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Meeting Program 

Monday, September 15 2014 

Aula Magna del Rettorato, Università degli Studi di Firenze, P.zza S. Marco 4 

 

12:00-14:00: Registration 

14:00 – 14:30: Open Ceremony: welcome from authorities 

Prof. Alberto Tesi, dean of the University of Florence 

Prof. Cristina Giachi, deputy mayor of the city of Florence 

Dr. Luigi Ambrosio, Director of the Chemical Sciences and Materials 

Technology Department, CNR. 

 

14:30 – 15:15: Plenary Lectures  

(Chair: Carlo Mealli) 

Marine Cotte “Synchrotron-based Micro-analytical Techniques in the Studies 

of Art and Historical Artifacts” 

 

15:15 – 15:40: AIC Nardelli Prize  

(Chair: Michele Saviano) 

Rossella Arletti “Impose Pressure and Change Technology: Pressure-induced 

intrusion and organized nanostructures in zeolites” 

 

15:40 – 15:55: AIC Ph.D. Thesis Award  

(Chair: Michele Saviano) 

Paolo Lotti "Cancrinite-group minerals at non-ambient conditions: a model of 

the elastic behavior and structure evolution" 

 

15:55 – 16:00: AIC Master Degree Thesis Award  

(Chair: Michele Saviano) 

Valentina Loconte  
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16:00-16:20: SILS-BioGem Award for bio-medical applications  

(Chair: Federico Boscherini) 

Enrico Junior Baldassarri “Unravelling the Counter-ion Effects on Guanosine 

Self-Assembly: an Extended Structural Study” 

16:20-16:40: SILS–SPECS Award  

(Chair: Federico Boscherini) 

Mattea Carmen Castrovilli “Elementary processes of radiation damage in 

organic molecules of biological interest” 

 

16:40-17:00: SILS-BRUKER Ph.D. Award  

(Chair: Federico Boscherini) 

Lara Gigli “Synchrotron XRPD evidence of highly organized dye molecules  

in 1D nanochannels of Zeolite L” 

 

17:00-17:30: Coffee break 

 

17:30-17:45: Celebration of the International Year of Crystallography 

(Chair: Alessia Bacchi) 

 

17:45-18:15: Davide Viterbo “Incontri ravvicinati con cristallografi che ne 

hanno fatto la storia” 

18:15-18:45: Luigi Dei “Cristalli, musica, poesia: è tutta questione di 

simmetria!” 
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Tuesday, September 16 2014 

Chiostro del Maglio, via Venezia, 5 

 

9:00–9:45: Plenary Lecture  

(Chair: Andrea Ilari) 

Dmitri Svergun “Synergistic use of Biological Small Angle X-ray Scattering 

with Macromolecular Crystallography” 

 

9:45-10:15: Coffee Break 

 

10:15-12:15: MS1 & MS6 

 

MS1:Structural Biology at High and Low Angles (Auditorium) 

Chairs: Paolo Mariani, Massimiliano Perduca 

 

10:15-10:45: Silvia Onesti “Macromolecular machines involved in DNA 

replication: an integrated structural biology approach” 

10:45- 11:15: Adam Round “BioSAXS – Current possibilities for low 

resolution structural and functional studies” 

11:15-11:35: Daniele de Sanctis “The ESRF Structural Biology beamlines” 

11:35-11:55: Michele Cianci “EMBL P13 beamline at PETRA III @DESY: 

harnessing sulfur anomalous signal from biological macromolecules with a 

4.6keV X-ray beam” 

11:55-12:15: Alessandra Del Giudice “Structural insights into the shape and 

assembly of photosynthetic GAPDH/CP12/PRK complex by small angle X-ray 

scattering” 



7 

 

MS6: Nano-Crystal Growth and Characterization (Conference Room) 

Chairs: Massimo Longo, Silvia Milita 

 

10:15-10:45: Lucia Sorba “Growth of III-V nanowires: from fundamental 

physics to device applications” 

10:45- 11:15: Giuseppe Nicotra “Advanced characterisation from the 

nanoscale to the single atom through (S)TEM” 

11:15-11:35: Davide Calestani “Surface functionalization of ZnO 

nanostructures: designing material properties at nanoscale” 

11:35-11:55: Antonella Guagliardi “Unravelling the Growth of Pt Nanorods 

inside a Porous Matrix by Total Scattering Debye Function Analysis” 

11:55-12:15: Giulio Isacco Lampronti “Direct observation of intermediates in 

a thermodynamically controlled solid-state dynamic covalent reaction” 

 

12:15-13:15: Commercial Presentation (Auditorium) 

12:15-12:35: Lucia Robba (Bruker) “True data of the real nanoworld – N8 

HORIZON” 

12:35-12:55: Dubravka Šišak Jung (Dectris) “Advanced X-ray diffraction 

analysis using single-photon-counting detectors” 

12:55-13:15: Paul Pennartz (Rigaku): “New 2D detectors and solutions for 

Rigaku SmartLab(tm) Systems and recent developments in X-ray optics“ 

 

13:15-14:30 Lunch & Poster Session 
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14:30-16:30: MS3 & MS4 

 

MS3: Probing Structure, Properties and Transformation Processes of 

Materials under Extreme Conditions (Auditorium) 

Chairs: Marco Merlini, Nicola Casati 

 

14:30-15:00: Mario Santoro “High pressure synthesis of novel materials” 

15:00-15:30: Michael Hanfland “Crystallography at extreme conditions” 

15:30-15:50: Ross John Angel “EosFit7: A new program for equation of state 

analysis” 

15:50-16:10: Raffaella Torchio “High pressure and low temperature structure 

and magnetism of cobalt” 

16:10-16:30: Arianna Lanza “Pressure-induced structural and magnetic 

transformations in [(CuF2(H2O)2)x(pyz)] polymers” 

 

MS4: New Frontiers in Methods and Techniques (Conference Room) 

Chairs: Ralf Menk, Dritan Siliqi 

 

14:30-15:00: Cinzia Giannini “Exploiting high brilliance synchrotron-like 

micro-focused beams in a table-top facility to study nano- and bio-materials” 

15:00-15:30: Bernd Schmitt “Beyond PILATUS and Mythen: New frontier 

detectors for x-ray diffraction” 

15:30-15:50: Francesco Carlà “In-situ Investigation of Electrochemical 

Growth Processes by Surface X-ray Diffraction” 

15:50-16:10: Piero Torelli “APE beamline: a spectroscopic tool toward the 

investigation of magnetic properties in-operando conditions” 

16:10-16:30: Nicola Corriero “QUALX2.0: a qualitative analysis program 

inquiring a freely available database” 

 

16:30-17:00 Coffee Break 
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17:00-18:30: Large Scale Facilities Updates (Auditorium) 

Chair: Federico Boscherini 

17:00-17:15: Francesco Sette: ESRF  

17:15-17:30: Maya Kiskinova Elettra and FERMI 

17:30-17:45: Gianluca Geloni: XFEL 

17:45-18:00: Giorgio Rossi: ESFRI (European Strategy Forum on Research 

Infrastructures) 

18:00-18:15: Giacomo Ghirighelli: CNR Commission of Synchrotron 

Radiation and Neutrons 

18:15-18:30: Massimo Ferrario: Activities in Frascati 

 

18:30-19:30: SILS Assembly (Auditorium) 

 

20:30: Social Dinner 

Palazzo Borghese, via Ghibellina, 110 
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Wednesday, September 17 2014 

Chiostro del Maglio, via Venezia, 5 

 

9:00–9:45: Plenary Lecture (Chair: Diego Gatta) 

Christian Serre “From in/ex situ studies to applications of porous MOFs” 

 

9:45-10:15: Coffee Break 

 

10:15-12:15: MS5 & MS2 

 

MS5:News from the Crystal-Chemistry of Inorganic Compounds: from 

Nature to Tailor-Made Materials (Auditorium) 

Chairs: Giuseppe Cruciani, Ferdinando Costantino 

 

10:15-10:45: Angiolina Comotti “In situ polymerization and rotor dynamics in 

Porous Materials” 

10:45-11:15: Enrico Mugnaioli “Biominerals by electron and synchrotron X-

ray powder diffraction” 

11:15-11:35: Maria Victoria-Rodríguez “Gas adsorption study on HKUST-1 

of different particle size” 

11:35-11:55: Elisa Boanini “Interaction of Calcium Phosphates with 

Bisphosphonates: from Composite Crystals to Calcium Phosphates Digestion” 

11:55-12:15: Matteo Ardit “Spontaneous strain variation and thermodynamic 

properties through the monoclinic/ orthorhombic phase transition of ZSM-5 

zeolite” 
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MS2: Industrial Applications of Crystallography and Synchrotron 

Radiation (Conference Room) 

Chairs: Marco Peloi, Fabia Gozzo 

 

10:15-10:45: Bernd Hinrichsen “Shedding light on the Structure of Novel 

Perovskite Photovoltaic Material” 

10:45-11:15: Roberto Millini “Crystallography in an Industrial Research 

Laboratory: the experience of ENI” 

11:15-11:35: Nicola Casati “Time is money: high throughput synchrotron 

XRPD“ 

11:35-11:55: Ed Mitchel “Industry at synchrotrons: a necessary evil or a win-

win situation?  

11:55-12:15: Lucia Maini “Multivariate analysis and Rietveld refinement for 

quantification of inorganic additives in animal feeds” 

 

12:15-12:55: Commercial Presentation (Auditorium) 

12:15-12:35: Zoltán Gál (Agilent): “Use of a single crystal diffractometer for 

polycrystalline sample characterization” 

12:35-12:55: Eric Hovestreydt (Bruker): “Light-Atom Absolute Configuration 

Determination at Different Wavelengths” 

 

13:00-14:30 Lunch & Poster Session 

 

14:30-16:30: MS7 & MS8 

 

MS7:Nano and Advanced Materials: the Diffraction and Spectroscopy 

Points of View (Auditorium) 

Chairs: Alberto Morgante, Matteo Leoni 

 

14:30: 15:00: Elisa Miniussi “Fine Tuning of Graphene-Metal Interaction” 
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15:00-15:30: Luca Palin “Investigation of layered and disordered materials by 

XRPD Raman and NMR” 

15:30-15:50: Antonella Iadecola “Local strucure of nanostructured V2O5 

probed by x-ray absorption spectroscopy” 

15:50-16:10: Paolo Moras “Free-standing vs. Ag(111)-supported: substrate 

effects on silicene properties” 

16:10-16:30: Lise Pascale “Evidence of superconductivity in ordered tetragonal 

YBa2Cu3O7-x micro-crystals induced by chemical substitution” 

 

MS8: Advanced Radiation Sources (Conference Room) 

Chairs: Enrica Chiadroni, Andrea Lausi 

 

14:30: 15:00: Leonida Antonio Gizzi “All-optical X-ray and gamma-ray 

sources driven by ultraintense lasers” 

15:00-15:30: Riccardo Cucini “Time resolved nanoscale dynamics in 

condensed matter: The TIMER project” 

15:30-15:50: Stefano Lupi “Terahertz Radiation for Non linear and Pump-

Probe Spectroscopy” 

15:50-16:10: Fabio Villa “Two colors FEL at SPARC_LAB” 

16:10-16:30: Luca Serafini “Physics and Perspectives of Thomson/Compton 

Sources” 

 

16:30-17:00: Coffee Break 

 

 

End of the Joint AIC-SILS 

 

 

17:00-20:00: AIC General Assembly (Auditorium) 
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Thursday, September 18 2014 

Chiostro del Maglio, via Venezia, 5 

 

9:00–9:45: Plenary Lecture (Chair: Patrizia Rossi) 

Davide M. Proserpio “Periodic Structures and Crystal Chemistry: A history of 

the topological approach to crystal chemistry by means of the cds net”. 

 

9:45-10:15: Coffee Break 

 

10:15-12:35: MS9 & MS10 

 

MS9:Structure-Property Correlation in Molecular Crystals (Auditorium) 

Chair: Roberto Centore 

 

10:15-10:45: Alessandra Crispini “Intermolecular interactions in the design of 

molecular materials and their properties” 

10:45-11:15: Fabrizia Grepioni “From drugs to pigments and sensors: co-

crystallization as a flexible tool for properties enhancement of molecular 

materials” 

11:15-11:35: Davide Capucci “Trapping liquid drugs in cocrystals and MOFs” 

11:35-11:55: Fabiola Liscio “Does the organic field effect transistor operation 

affect molecular film structure?” 

11:55-12:15: Werner Oberhauser “Linear α-Olefins Obtained with Structural 

Isomers of a Dinuclear Palladium Tetra-phosphanedioxide Complex” 

12:15-12:35: Consiglia Tedesco “Towards the control of the solid state 

assembly of cyclic peptoids” 
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MS10: Mathematical Crystallography (Conference Room) 

Chair: Stefano Leoni 

 

10:15-10:45: Charlotte Bonneau “Why do we have to learn about crystal 

nets?” 

10:45-11:15: Arina Pankowa “New Tools for Taxonomy of Nanoclusters in 

Intermetallics” 

11:15-11:35: Mario Valle “Crystal fingerprints space a novel paradigm to 

study crystal structures sets” 

11:35-11:55: Igor Baburin “From abstract nets to chemical compounds: 

applications to porous solids” 

11:55-12:15: Senja Barthel “How knot theory can contribute to 

crystallography (tangled and braided structures)” 

12:15-12:35: Ruggero Gabbrielli “Periodic simple tiling as models for 

monodispersed foam” 

 

12:35-13:00: AIC Closing Ceremony (Auditorium) 
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Incontri ravvicinati con cristallografi che ne hanno fatto la storia 
 

Davide Viterbo
 

 
Via Saluzzo 88, 10126 Torino, Italy. davide.viterbo@mfn.unipmn.it 

 
Ho iniziato le mie ricerche nel campo della cristallografia nel lontano 1962 e durante la mia 

lunga carriera ho avuta l‟immensa fortuna di conoscere molti cristallografi che sono ben noti 

per i loro importanti contributi alla nostra scienza. 

Alla prima esperienza nel 1968 ad Oxford, quando Dorothy Hodgkin (Nobel 1964) ed il suo 

gruppo stavano ancora lottando per determinare la struttura dell‟insulina (risolta l‟anno 

successivo), sono seguiti i tre anni passati a York a lavorare su aspetti metodologici con 

Michael Woolfson ed i miei frequenti incontri amichevoli con Herbert Hauptman e Jerome 

Karle (Nobel 1985), Isabella Karle, David Sayre, George Sheldrik, e tutti i più importanti 

ricercatori che hanno contribuito allo sviluppo dei metodi diretti per la risoluzione delle 

strutture cristalline. Ho così potuto trarre profitto dal loro atteggiamento cordiale ed aperto, non 

solo per allargare le mie conoscenze cristallografiche, ma anche per acquisire un punto di vista 

più positivo sul valore delle relazioni umane. 

Ho anche avuto la grande ed esaltante esperienza di ascoltare le affascianti lezioni sulla teoria 

della diffrazione da parte dei cistalli tenute da Paul Ewald, uno dei padri della cristallografia a 

raggi X: l‟eleganza della trattazione matematica è insuperabile. 

Ultima ma non meno rilevante è stata la mia avventura italiana con Carmelo Giacovazzo e tutto 

il “SIR team” (SIR è la sigla della teoria alla base dei più moderni metodi diretti) con cui ho 

mantenuto una stretta amicizia. 

                         
 

                      
 

Figure 1. H. Hauptman, J. Karle, D. Sayre, M. Woolfson, C. Giacovazzo . 
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Cristalli, musica, poesia: è tutta questione di simmetria! 
 

Luigi Dei
 

 
aDipartimento di Chimica “Ugo Schiff”, Università degli Studi di Firenze, Firenze, Italy 

luigi.dei@unifi.it 

 
Celebrare l‟Anno Internazionale della Cristallografia significa anche divulgare questa fantastica 

scienza ai non addetti ai lavori. E divulgare vuol dire suscitare curiosità, intrigare il grande 

pubblico sorprendendolo, destando stupore e meraviglia. Nella presente divagazione culturale si 

cerca di mettere in relazione l‟ordine e la simmetria – ma talvolta anche la dissimetria, 

l‟impurezza, il disordine – dei cristalli con l‟ordine e la simmetria con cui le note si rincorrono a 

formare melodie piacevoli o le lettere a formare parole e le parole a formare versi in poesia. 

Dalla grafite al carbonio, da Pinocchio alle Fiabe Italiane di Calvino, da Dante Alighieri a 

Eugenio Montale, da Johann Strauss Figlio a Wolfgang Amadeus Mozart, in un blend 

fantasmagorico, si scopriranno i misteri dell‟ibridazione sp
2
 e sp

3
, della simmetria a base tre o 

quattro, del ¾ del valzer e del 4/4 del divertimento Mozartiano, così come delle terzine 

Dantesche contrapposte alle quartine di Meriggiare pallido e assorto. E alla fine si uscirà, 

sperabilmente, con l‟idea che la cristallografia è più vicina a noi di quanto il nome esoterico 

possa far supporre e che non esistono due culture, la scientifica e l‟umanistica, bensì la cultura 

è, deve essere, « una ». E la bellezza dei cristalli è poi la bellezza della scienza paragonabile, né 

più né meno, alla medesima bellezza dell‟arte. 
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Synchrotron-based Micro-analytical Techniques in the Studies of Art and 

Historical Artifacts 
 

Marine Cotte,
a,b

 Emeline Pouyet,
a
 Koen Janssens

c 

 
aEuropean Synchrotron Radiation Facility, B.P.220 - 38043 GRENOBLE Cedex, France. cotte@esrf.fr 

bLAMS (Laboratoire d‟Archéologie Moléculaire et Structurale) UMR-8220, 3 rue Galilée 94200 Ivry-sur-

Seine, France 
cAntwerp University, Chemistry Department, Groenenborgerlaan 171, B-2020 Antwerp, Belgium 

 

Works of art and ancient materials are increasingly benefiting from methodological 

developments in Physics and Chemistry. New analytical tools are made accessible to watch into 

artistic materials and get invaluable insight into the biography of the artworks. Analyses usually 

aim at revealing manufacturing/ artistic processes, or at understanding degradation mechanisms 

and developing adapted preservation protocols. Among the very wide range of analytical 

methods, the ones based on light-matter interactions, and more particularly on synchrotron 

light, have received a growing interest for the study of art and historical artifacts [1,2]. 

This talk will focus on the assets of crystallography, carried out on synchrotron facilities, for the 

analysis of works of art, and more particularly pigments and paintings. X-ray diffraction is a 

rather classical method for the characterization of materials, being in the context of art or not. 

Through different examples, we will see how the main characteristics of the synchrotron beam 

(source size, collimation, intensity, energy tunability, access to high energies, penetration 

depth...) can be exploited to offer, based on this common method, a palette of optimum 

experimental configurations. The beam can be focussed to micrometric and even nanometric 

size, the reduced dwell time allows 2D [3,4] and even 3D mappings [5], the access to high 

energies allows going across full paintings [6], the long penetration depth can also be exploited 

for in-situ analysis. X-ray diffraction can also be combined with other synchrotron-based micro-

analytical techniques, such as micro X-ray fluorescence, micro X-ray absorption spectroscopy 

[7], or micro FTIR spectroscopy as well [8]. Accordingly, most of the components present in 

the artworks can be identified and localized, at different scales. It is then possible to derive 

information about a possible set of original ingredients, about the way these ingredients were 

used and how they evolved and evolve and may evolve with time. 
 

[1] L. Bertrand, M. Cotte, M. Stampanoni, M. Thoury, F. Marone, S. Schöder, Physics Reports. 2012, 519 

(2), 51. 

[2] K. Janssens, M. Alfeld, G. Van der Snickt, W. De Nolf, F. Vanmeert, M. Radepont, L. Monico, J. Dik, 

M. Cotte, G. Falkenberg, C. Miliani, B. G. Brunetti, B. G., Annual Review of Analytical Chemistry. 2013, 

6 (1), 399. 

[3] E. Dooryhée, M. Anne, I. Bardiès, J.L. Hodeau, P. Martinetto, S. Rondot, J. Salomon, G.B.M. 

Vaughan, P. Walter, Applied Physics A: Materials Science & Processing 2005, 81 (4), 663. 

[4] M. Cotte, J.  Susini, V. A. Solé, Y. Taniguchi, J. Chillida, E. Checroum, P. Walter, Journal of 

Analytical Atomic Spectrometry 2008, 23, 820. 

[5] W. De Nolf, F. Vanmeert, K. Janssens, J. Appl. Cryst. 2014, 47. 

[6] W. De Nolf, J. Dik, G. Van der Snickt, A. Wallert, K. Janssens, Journal of Analytical Atomic 

Spectrometry 2011, 26 (5), 910-916. 

[7] M. Cotte, J. Susini, J. Dik, K. Janssens, Accounts of Chemical Research. 2010, 43 (6), 705. 

[8] M. Cotte, P. Dumas, Y. Taniguchi, E. Checroun, P. Walter, J. Susini, Cr Phys 2009, 10 (7), 590. 
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Synergistic use of Biological Small Angle X-ray Scattering with 

Macromolecular Crystallography 
 

Dmitri Svergun
 

 
European Molecular Biology Laboratory, Hamburg Outstation c/o DESY, Notkestr. 85, D22603 Hamburg, 

Germany, svergun@embl-hamburg.de 

 
Hybrid approaches combining complementary methods became the most powerful way to 

address challenging problems in structural biology. Integrative use of synchrotron X-ray 

techniques (diffraction, scattering, imaging) together with biochemical, biophysical and 

computational methods allows for a comprehensive characterization of complicated 

macromolecular objects, systems and processes across different levels of structural 

organization. The joint use of various methods is promoted in European infrastructural projects 

like I3 project BioStruct-X, exploiting synergy of synchrotron-provision sites. 

  

Of the synchrotron-based techniques, macromolecular X-ray crystallography (MX) has had the 

strongest biological impact providing high resiolution structures in the crystal. Of the battery of 

techniques applicable in solution it is perhaps small-angle X-ray scattering (SAXS) that offers 

investigators the most conceptually straightforward and practical avenue to investigate the 

structure, albeit at a low resolution. In synchrotron MX, a crucial step forward was made in the 

large-scale analysis of proteins and macromolecular complexes when automatic sample 

changers and remote operation were introduced about a decade ago; this revolution took place 

in SAXS several years later. 

 

Modern SAXS is a powerful structural method allowing one to study the structure, folding state 

and flexibility of native particles and complexes in solution and to rapidly analyze structural 

changes in response to variations in external conditions. New high brilliance sources and novel 

data analysis methods significantly enhanced resolution and reliability of structural models 

provided by the technique [1]. Further automation of the experiment, data processing and 

interpretation make solution SAXS a streamline tool for large scale structural studies in 

molecular biology. The technique is readily combined with other structural and biochemical 

methods, most notably with MX, in integrative studies. In the joint MX-SAXS studies, rapid 

validation of high resolution models in solution, identification of biologically active oligomers, 

and, for macromolecular complexes, quaternary structure analysis by rigid body 

movements/rotations of individual subunits are possible. SAXS is sensitive to macromolecular 

flexibility allowing for addition of missing fragments to high resolution models and analysis of 

particle dynamics in solution by ensemble approaches. Examples of recent applications will be 

presented and the further perspectives of the joint SAXS/MX-based modeling will be reviewed. 
 

 

 [1] M.A. Graewert, D.I. Svergun. Curr Opin Struct Biol. 2013 23, 748. 
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From synthesis, structural analysis and applications of functional porous 

Metal Organic Frameworks 
 

Christian Serre
 

 

Institut Lavoisier, UMR CNRS 8180, 45 Avenue des Etats Unis, Université de Versailles Saint-Quentin, 

78035 Versailles cedex, France; christian.serre@uvsq.fr 

 
Porous Metal Organic frameworks (MOFs) are crystalline hybrid porous solids that are worth of 

interest for several societally relevant applications such as separation, gas storage, catalysis, 

sensing or nanosciences.
[1]

 Nevertheless, prior to their use, there is a strong need to develop 

industrially relevant synthetic methods to obtain on a reproducible manner very large amounts 

of solid together with an acceptable performance and cost. This require first to deeply 

understand the mechanisms that drive the formation of MOFs and thus to analyze the various 

synthetic parameters that control their nucleation and growth. The crystallization study (either 

in- or ex-situ XRPD or EXAFS) of several porous MOFs of interest, i.e. robust metal(III or IV) 

polycarboxylates,
[2-5]

 their synthesis optimization from the laboratory scale (grams) to their 

production or shaping at the large scale, will be first reported.  In a second step, some of their 

main relevant properties will be discussed through a few selected show-cases.
[6]

   

 

Figure : schematic view of the solvothermal in situ crystallization analysis of the porous UiO-66(Zr) MOF 

material.[5] 

 

References 

[1] Chem. Rev. 2012, 112 and references therein. 

[2] V. Guillerm, S. Gross, C. Serre, T. Devic, M. Bauer, G. Férey, Chem. Comm., 2010, 46, 767 

[3] M. Dan-Hardi, C. Serre, T. Frot, L. Rozes, G. Maurin, C. Sanchez and G. Férey, J. Am. Chem. Soc., 

2009, 131, 10857. 

[4] V. Guillerm, F. Ragon, M. Dan-Hardi, T. Devic, M. Vishnuvarthan, B. Campo, A. Vimont, G. Clet, Q. 

Yang, G. Maurin, G. Férey, A. Vittadini, S. Gross and C. Serre, Angew. Chem. Int. Ed., 2012, 51, 9267. 

[5] UiO-66, F. Ragon, P. Horcajada, T. Devic, H. Chevreau, S. Miller, U.H. Lee, Y.K. Hwang, J.S. Chang, 

C. Serre, Inorg. Chem., 2014, in press 

[6] Yang, Q.; Vaesen, S.; Ragon, F.; Wiersum, A.; Dong, W.; Lago, A.; Devic, T.; Martineau, C.; Taulelle, 

F.; Llewellyn, P.; Jobic, H.; Zhong, Chongli; Serre, C.; De Weireld, G.; Maurin, G.                  Angew 

Chem. Int. Ed.,  2013, 52(39), 10316–10320 
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In the rationalization process of complex structures it is very helpful the “topological approach” 

that consists in the simplification by rational principles of the complex structures to 

schematized reference nets[1].  A higher level of complexity comes from the entanglement of 

different periodic motifs whose rationalization and classification we have illustrated in the last 

years. The different branches of mathematics involved show the interdisciplinary approach of 

the Topological Crystal Chemistry 

 

 simplification and rationalization  nets  (graph theory)[2] 

 topological classification/analysis of nets[1,3] 

 single/entangled/catenated/knotted (knot theory)[2,3,5] 

 enumeration of nets  (point sets distributions) 

 tiling theory  (2D and 3D)[6] 

 (minimal) surfaces[7] 

 

 

      
Figure 1. The cds net observed in CdSO4 with its quotient graph 

 

[1] O. Delgado-Friedrichs, M.D. Foster, M. O'Keeffe,  D.M. Proserpio, M.M.J. Treacy, O.M. Yaghi  

J. Solid State Chem. 2005, 178,  2533. 

[2] O. Delgado-Friedrichs, M. O'Keeffe J. Solid State Chem. 2005, 178,  2480. 

[3] E. V. Alexandrov, V.A. Blatov, A.V. Kochetkov, D.M. Proserpio CrystEngComm, 2011, 13, 3947. 

[4] L. Carlucci, G. Ciani and D. M. Proserpio  Coord. Chem. Rev. 2003, 246, 247. 

[5] V.A. Blatov, L. Carlucci, G. Ciani, D.M. Proserpio CrystEngComm, 2004, 6, 377. 

[6] V.A. Blatov, G.D. Ilyushin, D.M. Proserpio Chem. Mater. 2013, 25, 412. 

[7] L. de Campo, O. Delgado-Friedrichs, S.T. Hyde, M. O‟Keeffe Acta Cryst. 2013, A69, 483. 
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Pressure-induced intrusion and organized nanostructures in zeolites 
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How do supramolecular nanoaggregates form and behave under high pressure conditions? And 

what can occur when they are confined in nanocavities? The investigation and understanding of 

the behavior of molecules and porous materials under the combined effects of applied pressure, 

spatial confinement and constraints in morphology at the nanoscale mean advance for 

fundamental sciences and significant impact on technology. Hyperconfinement regime can be 

exploited to create supramolecular organization and new nanosystems of controlled 

morphology. This would lead to a set of practical strategies to produce template- and pressure-

driven synthesis of ordered architectures of nanosized supersystems 

Pressure-induced intrusion of simple molecules inside the pore system of an all-silica ferrierite 

(Si-FER, s.g Pmnn Si/Al= ) and of a high-silica mordenite in its protonated form (HS-MOR, 

s.g. Cmcm, Si/Al~100) was investigated by HP-XRPD experiments. The experiments were 

performed at BM01 (ESRF) beamline in diamonds anvil cell from Pamb to 7.5 GPa and from 

Pamb to 8.5 GPa for ferrierite and mordenite, respectively, using the following different 

solutions containing the molecules of interest as pressure transmitting media (PTM): two 

mixtures of water and alcohols (methanol:ethanol:water 16:3:1, m.e.w. and  ethanol:water 1:3, 

e.w.), ethylene glycol and resorcinol (dissolved in water). In all cases, we observed the 

penetration of the medium molecules below 1GPa.  

In all the experiments Si-FER [1,2] undergoes a phase transition (reversible upon pressure 

release) to the monoclinic s.g. P21/n. Once Si-FER is compressed in e.w., water (w.) and 

ethanol molecules (e.) enter the channels even at 0.2 GPa. The structural refinement performed 

at 0.8 GPa located 8 w. and 4 e., in the 10- and 6-membered ring channels. The refinement at 

0.2 GPa of ferrierite compressed in m.e.w. indicates the exclusive penetration of water 

molecules (15), organized in chains running along the 10-membered ring channel. When Si-

FER is compressed in resorcinol and ethylene glycol, strong variations in the diffraction peak 

intensity and in the cell parameters are observed in the patterns collected at 0.3 and 0.6 GPa, 

respectively, suggesting the penetration of the media molecules in both systems. Detailed 

structural data obtained for Si-FER compressed in resorcinol at 0.5GPa allowed locating two 

molecules in the 10-membered ring channel. The comparison of the variations of Si-FER lattice 

parameters determined by the four experiments shows that the lowest volume compression is 

observed for Si-FER in resorcinol, as a results of the strong framework stiffening induced by 

this guest species penetration.  

Concerning HS-MOR [3], no phase transitions or lowering in symmetry are observed in the 

experiments and the pressure-induced effects are partially reversible upon P release. As 

observed for Si-FER, in the Pamb-7GPa pressure range, the compressibility of HS-MOR in 

resorcinol is slightly lower than that registered in m.e.w. and ethylene glycol. Of great interest 

is the P-induced formation, at about 1 GPa, of straight polymeric chains of ethylene glycol 

molecules lying in the 12-membered ring channels and running along the c-axis. 

 
[1] R. Arletti, G. Vezzalini, S. Quartieri, F. Di Renzo, V. Dmitriev, Microp. Mesopor. Mat. 2014,191, 27. 

[2] R. Arletti, S. Quartieri, G. Vezzalini, E. Fois, G. Tabacchi, IUCr Congress Book of abstract 2014. 

[3] S. Quartieri, L. Leardini, R. Arletti, G. Vezzalini, IUCr Congress Book of abstract 2014. 
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The minerals of the cancrinite group are zeolite-like compounds, sharing the [CAN]-topology 

of the framework [1]. Their structure shows large 12-ring channels along [0001], bound by 

columns of cages, the so-called can units. Natural and synthetic compounds exhibit a 

remarkable chemical variability. Among the natural species, the majority shows an 

aluminosilicate framework. Two subgroups can be identified according to the extraframework 

content of the can units: the cancrinite- and the davyne-subgroups, showing Na-H2O and Ca-Cl 

chains, respectively. The channels are stuffed by cations, anions and molecules. In Nature, 

cancrinite-group minerals occur in the late/hydrothermal stages of alkaline (SiO2)-

undersaturated magmatism and in related effusive or contact rocks. Cancrinite-group 

compounds have been proposed as stable storage form for alkaline wastes [2].  

The characterization of the phase-stability fields, thermo-elastic behavior and structure response 

to applied (P,T) is needed to evaluate and predict their behavior in natural and industrial 

processes.  

 

Methods 

We aimed to model the thermo-elastic behavior and the mechanisms of (P,T)-induced structure 

evolution, at the atomic scale, of cancrinite-group minerals, paying a special attention to the 

role played by the extraframework population. The study was restricted to the following (CO3)-

rich and (SO4)-rich end-members: cancrinite {[(Na,Ca)6(CO3)1.2-1.7][Na2(H2O)2][Al6Si6O24]}, 

vishnevite {[(Na,Ca,K)6(SO4)][Na2(H2O)2][Al6Si6O24]}, balliranoite {[(Na,Ca)6(CO3)1.2-

1.7][Ca2Cl2][Al6Si6O24]} and davyne {[(Na,Ca,K)6((SO4),Cl2)][Ca2Cl2][Al6Si6O24]}. Their high-

P and low-T (T < 293 K) behavior was investigated by means of in situ single crystal X-ray 

diffraction, using diamond-anvil cells and (N2)-cryosystems, respectively.  

 

Results  

Though sharing a similar volume compressibility and thermal expansivity, these minerals have 

a different thermo-elastic anisotropy, more pronounced in the cancrinite-subgroup compounds. 

This behavior is governed by different deformation mechanisms, which reflect the different 

coordination environments of the cage population between the minerals of the two subgroups. 

The davyne sample studied at high-P showed a displacive phase transition from P63/m to P63 

after the load of pressure [0.0001 ≤ P (GPa) ≤ 0.38(2) ] In vishnevite, a P-induced re-

organization of the extraframework population took place at P > 3.5 GPa, suggesting that the 

channel-constituents can also play an active role at non-ambient conditions.  

 

Conclusions  

Besides common features likely ascribable to the [CAN]-topology, the nature of the 

extraframework population appears to control significantly the (P,T)-induced structure 

evolution and thermo-elastic behavior of the cancrinite-group compounds. 

 
[1] E. Bonaccorsi, S. Merlino: in G. Ferraris, S. Merlino Eds. Micro- and Mesoporous Mineral Phases, 

Rev. Mineral. Geochem., 57, 241, 2005. 

[2] Y. Bao, M.W. Grutzeck, C.M. Jantzen J. Am. Ceram. Soc. 2005, 88, 3287.  
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The project described in this work concerns the study of supramolecular aggregation of 

guanosine molecules. The project starts from the more ambitious idea of studying the behavior, 

stability and supramolecular aggregation of single strands DNA that lead to the formation of 

unusual structures called G-Quadruplexes. G-Quadruplexes are noncanonical forms of DNA. 

It is well-known that guanosine and deoxyguanosine- 5′-monophosphate (GMP and dGMP) and 

several of their derivatives show in water a hierarchical self-assembling process, which starting 

from the formation of guanosine tetramers (G-quartets) ends up at the appearance of cholesteric 

and hexagonal lyotropic phases. Guanine is indeed a multiple H-bonding unit, presenting both 

H-bond acceptor and donor groups, and in the G-quartets four guanine bases are associated 

through Hoogsteen hydrogen bonding. Because of hydrophobicity, guanine tetrads in water 

stack on top of each other to form helicoidal nanowires (the G-quadruplex) [1,2]. G-

Quadruplexes were correlated with the Telomeres rich in guanosine at the end of chromosomes. 

Telomeres are tightly bound to Telomerase, the enzyme that replicates the tandem repeated 

sequences (TRs) in chromosome, and is expressed at very low levels in somatic cells of 

different organisms but is present in high amounts in cancer cells (allowing them to replicate 

indefinitely and bringing to an immortalization condition that due the carcinogenesis process). 

Therefore, the interest in G Quadruplexes is linked with the several hypotheses on possible anti-

cancer activities [3]. An extended study on the self-assembly process and behavior of 

Guanosine 5‟-monophosphate under different physical conditions has been conducted. The 

experiment were performed at Di.S.V.A. Laboratories and at different European Large Scale 

Facilities (LSF) using various techniques such as Small Angle Scattering (SAS), X-ray 

Diffraction (XRD), obtaining information on the structural parameters, stability, counter-ion 

effects and interactions between telomeres using a simple model based on G-quadruplex 

formation by Guanosine molecules. 
 

[1] Zimmerman S.B.; G.H. Cohen; D.R. Davis. J. Mol. Biol ., 1975, 92:171–179. 

[2] A. Gonnelli, M. G. Ortore, E. J. Baldassarri , G. P. Spada, S. Pieraccini, R. C. Perone, S. S. Funari and       

      P. Mariani. J. Phys Chem. B, 2013, 117:1095–1103. 

[3] G. Biffi, D. Tannahill, J. McCafferty, S. Balasubramanian. Nature Chemistry, 2013, 5:182–186. 
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It was observed in the „80s that the radiation damage on biological systems strongly depends on 

processes occurring at the microscopic level, involving the elementary constituents of biological 

cells. Since then, lot of attention has been paid to study elementary processes of photo- and ion-

chemistry of isolated organic molecule of biological interest. This work fits in this framework 

and aims to study the radiation damage mechanisms induced by different types of radiations on 

simple halogenated biomolecules used as radiosensitizers in radiotherapy. The research is 

focused on the photofragmentation of halogenated pyrimidine molecules (5Br-pyrimidine, 2Br-

pyrimidine and 2Cl-pyrimidine) in the VUV range [1] and on the 
12

C
4+

 ion-impact 

fragmentation of the 5Br-uracil and its homogeneous and hydrated clusters. 

Although halogen substituted pyrimidines have similar structure to the pyrimidine molecule, 

their photodissociation dynamics is quite different. These targets have been chosen with the 

purpose of investigating the effect of the specific halogen atom and site of halogenation on the 

fragmentation dynamics. Theoretical and experimental studies have highlighted that the site of 

halogenation and the type of halogen atom, lead either to the preferential breaking of the 

pyrimidinic ring or to the release of halogen/hydrogen radicals. The two processes can 

subsequently trigger different mechanisms of biological damage. 

To understand the effect of the environment on the fragmentation dynamic of the single 

molecule, the ion-induced fragmentation of homogenous and hydrated clusters of 5Br-uracil 

have been studied and compared to similar studies on the isolated molecule. 

The results show that the “protective effect” of the environment on the single molecule hold in 

the homogeneous clusters, but not in the hydrated clusters, where several hydrated fragments 

have been observed. This indicates that the presence of water molecules can inhibit some 

fragmentation channels and promote the keto-enol tautomerization, which is very important in 

the mutagenesis of the DNA [2].  
 

[1] M.C. Castrovilli, P. Bolognesi, D. Catone, P.O‟Keeffe, A.R. Casavola, L. Avaldi. J. Am. Soc. Mass 

Spectrom. 2014, 25, 351. 

[2] X. Hu, H. Li, J. Ding, S. Han, Biochemistry 2004, 43, 6361. 
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The presence of dye molecules highly organized inside the 1D nanochannels of synthetic 

Zeolite L (ZL) designs materials offering new possibilities for energy transfer phenomena and 

challenges for developing new photonic devices for solar energy conversion and storage [1]. 
Actually, a detailed structural characterization is necessary to explain the functionality of these 

materials and their stability and to understand the host-guest interactions involved in their 

efficiency. ZL is characterized by a one-dimensional channel system -surrounded by a ring of 

12 tetrahedra (12MR)- running along the c axis and is an ideal host because its structure 

imposes geometrical constraints to the guest molecules. These structural characteristics lead to a 

highly ordered and well defined arrangement of the guests inside the channels. Three different 

dyes were encapsulated into the zeolite L: the neutral dyes Fluorenone and tB-DXP [2] via gas 

phase adsorption (ZL/FL, ZL/tB-DXP composites) and  the cationic thionine via cationic 

exchange (ZL/Th composites). The characterization of these samples was carried out, at 

ambient conditions, combining experimental techniques (SR-XRPD and Rietveld refinement, 

TGA, Infrared spectroscopy, UV/vis and fluorescence spectroscopy) and Molecular Dynamics 

simulations. It has been determined  for each composites the maximum possible dye loading 

equal to 1.5 molecules per unit cell, for the ZL/FL composites, 0.23 molecules for the ZL/tB-

DXP composites and 0.27 molecules per unit cell for the ZL/Th composites. The distribution of 

fluorenone molecules within the ZL channel was obtained combining the diffraction data and 

the Molecular Dynamic simulations. The stability of the ZL/FL materials was confirmed and 

attributed to the strong interactions between the oxygen of FL carbonyl group and the ZL 

extraframework potassium atom. The fluorescence spectroscopy indicated that the optical 

properties of the composites are not influenced either the amount and organization of FL 

molecules or by the presence of water molecules in ZL channels. For the ZL/tB-DXP 

composites the comparison between the cell parameters of the zeolite as synthetized and the 

composite shows that the encapsulation of a so large dye was successful. Notwithstanding the 

tB-DXP molecule length is three times the c parameter of ZL, no superstructure evidence is 

observed in the XRPD pattern. The structural refinement located the dye parallel to the 12MR 

channel axis. Also in ZL/Th composites the incorporation of thionine entails a slight increase of 

the unit cell parameters and the XRPD patterns do not show superstructure evidence even if the 

dye molecule length is two times the c parameter of the zeolite. The structure refinement 

allowed the localization of only a part of the molecule, the thiazine ring. ZL/tB-DXP and ZL/Th 

composites show interesting optical properties and high stability even at high loading. This 

work opens new insights for the development of functional devices in the optical and electronic 

related fields. 
 

[1] G. Calzaferri, Langmuir, 2012, 28, 6216−6231. [2] A. Devaux, G. Calzaferri, I. Miletto, P. Cao, P. 

Belser, D. Brühwiler, O. Khorev, R. Häner, A. Kunzmann, J. Phys. Chem. C, 2013, 117, 23034-23047.  
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The capacity to maintain and transmit the genetic information from one generation to the next 

relies entirely on the accuracy and regulation of the mechanisms of DNA replication. The 

problem is particularly serious for the more complex eukaryotes, which contain much more 

genetic information than simple bacteria. In these organisms DNA replication has to start at 

multiple origins along the genome and a complex network of proteins, under strict cell-cycle 

control, is required to ensure that each origin is used only once and no segment of DNA is left 

un-replicated or undergoes multiple rounds of replication. We are using a variety of structural 

biology techniques to elucidate the structure of various factors involved in this process in 

human cells. Although our main aim is to produce crystals suitable for macromolecular 

crystallography, we are also using NMR on small domains, as well as low resolution techniques 

such as electron microscopy and small-angle X-ray scattering to visualize the overall 

architecture of large macromolecular complexes and/or flexible molecules. The structural 

studies are complemented by biochemical and biophysical experiments.  

The CMG (Cdc45–MCM–GINS) complex is the eukaryotic replicative helicase, the enzyme 

that unwinds double-stranded DNA at replication forks . Recent biochemical and structural 

studies have provided important insights into the three dimensional architecture of the complex, 

the structures of its individual components MCM, GINS and Cdc45, and how these components 

evolved [1]. Nevertheless, many questions remain unanswered: how is the complex assembled 

on replication origins? which is the role of GINS and Cdc45 in the assembling of the complex? 

which are the steps leading to the establishment of the active helicase at the fork? By using 

structural data derived from protein crystallography, electron microscopy and small-angle X-rat 

scattering we propose a model for the assembly on replication origins of two CMG helicases 

with opposite polarity.  

Misregulation of the DNA replication process has been found to occur frequently in cancer 

cells. Moreover, most of these proteins are only found in actively growing cells, and are 

therefore potential proliferation markers and possible drug targets for anti-cancer drugs. 
 

 

 

[1] S. Onesti, S.A. MacNeill. Structure and evolutionary origins of the CMG complex. Chromosoma 2013, 

122, 47. 
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Small-angle X-ray scattering (SAXS) of macromolecules in solution is in increasing demand by 

an ever more diverse research community, both academic and industrial. Experiments focusing 

on the conformational state under physiological conditions and functional studies are greatly 

improved with the advent of dedicated experimental facilities such as P12 at PETRAIII, B21 at 

Diamond and the ESRF BioSAXS beamline, BM29 [1], These facilities offer fully-automated 

data collection using the sample changer developed at EMBL Grenoble as part of a trilateral 

collaboration with ESRF and EMBL Hamburg. These BioSAXS facilities as well as Soliel are 

equipped with online size exclusion chromatography systems enabling FPLC and HPLC 

purification of sensitive samples immediately prior to SAXS data collection. Some facilities 

additionally include biophysical characterisation such as DLS, RALS, UD and refractive index 

measurements to provide independent measures of the MM and the hydrodynamic radius of the 

purified species. User friendly operation is a priority to facilitate BioSAXS experiments. The 

extension of ISPyB database [2] offers greater possibilities for feedback and guidance during 

the experiment and its preparation from the home institute via the web interface. Data collection 

and analysis can be viewed remotely even on hand held devices providing user oriented 

feedback regarding the data and sample quality even for those members of the group not present 

at the beamline. The recent advances in BioSAXS are enabling more sensitive and elaborate 

experiments to be undertaken with confidence and with collaboration of the partner institutes of 

the PSB joint Neutron and X-ray solution scattering experiments are now available as routine at 

the EPN campus. 

 
[1] Pernot P, Round A, et.al  J Synchrotron Radiat. (Pt 4):660-4. (2013) 

[2] Delagenière S, Bioinformatics 27 (22): 3186-3192. (2011) 
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The ESRF Structural Biology Group operates a wide portfolio of beamlines for structural 

biology, aiming to complementarities in order to tackle different challenges of structure 

determination, from solution scattering (BM29 – BioSAXS beamline [1]) to macromolecular 

crystallography with microfocus beamline ID23-2 [2] and tunable beamlines ID29 [3] and 

ID23-1 [4]. 

Along these endstations, a completely new suite of beamlines is under construction and the first 

one will be offered to users in mid July 2014. MASSIF [5] (Massively Automated Sample 

Selection Integrate Facility) consists of three fixed-energy endstations, equipped with a new 

generation of robotic for sample handling and data collection. A new robotic diffractometer 

(Robodiff), entirely developed at the ESRF, interfaced with a high capacity dewar, is conceived 

for fast and robust sample exchange and direct data collection.  

The complete beamline portfolio proposed to the user community, and the latest development in 

software control, designed for the new automation will be presented. 

 
 

[1] Pernot P., Theveneau P., Giraud T., Nogueira Fernandes R., Nurizzo D., Spruce D., Surr J., 

McSweeney S., Round A., Felisaz F., Foedinger L., Gobbo A., Huet J., Villard C. and Cipriani F., "New 

beamline dedicated to solution scattering from biological macromolecules at the ESRF", Journal of 

Physics: Conference Series 247 (2010) 012009-1-012009-8.  

[2] Flot, D., Mairs, T., Giraud, T., Guijarro, M., Lesourd, M., Rey, V., van Brussel, D., Morawe, C., Borel, 

C., Hignette, O., Chavanne, J., Nurizzo, D., McSweeney, S. & Mitchell, E. (2010). J. Synchrotron Rad. 17, 

107-118. 

[3] de Sanctis, D., Beteva, A., Caserotto, H., Dobias, F., Gabadinho, J., Giraud, T., Gobbo, A., Guijarro, 

M., Lentini, M., Lavault, B., Mairs, T., McSweeney, S., Petitdemange, S., Rey-Bakaikoa, V., Surr, J., 

Theveneau, P., Leonard, G. A. & Mueller-Dieckmann, C. (2012). J. Synchrotron Rad. 19, 455-461. 

[4] Nurizzo, D., Mairs, T., Guijarro, M., Rey, V., Meyer, J., Fajardo, P., Chavanne, J., Biasci, J.-C., 

McSweeney, S. & Mitchell, E. (2006). J. Synchrotron Rad. 13, 227-238. 

[5] P Theveneau R Baker, R Barrett, A Beteva, M W Bowler, P Carpentier, H Caserotto, D de Sanctis, F 

Dobias, D Flot, M Guijarro, T Giraud, M Lentini, G A Leonard, M Mattenet, A A McCarthy, S M 

McSweeney, C Morawe, M Nanao, D Nurizzo, S Ohlsson, P Pernot, A N Popov, A Round, A Royant, W 

Schmid, A Snigirev, J Surr and C Mueller-Dieckmann 2013 J. Phys.: Conf. Ser. 425 012001 
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The macromolecular crystallography P13 beamline is in user operation since late 2012 and is 

part of the European Molecular Biology Laboratory Integrated Facility for Structural Biology at 

PETRA III (DESY, Hamburg, Germany). P13 is tunable across the energy range from 4 to 17.5 

keV to support crystallographic data acquisition exploiting a wide range of elemental absorption 

edges for experimental phase determination. An adaptive Kirk-Patrick-Baez focusing system 

provides an X-ray beam with a high photon flux (up to 10
13

 ph/sec), a low beam divergence (0.2 

mrad (H) x 0.15 mrad (V)) and rapidly (few minutes) tunable focus size (15 to 100 m) to adapt 

to diverse experimental situations. The MAATEL MD2 micro-diffractometer with a mini- -

goniometer head (sphere of confusion ~2 m) and small beam focus facilitate the use of small 

crystals for data collection and allow precise 4D-scans on needle-shaped crystals. Data 

collections at energies as low as 4 keV (3.1 Å) are possible due the optimized beam line design, 

which delivers a good flux (up to 10
11

 ph/sec at 4 keV) to the sample, the custom calibration 

applied to the PILATUS 6MF detector, and the availability of a Helium-path. This prompts the 

opportunity of exploring very long wavelengths to harness the sulfur anomalous signal for 

phase determination. 

Data collection at = 2.69 Å (4.6 keV) allowed the crystal structure determination by sulfur 

SAD phasing of a subunit of the multimeric anaphase-promoting complex (APC/C) [2]. At this 

energy the Bijovet ratio was 2.21% with 282 residues with six cysteines and five methionines, 

and two molecules in the asymmetric unit (65.4 kDa, 12 Cys and 10 Met). Crystals diffracted to 

3.1 Å resolution. Selectively illuminating two separate portions of the same crystal with a 50 

m  X-ray beam allowed overcoming crystal-twinning problems. We report on the structure 

solution, the relative methods and the instrumentation. 
 

 

[1] M. Cianci, G. Bourenkov, M. Rossle, S. Fiedler and T.R. Schneider. P13, the EMBL beamline at 

Petra-III storage ring (DESY, Hamburg, Germany) for structural biology: widely energy tunability and 

variable focussing beam. In preparation. 

[2] M. Cianci, M. Groves, D. Barford, T.R. Schneider. Harnessing Sulfur Anomalous Signal from 

biological macromolecules with a 4.6keV X-ray beam. To be submitted. 
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Calvin cycle enzymes glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and 

phosphoribulokinase (PRK) form together with the scaffold protein CP12, a supramolecular 

ternary complex of 498 kDa with stoichiometry [(GAPDH)-(CP12)-(PRK)]2 [1]. CP12 is an 

ubiquitous regulatory protein of oxygenic phototrophs that contains, with few exceptions, four 

conserved cysteines able to form two consecutive disulfide bridges. In higher plants as 

Arabidopsis thaliana, CP12 is predicted to be an intrinsically disordered protein (IDPs) [2]. The 

activities of GAPDH and PRK enzymes are inhibited by complex formation and fully recovered 

upon dissociation of the complex at the onset of light, providing an effective means for 

regulation of the Calvin cycle in vivo. It is proposed that GAPDH/CP12/PRK supramolecular 

complex occurs in chloroplasts in the dark to ensure strong down-regulation of the Calvin cycle 

[3]. Thus, the determination of the ternary complex structure is crucial for the understanding of 

the photosynthetic metabolism in light/dark regime. Crystallization trials to produce single 

crystals of the complex for X-ray diffraction experiments, failed. A structural study in solution 

by small angle scattering was then approached.  

The scattering profiles of the complex as well as of the PRK dimer were measured on the 

BM29, the dedicated bioSAXS beamline at the European Synchrotron Radiation Facility 

(Grenoble) and the ATSAS package was used for data analysis and modeling [4]. First, the ab-

initio shape of the PRK dimer was recovered using the program GASBOR.  This bent-prolate 

structural model was then used together with the GAPDH-(CP12)2 complex crystallographic 

coordinates in the rigid-body modeling of the ternary complex against the experimental 

scattering curve performed with the program SASREFmx [5]. The known stoichiometry of the 

complex was confirmed by the optimal data fitting. From the sorting of a big number of models 

obtained after multiple runs of the minimization procedure, an overall highly reproducible 

assembly emerged. The two GAPDH tetramers were in close contact and the two PRK dimers, 

both oriented with the concavity facing the centre of the complex, bridged them by interacting 

with the GAPDH-bound CP12s through the end regions.  

This rigid-body model of the complex was also consistent with previously reported 

hydrodynamic data [3,6]. The SAXS-recovered structure is compatible with the present 

knowledge about this protein complex and highlights the propensity of GAPDH tetramers to 

interact reciprocally and associate in higher molecular weight forms as already reported from in 

vitro and in vivo observations. 
 

[1] L. Marri, P.Trost, P. Pupillo, F.Sparla Plant Physiol. 2005, 139, 1433. 

[2] S. Fermani, X. Trivelli, F. Sparla, A. Thumiger, M. Calvaresi, L. Marri, G. Falini, F. Zerbetto, P. Trost 

J. Biol. Chem., 2012, 287, 21372. 

[3] L. Marri, M. Zaffagnini, V. Collin, E. Issakidis-Bourguet, S.D. Lemaire, P. Pupillo, F. Sparla, M. 

Miginiac-Maslow, P. Trost Mol. Plant, 2009, 2, 259. 

[4] M.V. Petoukhov, D. Franke, A.V. Shkumatov, G. Tria, A.G. Kikhney, M. Gajda, C. Gorba, H.D.T. 

Mertens, P.V. Konarev and D.I. Svergun  J. Appl. Cryst. 2012, 45, 342. 

[5] M.V. Petoukhov, I.M.L. Billas, M. Takacs, M.A. Graewert, D. Moras and D. I. Svergun 

Biochemistry, 2013, 52 (39), 6844. 

[6] A. Ortega, D. Amoros and J. García de la Torre Biophysical Journal 2011, 101, 892. 
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The crystal structure of the phenomenally successful soluble inorganic photovoltaic material 

CH3NH3PbI3 and CH3NH3PbCl2I seemed trivial for a long time. However on closer inspection 

the microstructure of this material is everything else but simple. Culminating in a discovery that 

not only does the crystalline structure play a vital role, but the substantial amorphous phase is 

vital to a functioning material [1]. 

The path along this interesting road to an improved understanding will be described as it took 

place largely shielded from public attention within the research divisions of the BASF. 

 
[1] Joshua J. Choi, Xiaohao Yang, Zachariah M. Norman, Simon J. L. Billinge , and Jonathan S. Owen, 

Nano Letters, 2014, 14(1), pp 127-133  
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When a crystallographer hears of applications of crystallographic methods in the industry, he 

probably thinks that their uses are limited to the solution of simple problems or to routine 

applications such as the quality control. In many cases this is certainly true, but there are 

examples of industrial research laboratories, which apply advanced crystallographic methods to 

support the development of their proprietary technologies and our X-ray diffraction laboratory 

is one of them. Operating within the San Donato Milanese Research Center (CRSDM), we are 

committed to support the profitability and competitiveness of the r&m division of eni in terms 

of efficiency and sustainability, through the development of innovative proprietary refinery 

technologies. CRSDM is active across the entire innovation chain, from concept design to 

production, from laboratory tests to the industrial demonstration plant. This means that our 

activity is not limited to the applied research but includes also a significant part of basic 

research devoted to the preparation and characterization of new materials for catalytic 

applications. The XRD laboratory is included in the Physical Chemistry Dept. and operates in 

close connection with the other laboratories (Electron Microscopy, NMR, Spectroscopies, 

Elemental Analysis, …) thus exploiting synergies with other important analytical techniques. 

During its 40+ years of history, the XRD laboratory has been continually updated with top-level 

instrumentation, focusing on techniques that, from time to time, are required to meet the needs 

of the research programs that evolve according to the business objectives.  

Abandoned the single crystal X-ray diffraction technique at the beginning of the years 2000s, 

the laboratory has focused on the characterization of polycrystalline materials and the data 

processing ranges from the qualitative to the quantitative phase analysis, from the accurate 

determination of the structural parameters of known phases to the ab initio structure solution 

and refinement of new compounds. More and more often, however, we are called to tackle 

structural problems whose complexity is beyond the capabilities of the even advanced 

laboratory instrumentation. We refer, for example, to the determination of the structure of 

compounds with a large number of atoms in the asymmetric unit from powder diffraction data 

[1-3] or to in-situ real-time data collection under non-standard conditions (high temperature and 

under a flow of reactive gases) [4]. In these cases, access to the synchrotron light sources 

becomes decisive; in the last decade we have increased the number of experiments on different 

synchrotron facilities (mainly ESRF and Elettra, accessed directly or through collaborations 

with University labs) and this has led to very interesting results. 

As a research laboratory operating in an industry, most part of the results contributes to increase 

the know-how of the Company and cannot be disclosed. When possible, however, we share the 

results of our research with the scientific community, as in this case, in which we will discuss 

some examples of application of crystallography for the characterization of new materials of 

catalytic interest. 

 
[1] G. Bellussi, E. Montanari, E. Di Paola, R. Millini, A. Carati, C. Rizzo, W. O. Parker Jr., M. Gemmi, E. 

Mugnaioli, U. Kolb, S. Zanardi Angew. Chem. Int. Ed.. 2012, 51, 666. 

[2] G. Bellussi, R. Millini, E. Montanari, A. Carati, C. Rizzo, W.O. Parker Jr., G. Cruciani, A. de Angelis, 

L. Bonoldi, S. Zanardi Chem. Commun. 2012, 48, 7356. 

[3] M. Bellettato, L. Bonoldi, G. Cruciani, C. Flego, S. Guidetti, R. Millini, E. Montanari, W.O. Parker Jr., 

S. Zanardi J. Phys. Chem. C 2014, 118, 7458. 

[4] M. Gemmi, M. Merlini, U. Cornaro, D. Ghisletti, G. Artioli. J. Appl. Cryst. 2005, 38, 353. 
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The Material Science beamline at the Swiss Light Source is equipped with a multistrip noiseless 

detector, the MythenII, covering simultaneously 120° and with a resolution below 0.004°.[1] 

Coupled with a recently upgraded undulator source and focusing optics it is designed for 

diffraction in Debye-Scherrer geometry, with photons in the 5-38 keV energy range.[2] This 

particular setup can provide the scientific and industrial community with time-resolved data, as 

100 patterns per second can be easily collected. On the other hand it can also produce high 

quality data at a very high speed as typical data acquisitions for structural solution/refinement 

can last 1-2 minutes. A recently developed system for sample changing and automatic 

alignment ensures maximum speed conditions and improved quality with respect to manual 

centering, towards which the data are sensitive. As 20-25 samples per hour can be collected, 

cheaper per sample rates can be achieved, making it an ideal machine for measuring a large 

number of samples. This is particularly relevant to combinatorial chemical approaches or to 

phase quantification, as well as in a number of other fields. Per sample rates and a mail in 

service are also available, making it also a convenient system for occasional use.  
 

 
 

Figure 1. The diffractometer equipped with the automatic sample alignment stage, based on a 

camera feeding back desired positions to a four-degrees-of-freedom stage; the detector is on the 

left. 

[1] A. Bergamaschi, A. Cervellino, R. Dinapoli, F. Gozzo, B. Henrich, I. Johnson, P. Kraft, A. Mozzanica, 

B. Schmitt, X. Shi, J. Synchrotron Rad. 2010, 17, 653-668  

[2] P. R. Willmott, D. Meister, S. J. Leake, M. Lange, A. Bergamaschi, M. Boege, M. Calvi, C. 
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The creation and tailoring of new materials are at the heart of current industry challenges. New 

materials must meet ever more stringent requirements of performance, whilst fitting into the 

modern cradle-to-grave cycle of material production, use, and recycling. The properties and 

function expected of materials depend heavily upon their composition and their micro- or even 

nano-structure. Their “ultimate” characterisation is possible down to the atomic scale using the 

tools and techniques, and particularly crystallography, of large-scale facilities such as 

synchrotron X-rays.  

The European Synchrotron Radiation Facility (ESRF) provides the ability to visualise the 

atomic, nano, and macro-structure of a huge range of complex materials, often under processing 

or end-use conditions and in real time. This capability lends itself to an equally wide range of 

industrial R&D problems which, in particular, have been adopted by the healthcare industry. 

Beyond drug discovery and development, the ESRF is also very active in providing analysis for 

micro- and nano-electronics, energy and smart materials, transport, chemistry and catalysis, 

engineering materials, and home and body care amongst others.  

In Europe and worldwide, funding agencies are requesting and demanding a stronger economic 

return from the significant public investments made in central facilities and this is resulting a 

gradual but firm pressure for stronger interactions with industry. In this context, new business 

models are springing to life, with more partnerships, more services, and nimble small start-ups 

bridging the gap between the oft “ivory tower” nature of research infrastructure and the 

commercially driven industry world.  

This presentation will present and discuss the increasingly critical role of such large-scale 

facilities in delivering ultimate materials characterisation for innovative industrial and applied 

R&D, looking to both the current developments and future possibilities as well as review 

several examples of partnerships between research and industry and the impact these 

partnerships have on academic research. 
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The European Regulation 767/2009 lays down rules on the placing on the market and use of 

feed for food-producing animals or pets. This regulation also helps to provide proper 

information to users concerning the true content of the feed they purchase for their animals.  

Moreover, it provides for measures on the labelling of these additives and for stricter rules on 

certain substances. 

Regarding feed additives the net weight or net volume of the additives  have to be declared.  

Typical trace elements are Fe(II),  Copper(II), Manganese (II) and Zinc (II) and normally they 

are added as inorganic salts. The determination  of these metals suggested by  commission 

regulation is based on atomic absorption spectrometry.  This technique  is not able to 

distinguished  the  amount of additive  added and the amount that is naturally present. This 

discrepancy  has occurred in determination of iron, which has been found over the tolerance 

limit in some samples of  feeds for calves between 0-6 months. 

The  presence of additives (as inorganic salts) can be easily  determine by  X-ray powder 

diffraction and moreover the  quantitative analysis can be pursued by Rietveld analysis also if 

present in  amount of 1-2%. Herein we promote the  quantification of  the FeCO3  and ZnO in a 

matrix  of CaCO3 as a method for determination the amount of the additive added in 

commercial samples.  The quantification will be  pursued by multivariate analysis on the 

Rietveld refinement  to minimized the contribution of  preferential orientation, linear absorption 

and counting statistic.  
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One of the most remarkable outcomes of physics and chemistry at extreme conditions is the 

synthesis of novel materials, which can significantly update our view of the periodic table and also of 

potential practical interest. In our case, we obtained a variety of composite materials by reacting simple 

molecules in the micro-pores of zeolites. Indeed, zeolites are complex materials exhibiting an impressive 

range of applications, including molecular sieve, gas storage, catalysis, electronics and photonics. We used 

these materials, particularly non catalytic zeolites in an entirely different fashion. In fact, we performed 

high pressure (0.5-30 GPa) chemical reactions of simple molecules on a sub-nanometer scale in the 

channels of a pure SiO2 zeolite, silicalite to obtain unique nano-composite materials with drastically 

modified physical and chemical properties. Our material investigations are based on a combination of X-

ray diffraction and optical spectroscopy techniques in the diamond anvil cell (DAC).  

I will first briefly show how silicalite can be easily filled by simple molecules such as Ar, CO2 

and C2H4 among others from the fluid phase at high pressures, and how this efficient filling removes the 

well known pressure induced amorphization of the silica framework [1]. I will then present on a silicon 

carbonate crystalline phase synthesized by reacting silicalite and molecular CO2 that fills the nano-pores, 

at 18-26 GPa and 600-980 K; after the synthesis the compound is temperature quenched and it results to be 

slightly metastable at room conditions [2]. On the other hand, a stable at room conditions crystalline CO2-

SiO2 solid solution with average chemical formula of C0.6Si0.4O4 was obtained by reacting nano-confined 

CO2 and silicalite at P=16-22 GPa, and T~5000 K, in laser heated DACs [3]. A spectacular crystalline 

nano-composite is then obtained by photo-polymerizing ethylene at 0.5-1.5 GPa under UV (351-364 nm) 

irradiation in the channels of silicalite [4]. For this composite, also recovered at ambient conditions, we 

obtained a structure with single polyethylene chains adapting very well to the confining channels, which 

results in significant increases in bulk modulus and density, and the thermal expansion coefficient changes 

sign from negative to positive with respect to the original silicalite host. Mechanical properties may thus 

be tuned by varying the amount of polymerized ethylene. Finally, a unique crystalline nano-composite is 

obtained by polymerizing acethylene at ~4 GPa in the channels of silicalite [5], and recovered at ambient 

conditions. This composite is made of conjugated chains embedded in the silicalite, and can be considered 

as the first step toward the formation of a perfect composite made of endless, conductive polyacetylene 

chains embedded in an inorganic framework, one possessing an all 1D channel system, which will protect 

the polymer from atmospheric moisture. We then think our findings could allow the high pressure, catalyst 

free synthesis of a unique generation of technological, functional materials based on simple hydrocarbons 

polymerized in confining meso/micro-porous solids. 

 

 

[1] J. Haines, O. Cambon, C. Levelut, M. Santoro, F. Gorelli, G. Garbarino J. Am. Chem. Soc. 2010, 132, 

8860. 

[2] M. Santoro, F. Gorelli, J. Haines, O. Cambon, C. Levelut, and G. Garbarino  Proc. Natl. Acad. Sci. U. 

S. A. 2011, 108, 7689. 
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Commun. 2014, 5, 3761. 
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ID09A uses monochromatic diffraction with large area detectors. Powder and single crystal 

diffraction experiments can be performed at high pressures in diamond anvil cells.  

Recent technical advances have significantly added to the utility of single crystal X-ray 

diffraction experiments at high pressures [1]. New ways of supporting diamond anvils, like 

Boehler Almax anvils [2], have considerably increased the volume of accessible reciprocal 

space. Use of Helium or Neon as pressure transmitting medium extends substantially the 

practicable pressure range. Flat panel detectors have noticeably decreased the data collection 

time and increased the accuracy. Data can be collected at low and high temperatures. Even 

single crystal diffraction experiments with laser heating have become possible [3]. Here we will 

present several examples to illustrate the recent progress. 
 

[1] M. Merlini, M. Hanfland, High Pressure Research 2013 33, 511. 

[2] R. Boehler, K. DeHantsetters, High Pressure Research 2004 24, 391. 

[3] L. Dubrovinsky, T. Boffa-Ballaran, K.  Glazyrin, A. Kurnosov, D.  Frost, M. Merlini, M. Hanfland, 

V.B. Prakapenka, P. Schouwink, T. Pippinger, N.  Dubrovinskaia, High Pressure Research 2010 30, 620. 
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Equations of state (EoS) describe how the volume or density of a material changes with 

pressure and temperature. They also define how the elastic properties of the material change in 

response to compression and expansion. Equations of state therefore provide not only 

fundamental thermodynamic data that is required for the calculation of equilibrium phase 

diagrams, but they also give insights in to the details of interatomic interactions within the solid 

state, as it is these that resist the externally-applied compressive stresses and control the 

dynamics that lead to thermal expansion. 

 

The ready availability of a variety of spread sheets and algebraic software makes it relatively 

easy, in principle, to fit any EoS formulation to data. However, the complex nature of some 

equation of state functions has led to their algebraic forms being given incorrectly in the 

literature. The additional possibility of errors in coding the complex equations, and the 

requirement to implement specific (non-standard) weighting methods to overcome correlation 

problems, makes imperative the provision of a validated set of publicly-available self-consistent 

algorithms for EoS calculations. We have now translated the original code of EosFit [1] to 

Fortran-95, fully revalidated it, and have built it in to a module that we have integrated into the 

Crystallographic Fortran Modules Library [2]. With this module we have developed a new 

console program, EosFit7c, to perform EoS calculations and fitting for both volume and linear 

isothermal data, isobaric data and P-V-T data [3].  

 

A completely new component of EosFit7 is a full GUI program that allows for the first time the 

integrated analysis, fitting and display of EoS data. This is particularly powerful for analyzing 

and characterising phase transitions, where instant analysis of experimental data can guide the 

choices to be made as to the next experimental steps.  

 

 

This work was supported by ERC starting grant 307322 to Fabrizio Nestola. 
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Cobalt, situated at the center of the magnetic 3d transition metal series, plays a crucial role in 

the systematic understanding of magnetic 3d elements. Following iron in the periodic table, it is 

potentially important for the properties of the earth′s core, believed to be composed of iron-

dominated alloys with Co or Ni as minor components. 

In 2000 Yoo and co-workers [1] reported the first evidence of a pressure induced hcp-fcc 

transition in cobalt, characterized by no change in volume and a broad coexistence range (about 

100-150 GPa) and suggested that this transition should be accompanied by the loss of 

ferromagnetism. Since then the magnetism of cobalt under high pressure conditions has 

attracted a major interest. 

The magnetic response to compression for cobalt has been experimentally investigated by K-

edge X-ray Magnetic Circular Dichroism (XMCD) [2-5], however some controversial results 

emerged from the most recent works.  In our previous study [5] we observed a zero XMCD 

signal at 120±10 GPa, indicating the complete loss of ferromagnetism, and the analysis of the 

XANES spectra (X-ray Absorption Near Edge Spectroscopy) suggested that this occurred in a 

mixed hcp-fcc phase and not in the pure fcc phase as previously suggested [2]. On the other 

hand, Ishimatsu et al. [4] found a residual (10%) XMCD signal from 130 up to 170 GPa, in the 

fcc stability range, again deduced from XANES analysis. Using field dependent measurements 

the authors suggested this residual signal to be the sign of a transition to a fcc paramagnetic 

state.  Therefore open questions remain about the high pressure behaviour of cobalt: does 

ferromagnetism disappear in a pure fcc or in a mixed hcp-fcc phase? Is the final state purely 

non-magnetic or paramagnetic? 
This stimulated us to further explore the high pressure structural and magnetic behavior of Co 

and the correlation between them. In this work we report combined room temperature high 

pressure XRD, XANES and XMCD measurements on pure Co, allowing to trace the dynamics 

of the structural\magnetic transition with higher precision, and high pressure - low temperature 

XANES-XMCD measurement allowing to disentangle the elementary magnetic moment 

suppression from Curie temperature effects. Our results show the disappearence of the XMCD 

signal around 130 GPa in a mixed hcp-fcc, as unambigously shown by XRD, and no 

reappearence of the signal upon cooling down to 50K, with no evidence of paramagnetism in 

these conditions. 

Finally, in a previous work on pure Ni, density functional calculations showed how the relative 

behavior of the K edge XMCD signal under compression follows the p-projected orbital 

moment behavior rather than that of the total spin moment. We present here analogous 

calculations which allow to go deeper into the interpretation of the Co K- edge XMCD signal. 

 
[1] C.S. Yoo et al., Phys. Rev. Lett., 84, 4132-4135 (2000). 
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[6] R. Torchio et al., Phys. Rev. Lett. 107, 237202 (2011) 
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The linear coordination polymer 1, with formula [CuF2(H2O)2(pyrazine)] is an ideal candidate 

to investigate the variation of the material properties as a function of pressure-induced 

modifications of the coordination-environment, due to the presence of three competing pairs of 

ligands in trans positions. Recently, several crystallographic, magnetic and spectroscopic 

investigations have been carried out on it at extreme conditions. Even in a rather limited 

pressure range (< 4 GPa), the compound undergoes several phase transitions, some of which 

induce orbital reordering with consequent important changes in the dimensionality of the 

magnetic exchange network [1-3]. 

New single-crystal and powder X-ray diffraction experiments evidenced the formation of a new 

phase above 3.3 GPa, which competes against two previously reported polymorphs at the very 

same pressure. Moreover, preliminary kinetic observations showed that transition pressure 

values as well as intervals of coexistence of phases were strongly depending on the 

experimental conditions and in particular on the pressure gradient applied.   

Moreover, the new compound [(CuF2(H2O)2)2(pyrazine)], 2, was synthesized at ambient 

conditions, with the very same crystal structure as 1, with the exception that it features double 

instead of single Cu(H2O)2F2 layers, joint by bridging water molecules. The magnetic properties 

of 2 at room pressure resemble closely those of 1, and it can be described as 2D Heisenberg 

antiferromagnet [4]. The investigation of 2 at high pressure is therefore potentially extremely 

interesting and some preliminary results will be compared with 1. 

 

 
 

Figure 1. Cu2+ in combination with F–, H2O and pyrazine gives rise to different coordination polymers, 

featuring either single or double layers of metallic centers.  

 

 

[1] a) J. L. Manson, et al., Chem. Mater. 2008, 20, 7408. b) P. A. Goddard, et al., New J. Phys. 2008, 10, 

83025. c) J. A. Schlueter et al., Physica B 2010, 405, S324. d) J. L. Musfeldt, et al., Inorg. Chem. 2011, 

50, 6347. e) C. H. Wang et al., Phys. Rev. B 2012, 86, 064439. 

[2] G. J. Halder, K.W. Chapman, J. A. Schlueter, J. L. Manson, Angew. Chem. Int. Ed. 2011, 50, 419.  

[3] A. Prescimone, C. Morien, D. Allan, J. A. Schlueter, S. W. Tozer, J. L. Manson, S. Parsons, E. K. 

Brechin, S. Hill, Angew. Chem., Int. Ed. 2012, 51, 7490. 

[4] A. Lanza, C. Fiolka, M. Fisch, N. Casati, M. Skoulatos, C. Rüegg, K. W. Krämer, P. Macchi, 

Manuscript in preparation, 2014. 
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The emergence of ultra-brilliant synchrotron photon sources and of efficient x-ray focusing 

optics (mainly Kirkpatrick-Baez, mirrors, zone plates, and compound refractive optics) have 

opened unprecedented opportunities in hard X-rays imaging techniques to analyze soft and hard 

matter.  

Although synchrotron light sources are unique to investigate the structure of matter in terms of 

brilliance and available beam spot, the advent of novel superbright laboratory X-ray 

microsources allowed the development of table-top facilities, showing relevant potentialities for 

a detailed material analysis in ex-situ experiments [1,2,3]. Indeed, such micro-sources, used in 

combination with X-ray scattering techniques (Small and Wide Angle X-ray scattering 

(SAXS/WAXS)), in transmission (SAXS/WAXS) or in reflection geometry 

(GISAXS/GIWAXS), proved to be efficient tools to probe matter, even when specimens are 

embedded into a different matrix or buried underneeth surfaces. As a consequence, a structural, 

microstructural and morphological characterization can be achieved in a non-invasive way, at 

different length scales, detecting information at nanometric (SAXS/GISAXS) and atomic 

(WAXS/GIWAXS) resolution. 

Here, the XMI-L@b facility [1,2,3] will be presented along with some relevant examples in: 

- biomedical science: SAXS/WAXS analysis of residues of exosomes‟ drops from healthy 

epithelial colon cell line and colorectal cancer cells [4]; collagen/human elastin artificial 

scaffolds developed for vascular tissue engineering applications [5]; human bone biopsies 

taken from  patients affected by different pathologies [6]; 

- nanotechnological surfaces: GISAXS/GIWAXS studies of Poly(3-hexylthiophene) 

nanofibers [7] or Poly(3-hexylthiophene)/Streptavidin multilayer structures [8] for OFET 

devices. 

 
[1] D. Altamura, R. Lassandro, F.A. Vittoria, L. De Caro, D. Siliqi, M. Ladisa and C. Giannini, J. Appl. 

Cryst. 2012, 45 869  

[2] L. De Caro, D. Altamura, F.A. Vittoria, G. Carbone, F. Qiao, L. Manna and C. Giannini, J. Appl. 

Cryst. 2012, 45, 1228 (2012) 

[3] L. De Caro, D. Altamura, T. Sibillano, D. Siliqi, G. Filograsso, O. Bunk and C. Giannini, J. Appl. 

Cryst. 2013, 46 672 

[4] A. Accardo, L. Tirinato, D. Altamura, T. Sibillano, C. Giannini, C. Riekel and E. di Fabrizio, 

Nanoscale 2013, 5 2295 

[5] T. Sibillano,  L. De Caro, D. Altamura, D. Siliqi, M. Ramella, F. Boccafoschi, L. Tirinato, E. di 

Fabrizio and C. Giannini, J. Appl. Cryst. (submitted) 

[6] C. Giannini, D. Siliqi, O. Bunk, A. Beraudi, M. Ladisa, D. Altamura, S. Stea, and F. Baruffaldi, 

Scientific Reports 2012, 2,  doi:10.1038/srep00435 

[7] E. Mele, F. Lezzi, A. Polini, D. Altamura, C. Giannini and D. Pisignano, J. Mater. Chem. 2012, 22, 

18051 

[8] M. Magliulo, D. Altamura, C. Di Franco, M. V. Santacroce, K. Manoli, A. Mallardi, G. Palazzo, G. 

Scamarcio, C. Giannini and L. Torsi, J. Phys. Chem. C (submitted) 
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The detector group at the Swiss Light Source (SLS) is currently involved in several detector 

development projects both for synchrotrons and XFELs. In the presentation we give an 

overview of our developments with a focus on the charge integrating systems Jungfrau and 

Mönch. Charge integrating systems will overcome several limitations of today‟s single photon 

counting detectors like count rate capability, pixel size or low energy limit. 

Jungfrau is a charge integrating detector with a 75x75 μm2 pixel size, dynamic gain switching, 

a noise of about 120 electrons and a dynamic range of 104 photons per pixel and image. The 

detector is developed for SwissFEL (the XFEL currently being built at the Paul Scherrer 

Institut). However, with a frame rate of 1-2 kHz and a data quality similar to single photon 

counting detectors, it is also an excellent detector for applications at synchrotrons specifically 

those having a high photon rate (like protein crystallography or small angle scattering). We plan 

various sytem sizes ranging from single modules, having about 500k pixels and an active area 

of 4 x 8 cm2, to a 16M detector consisting of 32 modules covering an area of 32cm x 32cm.  

Mönch is also a charge integrating detector with a pixel size of 25 μm. It is currently in a 

research state, we have first prototypes and work on defining larger systems. The current 

prototype chip has 160 x 160 pixels. Since the possibility of interpolating between neighboring 

pixels allows a micrometric resolution the main application is high resolution x-ray imaging 

both at synchrotrons and with x-ray tubes. It also has a very low noise of about 30 electrons 

allowing measurements with single photon resolution down to about 400eV. 

The status of the systems, first results, possible applications and the plans for the future will be 

shown. 
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Electrochemistry is important in several topics with practical industrial and technological 

relevance, ranging from coatings, batteries, solar cells, fuel cells, corrosion, etc. However a 

detailed structural analysis at an atomistic level is often missing. The combination of 

electrochemical techniques with surface x-ray diffraction experiments represents a unique 

opportunity for real-time monitoring of the electrochemical solid-liquid interface structure with 

atomic-scale resolution. In order to penetrate through gas or liquid environments (or even solid 

thin-film overlayers), such diffraction experiments demand  a highly brilliant, hard x-rays beam 

available from synchrotron light sources. The requirements for X-ray diffraction and thin film 

electrochemistry are difficult to be combined because the solution absorbs a part of the X-ray 

intensity and produces a considerable background noise. This problem can not be solved by 

reducing the thickness of the liquid layer as electrochemistry requires enough solution thickness 

on the electrode surface to avoid large ohmic drop.  

We‟ll present the electrochemical flow cell recently improved at the ID03 surface diffraction 

beamline of the ESRF. The robust cell design allows stable potential control and fast exchange 

of the solutions. As examples of systems investigated so far we‟ll show the characterization of 

layer by layer growth of semiconductor thin films on different low index surfaces of silver [1] 

and the formation and dissolution of PtZn alloys. In the first case the x-ray diffraction analysis 

shows that the films have high grade of crystallinity and well-defined orientations with respect 

the substrate. In the second case the formation of a brass-like structure rich in Zn is observed. 

 

[1] F. Carla', F. Loglio, A. Resta, R. Felici, E. Lastraioli, M. Innocenti, M. L. Foresti J. Phys. Chem. C 

2014, 118, 6132. 
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One of the new frontier in physics is the study of the materials properties in-operando 

conditions which means the properties of the materials submitted to an external stimulus. One 

simple example is the magnetoelectric coupling: the possibility of control the magnetic 

properties of a device by an electric field. Up to now important steps toward the control of 

magntoelectric coupling in suitable nanostructures has been realized[1], however the current 

research is mainly based on transport measurements and magnetic measurements such as 

SQUID and MOKE which can address the magnetic response but do not the electronic structure 

of the materials. Here I will present an experimental set-up which permits the simultaneous 

investigation of the magnetic and electronic structure of materials and nanostructures by 

performing XMCD under applied bias voltage.  

Advanced Photoemission Experiment (APE beamline at Elettra [2]) consists of two independent 

beamlines, one optimized in the VUV energy range and one in the soft X-ray range. The High 

Energy branch (APE-HE) is optimized for Near Edge X-ray absorption Fine Structure 

(NEXAFS) and magnetic circular dichroism (XMCD) and in the framework of the NFFA 

demonstrator project, we recently developed a set-up for the investigation of the magnetic 

properties of thin films and nanostructures in-operando conditions. To illustrate the possibility 

of this setup and the experimental procedure needed to perform such experiments I will present 

few examples: at first I will show the variation of the magnetic properties of a ferromagnet 

when is subjected to an electric field in a ferromagnetic/ferroelectric junction, successively I 

will present how the same set-up can be exploited for the investigation of other interesting 

effects such as bistability in resistive switching devices.   
 

 

 
Figure 1. Schematic configuration of the in-operando XMCD experiment @ APE.  

 

[1] Y. W. Yin et al. Nature Mater. 12, 397 (2013) 

[2] G. Panaccione et al., Rev. Sci. Instrum. 80, 043105 (2009)  
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A relevant application of powder diffraction technique is phase identification,  widely used in 

different scientific fields (e.g., organic and inorganic Chemistry, Mineralogy, Pharmaceutics, 

materials science, cultural heritage,..) as well as in industrial sectors (e.g., control of quality of 

drugs).  

QUALX2.0 [1] is the updated version of QUALX [2], a computer program for qualitative phase 

analysis by powder diffraction data. QUALX identifies the crystalline phases by inquiring a 

commercial database, the PDF-2, maintained by ICDD [3]; QUALX2.0 is able to manage also a 

freely available database, POW_COD. It is the only program, in the panorama of qualitative 

analysis software, freely distributed and at the same time able to inquiry a freely available 

database. POW_COD is generated by the structure information contained in the 

Crystallography Open Database (COD) [4,5], a collection of diffraction data corresponding to 

inorganic, metal-organic, organic structures and minerals, freely downloadable by Web and 

continuously growing (currently COD contains more than 283000 entries).  

Among the additional new features of QUALX2.0: i) the possibility of reading a larger variety 

of formats of the importable ASCII file containing the experimental diffraction pattern, ii) new 

search-match options. 

QUALX2.0 retains the main procedures of QUALX, in particular it can: a) automatically 

estimate and subtract the background; b) locate the experimental diffraction peaks; c) search  

for the database single-phase pattern(s) best matching the experimental powder diffraction data; 

d) apply suitable restraints in the search; e) perform a semi-quantitative analysis; f) easily 

change the default choices and strategies by a user-friendly graphic interface.  

The program, written in Fortran95 and C++ runs on PCs under the Windows operating system. 

The POW_COD database is written in SQLite 3 format. 

The main procedures of QUALX2.0 and some applications to experimental diffraction data will 

be described. 
 

[1] A. Altomare, N. Corriero, C. Cuocci, A. Falcicchio, A. Moliterni, R. Rizzi to be submitted. 

[2] A. Altomare, C. Cuocci, C. Giacovazzo, A. Moliterni, R. Rizzi J. Appl. Cryst. 2008 41, 815. 

[3] ICDD The Powder Diffraction File. International Center for Diffraction Data, 12 Campus Boulevard, 

Newton Square, Pennsylvania 19073-3273, USA, 2003. 

[4] S. Grazulis, D. Chateigner, R.T. Downs, A.F.T. Yolochi, M. Quiros, L. Lutterotti, E. Manakova, J. 

Butkus, P. Moeck, A. Le Bail J. Appl. Cryst.  2009 42, 726. 

[5] S. Grazulis, A. Daskevic, A. Merkys, D. Chateigner, L. Lutterotti, M. Quiros, R.N. Serebryanava, P. 

Moeck, R.T. Downs,  A. Le Bail Nucleic Acids Res.  2012 40 (Database Issue), D420. 
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Porous Hybrid and Metal-Organic Materials are an attractive playground as frameworks supporting 

switchable molecular rotors and as reaction vessels for chemical reactions. We have recently discovered 

an innovative property of porous materials: the intrinsic dynamics, for the presence of fast molecular 

rotors, in their structure with correlation times on the nanosecond scale [1,2]. Indeed, the precise 

engineering of highly-organized porous silica scaffolds supporting organic elements allowed the 

fabrication of fast molecular rotors (k>108 Hz) entirely exposed to the guest molecules which acted as 

regulators. Powder X-ray diffraction and solid state NMR helped to disclose the relaxation and motional 

trajectories of chemical groups in the frameworks. We achieved the systematic regulation of the rotor 

speed by the intervention of chemical species diffusing in such as I2, opening unconventional perspectives 

in responsive materials.  

We explored the use of porous hosts of various nature to achieve intriguing architectures and 

morphologies. Highly ordered crystalline packing of polymer chains was realized for the first time by a 

versatile methodology which consisted of embedding  „crosslinkers‟ of 2,5-divinyl-terephthalate in the 

walls of a metal- organic framework MOF, before introducing a vinyl precursor into the parallel channels 

of the host [3]. The crosslink bridged together the chains of adjacent channels and ensured that, on 

selective removal of the MOF, the chains remained aligned. Indeed, the resulting material exhibits long-

range order and is stable to thermal and solvent treatments, as demonstrated by X-ray powder diffraction 

and transmission electron microscopy. Thus, the precise order of the metal-organic framework was 

transferred into a polymeric material at both the molecular and morphological hierarchical levels. The 

nanochannels of dipeptide porous crystals were used as sacrificial vessels for the formation of 

polyacrylonitrile and carbon nanofibers. The crystalline matrix sublimed away at 250 °C after the 

intramolecular reaction to yield a rigid ladder structure, at higher temperature the ladder structure 

transformed into carbon fibrils retaining the morphology of the crystal scaffold [4]. Interestingly, through 

CH∙∙∙  interactions, the molecular recognition of specific blocks of triblock copolymers by an inorganic 

cyclophosphazene host molecule promoted the formation of hierarchical periodic structures. The 

formation of the supramolecular architectures was followed by in situ synchrotron X-ray diffraction while 

the specific CH∙∙∙  intermolecular interactions were highlighted by fast-1H MAS NMR and GIAO HF ab 

initio calculations[5]. 

Moreover, the complexation of a preorganized bis(pyrazolyl)methane ligand with silver precursors 

produced supramolecular structures arranged at hierarchical levels: metal-organic cyclic hexamers and 

their organization in 3D architectures endowed with cavities of Platonic solid geometries (tetrahedron and 

octahedron) [6]. These complexes open up new perspectives for the use of cyclic metal−organic 

supramolecules as building blocks to fabricate innovative porous materials. The cubic crystals endowed 

with permanent porosity could absorb reversibly several vapors, CO2 and CH4. 

 

 
[1] A. Comotti, S. Bracco, A. Yamamoto, M. Beretta, T. Hirukawa, N. Tohnai, M. Miyata, P. Sozzani J. 

Am. Chem. Soc. 2014, 136, 618. 
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Kitagawa Nature Chem. 2013, 5, 335.  
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Biominerals and bio-mimetic products can normally be found or produced only in form of 

nanocrystals. The extraction and collection of sufficient material for X-ray analysis from 

biological tissues is a serious issue in the study of biominerals. On the other hand, electron 

diffraction is able to pick-up information from individual nanoscopic grains, allowing the 

investigation of single nanocrystals in their natural biologic environment [1]. In the last years 

automated diffraction tomography (ADT) [2-4] emerged as an efficient method for routine 

phase recognition and ab-initio structure determination of nanocrystalline phases. Despite the 

high success rate, structure residual obtained by ADT data are still high and hamper a proper 

structure refinement. Therefore, ADT results are better refined and validated by other methods, 

as (synchrotron) X-ray powder diffraction (XRPD). In this contribution we show how ADT was 

used and coupled with other analytical methods for the characterization of two common but still 

controversial bio-nanomaterials: vaterite and hydroxyapatite.  

Vaterite, one of the common natural CaCO3 polymorphs, plays a pivotal role in weathering and 

biomineralization processes. Vaterite is a kinetically favored polymorph that often precipitates 

before calcite and aragonite. ADT allowed for the first time to acquire three-dimensional 

diffraction data from single synthetic vaterite nanocrystals [5]. Vaterite basic structure was 

recognized as monoclinic (sg. C2/c), with cell parameters geometrically related to previously 

proposed hexagonal and orthorombic models. Nanocrystals are always characterized by a 

pervasive stacking disorder, but periodical small shifts in diffraction spots pointed to a local 6-

layer polytype (sg. C-1). The vaterite structure was finally refined against synchrotron XRPD 

data, and all satellite peaks were properly modeled by the proposed structural model.  

Hydroxyapatite nanocrystals compose all human calcified tissues: tooth enamel, dentine and 

bones. On the basis of XRPD diffraction, two structural models have been proposed in literature 

for human hydroxyapatite in sg. P63/m and P21/b. These models mostly differ for the position 

of (OH)
-
 groups along the direction c. ADT allowed the study of single acicular nanocrystals 

from tooth enamel and dentine. Structure solution of human hydroxyapatite was obtained from 

eight independent data collections. Surprisingly, the best solution was always achieved in 

noncentrosymmetric sg. P63 [6]. This result was confirmed by CBED on oriented nanocrystals. 

The presence of electrostatic potential and piezoelectricity along the direction c, which 

corresponds to the main elongation of acicular crystals, is of prime importance for 

understanding the influence of electric fields on the morphogenesis process of calcified tissues 

at the nanoscale and gives an explanation for the highly ordered structure of calcified tissues 

and the orientation of apatite nanocrystals within the tissues. 
 

[1] E. Mugnaioli, F. Natalio, U. Schloßmacher, X. Wang, W.E.G. Müller, U. Kolb ChemBioChem 2009, 

10, 683. 
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Metal Organic Frameworks (MOFs) are polymeric crystalline materials with extremely high 

surface areas and chemically tunable structures [1] that have attracted much interest both from 

academic and industrial side. Their features make 

them potentially applicable in many different 

technological fields such as heterogeneous 

catalysis, biomedicine or gas separation and 

storage. Of particular interest is their use for the 

storage/separation of energetically and 

environmentally relevant gases such as H2, CH4 

and CO2.   
One of the most studied and promising MOF 

prepared until now is HKUST-1 system or 

[Cu3(BTC)2(H2O)3]n (H3BTC = benzene-1,3,5-

tricarboxylic acid) [2]. Its synthesis has been 

widely investigated by exploring different 

experimental conditions in order to control 

particle dimension and morphology. Moreover, HKUST-1 has been recently evidenced as one 

of the best performing systems for methane storage [3]. 
In this contribution we report a study based on the nitrogen and methane adsorption properties, 

both adsorption capacity and adsorption kinetics, of a series of HKUST-1 samples featuring 

different particle sizes. Tuning of particle dimensions have been done by following literature 

procedures [4], that is, by varying reaction conditions (i.e. solvent, temperature, etc.) or 

exploiting the use of additives. Crystal sizes have been characterized by SEM and X-Ray 

powder diffraction experiments. The effect of the crystal size on the adsorption kinetics and 

total adsorption capacity for HKUST-1 will be here discussed. 

 
[1] S. Kitagawa, R. Kitaura and S. Noro, Angew. Chem., Int. Ed., 2004, 43, 2334; (b) M. Eddaoudi, J. 

Kim, N. Rosi, D. Vodak, J. Wachter, M. O'Keeffe and O. M. Yaghi, Science, 2002, 295, 469; 
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Figure 1. SEM image of HKUST-1 
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Bisphosphonates (BPs) are a family of compounds with physicochemical properties very 

similar to those of pyrophosphate. They are used as drugs for treating bone disorders such as 

osteoporosis, a condition characterized by a decrease in bone mass and a decay in bone 

architecture [1]. Among bisphosphonates, alendronate and zoledronate were previously shown 

to bind very strongly to the calcium ions of hydroxyapatite (HA) of bone through a bidentate 

chelation of deprotonated oxygen atoms  and as a result they are taken up by bone [2,3].  

Herein we show how the experimental conditions and set-up in the synthetic laboratory can 

influence the interaction of BPs with calcium phosphates crystalline structures, leading to 

different final products.  

HA-alendronate and HA-zoledronate hybrid nanocrystals were prepared by direct co-

precipitation up to a BP content of  about 7% wt. The presence of BP during the synthesis 

affects the dimensions of the hybrid crystals and their specific surface area, whereas it does not 

significantly modify HA structure. The analysis of the structural and morphological results 

suggests a non-specific interaction between alendronate and hydroxyapatite crystals, whereas a 

preferential interaction between zoledronate and the hydroxyapatite faces parallel to the c-axis 

direction may be suggested [2, 3]. The structure of HA is yet so stable that also ionic 

substitutions are possible at the same time of bisphosphonate functionalization, as in the case of 

strontium replacement to calcium [4]. 

Differently, soaking HA or octacalcium phosphate (OCP) into alendronate solutions provokes 

the deposition of small crystalline rod-shaped formations onto the larger crystals of calcium 

phosphate. The amount of these small crystals increases as a function of the BP concentration in 

solution. Indeed, we demonstrate that alendronate in solution is able to recruit calcium ions 

from HA and OCP crystals, yielding the quantitative formation of crystalline Calcium 

Alendronate monohydrate, CaAL H2O (figure). At high concentration, alendronate craving for 

calcium ion causes displacement of Ca
2+

 from calcium phosphate crystalline structure which 

results in the complete digestion of calcium phosphate phase [5].  
 

 
Figure 1. Structure of the new crystalline phase CaAL H2O. 
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ZSM-5 is an aluminosilicate belonging to the pentasil zeolite family with MFI framework 

topology [1]. Monoclinic (P21/n) at low temperatures, the ZSM-5 structure becomes 

orthorhombic (Pnma) on heating. The transition temperature (Tc) can vary in a broad T-range 

(i.e. between 320 and 370 K), depending on the Si/Al ratio, increasing Al content decreases Tc 

[2]. 

Reported for the first time by Wu et al. in 1979 [3], such a reversible phase transition is 

described as a mutual shift of successive (010) pentasil layers along the c-axis, associated to a 

small change in the Si–O–Si bond angles and Si–O bond distances [4,5]. Furthermore, it was 

demonstrated that the monoclinic polymorph has the features of a ferroelastic material [6]. 

Although some works deal with the thermodynamic of the monoclinic to orthorhombic (m↔o) 

ZSM-5 phase transition [2,7,8], an investigation centred on the lattice evolution associated to 

the thermodynamic processes within such a phase transition is lacking. 

In this contribution, high-temperature X-ray diffraction data (collected in situ at ID31, ESRF) 

have been used to determine the lattice parameter variations of highly siliceous ZSM-5 zeolite 

(CBV28014, Zeolyst International, SiO2/Al2O3 ≈ 280) across the m↔o phase transition, in the 

temperature interval 308–573 K. The mean thermal expansion coefficients of the orthorhombic 

phase, calculated by means of the Fei polynomial expression [9], are in excellent agreement 

with those reported by Bhange and Ramaswamy [10]. The extrapolation of the orthorhombic 

lattice parameters into the stability field of the monoclinic phase allowed the calculation of the 

strain tensor components [11]. Strain analysis, based on the displacive character of the 

transition, reveal that the spontaneous strain behaves as the order parameter Q for the transition 

following Landau theory with Q ∝ |Tc–T|
β
, with β→¼, meaning that the data are consistent with 

a tricritical transition at 348 ± 1 K. 

A detailed comparison with thermodynamic data from literature corroborates the validity of the 

phase transition character. 
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The catalyst-assisted growth of semiconductor nanowires has emerged as a flexible and 

promising technology for the synthesis of self-assembled nanostructures with potential impact 

on the investigation of fundamental properties and on the development of innovative devices. 

Different materials can be easily combined in individual high-quality single crystal nanowires 

without lattice-matching constrains. Axial and radial heterostructured nanowires have been 

realized combining semiconductor materials with suitable physical properties. As a 

consequence, nanowire technology represents a powerful research and development platform 

for fundamental physics investigations as well as for scalable electronics and photonics 

applications.  

In my presentation I will show examples for the realization of axial and radial heterostructured 

nanowires with controlled morphology and crystal structure. 

Furthermore, I will show the use of nanowire technology in the development of thermoelectric 

(TE) devices. I will show recent results on thermovoltages in single InAs nanowire (NW) field 

effect transistors [1]. Thanks to a buried heating scheme we achieved both a large thermal bias 

[2]. This experimental arrangement allows a detailed mapping of Seebeck coefficient versus 

charge conductivity and temperature and the comparison with classic models for thermoelectric 

transport in degenerate semiconductors.  

[1] S. Roddaro, D. Ercolani, M. A. Safeen, S. Suomalainen, F. Rossella, F. Giazotto, L. Sorba, 

and F. Beltram, 
, 
“Giant thermovoltage  in single InAs nanowire filed-effect transistors”, Nano 

Lett Nano Lett 13, 3638-3642 (2013). 

[2] S. Roddaro, D.Ercolani, M. A. Safeen, F. Rossella, Vi. Piazza, F. Giazotto, L. Sorba, and F. 

Beltram, Large thermal biasing of individual gated nanostructures, Nano Research DOI 

10.1007/s12274‐014‐0426‐y.  
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Imaging and chemical analysis at atomic-level spatial resolution with single-atom detection 

sensitivity is one of the ultimate goals in materials characterization. Such atomic-level materials 

characterization would be feasible by Z-contrast and electron energy-loss spectrometry (EELS) 

in the latest aberration-corrected scanning transmission electron microscopes (STEMs) because 

more probe current can be added into the incident probe by aberration-correction. Especially for 

EELS analysis, sufficient amounts of core-loss signals can be generated within a short 

acquisition time by higher current probes, and hence atomic-resolution EELS mapping has 

already been applied. In this presentation, a review of applications will be presented going from 

nanoscale to the single atom characterization. Then, recent results at atomic-level obtained on 

epitaxial graphene on SIC will also be presented. 
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The various functional properties of ZnO are very well known and for this reason ZnO is 

studied for applications in different fields, such as optoelectronics, transparent electronics, 

piezoelectric devices, sensing and catalysis. In particular, when ZnO is obtained in form of 

nanostructures, most of these properties become strongly surface and/or size dependent. 

Authors here present both their results in the optimized growth of ZnO nanostructures with 

selected morphologies and an overview on different kinds of surface functionalizations that has 

been used to add further and new functional properties to them. Inorganic and organic 

semiconductor, superparamagnetic iron oxide nanoparticles and noble metals have been 

coupled with ZnO nanostructures by means of different physical or chemical techniques that 

have been developed in order to optimize the coupling between the different materials (Fig. 1). 

Clear enhancements or modifications in their surface reactivity, light absorption, magnetic or 

other peculiar properties are reported and a few examples for gas sensing application, 

photocatalytic degradation of water pollutants and some new ideas for complex geometries in 

hybrid photovoltaic applications are presented as case studies. 

Further perspectives for other feasible applications of these multifunctional composite 

nanostructures are finally discussed. 

 
 

 

 
Figure 1. ZnO nanostructure functionalized with metal nanoparticles 
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Optical, catalytic, electronic, magnetic properties of noble metal nanoparticles can be suitably 

tuned to many fields of applications, as long as their size and shape are carefully controlled. [1] 

However, achieving this goal in the case of elongated nanoparticles (nanorods and nanowires) 

still remains challenging within the bottom-up approach to Nanoscience. In this view, 

nanoporous matrices such as amorphous silica or Metal Organic Frameworks (MOFs), 

providing geometrical constraint through their channels, offer the advantage of a size/shape 

selectivity that makes their use as nano-reactors rather appealing. [2] 

Highly ordered mesoporous MCM-41 silica and MOFs with extremely long nitrogen-based 

ligands were synthesized, both with parallel channels ca. 4.0 nm2 large; concentrated solutions 

of high-nuclearity Pt carbonyl clusters of the Chini type [3] (typically, [Pt12(CO)24]
2-

) were  

used for impregnation to promote the in situ aggregation of anisotropic metallic nanoparticles 

within the confined space of the channels (after eliminating the carbonylic shell). 

The structure and microstructure of the metal NPs were investigated by Total Scattering Debye 

Function Analysis (through the DEBUSSY suite of programs, release 2.0 [4,5]) and 

Transmission Electron Microscopy. High resolution X-ray synchrotron data were collected at 

the MS-X04SA@SLS on the pristine supramolecular/hybrid materials and during or after 

simple thermal treatment. Pt@MCM-41 samples were obtained after heating the powder at 

different temperatures from 150 °C up to 300 °C; in situ measurements were carried out on 

Pt@MOF, with T varying from 300 K up to 480 K, ΔT=30 K.  

Results will be presented and discussed. 

 

Partial financial support by Fondazione Cariplo (Project N. 2011-0289) is acknowledged. 
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We report here the rich and unexpected behavior of a dynamic covalent chemistry (DCC) 

system under mechanochemical milling [1],  focussing on three remarkable observations: (i) the 

system exhibits reversible interconversion of polymorphs of a disulfide heterodimer under 

thermodynamic control between neat ball mill grinding or liquid assisted ball mill grinding, 

(LAG), i.e. ball mill grinding in the presence of a few drops of solvent; (ii) in the presence of 

catalyst, polymorph interconversion involves sequential covalent reactions with observable 

covalent intermediates; (iii) one of the intermediates facilitates the covalent chemistry. The 

system offers us a kinetic and thermodynamic insight into the ball mill grinding process, which 

was experimentally monitored combining X-ray powder diffraction and high precision liquid 

chromatography. The kinetic data have been analyzed with the Avrami method.  

Unlike a solution or slurry experiment, the ball mill grinding process limits the crystal growth 

of the product phase to a certain size affecting the surface to volume ratio. The crystal size of 

metal-organic framework product is reported to approach a milling equilibrium value estimated 

to be in the order of tens of nm [2].  Thus, while thermodynamics conventionally assumes the 

surface effects to be negligible (i.e. infinite bulk structures), this is not the case in nanosized 

particles [3] such as continuously mechanically ground systems. As a result, in our case the 

stability order between the two polymorphs changes depending on the presence or absence of 

solvent in the milling jar. We conclude that the outcome of our ball mill grinding reaction is 

driven by thermodynamic control involving the nanoparticulate surface solvation energy. More 

importantly, we believe this interpretation to be applicable to many other ball mill grinding 

reactions, not necessarily involving covalent chemistry.  
 

 
 

Figure 1. Polymorph interconversion via sequential covalent reactions under mechanochemical milling. 
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Controlling the adhesion between graphene (GR) and the metal support requires a thorough 

understanding of the physical mechanisms determining the degree of interaction. Several 

methods, such as the intercalation of adspecies[1,2] or the growth of an oxide buffer layer at the 

GR/substrate interface [3], have proven effective to control the GR–metal coupling, but they do 

not enable to control the interaction strength ad libitum and come with significant drawbacks.  

An alternative method to modify the band structure of epitaxial GR is by growing it on 

substrates with natural or artificial structural anisotropies. To explore this possibility, we used 

ethylene CVD to grow single-layer GR on a vicinal (533) surface of Rh, which is commonly 

considered a strongly interacting metal [4]. The in-plane symmetry break caused by the steps 

leads to a moirè cell with non-equivalent lattice vectors in the directions parallel and orthogonal 

to the steps. The C layer, which exhibits a weaker interaction with the substrate and a slightly 

higher thermal stability compared to GR grown on Rh(111), can be reversibly decoupled from 

the substrate via oxygen intercalation, without significantly compromising the quality of the C 

layer [4].  

 An even more powerul approach to selectively tune the GR-substrate adhesion  is by modifying 

the chemical composition of the substrate [5], rather than its geometric structure. Our studies 

revealed that bimetallic surface alloying provides a versatile and widely applicable method to 

manipulate the properties of the C layer by simply changing the elemental composition of the 

first layer of the substrate [5]. The proof of concept comes from our investigation of GR grown 

on a model PtRu surface alloy on Ru(0001), with Pt concentrations ranging from 0 to 50%.  

Using a multidisciplinary approach combining high-energy resolution core level Photoemission 

Spectroscopy, Low Energy Electron Diffraction and Microscopy, and state-of-the-art DFT 

calculations, we observed that the progressive increase of the Pt content in the surface alloy 

leads to a gradual detachment of GR from the substrate, which results from the modification of 

the carbon orbital hybridization promoted by Pt. Alloying is also found to affect the growth 

mode and the morphology of GR, which is strongly corrugated on bare Ru but becomes flat at a 

Pt coverage of 50%. We are confident that our method can be readily extended to a variety of 

binary alloy supports, thus opening the way to a full tunability of the GR-metal interaction. 
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The present work illustrates how new knowledge can be exploited when materials are observed 

with new eyes, thus opening new routes to formulate products, evaluate performances or 

develop test methods.  

The talk will be focused mainly onto two different materials: layered double hydroxides (LDH) 

and cement pastes, both sources of nano and disorder crystals[1,2] 

  

Layered double hydroxides (LDH) are versatile materials used for intercalating bioactive 

molecules, both in pharmaceutical and cosmetic fields, with the purpose of protecting them 

from degradation, enhancing their water solubility to increase bioavailability, and/or obtaining 

modified release properties. The properties of the intercalation compounds of Mg/Al_LDH and 

Zn/Al_LDH have been studied by crystallographic, spectroscopic and thermogravimetric 

techniques and by solid state NMR, to shed light on their structure, their molecular interactions 

and their stability from the thermal and chemical viewpoint. The structural features were 

described with particular attention to the interaction between the organic and inorganic 

components and to the stability of the intercalation products. 

The crystal chemistry of hydrotalcite-like compounds was also investigated by automated 

electron diffraction tomography (ADT) and hyphenated TGA-GC-MS to shed light on the 

mechanisms involved into ion exchange and absorption of contaminants, mainly carbonate 

anions. ADT allowed shedding light on the conformation nitrate into LDH and on the loss of 

crystallinity because of layered morphology. 

 

In the area of cement paste XRPD has been combined with a suite of multinuclear 

multidimensional solid-state NMR experiments in order to study the hydration features of 

cement pastes, revealing extremely useful complementarities for what concerns both the 

knowledge of the hydration mechanisms, of new phases formation during hydration and of 

degradation phenomena. Both anhydrous Portland cement and hydrated cement pastes were 

examined, as a function of the hydration degree. One of the main goals reached during the study 

was the possibility to discriminate among different hydrated phases, such as ettringite (AFt), 

monosulfate (AFm) and amorphous aluminum hydrates (H1, H2, H3), demonstrating that XRD 

cannot be used alone for the characterisation of the hydrated phases of cement pastes. 
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Vanadium pentoxide (V2O5) based compounds are promising materials for several applications, 

from the lithium-ion batteries to the catalysis [1, 2]. In fact, the peculiar structural versatility of 

V2O5 is particularly indicated for nanostructuring with superior properties [3]. One-dimensional 

nanostructures, i.e., the V2O5 nanowires, have attracted considerable attention due to importance 

of these in basic scientific research and potential technological applications [4]. In such cases, 

correlation between the modulation of structure and functional properties is of large interest 

also from the fundamental point of view. In particular, it is of prime importance to understand 

how the chain structure that has a direct implication on the V2O5 properties is affected by 

nanostructuring.  

We have addressed this question and performed a comparative local structural study of 

morphologically different V2O5 using vanadium K-edge x-ray absorption spectroscopy [5]. 

The extended x-ray absorption fine structure (EXAFS) is used to determine the interatomic 

distances and corresponding mean square relative displacements (MSRDs). The x-ray 

absorption near-edge structure (XANES) is used to find information on the unoccupied 

electronic states near the chemical potential. The EXAFS results show a significantly enhanced 

atomic order in the V-O double chains in the V2O5 nanowires with respect to the bulk. On the 

contrary, the V2O5 nanoparticles have larger configurational disorder. The results provide a 

clear indication of higher interlayer and chain order in V2O5 nanowires, unlike V2O5 

nanoparticles in which interlayer disorder prevails. The differing electronic structure, driven by 

the local order/disorder in the nanostructured samples, is evidenced from the XANES spectra. 

Therefore, it appears that a reduced zigzag in the double chain in V2O5 nanowires makes them 

reliable host for a reversible insertion and extraction of lithium ions when used as cathode 

material. This particular atomic structure in the nanostructured V2O5 is clearly affecting the 

electronic properties and hence should have direct implication on the functional properties of 

the V2O5 for different applications. 
 

[1] J. J. Yu, J. Yang, W. B. Nie, Z. H. Li, E. H. Liu, G. T. Lei, and Q. Z. Xiao, Electrochim. Acta 2013, 89, 

292. 

[2] M. Ponzi, C. Duschatzky, A. Carrascull, and E. Ponzi, Appl. Catal. A 1998, 169, 373.  

[3] T. Zhai, H. Liu, H. Li, X. Fang, M. Liao, L. Li, H. Zhou, Y. Koide, Y. Bando, and D. Golberg, Adv. 

Mater. 2010, 22, 2547. 

[4] W. Avansi, L. J. Q. Maia, C. Ribeiro, E. R. Leite, and V. R. Mastelaro, J. Nanopart. Res. 2011, 13, 

4937. 

[5] B. Joseph, A. Iadecola, L. Maugeri, M. Bendele, M. Okubo, H. Li, H. Zhou, T. Mizokawa, and N. L. 

Saini, Appl. Phys. Lett. 2013, 103, 251910. 
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Silicene, the Si based counterpart of graphene, has been predicted to display -derived Dirac 

cones near the Fermi level in its free-standing low-buckled form. The discovery of a synthesis 

path for silicene, based on Si deposition on the Ag(111) surface under ultra-high vacuum 

conditions, has recently met broad interest. In this presentation we will discuss to what extent 

this system preserves the properties of free-standing silicene. We will point out the role of the 

supporting material in defining the silicene growth mode and electronic structure. We examined 

the silicene growth on Ag(111), by real-time low-energy electron diffraction and microscopy, as 

a function of Si coverage and substrate temperature. We observed the formation of several 

rotationally inequivalent and nearly energy-degenerate silicene phases. From the early stages of 

deposition up to monolayer completion the system always displays the coexistence of multiple 

phases, with relative abundance determined by coverage and temperature. Angle-resolved 

photoemission spectroscopy highlights the absence of silicene  bands near the Fermi level in 

silicene on Ag(111), along with the formation of well-defined  bands at deeper binding 

energies. Ab-initio first principles electronic structure calculations ascribe the observed 

behavior to strong symmetry-dependent (  vs. ) hybridization effects between silicene and Ag 

electronic states. The  bands are found to be almost completely washed out by the interaction 

with the supporting material. The spectroscopic structures formerly interpreted as Dirac cones 

in silicene on Ag(111) are identified as derived from an interface state of predominant Ag sp 

character. 
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It is well known that, in the YBa2Cu3O7-x (Y-123) system, the orthorhombic phase is 

superconducting, due to the formation of ordered chains that act as dopants for the                

two-dimensional CuO2 planes, while in the tetragonal ordering these chains are absent, thus 

inhibiting the charge transfer from the CuO2 planes and making this phase insulating [1]. 

Within this context, we have investigated the effect of chemical cationic subtitutions such as Al, 

Sb, Te and Ca [2], of anionic doping (O2) [3] and of X-ray nanobeam irradiation [4] on both the 

electrical and the structural properties of high-Tc superconducting micro-crystals. These   

micro-crystals, multilayered structures characterized by a high spatial ordering, low defects 

concentration and excellent superconducting features, are ideal candidates for the study and the 

design of THz devices based on intrinsic Josephson Junctions. 

In this work, we present some structural and superconducting modifications induced on Y-123 

micro-crystals by chemical co-doping with both Ca, Al and Te, to improve properties as aspect 

ratio (length/width), morphology, yield and Tc. In particular, we propose a superconducting and 

fully ordered tetragonal structure, with space group P4/mmm, which is obtained from the 

orthorhombic structure of YBa2Cu3O6.5 but with the chains running along the a axis as well as 

along the b axis. In this structure, previously invoked by Gupta et al. [5], the Cu(1) atoms in the 

plane of the chains have twofold, square-planar fourfold, and sixfold coordinations, in contrast 

to the purely square-planar coordinations in orthorhombic YBa2Cu3O7. 

This structure results from single crystal X-ray diffraction data and turns out to be 

superconducting from R vs T characterization. 
 

[1] J.D. Jorgensen, B.W. Veal, A.P. Paulikas, L.J. Nowicki, G.W. Crabtree, H. Claus, W.K. Kwok Phys. 

Rev. B. 1990, 41, 1863. 

[2] F. Bertolotti, L. Calore, G. Gervasio, A. Agostino, M. Truccato, L. Operti Acta Cryst. 2014, B70, 236. 

[3] M.M. Rahman Khan, S. Cagliero, A. Agostino, M. Beagm, C. Plapcianu, M. Truccato Supercond. Sci. 

Technol. 2009, 22, 085011. 

[4] A. Pagliero, L. Mino, E. Borfecchia, M. Truccato, A. Agostino, L. Pascale, E. Enrico, N. De Leo, C. 

Lamberti, G. Martinez-Criado Nano Lett. 2014, 14, 1583. 

[5] R. P. Gupta, M. Gupta Phys. Rev. B. 1993, 47, 2795. 
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Since the invention of the Chirped Pulse Amplification (CPA) technique [1], laser 

science has developed dramatically and is now leading to the realization of the Extreme 

Light Infrastructure (ELI) that will enable an extensive exploitation of ultraintense laser-

plasma interaction and the exploration of new physical domains of quantum 

electrodynamics [2]. Meanwhile, laser-plasma acceleration [3] is being considered for 

the generation of high energy electron bunches that are capable of driving a new 

generation of “all-optical" radiation sources.  

Bremsstrahlung X-ray and γ-ray sources have already been explored [4] and 

successfully tested. More recently [5], self-injection sources are being studied to 

generate X-rays and γ-rays via Thomson [6] and inverse Compton scattering. 

An overview will be given of the current activity in this area, including the 

development of laser-plasma acceleration with self-injection to drive electron energy in 

the 100 MeV – 1 GeV range. Experimental runs [7] have already been performed 

recently and optimization is being carried out [8] in view of the development of an X-

ray source based upon Thomson back-scattering.  Along with the experimental 

programme, numerical simulations are also being developed [9], starting from the 

optimization and control of the laser-plasma acceleration process using an advanced 3D 

GPU particle in cell code.  
 

*On behalf of the ILIL group and G-RESIST collaboration 
[1] D. Stickland and G. Mourou, Opt. Commun. 56, 219 (1985). 

[2] J. Schwinger, Physical Review 82, 664 (1951). 
[3] S.P.D. Mangles et al., C.G.R. Geddes et al.,; J. Faure et al., Nature, 431, 541 (2004). 

[4] A. Giulietti et al., Phys.Rev.Lett 101, 105002 (2008). 

[5] S. Chen et al., Phys. Rev. Letters 110, 155003 (2013) 
[6] P. Tomassini, et al., Applied Physics 80, 419 (2005). 

[7] T. Levato et al., Nucl. Instr. Methods B, in press (2013). 

[8] L.A.Gizzi et al., Nucl. Instr. Methods, B, in press (2013). 

[9] F. Rossi et al., AIP Conference Proceedings 1507, 184 (2012). 
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The current construction of the FERMI@Elettra Free Electron Laser (FEL) facility will make 

available Vacuum Ultra Violet (VUV) photon pulses with unique characteristics [1]. The 

peculiarities of this source will be exploited in order to develop a time resolved instrument 

(TIMER) based on the transient grating scheme. TIMER would be able to probe the collective 

atomic dynamics in a momentum (Q=0.02÷1.2 nm
-1

) and energy transfer (E=0.1†10000 μeV) 

region that, to date, cannot be accessed by any time or energy resolved instrument [2]. 

Particularly, the Q-range exploitable by TIMER is of special interest for the study of disordered 

systems, since it corresponds to the characteristic length scale (~10÷100 nm) of topological 

disorder. On such length scale the dynamical behavior of amorphous solids still presents 

unsolved and strongly debated aspects such as, e.g., the origin of the anomalous acoustic 

attenuation [3]. Though the study of collective dynamics at the nanoscale is of the greatest 

relevance in order to understand the phenomenology of the glassy phase, it is actually harped by 

the technical impossibility to experimentally probe the 0.1-1 nm
-1

 Q-range. This harsh limit 

would be overcame by TIMER. The unique capabilities of TIMER would also provide a 

sensitive probing of interfaces and thin films, as well as heat transport and electron correlations 

in nanostructured materials.  

The feasibility test with a table-top laser [4], the first test experiment using FEL radiation and 

the actual state of TIMER project will be discussed in details.  
 

[1] E. Allaria et al, Nature Photonics. 2012, 6, 699. 

[2] F. Bencivenga and C. Masciovecchio, NIMA, 2009, 606, 785. 

[3] C. Masciovecchio et al, Phys. Rev. Lett. 2006, 97, 035501. 

[4] R. Cucini, F. Bencoivenga and C. Masciovecchio, Optics Letters, 2011, 36, 1032 
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The terahertz (THz) spectral region extending from 100 GHz (0.5 meV; 3 cm
-1

) to 20 THz (80 

meV; 600 cm
-1

) is resonant which most of the low-energy excitations in Physics, Chemistry and 

Biology. Spectroscopy with low-power THz sources provides insights on the steady-state 

properties of these excitations. Instead, highly non-linear states can be produced through the 

interaction of matter with high-power THz radiation and their temporal evolution can be 

investigated by time-resolved pump-probe spectroscopy.  

Actually, in Italy there are two different projects for producing high-power THz radiation to be 

used in non linear and time resolved experiments: the Femtotera project at SPARC@LNF [1] 

and the TERAFERMI project at FERMI@Elettra [2].  

In this talk I will review the mechanisms of terahertz emission from sub-ps highly-brilliant 

relativistic electron bunches at SPARC and FERMI and the main figures of merit of both 

sources. Recent experimental results will be also briefly discussed. 
 

[1] E. Chiadroni et al, Applied Physics Letters 102, 094101 (2013) 

[2] A. Perucchi et al, Review of Scientific Instruments 84, 022702 (2013) 
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The generation of free-electron laser (FEL) radiation with two or more simultaneous colors 

opens new scenarios in applications and in the study of the underlying physics [1]. 

At SPARC_LAB [2] we studied [3] and characterized [4,5] the operation with two bunches at 

different energies, allowing two color FEL emission. The effect of the electron beam matching 

on the Self-Amplified Spontaneous Emission (SASE) of FEL radiation has been explored by 

controlling the transport with an ad hoc developed control system, allowing the beam transport 

in different configurations. Since the two bunches have different phase space characteristics at 

the entrance of the undulator, we used this effect as a knob to enhance or suppress one or the 

other FEL mode. In addition, we present measurements on the effect of seeding on both 

frequencies and observed beating waves, furthermore we observed effects of intrabunch seeding 

when only one of the modes is seeded.  

 
[1] C. M. Guenther et al., Nat. Photonics 2011, 5, 99.  

[2] M. Ferrario et al., Nucl. Instr. Meth. Phys. Res. B 2013, 309, 183 

[3] F. Ciocci et al., Phys. Rev. Lett. 2013, 111, 264801 

[4] V. Petrillo et al., Phys. Rev. Lett. 2013, 111, 114802. 

[5] C. Ronsivalle et al., New J. Phys. 16, 033018, 2014.  
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A large effort is being pursued world-wide to advance the performances of Gamma ray photon 

Sources: the aim is to improve the mono-chromaticity and the spectral density of photon beams 

in the photon energy range from 1 to 20 MeV, where most of the nuclear photonics and nuclear 

physics science and applications are performed. These sources may be considered the extension 

of X-ray Thomson Sources, already well esteblished world-wide for several applications of 

mono-chormatic X-rays generated by compact machines, towards photon energies of nuclear 

interest. The enabling technology under development is based on back-scattering Compton 

Sources of high power laser beams by high brightness electron beams with energy in the GeV 

range. Several schemes are being adopted: RF Linacs combined with recirculated high power 

laser pulses, storage rings combined to Fabry-Perot optical cavities and recirculated super-

conducting Linacs combined with Fabry-Perot optical cavities. After a general introduction on 

the physics and design criteria of these electron-photon high luminosity colliders, we will 

describe in more detail the design and implementaton of the EuroGammaS machine, belonging 

to the first of the three schemes, that will be constituting the Compton Source for the ELI-NP 

romanian pillar. 
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The self-assembly of suitable building-blocks, through inter- or intra-molecular interactions of 

different nature, is a current approach to get new nanostructure materials, amongst which liquid 

crystals are particularly intriguing due to their ordered yet dynamic structures [1]. The synthesis 

of liquid crystals based on metal complexes (metallomesogens) has received great attention 

since the metal centre is able to promote mesomorphism in non mesogenic ligands.  Significant 

progress has been made in the field of metallomesogens, by modulating factors such as nano-

segregation, molecular motifs functional to specific intermolecular interactions and molecular 

shapes [2]. Within this field, we have mostly devoted  our efforts towards the engineering of 

thermotropic columnar metallomesogens, conducting deep studies of their molecular 

organization both in the crystalline solid state and the liquid crystalline phases, through single 

crystal and variable temperature powder X ray analyses [3]. This communication will illustrate 

examples chosen from our library of metallomesogens, in which the use of our liquid-crystal 

engineering approach in the modulation of non covalent interactions (by changing substituents 

on the molecular organic fragments and the dispersion medium) is now devoted towards a new 

class of liquid crystals, that is chromonic liquid crystals (CLC). Chromonics are a very 

interesting class of lyotropic liquid crystals (LLC), wich have become in the last years an 

important research topic in several domains
 
[4]. The mayority of chromonic liquid crystals 

(CLC) reported to date are based on organic systems
 
[5]. However, few metal complexes have 

also been shown to form CLC phases [6,7]. The exploration of non covalent interactions 

between metal containing chromonic molecules and water solvent in the construction of 

columns and aggregation of columns will be presented.  

 

 

 

 
 

 

 

 

 

 

Figure 1. Columnar organization in metal containing chromonic liquid crystals. 

 

[1] T. Kato, Chem. Commun., 2009, 729. [2] Metallomesogens In Comprehensive Coordination Chemistry 

II: From Biology to Nanotechnology, Vol. 7 (Eds.: J. A. McCleverty, T. J. Meyer, M. Fujita, A. Powell, 

Elsevier, Oxford, 2003, ch. 7.9, pp. 357-627. [3] A. Crispini, D. Pucci, M. Ghedini (2013) 

Metallomesogens and Lamello-Columnar Phases. In: Reedijk, J. (Ed.) Elsevier Reference Module in 

Chemistry, Molecular Sciences and Chemical Engineering. Waltham, MA: Elsevier. 21-Mar-2014 

doi:10.1016/B978-0-12-409547-2.10983-7.[4] S. W. Tam-Chang, L. Huang, Chem. Commun., 2008, 1957. 
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Co-crystals [1] - multi-component crystalline solids formed when the molecule of interest is  

stoichiometrically crystallized with a co-former that exists as a pure solid at ambient conditions 

- are extensively sought and investigated, mainly in the pharmaceutical field, as a way to obtain 

solid forms of with improved physico-chemical properties with respect to those of the pure 

substance. This is particularly relevant in (although not confined to) all cases in which 

protonation/deprotonation processes and salt formation are impossible. As a result of co-

crystallization the molecule of interest retains its chemical nature, but the resulting solid acts as 

a different functional material, due to changes in solubility, morphology, thermal stability, 

hygroscopicity, etc.  

Co-crystals can be obtained with a variety of co-formers. The most relevant interaction at work 

in co-crystals formation is the hydrogen bond. More recently, other interactions have been 

explored, and co-formers have been chosen among halogenated compounds (therefore halogen 

bonds [2,3] have been observed), or simple inorganic salts that are not able of forming 

hydrogen bonds with the molecule under study; in these ionic co-crystals the molecule under 

investigation acts as a solvent molecule towards the inorganic cation [4,5].  

Co-crystallization can be obtained in solution or directly in the solid-state via solvent-free 

processes; characterization always requires solid-state techniques (X-ray diffraction, thermal 

analysis, a variety of spectroscopies such as solid-state nmr, Raman, etc.) 

Three case studies will be presented, in which co-crystals engineering represents a valid tool for 

properties enhancement of molecular solids, with possible applications in the broad field of 

molecular materials. 

 

 
[1] D. Braga, , E. Dichiarante, L. Maini and F. Grepioni, Chem. Asian J., 2011, 6, 2214 – 2223. 

[2] Metrangolo, P.; Murray, J. S.; Pilati, T.; Politzer, P.; Resnati, G.; Terraneo, G. Cryst. Growth Des. 

2011, 11, 4238−4246. 

[3] S. d‟Agostino, D. Braga, F. Grepioni, P. Taddei, Cryst. Growth Des. 2014, 14, 821−829. 

[4] D. Braga, F. Grepioni, L. Maini, D. Capucci, S. Nanna, J. Wouters, L. Aerts and L. Quéré, Chem. 

Commun., 2012, 48, 8219–8221.  
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The objective of this work is to find a systematic way to embed liquid or volatile drugs inside 

crystalline materials, with the multiple aims of stabilizing them, of tuning their possible ways of 

delivery in medicine, and to explore new regulatory and intellectual properties issues. Liquid or 

volatile formulations of active pharmaceutical ingredients (APIs) and food additives are 

intrinsically less stable and durable than solid forms; in fact most drugs are formulated as solid 

dosage because they tend to be stable, reproducible, and amenable to purification. Most drugs 

are manufactured and distributed as crystalline materials, and their action involves the delivery 

of the active molecule by a solubilization process either in the body or on the environment. The 

poor solubility of pharmaceutical active ingredients (API) is a problem often encountered in 

their formulation since these phenomena limit the bioavailability of the API. However some 

important compounds for the human health occur as liquids at room temperature.  

Two main ways were identified to trap liquid pharmaceutical in solid state at room temperature: 

formation of co-crystals, which has been demonstrated as a means of tuning solubility 

properties of solid phases, and therefore it is widely investigated by companies and by solid 

state scientists especially in the fields of pharmaceuticals, agrochemicals, pigments, dyestuffs 

and foods; entrapment of liquid molecules in metal organic frameworks suitable cavities. 

We have defined a benchmark of molecules relevant to human health that have been combined 

with suitable partners according to the well known methods of crystal engineering in order to 

obtain cocrystals. Successful results will be discussed. 

 

 
Figure 1. Cocrystal structure of Nicotine and 1,4-diiodotetrafluorobenzene. 
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Thin film of organic semiconductors have been widely studied at different length scales, for 

improving the electrical response of devices based on them. Up to now, a lot of knowledge has 

been gained about how molecular packing, morphology, grain boundaries and defects affect the 

charge transport in Organic Field Effect Transistors (OFETs) [1-3]. However, in real 

application, the impact of an electric field on the organic semiconductor and thus the transport 

parameters needs to be taken into account in order to develop high-performance organic device. 

Here, we present for the first time the structural evolution of pentacene thin film observed 

during the OFET operation. This investigation was achieved by performing X-Ray Diffraction 

measurements, both in out-of-plane and grazing incidence geometries, in real time, i.e. during 

the application of drain-source (VDS) and gate (VG) voltages. In particular, selected Bragg 

reflections were monitored during OFET operation. The evolution of their integrated area and 

angular positions, over the bias duration, has shown that pentacene structure is strained in the 

region close to the dielectric interface, where the charge transport takes place. The structural 

phenomena is reversible and it is related with the threshold voltage, VTH, behaviour, as shown 

in Figure 1. Molecular dynamics and Density Functional Theory simulations simulated the 

effect of VDS and VG on the pentacene crystal structure. The interplay between the calculated 

changes of the structure and the experimental results allows to understand the structure 

evolution of operating transistors, to improve the description of the charge transport mechanism 

in organic materials and has the potential to lead to future improvements in organic devices.  
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Figure 1. a) Integrated intensity of the (001) peak extracted from θ/2θ scans, b) Rocking curves at (001) 

peak position and d) VTH values extracted from transfer curves in time, during the application drain-source 

and gate voltages (ON) and during the recovery (OFF). 

 

[1] A. Shehu, S. D. Quiroga, P. D‟Angelo,et al., Phys. Rev. Lett. 2010, 104, 246602 

[2] J. Rivnay, L. H. Jimison, J. E. Northrup et al. Nat. Materials 2009, 8, 952 

[3] F. Liscio, C. Albonetti, K. Broche t al., ACSNano, 2013, 7, 1257 
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Polydentate (P-O) ligands containing pairs of phosphorus and oxygen donor atoms (i.e neutral 

and anionic oxygen atoms) have proved to be suitable ligands for a variety of metal-catalyzed 

organic transformations [1]. A neutral oxygen donor may be regarded as intramolecular solvent 

molecule forming only weak metal-oxygen bonds which may be cleaved reversibly. As a result, 

these hemilable or hybride ligands provide empty coordination sites when needed in the course 

of the catalytic cycle without separation of the oxygen donor form the complex fragment. 

Pd complexes bearing (P-O) ligands with a neutral oxygen donor such as diphosphane-

monoxides have been used to catalyze the homopolymerization of ethylene and the 

copolymerization of ethylene with polar olefins giving linear functionalized polymers with 

randomly inserted polar groups along the polymer chain [2]. Some of us developed a new Co-

halide-mediated oxidation of cis, trans, cis-1,2,3,4-tetrakis-(diphenylphosphino)cyclobutane 

(dppcb), where the selctivity of the oxidation reaction was steered by the type of halide 

employed [3]. The obtained dioxides 1,3-trans dppcbO2 and 2,3-trans dppcbO2 were 

coordinated to Pd(II) obtaining the dinuclear Pd(II) complexes 1 and 2, respectively (Figure 1), 

which are structural isomers. Both latter complexes were employed as precatalysts in the 

oligomerization reaction of ethylene giving linear α-olefins with a selectivity up to 96%. Due to 

steric reasons, 1 showed a significantly higher catalytic activity compared to 2.  
 

 
 

Figure 1. Synthesis of linear α-olefins by 1 and 2. 

 

[1] A. Bader, E. Lindner Coord. Chem. Rev. 1991, 108, 27. 

[2] B. P. Carrow, K. Nozaki J. Am. Chem. Soc. 2012, 134, 8802. 

[3] M. Fessler, S. Eller, C. Bachmann, R. Gutmann, B. Trettenbrein, H. Kopacka, T. Mueller, P. 

Brueggeller Dalton Trans. 2009, 1383. 
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Cyclic alpha-peptoids hold the attention of both synthetic and supramolecular chemists for their 

biostability and potential diversity but also for their elegant and intriguing architectures [1]. 

Peptoids differ from peptides in the side chains, which are shifted by one position along the 

peptide backbone to the nitrogen atom to give N-substituted oligoglycine.  

The lack of the amide proton prevents the formation of NH···OC hydrogen bonds and weaker 

interactions, as CH···OC hydrogen bonds and CH-pi interactions, play a key role. Inter-annular 

CH···OC hydrogen bonds can provide face to face or side by side arrangement of macrocycles 

mimicking beta-sheet secondary structure in proteins [2]. 

In particular, the role of side chains in the solid state assembly of peptoid macrocycles will be 

discussed to show how they can promote the formation of a peptoid nanotube by acting as 

pillars, extending vertically with respect to the macrocycle planes [3,4]. 

Examples of the solid state assembly of free and metallated cyclic peptoids will be reported to 

show their extreme versatility as building blocks for designing new materials, with novel 

chemical properties and defined biological activities. 

In particular the first crystal structure of a recently synthesized novel cyclic alpha-peptoid, 

containing open channels with a diameter of approximately 7 Å, will be discussed  as a case of 

the successful engineering of cyclopeptoid crystals (Figure 1). 

. 
 

 
Figure 1. Channel void surface as seen along the a axis (0.0003 au, CrystalExplorer 3.1). 

 

EU FP7-People- IRSES grant number 319011 "Synthesis and characterization of porous 

molecular solids" is gratefully acknowledged. 
 

[1] J. Sun, R. N. Zuckermann, ACS Nano 2013, 7, 4715. 

[2] C. Tedesco, L. Erra, I. Izzo, F. De Riccardis CrystEngComm 2014, 16, 3667. 

[3] N. Maulucci, I. Izzo, G. Bifulco, A. Aliberti, C. De Cola, D. Comegna, C. Gaeta, A. Napolitano, C. 

Pizza, C. Tedesco, D. Flot, F. De Riccardis, Chem. Commun. 2008, 3927. 

[4] I. Izzo, G. Ianniello, C. De Cola, B. Nardone, L. Erra, G. Vaughan, C. Tedesco, F. De Riccardis, Org. 

Lett. 2013, 15, 598. 
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Why learn about crystal nets? This is a question asked by many a chemist, seasoned or aspirant. 

In this contribution, we aim to give some answers to this burning question.  

Inorganic chemistry has recently witnessed a real explosion, if not a revolution with the arrival 

of a new type of chemistry, namely that of Metal Organic Frameworks (MOFs)
1
. It has become 

the fastest growing area of research in crystalline solids since 1999 with the now archetypical 

MOF-5
2
 and HKUST-1

3
. Since then, the number of MOFs crystal structures and related 

structures has grown exponentially
1
. With MOFs, chemists have recognised the opportunity for 

the design of crystalline periodic structures, which up to then was in truth very much left to 

chance. In the battle to establish the field, various schools of thoughts have arisen, each 

providing elements aiming at rationalisation, trying to impose order on a rather savage 

experimental flood of ever more wondrous structures. Terms such as scale chemistry
4
, rational 

design, designed synthesis, reticular chemistry
5
 all came about seeking to predict. But, 

prediction cannot happen without knowing what to expect. Recent developments in the theory 

of crystal nets have been concomitant with and supported by the advances in the laboratory. 

Topological methods now provide a unique unambiguous method to identify and classify nets
6
. 

Results from tiling theory have led to the enumeration of nets most important
7,8

 to crystal 

chemistry as targets for synthesis. As with crystal nets everything starts with a graph, a few 

rudiments of graph theory will be given. This will be followed by a few examples of targeted 

syntheses and atomic structure solutions guided by topology and symmetry arguments. The 

example of the srs net will be used to comment on the need for increased awareness
9
 across 

disciplines concerning structure and topology in extended solids.  

Much remains to be discovered in the theory of crystal nets, we must learn more.  
 

[1] H. Furukawa, K. E. Cordova, M. O‟Keeffe, O. M. Yaghi Science 2013, 341, 1230444. 

[2] H. Li, M. Eddaoudi, M. O‟Keeffe, O. M. Yaghi Nature 1999, 402, 276. 

[3] S. S.-Y. Chui, S. M.-F. Lo, J. P.H. Charmant, A. G. Orpen, I. D. Williams Science 1999, 283, 1148. 

[4] G. Férey  J. Solid State Chem. 2000, 152, 37. 

[5] O.M. Yaghi, M. O‟Keeffe, N.W. Ockwig, H.K. Chae, M. Eddaoudi, J. Kim Nature 2003, 423, 705 

[6] O. Delgado-Friedrichs, M. O‟Keeffe, O. M. Yaghi  Acta Cryst. 2003, A59, 351. 

[7] O. Delgado-Friedrichs, M. O‟Keeffe, O. M. Yaghi  Acta Cryst. 2003, A59, 22. 

[8] O. Delgado-Friedrichs, M. O‟Keeffe, O. M. Yaghi  Acta Cryst. 2003, A59, 515. 

[9] S. T. Hyde, M. O‟Keeffe, D. M. Proserpio Angew.Chem.Ed. 2008, 47, 7996. 
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A strict algorithm for searching building blocks that construct the entire crystal structure of 

intermetallic compounds is presented. This algorithm was proposed and implemented recently 

[1] into the TOPOS program package [2] and used to analyze the crystal data of more than 

23,000 crystal structures of intermetallics taken from ICSD (release 2013/2) and Pearson‟s 

Crystal Data (version 2010/2011). Using the nanocluster approach, we have created the 

Topological Types Nanocluster (TTN) Collection with more than one thousand nanoclusters 

containing up to 409 atoms. The complete data including the information about the nanocluster 

topology are represented as a set of TOPOS-readable gph-format files which allow the search 

for a particular atomic configuration in any complex intermetallic structure. We have proved the 

stability of the revealed nanoclusters by their existence in quite different compounds belonging 

to different structure types. 

A detailed analysis of 576 structures with the γ-brass 0@4@22 cluster as building block has 

been performed. We have proposed a scheme for obtaining closely related two-shell 

nanoclusters based on the 0@4@22 γ-brass polyhedral core [3]. Due to migration of atoms 

between different layers of nanoclusters a genetic relationship between intermetallics with 

different composition is established. Correlations in chemical composition of 702 γ-brass-type 

nanoclusters were determined within the nanocluster approach and the nested-polyhedra model. 

We have carried out ab initio electronic structure calculations on different models of the γ-brass 

variety that feature the body centered cubic packing of 26-atom γ-brass clusters. 

The work was supported by the Russian government (Grant 14.B25.31.0005). 
 

[1] V.A. Blatov, G.D. Ilyushin, D.M. Proserpio Inorg. Chem. 2010, 49, 1811. 

[2] V.A. Blatov Struct. Chem. 2012, 23, 955. http://www.topos.samsu.ru. 

[3] A.A. Pankova, V.A. Blatov, G.D. Ilyushin, D.M. Proserpio Inorg. Chem. 2013, 55, 13094. 
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The initial aim of the Crystal Fingerprint project was to solve a very specific problem: classify 

and remove duplicated crystal structures from the results generated by the evolutionary crystal 

structure predictor USPEX. 

But the approach taken has led to unexpected discoveries: unforeseen correlations, useful 

derived quantities and insight on the structure of the overall set of results. All of them were 

facilitated by the project's underlying idea: to transform the structure sets from the physical 

configuration space to an abstract, high dimensional space called the fingerprints space. 
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The concept of the underlying net of a crystal structure [1,2] has been proven to be a useful tool 

to describe and classify crystal structures. On the other hand, it can be successfully applied to 

design and to predict novel crystal structures. The first part of the talk focuses on general graph- 

and group-theoretical foundations necessary in the crystal structure prediction. We will show 

how – by starting from the Euclidean embedding [3] of a net with the highest space-group 

symmetry – to derive all possible conformations of a crystal structure provided that its chemical 

composition and its underlying net are fixed in advance based on chemical considerations. 

Additionally, we will describe a „geometrical‟ approach to generate arrays of interpenetrating, 

symmetry-equivalent three-periodic nets by using the group–supergroup relations. 

The second part of the talk is intended to illustrate the applications of the general theoretical 

approach to the crystal strucures of coordination polymers, mainly, imidazolate-based 

frameworks. For example, the family of zeolitic imidazolate frameworks (ZIFs) displays a 

pronounced tendency towards an increased variety of structures [4]. Surprisingly, the diamond 

net – the most common topology for the structures with tetrahedral underlying nets – rarely 

occurs in ZIFs. To have a closer look at this problem, we performed a comprehensive study of 

diamondoid Zn(imidazolate)2 frameworks, including their conformations of single and doubly-

intepenetrated variants. The calculations were performed at the DFT–GGA(PBE) level as 

implemented in the SIESTA package (http://departments.icmab.es/leem/siesta/). It was shown 

that subtle inter-ligand interactions, primarily H...H contacts govern the relative stabilities of 

different conformers [5]. The topological diversity of ZIFs originates not only from the true 

polymorphism as such but also from the ligand functionalization and/or the use of different 

tetrahedral cationic centers [5,6]. To address the effect of ligand functionalization on the 

selection of particular topologies, the energy landscapes of isoelectronic ZIFs – Zn(2-

fluoroimidazolate)2 and Zn(2-methylimidazolate)2 – were studied by DFT–GGA(PBE) total 

energy calculations [6]. The dense network types (zni and coi) populate the low-energy region 

on the energy landscape, irrespective of the subsituents on the imidazole ring. The incorporation 

of the methyl-group makes the system highly polymorphic in contrast to the fluoro-group which 

selects at most three favourable framework types. The inter-ligand interactions were again 

shown to play a key role in targeting a particular network topology/conformation. For example, 

the sod net could be realized in ZIFs only upon methyl-substitution on the 2-imidazolate 

position (Zn(2-methylimidazolate)2, ZIF-8). 
 

[1] N. W. Ockwig, O. Delgado-Friedrichs, M. O‟Keeffe, O. M. Yaghi, Acc. Chem. Res., 2005, 38, 176. 

[2] E. V. Alexandrov, V. A. Blatov, A. V. Kochetkov, D. M. Proserpio, CrystEngComm, 2011, 13, 3947. 

[3] O. Delgado-Friedrichs and M. O‟Keeffe, Acta Cryst. A, 2003, 59, 351. 

[4] A. Phan, C. J. Doonan, F. J. Uribe-Romo, C. B. Knobler, M. O‟Keeffe and O. M. Yaghi, Acc. Chem. 

Res., 2010, 43, 58. 

[5] I. A. Baburin and S. Leoni, CrystEngComm, 2010, 12, 2809. 

[6] I. A. Baburin and S. Leoni, J. Mater. Chem., 2012, 22, 10152. 
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Mathematical knot theory studies entangled structures like knots, links and braids. A classical 

question is how to produce knot tables: lists of all possible knots with given properties. While a 

knot consists of one circle, links contain multiple circles that can be knotted and concatenated. 

Braids are structures that are closely related to knots and links: It is possible to assign a knot or 

a link to any braid and all knots and links have a representation as a braid. Furthermore, 

techinques from knot theory can be used to investigate entanglements in spatial graphs. Spatial 

graphs can be thought of as knots or links with additional edges. 

Crystal engineering concepts have produced coordination networks that contain entanglements 

like knots and links [1]. Many 3-dimensional and several 2-dimensional entangled structures  

have been reported by experimentalists [2],[3]. Wang et al. synthesised several braided            

1-dimensional coordination polymers [4]. Furthermore, a ravel was synthesised by Lindoy et al. 

[5]. The concept of ravels was introduced beforehand by Hyde et al. [6] and describes 

topological entangelments in spatial graphs that are not caused by knots or links.  

Knot theoretical methods can predict - respectively give constrains on - entanglement modes of 

coordination polymers under chemically motivated assumptions. In collaboration with Prof.    

Proserpio we could show that the only interwoven structures that can be expected in a 1D 

coordination polymer with three strands are the triple helix and the braid that closes to the 

Borromean link. In addition, we give lists of possible braids with more than three strands. One 

of the 5-stranded braids from our list has been synthesised by Wang et al. [4]. 
 
[1] L. Carlucci, G. Ciani, D.M. Proserpio Coord. Chem. Rev. 2003, 246, 247. 

[2] I.A. Baburin, V.A. Blatov, L. Carlucci, G. Ciani, D.M. Proserpio J. Solid State Chem. 2005, 178, 2452. 

[3] V.A. Blatov, L. Carlucci, G. Ciani, D.M. Proserpio Cryst. Eng. Comm. 2004, 6, 377. 

[4] G.-P. Yang, L. Hou, X.-J. Luan, B. Wu and Y.-Y. Wang Chem. Soc. Rev. 2012, 41, 69927000. 

[5] F. Li, J.K. Clegg, L.F. Lindsoy, R.B. Marquart, G.V. Meehan Nat. Commun. 2011, 2, 205-1. 

[6] T. Castle, M.E. Evans, S.T. Hyde New J. Chem. 2008, 32, 1484. 
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We ran a combinatorial search based on the computational tiling theory developed by Delaney, 

Delgado-Friedrichs, Dress and Huson [1,2] aimed at the construction of periodic simple tilings 

of increasing complexity. Periodic tilings containing only tiles with 12 to 16 faces and 4, 5 and 

6-sided faces have been considered. All Euclidean tilings with up to 11 crystallographically 

distinct kinds of vertices have been enumerated. 

 

 
Figure 1. A periodic simple tilings with 11 kinds of vertices. 

 

[1] O. Delgado-Friedrichs, D. H. Huson. Discrete Comput. Geom. 1999 21, 299–315. 

[2] O. Delgado-Friedrichs. Discrete. Comput. Geom. 2001 26, 549–571. 
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SAXS is the analytical method of choice for native environment data. It provides the unrivalled 

flexibility to characterize all kinds of sample states and forms in real life or under non-ambient 

conditions. 

You can be confident about the determined parameters as they are typical in their native 

environment and not biased by restrictive measurement conditions, as may occur with other 

analytical methods. 

A successful SAXS measurement requires only that the sample be properly positioned in the X-

ray beam, as is. Since there are so few requirements in terms of sample form or measurement 

conditions, the preparation time and effort is minimal. No cutting or grinding, no drying, no 

heat treatment, no electrodes, and no preparation damage - SAXS is a truly non-destructive 

characterization method. 

The most prominent characteristic of our N8 HORIZON – compared to traditional SAXS 

systems – is the innovative vertical instrument setup. 

This simple rotation offers two major benefits: Firstly, no other system with comparable 

performance has such a small footprint in valuable lab space. 

Secondly, gravity is working for you. Samples are easily mounted with no need for fixing aids. 

During measurement, samples will never flow, sink or fall out of the X-ray beam. 

Changing perspective will brighten up your horizon. 
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The development of single-photon-counting detectors opened up numerous possibilities in both 

synchrotron and laboratory X-ray diffraction. Synchrotron sources specially benefit from 

detector features such as high count rates and radiation tolerant design. Weak laboratory sources 

can be fully exploited owing to the noise-free performance of single-photon-counting detectors. 

In this paper, three detectors will be presented: two-dimensional PILATUS3 and EIGER 

detectors and one-dimensional MYTHEN detector. At first, their operating mechanism and, 

subsequently, basic features will be explained. The focus of this work, however, connects their 

features to specific achievements in both synchrotron and laboratory diffraction experiments. 

The performance of the MYTHEN micro-strip detector with synchrotron radiation will be 

illustrated using several structures of organic compounds. First, the quality of X-ray powder 

diffraction data will be discussed by comparing it to the reference structure, solved and refined 

from single crystal data [1]. Furthermore, a novel structures of organic compounds will be 

presented. In particular, the possibility of Rietveld refinement without geometrical restraints, 

treatment of radiation-sensitive compounds disordered systems, co-crystal vs. salt, and tautomer 

disambiguation will be addressed. Similarly, the performance of the MYTHEN detector 

integrated in a STOE Stadi P laboratory diffractometer will be demonstrated by solving one 

reference and one unknown structure. Additionally, two examples will illustrate the high 

performance of MYTHEN detector in the field of industrial stress measurement.  

The Hybrid Photon Counting (HPC) PILATUS3 pixel detector was initially developed to 

accommodate the needs of protein crystallography at synchrotron facilities. In less than ten 

years, PILATUS3 has completely transformed protein crystallographic data acquisition. 

Nowadays, it is frequently used in other fields, such as X-ray Powder Diffraction (XRPD) [4], 

diffuse scattering studies [5], thin-film characterization and Small Angle X-ray Scattering 

(SAXS) studies [6]. Some of these examples will be explained in more detail. Achievements of 

PILATUS3 detector installed in laboratory diffractometer will be exemplified by complex 

structures, whose determination required fast, noise-free detector. 

Finally, features and preliminary results of EIGER, the newest HPC pixel detector will be 

presented. 
 

1  Longchambon, F., Avenel, D., Neuman, A. Acta Cryst. B 1976, 1822-1826 

2  Šišak, D. et al. Angew. Chem. Int. Ed. 2010, 49(26), 4503-4505 

3  Šišak Jung, D. PhD thesis. 2013, ETH Zurich 

[4] Conterosito, E. et al. Cryst. Growth Des. 2013, 13, 1162-1169 

[5] Baerlocher, Ch., Weber, Th., McCusker, L.B., Palatinus, L., Zones, S.I. Science 2011, 333, 1134 

[6] Gilliams, R.J. et al., Langmuir. 2014 30(12):3337-44. doi: 10.1021/la404275u. Epub 2014 Mar 19. 
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Over the last years, hybrid pixel detectors have revolutionized the XRD world first at 

synchrotrons and then in the home lab. These type of 2D-detectors offer a very stable technical 

solutions, semiconductor based technology  and a wide range of different sizes. Rigaku is now 

the first XRD system manufacturing company who has introduced their own development of 

hybrid pixelated detectors. This are the HiPix-400 and the HiPix-3000. In this presentation we 

want to report on this development and some of the first application data obtained with these 

detectors. 

In addition we will present recent developments in X-ray optics for diffraction experiments with 

Rigaku instruments. 
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Whilst a diffractometer equipped with a micro-focus point source, 4-circle kappa goniometer 

and a 2D area detector is not primarily intended for polycrystalline / fibrous sample 

measurements, the convenience and the ease of use of the Agilent SuperNova System in 

combination with a number of cryo-devices easily lends itself to a wide variety of experiments 

outside of the single crystal domain.    

Agilent‟s latest, S2 generation CCD detectors with Smart Sensitivity Control provide 

unprecedented levels of detectivity and accessible dynamic range. Combined with the brilliance 

of the Nova micro-focus Cu K-alpha source a few grains of material can prove sufficient for 

high quality data acquisition in transmission mode.  

Starting from medium resolution phase identification to full-fledged Rietveld quality data 

collections, CrysAlis
Pro

 makes it straightforward to design the most optimal experiment strategy 

through its built-in „Powder Tools Module‟, which is standard on all instruments. Using the 

language of powder diffractionists the dialogs allow for tuning the fully automated scans by 

simply selecting from pre-defined constraints and geometries to the full flexibility of crafting 

every scan by hand. Combined with the variable temperature module the instrument enables 

rapid scanning for phase transitions as well as tracking changes in unit cell parameters. Using 

the high resolution colour video microscope one is also able to record images during the 

temperature scans to be able to correlate any changes in the sample‟s physical state. 

Convenient data reduction tools are available for radial and azimuthal integrations based on 

accurately calibrated instrument models. Automated treatment (stitching and scaling) of multi-

theta runs, export to a variety of external file formats as well as scripting for batch processing 

make Agilent‟s single crystal diffractometers highly capable instruments for dealing with 

polycrystalline materials.   
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Determination of absolute configuration for light-atom structures has become central to 

research in pharmaceuticals and natural products synthesis. In the absence of elements heavier 

than silicon, it is often problematic to make a significant assignment of absolute configuration. 

Traditionally, a heavy-atom derivative has been prepared, but this is not always feasible. 

Making these assignments has become somewhat easier with the advent of high-intensity 

micro-focus sources, as the increased flux density improves the anomalous signal through 

improvements in counting statistics.  

With the recent introduction of a liquid-metal-jet Ga source unprecedented beam intensities can 

be achieved. The slightly shorter wavelength of Ga Kα compared to Cu Kα slightly weakens the 

anomalous signal of a typical light atom structure but the additional 55% of reflections to the 

smaller d-spacing significantly improve the quality of the Flack parameter. The improvement in 

data quality from a liquid-metal-jet Ga microfocus source will be demonstrated.  

Absolute-structure determination on light-atom compounds with Mo radiation is a further 

challenge, which will be discussed as well. 
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HP1028 and TraC are proteins from two different organisms, having in common of being 

animal pathogens. HP1028 belongs to Helicobacter pylori, a Gram-negative bacterium which is 

involved in the colonization of human stomach
[1]

. In order to get the initial phases, 

selenomethionine mutants were produced and the structure was solved using the single 

anomalous dispersion (SAD) method. The crystal structure shows that the protein belongs to the 

lipocalin family. Owing to hp1028 gene localization inside the genome (the gene is located in 

between hp1029 and hp1027. In addition, hp1028 and hp1029 genes are connected via gene 

cluster operon edges to fliY (hp1030) and fliM (hp1031), which encode key flagellar proteins
[2]

) 

and to the protein structure, it is possible to hypothesize for the protein a crucial role in bacterial 

motility as a chemotactic factor. 

TraC protein is involved in a well-characterized system of cell signaling of E. faecalis, a Gram-

positive bacterium involved in clinical infections
[3]

. Since the homologous PrgZ
[4]

 structure is 

available, the latter was used as a template to obtain initial phases with the Molecular 

Replacement (MR) method. The crystal structure determination procedure resulted quite 

complex, since the crystal was severely affected by twinning. Several attempts to define the 

correct space group were performed. The final molecular model places TraC in Cluster C of the 

substrate-binding proteins family (SBPs), confirming its role of mating pheromone receptor. 

(a) (b) 

Fig. 1: a) Cartoon view of TraC. The peptide cAD1 bound in the cavity is shown as a sticks model. b) 

Cartoon representation of HP1028. 

[1] Montecucco, C. and Rappuoli, R., Nat. Rev. Mol. Cell Biol., 2001, 2(6), pp. 457-466. 

[2] van Vliet, A.H., Ernst, F.D. and Kusters, J.G., Trends Microbiol, 2004 12(11), pp. 489-494. 

[3] Scharberg, D.R., Culver D. H. and Gaynes, R. P., Am. J. Med., 1991, 91, pp. 72S. 

[4] Berntsson, R. P., Schuurman-Wolters, G. K., Dunny, G., Slotboom, D. J. and Poolman, B., J. Biol. 

Chem., 2012, 287(44), pp. 37165-37170. 
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Sorcin is a penta-EF calcium binding protein overexpressed in many multi-drug resistant 

cancers. During interphase sorcin is in the nucleus, in the plasma membrane, in endoplasmic 

reticulum (ER) cisternae, and in ER-derived vesicles localized along the microtubules where 

interacts with Ca(II) channels as RyR, SERCA thereby regulating the calcium load of the ER 

vesicles. Analysis of sorcin interactome reveals calcium-dependent interactions with kinases 

playing a key role in cell-cycle progression including Polo-like kinase1 which phosphorylates 

sorcin. Knockdown of sorcin results in major defects in mitosis and cytokinesis, increase in the 

number of rounded polynucleated cells, blockage of cell progression in G2/M, apoptosis and 

cell death. The regulation of these processess depends on the conformational changes of the 

protein induced by calcium. The crystal structures of sorcin in different forms have been 

determined to understand the molecular mechanism of calcium-dependent conformational 

changes. The structure of the apo sorcin (apoSor), the structure of sorcin in the calcium and 

magnesium bound forms (MgSor, CaSor) and the structure of sorcin calcium binding domain, 

in the calcium bound form (CaSCBD) have been solved. The structural analysis shows that the 

binding of calcium or magnesium ions to EF3 promotes the movement of three calcium ligands, 

Asp113, Asp115 and Ser117, toward the E-helix, where Glu124, the bidentate ligand, is placed. 

Thus, the loop acts as a lever dragging the D-helix away from the E-helix. The long D-helix 

movement trasmits the information of the calcium binding to the EF1-EF2 subdomain which 

undergoes a large conformational change with the movement of the A, B, C helices and the EF1 

and EF2 loops, which acquire the correct conformation to bind calcium. The D-helix movement 

exposes to the solvent an extended hydrophobic surface which in the CaSor structure interacts 

with a part of Sorcin N-terminal domain, suggesting how the binding of sorcin to its molecular 

targets may take place and how sorcin plays its cellular functions. 
 

 

 

 

 

 

 

 
 

 

 

Figure 1.Superimposition between the SCBD-Ca (green), calcium bound sorcin (cyan), and apo-sorcin  

(yellow) and mgSor (magenta), the N-terminal tail is colored red.  

 

[1] V.S. Lalioti, A. Ilari , D.J. O'Connell, E. Poser, I.V. Sandoval, G. Colotti PLoS One. 2014, 9, e85438.  

[2] A. Ilari ,K.A. Johnson,V. Nastopoulos,D. Verzili,C. Zamparelli,G. Colotti,D. Tsernoglou  and E. 

Chiancone J. Mol. Biol. 2002, 317, 447. 
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The bacterium Helicobacter pylori colonizes the stomach of more than half of the 

world‟s population, with the highest rates in developing countries, making it one of the most 

successful bacterial pathogens. Although the infection is mostly asymptomatic, H. pylori is 

responsible of severe gastroduodenal pathologies, including gastritis, ulcer and eventually 

gastric adenocarcinoma and MALT lymphoma [1-3]. H. pylori has become an important target 

for research in the last twenty years, both from the medical and from the biological point of 

view. Despite the identification of the bacterium dating back to 1984, its pathogenesis remains 

poorly understood at the molecular level. In our laboratory we are working on the structural 

characterization of proteins of the bacterium relevant for pathogenesis or host colonization. In 

this communication we will focus on HP1029, a secreted protein whose function is unknown, 

and we will show how the crystal structure, combined with other experimental evidences, can 

provide clues about the physiological function of the protein.  

The crystal structure of H. pylori HP1029 comprises a molecular core formed by 

twelve anti-parallel β-strands, arranged in two β-sheets. The two sheets form a sandwich that, 

owing to the flattening of each of them, assume the shape of a funnel opened at one end. The 

molecule‟s core is flanked on one side by four helices, and other three short helices are present 

around it. This fold can be classified as belonging to the cupins superfamily, a large class of 

proteins that owe this name to the flattened β-barrel that constitutes the core of the monomer. 

HP1029 is present in solution as a dimer (Fig. 1). The two monomers present in the asymmetric 

unit of the crystal can be considered the physiological dimer, since contacts between monomers 

are quite tight.  

A funnel is formed in between the two β-sheets in each monomer, and an ion is present 

at the bottom of the funnel entrance, still accessible to the solvent. Anomalous diffraction X-ray 

data showed that the ion bound to the protein in our crystal is zinc. Both ions present an 

identical tetrahedral coordination.  
 

 
Figure 1. Ribbon drawing of HP1029 dimer. 

 

 [1] Blaser, M. J. (1998). BMJ. 316, 1507-1510. 

[2] Rothenbacher D., Brenner H. (2003). Microbes Infect. 5, 693-703. 

[3] Peek, R. M.,Jr. (2002). Gastroenterology. 123, 1739-40; discussion 1740-1.. 
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Scleractinian coral skeletons are made mainly of calcium carbonate in the form of aragonite. 

The mineral deposition occurs in a biological confined sites. The skeleton contains an intra-

skeletal organic matrix (OM) that, after extraction, forms a water soluble (SOM) and a water 

insoluble (IOM) fraction. The first is probably main involved in the control of calcium 

carbonate deposition, the second provides a scaffold where crystal can grow [1,2], although in 

corals the distinction between these two fractions is not very sharp. 

To better understand the role of the OM in biomineralization processes, four Mediterranean 

coral species, Balanophyllia europaea (solitary, zooxanthellate), Leptopsammia pruvoti 

(solitary, non-zooxanthellate), Cladocora caespitosa (colonial, zooxanthellate) and Astroides 

calycularis (colonial, non-zooxanthellate) were chosen because of their different growth form 

and trophic strategy. 

The functions of their OMs and the influence of different growth forms and trophic strategy on 

biomineralization process were explored by in vitro crystallization of calcium carbonate. 

The crystallization of calcium carbonate was carried out by diffusion of ammonium carbonate 

vapor in a solution of calcium chloride and in artificial sea water containing different amounts 

of OM. The influence of SOM, IOM, entire OM (SOM+IOM) and wall OM (before separation 

in the two fractions) was investigated on calcium carbonate morphology and polymorphism. 

The results evidenced that the influence of the intra-crystalline OM on in vitro crystallization 

did not appeared related to the growth form and trophic strategy of the species. The presence of 

organic matrix does not influence noticeably the polimorphism of CaCO3, unless B. europaea. 

That suggest a stronger control of B. europaea OM over the mineral phases compared to the 

other species 
 

[1] S. Goffredo, P. Vergni, M. Reggi, E. Caroselli, F. Sparla, O. Levy, Z. Dubinsky, G. Falini PLoS ONE. 

2011, 6(7), e22338. 

[2] H.A. Lowenstam, S. Weiner On Biomineralization. 1989, Oxford University Press New York. 
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Lipocalin-type prostaglandin D synthase (L-PGDS) catalyzes the isomerisation of the 9,11-

endoperoxide group of PGH2 (Prostaglandin H2) to produce PGD2 (Prostaglandin D2) with 9-

hydroxy and 11-keto groups. The product of the reaction, PGD2, is the precursor of several 

metabolites involved in many regulatory events. L-PGDS, the first member of the important 

lipocalin family to be recognized as an enzyme, is also able to bind and transport small 

hydrophobic molecules and was formerly known as β-trace protein, the second most abundant 

protein in human cerebro-spinal fluid. Previous structural work on the mouse and human 

proteins has focused on the identification of the amino acids responsible and the proposal of a 

mechanism for catalysis. In this paper we present the X-ray structures of the apo and holo forms 

(bound to PEG) of the C65A mutant of human L-PGDS to 1.40 Å resolution and of the double 

mutant C65A K59A to 1.60 Å resolution. We have also studied the apo forms of the double 

mutants C65A W54F and C65A W112F and the triple mutant C65A W54F W112F. Mutation 

of the lysine residue does not seem to affect the binding of PEG to the ligand-binding cavity 

and mutation of a single or both tryptophanes appears to have the same effect on the position of 

these two aromatic residues at the entrance of the cavity. We have also identified a solvent 

molecule in an invariant position in the cavity of virtually all the molecules present in the 9 

asymmetric units of the crystals that we have examined. Taken together our observations 

indicate that the residues we have mutated appear to indeed play a role in the entrance-exit 

process of the substrate and/or other ligands to the binding cavity of the lipocalin. 

 

 
Binding of polyethylene glycol to the C65A mutant of human L-PGDS. 
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Ferritins are intracellular proteins that concentrate thousands of iron(III) ions as solid mineral 

[1]. The ferritin molecule is a multimeric system forming an external cage around the storage 

cavity. Iron(II) enters the protein shell through ion channels, proceeds inside each subunit, 

reaches the active site, where it is oxidized by O2 and eventually enters the cavity [2]. In 

vertebrate ferritins, like the frog M ferritin here studied, this path is about 40 Å long. Data on 

iron-ferritin are available for bacterioferritins [3], for the anaerobe Pyrococcus furious [4] and 

for the marine pennate diatom Pseudo nitzschia multiseries [5]. Besides bacterioferritins, where 

iron can be cofactor and/or substrate, studying iron in ferritins is difficult because the protein 

provides only weak interactions to iron, that moves without resting at any tight binding site. The 

transient nature of protein-iron interactions translates into undetectable iron binding in the 

crystals. In bacterioferritins iron is well detected but its function is controversial [3]. 

Understanding the protein capability i) to attract and guide iron along the path, ii) to keep it at 

the catalytic oxidation site for the oxidation/coupling reaction time, and iii) to avoid any 

definitive sequestration of the metal at protein binding sites is a scientific challenge. A 

soaking/flash freezing method has been developed to allow aerobic and anaerobic addition of 

iron(II) to frog [6] and human ferritin crystals (figure 1). Multi-wavelength anomalous 

diffraction data have been exploited to unambiguously detect the iron atoms. The method has 

allowed us to observe for the first time the iron binding sites of a vertebrate ferritin and to see 

how they evolve with time. The structural data, together with stop-flow kinetic data, provide 

new clues about the iron processing mechanism by ferritins.  
 

 
Figure 1. Iron (orange spheres) bound to the ferroxidase site (A) and additional sites (B) in human ferritin. 

 

[1]X. Liu, E. C. Theil.Acc. Chem. Res.2005, 38, 167. 

[2] T. Tosha, H. L. Ng, O.Bhattasali, T. Alber, E. C. Theil.J Am. Chem Soc. 2010, 132, 14562. 

[3] N.E.LeBrun,A.Crow,M.E.P.Murphy,A.G.Mauk,G.R.Moore. Biochim.Biophys.Acta2010,1800,732. 

[4] J.Tatur,W.R.Hagen,P.M.Matias. JBiolInorg.Chem.2007,12,615. 

[5] A.Marchettietal.Nature2009, 457,467. 

[6] I.Bertini,D.Lalli,S.Mangani,C.Pozzi,C.Rosa,E.C.Theil,P.TuranoJ.Am.Chem.Soc.2012,134,6169. 
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Cryo-cooling of protein crystals is not often used in neutron crystallography. However cryo-

temperatures are used to block the reaction processes at specific intermediate stages, and this 

has been widely used in X-ray studies [1]; [2]. In order to develop this area for joint neutron/X-

ray applications, trypsin was chosen as a suitable system for which its interaction with the 

substrate succinyl-Ala-Ala-Pro-Arg-p-nitro-aniline could be studied [3]. Here the neutron 

developments were carried out in parallel with complementary X-ray techniques, and also using 

in crystallo UV-visible and Raman spectroscopy.  

Various strategies for doing this have been tested. The installation of an N2-gas-cryostream 

system on the D19 single crystal diffractometer at the Institut Laue Langevin (ILL) and the 

development of a new carboloop mounting system [4], has opened new avenues to perform 

cryo-cooling experiments using a neutron source. Preliminary data collection carried out at the 

ILL and at the European Synchrotron Radiation Facility (ESRF), have confirmed the feasibility 

of the approach. A full description of the experimental procedures and results will be presented. 

As part of this a new carboloop mounting system has been developed that is suitable for both X-

ray and neutron data collection [figure 1]. These mounts resolve the problems of activation and 

hydrogen incoherent scattering in neutron experiments We describe the use of these and their 

advantages over conventional X-ray mounting systems - including compatibility with standard 

magnetic goniometer heads and resistance to cryogenic temperatures. 
 

 

 
Figure 1. On the left (a) Design of the carboloops. Each consists of (1) a microshaped vitreous mount, (2) 

a high-purity thin-walled aluminium tube and (3) a magnetic SPINE goniometer-compatible 

base. (b). X-ray and neutron cryo-crystallography carbo- loop mounts. The standard magnetic 

SPINE base provides compatibility with most X-ray goniometer heads and easy transfer and 

storage in crystal pucks. On the right a trypsin crystal (5 mm3) mounted on a carboloop. 

 

[1] K. Moffat and R. Henderson, Curr. Opin. Struct. Biol., vol. 5, no. 5, pp. 656–63, Oct. 1995. 

[2] E. F. Garman and T. R. Schneider, J. Appl. Crystallogr., vol. 30, pp. 211–237, 1997. 

[3] E. S. Radisky, J. M. Lee, C.-J. K. Lu, and D. E. Koshland, Proc. Natl. Acad. Sci. U. S. A., vol. 103, no. 

18, pp. 6835–40, 2006. 

[4] F. Romoli, E. Mossou, M. Cuypers, P. van der Linden, P. Carpentier, S. a. Mason, V. T. Forsyth, and 

S. McSweeney, Acta Crystallogr. Sect. F Struct. Biol. Commun., vol. 70, no. 5, pp. 681–684, 2014. 
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mailto:filippo.romoli@esrf.fr
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Lectins are proteins widely diffuse in nature that interact non-covalently with carbohydrates [1]. 

Of all the mushroom proteins, lectins are probably the most extensively investigated because it 

has been observed that they can exhibit antitumour activity on human cancer cells [2]. Among 

them, a lectin from the fruiting bodies of the edible oyster mushroom Pleurotus ostreatus was 

isolated since it appears to be able to inhibit the growth of human neoplastic cells [3]. It was 

named POL, Pleurotus ostreatus lectin and in our laboratory it is  purified using two 

chromatographic steps: a hog gastric mucin column  followed by a Sephacryl S-100 gel 

filtration column. Crystals of 0,1-0,3 mm can be grown in two  crystallization conditions: 1) 0.1 

M Na Hepes pH 7.5 in the presence of 0.8 M potassium/sodium tartrate tetrahydrate and 2) 1.6 

M Ammonium sulphate, 0.1 MES pH 6.5 and 10% v/v Dioxane. We have collected X-ray 

diffraction data at various beamlines of the European Synchrotron Radiation Facility (ESRF) in 

Grenoble, France. The structure was solved by Single Isomorphous Replacement (SIR) with 

anomalous dispersion. The model was built with the program Coot and refinement was carried 

out  with data collected from apo crystals at 2.05 Å using RefMac 5. The unknown preliminary 

amino acid sequence of the polypeptide chain was obtained from the electron density maps. The 

asymmetric unit contains one monomer with two domains of 22 β-strand only: 10 forming the 

domain near the N-terminus and 12 the  C-terminus nearer, with a conformation that resembles  

the β-barrel fold. β-sheets are radially arranged around a central tunnel packing face-to-face. 

Since there seems to be an enzymatic activity associated to POL, it was decided to perform 

enzymatic assays with four nitrophenol derivatives. The most reactive substrate for POL was 4-

nitrophenyl-β-D-glucopyranoside with a Vmax=87.21 nmol sec-1 mg-1, kcat=43s-1 and 

Km=240 µM. As POL density maps did not reveal any density regions that could be ascribed to 

a carbohydrate, it will be necessary to crystallize the lectin with specific inhibitors bound at the 

active site (for example nojirimycin). In addition, POL was also tested on human pancreatic 

cancer cells (MiaPaCa-2) and its therapeutic effect was evident. The antitumoral activity of 

POL might be exploited to direct PLGA, poly(lactic-co-glycolic acid) nanoparticles, to different 

melanoma cell lines. For this purpose, since the total yield of purified POL is very low, attempts 

of heterologous expression in E. coli, with the protein sequence optimized for the expression in 

this bacterial system, are still in progress. 

 
FFigure 1. Ribbon model of one monomer of POL. 

 
[1] H. Lis, N. Sharon. Chem Rev. 1998. 98(2):637-674.                                                                               

[2] J. Erjavec, J. Kos,  M. Ravnikar. Trends Biotechnol. 2012. 30(5):259-73.                                                                                                                                 

[3] H.Wang, J. Gao,TB. Ng. Biochem Biophys Res Comm. 275: 810-816. 
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A few years ago we isolated and sequenced a novel glycoprotein present in the eggs of the carp 

(Cyprinus carpio) (1). The protein, that binds to a Sepharose 4B matrix column and can be 

eluted with 0.4 M N-acetyl glucosamine, behaves like a lectin of molecular mass 26686.3 Da. 

On the basis of DLS experiments the lectin is present in solution as a stable dimer. We have 

determined its 238 amino acid long sequence, the position of its 4 disulfide bridges and the 

structure of its single N-linked carbohydrate chain. The lectin shows a very low agglutinating 

activity for human A-type erythrocytes and interacts with both Gram positive and negative 

bacteria, these last interactions are inhibited by N-acetyl glucosamine. A data base search shows 

that its amino acid sequence is significantly similar to that of the members of an invertebrate 

lectin family that includes tachylectin-1, present in the amebocytes of the horseshoe crab 

Tachypleus tridentatus, and known to participate in the innate defense system of this species 

(2.3) and two other lectins, characterized in the plasmodium Physarum polycephalum, that are 

called Tectonins I and II and are located in the external surface of the plasma membrane (4). 

We have proposed the name fishelectins (by analogy with tachylectins) for this new vertebrate 

protein family. Homologous genes are present in other bony fish. The carp protein has 85% 

identity with a gene expressed in the crucian carp (Carassius auratus gibelio) (5) and 78% 

identity with a gene in the cDNA library of the zebrafish (Danio rerio). We have prepared three 

different crystal forms of the apo protein and two of co-crystals with N-acetyl glucosamine. The 

orthorhombic form of the apoprotein belongs to space group P212121 and was solved first using 

the MIR method.  Our poster will present the statistics of the best synchrotron data of the apo 

and holo forms of the lectin and the refinement statistics of the apo form. 

 
 Ribbon diagram of the FEL molecule.  

[1] Galliano, M., Minchiotti, L., Campagnoli, M., Sala, A., Visai, L., Amoresano, A., Pucci, P., Casbarra, 

A., Cauci, M., Perduca, M. & Monaco, H.L. (2003) Biochem. J. 376, 433-440. 

[2] Saito, T., Kawabata, S., Hirata, M. & Iwanaga, S. (1995) J. Biol. Chem., 270, 14493-14499.  

[3] Chen, S. C., Yen, C. H., Yeh, M. S., Huang, C. J. & Liu T. Y. (2001) J Biol Chem., 276, 9631-9639.  

[4] Huh, C. G., Aldrich, J., Mottahedeh, J., Kwon, H., Johnson, C. & Marsh, R. (1998) J. Biol Chem., 273, 

6565-6574.  

[5] Xie, J., Wen, J.J., Chen, B. & Gui, J.F. (2001) Gene, 271, 109-116.  
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The synucleins are a family of intrinsically disordered proteins (IDP) mainly expressed in the 

brain. They consist of three proteins, α-, β-, and γ-synuclein (αS, βS, and γS) which have high 

sequence homology [1, 2]. Synucleins have been linked to a wide variety of pathologies, 

including neurodegenerative diseases, like Parkinson‟s disease (αS) and  various types of 

cancers (γS) [2]. The major hallmark of these disorders is the protein misfolding leading to 

protein oligomerization and aggregation [3]. Among synucleins, αS has the highest propensity 

to self aggregate, while βS is the least prone [4]. Transition metal ions play a key role in the 

neurodegenerative disorders [5-6]. It has been shown that S is able to bind copper in both 

oxidation state and that such interaction affects both protein aggregation and the production of 

reactive oxygen species in vitro [7, 8]. Recently Cu(II) binding to αS and S was compared, 

indicating the occurrence of identical metal binding behavior for both proteins [9]. On the other 

hand nothing is known about Cu(I)-βS binding. The comparison between the amino acid 

sequences of αS and βS shows that the N-terminal regions are highly conserved, with the 

presence of six point mutations (Figure 1). One of these is at position 10, where Lys is 

substituted by Met. Since methionine residues constitute the Cu(I) binding domain, K10M 

substitution might provide a new possible thioether ligand for Cu(I) in βS. In order to address 

this issue, we investigated the behavior of the N-terminal  region of βS in presence of Cu(I) by 

means of NMR, CD, and XAS spectroscopy.  By using peptide sequences encompassing the 

first 15 amino acids of S and βS we have determined and compared the metal coordination 

spheres and the 3D structures of the two complexes.  
 

  
Figure 1. Comparison of the N-terminal sequences (1-60) of α- and β-synuclein. The six single point         

mutations are shown in grey.  

 

[1] C. Lavedan Genome Res. 1998, 8, 871. 

[2] D.F. Clayton, J.M. George Trends Neurosci. 1998, 21, 249. 

[3] V.N. Uversky, J. Li, P. Souillac, I.S. Millett, S. Doniach, R. Jakes, M. Goedert, A.L. Fink, J Biol. 

Chem. 2002, 277, 11970. 
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[5] X. Wang, D. Moualla, J. A. Wright, D. R. Brown. J. Neurochem. 2010, 113, 704. 
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Low Density Lipoprotein (LDL) plays a central role in lipid metabolism as the major transport 

vehicles of cholesterol in the human organism. Their pathophysiological significance in the 

development of atherosclerosis underlines the need for a thorough characterization of this 

macromolecular 1ipid-protein complex to provide a basis for the establishment of structure-

function relationships. Its widely accepted that LDL structure consists of a bulk hydrophobic 

inner lipidic core, an amphipatic interface consisting of a lipid monolayer surrounded by a 

single protein, the apoB-100. A tight interaction between lipids and protein occurs, and 

modifications of each of these two components affect the structure and conformation of the 

other, these changes being of relevance in the modulation of the multifaceted LDL functions. 

Although the composition the LDL particles is well known, the fundamental molecular 

interactions and their impact on the structure of LDL particles are not well understood at 

physiological conditions. 

Here, the 3D structure of LDL particle was reconstructed by means of Small Angle X-Ray 

Scattering (SAXS) [1] combined with bioinformatics prediction [2] of the individual apoB-100 

domains to give a detailed structural model. This model shows that the spatial distribution of 

apoB-100 appears mainly confined in three, equally spaced, domains exposed on the surface of 

the lipidic core.  

This structural information is also utilized to understand and explain the molecular 

characteristics and interactions of LDL with 17β-estradiol (E2). The presence of the E2, was 

found to stabilize LDL structure and the overall effect is to render LDL particle more resistant 

to structural changes induced by proatherogenic factors such as oxidative and lipolytic 

modifications, misfolding and aggregation [3]. E2 binds to a single and highly specific site on 

apoB-100, yielding, a more compact protein structure. 
 

 
Figure 1. Different views of the ab initio 3D LDL model. Gray white refers to the area with electron 

density lower than that of water (lipidic core), gray to the area with electron density slightly 

higher than that of water  (intermediate layer), and dark-gray the area with electron density 

higher than that of water (outer protein domains). 
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Triosephosphate isomerase (TPI) catalyzes the interconversion of glyceraldehyde-3-phosphate 

to dihydroxyacetone phosphate. Photosynthetic organisms generally contain two isoforms of 

TPI located in both cytoplasm and chloroplasts [1]. While the cytoplasmic TPI is involved in 

the glycolysis, the chloroplastic isoform participates in the Calvin–Benson cycle, a key 

photosynthetic process responsible for carbon fixation. Compared with its cytoplasmic 

counterpart, the functional features of chloroplastic TPI have been poorly investigated and its 

three-dimensional structure has not been solved. Recently, several studies proposed TPI as a 

potential target of different redox modifications including dithiol/disulfide interchanges, 

glutathionylation, and nitrosylation [2]. However, neither the effects on protein activity nor the 

molecular mechanisms underlying these redox modifications have been investigated. Here, we 

have produced recombinantly and purified TPI from the unicellular green alga Chlamydomonas 

reinhardtii (Cr). The biochemical properties of the enzyme were delineated and its 

crystallographic structure was determined at a resolution of 1.1 Å [3]. CrTPI is a homodimer 

with subunits containing the typical (β/α)8-barrel fold (Fig. 1). Although no evidence for TRX 

regulation was obtained, CrTPI was found to undergo glutathionylation by oxidized glutathione 

and trans-nitrosylation by nitrosoglutathione, confirming its sensitivity to multiple redox 

modifications. In terms of activity inhibition trans-nitrosylation can be considered as the most 

significant oxidative modification occurring on CrTPI. With the aim of identify the cysteine 

residue/s target of the redox modification, we focus our attention on the cysteines 

microenvironment. CrTPI contains in its primary sequence five cysteins, only one of these is 

fully conserved in TPI family. It was proposed that the majority of the S-nitrosylated proteins, 

in either the primary or the tertiary structure, contain two motifs promoting S-nitrosylation in 

proximity to the target cysteine thiol. On the basis of the analysis of the accessibility and 

tridimensional environment, we propose that Cys219 undergoes trans-nytrosilation in CrTPI.   
 

 
 

Figure 1. Cartoon representation of the CrTPI homodimer. 
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Generally, chloroaromatic compounds are persistent environmental contaminants since they are 

degraded slowly and often incompletely. Nevertheless some bacteria through adaptation have 

acquired the ability to utilize these compounds. A major route for their aerobic degradation is 

via the ortho-cleavage of chlorocatechols, which occur as central intermediates in the 

degradation pathways of many chloroaromatic substances, with the production of cis,cis-

chloromuconates. 

2-chloromuconate cycloisomerase from the Gram-positive bacterium Rhodococcus opacus 1CP 

(Rho-2-CMCI) is an enzyme of a modified ortho-pathway, in which 2-chlorophenol is degraded 

using 3-chlorocatechol as central intermediate [1]. In general, the chloromuconate 

cycloisomerases catalyze not only the cycloisomerization, but also the process of 

dehalogenation of the chloromuconate to dienelactone. However Rho-2-CMCI, unlike the 

homologous enzymes from the Gram-negative bacteria, is very specific for only one position of 

the chloride on the substrate chloromuconate. Furthermore, Rho-2-CMCI is not able to 

dehalogenate the 5-chloromuconolactone and therefore to generate the dienelactone [2]. 

The crystallographic structure of the homooctameric Rho-2-CMCI was solved by molecular 

replacement using the coordinates of the structure of chloromuconate cycloisomerase from 

Pseudomonas putida PRS2000 [3]. The structure was analyzed and compared to the other 

already known structures of (chloro)muconate cycloisomerases. In addition to this, molecular 

docking calculations were carried out, which allowed us to determine the residues responsible 

for the high substrate specificity and the lack of dehalogenation activity of Rho-2-CMCI. Our 

studies highlight that a histidine, located in a loop that closes the active site cavity upon the 

binding of the substrate, could be related to the dehalogenation inability of Rho-2-CMCI and in 

general of the muconate cycloisomerases. 

 

[1] O. V. Moiseeva, I. P. Solyanikova, S. R. Kaschabek, J. Groning, M. Thiel, L. A. Golovleva, M. 
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DNA sequences rich in guanines are able to adopt peculiar folded structures, called G-

quadruplex, in which four guanines are paired by Hoogsteen-like hydrogen bonds to form 

overlapped planar arrays. These sequences can be found in different regions of the human 

genome. Actually, the G-quadruplex structures formed at the single-stranded overhang of 

telomeric DNA are of particular interest, because the stabilization of these structures by ligands 

can inhibit the activity of the telomerase enzyme, thus interfering with the abnormal 

proliferative ability of malignant cells. For these reasons, many efforts have been recently 

devoted in the investigation of G-quadruplex stabilizing molecules as potential anticancer 

drugs.
1, 2

 In our study, we examined the adducts formed by different sequence of telomeric 

DNA (named Tel12, Tel23 and Tel24) with some alkaloids from the protoberberine family,  

natural compounds used by humankind as medicine since millennia
3
, and intensively studied as 

G-quadruplex ligands
4
. Crystallization screening were performed using the Tel12 and Tel23 

DNA sequences and both natural and semisynthetic compounds. The obtained single crystals 

were characterized by X-ray diffraction analysis and results are reported. The binding features 

of the studied compounds towards telomeric G-quadruplex were additionally investigated in 

aqueous solution by means of spectroscopic (UV-VIS absorption, circular dichroism). 
 

 
 

Figure 1. Berberine and Coptisine (top) and the semisynthetic derivatives (n=3,4 - bottom). 
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A deeper comprehension of the biomineralization process and in particular the interplay of 

the collagen and amorphous calcium phosphate (ACP) in the early stage of mineralization, is at 

the basis of tissue engineering and regenerative medicine developments.  

 Computed X-ray phase contrast micro-tomography is the most valuable tool for a three-

dimensional and non destructive analysis of the tissue engineered bone at micrometer-level. The 

X-ray microdiffraction is a powerful technique to study the structural evolution during 

biomineralzation process at atomic-level.  

We performed several combined studies of X-ray phase contrast tomography and X-ray 

micro-diffraction for the investigation of both bone and soft connective tissue, regenerated in 

vivo within a porous scaffold (fig. 1). As a result, we were able to identify the 3D organization 

of the ACP and the collagen matrix and we image the dynamics of the collagen packing during 

ex-vivo mineralization and the early steps of mineral deposition.  

Our experimental approach allows for a deeper understanding of the role of collagen matrix and 

the ACP in the organic-mineral transition , which is a crucial issue for the development of new 

bio-inspired composites. 

 

                     

  
                                     a)                                                  b) 

 
Figure 1. a) 3D rendering of the regenerated bone inside the scaffold; b) Study of the collagen dynamic 

and orientation during the mineralization at the scaffold interface. 
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The recently discovered UiO-66 and UiO-67 classes of iso-structural metallorganic frameworks 

(MOFs) are obtained connecting Zr6O4(OH)4 inorganic cornerstones with 1,4-benzene-

dicarboxylate or 4,4′biphenyl-dicarboxylate linkers, for the UiO-66 and UiO-67 MOFs, 

respectively [1, 2]. Due to their outstanding stability at high temperatures, high pressures and in 

presence of different solvents, these materials are among the few MOFs already 

commercialized for applications in the fields of catalysis, H2 storage, and gas purification [1, 3]. 

We are currently exploring the possibility to enhance the capabilities of the UiO-67 MOF 

grafting to the framework an additional catalytically-active Pt centre, by chelating bipyridine 

linkers (Fig. 1a). The resulting metal-functionalized MOFs are attractive candidates for 

industrial applications aiming to heterogenization of homogeneous catalytic reactions. Due to 

the local character of the functionalization process, XAS spectroscopy is an ideal diagnostic 

tool to clarify the local structural and electronic properties of the grafted metal centre [4]. In this 

contribution we present a detailed Pt L3-edge XAS study of Pt
(II)

- and Pt
(IV)

-functionalized UiO-

67, synthesized according to different protocols (including pre-made linker, one-pot and post-

synthesis functionalization methods). The results demonstrate that the different synthesis 

methods succeeded in inserting Pt atoms at the desired framework positions, with the expected 

chemical environment (Pt
(II)

(bpy)Cl2 or Pt
(IV)

(bpy)Cl4 units), Fig. 1b. Moreover, having a 

significant fraction of Pt species grafted to the UiO-67 framework with coordinative 

unsaturation is a key requirement for applications in catalysis. With this respect, operando H2-

temperature programmed reduction (TPR) EXAFS experiments showed how it is possible to 

remove almost all Cl ligands from the first coordination shell of Pt, leaving the Pt N bonds 

substantially unaffected (Fig. 1c). Finally, XAS analysis also confirmed the reactivity of the 

Pt
(II)-

UiO-67 MOF towards substituents of the pristine Cl ligands, including Br atoms or thiol 

units, thus allowing functional modifications of the parent material. 

 
Figure 2 (a) Representation of Pt(II)-UiO-67, with the Pt(II)(bpy)Cl2 unit highlighted by black circles 

(central Pt in gray, N in dark gray, Cl in light gray). (b) Example of experimental and best fit EXAFS 

spectra of a Pt(II)-UiO-67 sample (post synthesis functionalization method). (c) Example of parametric 

refinement of operando TPR-EXAFS series, adopting the Einstein model for describing the temperature 

dependence of 2
N and 2

Cl factors (NN and 2
N are reported in black, NCl and 2

Cl in light gray). 
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Selective catalytic reduction (SCR) using ammonia as reducing agent is an effective way to 

remove hazardous NOx gas compounds from the exhaust of lean-burn engines [1]. Among the 

several catalysts developed for this purpose, small pore Cu
2+

-exchanged SSZ zeolite (Cu-SSZ-

13) has been selected for commercial applications due to its improved hydrothermal stability 

and activity in a wide temperature range [2]. Despite the extensive research efforts in the last 

two decades [3], a comprehensive picture of the structure-activity relationship for Cu-zeolites in 

NH3-SCR applications is still missing. With this respect, here we present a detailed multi-

technique investigation of a Cu-SSZ-13 catalyst (Si/Al and Cu/Al ratios of 13.1 and 0.444, 

respectively), performed by combining synchrotron-based (XAS/XES) and laboratory (FT-IR, 

UV-Vis) spectroscopies and DFT-based modelling [4,5]. In particular, we monitored by in situ 

Cu K-edge XAS the catalyst activation, both in oxidant (O2/He flux) and inert (He flux) 

atmospheres. The final states, probed also by in situ Cu Kβ2,5 XES, are structurally and 

chemically different, resulting in a substantial Cu(II)  Cu(I) reduction in the He-activated 

sample, associated to a lower first-shell coordination number (Figure 1a) [5]. Detailed DFT-

assisted EXAFS fitting and XANES/XES simulations clarified the local coordination 

environment of the most abundant Cu-sites in the catalyst, depending on the different activation 

atmospheres considered. Furthermore, we employed in situ XAS and XES to investigate the 

interaction of ammonia, which is a key ingredient of the SCR reaction, with the activated metal 

centers of the Cu-SSZ-13 catalyst. Upon interaction with ammonia at temperature lower than 

200 °C, we identified the formation of Cu(I) amino-complexes, such as H3N–Cu–NH3, 

characterized by a linear geometry and likely weakly interacting with the zeolite framework 

(Figure 1b) [5], which are expected to play a key role in the full SCR catalytic cycle. 

 
Figure 1. (a) In situ XAS spectra of Cu-SSZ-13 in it hydrated (room temperature), O2-activated and He-

activated (400 °C) states; the inset reports with the same gray-scale code the magnitude of the Fourier-

transformed k2 (k) EXAFS spectra. (b) In-situ evolution of the Cu K-edge HERFD XANES spectra of O2-

activated Cu-SSZ-13 during the interaction with 1300 ppm of NH3 in He at 120 °C; the inset reports 

background-subtracted Cu Kβ2,5 and Kβ‟‟ emission lines for the initial and final stages of the process. 
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[5] F. Giordanino, et al. J. Phys. Chem. Lett. 2014, 5, 1552. 
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We report the results of an in-situ synchrotron X-ray powder diffraction study on the 

thermal behavior and stability of Si-faujasite (Si-Y) [H
+

1.90[Al1.90Si190.10O384],s.g. Fd-

3m, a= 24.257(1)], performed at MCX beamline (Elettra). A previous investigation 

on the thermal behavior of Si-Y revealed a strong isotropic negative thermal 

expansion (NTE) from -248 to 300 °C [1], also confirmed by lattice dynamics 

simulations [2]. In this work we extend the heating range to 850°C and provide a 

structural interpretation of the two different responses to heating of this porous 

materials: NTE up to about 650°C, followed by positive thermal expansion (PTE) at 

higher T.  As shown in Fig.1, Si-Y is remarkably stable upon heating, with a slight 

loss of crystallinity only above 700°C. Moreover, no phase transitions or change in 

symmetry  are observed upon heating. The variation of the cell parameters up to 

650°C (Fig. 2) is in good agreement with the already observed NTE coefficient [1], 

and is followed by a PTE above 650°C. This behavior has been interpreted on the 

basis of a series of structural features, namely the T-T distances between adjacent 

tetrahedral sites (Fig. 3a), the thickness of the double 6-membered rings (D6R) (Fig. 

3b) and the ditrigonal index of the 6-membered rings (6MR). The mean T-T distance 

slightly decreases in the first T regime (attributed to transverse vibrations of the 

bridging oxygen atoms, readily excited at lower temperatures) and then increases 

above 600°C (attributed to longitudinal vibrations which dominate at higher 

temperatures), following the behavior of the cell parameters (Fig. 2). The variations 

in the T-T distances are accompanied by variations in the opposite directions of the 

D6R thickness (O4-O4 distance, Fig. 3b). Concerning the 6MR, it becomes more 

regular upon heating, especially in the high-T regime, corresponding to PTE.   

 

 

 

 

 

 
 

 

 

 

 

Fig. 1-Selected powder patterns at different temperatures.  

Fig. 2. Temperature dependence of a and V cell parameters.    

Fig. 3 - a) Thermal evolution of the mean T-T distance; b) Double six-membered ring, present in the zeolite Y 

structure. 

[1] M.P. Attfield and A.W. Sleight  Chem Commun 1998,  601  

[2] P. G. Krokidas, E. D. Skouras, V. Nikolakis,  V. N. Burganos J. Phys. Chem. C 2010 114, 

22441. 
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A large number of microporous compounds sharing the ABW framework topology have so far 

been reported in the literature. These compounds show a significant chemical variability, 

leading to interesting magnetic, optical or structural properties (see e.g. [1] and references 

therein). The ABW framework can be described as made by sheets of six-membered rings of 

tetrahedra, in which three tetrahedra have apical oxygen atoms pointing upward (U) and three 

downward (D), according to a “UUUDDD” scheme. The sheets are interconnected through the 

apical oxygen atoms, giving rise to elliptical 8-membered ring channels, where the 

extraframework population is hosted. The latter is generally represented by monovalent cations, 

with (as Li-ABW) or without (as Rb-, Cs- or Tl-ABW) H2O molecules. Only a few studies have 

so far been devoted to the phase-stability fields and thermo-elastic behavior of ABW 

compounds, in response to T and P. 

In this study, we focused our attention to two synthetic ABW compounds: TlAlSiO4 and 

CsAlSiO4, which gain interest for the pollutant and/or toxic nature of the hosted 

extraframework cations (Tl
+
 or Cs

+
). TlAlSiO4 has been investigated up to 950 °C (at room-P) 

and up to 8 GPa (at room-T) by means of in-situ synchrotron powder diffraction with a diamond 

anvil cell and with a high-temperature furnace [2]. No phase transition has been observed 

within the T- and P-range investigated. A II-order Birch-Murnaghan equation of state (II-BM 

EoS) fit of the P-V data led to a refined bulk modulus KV0 = 48.8(2) GPa. A polynomial fit of 

the T-V data led to a refined volume thermal expansion coefficient αV,25°C = 4.44(3)*10
-5

 K
-1

. 

CsAlSiO4 has been investigated up to 1000 °C (at room-P) and up to 10 GPa (at room-T) by 

means of in-situ synchrotron powder diffraction [3]. As for the Tl-analogue, no phase 

transitions have been observed within the T- and P-range investigated. A II-BM EoS fit of the 

P-V data gave a refined KV0 = 41.3(3) GPa. A polynomial fit of the T-V data led to a refined 

αV,20°C = 3.63(1)*10
-5

 K
-1

. Both the studied ABW-compounds show a remarkably anisotropic 

thermo-elastic pattern, resembling that of “layered materials” (e.g. phyllosilicates), where the 

stacking direction of the 6mR-sheets is significantly more compressible and expandable than 

the sheets plane. Such a behavior appears to be governed by the nature of the ABW topology of 

the framework. The high stability and flexibility of TlAlSiO4 and CsAlSiO4 at high-T (at room-

P) and high-P (at room-T) suggest these compounds as functional materials for the fixation and 

storage of the Tl
+
 and Cs

+
. 

 

[1] V. Kahlenberg, R.X. Fischer, W.H. Baur, Z. Kristallogr. 2001, 216, 489-494. 

[2] G.D. Gatta, P. Lotti, M. Merlini, D. Caputo, P. Aprea, A. Lausi, C. Colella, Micropor. Mesopor. 

Mater. 2014, submitted.  

[3] G.D. Gatta, M. Merlini, P. Lotti, A. Lausi, M. Rieder, Micropor. Mesopor. Mater. 2013, 163, 147-152. 



126 

 

 

P20. High-pressure and high-temperature behavior of 2M1 muscovite: a 

quantum mechanical approach 
 

Gianfranco Ulian,
a
 Giovanni Valdrè

a 

 
aCentro di Ricerca Interdisciplinare di Biomineralogia, Cristallografia e Biomateriali, Dipartimento di 

Scienze Biologiche, Geologiche e Ambientali, Università degli Studi di Bologna, Bologna, Italy,  

 
The knowledge of the high-pressure and high-temperature behaviour of muscovite is very 

important in minero-petrological and industrial fields for various genetic and thermobarometric 

issues and for ceramic/electric applications, respectively. However, there are very few works in 

literature devoted to the thermodynamic characterization of this mineral at atomic scale [1,2]. 

Muscovite presents an interesting challenge to computational mineralogists, because its 

structure is composed by tetrahedral-octahedral-tetrahedral (T-O-T) layers with potassium in 

the interlayer (see Fig.1a). The simulation parameters should be chosen carefully when dealing 

with micas, because two directions of the mineral are dominated by covalent bonds (within the 

TOT layers), while the third direction exhibits an interplay of van der Waals forces (between 

the layers) and strong ionic interactions due to the interlayer cations. In the present study, we 

show the thermo-chemical and thermo-physical properties of the 2M1 polytype of muscovite in 

the 0 – 10 GPa and 0 – 900 K ranges, by using the hybrid DFT/B3LYP-D* density functional, 

corrected to take into account dispersive forces, and employing the quasi-harmonic 

approximation [3]. The bulk modulus of muscovite and its first derivative at 298.15 K, 

calculated using a third-order Birch-Murnaghan equation of state were KT0 = 59.93 GPa, K‟ = 

7.84 and V0 = 940.6 Å
3
. Theoretical data are in good agreement with previous experimental 

results obtained by X-ray diffraction. Thermal bulk moduli, KT, thermal volume, VT (see 

Fig.1b), thermal expansion coefficients, αT, and heat capacity at different P,T conditions are 

provided, which could be useful in both geophysical and technological applications. The results 

of this kind of analysis can be used in the study of the thermodynamic properties of layered 

silicates at physical conditions that are difficult to obtain during experimental procedures, 

especially controlled high pressures and temperatures. 
 

 

 

 
Figure 1. (a) Muscovite-2M1 viewed along [100] and [001] directions. (b) 3D graph showing the PTV 

behaviour of the mineral. 

 

[1] P. Comodi, G. D. Gatta, P. F. Zanazzi, D. Levy, W. Crichton Phys. Chem. Miner. 2002, 29, 538. 

[2] N. Curetti, D. Levy, A. Pavese, G. Ivaldi Phys Chem. Miner. 2006, 32, 670. 

[3] O. L. Anderson, Equation of state of solids for geophysics and ceramic science, Oxford University 

Press, New York, US, 1995. 
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Disordered materials have played a significant role in the last decades both from the 

technological point of view that on pure research grounds. Applications such as phase-change 

memory storage and infrared lenses are being investigated to gain insight into the physical 

processes governing the phenomena and to optimize the devices efficiency
1,2

. The recently 

developed temperature-dependent constraint theory helps identify the ideal composition in order 

to get the best mechanical and rheological properties of glass materials. Nevertheless, a heated 

debate concerning the presence of an intermediate 'phase' between over- and under-constrained 

atomic networks is still open
3
. 

In this work we present a structural analysis performed onto glassy GeSe2 under pressure (up 

to 30 GPa) by means of double-edge energy-dispersive X-ray absorption spectroscopy. The 

topological modifications induced by pressure in the short-range structure around the photo-

absorbers have been characterized by looking at the first-shell radius and its Debye-Waller 

factor σ0
2
. The possibility of 'sitting' separately on the two atomic species has given us a way to 

better refine the structural parameters as well as to identify electronic transitions by looking at 

the XANES portion of the spectra. In particular, we observed an energy shift of the Ge K-edge 

compatible to a gradual metallization but, on the contrary, no shift was observed at the Se K-

edge. We suggest this result to be connected to the high degree of localization of the electronic 

states due to the amorphous character of the material, as also predicted by numerical 

simulations performed by Durandurdu and Drabold
4
. 

From the structural point of view we observed an elongation of the Ge-Se tetrahedral distance 

compatible with an increase in the coordination number, observed by diffraction to be about 4.5 

up to 10 Gpa
5
. The transformation is accompanied by a doubling of the Debye-Waller factor, 

testifying an increase in the chemical and topological disorder. Finally, we compare our results 

to previous studies performed on similar systems, such as silica, germania and GeS2. 

 
[1] A. V Kolobov, P. Fons, A. I. Frenkel, A. L. Ankudinov, J. Tominaga, and T. Uruga, Nat. Mater., 2004, 

3(10), 703–8. 
[2] J. J. Griebel, S. Namnabat, E. T. Kim, R. Himmelhuber, D. H. Moronta, W. J. Chung, A. G. 

Simmonds, K.-J. Kim, J. van der Laan, N. a Nguyen, E. L. Dereniak, M. E. Mackay, K. Char, R. S. Glass, 

R. a Norwood, and J. Pyun, Adv. Mater., 2014, 26, 3014–3018. 
[3] J. Mauro, Am. Ceram. Soc. Bull., 2011, 90(4), 31-37. 
[4] M. Durandurdu and D. A. Drabold, Phys. Rev. B, 2002, 65(10), 104208. 
[5] Q. Mei, C. Benmore, R. Hart, E. Bychkov, P. Salmon, C. Martin, F. Michel, S. Antao, P. Chupas, P. 

Lee, S. Shastri, J. Parise, K. Leinenweber, S. Amin, and J. Yarger, Phys. Rev. B, 2006, 74(1), 014203. 
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Accurate electron density mapping is quite a common practice for crystals cooled at low 

temperature and extensively measured. This does not hold for samples under external 

perturbation, due to complicated experimental conditions. Studying molecular crystals in 

excited states is a challenge [1] and a purely experimental electron density mapping is not 

possible at present. So far, the same limitation affected molecular crystals at high pressure, with 

only few attempts to use theoretically restrained multipoles to fit experimental data [2].  

 

Here we report on the first unconstrained multipolar model, refined for syn-l,6;8,13 

biscarbonyl[14]annulene (BCA) at P=7.7 GPa. BCA was the subject of a low temperature data 

collection by Destro and Merati [3]. The molecule (close to C2v symmetry in the solid at 

ambient conditions) has a fair aromaticity, but it progressively localizes double and single 

bonds as a function of pressure. At 7.7 GPa the geometrical distortion is quite evident and 

mirrored by the electron density.  

A series of experiments were carried out at Diamond Light Source. In particular, the accurate 

electron densiy determination was possible combining: a) high energy (40 Kev) to overcome 

the resolution problems caused by diamond anvil cells and reduce absorption and extinction; b) 

microfocused beam (30 micron) to minimize spurious X-ray diffusion; c) two crystals in the 

DAC, to increase data coverage; d) sufficient pressure to quench atomic motion. The final 

agreement is obviously worse than what typically obtained at ambient pressure and low 

temeprature. However, the model is satisfactory because: a) the deformation density is sensible 

and in agreement with the calculated one; b) the distribution of residuals is normal and no 

significant error is evident; c) the atomic thermal motion is significantly reduced at this 

pressure, therefore the deconvolution is satisfactory.  

The study proves that aromatic molecules are more reactive when squeezed, in keeping with the 

recent theoretical study by Hoffmann et al. on benzene.  
 

 

[1] P. Coppens, Angew. Chem. int. Ed. Engl., 2009, 48, 4280-4281 

[2] F. Fabbiani , B. Dittrich, C. R. Pulham, J. E. Warren Acta Cryst, Sect. A, 2011, 67, C376 

[3] R. Destro, F. Merati Acta Cryst. Sect. B, 1995, 51, 559-570 
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Several transition metal dioxides crystallize in the rutile structure type or in distortion of this 

lattice. The MoO2 structure type is a monoclinic distortion characterized by MO6 octahedra that 

form edge-sharing chains which are connected by common corners. The metal centers of the 

octahedra exhbit an alternating distance which is indicitive of metal-metal bonding. This 

distortion is due to metal-metal interactions as seen in the molybdenum, technetium, rhenium 

and tungsten oxide systems [1].  

The high pressure/high temperature behavior of these transition metal dioxide systems is 

explored using diamond anvil cells and whole cell heating techneques. The known high 

temperature orthorhomibic phase is observed at high pressure and temperature. Anistropic 

compression behavior is observed for each lattice direction in all of the monoclinic phases with 

compression rate variying by as much as a factor of three.  

 

 
[1] A. Magneli, G. Adnderson  Acta Chemica Scandinavica. 1955, 9, 1378-81. 
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Recent advancement in nanotechnological methodologies (experimental and theoretical) has 

widened the possible investigations of biological/organic matter interaction with substrates. 

Mineral surfaces are good candidates as substrates because they may present at the nanoscale a 

wide variety of physico-chemical properties and surface nanostructures that can be used to 

actively condense and manipulate biomolecules [1]. Scanning Probe Microscopy (SPM) is one 

of the best-suited techniques for the investigation at a single-molecule level of bio-surface 

interactions. In addition, the recent availability of high performance computing has increased 

the possibility to study quantum mechanically the interaction phenomena, extending the number 

of atoms involved in the simulation. We present here a detailed study that integrates SPM and 

Quantum Mechanics simulations in order to achieve a deeper understanding of the interaction at 

the single-molecule level of the amino acid glycine with the (001) crystallographic plane of 

chlorite. Single glycine molecules were experimentally observed to selectively adsorb and 

condense in monolayers on the (001) brucite-like surface of a freshly cleaved chlorite (see Fig. 

1a). Chlorite surface potential was ascribed to drive single glycine molecules to align along 

crystal sub-nm edges. We simulated the glycine interaction with the brucite-like (001) surface 

using the DFT/B3LYP-D* functional and an all-electron basis set to aid the interpretation of the 

experimental results. In agreement to the SPM observations, the amino acid is strongly 

adsorbed by the mineral surface (binding energy of about -33 kJ/mol), with several hydrogen 

bonds established (see Fig. 1b). The understanding and control of mineral-biomolecule 

interaction may find usefulness in specific applications as self-assembly, nanopatterning and 

biomolecular arrays, and also in theories on prebiotic chemistry and origin of life [2-4]. 

 

         
Figure 1. (a) SPM topography map and (b) quantum mechanical simulation of the interaction between 

glycine and chlorite. Distances in (b) are expressed in Angstrom.    

 

[1] G. Valdrè, D. Moro, G. Ulian. Adv. Nano Res. 2013, 1, 133.  
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[3] R. M. Hazen, D. A. Sverjensky Csh. Perspect. Biol. 2010, 2, a002162. 
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APE is a facility for spectroscopic investigation of solid surfaces and nanostructured matter for 

which the sample preparation and survey represent crucial and integral part of the experiment 

[1]. The APE concept is based on a state-of-the-art surface science laboratory as a support 

facility for advanced spectroscopies at two distinct beamlines using polarized synchrotron 

radiation in the ultraviolet and soft X-ray range from the Elettra storage ring 

(http://www.elettra.trieste.it/elettra-beamlines/ape.html). 

From 2013 APE became an integral part of the NFFA project demonstrator (www.nffa.eu) that 

allowed for an important upgrade of the ARPES end-station: new photoelectron analyzer (VG-

Scienta D80, upgradable to DA30) with high angular acceptance of 30° has recently (March 

2014) replaced the SES2002 (angular acceptance <14°) that was operational at APE since 1999. 

In addition, the new analyzer has two channels at the detector plane where photoelectrons are 

extracted and transported to two VLEED (very low energy electron diffraction) detectors for 

three-dimensional spin analysis that are currently under construction at APE. 

The whole system will further be fitted in a new mu-metal sample chamber, where improved 

magnetic shielding will allow measurements at low photon energies, thus providing more bulk-

sensitive information with respect to standard ARPES at energies >15 eV. 

With this upgrade the users will gain access to a state of the art Spin-Resolved ARPES 

spectrometer with variable polarization quasi-periodic undulator radiation, connected directly 

with the NFFA-DEMONSTRATOR suite of in situ growth and characterization facilities 

including PLD and MBE growth of metal oxides, as well as to the APE-High Energy 

spectrometer for XAS/XMCD/XMLD/XPS.   

The  new analyzer is available for users from April 2014.  The full Spin Polarization option is 

scheduled to be on-line within 2014. 

 
Figure 1. The scheme of the new experimental setup for SPIN and ANGLE-resolved photoemission at 

APE. 

[1] G. Panaccione et al., Rev. Sci. Instrum. 80, 043105 (2009)  
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Laue lens are an innovative approach to focus x and gamma rays in the energy range from ~60 

keV to 1 MeV through Laue diffraction in a properly arranged array of crystals. The best 

candidates as optical elements for such lenses are strongly bent crystals, which allow to achieve 

the maximum diffraction efficiency (DE), corresponding to the integrated intensity of an ideal 

mosaic crystal [1]. Crystals of high Z elements such as Cu, Au, Ag and many others [2] have 

been proposed to diffract radiation with high efficiency in an angular range dependent on the 

desired resolution. Moreover, for each diffraction and x-ray energy there is an optimal thickness 

maximizing the integrated intensity. 

We present a study of DE of several crystals as a function of curvature, thickness and 

diffraction planes. The calculation is based on the results of dynamical theory in strongly bent 

crystals. As an example Si and GaAs crystals exhibit a higher DE in 220 Laue diffraction than 

heavier materials in a large energy range up to 400 keV (see Figure 1). 

Moreover, we demonstrate that self-standing bent Si and GaAs crystals prepared by the method 

of controlled surface damage [4] exhibit the same DE-vs-curvature as expected for perfect 

curved crystals at 17, 19, 22.5 and 60 keV. 

Thus the use of low-Z and curved crystals in Laue diffraction would increase the lens 

performance also using cheaper and technological available crystals. This opens up important 

opportunities for use in x-ray astronomy and in nuclear medicine 
 

50 100 150 200 250 300 350 400 450 500 550 600
0

50

100

150

200

250

300

350

Energy [keV]

D
E

 [
a

rc
s
e

c
]

 

 

Si (220)

GaAs (220)

Cu (220)

Au (220)

Ag (220)

 

Figure 1.  Calculated integrated intensity of curved diffracting plane (220) in a number of possible 

materials at different energy. The thickness of the crystals was chosen to maximize the DE at each energy. 
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 A multi-purpose Pulsed Laser Deposition (PLD) has been implanted on the operational 

infrastructure of the APE-NFFA laboratory of IOM-CNR institute, connected to the APE 

beamlines at Elettra synchrotron facility. This infrastructure provides in a suite of 

interconnected UHV chambers all the surface science environment and methods that will 

support the manipulation and characterization of the as-grown PLD samples, and it has very 

recently (spring 2014) been upgraded with a wide angle and spin-resolved Resolved Photo-

Emission Spectroscopy (ARPES) analyzer equipped with vectorial very low energy electron 

diffraction (VLEED) analyzers. All the surface-related problems has been circumvented by 

allowing the synthesis and the characterization within the same ultra-high vacuum manifold, 

thus enabling the so-called Direct-ARPES. Regarding the deposition process, PLD has been 

proved to be extremely efficient technique in thin film and heterostructures growth being the 

deposition possible up to very high pressure (i.e. several mbar). Such a specific feature is of a 

crucial importance in the growth of oxide materials by preventing the occurrence of any oxygen 

deficiency in growing films. The deposition chamber is also directly connected to the APE 

distribution center chamber, which allows the transferring of the grown samples to all surface 

characterization stations (scanning tunnel microscope, magneto-optical Kerr station, low-energy 

electron diffraction, Auger spectrometer). The present activity aims to the realization of an 

open-access facility for deposition of thin films and heterostructures directly connected to 

surface-sensitive probing technique using synchrotron facility.  

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Layout of the NFFA-APE laboratory including the new PLD system 
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Advanced Photoemission Experiment [1]  beamline is  a synchrotron  radiation facility for experiments on 

solid surfaces and  nanostructured matter. APE hosts advanced experimental stations featuring  LabVIEW 

- based data acquisition software, providing  interlacements to third party software and facility services. 

APE-Low Energy (8-120 eV) branch holds a high resolution electron analyzer  VG-Scienta D80 equipped 

for spin measurements.  Performed experiments are: High-resolution ARPES, Electronic band structure 

and Fermi surface mapping. LabVIEW is used to perform custom angle resolved measurements by 

programmatically talking: to the  proprietary software SES, to a LabVIEW based TCP/IP server for 

monochromator motion, to a manipulator based on McLennan Simstep drives and several interfaces to 

single-parameter values as temperature, angle, position, intensity, light polarization. 

APE-High Energy (150-1600 eV) is a  station for soft-X-ray spectroscopy and  X-ray absorption (XAS, 

XMCD). LabVIEW data acquisition mainly  relies on communication with GPIB-port equipped  

electrometers, on  analyzer's proprietary software Omicron-EIS and a four degrees of freedom manipulator 

interfaced as above. An effort has been made at APE-High Energy end station for XAS/XMCD 

experiments which involve monochromator: FASTSCAN is a new fast acquisition for a continuous 

acquisition  mode. 

NFFA - Nanoscience Foundries and Fine Analysis is a collaboration for an European Research 

Infrastructure. NFFA has addressed the creation of the first Data Repository in nanoscience. It will store 

all the data produced in the NFFA centres. APE beamline is  part of the first NFFA demonstrator under 

implementation in Trieste at IOM and Elettra. The data repository and data management system is jointly 

developed by IOM-CNR and KIT (Karlsruher Institut für Technologie) [2]. 

 

 

 
Figure 1. Schematic configuration APE acquisition system linked to data repository 

 

[1] G. Panaccione et al., Rev. Sci. Instrum. 80, 043105 (2009)  

[2] http://ipelsdf1.lsdf.kit.edu/index.php/nav-pro-projects/nav-pro-act-kdm 
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X-ray diffraction (XRD) methods in general allow only a limited chemical selectivity. 

Structural information on a subset of atoms can be obtained by a modulation enhanced 

diffraction (MED) experiment, by collecting XRD data while a periodic stimulus is applied in 

situ on a crystal. The data are then treated by statistical methods such as Phase Sensitive 

Detection (PSD) and Principal Component Analysis (PCA) techniques. The application of PSD 

to diffraction has been proposed as a tool to extracting crystallographic information on a subset 

of atoms [1], i.e. it is able to introduce selectivity in diffraction. Simulated and experimental 

MED powder data were produced by using a  MFI zeolite as spectator, in which Xe, acting as 

active species, is adsorbed and desorbed in a periodically modulated mode. MED allowed 

obtaining, by demodulating first simulated and then experimental data, the powder diffraction 

pattern of the active subset, i.e. obtaining selectively the crystallographic information on Xe, by 

solving the crystal structure of the active species out of the zeolite framework. The “real world” 

experiments (Figure 1a) indicated that PSD-MED approach has some limitations related to its 

theoretical assumptions and alternative and more efficient methods fro demodulation were 

searched. PCA is widely used in spectroscopic analyses and was recently applied to XRPD data 

by some of us [2] and resulted very efficient in treating MED data. In fact, PCA gave similar 

results than those obtained by PSD for simulated data, and outperformed PSD for real data, due 

to its capacity of gathering information on Xe substructure into the zeolite channels even in the 

presence of a non-periodic stimulus. PCA-demodulated pattern was successfully analyzed by 

EXPO software to extract demodulated intensities (Figure 1b) . 

 

 

 

(a) (b) 

Figure 1. (a) Experimental MED data and (b) extraction of intensities, using the EXPO software, from the 

pattern obtained demodulating MED data by PCA 

[1] D. Chernyshov, W. van Beek, H. Emerich, M. Milanesio, A. Urakawa, D. Viterbo, L. Palin, R. 

Caliandro, Acta Cryst. 2011, A67 327-335. 

[2] R Caliandro, G Di Profio, O Nicolotti J Pharm Biomed Anal. 2013 78-79, 269-279. 
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X-ray absorption spectroscopy, due to its element selectivity and local order 

sensitivity, is a powerful characterization technique in chemistry and in particular for 

investigations of catalysis under in situ and in operando conditions.[1]  

BM23 and ID24 are two complementary beamlines at European Synchrotron Radiation Facility 

dedicated to X-ray Absorption Spectroscopy. BM23 is a standard energy scanning XAS 

beamline with a bending magnet X-ray source, while ID24 has an energy dispersive set-up with 

an undulator source. 

More in details, BM23 [2] is a general purpose beamline optimized for standard XAS 

measurements in a large energy range (5-75 keV), oriented towards high-quality data collection, 

stability, versatility, and flexible sample environments. Moreover, it is equipped by micro-XAS 

station to provide a focal spot of 3x3 mm. ID24 is an Energy Dispersive X-ray Absorption 

Spectroscopy beamline, [3] the time resolution in either single-shot (time resolution down to 20 

microseconds) makes this beamline particular suited for kinetic studies of chemical reactions in 

pressure and temperature combing XAS measurements with complementary techniques under 

in operando conditions (e.g. Infrared spectroscopy, mass spectroscopy). 

In this contribution the two beamlines, and examples of catalysis studies under in operando 

conditions will be presented.  

 
[1] S. Bordiga, E. Groppo, G. Agostini, J. A. van Bokhoven, C. Lamberti Chem. Rev  2013, 113, 1736.  

[2] A. Filipponi, M. Borowski, D.T. Bowron, S. Ansell, A. Di Cicco, S. De Panfilis, J.P. Itie Rev. Sci. 

Instrum., 2000, 71, 2422. 

[3] S. Pascarelli, O. Mathon Phys.Chem.Chem.Phys., 2010, 12, 5535–5546 
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Synchrotron experiments more and more rely on position sensitive 2D detectors and the quality 

of the collected data largely depends on the spatial resolution of such detectors. Unfortunately, 

the resolution in commercial CCD detectors for soft X-rays is limited to about 25µm 

independent of their physical pixel size [1][2]. This limit is due to the charge cloud excited by 

each photon absorbed inside the detector substrate which spreads into adjacent pixels (Fig.1, 

Left). Centroid reconstruction techniques try to overcome this limit by using the information 

inside the adjacent pixels to calculate the exact impact position inside the central pixel. 

Although many studies have demonstrated that centroid reconstruction methods are suitable for 

soft X-rays [3], an extensive analysis of their performance is still missing. 

We developed an algorithm to perform centroid reconstruction and tested it on images acquired 

with two commercial Princeton detectors using photons of 930-950eV energy. Using this 

algorithm a spatial resolution of 6-7µm can be achieved, which we estimated from the intensity 

profile observed behind the edge of a sharp blade (Fig.1, Right). This corresponds to an 

improvement of the spatial resolution by a factor of 3.5 compared to the intrinsic resolution of 

the detector. With the help of simulations we found that the precision of the centroid 

reconstruction is limited by two kinds of error, one random and one systematic, which were 

analysed and evaluated as function of the detector pixel size and readout noise. 

Besides proving the effectiveness of our algorithm with commercial detectors, our study also 

sheds light on the relations between the detector characteristics and the best resolution 

achievable using centroid reconstruction. It provides useful indications both for the design of 

new detectors and for the use of centroid reconstruction algorithms with CCD detectors already 

in existence. Being applicable also to CCD detectors not designed for single photon counting, 

these algorithms can be used to enhance the resolution of many experiments at zero cost. 

 
Figure 1. Left: Image of the spots produced by photons. Right: Resolution enhancement. 

 

[1] M.E. Dinardo, A. Piazzalunga, L. Braicovich, V. Bisogni, C. Dallera, K. Giarda, M. Marcon, A. 

Tagliaferri, and G. Ghiringhelli. Nuclear Instruments and Methods A 570(1), 176-181, 2007. 

[2] G. Ghiringhelli, A. Piazzalunga, C. Dallera, G. Trezzi, L. Braicovich, T. Schmitt, V. N. Strocov, R. 

Betemps, L. Patthey, X. Wang, and M. Grioni. Review of Scientific Instruments 77, 113108, 2006. 

[3] M.R. Soman, D.J. Hall, J.H. Tutt, N.J. Murray, A.D. Holland, T. Schmitt, J. Raabe, 

and B. Schmitt. Journal of Instrumentation 6(11), C11021, 2011. 
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The virtually infinite choice and combination of inorganic nodes and organic linkers for the 

construction of metal-organic frameworks (MOFs) or coordination polymers (CPs) is the key 

factor that makes them so successful for their widespread practical exploitation in several fields 

of contemporary materials science [1]. 1D polymeric chains, 2D nets or 3D frameworks can 

form in the solid state, depending on the organic linker hapticity and/or the metal centre 

coordination geometry. The ligand chemical design plays a crucial role in the obtainement of 

the desired polymer supramolecular topology, through the simultaneous formation of strong 

coordination bonds to the metal nodes and non-covalent weak interactions (like hydrogen-

bonding or  stacking). N-containing heterocyclic compounds have been widely exploited as 

spacers in MOFs and CPs. Given the experience of our group in the preparation of thiazole-

containing MOFs and CPs [2], in this work we present our results about the synthesis of a new 

library of Zn(II) 1D and 2D CPs containing the meta and para isomeric forms of (2-

thiazolyl)benzoic acid, also combined with auxiliary bridging spacers like 4,4 -bipyridyl (Figure 

1) or 1,2-bis(4-pyridyl)ethane. Their structures and network topologies will be discussed and 

compared.  

 

 
 

Figure 1. Crystal structure of the 1D polymer [Zn2L4(bipy)]  [HL =m-(2-thiazolyl) benzoic acid; bipy = 

4,4 -bipyridyl ]. 

 

[1] C. Janiak Dalton Trans. 2003, 14, 2781. 

[2] (a) A. Rossin, B. Di Credico, G. Giambastiani, M. Peruzzini, G. Pescitelli, G. Reginato, E. Borfecchia, 

D. Gianolio, C. Lamberti, S. Bordiga, J. Mater. Chem. 2012, 22, 10335. (b) G. Tuci, G. Giambastiani, S. 

Kwon, P. C. Stair, R. Q. Snurr, A. Rossin, ACS Catal. 2014, 4, 1032. (c) A. Rossin, G. Tuci, G. 

Giambastiani, M. Peruzzini, ChemPlusChem 2014, 79, 406.  
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The decontamination of groundwater from organic pollutants such as benzene, toluene, 

ethylbenzene, and xylenes (BTEX), and chlorinated compounds is an expensive environmental 

problem due to the difficulty associated with their removal from water systems (Gavaskar et al. 

2000). Recently hydrophobic ZSM-5 zeolite with high Si/Al ratio was shown to be very 

effective in removing emerging organic contaminant from water such fuel-based pollutants 

(Martucci et al., 2012; Pasti et al., 2012; Arletti et al., 2012). After adsorption, the exhausted 

zeolites can be thermally regenerated by operating under particularly mild conditions in order to 

preserve the chemical-physical properties and the efficiency of these materials. The present 

study, by „in situ' time-resolved X-ray powder diffraction, aims to investigate the structural 

modifications in ZSM-5 during desorption of toluene, in order to improve the efficiency of 

water and wastewater treatment technologies. This kind of information is crucial for designing 

and optimizing the regeneration treatment of such zeolite. An hydrophobic zeolite ZSM-5 

(Zeolyst International, code CBV28014; SiO2/Al2O3=280) in its as-synthesised for was used as 

adsorbent. Kinetics and adsorption isotherm batch data were obtained via Headspace Solid 

Phase Microextraction -Gas Chromatography. Time-resolved diffraction data (temperature 

range 25°-600°C) were collected at the ID31 beamline at ESRF (Grenoble), using a fixed 

wavelength of 0.40003(1) Å. The evolution of the structural features monitored by full profile 

Rietveld refinements revealed that a monoclinic (P21/n) to orthorhombic (P212121) phase 

transition occurred at  50°C (Figure 1).   
 

 
Figure 1. 3-D plot (2 -intensity-temperature) for 

the desorption process of ZSM-5. 

 
Figure 2. Plot of the unit-cell volume (triangles; right 

axis) and toluene molecules per unit cell from refined 

occupancies (circles; left axis) vs. temperature in 

ZSM-5. 

 

The decomposition and expulsion of toluene caused a remarkable change in the unit-cell 

parameters. Complete toluene degradation and expulsion was achieved upon heating at about 

250 °C (Figure 2). Rietveld analysis demonstrated that the adsorption/desorption process 

occurred without any significant zeolite crystallinity loss, but with slight deformations in the 

channel apertures.  

 
[1] Arletti, et al. (2012), Journal of Solid State Chemistry, 194, 135-142. 

[2] A.R. Gavaskar, B.C. Kim, S.H. Rosansky, S.K. Ong, E.G. Marchand, Environ. Prog. 14 (1995) 33–40. 

[3] Martucci, A., et al.  (2012), Microporous and Mesoporous Materials, 151, 358-367. 

[4] Pasti, L., et al. (2012), Microporous and Mesoporous Materials, 160, 182-193. 

http://scholar.google.it/citations?view_op=view_citation&hl=it&user=6oQu3RgAAAAJ&citation_for_view=6oQu3RgAAAAJ:WF5omc3nYNoC
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Porous coordination polymers (PCPs) or metal-organic-frameworks (MOFs) are considered 

very promising porous materials that can be exploited in many different technological fields 

such as gas storage, heterogeneous catalysis and separation of mixtures. In the field of MOF 

materials, many efforts are devoted to the search of rational synthetic procedures. Among 

others, a useful synthetic strategy is the so-called Metalloligand (MLs) approach. MLs are 

coordination complexes containing suitably oriented exo donor-groups that, used in place of 

organic linkers, can orient the formation of desired homo and heterometallic polymeric 

architectures [1]. Functionalized chelating ligands suited to obtain useful MLs are -diketonate 

molecules [2]. 

We report the synthesis and the structural characterization of two families of coordination 

frameworks obtained through the use of different -diketonate ligands with copper salts of 

several counterions. The first family of polymers have a two-dimensional layered structure 

whereas the members of the second family adopt a three-dimensional flexible framework 

structure (Figure 1). 

We have focused our attention to the correlations between the crystal structure, the 

dimensionality, the topology and porosity of the networks and the crystal morphologies, as well 

as to the investigation of the surface phenomena during the crystal growing process. Moreover, 

we have mapped a continuous set of crystal morphologies by controlling experimental variables 

such as the solvent system, the metal-ligand molar ratio and the nature of the counteranion. The 

aim is to develop a method to tune the crystal habit according to the specific requirement of 

some important applications [3]. 

 

 
 
Figure 1. Correlation between the crystal morphology and the structure of the polymer [Cu (L)(H2O)2]SO4 

(L = 1,3-bis(4-pyridil)-1,3-propandionate). 

 
[1] S. Kitagawa, R. Kitaura, S. Noro Angew. Chem., Int. Ed., 2004, 43, 2334. 

[2] L. Carlucci, G. Ciani, S. Maggini, D.M. Proserpio, M. Visconti, Chem. Eur. J, 2010, 16, 12328. 

[3] L. Carlucci, G. Ciani, J. M. Garcìa-Ruiz, M. Moret, D. M. Proserpio and S. Rizzato , Cryst. Growth 

Des., 2009, 9(12), 5024. 
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Layered silicates and aluminophosphate are a class of materials which includes several 

members whose structure has not yet been solved [1]. These inorganic layered solids have 

received considerable attention due to their potential for catalytic and ion exchange 

applications. Their layered structure and their versatility to incorporate organic functional group 

in the layers make these materials very attractive for practical applications [2].  

In this work, the synthesis and characterization of a novel layered aluminophosphate is 

reported. This phase, firstly reported as secondary product during the synthesis of the AlPO4-34 

aluminophosphate [3], is set-up by an ordered succession of inorganic (aluminophosphate) and 

organic (morpholine) layers. 

The stability field of this phase was investigated by changing the synthesis conditions proposed 

by Wang et al. [3] for the synthesis of AlPO4-34. 

The crystals were grown by sol-gel method under mild hydrothermal conditions (temperature 

ranging from 80 to 200 °C, autogenic pressure). A strong dependence of the crystal morphology 

from the growth temperature was observed, ranging from well-developed crystals at low 

temperature to morphologically disordered ones at higher temperature. The chemical stability of 

the crystalline phase was found to be strongly dependent from the fluorine/aluminum ratio of 

the starting system and secondly on the morpholine content.  

The structure was solved by charge flipping methods using Superflip [4] and single-crystal X-

ray diffraction. The synthesized layered material, with composition [AlPO3(OH)F(H2O)]-

(H9C4ON), crystallizes in the monoclinic space group P21/a with a = 9.2282(5) Å, b = 

6.9152(4) Å, c = 14.4615(9) Å, β = 101.57(1)°. Layered aluminophosphates with AlO6 

polyhedra have been previously described, although in these compounds Al octahedra share 

edges [2]. This new compound has corner sharing AlO4F(H2O) octahedra forming chains 

running along [010], where fluorine atoms are at the shared apices. Chains are linked along 

[100] through corner sharing PO4 groups and through hydrogen bonding of the H2O group  - 

present at the octahedral vertex. This kind of aluminophosphate chains is found in nature in 

tancoite [5]. Layers are stacked along c* through hydrogen bonding with a double layer of 

morpholine (H9C4ON) molecules.  

Thermal treatment shows  simultaneous  morpholine, water and fluorine removal in the range  

210-320°C according to the data presented in literature for materials with chabasite-related 

frameworks like CoAPO-34 [6] and to our findings about AlPO4-34.  

A liquid treatment with H2CO3 was demonstrated to be effective for the morpholine molecules 

removal at room temperature. After the organic loss, the crystal structure collapses, as shown by 

post treatment X-ray powder diffraction and in situ micro-Raman spectroscopy. 
 

[1] W. Schwieger, G. Lagaly, in: S.M. Auerbach, K.A. Carrado, P.K. Dutta (Eds.), Handbook of Layered 

Materials, Marcel Dekker, New York, 2004, pp. 521–618. 

[2] C.V. Kumar, A.Bhambhani, N. Hnatiuk in: S.M. Auerbach, K.A. Carrado, P.K. Dutta (Eds.), 

Handbook of Layered Materials, Marcel Dekker, New York, 2004, pp. 521–618. 

[3] C. Wang, J. Wu, M. Hu, N. Li, N. Guan, S. Xiang J. Porous. Mater., 2012, 19/5, 751-759 

[4] L. Palatinus, G. Chapuis () J. Appl. Cryst. 2007, 40, 786–790. 

[5] F.C. HawthorneTscher Miner Petrog, 1983, 31 121-135. 

[6] A. Martucci, A. Alberti, G. Cruciani, A. Frache, L. Marchese, H. O. Pastore J. Phys. Chem. B, 2005, 

109, 13483-13492 
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The structural chemistry of zirconium phosphonates is dominated by dense layered motifs, 

usually decorated with various organic functional groups to impart specific reactivity. The most 

common archetypes are the so called  and , which have been studied for 40 years thanks to 

their usefulness for a number of applications, such as ion exchange, heterogeneous catalysis, 

proton conduction and so on. These compounds have been appreciated especially for properties 

like high insolubility and high thermal and chemical stability. However, it would also be 

desirable to obtain robust materials with open framework structure in order to expand the range 

of applications of zirconium phosphonates. To this purpose, we are recently exploring new 

ligands with the aim of avoiding the formation of usually favored dense layered structures: the 

approach is based on the use of non-linear ligands, which should be able to induce the creation 

of novel structural archetypes. Our first steps in this direction have focused on the use of 

trigonally shaped ligands, which have produced some encouraging results. 
 

 
 

Figure 1. Example of ligands and Zr-MOF syntheses  

 

[1] M. Taddei, F. Costantino, A. Ienco, A. Comotti, P. V. Dau and S. M. Cohen Chem. Commun., 2013, 

49, 1315 

[2] M. Taddei, F. Costantino, R. Vivani, S. Sabatini, S.-H. Lim, S. M. Cohen Chem. Commun. 2014, 50, 

5737 
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Zinc oxide tetrapods (ZnO TP) gain more and more attention in material science as their exotic 

morphology is combined with a large number of application fields (optoelectronic, 

photovoltaic, gas- and biosensing, photocatalysis, etc.). This versatility can be further expanded 

through the tailoring of material properties by surface functionalization with different materials 

including semiconductors, magnetic materials and noble metal nanoparticles. 

In particular, functionalizing ZnO nanostructures with gold nanoparticles (Au NP), results in an 

extremely interesting composite material which showed a good selectivity in biosensors and 

detection [1,2] and have been successfully applied to optoelectronic and energy harvesting 

devices [3], SERS [4], as well as to photocatalytic and hydrogenation applications [5].  

As general consideration, the most widespread protocol to create heterostructures between ZnO 

and Au nanoparticles relies on surface functionalization using different ligands or binding 

molecules in order to promote the adhesion between the two materials. These molecules can 

also be exploited during the synthesis of Au NP acting either as reducing and capping agent, so 

that a satisfying dimensional and morphological control can be achieved [6,7]. 

Nevertheless using such molecules/polymers would likely be trapped at the interface between 

the two materials, limiting the potential applications e.g. whereas Au NP have to be used as a 

sensing element, surface passivation is detrimental and shall be avoided. 

Herein we present a multifunctional material consisting of Au NP supported on ZnO TP, 

synthesized by a facile photochemical reaction without the need of any capping agents or 

binding molecules. Such engineered nanomaterial is meant to be employed in intracellular 

SERS analysis: the plasmonic properties of gold nanoparticles provide powerful Raman signal 

enhancement allowing sensitive spectroscopic analysis of the chemical environment. Overall 

the material acts as a useful toolkit for multidisciplinary studies at the boundaries between 

physics, chemistry, material science and biological systems.  
 

[1] Y. Liu, M. Zhong, G. Shan, Y. Li, B. Huang, G. Yang, J. Phys. Chem. B, 2008, 112, 6484-6489  

[2] Y. Wei, Y. Li, X. Liu, Y. Xian, G. Shi, L. Jin, Biosens. Bioelectron., 2010, 26, 275-278 

[3] S. Xu, Z.L. Wang, Nano Res., 2011, 4(11), 1013-1098. 

[4] H. He, W. Cai, Y. Lin, B. Chen, Langmuir, 2010, 26(11), 8925-8932 

[5] E. Castillejos, E. Gallegos-Suarez, B. Bachiller-Baeza, P. Bacsa, R., Serp, P., Guerrero-Ruiz, A., 

Rodríguez-Ramos, I. Catal. Commun., 2012, 22, 79–82 

[6] J. Im, J. Singh, J.W. Soares, D.M. Steeves, J.E. Whitten, J. Phys. Chem. C, 2011, 115, 10518–10523 
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Nanopowders and single crystal of new Ag(I) One-dimensional coordination Polymer, [Ag (μ-

4-PCA)(SAC)]n were synthesized by a simple sonochemical and branched tube methods. The 

new nano-structures of Ag(I) coordination Polymer was characterized by single crystal X-Ray 

crystallography analysis (X-RAY), Scanning Electron Microscopy (SEM), X-Ray powder 

diffraction (XRD), Transmission Electron Microscopy (TEM)  and IR spectroscopy. The crystal 

structure of this compound consists of one-dimensional zig-zag polymeric units. The thermal 

stability of compounds was studied by Thermal Gravimetric Analysis (TGA) and Differential 

Thermal Analyses (DTA). Ag2S and Ag2O nano-structures were obtained by calcinations of the 

nano-structures of this coordination polymer at 800 °C. 

The inborn antibacterial property of silver nanoparticles has been studied against Escherichia 

coli and Pseudomonas aeruginosa. The tests conduction have illustrated that the nanoparticles 

of this coordination polymers better than bulk simple and also nanoparticles of Ag2O and Ag2S 

better than other samples.[1-4] 

Keywords: Nanoparticles; Coordination Polymer; Ag2S; Ag2O. 

 

 
Figure 1. Ag(I) One-dimensional coordination Polymer, [Ag (μ-4-PCA)(SAC)]n 
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CeO2, often in combination with other oxides, with supported metals, or with dopants of various 

nature, is one of the most important industrial and environmental catalysts. An aspect which has 

been the subject of several studies is the role of transition metal particles on the activity of CeO2 

in oxidation processes, water-gas shift, and soot combustion in diesel antiparticulate filters [1]. 

Of particular interest for this study is the structure of silver and the nature of the CeO2-Ag 

interface, because the addition of Ag to nanocrystalline CeO2 leads to an efficient catalyst for 

CO and hydrocarbon oxidation.  

Ag nanoparticles of different size were grown on epitaxial CeO2 films prepared by MBE [2] . 

By means of x-ray-absorption fine structure (XAFS) measurements at the Ag K-edge in the near 

edge and in the extended energy ranges we have investigated the structure of the nanoparticles 

and of the interface between the nanoparticles and the support, using different geometrical 

configuration  to obtain also information on structural and chemical anisotropies. 

We found the Ag-Ag first shell distance to be contracted with respect to the bulk value, and this 

contraction was found to be larger as the size of the particles decreases. The measured Ag-O 

distance, combined with the results of Ag 3d X-ray photoemission spectroscopy measurements, 

allowed to exclude a significant oxidation of the silver nanoparticles. Scanning tunneling 

microscopy was used to complement the results obtained by XAFS, enlightening the size, shape 

and density of the nanoparticles, and to obtain a complete atomic scale picture of the studied 

system.   
 

[1] A. Trovarelli, P. Fornasiero, Catalysis by Ceria and Related Materials, Imperial College Press, 

London, 2012. 

[2] P. Luches, F. Pagliuca, S. Valeri, F. Illas, G. Preda, G. Pacchioni, Journal of Physical Chemistry C, 

2012, 116, 1122. 
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Metal sulfides semiconductors with technological application in the photovoltaic field were 

prepared by electrodeposition. In particular, we used the E-ALD (Electrochemical Atomic 

Layer Deposition) to grow CuS and Cu-Zn sulfides on Ag substrates. With the aim of 

performing a chemical, morphological and structural characterization of  the grown films, a 

TEM (Transmission Electron Microscope) study, for morphology and composition at the 

nanometer level, and SXRD (Surface X-Ray Diffraction) investigations, for the structural 

information, were undertaken. SXRD measurements have been performed at the ID03 beamline 

of ESRF (Grenoble). In particular, an in-situ experiment of crystal growth was attempted and 

this allowed to  investigate the growth mechanism of CuS thin films. The growth of the film 

was monitored by following the evolution of the Bragg peak and monitoring the presence of 

powder diffraction rings. No shifts of the Bragg peaks were observed during the film growth, 

indicating an homogeneous growth process since the first layers. The intensity of the Bragg 

peak starts to be appreciable from the 15th deposition cycle, suggesting that the material 

crystallize with low symmetry and a large elementary cell. Owing to the fact that the SXRD 

analysis is performed investigating the reciprocal space of the electrode over which the 

chalcogenide film is growing, the extraction of the Miller's indices of the chalcogenide films is 

difficult. In order to check the possibility for a model to represent the actual chalcogenide film 

structure obtained by E-ALD, a procedure to derive the expected Miller indices of many models 

for the chalcogenide films on a silver single crystal has been implemented. 

No shifts in the Bragg peak position are highlighted comparing CuS and Cu-Zn sulfides, 

suggesting a similar crystalline structure. Analysis of these data are still in progress but all the 

samples show a high crystallinity, proposing E-ALD as method to grow structurally ordered 

thin films. 
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In the present study, we report the results of a microanalytical and X-ray Absorption 

Spectroscopy (XAS) study carried out on different films belonging to the Cu-Zn-S ternary 

system, related to the kesterites, Cu2ZnSn(S,Se)4, in the light of their potential application to 

solar cell production. In recent years, in fact, kesterites attracted a worldwide interest because 

they encompass reduced production costs and low environmental risks. 
The thin films analysed in the present study were realised through the E-ALD [1] 

(Electrochemical Atomic Layer Deposition) technique, which operate in normal laboratory 

condition, at room temperature without requiring high vacuum system. Cu-Zn-S films were 

prepared alternating underpotential depositions of the elements onto a Ag (111) substrate. The 

obtained thin films were thus characterised by SEM microscopy, XAS spectroscopy and DRS. 
The results of the morphological and spectroscopic characterisation of the films reveal a wide 

degree of heterogeneity, involving the morphological organisation of the films, as well as their 

phase composition. On the basis of the experimental results, E-ALD is proposed to operate a 

progressive and conventional coverage of the Ag (111) surface through a nanometric 

polycrystalline film consisting of oriented microcrystals. The insertion of a unit of ZnS in the 

deposition sequence apparently induces the formation of nanowhiskers on the film surface. 

From a structural point of view, Cu and Zn follow completely different paths in the 

crystallisation of the film. The XAS data, in fact, point to a poorly ordered low coordinated 

structure for Cu as in the mineral chalcocite. Conversely, zinc forms a crystalline structure in 

excellent agreement with the sphalerite model compound. 
From an applicative point of view, the three films exhibit band gap values variable within the 

series and useful for solar energy conversion, thus strongly candidating E-ALD technique as a 

versatile tool to synthesise thin films of sulfide photovoltaics under room temperature 

conditions. 
 
[1] B.W. Gregory and J.L. Stickney, J. Electroanal. Chem., 1991, 300, 543-561. 
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The investigation of high-Tc superconducting oxides by means of synchrotron radiation micro- 

and nano-probes presently represents a very active field. Although multiscale auto-correlation 

properties have been detected for the O-ion spatial distribution for several systems such as 

LaCuO [1], YBCO [2] and BSCCO [3], another approach, more oriented towards possible 

applications, was missing for these materials. 

We have recently filled this gap by investigating the effect of irradiation by a 117  116 nm
2
 X-

ray beam on both the electrical and the structural properties of the Bi-2212 superconductor [4] 

(see Figure 1a). We have clearly proved that irradiating this material by 17-keV X-rays with 

doses in the order of 10
12

 Gy results in an elongation of the c-axis and in an increase of both the 

critical temperature and the normal state resistivity (see Figure 1b). These evidences point out a 

modification in the oxygen doping level of the material, moving from an over-doped state 

towards a progressively more under-doped one. 

Moreover, modeling our different experimental conditions by means of the finite element 

method allowed us to exclude heating induced by the X-ray nano-beam as a possible cause for 

the change in the doping level. Conversely, an important role is suggested for the 

photoelectrons as a possible source of knock-on for the O atoms in the BiO layers, due to their 

low displacement threshold energy, which has already been predicted for the O atoms in the 

CuO chains of YBCO [5].  

These results pave the way to a novel direct-writing X-ray nanolithography approach, with an 

ultimate resolution in the range of the photoelectron inelastic mean free path (~ 10 nm), 

possibly exceeding the present limits of the focused-electron-beam and of the focused-ion-beam 

lithography in terms of contamination, mechanical stability and 3D fabrication capability.  
 

 
Figure 1. (a) SEM micrograph of a typical device investigated in our measurements; (b) change in the 

structural and electronic properties of the Bi-2212 crystal as a function of the irradiation dose. 
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In the field of automotive catalysts, oxygen storage capacity (OSC) plays an important role due 

to rapid changes in the gas mixture. Under such conditions additional oxygen from CeO2 has to 

be supplied for the oxidation of CO to CO2 in the muffler. Ceria zirconia solid solutions 

(CexZryO2, CZ) are well known for buffering oxygen due to fast and easy changes between the 

oxidation states Ce
3+

/Ce
4+ 

[1,2]. Hence, they are used as catalyst carrier in three way catalysts 

(TWC) also for their high surface carrier and as oxygen release material in oxygen deficient 

atmospheres. In addition to the known catalytic properties of ceria [3], the mixed oxide system 

has proven to improve the catalytic activity in HCl oxidation (Deacon process) [4]. Although 

the formation of a solid solution from ceria and zirconia with a particular structure, the so called 

„κ-phase‟, enhances the OSC [5,6], the effect of the OSC on the catalytic activity is still 

controversial. In the „κ-phase‟ an ordered arrangement of the Ce and Zr atoms along the <110> 

direction reduces reduction-induced lattice stress [5], increasing the OSC. A higher degree of 

homogeneity, without enrichment of Ce or Zr in the crystal lattice, modifies the local oxygen 

environment around the metal atoms. This creates an active and highly mobile oxygen species 

resulting in rapid insertion and extraction of oxygen atoms into and out of the crystal lattice, 

respectively [5]. The local atomic structure plays therefore a major role in determining the 

catalytic properties; on the other hand, the reasons for these promising properties on an atomic 

scale are not yet fully understood. An element specific short -range sensitive method such as X-

ray absorption spectroscopy is a unique tool for this purpose, since it enables a thorough 

description of the short range structure.  

In this framework, we prepared nanostructured ceria-zirconia mixed oxides using different 

thermal treatments under reductive atmosphere (5% H2 in Ar) and oxidative atmosphere to 

prepare the „κ-phase‟, to serve as catalyst for HCl oxidation. By means of XAFS at Zr K- and 

Ce L3-edges we investigated whether the local atomic structure of CZ could be affected by the 

chosen synthetic route/thermal treatment and how the local structure of CZ determined the 

oxygen release behavior, at the same time assessing the reliability of XAFS in unambiguously 

determining the formation of the „κ-phase‟. 

The data analysis is still ongoing, but data could be divided into three different sets, depending 

on the thermal „history‟ of the sample, thus evidencing a change in the local structure. For 

example, one of these sets presents a decrease in the second shell signals intensities (relative to 

the Ce L3-edge), hinting at changes that might be traced back to a Ce-O-Zr mixed bond [6]. 
 

[1] Di Monte R, Kaspar J Catal. Today 2005, 100, 27 
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Laser-wakefield accelerators, driven by multi-TW, femtosecond long laser systems, can be now 

used to generate up to GeV-class electron bunches in mm-sized plasmas. A tunable X-ray 

source can be obtained by Thomson backscattering of the electron beam with a 

counterpropagating laser pulse [1]. 

The interest of of a possible use of these beams as probes for the Physics of Matter is motivated 

by their short duration and the compactness of the devices but is limited by their quality. We 

present the results of PIC simulations, run with the code jasmine [2,3], used to explore the 

setups which produce electron beams of low emittance and energy spread suitable to generate 

X-rays of a few tens of fs in the range 10--100 keV with acceptable bandwidth and luminosity. 

The study has the purpose of finding optimal experimental configurations obtainable with the 

multi TW laser system at ILIL – CNR INO Pisa. 

 
[1] L.A. Gizzi, M.P. Anania, G. Gatti,D. Giulietti, G. Grittani, M. Kando, M. Krus, L. Labate, T. Levato, 

Y. Oishi, F. Rossi Nuclear Instruments and Methods in Physics Research B 309, 202-209 (2013) 

[2] C. Benedetti; A. Sgattoni; G. Turchetti; P. Londrillo, Plasma Science, IEEE Transactions on, vol.36, 

no.4, pp.1790,1798, Aug. 2008 

[3] F. Rossi, P. Londrillo, A. Sgattoni, S. Sinigardi, G. Turchetti, AIP Conference Proceedings, 1507, 184- 

192 (2012)
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Polymorphism, the existence of more than one crystalline form of a compound, is very actively 

studied [1,2]. In the framework of a bilateral exchange programme between Italy and South 

Africa tetrapentoxycalix[4]arene (1) was synthesized and structurally characterized. Needle-

shaped single crystals of 1 were obtained by slowly cooling a dichloromethane/methanol 

solution. The unit cell is monoclinic with c axis of 21.287(4) Å and smaller values for a and b 

axis, respectively of 12.243(2) Å and 7.785(1) Å, and contains calixarene 1 in a 1,3-alternate 

conformation. The packing is characterized by the formation of parallelepipeds of indefinite 

length composed by superposed calixarenes, which are set parallel and antiparallel to the b axis 

(see Figure 1a). Each calixarene interacts by CH-π van der Waals interactions with the 

following one to give a supramolecular nanotube. 

Polymorphic behaviour emerged after sending a sample to the University of Stellenbosch for 

further studies. This prompted us to perform variable temperature X-ray diffraction studies both 

on single crystals and powders. Hot stage microscopy and thermal analyses were also used to 

assess the reversible phase transition, which occurs at 70 °C. 
 

 

 
Figure 1. Hot-stage microscopy images showing the phase transition at 70 °C. 
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Novel substrates for the deposition of thin films of organic molecules suitable for optoelectronic 

device applications are currently searched for. Recently, we found that single crystals of -

alanine, a natural amino acid, can be easily cleaved, providing clean and molecularly flat (010) 

surfaces. These surfaces allow preparation of high-quality crystalline thin films layers with 

organic molecular beam epitaxy (OMBE) [1]. 

In order to find further potential substrates for the heteroepitaxial growth of organic 

semiconductors thin films, we screened the Cambridge Structural Database (2014) by means of 

the TOPOS program package [2]. We were looking for crystal structures with the ability to 

cleave along specific crystallographic planes, possibly with cheap and non-toxic compounds 

exhibiting high solubility in water or non-toxic solvents. Absence of any solvates and hydrates 

for the searched structures was mandatory to guarantee stability to ultra-high vacuum conditions 

needed for OMBE. 

The search was performed by looking for structures with 2D hydrogen bonded networks: 

potassium salts of carboxylic and sulfonic acids, derivatives of aminoacids, inorganic salts of 

organic bases. Additionally, for some key structures we calculated intermolecular interaction 

energies by means of the PIXEL method [3] trying to establish the structural features that can 

lead to the ability of molecular crystals to cleave [4]. 

The work was partly supported by the Russian government (Grant 14.B25.31.0005). 

 
 

Figure 1. The hydrogen bond network surrounding a -alanine molecule. 
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 The role of lipids in controlling water exchange is fundamentally a matter of molecular 

organization that changes as a function of temperature [1]. In the present study we have 

observed that in snake molt the water permeability drastically varies among species living in 

different climates and habitats. The analysis of molts from four snake species: tiger snake, 

Notechis scutarus, gabon viper, Bitis gabonica, rattle snake, Crotalus atrox, and grass snake, 

Natrix natrix, revealed correlations between the molecular composition and the structural 

organization of the lipid-rich mesos layer  with control in water exchange as a function of 

temperature. It was found, merging data from micro-diffraction and micro-spectroscopy with 

those from thermal, NMR and chromatographic analyses, that this control is generated from a 

sophisticated structural organization that changes the kind and extension of crystalline packing 

of specific lipid molecules. Thus, this research reveals that in snake skins, as a response to 

environmental constrains, different structured lipid layers have evolved [2]. Moreover, these 

lipid structures can “safety” the snakes from water lost even at temperatures higher than those 

of their usual habits. 

 

 
Figure 1. The picture shows the details of 3-D structures concerning snake molt, consisting of mesos-layer 

(shown as vertical cylinders) sandwiched between keratin layers (the brown net). The two 

models show how the change in the crystalline structure (due to temperature) controls the water 

(showed as blue molecules) passage through the molt. 
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The acid-catalyzed condensation of aldehyde, dibenzoylmethane, and thiourea (or urea) 

(Scheme 1), known as the Biginelli reaction from the name of its inventor.
[1]

  More than 100 

years ago, Biginelli intuitively anticipated the synthetic potential of multicomponent reactions 

by combining in a single flask the reactants of two different reactions having one component in 

common
.[2]

 In this study, thioxopyrimidines
[3][4][5] 

(1) were prepared via Biginelli 

cyclocondensation reaction
 
in acetic acid under reflux condition in a good yield of 85-93% and 

the result molecules are investigated. 

 

 
 

 
1. Biginelli, P. Gazz. Chim. Ital. 1893, 23, 360. 

2. Quite fairly, Biginelli stated (ref 1) that his research was inspired by the earlier work of R. 

Behrend on the urea-ketoester coupling and U. Schiff on the urea-aldehyde coupling. 

3. F. Aslanoğlu, E. Akbaş , M. Sönmez, and B. Anıl, Phosphorus, Sulfur, and Silicon and the 

Related Elements (2007), 182, 1589. 
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Metal-organic frameworks (MOFs) are a consolidated research topic in manifold disciplines, 

ranging from chemistry to physics, material science, biology and even pharmacology. As a 

matter of fact, the wise combination of tailored structural features and key functional properties 

renders MOFs potentially suitable for technologically advanced applications. As demonstrated 

also by our work [1-3], poly(azolato)-based MOFs are particularly promising, because they 

typically juxtapose, to appealing structural aspects and functional performances, a non 

negligible thermal stability and chemical inertness. 

Along this research line, the present contribution focuses upon the three bis(pyrazolato)-based 

MOFs [Zn(BPEB)], [Ni(BPEB)] and [Fe2(BPEB)3], isolated by reacting the long and rigid 

spacer 1,4-bis(1H-pyrazol-4-ylethynyl)benzene (H2BPEB) with the transition metal ions Zn(II), 

Ni(II) and Fe(III) [4]. As established by X-ray powder diffraction (XRPD) structure 

determination methods applied to laboratory data, in all of the three materials the rod-like 

ligand connects the metallic nodes to build up porous 3-D networks containing 1-D pervious 

channels of rectangular (Zn), rhombic (Ni), or triangular (Fe) shape. The combination of 

thermal analyses and variable-temperature XRPD experiments demonstrated i) the remarkable 

thermal robustness of the three species, which are stable in air at least up to 415 °C, and ii) the 

flexibility of the Zn- and Ni-based frameworks. Specific solution-phase experiments allowed to 

test the chemical stability of the three derivatives toward water as well as aqueous acidic and 

basic solutions: as demonstrated by XRPD, [Ni(BPEB)] is stable in all the conditions essayed. 

N2 adsorption measurements at 77 K allowed to estimate promising Langmuir specific surface 

areas, peaking at ca. 2400 m
2
/g in [Ni(BPEB)]. Remarkably, CO2 adsorption experiments 

revealed that up to 40% wt is adsorbed by [Fe2(BPEB)3] under the mild conditions of 298 K and 

10 bar, surpassing renown MOFs of comparable specific surface area. 
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Many Schiff bases can be prepared by condensation reaction of sulfanilamide with substituted 

benzaldehydes derivatives. Such compounds contain both azomethine (-HC=N-) and 

sulfonamide (-SO2NH2) groups. The derivatives of sulfonamide are very important because of 

their varied structures and biological activities [1-5]. In this study, the derivatives of imine 

sulfononamide were prepared by condensation reaction of sulfanilamide with substituted 

derivatives of the benzaldehydes (Scheme 1). The derivatives of amine sulfonamide were 

prepared by reduction reaction of imine compounds with NaBH4. All the sulfonamide 

derivatives were obtained in high yield and purity. The structures of all the synthesized 

compounds were identified by elemental analysis, FT IR, 
1
H NMR, 

13
C NMR and Mass 

Spectra. The crystal structure of the 4-{[4-

(Dimethylamino)benzylidene]amino}benzenesulfonamide (3) was also determined by X-ray 

diffraction method. 
 

 
 

Scheme 1. Synthesis of the sulfonamide derivatives (1-3 and 1i-3i). 

 

 
 

Figure 1. The molecular structure of the 4-{[4-(Dimethylamino)benzylidene]amino}benzenesulfonamide. 
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Understanding structural diversity, in particular the formation and behavior of polymorphs, 

amorphous forms, solvates and co-crystals/salts, is critical for establishing uniqueness in the 

pharmaceutical fields, as well as optimizing conditions for tablet compression and powder flow 

required for pharmaceutical compounding [1]. First of all, however, it is important to know the 

structure of the API that in many cases it is not easy to get due to the difficulty of obtaining 

single crystals of suitable size or sufficient quality for X-rays analysis. In these cases the 

structural resolution from powders data, in combination with other techniques, could be a good 

alternative.  

Folic acid (B9 vitamin) acts as a coenzyme for the synthesis and metabolism of many amino 

acids and nucleotides by single carbon transfer reactions [2]. The structure of folic acid was 

solved in 1980 [3] by single crystal X-ray diffraction with an orthorhombic unit cell and an R 

value based on the observed data of  0.146. Here we report a revisitation of the structure based 

on a combination of different tecniques: X-ray powder diffraction,  computational methods and 

Raman spectroscopy,  showing that different methods of analysis can act in a sinergetic way 

thus representing a useful tool for the solution of complex problems [4-6].  

 We also report here our results on polymorph screening and preparation via solvent free 

methods of co-crystals and salts of folic acid. All products were characterized by X-ray powder 

diffraction, thermogravimetric analysis and differential scanning calorimetry, and their intrinsic 

dissolution rate was measured and compared with that of the native vitamin.  
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In a polar crystal there is a direction that is not transformed in the opposite direction by any 

symmetry operation of the crystal class. That direction is called the polar axis of the crystal. 

There is a general interest in polar crystals, because some physical properties of materials for 

advanced applications, such as pyroelectricity, piezoelectricity, ferroelectricity, second 

harmonic generation, electrooptic effect, are only allowed or they are strongly enhanced in 

polar space groups. It is evident that centrosymmetric crystals are not polar. However, only ten, 

out of the 21 classes lacking the centre of symmetry, are polar. Polar crystals are rare. It is well 

known that a large fraction (more than 60 %) of organic compounds crystallize in 

centrosymmetric space groups, mainly P21/c and P-1 (about 50 %), and also in crystals of 

enantiomerically pure chiral compounds, the most frequent space group is P212121 that is 

acentric but not polar. In view of all this, it is rather surprising that we have found in the imines 

obtained by condensation of 4-hydroxybenzohydrazide with aliphatic ketones, Figure 1, a class 

of compounds with a persistent tendency to form polar crystal structures (Pna21 or Cc polar 

space groups) [1]. That tendency was checked against change of the ketone, spanning from 

acyclic  to cyclic ketones; it was confirmed in different polymorphs of the same compound 

[1,2]; finally, the tendency was confirmed in the case of the racemic mixture of a chiral imine 

[1b]. As it is shown in Fig. 1, some imines are polymorphic and exhibit also a centrosymmetric 

crystal phase. In the present communication, we report the crystallographic analysis of the new 

imine 4, in which cyclopentanone was used as the ketone reagent, and a comparative theoretical 

analysis (ab initio DFT with periodic boundary) of the lattice energy and free energy of all the 

different crystal packings, either polar and centrosymmetric, observed for the whole set of  

imines. 

 

Figure 1. Chemical 

diagrams and space groups 

of the studied imines. 
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Carbapenem-hydrolyzing class D β-lactamases (CHDLs) are bacterial enzymes found in Gram-

negative pathogens such as Acinetobacter baumannii and Enterobacteriaceae that can confer 

resistance to carbapenems [1]. Carbapenems are a wide spectrum class of β-lactam antibiotics 

used to treat a wide variety of infections, and represent the last line of defense against 

multidrug-resistant strains. Based on previously studies [2][3], we have determined the X-ray 

crystal structures of the CHDL OXA-48 in the acylenzime complex with carbapenems 

substrates ertapenem and meropenem and the crystal structures of the OXA-10–derived hybrids 

OXA-10 loop 24 (a narrow spectrum class D β-lactamases evolved by rational protein design 

into a functional carbapenemases) in complex with the same molecules. The three dimensional 

structures were determined in order to achieve a better understanding on how these substrates 

are bound to the enzyme in the acylated intermediate state, and thus hydrolyzed, to get insights 

on the hydrolytic mechanisms, and for the the development of more selective and specific 

inhibitors for carbapenemases. 

   
 

Figure 1.  Left. Acyl-intermediate complex between OXA-48 and meropenem. Right. Electrostatic 

potential surface of OXA-48 / meropenem complex 
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Neuroblastoma (NB) is an embryonal tumor of the sympathetic nervous system and is the most 

common extracranial pediatric solid tumor. Although an aggressive multimodality therapy 

(based on surgery, cytotoxic chemotherapy, radio-metabolic treatment) has produced some 

improvements in the last years, the treatment strategies are still far from satisfaction [1,2]. 

Several studies have demonstrated that high levels of c-Src protein among tyrosine kinases 

correlate with favourable tumor outcome. In particular c-Src play a key role in protecting 

neuroblastoma cells from apoptosis, thus representing an attractive target for new therapeutic 

strategies [3]. Several molecular modeling approaches have been applied to design a library of 

pyrazolo[3,4-d]pyrimidine derivatives, structurally related to the well known c-Src inhibitors 

PP1 and PP2 but with a different substitution pattern on the heterocyclic scaffold [4]. Selected 

members of this library have shown IC50 values in the range 0.08-0.8μM, a good in vitro 

ADME profile and an encouraging in vivo activity, displaying a good capacity to arrest cell 

cycle, induce apoptosis, decrease adhesion and invasiveness and reduce Src activation in SH-

SY5Y cell cultures of human neuroblastoma [2,3]. The binding mode of some of the most 

interesting compounds has been characterized through X-ray crystallography which confirm 

docking simulations. Details gleaned from crystal structures revealed a surprising flexibility in 

the vicinity of the gatekeeper residue that allows the possibility to extend into a less conserved 

adjacent hydrophobic pocket near ATP binding region and towards αC helix, which therefore 

offers better chances of selectivity. Based on these crystal structures, a Monte Carlo (MC) free 

energy perturbation (FEP) calculations protocol has been applied to guide the design of a 

second generation of c-Src inhibitors with improved pharmacodynamic properties.  
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Metal−organic frameworks (MOFs), are crystalline materials built from metal ions or clusters 

bridged by organic linkers to form three-dimensional structures. MOFs are synthesized by the 

solvothermal technique. Solvothermal conditions can facilitate the equilibration of the reacting 

system and the subsequent formation of ordered structures in a thermodynamically more 

favourable fashion. Then, the MOF is activated removing the solvent that is present inside the 

cavities. 

The structure−property relationships of MOFs can be established by taking advantage of the 

knowledge of their detailed crystalline structures, which enables a modulation of their 

functionalities for desired applications. In particular, exploiting the crystallinity of MOFs, we 

want to study the process of inclusion of molecules inside the pores, through X-ray diffraction. 

We have chosen for this purpose molecules that have a big interest nowadays, for their 

pharmacological and agrochemical activity: eg propofol (used for the induction and 

maintenance of general anaesthesia), carvacrol (fragrance, recently used to stimulate apoptosis 

in prostate cancer cells), nicotine (potent alkaloid which is contained in tobacoo and acts as 

stimulant drug).   

The guest uptake were cheked by DIP/EI MS and TGA analysis before the single crystal 

diffraction. Our research group has focused the attention on synthesis and uptake process of 

micro-porous MOFs with the future goal to study meso-porous MOFs. In fact, pores in the 

order of 5-50 nm can be suitable to adsorb large organic molecules.  

 

 
 

Figure 1.  Image from X-ray single crystal diffraction of Ho(hide) [1] loaded with carvacrol. The electron 

density is being interpreted as the superimposition of disordered guest molecules  according to the higher 

symmetry of the channels. 

 

 

[1]  C. Kremer et al. / Inorganic Chemistry Communications, 2008, 11, 862-864  
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The relentless progress in Organic Electronics has suggested that disorder in the active 

layer is detrimental for device performances. Researchers have tried to design organic materials 

in such a way to optimize the intermolecular interactions between π-conjugated molecules, 

making the efficiency of charge transport closely related to the extent of molecular order. 

Nevertheless, this study emphasizes how the introduction of molecular disorder can be the key 

for enhanced transport properties once the devices are treated via thermal annealing. In this 

work we report a multiscale structural analysis performed by X-ray diffraction, X-ray 

reflectivity and atomic force microscopy on thin films of dicyanoperylene molecules decorated 

with either linear or asymmetric branched alkyl side chains (Figure). The synthesis of the 

branched specie leads to the formation of a mixture of four “distinct” stereoisomers, two RR/SS 

and RS/SR enantiomeric pairs, making the molecules more soluble and therefore increasing 

their processability. This conformational disorder not only makes the crystallization process 

more difficult with respect to the case of molecules with linear side-chains, which instead self-

assemble in the crystal structure optimal for charge transport, but also favours the 2D-growth 

mode. These structural and morphological characteristics, ascribed to branched side chains, 

enable a phase transition by an ordinary post-deposition thermal treatment which strongly 

improves the transport properties of thin-film devices. 

These findings suggest that synthesizing highly processable molecules with strong 

supramolecular rearrangement capabilities during optimized classical post-growth processes can 

be more efficient than improving the charge carrier mobility at the expense of solubility. 

 

 
Figure: Chemical formula, sketch of molecular self assembly and AFM images of the two perylene 

derivative isomers 
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Metal complexes are compounds continuously having important and even newer applications. 

For example, metal complexes are the base of the most common receptor systems, finding 

multiple applications due to their intriguing properties [1]. They are able to bind, activate, 

catalyze, signal or transport guests making them important in several and different fields 

ranging from the biological to the industrial one. In this view, metallo-receptors are usually 

used to interact with anions or neutral species exploiting the coordination properties of the 

metal center, but also positively charged guests can be hosted. In this case, the metal ion mainly 

serves to preorganize the hosting area and usually it is not directly involved in the interaction 

with the guest [2].
 

Recently, we developed a class of molecules based on two 3-hydroxy-2-methyl-4-pyrone units 

(Maltol) linked to a polyamine scaffold which exhibited anti-neoplastic activity in vitro.
 
Two of 

these molecules (Malten and Maltonis) were also studied as  potential ligands for metal ions 

thanks to their ability to coordinate transition metal ions (Cu(II) for Malten and Co(II) for 

Maltonis), which are stabilized by the polyamine functions and by the deprotonated hydroxyl 

oxygen atom of each maltol function. The involvement of both maltol units in the coordination 

of the transition M(II) ion induces the formation of an electron-rich area by the four oxygen 

atoms of the two converging maltol units thus allowing the transition metal complexes to bind 

hard metal ions.  

In this work, considering the Malten molecule and its biological activity, we extended the 

binding studies of the [CuH-2Malten] species as metallo-receptor for positively charged species 

in water examining the series of alkaline earth metal ions.  

Among hard metal ions, the alkaline earth series is significant and, from the biological point of 

view, calcium and magnesium are the most important being them cofactors in many enzymes 

and covering a wide spectra of functions. In spite of the similar chemical behavior, their 

biological functions are different and one ion can interfere over the other in their functions. On 

the other hand, their discrimination and recognition in solution is quite difficult due to their 

chemical similarity.  

Eventually, we also investigated the biological potential of all up to now characterized metal 

complexes of Malten in the ability to induce DNA structural alterations. 
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J. W. Steed), John Wiley & Sons Inc. Chichester, 2012, 1309-1324. b) J.-P. Sauvage in Supramolecular 

Polymer Chemistry (Eds. A. Harada) 2012, 347-359 

[2] A. Dalla Cort, in Supramolecular Chemistry: from Molecules to Nanomaterials (Eds J. W. Steed and 

P. A. Gale) John Wiley & Sons Inc. Chichester 2012, pp. 1281–1308; b) V. Guerchais, J.-L. Fillaut, 

Coord. Chem. Rev. 2011, 255, 2448-2457. 

https://scifinder.cas.org/scifinder/references/answers/8E224794X86F35093X1DA17BCF1D2C9872C6:8E26658BX86F35093X2C4121D0381E95B994/662.html?nav=eNpb85aBtYSBMbGEQcXC1cjMzNTCKcLCzM3Y1MDSOMLI2cTQyNDFwNjC0NXS1MnS0gSoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYG7hIEprbiEwZMYy62Aiiwtzc3ckBQZWDhaGBqYGZq4ORsaOpqZugFdmFHCIO0YGuLhHxTv6Rfm6hcCZPj5x7sH-YcGePq5lzBwZuYW5BeVAJ1UXMhQx8AMdAgDUDQ7tyAotRBNlKkoH9XDTvn5OamJeWcVihquzvn1DujhKJiHC0Dqi4uB6rXzi9L1khOL9fKLkxOL9IpTi8pSi_RS8nMTM_P0kvNzc_Pz9IKBTgguSE22mbB6gez0B6eYGJh8GHhyK_2LUjLzEnO8UytLGDR8gAbpAw3SBxukDzFIH2KQPsQgfaBKax8G9txKkInAwJT0AblWv7QkM0ffJzMvOzXFI7E4Izi1xLqioADoOHGwZ0DSeijSN3KuR029qyUHihyYl8GqoPK7XFqnTtux3YQZFHnlPMDgEbB3YACDCgBeo7XD&key=caplus_2012:628183&title=RnJvbSBjaGVtaWNhbCB0b3BvbG9neSB0byBtb2xlY3VsYXIgbWFjaGluZXM&launchSrc=reflist&pageNum=1&sortKey=ACCESSION_NUMBER&sortOrder=DESCENDING
https://scifinder.cas.org/scifinder/references/answers/8E224794X86F35093X1DA17BCF1D2C9872C6:8E26658BX86F35093X2C4121D0381E95B994/662.html?nav=eNpb85aBtYSBMbGEQcXC1cjMzNTCKcLCzM3Y1MDSOMLI2cTQyNDFwNjC0NXS1MnS0gSoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYG7hIEprbiEwZMYy62Aiiwtzc3ckBQZWDhaGBqYGZq4ORsaOpqZugFdmFHCIO0YGuLhHxTv6Rfm6hcCZPj5x7sH-YcGePq5lzBwZuYW5BeVAJ1UXMhQx8AMdAgDUDQ7tyAotRBNlKkoH9XDTvn5OamJeWcVihquzvn1DujhKJiHC0Dqi4uB6rXzi9L1khOL9fKLkxOL9IpTi8pSi_RS8nMTM_P0kvNzc_Pz9IKBTgguSE22mbB6gez0B6eYGJh8GHhyK_2LUjLzEnO8UytLGDR8gAbpAw3SBxukDzFIH2KQPsQgfaBKax8G9txKkInAwJT0AblWv7QkM0ffJzMvOzXFI7E4Izi1xLqioADoOHGwZ0DSeijSN3KuR029qyUHihyYl8GqoPK7XFqnTtux3YQZFHnlPMDgEbB3YACDCgBeo7XD&key=caplus_2012:628183&title=RnJvbSBjaGVtaWNhbCB0b3BvbG9neSB0byBtb2xlY3VsYXIgbWFjaGluZXM&launchSrc=reflist&pageNum=1&sortKey=ACCESSION_NUMBER&sortOrder=DESCENDING
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In 1913, by treating a solution of aminoguanidinium chloride with a stoichiometric amount of 

potassium hydroxide, and leaving the solution to slowly evaporate, a reddish violet, basic 

compound was obtained by Ponzio and Gastaldi (P&G) and attributed to the structure of the 

3,6-diamino-1,2,4,5-tetrazine.
1
 Later on, in 1954, Chao Han Lin et al.

2
 disproved this 

attribution, through the unequivocal synthesis of the latter.  

In such a situation, and since guanidine and aminoguanidine derivatives are of ever growing 

importance, both as synthones for novel heterocyclic compounds and for their potential 

biological activities,
3
 we focused our attention on the elucidation of this structure. Finally, in 

this contribution, a century from its discovery, we report the structure of  1,1,4,10,10-

pentaamino-2,3,5,6,8,9-hexaazadecan-1,3,5,7,9-pentaene, the P&G compound. 

Chemical and spectral studies have been done in order to advance a reasonable hypothesis for 

its formulation, whereas the structure has been determined by ab-initio X-ray powder 

diffraction analysis (XRPD). Moreover, in order to add, otherwise missing, information to our 

ab-initio XRPD structure determination, we have performed a lattice-constrained PBC-DFT 

optimization of our structural model.  
 

 

  

Figure 1. Ball and stick representation of the asymmetric unit of P&G comopound (P&G·2H2O) 

highlighting the H-bonds network (HBs).  

 

[1] a) G. Ponzio, C. Gastaldi, Gazz. Chim. Ital. 1913, 43, II, 129-137; b) G. Ponzio, C. Gastaldi, Gazz. 

Chim. Ital. 1914, 44, I, 257-268 and 277-282. 

[2] C. H. Lin, E. Lieber,  J. P. Horwitz, J. Am. Chem. Soc. 1954, 76, 427-430. 

[3] a) E. Licandro, D. Perdicchia, Eur. J. Org. Chem. 2004, 665-675; b) M. Sugiure, S. Kobayashi, S. 

Angew. Chem. Int. Ed. 2005, 44, 5176-5186. c) A. Solinas, H. Faure, H. Roudaut, E. Traiffort, A. 

Schoenfelder, A. Mann, F. Manetti, M. Taddei, M. Ruat, J. Med. Chem. 2012, 55, 1559-1571. 
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N-N‟ methylenebisacrylamide (MBA) is largely used as a cross -linking agent during the 

formation of different polymers. Polyamidoamines in particular are obtained via 

polyaddition of MBA with primary and secondary mono/di-amines and can be used for the 

protection of materials of interest for cultural heritage in particular for lignocelluloses [1]. 

Despite its wide use in many areas, the understanding of crystal structure of MBA is still 

missing and, until now, to our knowledge, the physical and chemical properties of the 

monomer were investigated only with spectroscopic measurements. The reason of this is 

probably due to the difficulties encountered to obtain the compound in a high quality 

crystalline form. In particular crystals of MBA have elongated needle form, and they all 

appear twinned.  

The crystal structure of MBA was determined through the geometry optimization of the 

molecular unit with Dmol
3
, and then through the evaluation of the possible packing via the 

crystal structure prediction protocol Polymorph Predictor, based on lattice energy 

minimization. The best structures were ranked comparing their powder pattern with the X -

ray diffraction data. Rietveld refinement of these models, performed on the same data, 

allowed us to obtain the most probable crystal arrangement of MBA molecules. This 

approach revealed to be essential to disentangle the twinning problems affecting the single 

crystal X-ray diffraction analysis, performed on samples obtained via recrystallization of 

commercial powder, which definitely confirmed the proposed model.  

We found that MBA shows a monoclinic structure in the spatial group C2/c, with lattice 

parameters a = 17.822(12) Å, b = 4.850(3) Å, c = 19.783(14) Å, β = 102.370(9)°, V = 

1670(2) Å
3
. In the crystal structure a strong interaction between the amidic and the 

carbonyl groups of neighboring MBA molecules was found along the b-axis, indicating 

that the crystal growth in form of wires happens in this direction. On the other hand, on 

the (010) plane only weaker Van der Waals interactions are present between the 

molecules, suggesting that fragmentation in needles oriented along the b axis can easily 

occur.  

This work provides an example of how computational methods could help to investigate 

low quality molecular crystals with standard diffraction techniques.  

 
[1] E. Ranucci, P. Ferruti, E. Lattanzio, A. Manfredi, M. Rossi, P. R. Mussini, F. Chiellini, C. Bartoli; J. 

Polym. Sci. A Polym. Chem., 2009, 47, 6977.  
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 The Italian CRG beamline GILDA at the ESRF [1] has been active since 1994 providing 

beamtime to users for experiments using the X-ray Absorption Spectroscopy and Powder Diffraction 

techniques. In this period of activity, groups coming from different scientific areas like materials science, 

environmental and earth science, cultural heritage, biophysics have carried out experiments at GILDA. 

After 20 years of operation and considering the major renewal of the ESRF storage ring, the layout of the 

Italian CRG beamline has been redesigned [2] in order to satisfy the new requirements from the scientific 

community. The source will be a short multipole wiggler and beam focusing will be achieved via toroidal 

mirrors. A new experimental station will permit the realization of multitechnique (XAS+XRD, RAMAN, 

..) experiments.  

 

 

 
Figure 1. Layout of the new beamline 

 
In this contribution the major points of the new layout will be presented as well as the new opportunities 

offered by this new project to the scientific community.  
 

References 
[1] F. D‟Acapito, S. Colonna, S. Pascarelli, G. Antonioli, A. Balerna, A. Bazzini, F. Boscherini, F. 

Campolungo, G. Chini, G. Dalba, I. Davoli, P. Fornasini, R. Graziola, G. Licheri, C. Meneghini, F. Rocca, 

L. Sangiorgio, V. Sciarra, V. Tullio, S. Mobilio, ESRF Newsletter, 1998, pp. 42-44. 

[2] F. d'Acapito, A. Trapananti, S. Torrengo, S. Mobilio, Notiziario Neutroni e Luce di Sincrotrone, Jul. 

2014, in press.  
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Ferromagnetic/Antiferromagnetic(FM/AFM) interface have been deeply investigated 

over years paying particular attention to the prototype Fe/TmO (TmO = transition metal 

oxide) bilayer for modeling such an exchange interaction [2].  

Auger-Photoelectron Coincidence Spectroscopy (APECS), which has already been 

applied to study both FM and AFM thin films, because of its sensitivity to the local 

magnetic state [1,3] could lead to an unambiguous assignment of the spin configuration 

of the interface. 

Angle-Resolved APECS experiments give the possibility to access local spin 

configuration of the Auger final state just combining dipole and Auger selection rules 

with the angular distribution of electrons characterised by different quantum numbers [4] 

without any spin detection. Collecting electrons upon changing kinematics condition 

allows to probe different final spin states. 

Fe/CoO/Ag(100) and Fe/Ag(100) thin films grown in situ have been measured in an AR-

APECS experiment, at 150K where both Fe and CoO are in their ordered magnetic state. 

In such a condition Fe has an initial state spin-polarised and, within a sequential two-step 

double photoionisation process, the so called high-spin (triplet) versus low-spin (singlet) 

selectivity in AR-APECS experiment leads to a magnetic dichroism. Such a dichroic 

effect (DEAR-APECS) is a proof of the presence of magnetism at atomic scale, because 

magnetic moments affects the AR-APECS cross-section [5]. 

Both the FM/AFM and FM/NM (NM = non magnetic) interfaces, the latter used as 

reference, have shown DEAR-APECS effect for the  spectra of the Auger M23VV 

transition. Spectra of both samples show a main-line centered around 43-44 eV followed 

by features in the low kinetic energy side. In both systems under consideration a peak 

which could be associated to a Cini-Sawatzky resonance due to the up-up spin coupling, 

in the same spirit of ref. [1], is present; this is an evidence of a typical FM behavior of 

the Fe layer. Effects of the different substrates show themselves as a shift of the onset 

towards higher energy and as a broadening of the main line of the Fe/CoO with respect 

to the Fe/Ag. Also the low kinetic energy features show spectral differences upon 

changing the substrate. 
 

[1] R. Gotter et al. Phys. Rev. Lett. 109 126401, (2012). 

[2] M. Finazzi et al. Surf. Sci. Reports 64 139, (2009). 

[3] R. Gotter et al. Phys. Rev. B 88 094403, (2013). 

[4] R. Gotter et al. Phys. Rev. B 79 075108, (2009). 

[5] F. Da Pieve et al. J. Phys. B: At. Mol. Opt. Phys. 40 329, (2007). 
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Anomalous development or damage to the vascular network (VN) of the central nervous 

system, as well as impaired partnership with neurons and glia, are related to many serious 

pathologies. Therefore, simultaneous imaging of VN and neurons with a resolution to 

discriminate the smallest capillaries and the neuron morphology, is crucial. Nevertheless, 

conventional 2D imaging yields incomplete spatial coverage and thus possible data 

misinterpretation, whereas conventional 3D imaging does not achieve sufficient resolution and 

contrast.  

By X-ray high-resolution phase-contrast tomography, we performed a simultaneous imaging of 

three-dimensional VN and neurons of mouse spinal cord at scales spanning from millimeters to 

tens of nanometers. The VN images are compared with corresponding images obtained with 

contrast agent, which is invasive and prevents small capillaries detection. The cellular images 

show the 3D distribution of axons bundles, the neuronal soma and the synaptic junction. 

Comparison with conventional histological sections shows that these last are  

incapable of providing the same level of detail. 

 

a)   b) 

 
Figure 1: a) X-ray Phase Contrast Tomography reconstructed volume of lombal region of spinal cord.  b) 

longitudinal projection of the sample imaged in a) in the grey matter. 
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X-ray Powder Diffraction (XRPD) is for sure the most important technique to investigate 

pharmaceutical samples in their solid state (i.e polymorphs, solvates, hydrates, salts, co-crystals, 

amorphous). The use of synchrotron radiation further enhanced XRPD capabilities allowing 

great improvements in the pharmaceuticals characterization. 

Pharmaceutical drug substances can exist in different solid-state forms. This polymorphism can 

play a key role on the quality and performances of drugs since it can strongly affect their 

physic-chemical properties (e.g solubility, bioavailability, efficacy, safety). It is in fact a 

regulatory requirement to conduct detailed analyses of the solid state properties of both drug 

substance and product during its technical development and later on during manufacturing and 

storage. 

Synchrotron XRPD dramatically pushes the limits of conventional X-ray sources offering the 

advantages of ultra-high FWHM and d-spacing resolutions, accurate 2 angle assignment, high 

signal-to-background and signal-to-noise ratios. When coupled with new cutting-edge single-

photon-counting detection systems, the measurements times is drastically reduced to 

milliseconds, allowing in-situ dynamic study of the kinetic of transformations and radiation-

damage-free high-resolution diffraction patterns. 

We discuss advances in instrumentation, calibration and data collection procedures leading to 

detection limits of contaminating crystalline phases in different formulations better than 0.05% 

wt% as well as the disclosure of subtle structural details. We describe the technique, the 

instrumentation and discuss relevant examples of applications focused on pharmaceuticals. The 

modalities of the fast, easy and affordable access to these state-of-the-art analytical tools are 

also discussed. 
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A crystal-chemistry survey on natural aluminiumphosphates, carried out by 

combining EMPA micronalysis, single-crystal X-ray diffraction and FTIR 

spectroscopy, was performed starting from our studies on whiteite 

CaFeMgAl2(PO4)4(OH)2∙8H2O, augelite Al2(PO4)(OH)3, wardite 

NaAl3(PO4)2(OH)4∙2H2O, lazulite MgAl2(PO4)2(OH)2 and wavellite 

Al3(PO4)2(OH,F)3·5H2O, [1] and extending the investigation to the most 

common Al phosphates phases. [2] 

Main crystallographic features (bonds, angles, interactions) were examined 

according to the results of structural refinements, and the presence of networks 

of O-H…O hydrogen bonds within the structures, based on the Libowitzky 

(1999) relationship, for the range of D-H...A bond systems in the structure, in 

order to compare results of OH frequencies from FTIR spectra with those 

observed by X-ray refinement. [3] 
 
 

 
 

 

 
Figure 1.Polyhedral coordination and three-dimensional framework for wavelliteAl3(PO4)2(OH,F)3·5H2O 

 

[1] F. Capitelli, G. Della Ventura, F. Bellatreccia, A. Sodo, M. Saviano, M. R. Ghiara, M. 

RossiMineral.Mag.2014, in press. 

[2] D.M.C. Huminicki, F.C. HawthorneRev. Mineral.Geochem.2002, 48, 123-253. 

[3] E. LibowitzkyMonatsh.Chem.1999,130, 1047-1059. 
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