basovizza, Trieste 34149, Italy.
d IOM-CNR, Laboratorio TASC, Basovizza SS-14, km 163.5, 34149 Trieste, Italy
e University of Nova Gorica, Vipavska 13, SI-5000 Nova Gorica, Slovenia
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improved performances of Elettra 2.0. The higher �ux of the new source will permit the spectroscopic characterization
of a large variety of highly reactive gaseous species, up to now hampered by the low density of the target. Together
with the implementation of a more performing electron analyzer, it will help, for example, the realization of ResPES
experiments on the most common C, N and O K-edges, affected by a poor statistics and a low count rate on the current
beamlines.
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Conference
Material density and effective atomic number maps
of soft tissues via synchrotron radiation spectral CT.

Stevan Vrbaski,a;b;c� Adriano Contillo,b Renata Longo.a;c

Fig. 1 Spectral CT data decomposed in PMMA-Aluminum basis
and extracted r =Ze f f maps

Spectral computed tomography (CT) systems for
probing tissue attenuation at different energy levels
offer added information to tissue characterization and
can help in resolving the ambiguity created when dif-
ferent tissue produce very similar gray levels at a single
energy range. Attenuation maps measured at different
energy can be used to perform material decomposition
and/or compute material characteristic quantities such
as material density and effective atomic number. Ma-
terial decomposition is a procedure in which spectral
data is represented in the basis of two known materi-
als and often serves as an intermediate step forr =Ze f f

mapping. The clinical relevance of r =Ze f f mapping
has been demonstrated in terms of better tissue dis-
tinction 1 material-speci�c imaging (e.g., iodine, bone,
or calcium), and treatment planning in particle radia-
tion therapy. 2 To this day many algorithms were devel-
oped to extract this information from spectral datasets
obtained by monochromatic and polychromatic X-ray
sources.

In our previous work, we developed two different
algorithms to perform material decomposition 3 and an
approach to compute r and Ze f f from said decomposi-
tion. The results of this approach are shown in Fig. 1.
In the present work, we compared several approaches also published by different authors4 to extract material density
and effective atomic numbers from the spectral CT dataset of various soft tissues obtained at SYRMEP beamline at
Elettra Sincrotrone Trieste. The comparison study is performed to �nd an optimal solution to the state-of-the-art syn-
chrotron radiation breast CT setup currently developed in Trieste. The algorithms were evaluated based on the SNR
and the accuracy of extractedr and Ze f f values.
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Conference
Principal component scores projection on a
barycentric coordinate system for a quanti�ca-
tion in polycrystalline mixtures XRPD data without
crystal structure data.

Mattia Lopresti,a;� Beatrice Mangolini,a;b Luca Palin, a;c, Rocco Caliandro,d Marco
Milanesio.a

X-ray diffraction from powders is one of the most widespread techniques for the qualitative and quantitative anal-
ysis of polycrystalline mixtures and solid materials in general. In many cases, traditional methods fail to overcome
intrinsic problems of the samples being analyzed (enhanced micro absorption and preferred orientations) or even
just sample preparation (little sample, not homogeneous, little ground). Moreover, most traditional quanti�cation
methods require the knowledge of the crystal structure or at least pure phase XRPD pro�le only. In the last decade,
several solutions based on multivariate statistical analysis have taken hold, on principal component analysis (PCA.1

This technique can limit the contribution of the experimental error contained in the data, to extract ef�ciently the use-
ful information. However, PCA-based quanti�cation passes through the construction of regression models, as happens
for traditional methods based on internal standards. A novel method is proposed for the quanti�cation of components
in polycrystalline mixtures by X-ray diffraction data from powders, in principle without any a priori knowledge about
crystal structure and/or pure phase pro�le. The method is based on a coordinate change proposed by Cornell in
his book "Experiments with Mixtures"2 and is virtually scalable for polycrystalline systems with any number of com-
ponents. The mathematical methods are accompanied by two case studies recently published3,4 to provide tangible
examples of how the coordinate change method works in phase quanti�cation. The results show that the developed
method is fast and suitable for direct semi-quantitative analysis with no a priori structure information, which can be
combined with a �ner quantitative analysis, if necessary. The developed algorithm is presented in its form which has
recently been integrated into RootProf5 a software dedicated to X-ray diffraction data analysis.

Fig. 1 Left: a set of samples as obtained after Principal Component Analysis on the score plot. Points are positioned in the
shape of a triangle for a ternary system. Right: the same samples after the coordinate system change, from the independent
coordinate system to the barycentric system.
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