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Plenary Lectures

PL-O1
Crystallography in the 21st century: the age 
of electron?
Lukáš Palatinus1

1. �Department of Structure Analysis, Institute of Physics of the CAS, 
Prague, Czech Republic

email: palat@fzu.cz
Crystallography as a scientific discipline has a history reaching 
at least four hundred years in the past. However, only in the 
19thcentury it became a systematically studied field. In these 
early times, crystals were studied mostly by visible light. This 
“age of light” ended abruptly with the discovery of the diffrac-
tion of X-rays by crystals, starting the “age of x-rays” and the 
dramatic development of structural crystallography.
Electron microscopy and electron diffraction have long been 
considered useful, but mainly supplementary crystallograph-
ic techniques. However, we have been witnessing a number 
of important developments in the field of electron crystallog-
raphy over the last decade that have changed the situation. 
First, it is the wide-spread availability of aberration-corrected 
transmission electron microscopes now allows a routine ob-
servation of – mostly inorganic – crystals at atomic resolu-
tion, including atomic-level chemical analysis. This gives an 
unprecedented insight into the structural arrangements at the 
smallest possible scale. Second, the development of the Cryo-
EM technique for the reconstruction of molecular structures 
by high-resolution single-particle imaging brought a qualita-
tive leap forward in our ability to understand the structures of 
biologically relevant molecular systems.
Somewhat in the shadow of these two ground-breaking de-
velopments stands another important progress in electron 
crystallography, namely the ability to solve and refine crys-
tal structures from electron diffraction data. While some ten 
years ago an ab-initio solution of a crystal structure purely 
from electron diffraction data was limited only to special 
cases and was considered a very difficult challenge, today 
it has become an almost routine procedure. Hundreds of 
crystal structures have been solved from electron diffrac-
tion data, and some of them refined to accuracy comparable 
to the accuracy of x-ray structure analysis. The examples 
cover all types of structures, from oxides and metal alloys 
through minerals, zeolites and other framework materials, 
to metal-organic frameworks, organometallic compounds 
or pharmaceutically relevant organic materials, and even 
macromolecular crystals. This technique opens up a whole 
new realm of application of single-crystal structure analysis, 
because electron diffraction techniques are able to analyze 
crystals down to the size of a few nanometers.
There is no doubt that in the coming years x-ray diffraction 
techniques will remain dominant in the crystallographic re-
search. However, seeing the rapid growth of importance of elec-
tron-based techniques, one may indeed ask a question: After the 
19thcentury being the age of light and the 20thcentury being the 
age ofx-rays, is the 21st century going to be the age of electrons?
Keywords: electron crystallography, electron microscopy, 
nanocrystals 

PL-O2 
A tale in two parts: how a search for 
antivirulence compounds led to the 
discovery of a shapeshifting copper 
resistance protein
Jennifer Martin1

1. �Griffith Institute for Drug Discovery, Griffith University, Nathan, 
Australia

email: jlm@griffith.edu.au
Protein disulfide bonds are covalent links formed be-
tween sulfurs of cysteine sidechains. There is now over-
whelming evidence to show that these inter-residue bonds 
are critical for Gram negative bacterial virulence [1].  
This presentation describes how the structures of the bacte-
rial machinery components that introduce disulfide bonds 
into folding proteins [2] have been used in the search for 
inhibitors [3,4,5]; and outlines the serendipitous discovery 
of a shape-shifting foldase [6] that is potentially useful for 
plug-and-play bionanotechnology.
References:
[1] Heras et al (2009) “DSB proteins and bacterial pathogenicity”, 
Nature Rev Micro, 7:215 - 225.
[2] Shouldice et al (2011) “Structure and function of DsbA, a key 
oxidative folding catalyst”, Antioxid Redox Signal 14:1729-60
[3] Duprez et al (2015) “Peptide inhibitors of the Escherichia coli 
DsbA oxidative machinery essential for bacterial virulence”, J Med 
Chem 58:577-87
[4] Adams*, Sharma* et al (2015) “Application of fragment-based 
screening to the design of inhibitors of Escherichia coli DsbA”, 
Angew Chem Int Ed Engl 54:2179-84
[5] Halili*, Bachu*, Lindahl* et al (2015) “Small molecule inhibitors 
of disulfide bond formation by the bacterial DsbA-DsbB dual 
enzyme system”, ACS Chemical Biology 10:957-64
[6] Furlong et al (2017) “A shape-shifting redox foldase contributes 
to Proteus mirabilis copper resistance”, Nature Commun, 8:16065.
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KN-1
The vocabulary of protein-DNA 
interactions: Symmetry, degeneracy, 
modifications
Matthias Bochtler1

1. �International Institute of Molecular and Cell Biology & Institute 
of Biochemistry and Biophysics, Warsaw, Poland

email: mbochtler@iimcb.gov.pl
The basics of protein nucleic acid interactions have been 
worked out a long time ago, but new themes are still emerg-
ing. The vocabulary for the non-degenerate recognition of 
DNA bases is well understood, but this is not the case for 
semi-degenerate recognition, which may occur “acciden-
tally”, or be imposed by symmetry. In the first part of my 
talk, I will focus on principles of semi-degenerate readout 
of DNA sequence, by minor groove readout, base unstack-
ing, and nucleotide flipping (1). In the second part of my 
talk, I will concentrate on modification specific DNA bind-
ing.  How nucleic acid modifications such as methylation 
inhibit DNA binding by steric exclusion is readily under-
standable. Whether a predicted clash is biologically relevant 
depends on whether protein and nucleic acid are sufficiently 
flexible to avoid the steric conflict (2). How nucleic acid 
conformations become a prerequisite for binding is harder 
to understand, especially when the dependence on the mod-
ification is stringent and when a modifier group (such as a 
methyl group) offers little opportunity for strong attractive 
interactions. In my talk, I will focus on several published 
and unpublished structures from our own work which il-
lustrate the modification selective binding of nucleic ac-
ids containing 6-methyladenine, 5-methylcytosine (5mC), 
5-hydroxymethylcytosine (5hmC), and glucosyl-5-hy-
droxymethylcytosine (g5hmC) (3).
References:
(1) Bochtler, M., Szczepanowski, R.H., Tamulaitis, G., Grazulis, S., 
Czapinska, H., Manakova, E. and Siksnys, V. (2006) Nucleotide flips 
determine the specificity of the Ecl18kI restriction endonuclease. 
EMBO J, 25, 2219-2229.
(2) Mierzejewska, K., Bochtler, M., Czapinska, H. (2016) On 
the role of steric clashes in methylation control of restriction 
endonuclease activity. Nucleic Acids Res, 44, 485-495.
(3) Mierzejewska, K., Siwek, W., Czapinska, H., Kaus-Drobek, 
M., Radlinska, M., Skowronek, K., Bujnicki, J.M., Dadlez, M. and 
Bochtler, M. (2014) Structural basis of the methylation specificity of 
R.DpnI. Nucleic Acids Res, 42, 8745-8754.

Keywords: Symmetry, degeneracy, modifications

KN-2
The Joy of Seeing - in honour of Dorothy 
Hodgkin
Eleanor Dodson1

1. University of York, York, United Kingdom

email: eleanor.dodson@york.ac.uk
To quote Dorothy Hodgkin: The great advantage of X-ray 
analysis as a method of chemical structure analysis is its 
power to show some totally unexpected and surprising 
structure and to do so with absolute certainty.
I will show examples of how Fourier analysis using X-ray 
observations from a crystal, combined with imperfect 
phases, can allow us to boot-strap our way to a satisfactory 
structure. Combining these basic principals with the great 
computing power, and excellent data acquisition facilities 
now available has extended our power to “see” to new lev-
els.
References:
[1] Hodgkin, D. C. Pickworth, J. Robertson, J. H. Trueblood, K. N. 
Prosen, R. J. & White, J. G. (1955). Nature, 176 (4477), 325–328.
[2] Jenkins, H. T. (2018). Acta crystallographica. Section D, 
Structural biology, 205–214.
[3] Rodríguez, D. D. Grosse, C. Himmel, S. González, C. de 
Ilarduya, I. M. Becker, S. Sheldrick, G. M. & Usón, I. (2009) Nature 
Methods, 6(9), 651–653.

Keywords: Fourier analysis, computing techniques
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KN-3
Understanding and using likelihood in 
structural biology
Randy Read1, Robert Oeffner1, Airlie McCoy1

1. �Department of Haematology, Cambridge Institute for Medical 
Research, University of Cambridge, Cambridge, United Kingdom

email: rjr27@cam.ac.uk
The principle of maximum likelihood provides an ideal 
way to understand how experiments and prior knowledge 
can be used to inform our understanding of the systems we 
study. Likelihood-based methods now pervade all aspects 
of macromolecular crystallography and, increasingly, other 
branches of structural biology.
Compared to previous approaches, such as heuristic meth-
ods based on the properties of the Patterson function or 
least-squares optimisation, likelihood-based methods are 
found to be more sensitive and to lead to better models. Mo-
lecular replacement methods are a prime example where the 
application of likelihood allows structures to be determined 
with poorer or less complete models, partly because it pro-
vides a clear way to build up more complete solutions from 
multiple components.
A new understanding of the effects of measurement error 
[1] and of the statistical properties of crystallographic like-
lihood targets [2, 3] allows us to predict whether or not we 
will be able to place a particular model, integrating the in-
fluence of resolution limit, data quality, model completeness 
and model quality. This understanding led to the surprising 
prediction that, given data to sufficiently high resolution, 
molecular replacement techniques could even be used to 
place single atoms. 
References:
[1] Read, R. J. & McCoy, A. J. (2016). Acta Cryst. D72, 375-387.
[2] McCoy, A. J., Oeffner, R. D., Wrobel, A. G., Ojala, J. R., 
Tryggvason, K., Lohkamp, B. & Read, R. J. (2017). Proc. Natl. 
Acad. Sci. USA 114, 3637-3741.
[3] Oeffner, R. D., Afonine, P. V., Millán, C., Sammito, M., Uson, I., 
Read, R. J. & McCoy, A. J. Acta Cryst. D74, 245-255.

Keywords: likelihood, molecular replacement, phasing

KN-4
How CRISPR-Cas RNA-guided 
endonucleases cut specific DNA regions for 
Genome Editing?
Guillermo Montoya1

1. �Novo Nordisk Foundation Center for Protein Research Faculty 
of Health and Medical Sciences, University of Copenhagen, 
Copenhagen, Denmark

email: guillermo.montoya@cpr.ku.dk
Since ancestral time mankind has tried to modify plants and 
animals to obtain an offspring that could adapt to our needs. 
In this way farmers have selected more efficient animals to 
produce more meat, more resistant plants, faster and resist-
ant horses or cows that produce a larger amount of milk. 
Our ability to modify organisms has changed dramatically 
with the introduction of genome editing. Thanks to the dis-
covery of new genome modifying enzymes we can perform 
a safer and faster manipulation to edit a genome, thus fa-
cilitating organism redesign or the treatment of monogenic 
diseases and some types of cancer. I will address the molec-
ular mechanism that control specificity and cleavage of one 
of these tools, Cpf1, a single RNA-guided endonuclease of 
class 2 type V CRISPR-Cas system, which is emerging as 
a powerful genome editing tool. To provide insight into its 
DNA targeting mechanism, we have determined the crystal 
structure of  Francisella novicida  Cpf1(FnCpf1) in com-
plex with the triple strand R-loop formed after target DNA 
cleavage. The structure reveals a unique machinery for tar-
get DNA unwinding to form a crRNA-DNA hybrid and a 
displaced DNA strand inside FnCpf1. Our study reveals a 
singular working model of RNA-guided DNA cleavage by 
Cpf1, opening up new avenues for engineering this genome 
modification system. 
Keywords: DNA, CRISPR, Genome editing



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e4

KN-5
The roots of Quantum Crystallography
Piero Macchi1

1. �Department of Chemistry and Biochemistry University of Bern, 
Bern, Switzerland

email: piero.macchi@dcb.unibe.ch
The term Quantum Crystallography has recently entered 
the scientific language, following a definition by Massa, 
Huang & Karle (1995). Their vision was quite narrow-fo-
cused, identifying quantum crystallography with the possi-
bility of improving an electronic wave function by means 
of X-ray scattering intensities, or otherwise using wave-
function-based methods to improve the traditional crystal 
structure models.
Instead, if quantum crystallography refers to the extraction 
of quantum-based information from crystallographic mea-
surements or the use of theoretical quantum chemistry to 
improve the quality of the crystallographic models, then it 
is clear that this field finds its roots directly at the beginning 
of modern crystallography, after the discovery of X-rays. 
In facts, it was only in the 1960s that this kind of studies 
became technically available, especially under the impulse 
of R. Weiss (1966), who showed how electron charge densi-
ty, in position or in momentum space, could be determined 
from X-ray diffraction.
A terrific development occurred in the 1970s, fostered by P. 
Coppens (1984) and R. F. Stewart (1976) and many cowork-
ers who paved the way to extract a huge array of quantum 
mechanical quantities from crystallographic experiments. 
The progresses have involved also the determination of 
magnetization densities and spine distributions (Becker, 
1980), the refinement of reduced density matrices (Gillet, 
2007) and the calculation of X-ray restrained wavefunctions 
(Jayatilaka, 1998).
Many methods to analyze those quantities have been devel-
oped and adopted, mostly based on electron density parti-
tions and quantum topology (Bader, 1990).
These roots enable nowadays a modern and broader sci-
ence, which is under development and takes advantage of 
improved modelling techniques, for example combining 
different kinds of experiments, and from the new types of 
source that are currently available at large scale facilities.
References:
Bader, R. F. W. (1990) Atoms in molecules. A quantum theory. 
Oxford University Press.
Becker, P. (1980). Electron and magnetization densities in molecules 
and crystals, Plenum Press, New York.
Coppens, P. (1984), J. Chem. Ed., 61, 761-765.
Gillet, J.-M. (2007). Acta Cryst. A63, 234-238.
Jayatilaka, D. (1998). Phys Rev Lett. 80,798–801.
Massa, L., Huang, L. & Karle, J. (1995). Int. J. Quantum Chem., 
56, 371–384.
Stewart, R. F. (1976). Acta Cryst. A32, 565–574.
Weiss, R. J. (1966). X-ray determination of electron distributions. 
North-Holland Publishing Co.- Amsterdam.

Keywords: charge density, spin density, quantum mechanics, 
quantum crystallography, wave function refinement

KN-6
Application of advanced transmission 
electron microscopy techniques to 
structure solution and refinement of 
complex inorganic materials
Joke Hadermann1

1. �EMAT, Dept. Physics, University of Antwerp, Antwerp, Belgium

email: joke.hadermann@uantwerpen.be
The crystal structure solution of complex inorganic com-
pounds, including commensurately or incommensurately 
modulated compounds, is often very challenging, even us-
ing the well-established methodology of single-crystal X ray 
crystallography. This task becomes even more difficult for 
materials that cannot be prepared in a single-crystal form, 
so that only polycrystalline powders are available.   Trans-
mission electron microscopy (TEM) has a strong advantage 
in such cases, as it can study separate nm sized crystallites, 
turning a “powder sample”  into a sample with a multitude 
of “single crystals”.  A TEM furthermore allows using many 
different techniques, from diffraction to imaging to spec-
troscopy. Huge advances were made in both high resolution 
imaging and spectroscopy as well as electron diffraction 
methods over the last decade. In this lecture, an overview 
will be given which and how advanced transmission elec-
tron microscopy techniques can be specifically well used to 
aid the structure solution and refinement of complex inor-
ganic materials, as well as the potential of some recent anal-
ysis tools and instrumentation towards this target.
Keywords: TEM, modulated, structure
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KN-7
Biomolecular structure determination by 
electron diffraction of 3D microcrystals
Brent Nannenga1

1. �Chemical Engineering, Arizona State University, Tempe, United 
States of America

email: Brent.Nannenga@asu.edu
A common barrier to high-resolution biomolecular structure 
determination is the growth of large well-ordered crystals. 
Electron diffraction is capable of producing high-quality 
diffraction data from crystals that are orders of magnitude 
smaller than those needed for conventional X-ray crystal-
lographic experiments, and 3D electron diffraction meth-
ods have recently begun to yield high-resolution structures 
from extremely small microcrystals. In this presentation, 
the cryo-electron microscopy technique of microelectron 
diffraction, or MicroED, will be described in detail along 
with representative structures determined by the method. 
Additionally, current work in our lab, which is focused on 
improving and extending this technique to very difficult 
samples, such as membrane proteins, will be presented.
Keywords: Electron diffraction, protein crystallography

KN-8
Exotic topochemical alteration of the 
cationic sublattices in oxides: the complex 
crystallography behind
Olivier Mentré1

1. UCCS, UMR CNRS 8181, Villeneuve D’ascq, France

email: olivier.mentre@ensc-lille.fr
The possibility to modify inorganic oxides at moderate 
temperature, under kinetic rather than thermodynamic 
control leads to metastable structural rearrangements with 
novel electronic partitions and properties. Here we present 
a review of recent exotic reversible topochemical reac-
tions studied in the lab. In most cases, the observed mo-
didication concerns   the anionic sub-array. However   we 
have evidenced a number of   structural lattices in which 
the cationic lattices itself may be drastically   re-arranged 
via concomitant or not alteration of the anionic sublattice. 
For instance, the controlled oxidation of the 2D-ising fer-
romagnetic BaFe2+

2(PO4)2 into Fe-depleted BaFe2/3+
2-x(PO4)2 

(x<0.66) leads to a series of intermediate phases with full 
vacancy/Fe ordering and to nanometric  Fe2O3 [1].  Here, an-
tiferromagneticexchanges are recovered along with the Fe2+ 
to Fe3+ oxidation. Other pertinent examples of metal exso-
lution  will be discussed.   On the opposite, playing redox 
chemistry in 2D-oxides such as the multiferroic hexagonal 
YMn3+O3,  YbFe2.5+

2O4 and Yb2Fe2.66+
3O7, the metal content 

is maintained but drastically  restacked during reduction/ox-
idation into  YMn2+O2.5 YbFe3+

2O4.5 and Yb2Fe3+
3O7.5 [2,3]. 

Generally, all transformed compounds require complex 
crystal-chemistry features with occurence of supercells, 
modulated structures, and/or disordred intregrowths.
The possibility to tune in a controlled way various pris-
tine frameworks opens a wide field of investigation for 
tailor-made crystallographic architectures.This fascinating 
crystal chemistry upon oxidation and reduction will be de-
scribed and rationalized for a global vision of these giant 
anion/cation-labile systems.
References:
[1] I. Blazquez Alcover. et al. Crystal Growth and Design, (2015). 
15, 4237,
[2] S. Nicoud et al.. JACS, (2017).139, 17031,
[3] H. Kabbour et al.. Inorg. chem. (2017), 56, 8547.

Keywords: metal exsolution, topochemical transformation, metal 
depleted lattices
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KN-9
Complex structures of minerals at Deep 
Earth conditions: experiments and 
perspectives
Marco Merlini1

1. �Department of Earth Sciences, University of Milano, Milano, Italy

email: marco.merlini@unimi.it
The development in the last decades of high-pressure/
high-temperature devices for synthesis and in-situ analysis, 
allowed the determination of complex structures of miner-
als stabilized at deep Earth conditions. Furthermore, the dis-
covery in these experiments of unpredicted stoichiometry 
in Earth’s mantle minerals indicate the possible existence 
of a number of crystalline phases in the planetary interiors 
unconceivable before. Multiphase and single-phase experi-
ments, combined with conventional and advanced analytical 
approaches (i.e. X- ray laboratory, X-ray synchrotron and 
electron single crystal diffraction) are the basis for building 
an improved mineralogical model for the Earth’s interior. 
Recent results are provided. The first example shows the 
possible complexity of hydrous mineral phases in subduc-
tion environment, where crustal minerals are transferred 
in the deep Earth, with implication for water storage and 
transfer in the Earth’s interior and consequent large-scale 
geological processes. The second example about carbonate 
structures at extreme conditions indicates a complex crystal 
chemistry with important geochemical implications in the 
lower mantle. The third example related to iron-oxides re-
veal a number of unknown stoichiometry in the planetary 
interiors, with consequence in the global oxidation states of 
planets. Most of these structures have no structural analogue 
in natural and synthetic crystalline materials and can stimu-
late the design of new functional materials.
Keywords: high-pressure, crystal structure, Earth and planetary 
interior

KN-10
Hydrides: from Hydrogen Storage to 
Porous Systems, Structural Design and 
Solid Electrolytes
Yaroslav Filinchuk1

1. �Universite catholique de Louvain, Louvain-la-Neuve, Belgium

email: yaroslav.filinchuk@uclouvain.be
Hydrogen is traditionally stored in metal hydrides, nowadays 
seen as too heavy for mobile applications. Complex (ionic sol-
ids) and chemical (molecular compounds) hydrides based on 
light elements, such as N and B, are developed in the recent 
years, just like porous solids for physisorption of molecular 
hydrogen. These compounds gave a way to new applications, 
which I will highlight "in the light of X-rays", as structural 
studies are often a clue to understanding the functionality.
Firstly, I will show recent attempts to design a molecular 
system capable to store hydrogen reversibly. Aluminium is 
the cheap, light and abundant metal used to store hydrogen 
in a form of alane AlH3 and alanates AlH4

–. We have devel-
oped systems based on Al with complex and chemical hy-
drides coordinated to it, such as ammonia borane NH3BH3 
(AB), amidoborane NH2BH3

– and borohydrides BH4
– [1]. 

We showed [2] that the ability of the strong Lewis acid Al3+ 
to coordinate both the initial hydrogenated species as well 
as their dehydrogenation products makes it a good template 
for chemical transformations of hydrides. In particular, AB 
coordinated to Al3+ in Al(BH4)3∙NH3BH3 endothermically 
dehydrogenates to a single product identified as Al(BH4)3∙N-
HBH, with a potential for a direct rehydrogenation of AB.
Secondly, porous materials can be also made of hydrides [3]. 
We investigated gas sorption in the porous γ-Mg(BH4)2 using 
neutron powder diffraction to accurately localize the guests and 
synchrotron X-ray powder diffraction to collect data along the 
adsorption isobars. The latter allows to study structural chang-
es with pressure and temperature variation, giving insight into 
guest-host and guest-guest interactions, as well as to extract 
relevant thermodynamic parameters. I will discuss the inter-
molecular interactions, size effects and the role of hydridic 
hydrogen in physisorption. In this small pore system, the effect 
of the probe size on the loading capacity and the location of 
the guest molecules is remarkable. While typically each pore 
can be occupied by one or two larger guests, the amount of 
hydrogen can go up to 5 molecules per pore, yielding the to-
tal capacity of 2.33 H2 molecules per Mg atom. We are trying 
to extend the family of hydridic porous solids by combining 
imidazolates (ligands known to build stable frameworks) and 
complex hydrides (should be responsible for the unusual func-
tionality). The approach and recent results will be presented.
Thirdly, complex hydrides are known as good solid state 
electrolytes that may eventually allow to build safe all-sol-
id-state batteries.
References:
[1] Dovgaliuk, I. et al. (2017). ChemSusChem 10, 4725-4734.
[2] Dovgaliuk, I. & Filinchuk, Y. (2016). Int. J. Hydr. Energy 41, 
15489-15504.
[3] Filinchuk, Y. et al. (2011). Angew. Chem. Int. Ed. 50, 11162-
11166.

Keywords: hydrides, materials chemistry, design
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KN-11
Vagando entre los picos - ¿cómo llegué 
hasta aquí? 
Improving methods in data collection and 
processing
Harry Powell1

1. �Harry Powell Crystallographic, London, United Kingdom

email: hrp1000@virginmedia.com
Both data collection and data processing methods have 
changed dramatically during the history of  X-ray crystal-
lography, but the pioneers in the field would still recognise 
much of what we do  today. Developments in electronics 
(which barely existed when von Laue and the Braggs made 
their  first steps towards structure solution, e.g. [1]) have 
given rise to huge advances in detector hardware and com-
putational methods, but we still measure the position and 
intensities of diffraction maxima  and use this information 
to determine structural properties of materials - albeit at a 
rate that  might astonish our forebears.
In a discussion of various moving-crystal and moving-de-
tector methods of data collection, I will  discuss how 
modern data processing has allowed single crystal data 
collection methods to converge  on a moving-crystal-stat-
ic-detector method that was formalised in the late 1970s [2], 
just as I left  school. I will discuss some of the important 
milestones together with a view of some of the more  inter-
esting side-roads that have been explored over the decades. 
As I wander amongst the  (diffraction) peaks, I will try to 
answer the question "how did we get here?".
References:
[1] Bragg, W.H. & Bragg, W.L. (1913) Proc. R. Soc. London Ser. A, 
89 277 - 291
[2] The Rotation Method in Crystallography (1977), edited by U.W. 
Arndt & A.J. Wonacott, North-Holland.K

Keywords: data collection, data processing, historical

KN-12
Free-standing nanostructures at atomic 
scale: from growth mechanisms to local 
properties
Jordi Arbiol1

1. �Advacned Electron Nanoscopy, ICREA and Catalan Institute 
of Nanoscience and Nanotechnology (ICN2), CSIC and BIST, 
Bellaterra, Barcelona, Spain

email: arbiol@icrea.cat
Technology at the nanoscale has become one of the main 
challenges in science as new physical effects appear and 
can be modulated at will. Semiconductor materials for elec-
tronics, optoelectronics, sensing and energy applications 
are taking advantage of the low dimensionality, improving 
their properties and opening a new range of applications. As 
developments in materials science are pushing to the size 
limits of physics and chemistry, there is a critical need for 
understanding the origin of these unique physical properties 
(optical and electronic) and relate them to the changes orig-
inated at the atomic scale, e.g.: linked to structural changes 
of the material, many times related to the presence of crystal 
defects.
In the present work, I will show how combining advanced 
electron microscopy imaging with electron spectroscopy, in 
an aberration corrected STEM will allow us to probe the 
elemental composition and electronic structure simultane-
ously in unprecedented spatial detail.
The talk will focus on several examples in advanced semi-
conductor nanomaterials for optical, electronic and energy 
applications. In this way the latest results obtained by my 
group on direct visualizing and modeling materials at atom-
ic scale will help to understand their growth mechanisms 
(e.g.: how the occurrence of a single twin defect can modify 
the growth from 1D (nanowire) to 2D (nanosheet) [1,2]) 
and also correlate their physical properties (electronic and 
photonic) at sub-nanometer with their atomic scale crystal 
structure. The examples will cover a wide range of semicon-
ductor nanomaterials: quantum structures self-assembled in 
a nanowire: quantum wires (1D) [3] and quantum dots (0D) 
[4,5] and other complex nanowire-like morphologies for 
photonic and energy applications (LEDs, lasers, quantum 
computing, single photon emitters, water splitting cells, bat-
teries) [7,8,9,10], as well as nanomembranes and 2D sheets 
[8,11].
References:
[1]. de la Mata M, Arbiol J, et al (2014) Nano Letters 14, 6614.
[2]. de la Mata M, Arbiol J, et al (2016) Nano Letters 16, 825.
[3]. Arbiol J et al (2012) Nanoscale 4, 7517.
[4]. Uccelli E, Arbiol J et al (2010) ACS Nano 4, 5985.
[5]. Heiss M, Arbiol J et al (2013) Nature Mater. 12, 439.
[6]. Arbiol J et al (2013) Materials Today 16, 213.
[7]. de la Mata M, Arbiol J et al (2013) J. Mat. Chem. C 1, 4300.
[8]. Tang P-Y, Arbiol J et al (2016) Nano Energy 22, 189.
[9]. Tang P-Y, Arbiol J et al (2017) Energy Environ. Sci., 10, 2124.
[10]. Urbain F, Arbiol J et al (2017) Energy Environ. Sci., 10, 2256.
[11]. Tutuncuoglu G, Arbiol J, et al (2015) Nanoscale 7, 19453.
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Three decades ago, the determination of the crystal structure 
of a polycrystalline material using X-ray powder diffraction 
(XPD) data was a challenge, requiring a dedicated and pa-
tient crystallographer. Today, the necessary tools have been 
developed, and such analyses are conducted worldwide in 
all areas of science on a routine basis. During this time, we 
have also watched the definition of a single crystal change. 
The 100mm crystal previously required for data collection 
in a laboratory using a point detector could be reduced to 
30mm with an area detector, and to just a few mm with 
synchrotron microdiffraction techniques. More recently 
electron diffraction and X-ray Free Electron Lasers have 
reduced this requirement still further into the nanometer 
range. Does this mean that the job is done and we should 
seek other challenges?
Like all areas of science, it is always possible to dig deeper. 
It can be argued that developing methodology and instru-
mentation to address the initial phase problem was just the 
first step in the elucidation of the structure of a polycrys-
talline material. The structural details that become evident 
during the course of a Rietveld refinement continue to pose 
new challenges. Probably the most common of these is 
the presence of some element of disorder. Even with sin-
gle-crystal data, the full analysis of the diffuse scattering 
that accompanies any disordered structure still lies within 
the realm of the experts, but with a little persistence some 
useful information can be extracted from the Bragg peaks 
alone. How far can we go with XPD data? For example, 
can the disordered organic structure-directing agents used in 
zeolite syntheses be located in the final product using XPD 
data? Yes, they can.
Can other techniques help us overcome some of the limita-
tions inherent to XPD data? In our own research we have 
come to appreciate the complementarity of XPD, electron 
microscopy/diffraction and solid state NMR techniques. 
For example, the conformer disorder in D-ribose was first 
indicated by MAS NMR, the framework disorder in the ni-
obium silicate AM-11 could be seen in electron microscopy 
images, and the unexpected structure of the inner surface of 
the disordered zeolite catalyst SSZ-70 could only be fully 
characterized via sophisticated NMR techniques. Combin-
ing techniques requires manual intervention and tenacity, 
but the results are worth the effort. A few examples of such 
studies will be presented.References:
Keywords: powder diffraction, disorder, zeolites
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At the crystallisation group at Manchester, we have had a 
long-standing interest in the study of crystal nucleation and 
growth (making crystals). Understanding, designing and 
controlling robust crystallisation processes is key for the 
production of crystalline materials. More recently, we have 
also developed an interest in understanding the processes of 
milling (breaking) crystals. How crystals break, the struc-
tures afforded and their kinetics, are fundamental concepts 
that need to be understood in order to apply milling tech-
niques during the formulation of tablets. This keynote lec-
ture reviews some recent advances in the understanding of 
nucleation and milling processes in small molecule crystals.
First, I present our recent work in the study of the kinetics 
of nucleation of a series of four aromatic carboxylic acids in 
different solvents and at different supersaturations [1]. After 
computing a myriad of parameters, we found some reveal-
ing correlations between nucleation rates and the strength of 
the aromatic stacking involved in the growth of the crystals 
under study. This revealed, that the weakest continuous in-
teraction, was controlling the kinetics of crystal nucleation 
at the molecular level.
 Second, we study the kinetics of the conversion of theoph-
ylline into a solvate by milling. Theophylline converts into 
a 1:1 solvate and then into a 1:1.5 solvate with pyrrolidone 
upon grinding in increasing amounts of pyrrolidone. Whilst 
the kinetics of the conversion to the 1:1 solvate were very 
fast, formation of the 1:1.5 solvate was slow. We found 
that the kinetics of breaking the reactant crystals were con-
trolling the kinetics of the overall process [2].
 Third, we study a molecular system which can exist in two 
different polymorphs (A and B). Polymorph A can only be 
obtained by dry milling or milling in the presence of small 
amounts of solvent. Our investigations showed that our 
milling experiments always lead to the thermodynamically 
stable form. However, the thermodynamically stable form 
switches from B to A as the size of the crystallites becomes 
smaller [3].:
References:
[1] A.J. Cruz-Cabeza, R.J. Davey, S.S. Sachithananthan, R. Smith, 
S.K. Tang, T. Vetter, Y. Xiao, Chem Commun. 2017, 53, 7905-7908.
[2] D. Hasa, M. Pastore, M. Arhangelskis, B. Gabriele, A.J. 
Cruz-Cabeza, G. Schneider-Rauber, A.D. Bond, and W. Jones, in 
submission, 2018.
[3] A. M. Belenguer, G. I. Lampronti, A. J. Cruz-Cabeza, C. A. 
Hunter, and J. K. M. Sanders,
Chemical Science, 2016, 7, 6617.
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Porous Crystalline Architectures: Ultra-
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A challenging issue is the dynamics of nanoporous solids af-
ter the insertion of molecular rotors in their building blocks, 
promising access to the control of rotary motion by chem-
ical and physical stimuli.[1] The combination of porosity 
with ultra-fast rotor dynamics was discovered in molecular 
crystals, covalent organic frameworks and MOFs by 2H 
spin-echo NMR spectroscopy and T1 relaxation times.[2-5] 
The rotors, as fast as 1011 Hz at 150 K, are exposed to the 
crystalline channels, which absorb CO2 and I2 from the gas 
phase, even at low pressures. Interestingly, the rotor dynam-
ics can be switched on and off by vapor absorption/desorp-
tion, showing a remarkable change of material dynamics, 
which, in turn, produces a modulated physical response. 
Novel mesoporous organosiloxane frameworks allowed 
us to realize periodic architectures of fast molecular ro-
tors on which C-F dipoles are mounted.[6] These dipolar 
rotors showed not only rapid dynamics (109 Hz at 325 
K) in the solid-state NMR experiments, but also a di-
electric response typical of a fast dipole reorientation. 
Moreover, crystals with permanent porosity were exploited 
in an unusual way to decorate crystal surfaces with regular 
arrays of dipolar rotors. The inserted molecules carry alkyl 
chains which are included as guests into the channel-ends.
[7] The rotors stay at the surface due to a bulky molecu-
lar stopper which prevents the rotors from entering the 
channels. The host-guest relationships were established by 
2D solid-state NMR and GIAO HF ab initio calculations. 
In a final example, flexible molecular crystals were fabri-
cated by a series of shape-persistent azobenzene tetramers 
that form porous molecular crystals in their trans config-
uration. The efficient trans→cis photoisomerization of 
the azobenzene units converts the crystals into a non-po-
rous phase but crystallinity and porosity are restored upon 
Z→E isomerization promoted by visible light irradiation 
or heating. We demonstrated that the photoisomerization 
enables reversible on/off switching of optical proper-
ties as well as the capture of CO2 from the gas phase.[8] 
We would like to thank Cariplo Foundation, Lombardy Re-
gion/INSTM Consortium and MIUR (PRIN 2016).
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The precise orientation and organization of molecules in 
a crystalline lattice determine many bulk properties of the 
substance, e.g. density, solubility, thermal stability, hygro-
scopicity, and mechanical strength.  Consequently, if we are 
seeking to fine-tune or ‘dial-in’ physical properties through 
a bottom-up approach, then we need to acquire control over 
the metrics and topologies of the structural landscape that 
is inhabited by a particular target molecule. Unfortunately, 
this presents considerable challenges because all molecular 
recognition events are the result of a delicate balancing act 
between relatively weak and reversible non-covalent inter-
actions.  
One of the reasons why co-crystals may offer unique op-
portunities for deliberate adjustments of bulk properties is 
that within a series of co-crystals of a target molecule, it 
may be possible to make modular changes to the crystalline 
framework that contains the “active” molecules. This, in 
turn, may allow us to make incremental changes to physical 
properties of a substance without having to alter the mo-
lecular properties of the target. The inexorable (but not al-
ways obvious) connections between structure and properties 
means that with the ability to change specific aspects of the 
solid form of a compound comes new and unique prospects 
for materials design.
This presentation will describe different strategies for the 
design and practical synthesis of co-crystals using both hy-
drogen- and halogen bonds, and will also offer several ex-
amples of co-crystal technology as applied to both energetic 
materials and agrochemicals.
References:
[1] Sandhu, B., Sinha, A.S., Desper, J., & Aakeröy, C.B., (2018), 
Chem Commun., in press.
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J. 21, 11029 – 11037.
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VMXm is a new micro/nanofocus protein crystallography 
beamline currently being constructed at Diamond Light 
Source.  The beamline is designed to measure multiple ro-
tation data sets from microcrystals down to 0.5 microns in 
size and minimise the sample material required for structure 
determination.   The beamline optics will deliver a beam-
size of 0.3 - 10 μm vertically, using a single custom profiled 
fixed focal length mirror, and 0.5 - 5 μm horizontally via a 
two stage demagnification scheme and a variable secondary 
source aperture. The beamline will operate at energies be-
tween 6 and 28 keV delivering between 1011 and 1012ph/s to 
the sample (at 12 keV), depending on the optical configura-
tion. Crystal samples will be visualised and aligned to the 
X-ray beam using a built-in Scanning Electron Microscope 
(SEM).  Samples will be prepared on TEM grids, using 
plunge freezing techniques taken from cryo-EM.  To further 
improve signal to noise, data will be collected from samples 
under vacuum. The design of the beamline will be present-
ed, along with sample preparation techniques for submicron 
crystals and initial data collection results from the beamline
Keywords: Instrumentation, microcrystallography, protein 
crystallography

MS01-O2
Applications for serial crystallography at 
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Serial millisecond crystallography (SMX) at synchrotrons 
allows typical crystallographic experiments to be performed 
at room-temperature. High-resolution structure determina-
tion and even native SAD phasing from small crystals be-
comes possible when using modern high frame-rate detec-
tors1. Using a continuous room-temperature setup opens the 
door to new types of experiments.
Time resolved serial femtosecond crystallography at free 
electron lasers (FELs) can be performed with the same high 
viscosity injectors2 that are used for SMX at synchrotrons3. 
The synergy between synchrotrons and FELs allows for 
more efficient use of precious beamtime at FELs, demon-
strated in our recent LCLS beamtime in which we recorded 
over a million diffraction patterns of Bacteriorhodopsin.
The high frame rates of modern detectors offer a convenient 
way towards time resolved experiments without special 
beamline equipment, which may help bringing time re-
solved crystallography out of its niche.
Keywords: room-temperature, time-resolved, serial 
crystallography 
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Protein crystals in living cells have been observed in all 
domains of life [1]. This crystallization approach holds the 
possibility to grow a huge number of micron-sized protein 
crystals with comparable properties and of high quality in a 
short time [2-3]. In order to systematically exploit the po-
tential of in cellulo crystallization in living insect cells for 
structural biology, we are establishing a streamlined process 
to rapidly elucidate the structural information of in cellulo 
crystallized target proteins.
After cloning the gene of interest into baculovirus transfer 
vectors, the associated recombinant baculoviruses are gen-
erated to infect insect cells. Crystal formation is detected 
at day 3 to 5 after infection. If intracellular crystallization 
was successful, diffraction data of the isolated in cellulo 
crystals are collected using serial crystallography approach-
es either at XFELs or highly brilliant synchrotron sources, 
depending on the crystal diffraction volume. The thousands 
of generated diffraction patterns are processed either with 
CrystFEL or XDS. In our hands, these efforts resulted in the 
successful crystallization of more than 20 different proteins 
in living insect cells so far. However, a broader application 
is currently restricted by two major bottlenecks: Firstly, de-
pending on the recombinant protein, the fraction of crystal 
containing cells varies between more than 80 % and less 
than 1 %. And secondly, changes of environmental condi-
tions during cell lysis and crystal purification result in a loss 
of crystal quality.
To overcome these limitations we recently established tech-
niques for serial diffraction data collection from in cellu-
lo grown crystals directly within living insect cells, using 
synchrotron and XFEL radiation both at RT and cryo con-
ditions. These innovative approaches avoid crystal purifi-
cation and transfer of the living, crystal-containing cells, 
and furthermore allow direct screening of cell cultures for 
successful in cellulo protein crystallization using the X-ray 
beam. Ultimately, our current in cellulo crystallization 
pipeline will be further improved to overcome limitations 
in data collection due to low intracellular crystallization 
efficiency, supported by an additional integration of fluores-
cence-based cell sorting, enriching the proportion of crystal 
containing cells. Our results pave the way to a more efficient 
use of crystal containing insect cells as suitable targets for 
serial diffraction data collection at synchrotrons and XFELs 
in the future..
Keywords: serial crystallography, in cellulo, SFX
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Besides the well-established X-ray diffraction, the structur-
al investigation of biological macromolecules can rely on 
new recently developed techniques. Among these, serial 
crystallography at X-FELs, single particle cryo-electron 
microscopy and electron diffraction (ED) allow overcoming 
the challenges posed by large biomolecules, namely (i) the 
necessity of preserving hydration, (ii) the difficulty to grow 
large and well-ordered crystals and (iii) the challenge posed 
by their high beam sensitivity.  ED is particularly promis-
ing, because electron microscopes are much more readily 
available than X-FELs and diffraction methods normally 
allow higher resolution than imaging methods. Neverthe-
less, applications of 3D ED to structural biology had not 
been pursued until very recently, when the feasibility was 
demonstrated on 3D (sub)micro crystals of test-case protein 
samples.[1,2]
So far, plunge-frozen macromolecular crystals have been 
investigated in selected area electron diffraction (SAED) 
mode while the sample was continuously rotated in order 
to speed the acquisition time and collect a comprehensive 
data set before the crystal deteriorates due to beam dam-
age. In this contribution we present the first application of 
nanobeam precession-assisted 3D ED to biological macro-
molecules. The advantages of this approach with respect to 
typical SAED methods employed so far are: (i) the reduc-
tion of illuminated sample area, (ii) the possibility to track 
crystal position during sample tilt and (iii) the chance to get 
multiple data sets from the same crystal.[3]
Our ED data collection strategy has been successfully ap-
plied on the well-known hen egg white lysozyme (HEWL), 
and allowed us to identify a new monoclinic polymorph that 
crystallizes only in form of micrometric acicular crystals. The 
crystal structure of this HEWL polymorph could be solved by 
molecular replacement, making it the first unknown complete 
protein crystal structure ever solved by ED.
Keywords: Electron diffraction, proteins, nanocrystals
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The rapid evolution of micro- and nanocrystallography as 
an important and distinct field of macromolecular crystal-
lography was, from its very beginning, closely tied to the 
advent of ultrafast, pulsed x-ray sources of the 4th gener-
ation such as X-ray free-electron lasers (XFELs). Today, 
serial femtosecond nanocrystallography experiments at 
XFELs have proven to be a powerful method for time re-
solved studies of fundamental biological dynamics on the 
molecular level, ranging from enzyme-substrate mixing to 
photo-induced timed resolved dynamical processes. For the 
new X-ray free-electron laser facility European XFEL, dy-
namical biology in the sense of time resolved micro- and 
nanocrystallography was determined to be one of the major 
pillars of scientific research, and the envisaged X-ray pulse 
repetition rates in the Megahertz regime at European XFEL 
promise to offer unique capabilities for data collection for 
such experiments.
Here, we present capabilities, experiences and results from 
the first run of experiments at the SPB/SFX scientific instru-
ment of the European XFEL. We give an overview of the 
general design and capabilities of the instrument and out-
line what benefits and challenges come from the uniquely 
high X-ray repetition rate. This includes the consequences 
for sample delivery, detector calibration, data collection and 
experimental performance in general. We further outline the 
capabilities for ultrafast time resolved studies at SPB/SFX 
aided by an optical laser system that follows the European 
XFEL’s MHz pulse structure. Finally, plans for the incorpo-
ration and commissioning of new X-ray focussing mirror 
optics, and the installation of two additional experimental 
interaction regions at SPB/SFX will be presented and are 
envisaged to greatly enhance the experimental capabilities 
of the instrument for micro- and nanocrystallography.Ref-
erences:
Keywords: XFEL, instrument, time-resolved
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Fourth-generation X-ray sources, fast sample delivery sys-
tems for micro-crystals and pixel-array detectors with ever 
faster frame rates are radically extending ways of collecting 
diffraction data, while associated software developments 
are creating a continuum of options between serial exper-
iments at synchrotrons and at XFELs.
From the viewpoint of structure-based drug discovery, these 
developments will give better access to targets for which 
“macro-crystals” cannot be obtained, but they will do so at 
a greatly increased cost. This encourages renewed efforts to 
more fully exploit the intrinsic advantages of macro-crys-
tals, when available, through better experiments. Unfortu-
nately, strong emphasis on automation and speed in typical 
high-throughput data collection workflows has left little 
room for invoking any form of expert decision making in 
data collection without considerable disruption of automa-
tion.
An unlikely opportunity linked to the development of 
the Diamond I23 experimental phasing beamline (Armin 
Wagner) has enabled us to address this limitation via a 
“Third-party design and control” approach that makes our 
solution transferable between different beamline software 
environments with minimum effort. This approach has been 
validated by the live execution of our workflows on Dia-
mond beamlines running under the GDA control software, 
and recently on the ESRF ID30B beamline running under 
MXCuBE.
We have been able to demonstrate that “Club Class” 
multi-orientation datasets can significantly enhance the 
detection and characterisation of small weakly bound frag-
ments - a process fundamental to fragment-based drug dis-
covery - in the context of a fragment screening campaign. 
Numerous datasets collected on the ESRF MASSIF-1 
beamline were processed with the Global Phasing “Pipe-
dream” software suite that seamlessly combines automated 
data reduction and model refinement with ligand density 
elicitation, automated ligand fitting and ligand geometry 



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e13

validation. New interfaces for the ranking and evaluation 
of Pipedream results were developed within the Crystalli-
zation Information Management System (CRIMS) in order 
to support rapid analysis and decision making in the con-
text of large-scale compound and fragment screening cam-
paigns. The use of a small number of “Club Class” datasets 
(manually collected on the ESRF ID30B and SLS PX-III 
beamlines) led to a significant increase in the number of hits 
and enabled a complete elucidation of initially ambiguous 
binding modes for a number of challenging fragments. The 
approach described here is widely applicable and illustrates 
the potential of the combined use of “Club Class” data col-
lection strategies and of fully automated protein-to-structure 
X-ray crystallography pipelines to achieve higher perfor-
mance in large-scale compound and fragment screening 
campaigns.
Keywords: Fragment screening, multi-axis goniometry, ligand 
detection sensitivity
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Data collection is often described as the last experimental 
step in crystallographic experiments. The reason is that the 
choice of data collection parameters and strategy will influ-
ence the quality of the data which in turn will determine the 
amount of information that subsequent data processing and 
phasing software can be extract from the data, the quality of 
electron density maps and, ultimately, the failure or success 
of the experiment.
Unfortunately there is not a simple one-fits-all recipe to col-
lect good data. The optimal strategy depends on the exper-
imental purpose, the characteristics of the X-ray beam and 
instrumentation used to collect data and the samples prop-
erties. Radiation damage is often a critical factor limiting 
data quality and being able to predict the absorbed dose and 
mitigate the effects of exposure to X-rays is very important 
to a successful experiment.
While some general principles and guidelines to obtain 
good data are often successfully followed, blind applica-
tion of rules of thumb can sometimes result in suboptimal 
experiments due to the conflicting effects of different data 
collection practices.  Strategy programs developed over the 
last decade are in use at many dedicated macromolecular 
crystallography beamlines provide good guidance; howev-
er human experience is still beneficial to interpret software 
output and make the best decicions in difficult cases. Under-
standing the role of all the different factors on data quality 
is key to designing a reasonable data collection strategy that 
offers the best compromise between conflicting require-
ments and facilitates data processing and structure solution.
Keywords: Data collection, experimental strategy, radiation 
damage
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Good native data are an asset for phasing, because they al-
low you to obtain and improve solutions to the phase prob-
lem even in the absence of a suitable homologous template. 
The question often explored in Molecular Replacement 
(MR) is: Is the model good enough to solve the structure? 
Here we explore the reverse: Are the data good enough 
for the distant homolog model to succeed? ARCIMBOL-
DO_SHREDDER (1) derives compact model fragments 
starting from a distant homolog template, evaluating their 
performance in a process driven by the experimental data, 
provided that a resolution of at least 2.5 Å is available. This 
method uses partial fragments that need to be very accurate. 
The following stages can be distinguished:

•	 Partition and annotation of the template:  The tem-
plate model is dissected into fragments that will be 
disassembled to give the model additional degrees of 
freedom.

•	 Generation of the models: The size of the fragments 
is derived from a target eLLG, set to be large enough 
to find correct solutions, but small enough to generate 
potentially accurate fragments.

•	 Evaluation against the likelihood rotation-function 
target 

•	 Gyre refinement (2):  The orientation and relative 
translation of the rigid groups identified in the first 
step are refined against the rotation-function target.

•	 ​​​​​​Translation search
•	 Packing test
•	 Refinement: Depending on the data and the expect-

ed deviation of the models, a set of different strate-
gies can be trialed at this stage: refinement of the 
r.m.s. error attributed to the model, superposition of 
the original template on each placed fragment with 
trimming and refinement, gimble refinement against 
the likelihood translation-function target subdividing 
the model into the same rigid groups as in gyre, or 
phaser’s likelihood-based pruning.

•	 Phase combination: Consistent phase sets can be 
combined with ALIXE in order to complete partial 
solutions and increase their information content.

•	 Density modification and autotracing for expansion 
of the substructure to a full solution: The single or 
combined phase sets are used to calculate starting 
maps for iterative density modification and autotrac-
ing with SHELXE.

The method described has been successful in solving pre-
viously unknown structures, including Slt (3), a lytic trans-
glycosylase from the pathogen Pseudomonas aeruginosa. 
Moreover, it has helped to increase our knowledge about 
how to best exploit the available data and models in the 
context of fragment-based MR. In this presentation, both 
the method and its application to different cases will be 
discussed.
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Good native data are an asset for phasing, because they al-
low you to obtain and improve solutions to the phase prob-
lem even in the absence of a suitable homologous template. 
The question often explored in Molecular Replacement 
(MR) is: Is the model good enough to solve the structure? 
Here we explore the reverse: Are the data good enough 
for the distant homolog model to succeed? ARCIMBOL-
DO_SHREDDER (1) derives compact model fragments 
starting from a distant homolog template, evaluating their 
performance in a process driven by the experimental data, 
provided that a resolution of at least 2.5 Å is available. This 
method uses partial fragments that need to be very accurate. 
The following stages can be distinguished:

•	 Partition and annotation of the template:  The tem-
plate model is dissected into fragments that will be 
disassembled to give the model additional degrees of 
freedom.

•	 Generation of the models: The size of the fragments 
is derived from a target eLLG, set to be large enough 
to find correct solutions, but small enough to generate 
potentially accurate fragments.

•	 Evaluation against the likelihood rotation-function 
target 

•	 Gyre refinement (2):  The orientation and relative 
translation of the rigid groups identified in the first 
step are refined against the rotation-function target.

•	 ​​​​​​Translation search
•	 Packing test
•	 Refinement: Depending on the data and the expect-

ed deviation of the models, a set of different strate-
gies can be trialed at this stage: refinement of the 
r.m.s. error attributed to the model, superposition of 
the original template on each placed fragment with 
trimming and refinement, gimble refinement against 
the likelihood translation-function target subdividing 
the model into the same rigid groups as in gyre, or 
phaser’s likelihood-based pruning.

•	 Phase combination: Consistent phase sets can be 
combined with ALIXE in order to complete partial 
solutions and increase their information content.

•	 Density modification and autotracing for expansion 
of the substructure to a full solution: The single or 
combined phase sets are used to calculate starting 
maps for iterative density modification and autotrac-
ing with SHELXE.

The method described has been successful in solving pre-
viously unknown structures, including Slt (3), a lytic trans-
glycosylase from the pathogen Pseudomonas aeruginosa. 
Moreover, it has helped to increase our knowledge about 
how to best exploit the available data and models in the 
context of fragment-based MR. In this presentation, both 

the method and its application to different cases will be 
discussed.
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Phasing macromolecular crystals by native SAD (sin-
gle-wavelength anomalous dispersion) is attractive for 
de-novo structure determination because no derivative crys-
tals are required. However, the method has been uncommon 
for 30 years due to experimental difficulties in using long 
wavelength X-ray required to enhance weak anomalous 
signals from naturally-presented light atoms in macromol-
ecules. In diffraction measurement, long wavelength X-ray 
beam is severely absorbed by the sample or by the air on the 
beam path, which deteriorates the quality of diffraction data 
and results in burying small anomalous differences. 
Diffraction data collection environment for native SAD 
phasing should be considered taking the above problem 
seriously into account. Photon Factory beamline BL-1A is 
routinely operated for long wavelength experiment where 
the diffractometer is equipped with a standing chamber en-
closing both the goniometer and the X-ray detector, a heli-
um cold stream recycling system, and a specially designed 
sample changer. X-ray absorption on the beam path does 
not matter at the beamlin as it is completely covered by he-
lium. Under such optimized experimental environment we 
showed using the wavelength of 2.7 Å was advantageous in 
native SAD phasing against 1.9 Å, at around which most 
native SAD data collection has been performed so far [1]. 
Another aspect is the absorption by the sample itself. The 
wavelength used should be optimized for the sample size to 
most enhance the weak anomalous signal. However aniso-
tropic amount of absorption due to the sample shape would 
be more problematic, which introuduces systematic errors 
into the diffraction data. Many trials have been made to cor-
rect the absorption effect in both empirical and analytical 
way, but it’s much simpler if the sample is shaped in sphere. 
Shaping macromolecular crystal with deep UV laser [2] will 
solve the problem in a routine manner. We will present how 
the sample shaping is effective in native SAD phasing, as 
well as the discussion on the relationship between the sam-
ple size and the wavelength to be used.
References:
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Solving the phase problem is often a bottleneck in the deter-
mination of macromolecular crystal structures. Our approach 
to phasing, implemented in the software ARCIMBOLDO 
(http://chango.ibmb.csic.es/ARCIMBOLDO) relies on the 
combination of locating partial model fragments such as 
polyalanine alpha-helices with the program PHASER [1] 
and iterative density modification and main chain tracing 
with the program SHELXE [2]. In difficult cases, identi-
fying correctly positioned fragments is not obvious and 
then many putative groups of fragments have to be tested 
in parallel. As the starting substructure constitutes a small 
fraction of the total and needs to be expanded, phasing will 
be self-validating in most ARCIMBOLDO use cases: once 
a solution can be identified as correct, it may contain errors 
but should be fundamentally right. Therefore all available 
information can be used to constrain the starting hypotheses. 
Typically used fragments encompass ubiquitous models, 
such as polyalanine helices, libraries of small local folds 
such as beta sheets extracted from the PDB and fragments 
of distant homologs. Restricting the purely ab initio search 
by predictions derived from bioinformatics can be enhanced 
with experimental data such as circular dichroism to decide 
which libraries should be used in ARCIMBOLDO_BORGES 
Alternatively, partial solutions can be filtered with the com-
plementary information to discard incompatible solutions. 
The placed main chain models can be extended with 
probable side chains to generate multiple alternatives 
prior to expansion and we have used mass spectrometry 
in the context of natural products such as snake venoms, 
where composition is uncertain, to establish the structure. 
The combination with experimental phase information, too 
weak to render a solution on its own, can be performed in a 
number of ways: anomalous fragments can be searched for 
in PHASER along with normal fragments or independently 
determined and referred to the same origin. In either case, 
they can be combined in SHELXE. Alternatively the anom-
alous substructure can be determined from the map calculat-
ed from the partial fragments. A poor low resolution experi-
mental map may be used in ARCIMBOLDO_SHREDDER 
[3] to phase a higher resolution crystal form.
Keywords: phasing, ARCIMBOLDO, SHELX
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The DNA transposon Sleeping Beauty (SB) is an efficient 
gene delivery vector with broad utilities in vertebrate ge-
netics and human gene therapy. However, the molecular 
principles of its transposition remain elusive, greatly ham-
pering rational design of tailored SB variants. In this talk, 
I will present integrative high-resolution insights into SB 
transposition and demonstrate how these enable directed 
engineering of advanced transposon tools. Using a com-
bination of crystallography, SAXS, biochemical, biophys-
ical techniques, molecular modelling and fluorescence cell 
imaging, we have dissected the assembly pathway of SB’s 
active transposition machinery and showed that it follows a 
distinct pathway from other known transposons. We visu-
alized the structures of nucleoprotein complexes involved 
in the onset of transposition, elucidating the basis of the 
differences between SB and a canonical human element 
at high resolution. This showed that SB’s unique assembly 
mode critically underlies its exceptional efficiency and al-
lowed us to develop a strategy to chemically control trans-
position rates in living cells. Guided by our structure of 
the SB transposase catalytic domain, we further developed 
custom-made SB variants with increased activity and safety, 
clearly illustrating the power of structure-guided rational 
protein design for the advancement of molecular tools.
Keywords: protein-DNA complex, integrating structure and 
function, genetic engineering
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The ultrashort and highly intense pulses of new X-ray 
sources, the X-ray Free-electron lasers (XFELs), open the 
sub-ps time domain for time-resolved crystallography us-
ing small crystals that can be efficiently photolyzed. This 
is particularly appealing for the study of photosensitive 
proteins, which contain a light-absorbing chromophore 
that allows exploitation of light energy as a resource or 
as a carrier of information initiating intra- or intercellular 
signaling. The ultra-fast light-induced events comprising 
double-bond isomerization have been the subject of intense 
research for decades and have been spectroscopically well 
characterized. However, direct structural information on the 
excited state and intermediate structures necessary to un-
derstand the underlying mechanisms has been inaccessible 
until recently. We present recent insight on the initial events 
in photoisomerization obtained by time-resolved serial fem-
tosecond crystallography experiments in combination with 
time-resolved spectroscopy and quantum chemical calcula-
tions. This comprehensive mechanistic insight is not only 
important for the fundamental understanding of light-driven 
processes but has practical impact on future developments 
of fluorescent proteins for optical nanoscopy or retinal pro-
teins for optogenetics.
Keywords: XFELs, time-resolved crystallography
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Harnessing the anomalous signal  natively present in 
proteins, to solve their crystal structures, requires an ex-
perimental setup optimised for the tender X-ray regime. 
Macromolecular crystallography experiments on the 
long-wavelength beamline I23 at Diamond Light Source, 
UK, target the absorption edges of anomalously scattering 
atoms in proteins by collecting diffraction data in a high 
vacuum environment. This unique experimental setup en-
ables a multitude of phasing opportunities, including Sul-
phur/Phosphorus single wavelength anomalous dispersion 
(S/P-SAD), and also by accessing the absorption edges of 
metal ions commonly bound by proteins. Examples will be 
shown of structures solved on the beamline based on the 
anomalous signal from Sulphur, Iodine, Cadmium, Potassi-
um, Calcium, Gold, Vanadium, among others. It will also be 
shown how the combination of a vacuum environment and 
a large curved Pilatus 12M detector yields superior signal-
to-noise diffraction data, leading to sub-atomic resolution 
characterisation of certain structural targets.
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Dynamically resolved, or better known time-resolved, 
structural studies of proteins rely on specific sam-
ple environments at both synchrotrons and XFELs due 
to two main requirements: the continuous delivery of 
fresh sample to the X-ray beam and the need to trigger 
the protein activity. The two most widely used meth-
ods for protein triggering are the diffusion of actuators 
by rapid mixing and light activation using laser pulses.  
Within collaborative efforts between the Trebbin group 
and other groups at the University of Hamburg, DESY and 
ESRF, we have developed sample environments and meth-
ods for these complex studies. Specifically, we have recently 
performed a light-triggered solution scattering experiment 
employing photocaging to follow a protein dimerisation 
event at the white-beam station ID09 (ESRF). We have also 
developed different X-ray compatible devices for serial syn-
chrotron crystallography (SSX) data collection in flow with 
mixing for which I will present an example using 3D-print-
ed microfluidic devices at beam line ID303-A (ESRF). 
These versatile methods can be tailored to the requirements 
of the protein target characteristics such as time scales of 
reaction and sample form (solution or microcrystalline 
slurry). Therefore, the developing general and user-friendly 
sample environments is an important step in making these 
experiments more widely available.
Keywords: time-resolved, microfluidics, photocaging
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Science for Life Laboratory (SciLifeLab) is a Swedish na-
tional center for molecular biosciences supported by the 
Swedish government. The aim is to make state-of-the-art 
technologies and know-how available to academic research-
ers across the whole of Sweden. The Drug Discovery and 
Development (DDD) Platform is one part of the center. We 
help Swedish academic groups progress therapeutic ideas 
towards a pre-clinical proof-of-concept. Projects can have 
a small molecule focus or the aim can be to produce an an-
tibody therapeutic. The platform consists of eight facilities 
with different areas of expertise, including assay develop-
ment and high-throughput compound screening, antibody 
generation, protein expression, biophysical characteriza-
tion, medicinal chemistry, pharmacological profiling, analy-
sis of drug metabolism and pharmacokinetics data, and tar-
get safety analysis. For more information see https://www.
scilifelab.se/platforms/ddd
At the Biophysical Screening and Characterization Facility 
in the DDD Platform, we characterize interactions between 
molecules. Our three key techniques are surface plasmon 
resonance (SPR), X-ray crystallography, and microscale 
thermophoresis (MST). Most of our DDD projects are to 
verify binding of compounds found through high-through-
put screens. Our objective is to improve the high-throughput 
hits to become lead molecules. 
A recurring problem within many of the projects has been 
the lack of a functioning reference compound to verify that 
the target protein behaves in an expected manner. The qual-
ity of protein samples is critical in all the techniques we of-
fer, but the lack of reference compounds makes it even more 
important. The proteins we work with are either provided by 
the academic group we collaborate with, are bought from 
companies that provide such services, or are produced by 
our sister facility within the DDD, the Protein Expression 
and Characterization Facility. At the DDD we prefer the lat-
ter as here we know the protein samples will be well charac-
terized and we can have a dialogue about producing protein 
in a manner suited to the needs of the project. The analysis 
methods we mainly use are size exclusion chromatography, 
various gel electrophoresis, differential scanning fluorime-

try (also known as thermal shift assays) and dynamic light 
scattering.
This talk will discuss some of the older as well as newer 
methods for characterizing a protein sample prior to crys-
tallization or running a binding assay. The talk will have 
an educational tone with the hope of stirring up discussions 
around protein quality and how best to assess it.
Keywords: protein analysis, biophysical methods
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At synchrotron (SR) and Free-Electron-Laser (FEL) beam-
lines micro-sized crystals are preferred for diffraction data 
collection. Therefore, advanced and reliable methods to 
prepare and score 3D micro- and nano-crystal suspensions 
need to be established in time. A better understanding of 
the nucleation process is of fundamental importance in 
this context. Till now the nucleation process is discussed 
in theory and experiment differently. In order to obtain 
more insights about the process and to obtain supporting 
evidence for the tow-step nucleation mechanism we in-
vestigated the nucleation process and early crystallization 
events applying complementary biophysical methods [1,2]. 
In situ dynamic light scattering, small-angle X-ray scatter-
ing and transmission electron microscopy experiments were 
performed. Data obtained strongly support the existence of 
a two-step mechanism of nucleation. However, the early 
process is governed by the formation of liquid dense clus-
ters as initial step [3], followed by the transition to higher 
order assemblies inside these clusters. The desired size for 
SFX experiments is preferably in the upper nanometer or 
lower micrometer regime. This guides to a strong demand to 
develop and establish new methods to analyze, score nano- 
and micro crystal suspensions for serial crystallography. To 
support and facilitate this demand we recently designed and 
constructed a microscope setup based on detecting second 
harmonic generation (SHG) signals of crystalline particles. 
This method and setup enhances the already available sig-
nal sensitivity to such extend that detection of small crystals 
and crystals with higher symmetry, known to produce rather 
weak signals, is now possible and distinguishing between 
amorphous and crystalline particles is possible as well. The 
instrument is equipped with additional channels, which are 
capable to detect the third harmonic generation signal and 
three-photon excited UV-fluorescence, all in parallel, to 
provide complementary information about the crystalline 
sample suspension. Details and experimental data will be 
presented.
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Surface layers (S-layers) are 2D paracrystalline lattices of 
proteins or glycoproteins which cover the whole cell surface 
of many Archaea and Bacteria. Since these proteins are in 
close contact with their habitat they fulfil many vital tasks 
like bacterial adherence to other cells or substrates, protec-
tion against life-threatening conditions and maintenance of 
the cell shape [1]
S-layer proteins of lactobacilli species have a highly basic 
pI and are between 25-71 kDa in size [1,2]. They are at-
tached to the cell wall by interaction with lipoteichoic acids 
(LTA) [1]. It is reported that they are involved in auto- coag-
gregation and adherence and therefore are significant for the 
stimulation of gut dendritic cells by interacting with specific 
receptors [3]. Our goal is to characterize the surface layer 
proteins SlpA and SlpX of Lactobacillus acidophilus, which 
are both necessary to build up the protective S-layer coat. 
By changing the composition of the S-layer coat, the organ-
ism is able to adapt to the changing environmental condi-
tions and threats, e.g. osmotic stress. For structure-function 
characterization, we designed several protein fragments. 
Soluble fragments were purified and subjected to crystalli-
zation. Optimized crystals of the C-terminal fragments, con-
taining the LTA-binding domain, diffracted to 1.8 and 2.2 
Å. Crystal structures were solved by SeMet-SAD and the 
later by molecular replacement. To further characterize the 
binding of the S-layer to bacterial cell we per-
formed NMR titration experiments and isothermal 
titration calorimetry measurements with the C-terminal 
fragment of the protein.
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Novel bionanomaterials are hybrid materials that include 
the combination of biomolecules and inorganic substanc-
es to generate, enhance or support relevant properties. 
Bionanomaterials have useful applications in bio- and 
nanotechnology applications1,2 .Among the biomolecules 
used to prepare hybrid materials, proteins have shown to 
be versatile materials thank to their capacity to self-as-
sembly in crystalline form generating a porous network 
of nanometer size. The internal cavities of the protein 
have the ability to act as template3, 4 and it gives the ma-
terial the possibility to extrapolate nanoscale proper-
ties to macroscopic materials for practical applications. 
In this work, we present a new methodology to homoge-
nously incorporate inorganic particles within protein crys-
tals using dipeptide hydrogels as growth media. To exem-
plify this methodology, we have obtained lysozyme crystals 
incorporating single wallet carbon nanotubes at different 
concentration. Crystals were grown in Fmoc-PhePhe-OH 
hydrogels5. The influence of the nanotubes on the diffrac-
tion properties, hardness, enzymatic activity and conductiv-
ity will be presented and discussed, as well as a full charac-
terization of these new materials.
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crystals as recyclable catalysts for 4-nitrophenol reduction. Catal. 
Sci. Technol., 2013, 3, 1910-1914.
[4] O. L. Muskens, M. W. England, L. Danos, M. Li, and S. Mann 
Plasmonic Response of Ag- and Au-Infiltrated Cross-Linked 
Lysozyme Crystals. Adv. Funct. Mater. 2013, 23, 281–290.
[5] Conejero-Muriel, et al, Chem. Commun. 51, (2015), 3862 & M. 
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Scouting of soluble expression constructs containing a pre-
dicted functional domain is time-consuming and appears a 
gamble. Further, the only direct product is often a size ex-
clusion chromatography trace or the result of a pull-down 
interaction experiment. The choice of domain boundary, 
possibly expression tag and host cell grows into a labyrinth 
of pathways to be navigated by repeated manual cloning, 
expression and purification trials.
Yet, to allow advances in the most challenging and worth-
while targets, such as integral membrane protein receptors, 
ingenious methods have been developed to reduce complex-
ity and pre-screen protein production: Cell-free expression 
[1] circumvents some difficulties encountered during in 
vivo protein expression and is easily carried out in paral-
lel and at microliter scale. Fluorescence detection size ex-
clusion chromatography (FSEC) [2] of proteins side-steps 
large-scale cultivation and purification. The green fluores-
cent protein (GFP)-tagged protein of interest is specifically 
detected within in a complex mixture.
We sought to combine these methods for the screening 
of soluble, interaction-competent expression constructs: 
Candidate gene fragments were amplified and joined to an 
upstream T7 promoter + solubility tag and a downstream 
GFP + T7 terminator by overlap-extension PCR (as is used 
in gene synthesis). The linear PCR products were templates 
for a commercial cell-free expression kit, which may sim-
ply be set up as a hanging drop experiment. Approx. one 
microliter protein solution was used for each quantification, 
FSEC or an initial microscale thermophoresis experiment. 
FSEC traces in the absence or presence of excess unlabelled 
binding partner provided convincing qualitative results.
We describe a simple setup using off-the-shelf reagents. A 
wealth of recent literature describes improvements, scale up 
and add-on experiments.
References:
[1] Haberstock et al. (2012) Protein Expr. Purif 82, 308-316
[2] Kawate, T. & Gouaux, E. (2006) Structure 14, 673-681
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Past decades have shown the impact of structural infor-
mation derived from complexes of drug candidates with 
their protein targets to facilitate the discovery of safe and 
effective medicines. Despite recent developments in single 
particle cryo-electron microscopy, X-ray crystallography 
has been the main method to derive structural information. 
Recently, serial crystallography has added new opportuni-
ties for X-ray data collection of challenging systems like 
membrane proteins. Advances in serial crystallography are 
a pre-requisite to use the unique properties of X-ray Free 
Electron Laser (XFEL). Unmet peak brilliance and beam 
focus allow X-ray diffraction data recording and successful 
structure determination from smaller and weaker diffracting 
crystals shortening timelines in crystal optimization. To fur-
ther capitalize on the XFEL advantage, innovations in crys-
tal sample delivery for the X-ray experiment, data collection 
and processing methods are required. This development was 
a key contributor to serial crystallography allowing struc-
ture determination at room temperature yielding physiolog-
ically more relevant structures. Adding the time resolution 
provided by the femtosecond X-ray pulse will enable moni-
toring and capturing of dynamic processes of drug molecule 
binding and associated conformational changes with great 
impact to the design of candidate drug compounds.
References:
[1] Weinert, T., et al. Serial millisecond crystallography for routine 
room-temperature structure determination at synchrotrons. Nature 
Communication, 8:542 (2017).
[2] Cheng, K.Y.R., Abela, R., Hennig, M. X-ray Free Electron Laser: 
opportunities for drug discovery. Essays in Biochemistry (2017) 61, 
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KEAP1 is the key regulator of the NRF2-mediated cyto-
protective response, and an attractive target for diseases in-
volving excessive oxidative stress. Direct antagonism of the 
KEAP1-NRF2 protein-protein interaction presents a novel 
opportunity for pharmacological intervention, but iden-
tifying inhibitors with drug-like properties has been chal-
lenging. In collaboration with GSK, we have applied our 
fragment-based approach (PyramidÔ) to develop KI-696, a 
small-molecule KEAP1-NRF2 antagonist which combines 
high potency with physicochemical properties suitable for 
biological evaluation. X-ray crystallographic screening led 
to the identification of fragments bound at multiple “hot-
spots” within the KEAP1 Kelch domain, and this informa-
tion was used to elaborate a weakly binding  hit (Kd>1 mM) 
to a potent lead (Kd1.3 nM). KI-696 exhibits good selectivi-
ty for KEAP1, and activates the NRF2 antioxidant response 
in cellular and  in vivo  models, thereby providing a high 
quality chemical probe to explore the therapeutic potential 
of disrupting the KEAP1-NRF2 interaction.
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Effective crystal structures in 
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Most crystalline compounds exhibit polymorphism.[1] This 
is the ability of a chemical substance to pack in different 
3-D arrangements. Different polymorphs usually mean 
different physical and chemical properties. As a result, the 
pharmaceutical industry invests a significant amount of 
resources and capabilities in a wide range of polymorph 
risk-assessment tools  [2]  to avoid the appearance of a 
more stable crystalline form of the Active Pharmaceutical 
Ingredient (API) late in drug development or after launch. 
One of the main risk of not identifying the most stable 
form early in drug development is that the business may 
not guarantee the supply of medicine to patients on time 
for clinical phases as well as post-launch. Example [3] has 
existed and showed the criticality of understanding 
the solid form landscape of any new chemical entity. 
In the armoury of polymorph risk assessments, the as-
sessment of crystal structure data has become invalu-
able and this is the main topic of this presentation. This 
is now a core activity within AstraZeneca, performed 
on all suitable API’s in the portfolio, to 1) guide our ex-
periments, 2) enhance our understanding and 3) risk as-
sess the likelihood of identifying a more stable form. 
The implementation of the crystal structure assessments has 
also become an integral part of our form selection process. 
Following the selection of the solid form for the develop-
ment and/or commercial phases, crystal structures continue 
to guide decision-making during the development of com-
mercial processes and control strategies for registered start-
ing materials, chemical intermediates, API’s and formulated 
medicines. Examples of how crystal structures are assessed 
via a step-wise method, used in our business will be present-
ed using AZ compounds.
References:
[1] Mullin, J. W. (2001). Crystallization (4th. ed.). Oxford: Reed 
Educational and Professional Publishing Ltd.
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The key idea of fragment screening is that already a small 
selection of appropriate fragments (~103 cpds.) covers a 
much larger proportion of the overall chemical fragment 
space (~107 cpds.) than a typical high-throughput screening 
collection (105 – 106 cpds.) with respect to the drug-sized 
chemical space (~1063 cpds., MW < 500 Da). Moreover, in 
contrast to larger molecules, fragments may bypass strict 
steric requirements for binding, leading to high hit rates up 
to 20%. For the same reason fragments often find well-suit-
ed anchor positions leading to low-affinity yet highly ef-
ficient binding and making them excellent starting points 
for subsequent ligand design, with the inherent potential to 
reconstruct the larger lead- or drug-sized chemical space.
Modern semi-automated beamlines are well suited for crys-
tallographic screening of complete fragment libraries or 
diverse subsets at no higher effort than most pre-screening 
assays.[1] In conjunction with adequately designed frag-
ment libraries, automated data processing strategies, and 
optimized crystallographic methodology, this strategy rou-
tinely yields large numbers of fragment-bound structures re-
vealing otherwise unanticipated chemotypes and interaction 
patterns ready to use for structure-based drug design.[2,3]
We present our fragment-screening pipeline at the BESSY 
synchrotron as well as results from screening the same 
fragment library against more than 8 diverse proteins. In 
addition, we present a screen of natural compound-derived 
fragment structures and results from following up on these 
with readily available fragment-superstructures suited to 
fit the remaining parts of the pocket. Finally, we present 
computational tools to elaborate and evaluate fragment de-
rivatives, e.g. by fragment structure-based docking, also in 
conjunction with reaction driven de-novo design of easily 
accessible fragment derivatives.
The presented libraries and methods are part of the Frag2X-
tal and Frag4Lead service facility for crystallographic 
fragment screening soon available at the semi-automated 
crystallographic BL14.2 at the BESSY II storage ring of the 
Helmholtz-Zentrum Berlin.
References:
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New strategies to combat bacterial infections are essential 
to counteract increasing antibiotic resistance world-wide. 
One such alternative strategy is to target and inhibit a patho-
gen’s virulence machinery. Listeria monocytogenes is a 
food-borne Gram-positive bacterial pathogen involved in 
major outbreaks every year, causing listeriosis especially 
among pregnant women, the immunocompromised, and 
other at-risk individuals. The intracellular lifecycle of L. 
monocytogenes is well studied, making it an excellent mod-
el species for the targeting of specific virulence pathways. 
One of the major virulence regulators is the transcriptional 
regulator PrfA (Positive regulatory factor A), a member of 
the Crp/Fnr family of regulators that bind DNA through the 
helix-turn-helix motif. Published data suggest that PrfA re-
quires the binding of a co-factor, glutathione GSH, for full 
activity, and from the crystal structures of PrfA in complex 
with GSH, and in complex with GSH and its cognate DNA, 
the hly operator PrfA-box motif we revealed the structur-
al basis for a GSH-mediated allosteric mode of activation 
of PrfA in the cytosol of the host cell (1). Furthermore we 
describe structure-guided design and synthesis of a set of 
PrfA inhibitors based on ring-fused 2-pyridone heterocycles 
(2,3). Our most effective compound decreased virulence 
factor expression, reduced bacterial uptake into eukaryotic 
cells, and improved survival of chicken embryos infected 
with L. monocytogenes compared to previously identified 
compounds. Crystal structures identified an intra-protein 
“tunnel” as the main inhibitor binding site (AI), where the 
compounds participate in an extensive hydrophobic net-
work that restricts the protein’s ability to form functional 
DNA-binding HTH motifs. Our studies also revealed a hith-
erto unsuspected structural plasticity of the HTH motif. In 
conclusion, we have designed 2-pyridone analogues which 
function as site-AI selective PrfA inhibitors with potent an-
ti-virulence properties.
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RNA Polymerase (Pol) III is the eukaryotic nuclear enzyme 
devoted to the transcription of essential non-coding RNAs, 
including the entire pool of tRNAs, the 5S ribosomal RNA 
and the U6 spliceosomal RNA. Yeast Pol III comprises 17 
subunit and accounts for approximately 750 kDa in mass.
Initiation of gene transcription by RNA Pol III requires the 
activity of TFIIIB, a complex formed by Brf1, TBP and 
Bdp1. TFIIIB is required for recruitment of Pol III and 
to promote the transition from a closed to an open Pol III 
pre-initiation complex (PIC), a process stimulated by the 
activity of the Bdp1 subunit. Here we present two cryo-EM 
reconstruction of an open RNA Pol III PIC at 3.8Å and 3.3 
Å, and a reconstruction of RNA Pol III at 3.0 Å. 
The structures presented unravel the molecular mechanisms 
underlying RNA Pol III transcription initiation, highlighting 
the specific features of this highly efficient essential ma-
chinery but also the general conserved mechanisms of gene 
transcription initiation. 
We also present the crystal structures of a vertebrate specif-
ic TFIIIB complex, containing the Brf2 subunit, a protein 
overexpressed in lung and breast cancers. Brf2 encompass-
es a redox-sensing switch, capable of turning on and off 
transcription of target genes in a redox dependent manner. 
Integrating structural and biochemical and functional data 
in living cells we discovered Brf2 to act as a master switch 
of the oxidative stress response and establish a mechanis-
tic link between Brf2-dependent Pol III transcription and 
cancer.
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Almost all eukaryotic pre-mRNAs must undergo 5′ capping, 
splicing and 3′-end processing before they can be transport-
ed to the cytoplasm for their translation into proteins. 3′-end 
processing involves over 20 different protein factors that 
also co-ordinate transcription termination. The cleavage 
and polyadenylation factor (CPF) is an essential component 
of the 3′-end machinery that cleaves pre-mRNA transcripts 
and adds the 3’ polyA tails. Despite its fundamental impor-
tance, we are still far from understanding the molecular 
mechanisms of CPF. Here, we identify a sub-complex of 
the yeast CPF, the polyadenylation module (pAm), which 
acts as a hub for protein-protein interactions. Using cryo-
EM we determine a 3.5 Å structure of the Cft1-Pfs2-Yth1 
subunits of pAm. This consists of 4 beta propellers in Cft1 
and Pfs2 that are strikingly similar to other interaction hubs 
involved in DNA and RNA processing. The zinc finger Yth1 
protein extends from the side, providing an RNA binding 
surface. Biochemical studies confirm the structural observa-
tions and indicate the important role of pAm as the scaffold 
element of CPF to assemble other CPF subunits, including 
the poly(A) polymerase, and accessory factors of the 3’end 
processing machinery on RNA. We now aim to understand 
how the enzymatic activities are regulated. Our most recent 
results will be presented. 
References:
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Poly-ubiquitin chains are important signaling molecules 
that were assembled by the ubiquitination process in or-
der to trigger different linkage-specific signaling pathways 
through subsequent protein-protein interaction with down-
stream signaling molecules. The K63 and linear polyubiq-
uitins are involved in non-degradative signaling pathways 
that mostly regulate the NF-kB activation and tumor ne-
crosis factor receptor (TNFR)-mediated cell death, as well 
as necroptosis, in which deubiquitinases play a significant 
role in deciphering ubiquitin codes for regulating signaling. 
However, the molecular mechanism of how a polyubiqui-
tin chain recognizing signaling molecules remains unclear. 
Emerging evidence in recent years shows that A20, a deu-
biquitinase, down-regulates the NF-kB activation signaling 
by interacting and degrading the polyubiquitin chains. The 
interaction is mediated by A20-binding inhibitors of NF-
kB, ABINs, which contain both A20 and linear polyubiq-
uitin interacting domains. Here we report our recent works 
on the ABIN2:polyubiquitin complex. Structural analyses 
together with the mutagenesis, pull-down, and isothermal 
titration calorimetry assays show that ABIN2 has a primary 
and a secondary linear ubiquitin-binding site. Surprisingly, 
a tri-ubiquitin molecule could simultaneously interact with 
two ABIN2 dimers, in which the ubiquitins form a helical 
trimer when bridging two hABIN2 dimers. Our studies 
suggest the formation of a higher-order complex between a 
linear polyubiquitin chain, ABIN2, and A20.
References:
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The mitochondrial oxidative phosphorylation system gener-
ates the bulk of cellular ATP, fuelling the energy demands 
of most eukaryotes. Five multi-subunit protein complexes 
in the mitochondrial inner membrane, termed complexes I 
to V, comprise the oxidative phosphorylation system. Many 
of these complexes require redox active cofactors, such 
as metal atoms and flavin for activity.  The enzyme cyto-
chrome c oxidase (CcO; Complex IV), which is the termi-
nal oxidase of the mitochondrial respiratory chain requires 
three copper ions for assembly and activity of the complex. 
Succinate:quinone oxidoreductase (SQR; Complex II) 
functions in energy metabolism, coupling the tricarboxylic 
acid cycle and electron transport chain in bacteria and mi-
tochondria and requires covalent incorporation of the cofact 
FAD for activity. The biogenesis of flavinylated SdhA, the 
catalytic subunit of SQR, is assisted by a highly conserved 
assembly factor termed SdhE in bacteria.
The protein Coa6 is located in the intermembrane space of 
mitochondria and is required for CcO assembly, with a sug-
gested a role in the Cu-delivery pathway to CcO [1]. Our 
recent work has shown that Coa6 binds Cu(I), however the 
mechanism of how Coa6 mediates Cu-delivery is unknown. 
Studies on a clinically-relevant mutation of the Coa6 pro-
tein, C59W, have proposed that the mutation acts to disrupt 
protein-protein interactions between Coa6 and its proposed 
protein partners with identified roles in CcO assembly, lead-
ing to dysfunctions in Cu incorporation into CcO [3].
This presentation will describe the crystal structure of the 
native Coa6 and W59C mutant proteins and implications 
for the role of this protein in CcO assembly. The structure 
of Escherichia coli SdhE in complex with SdhA will also be 
described, which provides a structural explanation for the 
loss-of-function mutation, Gly78Arg, in SDHAF2, which 
causes hereditary paraganglioma 2 [4].
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Polyketide synthases (PKSs) are microbial multienzymes 
for the biosynthesis of biologically potent secondary me-
tabolites. Polyketide production is initiated by the loading 
of a starter unit onto an integral acyl carrier protein (ACP) 
and its subsequent transfer to the ketosynthase (KS). Ini-
tial substrate loading is achieved either by multidomain 
loading modules or by the integration of designated load-
ing domains, such as starter unit acyltransferases (SAT), 
whose structural integration into PKS remains unresolved. 
A crystal structure of the loading/condensing region of the 
nonreducing PKS CTB1 demonstrates the ordered insertion 
of a pseudodimeric SAT into the condensing region, which 
is aided by the SAT-KS linker. Cryo-electron microscopy of 
the post-loading state trapped by mechanism-based cross-
linking of ACP to KS reveals asymmetry across the CTB1 
loading/-condensing region, in accord with preferential 1:2 
binding stoichiometry. These results are critical for re-en-
gineering the loading step in polyketide biosynthesis and 
support functional relevance of asymmetric conformations 
of PKSs.
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Pre-mRNA splicing is catalyzed by the spliceosome, a huge 
protein-RNA complex composed of the U1, U2, U4, U5, 
U6 snRNPs and many non-snRNP related proteins. U1 sn-
RNP plays a critical role in 5ʹ splice site recognition and is 
a frequent target of alternative splicing factors. These fac-
tors transiently associate with human U1 snRNP and are not 
amenable for structural studies, while their Saccharomyces 
cerevisiae (yeast) homologs are stable components of U1 
snRNP. We have recently determined the structure of yeast 
U1 snRNP at 3.6Å resolution using cryoEM. The structure 
reveals common features as well as important differences 
from the human U1 snRNP. It provides atomic models of 
nearly all essential domains of U1 snRNA, all core proteins, 
and five auxiliary proteins. The structure offers a framework 
to integrate a wealth of existing genetic and biochemical 
data regarding the structure and function of yeast U1 sn-
RNP and the mechanism of 5’ ss recognition. In addition, 
the yeast U1 snRNP structure and biochemical analyses 
based on the structure provided intriguing insight into the 
structure and function of these auxiliary human U1 snRNP 
proteins in alternative splicing in higher eukaryotes.
The spliceosome undergoes dramatic changes signified by 
the E, A, Pre-B, B, Bact, B*, C, C*, P, and ILS complexes in a 
splicing cycle. CryoEM structures of B, Bact, C, C*, and ILS 
revealed mechanisms of 5’ ss recognition, branching, and 
intron release, but lacked information on 3’ ss recognition, 
exon ligation and release, all related to the post-catalytic P 
complex. We have recently determined the cryoEM struc-
ture of the yeast P complex at 3.3Å resolution, revealing that 
the 3’ ss recognition is driven by the interaction between 3’ 
and 5’ ss, likely facilitated by a stem-like structure formed 
in the intronic regions between the branch site and 3’ ss. The 
structure shows that a new protein(s) becomes stably asso-
ciated with the core components of the P complex around 
Prp8 and Prp22, securing the 3’ exon and potentially regu-
lating the activity of Prp22. The structure demonstrates that 
Prp22 binds 15-21 nucleotides downstream of the exon-ex-
on junction, enabling it to pull the 3’ intron-exon and ligated 
exon in a 3’ to 5’ direction to achieve 3’ ss proofreading 
and exon release, respectively. By providing insights into 
the 3’ ss recognition, exon ligation, and the action of RNA 
helicase Prp22, the P complex structure fills a major gap in 
our understanding of the splicing cycle.
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Roquin/RC3H1 and  Regnase/ZC3H12/MCPIP family 
members control the lifetime and degradation of their tar-
get mRNAs by binding to characteristic stem-loop struc-
tures in their 3’-untranslated regions (3’UTRs). In earlier 
work [1] we have determined the crystal structure of the 
ROQ domain of human Roquin-1 and characterized its 
binding to constitutive decay elements (CDEs) present in 
the 3’UTRs of tumor necrosis factor-α (TNF-α) and the in-
ducible T-cell co-stimulator (ICOS) mRNA. Roquin-1 was 
shown to post-transcriptionally regulate the A20 mRNA, 
thereby modulating the activity of the IKK/NF-κB pathway 
[2]. Roquin-1 mediates mRNA degradation by recruiting 
the CCR4-CAF1-NOT deadenylase complex to mRNAs 
after CDE binding. Closely similar stem-loop structures are 
recognized by the Regnase enzymes that mediate mRNA 
breakdown through their intrinsic ribonuclease activity. 
These enzymes share a PIN-type ribonuclease domain fol-
lowed by a unique CCCH zinc-finger (ZnF) domain. In re-
cent work, we have determined crystal structures of the Re-
gnase-3 PIN domain and of a heptaribonucleotide bound to 
a Regnase-3 fragment containing both the PIN and the ZnF 
domain. These structures reveal binding modes of the RNA 
to both the PIN domain and the zinc finger of Regnase-3 and 
suggest a basis for RNA loop recognition by the unique zinc 
finger. In addition, we discovered - by serendipity - a novel 
form of double-stranded RNA incorporating a half-turn of 
A-like RNA based entirely on wobble-base pairing, which 
we termed W-RNA [3]. The W-RNA formed under acidic 
crystallization conditions from oligonucleotides expected 
to form CDE-like RNA stem-loops and is stabilized by 
C-A+ wobble-base pairing. We propose that RNA duplexes 
based on pH-switchable wobble-base pairing may find bio-
technological applications in the future.
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Bacteriophages are bacterial viruses which can be classified 
as lytic (virulent) or lysogenic (temperate). Lytic bacte-
riophages synthesize new progeny directly after infection, 
whereas lysogenic phages can enter the alternative lysogen-
ic life cycle, where the phage DNA integrates in the bacte-
rium’s genome until prompted to switch to the lytic cycle 
by an external signal. The potential of phages in the fight 
against antibiotic resistance and increasing understanding of 
their roles in bacterial pathogenicity have recently rekindled 
research interest in these diverse and extremely widespread 
entities.Lysogeny switches have been some of the first mod-
els of genetic regulation, but despite superficial similarities, 
the molecular basis of different switches are rather different.
In the dairy industry, phages of lactic acid bacteria are 
extremely detrimental. Within the last ten years, we have 
studied the structural biology of the Lactococcus lactis 
TP901-1 lysogeny switch through an integrative structural 
biology approach combining biochemistry, crystallography, 
NMR and CD spectroscopy and small angle scattering. At 
the DNA level the lysogeny switch of TP901-1 consists of 
some operator sites and the two genes cI and mor, under 
the control of two divergent promoters, and coding for the 
two main regulatory proteins. The repressor CI, alone suffi-
cient to establish lysogeny, consists of an N-terminal DNA 
binding domain (NTD) of the HTH type (1) connected by 
a flexible linker (2) to a helical hooks dimerization region 
(CTD1) (3) and an additional helical region which mediates 
hexamerization (CTD2). A dimeric truncated form binds to 
each of three palindromic operator sites (OR, OL and OD), 
by binding to adjacent half-sites (3), while the hexamer is 
thought to bind simultaneously to all three operators, re-
pressing the lytic life cycle promoter (PL). We are pursuing 
the structure of full-length CI/DNA complex by small angle 
neutron scattering (SANS). The anti-repressor MOR has 
previously been suggested to bind to CI, forming a complex, 
which binds to a still unknown DNA sequence in order to 
repress the lysogenic life cycle promoter (PR). We recently 
determined the structure of MOR and its complex with the 
NTD region of CI, and are further investigating is binding to 
a composite DNA binding site by biochemical methods and 
SANS, to give us a full understanding of the function of this 
simple but efficient switch. As an additional perspective, the 
interaction of MOR with CI-NTD in TP901-1 is expected 
to be conserved in putative switches of S. aureus phages, 
which are also under investigation.
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Bacterial conjugation is the most prevalent route of DNA 
transfer between bacteria and mediates the rapid spread of 
bacterial resistances within bacterial communities. Type IV 
secretion system (T4SS), elaborate molecular machines, 
are responsible for the efficient transport of nicked, sin-
gle-stranded plasmid DNA across the cell walls of the 
donor as well as the recipient cell [1]. We investigate the 
T4SS from the antibiotic resistance plasmid pIP501, which 
is encoded within a single operon comprised of 15 puta-
tive transfer factors. The 14th open reading frame encodes 
TraN, a specific double-strand DNA binding protein, which 
recognizes a 34 bp long stretch of DNA positioned 72 bp 
upstream of the oriT nick site [2]. The structure of unbound 
TraN has been determined previously [2]. Here we present 
the TraN-DNA complex structure determined at 1.93 Å and 
show that TraN acts as a repressor of the pIP501 encoded 
T4SS. The repressor function of TraN has been shown in in 
vivo experiments: an E. faecalis traN deletion strain exhibits 
highly increased transfer rates, as well as elevated mRNA 
and protein levels of the all tested tra-operon components, 
including the putative T4SS complex member TraM. Based 
on the detailed analyses of the TraN-DNA interaction we 
identified a further high-affinity binding site within the 
tra-operon (upstream of the traN gene). Furthermore, we 
show that related plasmids of the Inc18 family that encode 
a TraN homolog also harbor at least one conserved TraN 
binding site. We therefore conclude that the proposed reg-
ulatory role of TraN is conserved in the related plasmids.
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RNA-binding proteins regulate a myriad of biological path-
ways by tightly controlling the fate of ribonucleic acids. For 
this purpose, nature has evolved an arsenal of different RNA 
binding domains specialized to specifically associate with a 
variety of target RNAs. While some of these protein domains 
show preference for a defined RNA sequence motif, others in-
teract primarily with structured RNA elements. For both cases, 
examples for recognition of single-stranded or double-stranded 
RNA stretches have been identified. Only very recently, the 
NHL domain of TRIM-NHL protein family members, which 
include some of the key regulators of cell proliferation and dif-
ferentiation, has been added to the repertoire of RNA-binding 
folds. The TRIM-NHL family member Brat from Drosophi-
la melanogaster has been shown to specifically bind, via its 
NHL domain, a short single-stranded RNA stretch containing 
a defined sequence motif [1]. However, it remains largely un-
explored how the many other family members featuring the 
WD40-like beta-propeller of the NHL domain interact with 
RNA. Here we present a completely different solution for rec-
ognition of an RNA element by the NHL domain of another 
TRIM-NHL family member. The Caenorhabditis elegans 
LIN-41 protein, a well-studied target of the let-7 miRNA, regu-
lates developmental processes in the soma and has been shown 
to reprogram germ cells into pluripotency during the oocyte 
to embryo transition. Similarly, its human homolog TRIM71 
plays a role in cellular plasticity by regulating the transition 
from differentiated to pluripotent cells. In both worms and 
mammalian cells, LIN-41/TRIM71 function has been linked 
to degradation or translational repression of specific mRNAs, 
but how these RNA molecules are recognized has remained 
a mystery [2]. By combining computational analysis, X-ray 
crystallography, and in vivo studies in worms and human cells, 
we find that the NHL domain of LIN-41/TRIM71 binds a short 
stem-loop RNA element, which is present in multiple copies 
in the 5’- or 3’-UTRs of well-established LIN-41/TRIM71 
mRNA targets. Based on the computational and structural 
data, we suggest a LIN-41 RNA response element of varying 
sequences capable of folding into the correct 3D RNA-hair-
pin structure to achieve specificity by shape and electrostatic 
complementarity to a positively charged, shallow pocket in the 
NHL domain of LIN-41/TRIM71 [3].
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P-type ATPases are a widespread family of membrane 
pumps that mediate a plethora of essential cellular trans-
port functions. Consequently, many P-type ATPases rank 
as prime drug targets, both in the context of human dis-
orders and infectious diseases. The exploration of potent 
P-type ATPase inhibitors throughout the last decades has 
in turn strongly advanced our understanding of the molec-
ular pumping mechanism that underlies substrate transport 
across lipid bilayers. One of the most widely used inhibitors 
in P-type ATPase research is vanadate, although structur-
al details of its inhibitory mechanism have long remained 
unresolved. We have determined the crystal structure of the 
sarcoplasmic reticulum Ca2+-ATPase (SERCA) in complex 
with vanadate [1], allowing a description of its binding 
mode in the catalytic site, along with some novel insight 
into ion and nucleotide binding sites in SERCA. In addition 
to the phosphate-mimic vanadate, we have further identified 
a novel class of P-type ATPases inhibitors [2]. Using a set 
of rationally designed compounds, we have analyzed their 
structure-activity relationship by functional assays, crystal-
lography and computational modeling. These new inhibi-
tors are candidates for further development towards drugs 
against invasive fungal infections.
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Secondary active membrane transport proteins specifi-
cally move molecules across membranes. As first posited 
by Jardesky in the 1960s, they work by the alternating 
access mechanism, in which the binding site of the pro-
tein is open alternately to one side of the membrane and 
then, through a conformational change, to the other. This 
enables the molecule to be carried across the membrane. 
Membrane transporters have been divided into families 
based on sequence and substrate specificity. Over the last 
decade many structures have been solved of proteins from 
different families. Through these studies it has been seen 
that, though the topology of the proteins varies, they often 
contain inverted repeats and these repeats have been impli-
cated in the transport mechanism.  Two of the more recent 
structures we solved, the human anion exchanger 11 and the 
uric acid/xanthine H(+) symporter, UapA from Aspergillus 
nidulans2, both  have  a  7 + 7 inverted repeat. I will dis-
cuss the mechanisms of these two proteins and how they 
compare to other membrane transport proteins that we have 
solved previously. 
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Membrane-bound pyrophosphatases (mPPases) couple the 
hydrolysis of inorganic pyrophosphate to the pumping of 
ions (sodium or protons) across a membrane in order to gen-
erate an electrochemical gradient. This class of membrane 
protein is widely conserved across plants, fungi, archaea and 
bacteria, but absent in multicellular animals. The absence of 
mPPases from higher eukaryotes makes them an attractive 
drug target against protozoan parasites such as Plasmodium 
falciparum and pathogens such as Bactoroides vulgatus [1]. 
During one catalytic turnover, an mPPase must bind its 
substrate (PPi), pump an ion(s) across the membrane, hy-
drolyze PPi and release 2Pi as product. The mPPases of 
different species differ in respect to the ion they pump, 
either sodium, protons or both; and they display varying 
dependence on potassium ions. We have used X-ray crys-
tallography to solve numerous structures of the Thermo-
toga maritima mPPase, providing us with snapshots of 
the protein throughout the catalytic cycle and an excellent 
understanding between three-dimensional structure and 
enzyme function [2]. Some questions still remain, includ-
ing the molecular details of potassium dependence for 
catalysis, and residues involved in defining single-pump-
ing versus dual-pumping of sodium ions and protons. 
We also wanted to explore the dynamics and kinetics of 
the catalytic cycle between the static snapshots afforded 
to us by crystallography. We employed molecular dynam-
ics (MD) simulation [3], pulsed electron-electron double 
resonance (PELDOR/DEER) and single-molecule Förster 
resonance energy transfer (FRET) measurements to deter-
mine the dynamic range and frequency of conformations 
available to the enzyme in a lipid bilayer during the cata-
lytic cycle, leading to further insights into the mechanism 
of this enzyme.
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The Amino acid/Polyamine/Cationic (APC) superfamily 
is among the largest of the secondary active transporters. 
Members of the APC superfamily are responsible for the 
uptake of amino acids and other substrates using either a 
proton or sodium gradient to drive substrate translocation 
across the membrane. Since Amino acids, and their deriv-
atives, are crucial for both prokaryotic and eukaryotic cell 
biology, the systems responsible for their transport are im-
portant targets.
In particular, cationic amino acid transporters (CATs), 
members of the solute carrier (SLC) family 7, determine the 
availability of arginine in the cell. Arginine is the precursor 
for L-ornithine and nitric oxide (NO) synthesis and thus an 
important cellular signalling molecule as well as a proposed 
major regulator of the mTORC1 pathway.
Here, the crystal structure of a proton-coupled amino acid 
transporter closely related to the SLC7 family, from Geo-
bacillus kaustophilus, GkApcT, is presented. To study the 
transport mechanism of GkApcT, liposome-based func-
tional assays were performed to characterise the substrate 
specificity and kinetics. Additionally, the crystal structure 
guided a detailed site-directed mutagenesis study, which 
identified several conserved residues involved in substrate 
binding and proton-coupling. The current structure served 
as a template understand proton-coupled amino acid trans-
port in bacteria, and to understand mammalian amino acid 
transport by the SLC7 family.
Keywords: SLC7, amino acid transporters, membrane protein
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The Rift Valley fever virus (RVFV), a member of the genus 
Phlebovirus within the order Bunyavirales, is an arthro-
pod-borne virus (arbovirus) responsible for epizoonoses 
throughout Africa with devasting economic consequences 
and causing serious disease in humans. The fact that RVFV 
can be transmitted to humans by multiple mosquito spe-
cies, a number of which are spread across the planet, is a 
source of considerable concern. RVFV virions display two 
envelope proteins at their surface, Gn and Gc, associated 
as heterodimers arranged with icosahedral symmetry. The 
virus enters cells via receptor-mediated endocytosis, with 
glycoprotein Gc catalyzing the acid-induced membrane 
fusion reaction with the endosome for entry. The structure 
of Gc in prefusion conformation showed the characteristic 
fold of class II membrane fusion proteins, initially identified 
in other arboviruses, such as those in the genus Flavivirus 
(zika, dengue and yellow fever viruses) and in the genus 
Alphavirus (which includes among others the pathogenic 
chikungunya virus).
We have solved the structure of RVFV fusion protein (Gc) 
in its post-fusion conformation in complex with a lipid 
(phosphatidylcholine) bound in a pocket near the fusion 
loop, which is the region responsible to interact with cel-
lular membranes. Membrane binding experiments showed 
that Gc requires specific glycerophospholipids (GPL) and 
cholesterol for binding to target membranes and the X-ray 
structure, together with site directed mutagenesis and mo-
lecular dynamics simulations, reveals the molecular deter-
minants of this specificity [1]. Strikingly, the GPL head 
group recognition pocket is conserved in the fusion proteins 
of other arthropod-borne viruses, such as zika, dengue or 
chikungunya viruses, which have recently caused major 
epidemics worldwide. Indeed, the membrane-insertion 
mechanism identified in this work helps us to understand 
the changes in cholesterol dependence linked to a serious 
outbreak of Chikungunya virus in 2005-2006 and the phos-
phatidylserine dependence of Dengue virus for entry. More-
over, the identified pocket will represent a new target for the 
development of antivirals against a broad range of patho-
genic arbovirus (flavivirus, alphavirus and bunyavirus).
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Kinetic X-ray crystallography permits the structural char-
acterization of macromolecular conformational chang-
es along a reaction pathway at the atomic level of spatial 
resolution. After triggering the biological reaction within 
a macromolecular crystal, functionally relevant confor-
mational changes are either arrested by flash-cooling the 
crystal, allowing characterization of the structure by con-
ventional cryo-crystallography (intermediate trapping), 
or followed in real time by time-resolved crystallography 
at room temperature. The temporal resolution of the lat-
ter is limited to 100 ps if carried out in the form of Laue 
crystallography at synchrotrons. The advent of X-ray 
free electron lasers (XFELs) has pushed the resolution to 
the sub-ps regime, allowing ultrafast changes to be stud-
ied by time-resolved serial femtosecond crystallography. 
We will illustrate the cryo-trapping approach by following 
product release in an insect carboxylesterase that hydroly-
ses organophosphates [1]. Radiolytic cleavage of the bond 
between the active-site serine and the organophosphate is 
observed at 150 K but not at 100 K. The increased solvent 
and protein mobility at 150 K is thus required to allow for 
product release and accompanying protein conformational 
changes to occur. Time-resolved crystallography will be 
exemplified with the study of ultra-fast photoswitching 
in a fluorescent protein from a non-fluorescent (off) to a 
fluorescent (on) state further to excitation by a light flash 
[2]. Our consortium (see author list of [2]) has employed 
time-resolved serial femtosecond crystallography at an 
XFEL to identify the transient structure of the photoswitch-
able fluorescent protein rsEGFP2 in its excited state, and to 
observe its chromophore in a twisted conformation, midway 
between the stable configurations of the on and off states. 
This observation has been confirmed by simulations and 
has allowed to rationally design a mutant with a two-fold 
increased photoswitching quantum yield.
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Half the world’s population is chronically infected with He-
licobacter pylori, causing gastritis, gastric ulcers and an in-
creased incidence of gastric adenocarcinoma.  Its proton-gated 
inner-membrane urea channel,  HpUreI, is essential for sur-
vival in the acidic environment of the stomach.  The channel 
is closed at neutral pH and opens at acidic pH to allow the 
rapid access of urea to cytoplasmic urease.  Urease produces 
NH3and CO2, neutralizing entering protons and thus buffering 
the periplasm to a pH of roughly 6.1 even in gastric juice at a 
pH below 2.0.  Here we report the structure of HpUreI, reveal-
ing six protomers assembled in a hexameric ring surrounding a 
central bilayer plug of ordered lipids.  Each protomer encloses 
a channel formed by a twisted bundle of six transmembrane 
helices.  The bundle defines a previously unobserved fold com-
prising a two-helix hairpin motif repeated three times around 
the central axis of the channel, without the inverted repeat of 
mammalian-type urea transporters.  Both the channel and the 
protomer interface contain residues conserved in the AmiS/
UreI superfamily, suggesting the preservation of channel ar-
chitecture and oligomeric state in this superfamily.  Predomi-
nantly aromatic or aliphatic side chains line the entire channel 
and define two consecutive constriction sites in the middle of 
the channel.  The novel hexameric channel structure provides a 
new paradigm for the permeation of urea and other small am-
ide solutes in prokaryotes and archaea.  Our high-throughput 
screens have identified sub-micromolar inhibitors of H. pylo-
ri’s acid acclimation system.    Follow-up microsecond-scale 
unrestrained molecular dynamics studies provide a detailed 
mechanism of urea and water transport by HpUreI.  In parallel 
we have determined the structure of the 1.1 MDa cytoplasmic 
urease complex by cryo EM to 3.1 Å resolution.
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Lytic Polysaccharide Monooxygenases (LPMOs) are cop-
per-dependent enzymes discovered within the last ten years, 
which oxidatively degrade recalcitrant polysaccharides of 
the plant cell wall, making chains available for further deg-
radation by hydrolytic enzymes. LPMOs show great poten-
tial as a key component in formulation of efficient enzyme 
cocktails for biomass conversion, and as such, for the pro-
duction of bioethanol [1]. Very little experimental informa-
tion on the interactions of LPMOs with their substrates was 
available until recently. A combined biochemical, crystallo-
graphic and spectroscopic study elucidated the interactions 
between a family AA9 LPMO of the filamentous fungus 
Lentinus similis (LsAA9A) and cellooligosaccharides [2].
More recently we have focused on a detailed comparative study 
of the substrate interactions and activity of LsAA9A and Col-
lariella virescens (CvAA9A)[3]. In this presentation we will 
focus on the interactions of the LPMOs with cellooligosac-
charides and hemicelluloses studied by X-ray crystallography. 
We thank the CESBIC consortium for initiating this project, 
and the Novo Nordisk foundation HOPE project (grant num-
ber: NNF17SA0027704).
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C–C bond forming reactions are the key transformations 
to set up the carbon framework of organic molecules. In 
this sense, the Friedel-Crafts acylation is commonly used 
for the synthesis of aryl ketones, that are motifs in many 
fine chemicals and natural products. Although various types 
of catalysts have been described for this reaction, a bio-
catalytic version, which may benefit from the chemo- and 
regioselectivity of enzymes, has not yet been introduced. 
Here, we describe a bacterial multi-component C-acyltrans-
ferase from Pseudomonas protegens that can catalyze Frie-
del-Crafts C-acylation of phenolic substrates in buffer with-
out the need of CoA-activated reagents reaching up to >99% 
conversion [1,2]. We determined x-ray crystal structures of 
the complex using diffraction data from two different crys-
tal forms at 2.8 and 3.4 Å resolution, respectively. This mul-
timeric enzyme consists of three subunits – PhlA, PhlB and 
PhlC. They are arranged in a Phl(A2C2)2B4 composition, in 
which the four copies of PhlB mediate the binding of two 
PhlA and two PhlC dimers to form the complete oligomer. 
Soaking the native donor/acceptor monoacetylphlorogluci-
nol into crystals of ATase and solving the complex structure 
revealed together with mutations that only residues from 
PhlC interact with the substrate, which indicates that this 
is the subunit responsible for the transferase activity we 
observed.
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Aromatic amino acid ammonia-lyases and 2,3-aminomutases 
contain the post-translationally formed prosthetic 3,5-dihy-
dro-4-methylidene-5H-imidazol-5-one (MIO) group [1]. The 
so-called MIO-enzymes may be used for the stereoselective 
synthesis of enantiopure α- or β-amino acids, making these 
chemical processes more environmentally friendly and more 
affordable. Although, a number of structures are available in 
the PDB for MIO enzymes, the catalytically important Tyr-
loop [1] is either missing or is in a catalytically inactive confor-
mation, due to the “loop-out” conformation in eukaryotic phe-
nylalanine ammonia-lyase (PAL) structures (eg.: PDB:1W27 
[2]). Lack of protein structure in a catalytically competent con-
formation impeded understanding the PAL mechanism and the 
key reasons for the enantioselectivity of the enzyme.
Our recent study characterized novel amino phosphonic 
acid inhibitors of MIO enzymes. [3] Enzyme kinetic mea-
surements and isothermal titration calorimetry demonstrat-
ed that addition of a methylidene substituent to the β-carbon 
atom of the phosphonic acid analogue of the natural sub-
strate, l-Phe, enhanced binding (Kd = 40 nM) and reversed 
the enantiopreference of the enzyme. [3] Importantly, inhib-
itors characterized in this study, also facilitated the crystalli-
zation of PcPAL. The resulting refined structure is shown on 
Figure 1. It confirms the N-MIO catalytic mechanism and 
demonstrates that the strong binding of (S)-APPA is due to a 
covalent-like hydrogen bond between its phosphonic acids 
group and the catalytic Tyr110.
Further key insights were gained, as the protein also crys-
tallized in complex with cinnamic acid, the product of the 
natural reaction, and d-phenylalanine, the non-reactive en-
antiomer. In addition we could also employ sodiumborohy-
dride to reduce the MIO group, thus render the enzyme cat-
alytically inactive without significantly distorting the active 
site geometry. Such reduced enzyme crystallized from the 
same conditions as the native enzyme in the presence of the 
natural substrate l-phenylalanine. Taken together these three 
new structures refine our understanding of the ligand bind-
ing modes and the catalytic mechanism of PcPAL.  More-
over, analysis of the structures identified three key residue 
positions in the carboxyl-binding region that can be targeted 
for altering the enantioselectivity of the enzyme.
1. Figure: Electron densities and modeled structure of the 
active site of PcPAL in complex with covalently bound but 
still reversible inhibitor (S)-APPA[3]. Unequivocally iden-
tifying the geometry of the bound ligand and the covalent 
bond formed (1.4 Å) with the MIO group. Resolution 1.9 Å.
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The protein complex formed by the Ca2+ sensor neuronal 
calcium sensor 1 (NCS-1) and the guanine exchange factor 
protein Ric8a co-regulates synapse number and probability 
of neurotransmitter release, emerging as a potential thera-
peutic target for diseases affecting synapses such as Frag-
ile X syndrome (FXS), the most common heritable autism 
disorder [1]. Using crystallographic data and the virtual 
screening of a chemical library [1,2], we identified a set of 
heterocyclic small molecules as potential inhibitors of the 
NCS-1/Ric8a interaction. The aminophenothiazine FD44 
interferes with NCS-1/Ric8a binding and it restores normal 
synapse number and associative learning in a Drosophila 
FXS model [3]. The crystal structure of NCS-1 bound to 
FD44 and the structure-function studies performed with 
structurally close but inactive analogues explain the FD44 
specificity and how this small compound can inhibit such 
big protein-protein interface: FD44 stabilizes NCS-1 in a 
conformation that impedes Ric8a recognition [3]. Our study 
demonstrates the druggability of the NCS-1/Ric8a interface 
and uncovers a suitable region in NCS-1 for development of 
additional drugs of potential use on FXS. In fact, we have 
combined the structural information obtained by X-ray 
crystallography, together with advanced computational 
methodologies to understand the basis of FD44 affinity and 
selectivity and find drug-like molecules with improved ac-
tivity. Since other neuronal disorders share with FXS the 
synaptic density and morphology abnormalities, we believe 
that our compounds would be also useful for a whole range 
of synaptopathies, such as Rett Syndrome, autism, schizo-
phrenia or bipolar disorder.



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e39

References:
[1] Romero-Pozuelo, J. et al. (2014) Journal of Cell Science 127, 
4246-4259.
[2] Baños-Mateos, S. et al. (2014) Acta Crystallographica A70, 
530-534.
[3] Mansilla, A. et al. (2017) PNAS 114(6), E999-E1008.

Keywords: calcium sensor, molecular recognition, protein-
protein interaction

MS10-O2
Selective protonation and stereoelectronic 
effects govern catalysis in a pyridoxal-5’-
phosphate-dependent enzyme
Andrey Kovalevsky1

1. �Neutron Scattering Division, Oak Ridge National Laboratory, Oak 
Ridge, United States of America

email: kovalevskyay@ornl.gov
Pyridoxal-5’-phosphate (PLP, vitamin B6 derivative) is one 
of the most ubiquitous co-factors in biological systems. At 
least 140 different types of biochemical transformations are 
catalyzed by PLP-dependent enzymes, comprising ~4% of 
all classified enzymatic activity. PLP-dependent enzymes 
perform some of the most difficult chemical reactions in-
volving amines and amino acids, including transamination, 
racemization, phosphorylation, decarboxylation, aldol 
cleavage, elimination, and replacement reactions. PLP-de-
pendent enzymes are categorized into five recognized 
fold-types (I-V), each performing characteristic chemistry. 
Despite decades of research, the physical determinants that 
govern specificity of and catalytic enhancement by PLP-de-
pendent enzymes remain largely unresolved. Fold-type I is 
the most prevalent, mainly promoting transamination and 
decarboxylation reactions. Two major hypotheses have been 
developed to understand the different types of chemistry in 
PLP-dependent enzymes, namely 1) stereoelectronic con-
trol and 2) electronic modulation through selective protona-
tion. An enzyme active site local environment can promote 
different protonation profiles of PLP during the catalytic cy-
cle. We report the first neutron crystal structure of a Fold I 
PLP-dependent enzyme, aspartate aminotransferase (AAT). 
In crystal, AAT was captured in both the internal and ex-
ternal aldimine states after soaking with substrate analog 
a-methyl-D-aspartic acid. The neutron structure illustrates 
the protonation state differences between the reactant (in-
ternal aldimine) and intermediate (external aldimine) states, 
and sheds new light on the catalytic mechanism of transam-
ination. We are using QM/MM calculations and MD simula-
tions based on the correct models derived from the neutron 
structure, and neutron vibrational spectroscopy for deeper 
understanding of the enzyme mechanism and to uncover the 
contribution of low-energy protein vibrations to catalysis.
Keywords: protonation, catalysis, dynamics
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The aim of my study was to cocrystallize diamines, such 
as ethylenediamine and 2,2-dimethyl-1,3-propandiamine 
with various alcohols and determine structure of obtained 
systems. Both of the compound groups have enormous ca-
pabilities to form interesting structural motifs with many 
different substances. However in crystal structures of pure 
amines and alcohols there are often present chain motifs 
build by hydrogen bonds between amine or hydroxyl group 
[1]. Due to acceptor and donor properties both type of com-
pounds are complementary and this fact can be promising 
in designing and obtaining new cocrystals of amines and 
alcohols with more complicated motifs and architectures. 
Using IR laser assisted in situ crystallization technique 
eleven new crystals was obtained [2]. Most of them crys-
tallize in monoclinic system with 1:1 stoichiometry. All 
structures exhibit layered architectures consisting of pleated 
ribbons. The most primitive and repeatable motif in these 
arrangement is four-membered ring build by two amine 
and two hydroxyl group with a center of symmetry in the 
middle. However there are some structure with this motif 
but with other symmetry element, such us two-fold axis. 
The structure of pure of dimethyl-1,3-propandiamine has 
not been described due to formation of this amine the plas-
tic phase in room temperature. Cooling down the sample 
causes phase transition between disordered F-centered cu-
bic phase and I-centered tetragonal ordered phase. Similar 
situation is present in cocrystal of this amine with tert-bu-
tanol. In order to describe these phenomena’s an hydrogen 
bond dynamics powder diffraction, differential scanning 
calorimetry and Raman studies were conducted.
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“Hirshfeld atom refinement (HAR) is a novel X-ray 
structure refinement technique that employs aspherical 
atomic scattering actors obtained from stockholder par-
titioning of a theoretically determined tailor-made static 
electron density. HAR overcomes many of the known 
limitations of independent atom modelling (IAM), such 
as too short element–hydrogen distances, r(X—H), or 
too large atomic displacement parameters (ADPs)” [1] 
HAR is now available in the general release version of Olex2 
[2]. Given a standard X-ray dataset of good quality, informa-
tion that could so far only be obtained by neutron diffraction 
can now be determined using HAR: accurate hydrogen atom 
positions. The residual electron density maps derived from 
this quantum crystallographic technique will also be much 
‘cleaner’ than those obtained from standard Independent 
Atom Model (IAM) refinements. HAR is easy to run from 
Olex2, and in this contribution, I will introduce what HAR 
is, how it is implemented in Olex2 and how you run it. I will 
also discuss the current limitations of the technique. I invite 
you to try this at home: this presentation is available online 
and contains everything you need to know to get started [3]. 
Olex2 is open-source, available for Windows, MacOS and 
Linux and is free of charge.
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Human carbonic anhydrase IX (CA IX) expression is actHu-
man carbonic anhydrase IX (CA IX) expression is activated 
by hypoxic condition in aggressive, metastatic tumors. Cancer 
patietns positive for CA IX have generally a poor prognosis. 
CA IX has emerged as an important cancer target, but efforts 
to develop isoform selective inhibitors are complicated by the 
presence of 14 other CA isoforms that share high sequence and 
structural similarity. This leads to off-target inhibitor binding 
and side effects. Recent studies showed that saccharin (SAC) 
already shows some isoform discrimination, and that conju-
gating SAC to a glucose molecule (Saccharin-Glucose Con-
jugate, SGC) further improves the Ki against CA IX by 2-fold. 
Ligand binding to proteins are mediated through numerous 
interactions, including: H-bonding directly and/or through 
intervening waters, electrostatic interactions with charged or 
polar amino acid side chains, metal coordination, energetic 
changes through water displacement, aromatic ring stack-
ing, or other hydrophobic interactions. As neutrons scatter 
strongly from atomic nuclei of light atoms 1H (Hydrogen), 
and its isotope 2H (Deuterium), it is possible to use neutron 
protein crystallography (NPX) to “see” the light atoms and 
any interactions they are involved with. (e.g. H-bonds). 
We used joint X-ray and neutron crystallography methods to 
determine the crystal structures of a CA IX mimic alone and 
in complex with SAC and SGC, respectively. Our analyses 
reveal the molecular details of solvent displacement upon 
ligand binding, the H-bonding between the ligands and the 
proteins, involvement of water-mediated H-bonds, and the 
remodeling of H-bonds to accommodate ligand binding. The 
structures and analysis also provide an explanation for the 
observed CA isoform selectivity of the ligand under study. 
Keywords: joint neutron and x-ray crystallography, hydrogen bonding
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Human carbonic anhydrase IX (CA IX)  expression is ac-
tivated by hypoxic condition in  aggressive, metastatic  tu-
mors. Cancer patietns positive for CA IX have generally 
a poor prognosis. CA IX has emerged as an important 
cancer target, but efforts to develop isoform selective in-
hibitors are complicated by the presence of 14 other CA 
isoforms that share high sequence and structural similar-
ity. This leads to off-target inhibitor binding and side ef-
fects. Recent studies showed that saccharin (SAC) already 
shows some isoform discrimination, and that conjugating 
SAC to a glucose molecule (Saccharin-Glucose Conjugate, 
SGC) further improves the Ki against CA IX by 2-fold. 
Ligand binding to proteins are mediated through numerous 
interactions, including: H-bonding directly and/or through 
intervening waters, electrostatic interactions with charged or 
polar amino acid side chains, metal coordination, energetic 
changes through water displacement, aromatic ring stack-
ing, or other hydrophobic interactions. As neutrons scatter 
strongly from atomic nuclei of light atoms 1H (Hydrogen), 
and its isotope 2H (Deuterium), it is possible to use neu-
tron protein crystallography (NPX) to “see” the light atoms 
and any interactions they are involved with. (e.g. H-bonds). 
We used joint X-ray and neutron crystallography methods to 
determine the crystal structures of a CA IX mimic alone and 
in complex with SAC and SGC, respectively. Our analyses 
reveal the molecular details of solvent displacement upon 
ligand binding, the H-bonding between the ligands and the 
proteins, involvement of water-mediated H-bonds, and the 
remodeling of H-bonds to accommodate ligand binding. 
The structures and analysis also provide an explanation 
for the observed CA isoform selectivity of the ligand under 
study. 
The mitochondrial genome is transcribed by a dedicated mi-
tochondrial RNA polymerase (mtRNAP), which also gener-
ates the RNA primers required for DNA replication. Unlike 
the distantly related bacteriophage RNA polymerases, mtR-
NAP requires auxiliary protein factors for each step of the 
transcription cycle. However, the molecular mechanisms 
underlying mitochondrial transcription are poorly under-
stood. While the structures of the mitochondrial polymerase 
and of some mitochondrial transcription factors have been 
reported, structural data on the interplay between these fac-
tors and the polymerase in functional complexes has been 
lacking. We have determined the structure of the human mi-
tochondrial transcription initiation complex, which reveals 
how the initiation factors TFAM and TFB2M facilitate 
promoter binding and DNA opening, respectively. Further-
more, we have solved the structure of the mitochondrial 
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transcription elongation factor TEFM and of an anti-ter-
mination complex consisting of TEFM bound to the tran-
scribing polymerase. These structures illustrate how TEFM 
interacts with both the nucleic acid and the polymerase in 
the elongation complex to facilitate processive transcription 
and drive gene expression over primer formation for DNA 
replication. Together, these results elucidate the mechanistic 
basis of transcription initiation and processive elongation in 
human mitochondria and provide the framework for study-
ing the regulation of mitochondrial gene transcription.
Keywords: Mitochondria, Transcription, RNA
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O-GlcNAc hydrolase, OGA, removes O-linked N-acetyl-
glucosamine (O-GlcNAc) from myriad nucleocytoplas-
mic proteins. O-GlcNAcylatation plays a vital role in a 
range of cellular processes including, for example, tran-
scriptional regulation and the stress response (reviewed 
in Ref  1,2). Dysregulation of O-GlcNAcylation has been 
implicated in diseases including cancer3, and neurodegen-
erative diseases.4,5 Notably, therapeutic agents targeting 
the O-GlcNAc modification have entered phase I clinical 
trials against neurodegenerative disorders, stimulating 
interest in the molecular and chemical basis of O-Glc-
NAcylation and its manipulation with small molecules.6  
We aimed to shed light on the multi-domain architecture 
of OGA and the structural basis of activity. Through co-ex-
pression and assembly of OGA fragments we determined 
the 3-D structure of human OGA, revealing an unusual 
helix exchanged dimer that lays a structural foundation for 
an improved understanding of substrate recognition and 
regulation of OGA.7 Structures of OGA in complex with a 
series of different inhibitors define a precise blueprint for 
the design of lead structures having potential clinical value.
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Programmed cell death or apoptosis is a critical mechanism for 
the controlled removal of damaged or infected cells, and pro-
teins of the Bcl-2 family are important arbiters of this process. 
Viruses encode functional and structural homologs of Bcl-2 
to highjack host cell apoptosis and ensure viral proliferation 
and/or survival. Grouper iridovirus (GIV) is a large DNA vi-
rus belonging to the iridoviridae family that harbors GIV66, a 
putative Bcl-2 like protein. GIV66 is a mitochondrially local-
ized inhibitor of apoptosis, however the molecular and struc-
tural basis of apoptosis inhibition is currently not understood. 
Our studies show that GIV66 harbors an unusually high level 
of specificity for pro-apoptotic Bcl-2, and only engages with 
Bim. We then determined crystal structures of both apoGIV66 
as well as bound to Bim BH3. Unexpectedly, apoGIV66 forms 
dimers via a novel interface that occludes access to the ca-
nonical Bcl-2 ligand binding groove, which break apart upon 
Bim binding. SAXS studies were crucial to further eluciate 
the mechanism of action of GIV66 in inhibiting apoptosis. 
GIV66 dimerization seems to impacts on the ability of GIV66 
to bind and select host pro-death Bcl-2 protein.
Keywords: viral Bcl-2, SAXS, crystallography,
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Bacteriophages have specialized receptor binding proteins 
for initial, reversible, host cell wall recognition. Once a 
suitable host is found, the phage commits to infection by 
irreversible attachment via a secondary receptor interaction. 
The crystal structures of several of these receptor-bind-
ing proteins have been solved and have been shown to be 
mainly beta-structured, but structurally highly diverse and 
containing several new protein folds. Structures of the re-
ceptor-binding proteins of the coliphages T4, T5 and T7, of 
the Salmonella phage epsilon15 and of the Staphylococcus 
phages S241 and K will be shown. 
Ongoing structural, mutational and binding analysis of vi-
rus receptor-binding proteins with receptors and receptor 
analogues will be discussed. Bacteriophage receptor-recog-
nizing proteins may be used for bacterial detection, while 
modification by natural or experimental mutation of bacte-
riophage receptorbinding domains may allow retargeting of 
phages to alternative host bacteria. Their shape and stability 
may also allow their use in nanotechnological applications.
Keywords: Antibiotic resistance, bacterial detection, protein-
ligand interaction
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The promoter dissociable subunit RpoS is widely rec-
ognized as the master regulator of the bacterial stress re-
sponse. Its intracellular levels are not steady, but fluctuate 
in response to nutrient starvation or other environmental 
stress signals such that during the logarithmic phase, RpoS 
is almost undetectable, while in stationary phase, it rapid-
ly accumulates to enable transcription reprogramming via 
control of a large regulon.  This process is largely controlled 
at the level of RpoS proteolysis by the ClpXP machinery, 
which readily occurs under active growth, and is inhibited 
upon stress.   Here we provide mechanistic and structural 
insights into how RpoS delivery to the ClpXP machine is 
inhibited by small factors collectively called anti-adaptors. 
Anti-adaptors are induced by specific stress signals and 
bind to RssB, a ClpXP adaptor of exquisite specificity that 
is required for RpoS loading onto ClpXP and represents 
the limiting factor in this process. Our data suggest that an-
ti-adaptors may utilize modes of RssB recognition that rely 
heavily of RssB plasticity.
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Recent advances in crystallography  have helped deliver 
unparalleled biological insight; however, the rate at which 
experimental structures can be solved still lags behind the 
need to better understand many biomolecules. Our research 
aims to significantly accelerate the accumulation of struc-
tural knowledge through computational means, including 
collaborating with experimental labs to help solve and re-
fine models of protein monomers and complexes.  
To help bridge the gap between protein sequence and 3D 
structure, our lab uses a protein’s evolutionary history to 
predict which residues are most likely to physically interact. 
Identifying potential interacting pairs, or evolutionary cou-
plings (ECs), can be achieved by finding related sequences 
and applying a global probability model to search for co-
variation patterns consistent with interacting residues.  We 
have shown that ECs can be sufficient to predict the tertiary 
fold of a protein [1,2], and thousands of pre-computed mod-
els along with our web server can be found at EVcouplings.
org.
We recently helped solve the structure of the 359-residue 
transmembrane protein RodA by generating a de novo fold-
ed model that was sufficient for molecular replacement, 
and we predicted how it forms a complex with its binding 
partner PBP2 [3].   We can provide models for unknown 
component structures in 3D complex determination, along 
with predictions about protein-protein contacts.   Here, we 
present the potential for ECs to help build and refine models 
in conjunction with crystallography data.
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The CATH domain structure database (www.cathdb.info) 
classifies domains of known structure from the PDB and 
predicted domains from sequences in UniProt. The major 
focus is on identifying evolutionary relatives, which are 
classified into superfamilies. Superfamilies are subsequently 
annotated using a hierarchical model, according to their fold 
group, architecture and protein class (Dawson et al. 2017). 
Sequence profiles are derived from representatives in each 
superfamily and Hidden Markov Models (HMMs) generat-
ed using HMMer3 (Lees et al. 2017).  CATH currently com-
prises, ~450,000 domain structures and ~90 million domain 
sequences, classified into ~6000 evolutionary superfamilies. 
The latest version (CATH 4.2) captures more than 90% of 
domains identified in the PDB. However more than 50% of 
the domains are classified in fewer than 200 ‘mega’ super-
families, which have diverged considerably in the structures 
and functions of the relatives – although the structural core 
remains very highly conserved. Detailed analyses have re-
vealed considerable structural diversity outside this core, of-
ten in functional regions of the protein eg around active site 
pockets, where the changes may be associated with mod-
ifications in function, particularly for paralogous proteins. 
 
In order to explore the divergence of structure and function 
within superfamilies, we have developed a sub-classifica-
tion protocol which groups relatives having highly similar 
structures and functions into functional families (FunFams). 
This is achieved using an agglomerative clustering proto-
col, with functional groupings recognised from distinct dif-
ferences in patterns of sequence conservation, likely to be 
associated with functional determinants (Das et al. 2015). 
CATH-FunFams tend to be highly structurally coherent – 
relatives typically superpose within 2A RMSD. We have 
developed protocols that use the FunFams to provide im-
proved domain boundary assignment for query sequences 
and to select suitable templates for homology modelling 
or structure determination. FunFams were used by the 
PSI MCSG Structural Genomics Consortium to improve 
construct generation. FunFams were also used to identify 
targets likely to have novel functions, for structure determi-
nation. They can also be used to facilitate the interpretation 
of genetic variants linked to disease.
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Interactions between amino acids are crucial for protein 
folding and interactions. Natural selection can therefore 
limit changes to conservative substitutions or simultane-
ous changes at two positions, leaving a covariance signal 
between them. Successful detection of these positions, 
through the analysis of evolutionary covariance, is now re-
liably possible [1]. Beyond the immediate impact this data 
has already made in the field of Structural Biology, many 
applications specifically in X-ray crystallography are yet to 
be tested or determined [2].
Ab initio protein structure prediction is typically done by 
assembling protein fragments selected using the target se-
quence. Here we describe the use of contact information 
to select protein fragments for direct use as search models. 
The selection of fragments is supported by matching the 
target-specific contact profile to a fragment, thus extracting 
fragments more likely to be similar to the target fold. We 
show how such fragments can be directly used as Molec-
ular Replacement search models to successfully elucidate 
the structure of small globular protein targets. The findings 
are particularly relevant for targets for which conventional 
Molecular Replacement fails and idealised helices are not 
sufficient.
Another example of the use of contact information to aid 
X-ray crystallography is the applicability of residue-residue 
contacts to select accurate ab initio structure predictions. 
The use of such predictions to generate ensemble search 
models in the unconventional MR pipeline AMPLE has 
been described [3]. Here we consider how it may be pos-
sible to select and process single favoured structures as an 
alternative route to structure solution in difficult cases.
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The folding of an amino acid sequence into stable sec-
ondary structure fragments represents one of the most 
energetically favorable and hence initial steps for the for-
mation of tertiary structure in almost all protein families. 
Therefore, a description based only on these basic structur-
al elements is a powerful abstraction that allows structure 
comparison and classification. In our group, we define as 
Local Folds[1](LF) any characterization of nonspecific, 
small, discontinuous composites of secondary structure el-
ements. The retrieval of libraries of ubiquitous LF has been 
possible through specialised software. Such libraries have 
been used to phase (from crystallographic data) larger and 
even all-beta structures following an ab-initio approach[1]. 
In our group, LF characterization is performed through a 
new software called ALEPH; it is based only on 3d-geo-
metrical descriptors named Characteristic Vectors[1] whose 
relations are described with a network. Interpretation of this 
network results in a specific signature for every structure. 
Structure comparisons through signatures do not require 
sequence alignments and allow to abstract folds, domain, 
and even LF without performing superpositions or coordi-
nate-based algorithms. This generalization can be used also 
for the generation of structural ensembles for Molecular 
Replacement (MR) or to automatically determine compact 
secondary structure subgroups to apply new Phaser Gyre/
Gimble[2] functions for solution optimization as recently 
reported in ARCIMBOLDO_SHREDDER[3]. The nature of 
the problem requires data mining over more than 130,000 
structures deposited in the Protein Data Bank and the design 
of specialized algorithms to build, inspect and compare CV 
networks.
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Validation of three-dimensional structures is at the core 
of structural determination methods. The local validation 
criteria, such as deviations from ideal bond length and 
bonding angles, Ramachandran plot outliers and clashing 
contacts, are a standard part of structure analysis before 
structure deposition, whereas the global and regional pack-
ing may not yet have been addressed. In the last two de-
cades, three-dimensional models of macromolecules such 
as proteins have been successfully described by a network 
of nodes and edges. Amino acid residues as nodes and close 
contact between the residues as edges have been used to ex-
plore basic network properties, to study protein folding and 
stability and to predict catalytic sites. Using complex net-
work analysis, we introduced common network parameters 
to distinguish between correct and incorrect three-dimen-
sional protein structures. The analysis showed that correct 
structures have a higher average node degree, higher graph 
energy, and lower shortest path length than their incorrect 
counterparts. Thus, correct protein models are more dense-
ly intra-connected, and in turn, the transfer of information 
between nodes/amino acids is more efficient. Moreover, 
protein graph spectra were used to investigate model bias 
in protein structure.
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Mineral hydration reactions occurred in small bodies of the 
solar system, likely at early stages of its history through the 
melting of ices accreted together with rocks, in areas locat-
ed beyond the snowline. Carbonaceous chondrites, which 
are primitive meteorites, are witnesses of these reactions 
and mostly consist of hydroxylated layered silicates [1]. 
Their study provides understanding of the nature and sta-
bility of minerals that are important carriers of water across 
the solar system, and of the conditions of their formation. 
In carbonaceous chondrites, minerals formed during wa-
ter-rock interactions present a large range of sizes (from sev-
eral microns down to a few nanometers) and of compositions. 
In particular, the diversity of the compositions of layered 
silicates, mostly serpentines, exceeds by far that of terrestri-
al ones, including Fe and Al-rich end members; character-
izing their structure is challenging because of their sub-mi-
cron size, heterogeneity and order-disorder pattern [2]. 
We will present results obtained by synchrotron X-Ray Dif-
fraction Computed Tomography (XRD-CT [3]) on a series 
of carbonaceous chondrites of the CM family, which are 
carbon and hydrogen-rich chondrites in which the relatively 
good preservation of primary minerals allows for the reac-
tions of hydration to be studied. We will show that varying 
the size of the focused beam down to 100 nm and in combi-
nation with absorption tomography, it is possible to map the 
distribution of hydrated nanometer-sized minerals that are 
difficult to characterize even by TEM, to highlight their re-
lationship to primary anhydrous phases, and to obtain high 
resolution powder XRD patterns and single crystal XRD 
data of serpentines. Finally, we will show preliminary re-
sults of the integration of structural data and crystal-chem-
istry (composition, Fe valence state) of chondritic serpen-
tines, aiming at better understanding their mixing properties 
along the Fe2+-Fe3+-Al3+-Mg2+ solid solutions.
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Among the tectosilicates family, zeolites - of natural and 
synthetic origin - are certainly one of the most interesting 
one. Thanks to their peculiar microporous structure and 
chemistry, they have been widely used as highly efficient 
catalysts, adsorbents, and ion exchangers in petrochemical 
industries and in our daily life [1]. Beyond these traditional 
applications, recently zeolites are playing an increasingly 
important role in diverse areas, ranging from the environ-
mental protection [2] to the advanced technological fields 
[3]. In particular, zeolites have found promising applica-
tions in the fields of renewable energy and environmental 
remediation, such as solar energy transport, thermal en-
ergy storage, CO2 capture and water, soil treatment, etc. 
These applications make zeolites potential candidates 
as solutions to the sustainability issues in our society. 
This contribution will review some recent studies 
on the development of hybrid supramolecular struc-
ture (dyes/zeolite) suitable in Förster resonance ener-
gy transfer sensitized solar cell and luminescent so-
lar concentrators and the use of high silica zeolites as 
adsorbent of emerging organic contaminant (ECOs) such 
as pharmaceutical active compounds and pesticides. 
Synchrotron X ray powder diffraction combined with other 
experimental techniques (infrared, UV-vis spectroscopy and 
liquid chromatography, etc.) and theoretical modeling–can 
be efficiently exploited to realistically localize the guest 
molecules in the zeolite pores. This multidisciplinary ap-
proach is of fundamental importance for the interpretation 
of the host –guest interaction at the base of the molecular 
organization and adsorption mechanisms.
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Acidic zeolites are usually exploited by petroleum indus-
tries as high-performing catalysts. Thus far, they have been 
successfully employed with different purposes, such as 
isomerization of xylenes, paraffin hydro- isomerization, cat-
alytic cracking, and heavy oil hydrocracking [1]. Their cat-
alytic properties arises from the presence of protons bonded 
to framework oxygen atoms, which act as Brønsted acid 
sites. To predict the zeolite performances as acid catalysts, 
a detailed structural study is needed in order to determine 
location, nature, strength and density of acid sites. Based on 
this, the aim of this work is to give an exhaustive picture of 
thermal behaviour of zeolite omega (a synthetic counterpart 
of the natural mazzite zeolite) [2] in its NH4-form, from 
RT to 900 °C in order to follow the structural modifications 
induced by calcinations of ammonium ions. The formation 
of Brønsted sites was also monitored by neutron diffraction 
in order to detect their location. A sample of zeolite omega 
(Na6.6TMA1.8(H2O)22.2[Al8.4Si27.6O72]-MAZ) was 
synthetized at the Laboratoire de Matèriaux Catalytiques 
et Catalyse en Chimie Organique, (CNRS, Montpellier, 
France) and then NH4-ion exchanged three times at Room 
Temperature and other three times at 90 °C (Na2.4T-
MA0.9(H2O)4.2(NH4)20.0[Al8.4Si27.6O72]). The “in-si-
tu” time resolved diffraction measurements were performed 
at ESFR, Grenoble (heating rate was 5°C/min). The loss of 
extraframework species (residual TMA and NH4) was ac-
companied by strong deformation to the zeolite framework 
(i.e., variation on O-O distances and T-O-T angles for 6MR, 
8MR and gmelinite cage) and by Na cations migration 
towards the 6MR. The decrease in T-O2-T angle causes a 
shift of O2 framework oxygen towards the centre of gme-
linite cage, as proved by the decrease of O1-O2 distance 
addressed by the formation of a O2-H Brønsted acid site, 
whose location was highlighted by neutron powder data col-
lected at the diffraction beamline D2B (ILL Grenoble). The 
neutron structure refinement showed that the mean T-O dis-
tances are consistent with Si, Al disorder, showing that the 
small difference (0.015 Å) indicate that more Al is in T2 (or 
A) than in T1 (or B) in agreement with the results obtained 
from single crystal X-ray refinement of natural mazzite [3]. 
Above 770 °C, the strongly inhomogeneous lengthening of 
the T-O5 distance indicates that a dealumination process oc-
curs. All these informations provide a basis for the interpre-
tation of the omega shape selectivity in reactions of growing 
importance in the oil and petrochemical industries.
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In their landmark paper from 1925 Morey & Bowen [1] presented 
the first comprehensive description of the phase relationships and 
melting behavior of the compounds belonging to the ternary system 
Na2O-CaO-SiO2. Due to its fundamental importance for many fields 
of industrial inorganic chemistry and technical mineralogy this 
system has been in the focus of a large number of subsequent studies 
dealing with both basic and applied aspects of silicate science. After 
more than 90 years of research activities one should assume that no 
problems remain to be solved. 
In the course of an ongoing project on the high-temperature 
chemistry of compounds in the systems M2O-RO-SiO2 (M: Na, K; R: 
Ca, Sr, Ba) we realized that even for the most intensively studied Na-
Ca-silicates suspicion has to be attached not only to what concerns 
their melting characteristics but also to what concerns the number of 
existing phases. Despite the compounds whose existence has been 
unequivocally proofed by a combination of chemical analysis and 
crystal structure determination there is still a large number of phases 
mentioned in the literature which, at best, have been characterized 
by unindexed powder diffraction patterns. Furthermore, in many 
cases even the compositions have not been thoroughly studied 
after synthesis. This information, however, is definitely of great 
importance when dealing with volatile components such as Na2O or 
K2O at temperatures above 1000°C. 
We were able to demonstrate that Na2Ca6Si4O15, for example, which 
has been first synthesized via hydrothermal methods [2] can be also 
obtained under dry conditions using Na2CO3, CaCO3 and SiO2 as 
educts. Therefore, the ternary phase diagram, where this compound 
has not been taken into consideration, has to be revised. In-situ high-
temperature powder diffraction experiments were used to determine 
the thermal expansion tensor of Na2Ca6Si4O15 between ambient 
temperature and 1100°C. Furthermore, the crystal structure of a new 
high-temperature polymorph of the compound has been determined. 
Finally, comprehensive synthesis experiments using solid state 
reactions as well as re-crystallization studies from glasses revealed 
that several previously described sodium calcium silicates such as 
Na8Ca3Si5O17, Na2Ca3Si2O8 and Na2CaSi5O12 could not be reproduced 
indicating that a question mark has to be put on their existence.
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Determination of the atomic structure of inorganic sin-
gle-walled nanotubes with complex stoichiometry re-
mains elusive due to the too many atomic coordinates to 
be fitted with respect to X-ray diffractograms inherent-
ly exhibiting rather broad features. Here we introduce a 
new approach which enables resolution of their structure 
[1]. It is based, first, on the use of helical symmetries al-
lowing one to consider the smallest unit cell and then on 
semi-empirical energy minimization leading to a reduc-
tion of the number of structural parameters to be fitted. 
We applied this method to recently synthesized methyl-
ated alumino-silicate and alumino-germanate imogolite 
nanotubes of nominal composition (OH)3Al2O3Si(Ge)
CH3 [2]. Imogolite (OH)3Al2O3Si(OH) is a clay miner-
al present in soils, also synthesized by soft chemistry. 
Thanks to their chemical versatility, imogolite-like nano-
tubes (INT) are promising candidates for applications in 
molecular storage, recognition and separation [3]. Fit of 
wide-angle X-ray scattering (WAXS) diagrams of methyl-
ated INTs enabled us to determine their atomic structure. 
We show that unlike their (N,0) zigzag hydroxylated ana-
logs (OH)3Al2O3Si(Ge)OH, methylated imogolite nano-
tubes roll up into a (N,N) armchair structure. (Figure). 
The transferability of the approach opens up for improved 
understanding of structure-property relationships of inor-
ganic nanotubes, including minerals nanotubes, to the bene-
fit of fundamental and applicative research in these systems.
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Magneto-electric multiferroics are drawing considerable 
research interests not only for the variety of attractive 
fundamental phenomena but also for potential technolog-
ical applications such as energy efficient memory devices 
and multiple state memories. To overcome the shortcom-
ings of known multiferroics, a new approach to inducing 
spontaneous ferroelectric polarization by a combination 
of two non-polar rotation modes of the oxygen octahedra 
in magnetic materials was proposed. This so called “Hy-
brid Improper Ferroelectricity (HIF)”1 could lead to ma-
terials exhibiting high polar fields and a strong coupling 
with magnetism, making them promising for applications. 
In the framework of research for more materials display-
ing HIF experimentally, we have investigated NaLnCoWO6 
compounds with Ln= lanthanides.2 Synchrotron X-ray pow-
der diffraction and neutron powder diffraction have shown 
that all compounds have layered Na/Ln ordering and rock-
salt Co/W ordering, and nine compounds (Ln = Y, Sm-Yb) 
crystallize in the polar P21 space group. The structure is 
indeed the targeted one of a doubly ordered perovskite. The 
compound NaLaCoWO6 shows however an unusual behav-
ior. At room temperature, transmission electron microscopy 
evidences a modulated structure that can be attributed to tilt 
twinning domains of oxygen octahedra. The modulation 
disappears at a phase transition at low temperature, where 
the local structure changes symmetry from the P21/m to the 
polar P21 space group. Neutron powder diffraction reveals, 
and electron diffraction confirms, an unusually large tem-
perature hysteresis, where the transition takes place at ~180 
K on cooling and at ~320 K on heating. The origin of this 
unusually large hysteresis (140K) will be discussed, in par-
ticular the role of the oxygen octahedra tilting modes3.
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Properties of functional nanomaterials strongly depend on 
their atomic structures and the more or less ordered arrange-
ment of vacancies and defects. Yet, structure characterization 
by X-ray powder diffraction (XRPD) often suffers from sys-
tematic and random peak overlap. Difficulties are drastically 
enhanced when materials are modulated, with strong discrep-
ancies between sub-cell and satellite reflection intensities, 
and/or consist of multiple structurally related polytypes. 
In the last years, electron diffraction tomography (EDT) 
emerged as an effective method for addressing the atomic 
structure of natural and synthetic phases available only as 
sub-micrometric crystals [1]. This method allows collecting 
3D diffraction data from coherent regions of few nanometers, 
also in materials that may just look disordered for standard 
X-ray diffraction experiments. Anyway, EDT alone may fall 
short in the characterization of phases where modulations, 
twinning or stacking faults play a key role and cannot be 
neglected for a proper understanding of material properties. 
In this contribution, we present the structure charac-
terization of the highly disordered mineral denisovite 
and of the modulated plasmonic Cu2-xTe pseudo-cubic 
nanocrystals, which we eventually achieved combin-
ing EDT with high-resolution HAADF-STEM imaging, 
XRPD and nano-resolved EDX chemical spectroscopies. 
Denisovite is a nanocrystalline, polytypic, disordered 
and very complex mineral. Its structure, or, even, the or-
dered portion of it, ranks among the 1% most complex 
mineral structures know to date. Additionally, stacking 
faults and twinning may occur several times within ar-
eas consisting of few unit cell repetitions. Coupling EDT 
data obtained on mostly ordered regions and high-res-
olution imaging, we could eventually obtain a rath-
er complete description of the denisovite structure and 
explain it in terms of order-disorder (OD) theory [2]. 
Cu2-xTe (x ~ 0.5) nanocrystals recently attracted a consid-
erable attention for their localized surface plasmon reso-
nance in the near-infrared region. The plasmonic response 
originates from the presence of Cu vacancies, which lead 
to the formation of free charges in the valence band of the 
material. Such vacancies were found to form an ordered 
arrangement, which results in x3 and x4 modulations in 
the otherwise pseudo-cubic crystalline structure. A first 

description of vacancy arrangement was recently proposed 
[3]. We have pushed forward such investigation coupling 
nano-beam precession-assisted EDT with nano-resolved 
STEM imaging and EDX mapping. Low density regions 
connected with Cu vacancies were localized and correlated 
with a pseudo-tetragonal twinning, which occurs already for 
particles of few nanometers
References:
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Materials with strongly correlated disorder can be challeng-
ing to characterize crystallographically and are thus often 
poorly understood despite increasing evidence of the link 
between local deviations from the average structure and 
advanced material function. Cd(CN)2 has attracted consid-
erable interest for its very strong isotropic negative thermal 
expansion (NTE). On average, it adopts the interpenetrated 
diamondoid structure of cubic ice-VII, a topology is able to 
host a variety of unexpected phenomena, from the two-in-
two-out ice rules proton that govern proton disorder in water 
ice, to magnetic monopoles and loop states in spin-ices.1

The correlated disorder in Cd(CN)2 has its signature in 
the highly structured diffuse scattering, which (unusually) 
increases in intensity down to a phase transition at 150 K. 
There exist two types of disorder in Cd(CN)2. 113Cd NMR 
has shown that the Cd environment favours the two-in-
two-out configuration of cyanides which mimics the proton 
disorder in ice.2 This static disorder of the CN groups is in-
trinsically related to an off-centering of the Cd of up to ~1 Å 
along the <100> directions.3 

Our interest is in understanding the possible role played by 
disorder in the NTE of this material. Key indications for the 
existence of such a link come from comparing the behaviour 
of Zn(CN)2 and Cd(CN)2: the former is substantially less 
disordered, and also shows much weaker NTE. Moreover, 
previous DFT studies of ordered Cd(CN)2 variants fail to 
predict accurately its elastic properties, and entirely miss the 
instability responsible for its 150 K phase transition.
Using a combination of X-ray and neutron powder, sin-
gle-crystal and total scattering diffraction data, alongside 
DFT calculations and 113Cd NMR; I will explore the ice-
rules disorder in Cd(CN)2 and its implications for the mi-
croscopic mechanism of NTE. In addition I will present the 
low temperature structure of Cd(CN)2  and characterise the 
phase transition in terms of the soft mode responsible for 
the NTE.  Finally, we show that Cd(CN)2 can be considered 
a dipolar equivalent of a defective spin-ice state capable of 
hosting monopolar excitations.
References:
[1] S.T. Bramwell et al., (2009) Nature 461, 7266
[2] S-I Nishikiori et al., (1990) Can J Chem 68, 2770
[3] V. E. Fairbank et al., (2012) Phys Rev B, 86, 104113

Keywords: disorder, ice, diffuse

MS14-O4
Al/Si ordering in mullite
Paul Benjamin Klar1, Iñigo Etxebarria2, Gotzon Madariaga1

1. �Dpto de Física de la Materia Condensada, Universidad del País 
Vasco UPV/EHU, Bilbao, Spain

2. �Dpto de Física Aplicada II, Universidad del País Vasco UPV/EHU, 
Bilbao, Spain

email: paulbenjamin.klar@ehu.eus
The average crystal structure of mullite (Al4+2xSi2-2xO10-x) is 
not easy to interpret in terms of the distribution of vacan-
cies and Al/Si on the tetrahedral sites. Satellite reflections 
and diffuse scattering must be investigated to understand 
the ordering phenomena in the structure. From the reflec-
tion conditions of satellite reflections and the correspond-
ing superspace group, the ideal distribution pattern of va-
cancies and tetrahedra can be directly derived. However, 
little is known about the distribution of Si within these 
tetrahedra, especially with respect to surrounding vacan-
cies. Different NMR and neutron diffraction studies could 
not give a clear answer [1]. We apply density function 
theory (DFT) to investigate the Al/Si ordering in mullite. 
As DFT is not feasible with large structures, incommensu-
rately modulated structures are not suitable and commensu-
rate cases or approximations must be used. For this study, 
commensurate cases with up to 346 atoms in the composition 
range 0.2 ≤ x ≤ 0.5 were generated from a superspace model 
with full vacancy ordering [2]. For each composition, sym-
metry compliant permutations of Al/Si distributions were 
analyzed with force-field methods (GULP package [3]). The 
energetically most stable permutation of each composition 
was then determined with DFT calculations (VASP) and in-
tegrated into the initial superspace model for comparison. 
The Al/Si ordering for x > 1/3 is defined by one unified super-
space model (see Figure below) with Si present in triclusters. 
A second unified model without Si in triclusters for x < 1/3 
requires the rotation of certain AlSiO7 diclusters with respect 
to the first model. Si2O7 diclusters are always sandwiched 
between two vacancies for the analyzed solid solution range. 
Structure model refinements in (3+1)d superspace based 
on synchrotron single crystal X-ray diffraction measure-
ments of mullite with x ≈ 0.4 cannot distinguish between 
Al and Si, but the Al/Si ordering can be estimated from 
the modulated volumes of the tetrahedra. The refined 
models, which is not fully ordered as only 1st order har-
monic functions are used to describe the modulations, 
agree qualitatively with the predictions from the DFT 
calculations, i.e. larger volumes are observed where Al 
is predicted, and smaller volumes where Si is predicted. 
The unified superspace models derived from DFT are con-
sidered to represent the ideal, most ordered state of mullite, 
from which the not fully ordered real structure can be derived. 
Financial support by FEDER (No. MAT2015-66441-P) and 
the Basque Government (project No. IT-779-13, PhD grant) 
is highly appreciated.
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Figure 1: DFT relaxed models of mullite with x = 0.429 
(upper left) and x = 0.5 (bottom left), and the common su-
perspace model.
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One of the important thing to know about intermetallics 
is what they consist of and how building units connection 
is related to their structure and properties. An automatic 
procedure of representation of crystal structures as as-
sembling of primary nanoclusters was developed and im-
plemented into the ToposPro program package [1].   This 
approach is especially efficient to elucidate complex in-
termetallic structures. Thus, a collection of Topological 
Types of Nanoclusters (TTN) was created, which can be 
used for generating topological models of new interme-
tallics [2]. Further, the robustness of the obtained models 
can then be proved by quantum-mechanical calculations. 
In this work theoretical and experimental studies were suc-
cessfully combined. Using the Nanoclustering procedure 
we found a group of intermetallics containing icosahedra 
and icosahedron-based two-shell Mackay clusters as pri-
mary building units. Among these the family of com-
pounds belonging to Sc57Rh13 structure type (SG Pm-3) [3] 
seems to be incomplete since isostructural compounds are 
reported only for Sc-T systems where T = Rh, Ir, Ru, Pt. 
It is worth to note that one more structural type with stoi-
chiometry 54:17 similarly composed from icosahedra and 
Mackay clusters arranged in the bcc mode (SG Immm) ex-
ists. Both cited structures can be considered as derivatives 
from an “ideal” cubic phase with 60:13 stoichiometry [3]. 
According to our DFT modeling and taking into ac-
count thermodynamics aspects, an intermediate phase 
of orthorhombic symmetry containing Mackay clus-
ters of Pd@Sc12@Sc30Pd12 composition should ex-
ist. The Sc-Pd system was studied long ago, but only 
an approximate composition ~Sc4Pd with no struc-
tural data was reported for the Sc-richest phase. 
Single crystals suitable for X-Ray investigation were me-
chanically extracted from the arc-melted alloys after the 
appropriate thermal treatment. Some disorder affects this 
orthorhombic structure of ~Sc56Pd15 composition, but 
Mackay clusters do not suffer from it. It is worth noting that 
new structure is quite unusual: the TTN collection includes 
merely 60 intermetallic compounds containing Mackay 
clusters as building units. The obtained results motivate us 
to continue a deeper exploration of related binary/ternary 
systems.
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Crystal-chemistry studies have been essential in under-
standing the physical and chemical properties of minerals 
and their influence on the dynamic evolution of our planet. 
The use of diamond anvil cells coupled with X-ray sources 
has been an excellent tool to allows the structural characteri-
zation of new high-pressure phases and to help constraining 
the structural variations of these materials as a function of 
composition, pressure and temperature in order to shed light 
on the chemistry and structure of the deep Earth’s. Silicate 
and oxide minerals, in particular, have been the focus of sev-
eral studies in Geosciences, because of their abundance in 
the Earth’s interior. Silicates transform with increasing pres-
sure to denser phases having Si in 6-fold coordination and 
relatively simple structures (i.e. rutile-type, perovskite-type 
etc.), which have however significantly different properties 
depending on the extent of their cation substitution. The 
high-pressure high-temperature behavior of oxide minerals, 
on the contrary, appears very complex and it is characterized 
by a large and increasing number of new compounds. This 
variety of phases may contributes to the seismic observa-
tions so far obtained for the Earth’s interior, therefore results 
on the structure-properties relationship of relevant minerals 
of the Earth’s lower mantle will be discussed.
Keywords: high-pressure, Earth’s mantle
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The Exomars program consists in two missions [1]. The first 
one, launched in 2016 is based on an orbiter carrying a Trace 
Gas Orbiter analyzer which is devoted to observe methane 
and other traces of gas present in the Martian atmosphere or 
emitted by the surface. The second, to be launched in 2020 
consist in a rover carrying a drill capable to collect samples 
at the surface and below the surface down to 2 meters depth. 
The rover also contains at the interior an instrumental suite 
located inside the Analytical Laboratory Drawer (ALD) 
consisting in three instruments: 1- MicrOmega, an in-
frared spectrometer mainly devoted to the mineralogical 
analysis of the samples; 2- RLS, a Raman spectrometer 
also devoted to the mineralogical analysis and the organ-
ic detection on these samples and MOMA (Mars Organic 
Molecule Analyzer) devoted to identify organic mole-
cules and potential biomarkers. These instruments will 
analyze the samples at the micro scale under the form of 
fine powder. Here interest is devoted on the Raman in-
strument   and the role it will play inside the mission. 
The Raman effect is based on the inelastic light scattering 
process by the matter when illuminated by a laser. This ex-
tremely week effect contains information about the atom-
ic and molecular vibrations of the illuminated material. 
Among the great advantages of the technique it is worth 
to mention the non destructive character of the analysis, 
not needs of physical contact and no sample preparation.  
In this work the technical development of the instrument 
to achieve a qualified flight-model will be described. Also, 
the mineralogical and astrobiological scientific objectives it 
will address in the framework of the mission objectives and 
the potential and capabilities it can offer during the opera-
tion along the mission on Mars. These capabilities will be 
illustrated on the basis of a wide experimental analysis at 
the laboratory and at the field, using in this last case poten-
tial terrestrial analogues to Mars.
References:
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Experimental samples of basaltic composition, at different 
temperatures, were created in laboratory. Synthetic basalt 
was obtained by cooling control (rate 1°C/h) until 40% of 
crystallization [1]. In-situ observations of plagioclase crys-
tals were made using X-ray micro-tomography beam lines 
at SPring-8. Grey levels between glass and plagioclases are 
close and lots of plagioclases are connected, complicat-
ing the automatic image treatment. Moreover using usual 
software for CT treatment, the images are processed auto-
matically but this method generates problems like the data 
suppression and the calculation approximations (volume, 
connectivity, size…).
During this study, three dimensions plagioclase crystals re-
sulting from the experimental samples were designed. The 
3D reconstruction has been conducted using the numerical 
platform 3DEXPERIENCE© developed by Dassault Sys-
tèmes (DS). The modeling is carried out manually by work-
ing on successive images of the samples in order to observe 
all the crystals and to consider how they are spatially orga-
nized. Thus, sections of crystals have been drawn and linked 
together to build the crystal shape in 3D. 
As the result, all the experimental samples were modeled. 
The 3D reconstructions (figure) allowed to visualize the 
textures and the interactions between crystals depending 
on the temperatures. This has permitted to determine the 
connectivity and the crystallinity of the samples. Moreover, 
size measurements on axes and volume measurements of 
each modeled crystal were performed. The plagioclase 3D 
Crystal Size Distributions (CSD) with the major axis data 
and with the minor axis data were calculated. The CSD 
law expresses the number of crystals per interval size per 
unit volume [2]. This physical law is aimed at connecting 
size, distribution and abundance of crystals in a rock to the 
thermal history. CSD of this study are compared with calcu-
lated CSD from previous experimental studies using others 
methods: 2D modeling and 3D mathematic conversions [1] 
or 3D modeling with different software and automatic axis 
calculations [3]. The results show similar curves with: a 
decrease in the CSD according to the temperature and com-
parable slopes. 
The numerical platform 3DEXPERIENCE© provides many 
advantages for crystallographic studies, calculation and vi-

sualization. All this work on the physical parameters of the 
plagioclases has enabled to understand their evolution de-
pending on the temperatures.
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Natural phosphides is a specific class of minerals contain-
ing phosphorus in a redox state lower than zero. The oc-
currence of phosphide minerals always indicate on highly 
reducing geo- or cosmochemical environment. At the same 
time, phase transformations of phosphides are the sensi-
tive indicators of P-T conditions occurred during planetary 
systems formation.1,2 Phosphides are the common constit-
uents of meteorites; however, till now they were virtually 
unknown on the Earth. Our recent findings demonstrate that 
phosphide minerals could play an essential role at the ear-
ly stages of the Earth’s history, in Archean era.3 We herein 
summarize the results of the recent studies of natural phos-
phides, with the emphasis on cosmochemically important 
system Fe-Ni-P, and provide the insights on the role of these 
minerals in planetary systems evolution.
This study was carried out under financial support of Rus-
sian Scientific Foundation, grant no. 18-17-00079. The 
authors thank Center for X-ray diffraction studeies of 
Saint-Petersburg State University for instrumental and com-
putational support.
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Clathrate hydrates are compound structures consisting of 
water ice, in which water molecules form cage structures 
capable of trapping a variety of gas molecules. There is 
considerable evidence to suggest that clathrate hydrates are 
present on a number of bodies in the Solar System, playing 
important roles in their atmospheric evolution and surface 
processes. For example, the origin of the energetic plumes 
seen emanating from the south pole of Saturn’s moon, Ence-
ladus, by Cassini has been associated with the dissociation 
of large quantities of clathrates hydrates [1]. This is due to 
the fact that the plumes have been found to contain gas-
es such as CH4 and N2, both of which have poor solubility 
in liquid water. On Mars, clathrates have been postulated 
to play an important role in the distribution and total in-
ventory of Martian volatiles, including methane and noble 
gases (Xe, Ar, Kr), and that the dissociation of extensive 
sub-surface clathrate deposits could be responsible for some 
of the geomorphological features observed on the surface 
of the planet [2]. They have similarly been suggested as a 
mode of depletion for the noble gases in the atmosphere of 
Titan and as the source of the nitrogen depletion observed in 
comets. Additionally, clathrates are also of terrestrial impor-
tance, being recognised as potentially important materials 
for future energy recovery and storage, as well as CO2 se-
questration. Clathrates are, however, notoriously unstable, 
existing only in specific temperature and pressure regimes 
that depend on the size of the trapped gas molecules, and 
the structure of the ice cages themselves. While a number 
of thermodynamic models exist to describe their behaviour, 
experimental data to support these are lacking, especially 
in the case of real world systems in which clathrates are 
forming in environments other than pure water, such as sa-
line oceans.
In order to improve our understanding of the structural 
properties of clathrates and their contribution to the shap-
ing and evolution of these bodies we have conducted in-si-
tu synchrotron X-Ray powder diffraction measurements, 
in conjunction with Raman spectroscopy and small-angle 
scattering, at Diamond Light Source, UK. The properties of 
CO2 and CH4 clathrates forming in a variety of saline solu-
tions, over a range of temperature and pressure conditions, 
analogous to those found on Enceladus, Europa, Mars and 
Titan have been studied. Details of the experimental setup 
used and the results of these studies will be presented here.
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In Nature, uranyl minerals occur as important alteration 
products formed during weathering of uraninite, UO2+x, also 
referred to as oxidation–hydration weathering; it is of inter-
est because of its analogy to the alteration of UO2+x in the 
spent nuclear fuel [1]. Crystal structures of uranyl minerals 
are known for their remarkable compositional diversity and 
topological variability. In past few years, our knowledge 
of the uranyl crystal-chemistry has increased a lot; never-
theless, since the most recent overview summarizing 610 
inorganic and 117 mineral structures [2] substantial discov-
eries have been made. Among them, it should be mentioned 
a discovery of the first natural uranyl mineral that contains 
nano-scale clusters in the mineral ewingite, Mg8Ca8(UO2)
24(CO3)30O4(OH)12(H2O)138, which is nowadays considered 
as the most complex mineral structure in Nature [3]. Some 
novel structure topologies are growing every year along 
with finds of new minerals and efforts to synthesize novel 
materials in laboratories.
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A large fraction of functional materials used today are based 
on ferroic materials, in which the modulation or switching 
of the ferroic order parameter  by temperature, pressure, 
electric or magnetic field, produces the functional proper-
ty (e.g., permittivity, piezoelectricity, magnetoresistance) 
as used in devices. As most functional coefficients are 
highly sensitive to lattice softening at ferroic phase tran-
sitions, one of the main tools to engineer these materials 
for optimal performance is formation of solid solutions, 
where phase transition temperatures can be tuned to lie 
within or without the device’s operating range. This strat-
egy is widespread in oxide perovskites e.g., PbZrO3-Pb-
TiO3 (PZT), where the Zr/Ti ratio is adjusted to coincide 
with a morphotropic phase boundary (MPB) between the 
rhombohedral (R, polarisation P along [111]p) and tetrag-
onal (T, P along [100]p) symmetries, at which the piezo-
electric charge coefficient and other performance charac-
teristics maximize. However, the science controlling the 
properties of solid solutions is complex and insufficient-
ly understood to enable accurate prediction of the suc-
cess of such strategies, thus frustrating materials design. 
By consideration of the chemical control of this relationship 
between local and average structure, significant progress 
has been made in materials design. We utilised a design ap-
proach exploiting the nanoscale information available from 
Reverse Monte Carlo analysis of pair distribution function 
(pdf) data from total scattering experiments that treats 
Bragg and non-long-range-order derived scattering equally. 
The Liverpool and Leeds team used this total structure ap-
proach to identify a new lead-free MPB family.  Neutron pdf 
analysis of the lead-free polar R phase BiTi3/8Fe2/8Mg3/8O3 
(BTFM)1 revealed two key features that were exploited to 
isolate a T symmetry Bi-rich perovskite. This T phase was 
then used to construct an MPB with R BTFM. Further, this 
new T phase forms a complete solid solution with R BTFM 
that affords a complex structure not purely due to either 
end-member with a maximum in d33 i.e., an R-T MPB with 
a Curie temperature of over 600 °C.2 This MPB is sufficient-
ly robust to permit an increase of Fe content to 68% that 
generates room temperature weak ferromagnetism while 
retaining switchable polarisation:3 a room temperature mag-
netoelectric ferromagnetic ferroelectric by incorporation of 
magnetic percolation into the original pdf-inspired MPB.
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The combination of multiple metal elements within a same 
structure is highly desirable because the resulting materials 
might exhibit new or enhanced properties. Metal-organic 
frameworks (MOFs) offer a suitable platform to incorpo-
rate multiple metal elements; however multi-metal MOFs 
typically appear as solid solutions with lack of control over 
the distribution of the selected elements. We have developed 
a multi-metal MOF system based on a helical-shaped sec-
ondary building unit (SBU), which is able to incorporate 
zinc, manganese, cobalt, calcium and/or magnesium in a 
controllable manner. The combination of these elements at 
selected molar ratios results in the addressed realization of 
multi-metal arrangements with precise, atomic control over 
their location in the SBUs. Structural elucidation of the re-
sulting elemental sequences is possible through the combi-
nation of different techniques including single crystal X-ray 
diffraction, neutron powder diffraction, electron microsco-
py and energy-dispersive X-ray spectroscopy.
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The dimethylammonium metal formate compounds with 
the perovskite architecture have attracted interest over the 
years due to the coexistence of electric and magnetic orders 
[1], which in the case of the iron analogue, can be coupled 
[2]. The interesting physical properties are observed upon 
cooling, with a disorder–order transition at 160–270 K that 
originates from the loss of dynamic disorder of the dimeth-
ylammonium cation (DMA) [1,3], and an antiferromagnetic 
ordering for the magnetically active M2+ cations below 35–8 
K [1]. The hydrogen bonding interaction from the DMA cat-
ion to the formate can allow for magnetoelectric coupling 
within certain compositions [2]. However, the temperatures 
needed for the multiferroic behaviour in these materials are 
below 35 K, and the coupling between the magnetic and 
electric orders are very weak. In an effort to explore dif-
ferent structural configurations with potentially improved 
physical properties, we study the dimethylammonium 
metal formates under pressure. In particular, we explore 
the possibility of inducing a disorder–order transition of 
DMA through reducing the volume using pressure. Similar 
structural configurations may then be replicated at ambient 
conditions by using “chemical pressure” through selection 
of different sized chemical components during synthesis.
High-pressure single-crystal X-ray diffraction is present-
ed for the dimethylammonium metal formates (DMAMF), 
[(CH3)2NH2][M(HCOO)3] where M = Mn2+, Fe2+, and Cu2+, 
in order to compare the high-pressure phases with the known 
low-temperature ferroelectric (for DMAMnF) and multiferro-
ic (for DMAFeF) phases. The ambient phases of dimethylam-
monium metal formates were stable up to 5.53(3), 5.7(3), and 
7.3(2) GPa for DMAMnF, DMACuF, and DMAFeF, respec-
tively. After these pressures, phase transitions occurred that 
were initiated by the structural distortion of the metal formate 
framework. The impact of the high-pressure distortions on 
the dynamic disorder of the dimethylammonium cation for 
DMAFeF and DMAMnF, and the Jahn-Teller distortion for 
DMACuF will be discussed. In the case of DMAFeF, the ex-
periment was in addition conducted with a penetrating pres-
sure-transmitting medium (PTM) that resulted in a different 
pressure-dependent behaviour due to the PTM inclusion.
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Adsorption by a flexible small pore structure is frequently 
accompanied by a cooperative behavior; structural breath-
ing [1] and hysteresis without phase transitions [2] may 
serve as examples of such a response. Collective phenome-
na associated with guest uptake by porous structures are of 
a practical interest for control of adsorption and selectivity 
as well as for fundamental research of cooperative effects 
in complex systems.  We recently applied an Ising-like lat-
tice gas model to rationalize a cooperative adsorption in 
porous materials. [3] A multi-site extension of the model 
with cooperative inter-pore and intra-pore guest-guest inter-
actions specific for MOFs and alike materials is discussed 
here. Theoretical scenarios are compared with experimen-
tal observations provided by in-situ powder diffraction of 
synchrotron radiation analysis of active crystallographic 
sites and their occupancies. Elastic deformations of the host 
structure conjugated with pore population/depopulation is 
proposed as a basis of indirect cooperative interactions be-
tween guest molecules.
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The teeth of cichlid fishes provide a powerful model for 
how vertebrates optimize dental hard tissues for ecological-
ly relevant tasks. [1] Cichlid fishes have undergone explo-
sive speciation in a very short time span, evolving tuning 
morphological specializations. Dramatic variability in the 
shapes and inner structures of their teeth and jaws are cen-
tral to their diversification. [2] The main task of this research 
work is to determine the structure-property relationships of 
dental hard tissues of Cichlid fishes (so called “soft” and 
“hard” diet species) through detailed investigation of the 
composition, hierarchical structure and their mechanical 
performance. The most exiting are those Cichlid species 
that have repeatedly evolved exceptionally robust teeth to 
crush snails. Thus, we elaborate and combine an exciting 
evolutionary model system with cutting-edge spectroscopy, 
microscopy and diffraction techniques to analyze structur-
al, chemical and morphogenetic basis of biomineralization 
process of dental hard tissues. Our new understanding of 
tooth structure and morphogenesis in cichlids could also ad-
vance strategies for synthesizing biomimetic materials for 
biomedical application. [3-4]
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The formation of biological hard tissues takes place in hy-
drous gelatinous environments rich in polysaccharides, pro-
teins and glycoproteins. These organic components are ar-
ranged in compliant three-dimensional matrices that direct 
the crystallization of the mineral component, within which 
they become occluded as porous membranes and networks 
of fibrils. The composite nature of biological hard tissues 
together to their distinct hierarchical architecture provide 
them with enhanced mechanical properties that are high-
ly desirable in man-made materials. Designing successful 
routes to produce high-performance bio-inspired organ-
ic-inorganic composites relies on our understanding of the 
parameters that control the occlusion of organic matrices 
within growing crystals and the effect that this occlusion has 
on the micro-structuring of the mineral. Artificial hydrogels 
that have traditionally been used as crystallization platforms 
to produce large crystals of sparingly soluble phases share 
numerous features with the organic matrices found in hard 
tissues. Interestingly, these hydrogels also become occluded 
within crystals during growth. The way of gel occlusion is 
distinct and relates to characteristics that are specific of the 
type of hydrogel, like the nature of the interactions that hold 
its matrix together and its porosity.1 Gel occlusion is further 
modulated by physicochemical conditions in the system, 
which determine supersaturation and growth rate, and their 
evolution.2 Here an overview of the morphological and mi-
crostructural characteristics, as uncovered by Field Emis-
sion Gun Scanning Electron Microscopy (FEGSEM) and 
Electron Backscattered Diffraction (EBSD), of gel-calcite 
composites grown in a variety of gels (silica, gelatin, agar, 
agarose, and gelatin-agarose mixtures) is presented. Differ-
ences in amount and organization of occluded gel polymer-
ic matrices within the composites are discussed taking into 
consideration the gel mechanical response to crystallization 
pressure. Finally, a correlation between the characteristics 
of occluded gel distribution and microstructural features of 
the composites is stablished.  
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Heterogeneous nucleation and growth of calcium phos-
phates (hereafter CaP) on polymer substrates is of great 
relevance for the preparation of bioactive scaffolds for 
non-load bearing applications in bone tissue engineering.1 
In the last years we have developed a new synthetic route 
to precipitate biomimetic apatite (Ap) nanoparticles, which 
has been employed to deposit CaP films on mica muscovite 
sheets.2 The precipitation process, based on the vapour dif-
fusion sitting drop micro-method, is performed in a closed 
two–chamber environmental micro-reactor called crystalli-
zation mushroom.2 The deposition of CaP is here driven by 
diffusion of both CO2 and NH3 (generated in situ by decom-
position of NH4HCO3) through microdroplets containing 
Ca2+ and HPO4

2- ions, where substrates are dipped.
In this research3, preliminary precipitation experiments have 
been carried out using as model supports flat lamellae of dif-
ferent commercial polymers such as OSTEMER, SU-8 and 
PDMS and the polymer-ceramic composites ORMOCORETM 
and ORMOCLADTM, all of them allowing 2D and 3D mi-
crofabrication techniques. Optimal reagent concentrations of 
the 40 µL aqueous droplets inside the mushroom were 50mM 
Ca(CH3COO)2 + 30mM (NH4)2HPO4 (Ca/P=5/3) whereas 
3 mL of a 40mM NH4HCO3  solution were put in the cham-
ber acting as reservoir. Under these conditions, and after 7 
days of vapour diffusion, the deposited CaP films presented 
a composition of apatite plus octacalcium phosphate (OCP) 
in some of them, and different thicknesses, as confirmed by 
SEM, XRD and Raman spectroscopy. 
In a second step, several prototypes of 3D printed scaffolds of 
cubic shape and ~1 mm long, have been CAD-designed and 
prepared by the direct laser writing (DLW) technique using an 
IP-L 780 photoresist. These scaffolds are endowed of uniaxial 
and interconnected porosity with a controlled pore size within 
the range 25 µm-100 µm. The CaP nucleation experiments, 
using these specimens as supports, were carried out using the 
same biomimetic route under similar reagent concentrations as 
determined before, and time of about 30 days. Prior to min-
eralization the scaffolds were dipped in a 0.1 M HNO3, then 
they were rinsed with deionized water and the intraporous air 
removed by means of a vacuum pump.  The results show the 
full mineralization of the scaffolds, both externally and inter-
nally inside the pores, coating the full available surface area.  It 
is concluded that combining the 3D DLW technique with this 
biomimetic route is a promising methodology to prepare hy-
brid bioactive mineralized porous scaffolds for some valuable 
ad-hoc applications in bone tissue engineering.
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Mineralized structures generated under biological control 
are hierarchical composites that consist of two distinct ma-
terials: a compliant biopolymer matrix that is reinforced by 
stiff and hard minerals. In gastropod, bivalve, brachiopod 
shells the biopolymer matrix consists of two components: 
(i.) matrix membranes that subdivide space and influence 
shape and size of mineral units, (ii.) foam-like networks 
of fibrils occluded within the mineral units that control 
attachment and orientation of crystallites. Microbial cells 
surround themselves with a gelatinous coating: EPS (ex-
tracellular polymeric substances) that consists of poly-
saccharides, proteins, lipids and occurs in a wide range 
of molecular sizes, conformations, and physical/chemical 
properties. The EPS fabric is a three-dimensional fibrous 
scaffold that protects bacterial cells and allows them to ori-
ent themselves. Numerous bacteria precipitate carbonate as 
a by-product of their metabolic activity. The latter induces 
supersaturation with respect to carbonate phases in micro-
environments within the EPS fabric[1].
Recent studies[2] have shown that in biocarbonate hard tis-
sues organic membranes and fibres control mineral organi-
zation within the basic mineral units. The assembly pattern 
of the biomineral is adjusted according to the fabric of the 
preformed organics. In order to understand the influence of 
biopolymer membranes and fibres on mineral organization, 
we conducted EPS/agar gel/calcite growth experiments 
and investigated membrane formation, mineral/EPS/agar 
gel interlinkage and mineral organization in the composite 
aggregates. We used EPSs secreted by four different bac-
teria: the gram-positive bacterium Bacillus subtilis and the 
gram-negative bacteria Pseudomonas putida, Mycobacteri-
um phlei and Mycobacterium smegmatis. Characterization 
was performed with HR-SEM imaging; patterns of mineral 
orientation were measured with electron backscatter diffrac-
tion (EBSD).
The EPS scaffold exerts a significant influence on aggregate 
morphology, the presence of membranes and their distribu-
tion within the aggregate and calcite crystal organization in 
the composites (Fig. 1). Membrane formation is extensive 
and is highly increased relative to composite aggregates 
grown without EPS. Rhombohedral morphologies are ab-
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sent; aggregate and calcite crystal morphologies and sur-
faces are always rounded. The aggregates are radial mosaic 
crystals, with their individual subunits not being substruc-
tured (Fig. 1). Calcite crystal co-orientation strength and 
patterns range from markedly co-oriented (Fig. 1d) over 
graded (Figs. 1c, 1a), to very little co-oriented (Fig.1b). 
Hence, EPS incorporation within the calcite modulates the 
mineral microstructure and texture in a manner that is char-
acteristic for the EPS of a specific bacterium. These charac-
teristics could be used as a tool for identifying biologically 
induced calcification in the geological record[3].
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Apatite based glass-ceramics have been extensively studied 
in recent decades. They show excellent mechanical proper-
ties, bioactivity and compatibility for biomedical applica-
tions. They can form an apatite layer and strong chemical 
bonds at the bone or tooth interface with the implant [1]. 
The nano-crystalline structures, bioactivity and mechani-
cal strengths of such glass-ceramics depend on their parent 
glass composition and the crystallisation processes during 
sintering.
A series of phase transformations of novel calcium fluoralu-
minosilicate (CFAS; SiO2-Al2O3-P2O5-CaO-CaF2) glasses 
forming a range of fluorapatite based glass-ceramics on 
sintering are reported. The sintering process induces for-
mation of fluorapatite, mullite and anorthite phases within 
the amorphous silicate matrices of the glass-ceramics. The 
glasses are partially prepared from waste materials such as 
rice husk ash, pacific oyster shells and disposable alumin-
ium cans. The thermally induced crystallographic and mi-
crostructure evolution of these glasses towards fluorapatite 
glass-ceramics, with applications in dental and bone resto-
ration, are investigated by a range of techniques, including 
powder X-ray diffraction as well as small angle X-ray and 
neutron scattering techniques [2].
The observed phase transformations of glasses to glass-ce-
ramics for the investigated compositions enhance our un-
derstanding of the effects of glass composition and sintering 
temperatures on the phase transitions in glass-ceramics. All 
investigated glasses produce fluorapatite glass-ceramics on 
sintering at temperature around 800 °C. The optimum glass 
compositions and sintering temperatures to produce fluora-
patite-mullite, fluorapatite-anorthite and fluorapatite-albite 
glass-ceramics have been identified from PXRD analysis 
and will be presented. Formation of fluorapatite in glass-ce-
ramics can also be identified from the far-infrared spec-
trum in agreement with the PXRD results. The fluorapatite 
glass-ceramics contain crystalline fluorapatite domains dis-
persed in an aluminosilicate glass matrix. This can be veri-
fied from FESEM imaging and the analysis of SANS data. 
The SANS results provide information about the average 
size of the fluorapatite domains in glass-ceramics. SANS 
data were interpreted using the correlation length model. 
The correlation length parameter obtained from the fit can 
be correlated with the average sizes of crystalline domains 
in these glass-ceramics.
The suitability of the investigated CFAS glasses to produce 
glass ionomer cements for dental restoration has been as-
sessed and found to be comparable to the standard LG26 
glass, thereby demonstrating the feasibility of using waste 
materials to develop biomaterials for bone and dental res-
toration.
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Laboratory shock wave experiments have long played an 
important role in the study of geological materials under 
extreme pressure and temperature conditions. Shock com-
pression experiments provide the unique capability to study 
impact phenomena in real time and allow for measurements 
of equations of state and phase transitions. However, a lim-
itation of continuum shock wave studies is that the crystal 
structure of high-pressure phases formed under dynamic 
compression is generally not known. This talk will focus on 
new experiments carried out at the Dynamic Compression 
Sector (DCS) of the Advanced Photon Source. DCS couples 
gun-based dynamic compression platforms with time-re-
solved synchrotron X-ray diffraction. This allows for an in 
situ study the crystal structure of minerals shocked into the 
high pressure and high temperature conditions that occur in 
the Earth’s interior or during meteorite impacts. The diffrac-
tion data are combined with continuum-level measurements 
to reveal a complete picture of the material response from 
the atomic length scale to the continuum level, allowing for 
the unambiguous determination of the phase(s) formed un-
der shock compression at ~100 ns timescales. This talk will 
review recent experiments carried out at DCS on materials 
including SiO2, TiO2 and ZnO. The resulting diffraction pat-
terns are used to identify the high-pressure mineral struc-
tures and texture analysis of data for shocked single crystals 
can provide insight into transformation pathways between 
low- and high-pressure phases. The findings improve our 
understanding of minerals in the Earth’s deep interior and 
allow us to better understand crystal structure modifications 
that occur in shocked minerals during meteorite impact 
events.
Keywords: shock, Hugoniot
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The magnetocaloric effect describes the change of the adi-
abatic temperature of a material with the application of a 
magnetic field. This effect forms the basis of magnetic re-
frigeration technologies that could potentially  replace con-
ventional vapor compression cooling. Individual compounds 
in the system Mn5-xFexSi3 (all of them hexagonal at ambient 
conditions) undergo a variety of magnetic phase transitions 
as a function of temperature and composition which are ac-
companied by a significant (for some compounds inverse) 
magnetocaloric effect [1,2]. The magnetic transitions are 
also clearly reflected in changes of the crystal lattice [2]. 
The application of hydrostatic pressure changes the in-
teratomic distances in the crystal structure and strongly 
influences the magnetic exchange interactions. Pressure 
experiments can therefore provide crucial information 
on magnetocaloric materials and help to understand the 
fundamental mechanism of the magnetocaloric effect.   
We performed in situ temperature dependent powder dif-
fraction experiments at high pressures at synchrotron sourc-
es (Petra III and ESRF), as well as in situ high pressure sin-
gle crystal diffraction experiments at laboratory sources and 
complementary magnetization measurements under high 
pressure. In addition, we are currently developing the exper-
imental setup for high pressure neutron diffraction experi-
ments using thermal neutrons at the single crystal diffractom-
eter on the hot source (HEiDi) at the MLZ in Garching where 
first results show that the diffraction data collected at HEIDI 
can be used for full and reliable structure refinements [3]. 
Our experiments on the magnetocaloric compounds show 
that the magnetic properties are strongly influenced by the 
application of hydrostatic pressure. The effect of pressure 
on the unit cell volume is similar to the effect of chemical 
substitution (or “chemical pressure”), as the substitution of 
Mn by the smaller Fe in the series Mn5-xFexSi3 also leads to 
a reduction of the unit cell volume. A detailed comparison 
of hydrostatic and “chemical pressure” will be provided. On 
the other hand, a detailed comparison of the influence of 
pressure and temperature on the studied materials surpris-
ingly shows that the degree of distortion of the (hexagonal) 
unit cell is far more sensitive to temperature than to pressure 
– a fact that is probably closely related to the magnetocalor-
ic properties of the materials.
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Getting high pressure structural data still appears a chal-
lenging investigation, notably in the field of molecular ma-
terials. Despite a significant improvement of X-ray diffrac-
tion methods and an increasing number of crystal structures 
under high pressure,  structure-properties relationship 
under pressure are rather rare and the microstructural scale 
is almost unexplored. We have studied a compound having 
a structural phase transition upon applying pressure whose 
phases are characterized by different magnetic properties 
[1]. The present work aims to determine the structural prop-
erties under pressure at different scales, from the coordina-
tion sphere of the metal center to the crystal packing scale 
by in situ Single-Crystal X-Ray Diffraction (SCXRD) 
and to correlate them to magnetic properties. Moreover, in 
situ high-pressure Powder X-Ray Diffraction (PXRD) 
synchrotron experiments have been performed and provide 
not only an investigation of microstructural properties under 
pressure but also a fine track of the transition as a function 
of pressure. In situ PXRD under pressure revealed the be-
havior of the phase transition including piezo-hysteresis 
[2]. Finally, piezo-hysteresis has been explored by combin-
ing high pressure and variable temperature PXRD leading 
to unexpected behaviors. This work deals with a promising 
molecular compound with a pressure-induced spin-cross-
over at relatively low pressure, about 1.6 kbar, opening po-
tential piezo-switch based applications.
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Recent advances in diamond anvil cell techniques com-
bined with third-generation synchrotron facilities enabled 
in situ monitoring of crystal structure evolution up to ultra-
high pressures by means of single crystal X-ray diffraction 
(SCXRD). Recent synchrotron-based experiments have re-
vealed a number of high-pressure polymorphs that are very 
unusual for the conventional crystal chemistry. One of such 
examples is danburite, CaB2Si2O8, that follows a step-wise 
transitions resulting in changes of Si coordination from tet-
rahedral to octahedral through an exotic trigonal bipyrami-
dal geometry [1]. The discovery of this transformation route 
has motivated us to investigate the high-pressure behaviour 
of isotopological mineral hurlbutite, CaBe2P2O8.
SCXRD experiments were performed at the P02.2 beamline 
at synchrotron Petra III up to 91 GPa. At ambient condi-
tions the crystal structure of hurlbutite (sp.gr.P21/c) is built 
on PO4 and BeO4 tetrahedra polymerizing through common 
vertices with formation of framework featuring four- and 
eight-membered channels. The 8-membered rings are occu-
pied by Ca atoms. Up to 7.5 GPa conventional continuous 
contraction of unit-cell parameters is observed. The com-
pression up to 7.5 GPa is controlled by changes in T-O-T 
angles while the TO4 tetrahedra stay rigid. Above 7.5 GPa 
the b and c axes continue to decrease, while the a axis re-
veals an anomalous increase. This behavior indicates a 
change in a compression mechanism: half of TO4 units un-
dergo progressive pressure-induced geometrical distortion. 
Above 70 GPa the crystal structure undergoes displasive 
phase transition that is induced by increase of  P and one 
Be coordination number. The new polyhedra of penta-co-
ordinated phosphorus and beryllium possess trigonal bipyr-
amid geometry with two long apical bonds (1.662-1.813 Å 
for P and 1.711-1.798 Å for Be) and three short equatorial 
bonds (1.471-1.506 Å for P and 1.492-1.545 Å for Be). 
Upon further compression above 90GPa, the appearance 
of a new phase, co-existing with hurlbutite-II, is observed. 
The structure of new phase, hurlbutite-III, was solved and 
refined in the P-1 space group. All B and P are octahedrally 
coordinated with P-O bonds of 1.49-1.77Å and Be-O bonds 
of 1.50-2.08 Å.
While there are rare reports on existence of P[V] and P[VI] 
[2,3], the Be[V] and Be[VI] have been not reported before. 
Hurlbutite-III is the first example of the phase containing 
the element of the second group in six-fold coordination. 
The nature of the hypervalent Be-O bonding and the differ-
ences between high-pressure routes of danburite and hurl-
butite will be discussed.
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I will present a novel and fully quantitative analysis of ther-
mal diffuse x-ray scattering. High-precision measurements 
of diffuse scattering intensities together with a rigorous data 
analysis now allow for the determination of the full elas-
ticity tensor in a single crystal diffraction experiment [1], 
see Figure 1.
Our approach enables a reliable and model-free deter-
mination of the elastic properties and can be performed 
together with crystal structure investigation in the same 
experiment. Elastic moduli can be extracted from small 
single crystals of arbitrary symmetry, shape and optical 
properties and will allow for significant progress in the 
study of the elastic behaviour of minerals at geophysical 
relevant conditions, structural phase transitions and funda-
mental interactions of phonons with other quasi-particles. 
I will furthermore show that this approach can be applied 
to high pressure, were the simultaneous measurement of 
structure and elasticity provides the possibility to establish a 
primary pressure scale from a single measurement.
Figure 1. Measured (left panel) and calculated (right panel) 
thermal diffuse scattering from calcite at T = 170 K. The 
images show a cross-section of the reciprocal space in Car-
tesian coordinates, in the vicinity of the [1, 0, 16] reflection. 
Scattering intensities are shown on a linear color scale from 
black (zero) to white (maximum intensity).
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Photosynthesis in plants is the production of sugar-like 
entities utilizing carbon dioxide fixation. The equivalent 
amount of oxygen is produced as ‘by-product’. For this con-
version to be effective, the plant uses different mechanisms 
for CO2 fixation. These mechanisms rely on direct access 
to the Calvin cycle during daytime, where different forms 
of pyruvate/pyruvic acid are utilized to produce the sugars. 
Alternatively, indirect access to the Calvin cycle via the 
preceding Crassulacean Acid Metabolism (CAM) process, 
may proceed under special conditions of plant stress, or in 
general in typical Succulent plant families. Storage of the 
carbon dioxide in different forms of malate/malic acid in-
volves the absorption of the CO2 (often/ principally at night 
when the stomata open), and then availing it during the next 
light absorption sequence (closed stomata to preserve mois-
ture) to enter the Calvin cycle. In this project, we aim to fun-
damentally investigate the physical and chemical processes 
of carbon dioxide fixation. This we do by using artificial 
model ‘plant leaf analogs’, by crystal engineering of appro-
priate active systems. Therefore, further enabling the utili-
zation of the carbon dioxide as value-added building block 
for synthetic methodologies via biomimetic strategies.
A series of rhodium and other platinum group metal com-
plexes, including carboxylates were synthesized to mimic 
the active systems in the plant leaves that were probed 
using a plant sample box we custom-built for the project.  
Some rhodium model systems, wherein different non-labile 
bidentate ligand systems with different stereo-electronic 
properties have been included, were evaluated kinetically. 
The complexes were characterized using NMR, FTIR, UV/
vis and SC-XRD. These complexes include simple square 
planar geometries with labile ligand systems to mimic (re-
active) carbon dioxide models. Preliminary kinetics were 
studied to evaluate both steric and electronic effect at these 
metal centers.
Selected complexes were also studied by single crystal 
X-ray crystallography to verify the bonding modes of the 
bidentate ligands therein, as well as the carbon dioxide and 
model ligands’ coordination geometries.
Selected details of these compounds will be discussed in 
this presentation as well as some future strategies to be fol-
lowed.
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LiNi1-x-yCoxAlyO2 (x ≈ 0.15, y ≈ 0.05) oxide (NCA) is one of 
the most common cathode materials used for the Li-ion bat-
teries production. Its advantages include high practical ca-
pacity (~200 mA·h/g) and discharge voltage (~3.8 V), rather 
low cost, structural stability during electrochemical cycling 
and a relatively low capacity loss per cycle. NCA material 
was intensively studied during the last decade, but abnor-
mal behavior of NCA crystal structure (phase separation, 
nonlinear changes of interlayer distances) during the first 
and consequent cycles had not been clearly explained un-
til recently. We have applied operando neutron diffraction, 
combined topological analysis as well density functional 
theory modeling to study NCA crystal structure changes [1-
3]. Due to high penetration possibility of neutrons a part 
of experiments has been made on a commercial 18650 bat-
tery with NCA cathode [1]. For crystal structure study of 
NCA during the first cycle a new electrochemical cell has 
been developed [3]. Measured dependencies of interatomic 
spacing and interlayer spacing of the cathode structure on 
the lithium content are explained by several factors, such as 
variations of oxidation state of cation in oxygen octahedra, 
Coulomb repulsion of oxygen layers, changes of average 
effective charge of oxygen layers and van der Waals inter-
actions between MeO2-layers at high level of NCA delithi-
ation. The phase-separated state at the first cycle is caused 
by the morphology of NCA material. These observations 
could be expanded to layered cathode materials with similar 
microstructures.
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Better understanding of oxygen diffusion in non-stoichio-
metric oxides becomes essential for further development of 
intermediate temperature solid oxide fuel cells. In this pros-
pect, rare earth nickelates (R2NiO4+d) emerged as promising 
materials in which oxygen transport is driven by oxygen dis-
order and non-stoichiometry. Their crystal structure consists 
of RNiO3 perovskite layers sandwiched between RO-type 
rock salt layers and extra oxygens are intercalated in tetra-
hedral sites inside the rock salt layer. Oxygen diffusion, in 
these materials, is highly anisotropic and described by inter-
stitialcy mechanism [1] in which excess oxygens diffuse via 
apical oxygens inside the rack salt layer. However, close to 
room temperature, diffusion is non-Aarhenius type but a lat-
tice activated process [2]. In this talk, I will address structur-
al studies which are performed with neutron diffraction on 
polycrystalline and single crystal Nd2NiO4.25 compound as 
a function of temperature, are essential to get experimental 
evidences on oxygen migration mechanism in these oxides. 
High resolution neutron diffraction studies show the evi-
dence of 3d-ordering of excess oxygens in below 823 K, 
confirming the pinning of   excess oxygens to the crystal 
lattice which makes the real structure incommensurate. 
The average structure (exclusing incommensurate super-
structure reflections) of the compound can be described in 
orthorhmbic Fmmm space group. However, these incom-
mensurate oxygen superstructure reflections start to lose in-
tensity around 400 K and arround 823 K, loss of 3d-oxygen 
ordering occurs which is accompanied by a orthorhmbic to 
tetragonal structural transition. With scattering density stud-
ies of average structure using the Maximum Entropy Meth-
od, we observed unusually high anharmonic displacement 
factors both for equatorial and apical oxygen atoms show-
ing large displacement amplitudes (fig. 1)  towards [001] 
and [110] with respect to the F-symmetry cell, respectively 
which are getting amplified in the tetragonal phase. This 
result confirms the proposed interstitialcy diffusion mecha-
nism for these oxides and supports previously reported mo-
lecular dynamics simulated results [3] on Nd2NiO4.25 com-
pound. In conclusion, with neutron diffraction studies up 
to high momentum transfers, we show that excess oxygens 
are essential to activate large apical oxygen displacemnts 
toward nearest vacant interstital site allowing oxygen dif-
fussion in the intermediate tempearture range.
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The expansion of renewable energies and the growing 
number of electric vehicles and mobile devices demand for 
improved and low-price electrochemical energy storage. In 
order to meet the future needs for energy storages novel ma-
terial systems with highest energy densities, readily available 
raw materials, and safety are required. Currently, especially 
lithium and lead dominate the battery market, but beside co-
balt and phosphorous, in particular lithium may show sub-
stantial supply challenges in the future. Therefore, the search 
for new chemistries will become increasingly important in 
the future in order to diversify battery technologies.
Due to its high abundance and triple charge, aluminium is 
a highly interesting candidate for high-valent, post-lithium 
batteries, since for stationary application large quantities of 
active mass are necessary.
Within the crystalline structure of potential solid alumini-
um-ion conductors, the high charge of the trivalent alumin-
ium ion poses the challenge of high attraction towards anions 
and high repulsion from cations. In this context, an optimised 
crystal structure is of paramount importance. By analysing 
the necessities for good ionic transport and applying this 
knowledge to large crystallographic databases by means of 
high-throughput crystal-chemical analyses, we address the 
identification of promising materials candidates for a future 
all-solid-state aluminium-ion battery technology.
Traditionally, the search for Al-conductors was started with 
oxygen-containing materials. We opened up the chemical 
space of potential aluminium-ion conductor materials by 
first analysing bonding differences in aluminium and oxy-
gen, sulphur,  or selenium-containing materials. Due to the 
decreasing electronegativity and increasing size, we found 
an increasing polarisation of the chalcogenides and a better 
shielding of charge from the aluminium-ions. We have stud-
ied varying ternary spinel-like structures by means of den-
sity functional theory (DFT) calculations to quantitatively 
evaluate the chemical bonding in aluminium-chalcogenides.
Eventually, this knowledge was applied to the ICSD to fil-
ter out promising materials for the conduction of alumini-
um-ions. We applied Voronoi-Dirichlet partitioning to first 
geometrically filter for materials with interconnected inter-
stitial voids that are large enough to host aluminium-ions. 
Secondly, bond-valence site-energies were calculated to es-
timate respective activation energies for the percolation of 
aluminium-ion conduction paths. As a last step, DFT will is 
be used to simulate a full, dynamic diffusion process for the 
most interesting candidates ab initio.
We will present the current state of the aluminium-ion bat-
tery, including theoretical and first experimental results. 
This work is funded by the German BMBF (R2RBattery: 
03SF0542A), the Russian Megagrant (14.B25.31.0005), 
and the RSF (16-13-10158).
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Despite the large number of MOFs that have been synthe-
sised and are present in the Cambridge Structural Database, 
84,185 as of Nov. 2017, very few have been studied for both 
their gas adsorption and mechanical properties.1 Most in-
vestigations concerning the former are based upon adsorp-
tion isotherms and hence there is a lack of understanding 
concerning the location of adsorbed guest molecules within 
the pores and the nature of specific interactions between the 
guest molecules and the framework. Up to 2014, 120 crys-
tallographic studies on frameworks containing adsorbed 
gas molecules had been reported, with only 47 frameworks 
investigated in all.2 A more detailed understanding of these 
interactions will help us develop more insightful struc-
ture-property relationships, thereby aiding chemists in de-
signing MOFs with enhanced or specific guest uptake.
The small-pore MOF Sc2BDC3 (where BDC = benzenedi-
carboxylate) was initially observed to undergo an orthor-
hombic-to-monoclinic phase transition, via rotation of one 
pair of BDC linkers, under CO2 uptake at p = 1 bar and 235 
K.3 Here, we have used a combination of capillary gas cell 
XRD experimental and ab initio DFT and GCMC computa-
tional methods to show that the framework also undergoes 
the same phase transition, gradually, at 298 K at higher CO2 
pressures (complete at 3 bar). Additionally, a third adsorp-
tion site, which was not seen in the original investigation at 
235 K, was observed; this discovery verified the expected 
maximum uptake of CO2. 
Ab initio DFT calculations determined that the monoclinic 
form of Sc2BDC3 is the lower energy geometry-optimised 
structure (by 13.3 kJ mol-1); the orthorhombic phase how-
ever is present at 298 K due to the entropic term having 
greater weighting at this temperature. Therefore, the forma-
tion of the monoclinic phase at room temperature upon CO2 
uptake is a result of CO2-framework interactions exceeding 
the energy barrier to linker rotation. This was shown using 
GCMC to model CO2 uptake in the experimental framework 
structures, with stronger CO2-framework interactions in the 
monoclinic phase. Additionally, there was good agreement 
between the binding site hierarchies observed by the three 
different methods, with a clear switching of the site hierar-
chy between the two phases. When a CO2/CH4 gas mixture 
was applied to this material, the XRD and computational 
methods showed that Sc2BDC3 has selectivity for CO2 
over CH4; this was a result of weaker CH4-framework in-
teractions and specific CH4 adsorption site locations which 
allowed CO2 to occupy its strongest adsorption site unhin-
dered.
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In experimental charge density investigation, it is indispen-
sable to use the highest possible quality of data. Systematic 
errors should be avoided.
One systematic error is the low-energy contamination 
caused by focusing multilayer optics. To eliminate this 
problem filtering by interposition of a low-density material 
foil into the beam was proposed. However, filtering lowers 
the intensity, which might be crucial, especially for charge 
density data collection, and is of course not possible for al-
ready measured data. The low-energy contamination mainly 
affects the reflections with indices 3h 3k 3l. In the program 
SADABS [1], a 3λ correction in analogy to the earlier 2/λ 
correction is now implemented. [2]
In several charge density studies, we noticed that the resid-
ual density improved significantly after ten resolution de-
pendent scale factors were refined. The dependency of the 
scale factors against resolution showed a typical pattern for 
all data sets, but the variation was much smaller for data 
collected at 15 K instead of 100 K. Therefore, this procedure 
seems to cure errors that are resolution and temperature de-
pendent such as thermal diffuse scattering (TDS). Similar 
results could be obtained by processing data with relatively 
small integration boxes instead of refined box sizes. This 
procedure seems to emulate a rough TDS correction. How-
ever, to find the best integration box is very time consum-
ing. In a nested interval approach, a correction factor {α 
= a[sin(ϑ)/λ]2 + b[sin(ϑ)/λ]3} is determined that minimizes 
these errors and improves the model quality. [3]
References:
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Datasets measured from different crystals are affected by 
both random and systematic errors. Systematic errors may 
arise from different properties of the crystals (e.g. composi-
tion and conformation of molecules, or their hydration state) 
or from experimental conditions (e.g. beam fluctuations or 
detector non-linearities). Datasets differing systematically 
are called non-isomorphous, and current crystallographic 
procedures are far from being able to capture and analyse 
the various sources of systematic error.
Often, a correlation coefficient is used for inter-dataset 
comparison [1], but the relations between datasets are not 
obvious from the matrix of pairwise correlations since the 
numerical value of the correlation coefficient is lowered by 
both random and systematic differences. It is therefore de-
sirable to develop methods that can separate random and 
systematic effects on data. 
The talk presents a novel type of analysis [1] of the pairwise 
correlation coefficients which positions datasets within a 
low-dimensional space whose axes are associated with the 
types of systematic differences between the datasets. This 
dimensionality reduction can not only be used for classifica-
tion purposes (e.g. to find out which datasets are so similar 
in their properties that they can be merged), but can also 
derive dataset relations on a continuous scale, and directly 
relates to previous work [3] which introduced CC1/2 for de-
scribing the precision of crystallographic data. 
This novel analysis has numerous applications in Structural 
Biology, but also in other fields.
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The high-resolution powder diffraction beamline at ESRF 
(ID22), built with a dual-undulator source on the 6 GeV 
storage ring, combines a wide continuous range of incident 
energy (6-80 keV) with high brightness, offering the pos-
sibility to carry out high-flux, high-resolution powder dif-
fraction measurements above 30 keV. In routine operation, 
a bank of nine scintillation detectors is scanned vertically to 
measure the diffracted intensity as a function of 2θ, each de-
tector being preceded by a Si 111 analyzer crystal. The cur-
rent detector system has operated successfully for the past 
20 years. Nevertheless developments in detector technology 
can be exploited to improve the overall performance. In par-
ticular, at low diffraction angle, the axial acceptance of the 
detectors results in broadened and asymmetric peaks owing 
to the curvature of the Debye-Scherrer cones. At high dif-
fraction angles, detection efficiency could be improved by 
up to an order of magnitude by increasing the axial accep-
tance of the detectors as the scattering power of the sample 
falls off naturally. In order to improve the detection efficien-
cy behind the 9 analyzer crystals, a Pilatus3 X CdTe 300K-
W was mounted on the arm of the diffractometer, and used 
for standard continuous-scanning acquisition on several test 
samples (Si, LaB6, ceria, ZSM-5 zeolite). By using a small 
area detector, the axial aperture can be varied with 2θ, nar-
row at low angles where the curvature is most marked, and 
wider at higher angles, where the curvature is less. In this 
way, as well as increasing overall counting efficiency, res-
olution and peak shapes at low angle are improved as com-
pared to the current fixed, 4-mm-wide receiving aperture. 
In addition, by carefully selecting the diffraction region on 
the 2D images, parasitic signals can be avoided. Combining 
the high efficiency of a hybrid photon-counting area detec-
tor with the high resolution given by analyzer crystals is an 
effective approach to improving the overall performance of 
high resolution powder diffraction.
Keywords: high-resolution X-ray powder diffraction, Pilatus 
detector



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e74

MS20-O4
Synchrotron single-crystal diffraction 
for chemistry and materials: new 
developments
William Clegg1

1. �Chemistry, School of Natural and Environmental Sciences, 
Newcastle University, Newcastle upon Tyne, United Kingdom

email: bill.clegg@ncl.ac.uk
Prior to the 1990s there were no dedicated single-crystal 
diffraction beamlines for use by chemists and materials 
scientists; limited access was available to multi-purpose 
beamlines used also, and in most cases predominantly, for 
powder diffraction and/or spectroscopic techniques, along 
with some minor use of macromolecular crystallography 
beamlines.   The design, construction, and commissioning 
of Station 9.8 at Daresbury Laboratory’s Synchrotron Radi-
ation Source (SRS)1 thus began what is now a rich though 
still brief 20-year history of bringing the advantages of 
synchrotron radiation to the community of chemical crys-
tallographers familiar with this key technique in a standard 
local laboratory setting.   The advantages derive from the 
special properties of synchrotron radiation, principally its 
high intensity, excellent collimation, and available range of 
wavelengths.
While the UK led the way, initially at SRS with Station 9.8 
and its later more modestly configured Station 16.2SMX, 
the rapid uptake and exploitation of the new opportunities 
prompted similar development of dedicated and optimised 
single-crystal diffraction beamlines elsewhere, notably at 
ALS, together with enhancement of single-crystal diffrac-
tion facilities on shared beamlines such as those at ESRF, 
APS, and Soleil.  With the closure of SRS, a new UK beam-
line (I19) was designed and constructed at Diamond Light 
Source (DLS), beginning operation in 2008.   This has re-
cently undergone a major upgrade.2

These beamlines have been used for structural studies 
across all branches of organic, inorganic, materials, and 
pharmaceutical chemistry, and have played a vital role in 
the investigation of large-scale supramolecular assemblies 
and extended framework structures, with applications in gas 
and energy storage among other important modern research 
areas.
Our own use has included the elucidation of structures dis-
played on journal front covers, some unusual structural fea-
tures such as highly strained metallated aromatic molecules, 
and a natural product with exceptional antibiotic properties.  
Recent achievements include the successful development 
of remote access operation of DLS beamline I19,3 which 
should now become the standard form of usage of the beam-
line, bringing many advantages.  Examples will be shown, 
along with a summary of the history and new aspects.
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The X04SA Powder Diffraction beamline [1] has been 
developed with Total Scattering (TS) experiments at the 
forefront. The requirements for TS are perfectly compatible 
with maintaining the best capabilities for classical synchro-
tron XRPD, as the main TS requirement is – top data qual-
ity. The energy flexibility of the beamline (5 – 30 keV with 
high photon flux and sufficient detection efficiency) and the 
excellent detectors installed (a 2D Pilatus 6M and a large 
1-D Mythen II) make up the rest, allowing for the required 
momentum transfer especially with the Mythen II [1]. In 
fact, collecting data to 140 deg with the Mythen, the Qmax 
can reach > 28 Å-1, sufficient for most materials, while es-
pecial emphasis is given to reciprocal space TS (modelling 
the data directly from atomic coordinates via the Debye 
Scattering Equation, as per the DFA method [2]), where the 
absence of a direct Fourier transform of the data makes the 
need for high Qmax less stringent whilst the data quality 
must be even higher in all respects.
Increasing data quality is a process that involves the hard-
ware – whereas all forms of parasitic scattering and all 
instrumental and intrinsic distortions (inelastic scattering, 
absorption,..) can be minimised and/or corrected whilst 
maximizing the sample scattering signal. The software 
plays also a critical role, inasmuch the information content 
of the data is fully preserved and the raw data are processed, 
corrected and subtracted [2] to yield precisely the desired 
part – the sample’s elastic scattering pattern and its absolute 
scale sharpened counterpart S(Q) or the latter’s direct space 
Fourier equivalent interatomic distance pair distribution 
function G(r).
The hardware (rotating capillary, liquid jet and suspended 
droplet) enhancements will be presented, together with the 
state-of-the-art, never before presented procedures and al-
gorithms for calibrating the detector (pixel-wise positional 
and efficiency corrections [2]) together with the most ef-
fective and still partly unpublished algorithms and meth-
ods for data processing, merging, subtraction and correc-
tion – including a novel lossless smoothing-denoising [2] 
that permits to acquire high-quality low-noise background 
patterns in a fraction of the time previously required. Fur-
thermore, subsequent processing [2] to obtain the absolute 
scale sharpened S(Q) and the G(r) functions in a reliable and 
automated way are presented and compared with existing 
dedicated softwares like (GudrunX [3], PdfGetX3 [3].
As an outlook, simultaneous Quantitative Phase Analysis in 
Q and r spaces – thus made independent from the crystallin-
ity of components - is envisaged.
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Multiple crystal forms in pharmaceuticals pose severe risks 
to the formulation of a novel medicine, and to its safety 
and efficacy. In particular, the inclusion of water into the 
crystal lattice and thus the formation of crystalline hydrates 
generates challenging materials for formulation due to their 
thermodynamic low water solubility. Variations in hydrate 
stability in addition to the existence of stoichiometric and 
non-stoichiometric behaviour pose additional problems, 
which require non-trivial solutions. It is thus a major area of 
interest in the pharmaceutical industry to discover hydrated 
crystal forms and avoid them if possible.
The classic approach of hydrate research is the solvent 
screening of a compound to explore the crystallisation 
space and detect as many crystal forms as experimentally 
accessible, which are then analysed in detail.1,2 Whilst this 
approach gives detailed insight into the stability of the cho-
sen crystal form and can explain their solid-state behaviour, 
it is a retrospect approach in which the hydrate must be 
found before it can be analysed. We are interested in inter-
actions being present in solution before crystallisation and 
their connection to the resulting crystal form with the aim 
to predict hydrate formation before conducting the crystal-
lisation experiment. The use of spectroscopic methods in 
combination with neutron scattering and simulation proves 
particularly powerful, and this approach will be presented 
using several well-known drug compounds ranging in their 
hydrate stability and water solubility.
Keywords: Hydrogen bonding, crystal form, pre-nucleation 
aggregates
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Many industries, most notably pharmaceutical, have for 
some time been using compound libraries as a systematic 
approach to comprehensively understanding a chemical 
landscape. Screening in medicinal chemistry is an obvious 
example and QSAR takes a similar, in-silico, approach. 
Understanding packing and structure-determining factors 
in the solid state is key in many areas eg polymorphism 
or crystallization, and of course we need to understand 
this behaviour if we are to control solid-state formation 
in any way. Our research uses systematic studies on the 
crystal structures of homologous series of compounds 
to derive rules and begin to predict solid-state behaviour. 
We now extend this concept to the application of Quantum 
Crystallography approaches to series of compounds in order 
to further understanding of structure and properties.
The talk will present examples of series of compounds spe-
cifically designed to examine: 

1.	 Transition states for N-C bond formation;
2.	 Tuning receptor structure to optimise anion binding;
3.	 Co-former selection for pharmaceutical co-crystals;
4.	 Rationalising properties of co-crystals;
5.	 The role of fluorine interactions in the organic solid 

state;
6.	 Tailoring aromatic intermolecular interactions to acti-

vate spin-crossover materials.
In all of the above, a deep understanding of the comple-
mentary and competitive energetic contributions is neces-
sary in order to rationalise solid-state structures and their 
behaviour.
Keywords: Quantum Crystallography, Structural Systematics
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Ab initio calculations are becoming applicable on larger and 
larger molecules; nevertheless designing models of lower 
complexity is not devoid of interest for modeling biologi-
cal complexes. Compared to point charge/moment models, 
electron density models add a rich layer of information: 
atomic basins, bond topology descriptors, etc. This study 
aims to improve electrostatic interaction energy calculations 
based on transferable multipolar atoms [1] with explicit 
consideration of dipole induction. We focus on polarizabil-
ity calculations on isolated and interacting molecules taken 
from a high-quality theoretical benchmarking dataset, for 
which a detailed energy partition scheme is available [2]. 
Since polarizabilities change upon binding, transferability 
of this physical quantity between similar atoms is in ques-
tion. To assess this problem, the interplay of theoretical 
polarizability variations with molecular geometry, external 
electric fields and interaction energies have been carefully 
examined. We will present our preliminary results along 
with the new tools we implemented in MoProSuite [3] for 
this study.
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The hydrogen maleate (HM) anion (Figure 1) has been in-
vestigated extensively in the past due to its very short in-
tramolecular hydrogen bond. This hydrogen bond closes 
the HM anion to a seven-membered ring configuration in 
a resonance-assisted hydrogen bond (RAHB) fashion.[1]
There is a large number of crystal structures of hydrogen 
maleate salts in the Cambridge Structural Database (CSD) 
which show that the O···O distance varies from 2.361 to 
2.540 Å with a large variety of intermediate distances, with 
the hydrogen bond varying from perfectly symmetric to 
highly asymmetric. Neutron-diffraction experiments have 
shown that the proton position is highly dependent on the 
counter cation and hence on the intermolecular interaction 
pattern, exemplifying the flexibility of this compound re-
garding intermolecular interactions and crystalline environ-
ments.[1]
The crystalline environment polarizes the two oxygen at-
oms O1 and O2 to different extents.  The bigger the differ-
ence in the polarization of the two oxygen atoms, the higher 
the asymmetry in the hydrogen atom position of the intra-
molecular RAHB. Consequently, hydrogen atom H1 shifts 
more closely to the oxygen atom that is less polarized by the 
environment. The asymmetry of the RAHB is therefore in 
direct relationship with the asymmetry of the intermolecular 
interaction pattern and the crystalline environment.
In this work the trajectory of the proton transfer is mapped 
through experimental electron density (ED) studies of a 
series of HM salts (cations: 4-aminopyridinium, 8-hy-
droxyquinolinium, K, Mg, Ca, Li, Na) using high-resolu-
tion low-temperature synchrotron X-ray diffraction data 
measured at the beamline BL02B1 of SPring-8, Japan. 
The experimental electron density was modeled using the 
Hansen–Coppens multipole formalism,[2] and X-ray wave-
function refinement [3]. The response of the hydrogen atom 
position to the experimentally derived electric field imposed 
by the crystallographic environment will be presented and 
discussed. Changes in the character of the O-H…O bond 
will furthermore be characterized utilizing a complementary 
bonding analysis based on quantum crystallography.
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Understanding solid-state supramolecular chemistry re-
quires quantitative insights into the nature and strength 
of intermolecular interactions. Over the past few decades, 
charge density multipole modelling (CDMM) formalism 
has contributed significantly to the understanding of chem-
ical bonding in crystals [1]. However, the applicability and 
accuracy of CDMM in the intermolecular regime is a grey 
area. This is owing to the issues related to the partitioning of 
electron density in the intermolecular space using CDMM. 
Recent developments in the high resolution X-ray quantum 
crystallography offer significant prospects in this context. I 
will discuss recent results on the studies of intermolecular 
interactions, their strength and nature in terms of bond or-
ders, electron density and interaction energies derived from 
both experiment and theory. Especially the applications of 
such quantitative descriptors will be discussed in the con-
text of crystal engineering of molecular solids, their relative 
stabilities and intriguing mechanical properties[2,3]. 
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First, lithium amides are versatile C-H metallation reagents 
of vast industrial demand because of their high basicity 
combined with weak nucleophilicity, [1] applied worldwide 
annually in kilotons. Second, bonding is the most basic con-
cept in chemistry, but there are no dashes known from the 
Lewis diagram in nature. Experimental charge density from 
high resolution diffraction data and topological analyses 
quantifies bonding beyond plane interatomic distances. Co-
valent, electrostatic and donating bonding are the three most 
widespread concepts. The computational energy decompo-
sition analysis adds their energy contributions. With these 
two interlocked methods we revisited industrial important 
amine-donated lithium amides, quantified covalent Li–N, 
electrostatic Li+N– and donating Li←N bonding and paved 
the way to modify their reactivity. [2]
Fig. 1 Partitioning of the interaction energy into the Pauli, 
dispersion, electrostatic and orbital terms gives a 71-72 % 
ionic and 25-26 % covalent character of the Li–N, different 
to the old dichotomy of 95 to 5 %. In this light, there is much 
more potential to steer reactivity with various substituents 
and donor solvents than anticipated so far. [3]
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Extracting information about chemical bonding from a mo-
lecular wavefunction or an experimental electron density is 
an ambiguous task since the notion of a chemical bond is it-
self a fuzzy concept that is not measurable and can therefore 
not be defined rigidly. There are recent heated debates on 
fundamental terms such as donor-acceptor interactions,[1] 
hypervalency,[2] or bond paths [3] in the literature. Even 
the meaning of ionicity and covalency is under question.[4] 
However, no chemist would deny that the chemical bond is 
a useful concept. 
We do not claim that we can solve the debates, or redefine 
chemical bonding. However, there are hardly any studies 
that attempt to compare the results from a large variety of 
bonding descriptors on a single set of compounds without 
focusing on a specific tool or favoring one. Moreover, there 
are no studies that can show a comparison of results from ex-
perimental and theoretical investigations using the same or-
bital, real-space and energy bonding descriptors. Therefore, 
we have embarked on a systematic comparison of modern 
bonding descriptors from those three realms (specifically: 
quantum theory of atoms in molecules, source function, 
electron localizability (ELI), natural bond orbitals, natural 
resonance theory, valence bond calculations, different types 
of energy decomposition analyses, bond orders etc.), and we 
derive them from high-level theoretical calculations as well 
as experimental refinements of X-ray diffraction data within 
the new field of quantum crystallography.
We will show case studies for oxides of second- and 
third-period elements, for oxyanions such as nitrate, sulfate, 
phosphate, perchlorate that are of fundamental importance 
for chemistry, and for pentacoordinated silicon compounds. 
The results shed new light on hypervalency, charge-shift 
bonding, and ionicity vs. covalency concepts.
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Fine details of stacking interactions in three different types 
of π-stacked tetrachlorosemiquinone radical anions (Cl4Q) 
were studied by a combination of X-ray charge density, 
quantum chemical computation and atoms-in-molecules 
(AIM) analysis: 1) stacks of pancake-bonded radical dimers 
in triclinic polymorph of N-MePy·Cl4Q (N-MePy = N-meth-
ylpyridinium cation), 2) stacks of trimers of partially charged 
semiquinones in [4-damp])2[Cl4Q]3 (4-damp = 4-dimethyl-
amino-N-methylpyridinium) and 3) stacks of equidistant 
radicals in orthorhombic polymorph of N-MePy·Cl4Q. For 
the first time, we provide experimental evidence (based on 
X-ray charge density) of two-electron multicentric covalent 
bonding (pancake bonding) between the radicals.
Typical pancake-bonded radical dimers in 1) are charac-
terised by short interplanar distance (2.86 Å) and multiple 
bonding (3,-1) critical points between the rings with max-
imum electron density exceeding 0.095 e Å-3; in addition, 
a (3,+3) critical point (local minimum of electron density) 
was also found, indicating a cage-like electronic structure. 
The covalent contribution to total interaction in a dimer 
was calculated to be -9.4 kcal mol-1. Between the dimers, 
interplanar separation is 3.60 Å and only negligible electron 
density is found.
In trimers there are two electrons shared between three 
closely interacting rings (interplanar separations are ca. 
2.84 Å), and (3,-1) bonding critical points are found with 
maximum electron density of 0.077 e Å-3; there are also two 
(3,+3) local minima [1]. The calculated covalent contribu-
tion is -6.8 kcal mol-1

Maximum electron density between the rings in a stack of 
equidistant radicals (interplanar separation of 3.17 Å) is 
much lower, 0.050 e Å-3, and there is no local minimum of 
electron density. However, the HOMO orbitals extend be-
tween the rings, and the calculated covalent contribution is 
-2.9 kcal mol-1. This compound is a 1D semiconductor [2,3], 
and its semiconductivity is explained by pancake bonding 
extending along the stack.
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Proton migration involves a gradual shift in hydrogen atom 
position across a hydrogen bond (HB). In the solid-state, this 
behaviour may occur as a function of an external variable in-
cluding temperature1 or pressure.2 Such behaviour is typically 
observed in HBs characterised by very short donor-acceptor 
distances (short strong hydrogen bonds – SSHBs), in the 
range of 2.5 Å for O—H∙∙∙O HBs3 and 2.6 Å for N—H∙∙∙O 
HBs,4 where the barrier to proton transfer is low.5

Potentially useful solid-state physical properties including 
ferroelectrics6   or thermochromism7 may result following 
proton migration across SSHBs. Increasing the under-
standing of where such behaviour is manifest may allow 
functional materials to be accessed more reliably in future; 
correlations to donor-acceptor distances and ΔpKa values of 
components have previously been made.8

In this work, we present variable temperature single crystal 
synchrotron X-ray diffraction (SCSXRD) studies of several 
potential proton migration materials. These materials are 
multi-component organic co-crystals/salts (carboxylic acids 
with urea/N-heterocycle co-formers) where SSHBs form the 
connections between molecules. For the most promising mi-
gration materials, we use experimental charge density anal-
ysis to investigate the SSHBs across which this behaviour 
is suggested and attempt to unravel the chemical bonding 
and/or molecular features that contribute. We present results 
from multipolar refinements (performed in XD200610 using 
Hansen and Coppens formulism11) of charge density data 
collected on beamline I19, Diamond Light Source (UK).9 
We also discuss aspects of the data collection strategy 
implemented to obtain the quality high resolution data re-
quired for the charge density analysis.
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From the point of view of X-ray scattering the electron den-
sity and the nuclear density are communicating vessels, and 
it is important to model both in order to get a full picture of 
the charge density. We use quantum mechanics to construct 
models of the thermal vibrations in crystals, which can be 
refined and/or validated against scattering data. Scattering 
data is here understood in the broadest sense; the traditional 
methods of X-ray and neutron diffraction could be comple-
mented by other probes, such as ssNMR, Raman and tera-
hertz spectroscopies, as well as inelastic scattering or ther-
mal diffuse scattering, which are all techniques that holds the 
key to understand the correlated motion of atoms in crystals.  
The use of quantum mechanics in crystallography has a 
long history, however in most applications the quantum 
mechanical modeling has focused on the description of 
the electron density. Much less attention has been devot-
ed to the nuclear motion, although the atoms in the crystal 
are of course vibrating, even at the lowest temperatures. 
This is unfortunate. Not only does the atomic and molec-
ular motion define important physico-chemical properties 
such as the mechanical and thermodynamic stability of the 
crystal, but the concerted motion of atoms give rise to ther-
mal diffuse scattering which affects the Bragg intensities.  
Ultimately, the quantum-mechanical models of electron 
density distribution and nuclear motion should amalgamate 
into a common model, which can be compared and refined 
against the experimental evidence, and which can be used 
to understand solid state properties at the atomic level. 
We will present our recent approach to refine lattice-dy-
namical models against diffraction data [1,2], demonstrate a 
combined model of normal mode and multipole refinement 
[3], and give examples of how the dynamics derived from 
these models can be used to derive heat capacities and free 
energies in order to investigate the relative stability of poly-
morphic molecular systems.
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Transmission electron microscopes offer the capability to 
study materials using a variety of signals at extremely high 
spatial resolution and with high precision. This combina-
tion is essential when considering nanoscale materials as 
the variations in structure and composition can occur over 
very short legth-scales and can have profound impact on the 
properties and hence the function of the material. 
Here we present a detailed analysis of structural distortions 
present in a hexagonal indium phosphide nanowire contain-
ing a screw dislocation [1]. The wire exhibits strain varying 
radially from the dislocation core outwards but the free sur-
face of the wire also results in a back torsion (the classical 
Eshelby twist [2]) causing a continuous twist of the crys-
tal structure along the length of the wire. From a series of 
scanning precession electron diffraction [3] measurements 
the twist rate and the radial strain have been characterised 
in great detail and found to be consistent with a common 
Burger’s vector of the hexagonal c-axis value. Validation 
of this analysis was performed using dynamical scattering 
simulations of a model twisted nanowire. In addition, infor-
mation about the growth direction, dislocation handedness 
and even the 3D wire morphology could be extracted from 
the measurements.
This study highlights many of the advantages as well as 
some of the limitations of scanning precession electron dif-
fraction data for studying nanomaterials.
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Any electron microscope allows collecting electron dif-
fraction data both in diffraction and in imaging mode. Both 
modes have their strengths and weaknesses. The advan-
tage of electron imaging is that it provides spatial phase 
information of the sample, but at the expense of contrast. 
The advantage of electron diffraction is that it provides 
high contrast, but at the expense of spatial phase infor-
mation. Here, we discuss how to exploit the strengths of 
both methods and how to combine them, in order to infer 
all the required information of radiation sensitive samples.  
 
We show that by collecting in diffraction, we can measure up 
to 1000 times more useful data of weakly scattering, organic 
material, compared to imaging mode. We explain this sig-
nificant difference from first principles and show that it is an 
intrisic limitation of imaging. Thus, we can explain why it is 
possible to collect a full three-dimensional high-resolution 
electron diffraction data set of a single protein nano-crys-
tal, with the same number of electrons that is required for 
just a single high-resolution image of the same crystal.   
 
Diffraction data lacks spatial phase information. Such in-
formation can be inferred from prior information of the 
sample, but when this is not available, it needs to be meas-
ered experimentally. One way of measuring spatial phases 
in three dimensions, is by electron tomography in imaging 
mode. Although wasteful in terms of electron dose (and 
hence causing increased radiation damage), it does provide 
independent phase information. We discuss recent results.
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The active ingredients and excipients formulated together in 
pharmaceutical products are often organic crystals. Whilst 
X-ray diffraction is ideal for probing the atomic structure 
of these organic crystals, it has limited use in investigating 
any heterogeneity of the pharmaceutical at the nanoscale 
[1]. Such ‘nanostructure’ may affect product performance 
and can, in principle, be probed by transmission electron 
microscopy but, until recently, beam damage has proven to 
be a major limiting factor [1]. Scanning electron diffraction 
(SED) is a new approach to acquiring nanoscale data from 
beam-sensitive materials [2,3]. SED involves the acquisi-
tion of a two-dimensional electron diffraction pattern at ev-
ery probe position as a nm-sized electron probe is scanned 
across the specimen. If each pattern can be acquired before 
significant structural degradation (typically a few ms), the 
4D-SED dataset contains a wealth of nanoscale crystallo-
graphic data, making the technique a highly versatile hybrid 
diffraction-imaging approach.
Here, we report on the development of low-dose SED, in 
which diffraction patterns from pharmaceutical organic sol-
ids were recorded with an electron fluence of ~ 5 e/Å2 and 
a spatial resolution of ~ 5 nm. Such low dose acquisition is 
greatly enhanced by the use of direct electron detectors and 
represents a reduction of approximately 2 orders of mag-
nitude compared to previous SED of soft materials [2,3]. 
In particular, we used the Merlin-medipix detector system, 
a counting type detector, particularly suited to this kind of 
diffraction pattern acquisition owing to essentially zero 
noise acquisition and high dynamic range. A probe current 
of 1.6 pA and a dwell time of 1 ms per probe position was 
used in the SED acquisition. A highly parallel (~0.6 mrad 
convergence angle) beam was used and a reciprocal space 
structural resolution of better than 1 Å-1 was obtained.
Results will be presented from a number of off the shelf 
active pharmaceutical ingredients, namely bicalutamide, 
acetaminophen, and probucol, as well as excipients lactose 
monohydrate and magnesium stearate. These materials span a 
range of reported characteristic doses and SED data were suc-
cessfully obtained in all cases. For the most beam sensitive 
materials, the acquisition protocol is such that repeated scan-
ning of the same area reveals almost complete destruction of 
the crystallinity – i.e. a ‘diffract and destroy’ approach. Nev-
ertheless, high-quality diffraction data are obtained. There-
fore, low-dose SED, as developed in this work, provides an 
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essential platform for the investigation of nanostructure in 
pharmaceutical materials and other organic solids.
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The author discuss on basic physics of Bragg diffractions, 
and introduce a new way of image capturing on Bragg dif-
fractions instead of Fraunhofer diffractions in a transmission 
electron microscope.  There is a possibility to improve the 
phasing process on the protein crystallography (Micro-ED). 
In this scheme,  we do not require standard phasing tech-
niques;   such as Multi-wavelength Anomalous Diffraction 
(MAD) method used in X-ray crystallography. The author 
also discuss on limitations on this scheme. 
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In the last decade electron crystallography experienced a 
boost through the development of   electron diffraction to-
mography. After data acquisition and processing strategies 
were  developed for automated diffraction tomography [1] 
a big range of methods has been set up in  order to improve 
the collection of data in reciprocal space. A major differ-
ence between the  methods is the crystal tracking strategy 
carried out in TEM or STEM mode. While the use of TEM  
for electron diffraction tomography methods allows the 
application of both, selected area or   nano-beam diffrac-
tion, the STEM mode will only facilitate the later. Both 
data collection   approaches already proved successful for 
structure solution and refinement using single nano- sized 
crystals. Significant differences appear for example if the 
size of crystalline domains are in  the regime of some tens 
of nanometer or the material is highly beam sensitive. The 
use of a small   condenser aperture (10 µm) to produce a 
quasi-parallel electron probe allows the access of   these 
materials as a nanometer-beam (2-10 nm) with low conver-
gence angle (0.4-1 mrad)  reduces the electron dose using 
dark-field detectors for crystal imaging in scanning mode 
[2].  Automated diffraction tomography utilizes in addition 
the advantage that only a slight change of  focus allows to 
switch between imaging and diffraction conditions [2]. In 
order to obtain improved electron  diffraction data electron 
beam precession using this beam configuration is added. 
This allows   electron diffraction data acquisition with ex-
panded number of excited spots and with further  minimized 
dynamical effects suitable for crystal structure refinement 
using kinematical and  dynamical approach. For the above 
described data collection strategy it is necessary to obtain 
an  accurate alignment of such a beam setting, which may 
not be available as a default implemented  option in a TEM. 
Thus a general method to set illuminating conditions for se-
lectable beam  convergence and probe size has been works 
out for Transmission Electron Microscopes (TEM)   fitted 
with µs/pixel fast beam scanning control, (S)TEM, and an 
annular dark field detector [3].  Additionally, scripts for dif-
ferent TEM platforms addressing the above described data 
collection  strategies were developed. 
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Layered rock-salt-type oxides A1+xM1-xO2 (A – alkali cation, 
M – transition metal cation) are among the most promising 
positive electrode (cathode) materials for metal-ion batter-
ies, offering specific capacity up to 250 mAh/g. The parent 
structure of the A1+xM1-xO2 oxides is based on “cubic” close 
packing of oxygen atoms where the A and M cations oc-
cupy octahedral interstices in an ordered manner forming 
alternating layers. On a local scale, however, the structure of 
these materials is much more complex, featuring different 
kinds of defects and partial disorder, related to fractional 
occupation of the octahedral positon in the M layers with 
the excessive A cations (x > 0) with subsequent A/M or-
dering, antisite A/M disorder, stacking faults in the A/M 
ordered layers and twinning of the close packed layers. 
Electrochemical extraction of the A cations introduces in-
tricate evolution of the defect structure, related to gliding of 
the close packed layers with respect to each other, partially 
reversible migration of the M cations to the vacant positions 
in the A-layers with subsequent ordering to a spinel-type 
structure, trapping of the M cations in the tetrahedral inter-
stices, anion vacancies due to oxygen loss at high potentials 
and surface structure “densification” due to the oxygen loss 
or even a conversion to a framework structures. The defect 
structure of the pristine, charged, discharged and cycled 
A1+xM1-xO2 materials will be demonstrated using aberra-
tion-corrected scanning transmission electron microscopy 
and correlated with the peculiarities of their electrochemical 
behavior, such as operating potential, capacity and voltage 
fade [1-3].
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With the recent advances in synchrotrons and area detec-
tors, high quality single crystal diffuse scattering datasets 
can be routinely measured in a matter of minutes. However, 
analysis of diffuse scattering is still a bottleneck. It often re-
quires construction of multiple test models and complicated 
refinements, and typically takes months of work and tens of 
thousands of computer hours.
Recently it was shown that in favourable cases of transla-
tional disorder diffuse scattering can be analyzed analogous 
to the Bragg peaks[1]. In such cases diffuse scattering can 
be used as a ‘virtual structure factor’, which can be com-
bined with conventional structure factor to improve the res-
olution of refined atomic structure. 
In the present contribution we extend this approach to the 
case of crystals with dilute defects. We show how informa-
tion about defect distribution can be deconvolved from the 
virtual structure factor, and how the structure of defect can 
be found from diffuse scattering alone, without the use of 
Bragg peaks.
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The physical-chemical properties of functional materials 
are directly related to their structural features, and this is 
particularly relevant in the field of electrochemical energy 
storage. The thorough microstructural characterization of 
these materials, which includes the determination of dif-
ferent kinds of defects, their amount and their locations, is 
therefore of high importance.
Most Rietveld refinement programs include microstructural 
models that enable to extract valuable information regard-
ing microstructural features such as point defects, finite 
crystallite size, microstrains or antiphase domains. All these 
features have a strong impact on materials’ properties and 
are therefore essential variables for their complete under-
standing. However this approach faces several limitations in 
the case of crystalline materials with extended defects such 
as stacking faults, since they are poorly described with an 
average unit cell.
A different approach, using the recursive property of crys-
tals, was used to develop the DIFFaX code, which allows 
simulating diffraction patterns of crystal systems with co-
herent planar defects [1]. Taking a step further, we have 
developed the FAULTS program from the core of DIFFaX 
so as to enable the refinement of experimental X-ray and 
Neutron powder diffraction patterns of faulted crystal sys-
tems [2]. An improved version of this program, more per-
formant and with additional features is now available as an 
open program (www.cicenergigune.com/faults) and within 
the FullProf suite of programs (www.ill.eu/sites/fullprof).
Our presentation will show examples of several battery mate-
rials having different kinds of defects to illustrate how, besides 
classic structural determination, precise quantitative informa-
tion regarding microstructural features such as stacking faults, 
twinning or intergrowths can now be extracted from diffraction 
data to establish correlations with materials’ properties. Hence, 
using a simple layered description for the 3D framework of 
EMD-MnO2, we performed the first quantitative analysis of 
ramsdellite motifs into a pyrolusite structure [2]. Another ex-
ample refers to Li-rich layered oxides such as Li2MnO3, (also 
written Li[Li1/3Mn2/3]O2 to better account for its layered struc-
ture). These materials are known to crystallize with significant 
amounts of stacking faults, and we will show how the FAULTS 
program has allowed decoupling the individual role of crystal-
lite size and amount of defects on the electrochemical proper-
ties of a series of samples of Li2MnO3 [3].
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Layered double hydroxides (LDHs) have hydrotalcite struc-
ture, which consists of the Mg(OH)2-like layers formed by 
the closest packing of oxygen ions from OH groups. Oc-
tahedra are filled with divalent and trivalent cations. The 
latter create an excess positive charge compensated by the 
interlayer anions. The interlayer spaces also contain H2O. 
It was shown that initial carbonate-containing Mg-Ga 
(Mg:Ga=2–4) and Mg-Al (Mg:Al=2–4) LDH’s structure 
represents the mixture of 3R1 (AC=CB=BA=...) and 2Н1 
(AC=CA=...) polytypes. At ~200oC Mg-Ga and Mg-Al 
LDHs loose water and form metastable dehydrated phases. 
It was shown that both dehydrated phases consist of 3R2 
(AC~BA~CB~...) and 1H (AC~AC~...) polytypes. So this 
topotactic reaction leads to the transformation of prismatic 
interlayers into octahedral ones that can be related to the 
change of orientation of CO3

2- anions. Calcination at ~400oC 
leads to the transformation of the dehydrated phases to the 
mixed Mg-Ga or Mg-Al oxides. It was shown that at low 
Mg content the mixed oxides consist of MgO-like octa-
hedral layers and Mg-Al or Mg-Ga octahedral-tetrahedral 
spinel-like layers. MgO-like layers inherit the structure of 
Mg(OH)2 ones; spinel-like layers are formed in the LDH 
interlayers due to diffusion of cations. TEM evidences that 
the oxide structure is 3D disordered. At high Mg contents 
the formation of partially inversed Mg-Al and Mg-Ga spi-
nels along with layered oxides takes place. Rehydration of 
layered mixed oxides leads to the formation of three types 
of hydroxides having 1) hydrotalcite structure; 2) interstrat-
ified structure consisting of hydrotalcite and brucite layers; 
3) brucite structure. The higher is Mg content, the lower is 
hydrotalcite structure reconstitution degree of rehydrated 
phase. Investigation of structures of initial, dehydrated, ox-
ide and rehydrated phases was carried out with use of sim-
ulation of PXRD patterns on the basis of the models of 1D 
disordered structures of nanocrystalline materials with use 
of softwares [1] and [2]. PXRD patterns for 3D disordered 
layered mixed oxides were calculated with use of Debye 
scattering equation realised in self-developed program.
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Recently, the concept of single-crystalline photo-dimeriza-
tion has been extended to create two-dimensional (2D) 
networks in the single-crystalline state [1]. To obtain these 
novel 2D polymers, the monomer is crystallized in a lay-
ered arrangement and afterwards photo-irradiated. This 
causes continuous formation of covalent bonds between 
adjacent monomer molecules, resulting in a single crystal of 
2D-polymer sheet stacks. Heat treatment reverses the bond 
formation and the original monomer crystal is recovered. 
Polymerization and depolymerization can be suspended 
at any time by removing the crystals from the triggering 
source, allowing for detailed ex-situ structural investiga-
tions of any intermediate state
The 2D polymer developed by Kory et al. [1] was stud-
ied to understand the propagation of 2D polymerization 
via single-crystal total X-ray scattering experiments. 
Measurements were done at several increasing and de-
creasing degrees of conversion. The average structure 
revealed, inter alia, a hysteresis in the lattice parameter 
evolution during the polymerization-depolymerization 
cycle. The most notably change is a phase transforma-
tion and abrupt decrease of the c-axis (Figure 1a) by al-
most 1 Å during depolymerization. The time-dependent 
conversion was analyzed with the Johnson-Avrami-Me-
hl-Kolmogorov equation and combined with Monte-Carlo 
simulations as well as observations from the average struc-
tures. These results revealed that polymerization propa-
gation proceeds in a partially self-impeding fashion [2]. 
The real structure is studied in detail via the 3D-ΔPDF meth-
od [3]. The measured three-dimensional diffuse scattering 
patterns and refined ΔPDF maps are dominated by displacive 
disorder (Figure 1b), but substitutional disorder contribu-
tions from the partially polymerized monomer can be identi-
fied. This information is used to describe the molecular cor-
relations and further quantify the propagation mechanism. 
Polymerization and depolymerization are associated with 
substantial molecular movements which do not break the 
crystal. Breaking is prevented by several strain compen-
sation mechanisms within the crystal itself. For example, 
the incorporated solvent molecules act not only as buffers 
but also as lubricant in-between sheets. Identifying strain 
sources and how they are compensated is of importance to 
engineer structurally perfect sheets. Only these can be used 
in potential applications such as membranes.
Figure 1: (a) Changes of the c-axis during polymerization 
and depolymerization [2]. (b) 3D-ΔPDF refinement of the 
uv0.08 layer highlighting observed (dotted circle) and mod-
eled (dashed circle) PDF densities associated with displa-
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cive disorder between neighboring molecules within the 
same layer. Image contrast modified for better visualization.
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Understanding the regular arrangement of atoms within 
the zeolite structure is key to why and how these materials 
function, and to improve on the characteristics that make 
them useful. However, most zeolites, and many other in-
dustrially and commercially important materials, are used 
and produced in polycrystalline form, and not suitable for 
standard single-crystal structure analysis. Therefore, we 
have been developing methodology to uncover and char-
acterize zeolite framework structures using X-ray powder 
diffraction (XRPD) data, often by making use of informa-
tion gleaned from complementary characterization methods 
such as electron microscopy (HRTEM), electron diffraction 
and/or MAS NMR. This will be demonstrated on the basis a 
recent example, the structure of calcined high-silica zeolite 
SSZ-70 [1].
The synthesis of the zeolite SSZ-70 was first reported over 
10 years ago [2], but its structure proved to be difficult to 
characterize, because its framework structure is highly 
disordered. HRTEM images, synchrotron XRPD data, and 
DNP-enhanced 2D NMR spectra, each providing crucial 
and complementary insights, were used to probe different 
structural aspects of calcined SSZ-70, ranging from the 
long-range average structure (> 500 nm) to short-range 
stacking sequences (ca. 50 nm) to local atomic-level com-
positions and structures (< 1 nm). This combination is par-
ticularly well suited to the investigation of materials with 
complex partially disordered structures that cannot be re-
solved with conventional X-ray diffraction analysis alone. 
With these insights, the novel catalytic behavior of SSZ-70 
can be better understood and opportunities for enhancement 
recognized.
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The properties of nanosystems are essentially determined 
by the positions of the atoms, their chemical nature and the 
bonding between them, but a fundamental understanding on 
the connection between the 3D structure and the properties 
at a local scale has been slow to emerge. Clearly, the rational 
design of nanomaterials with desired functional properties 
strongly depends on the availability of quantitative 3D char-
acterisation techniques at the atomic scale. Aberration-cor-
rected scanning transmission electron microscopy (STEM) 
has become a powerful technique for materials characteriza-
tion of complex nanosystems. Recent progress in the devel-
opment of quantitative methods allows us to extract struc-
tural and chemical information from experimental images 
in 2D as well as in 3D. In quantitative STEM, images are 
treated as datasets from which structure parameters are de-
termined by comparison with image simulations or by using 
parameter estimation-based methods. In order to retrieve the 
3D atomic structure, the use of scattering cross-sections to 
count atoms along the viewing direction has become a suc-
cessful technique. Cross-sections define the total scattered 
intensity for each atomic column. Their high sensitivity in 
combination with a statistical analysis enables us to count 
atoms with single-atom sensitivity. These atom counts can 
be used to create an initial atomic model with which an en-
ergy minimization can be applied to obtain a relaxed 3D 
reconstruction of the nanoparticle. Recent progress enables 
us to extend atom-counting from homogeneous to hetero-
geneous materials. The introduction of several atomic el-
ements into nanostructures can enhance properties such as 
stability, catalytic activity and electrical response. However, 
for mixed columns, all types of elements will contribute 
differently to the experimental scattering cross-sections, 
significantly complicating atom-counting as compared to 
monotype nanostructures. In order to extend atom-counting 
to heterogeneous materials, we introduced a physics-based 
atomic lensing model. This model is capable of predicting 
scattering cross-sections in terms of the 3D atomic arrange-
ment creating new possibilities for unravelling the 3D 
composition. However, since scattering cross-sections de-
pend on both sample composition and thickness, additional 
measurements are required to separate out those different 
contributions. In particular, energy dispersive X-ray spec-
troscopy combined with STEM imaging enables us to count 
the number of atoms in hetero-nanosystems without the 
need for prior knowledge. This multimodal approach can 
even be used to unravel small atomic number differences. 
Finally, new quantitative STEM strategies using a so-called 
fast pixelated detector will be shown enabling us to unravel 
thickness, composition, and even the oxidation state and 3D 
ordering of atoms. 
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The full structural description of a complex nanostructured 
Li4Mn2O5 high capacity cathode showing record revers-
ible capacities superior to the state-of-the-art Li-Mn-O 
electrodes [1], was achieved for the first time by the com-
bined study of Near-Edge X-ray Absorption Spectroscopy 
(XANES), Pair Distribution Function (PDF) analysis of 
neutron and X-ray total scattering data. An initial model 
was proposed based the knowledge of the average rock-
salt structure and the octahedral coordination environment 
of manganese indicated by XANES performed at the Mn 
K-edge. A combined Reverse Monte Carlo (RMC) refine-
ment of neutron and X-ray total scattering data shows that 
while the manganese framework remains cubic and well-or-
dered a high degree of disorder exists for both oxygen and 
lithium, which are displaced from their original rock-salt 
positions. The validity of the refined model was confirmed 
by the agreement between the XANES simulated spectra 
using FDMNES and the experiment. Additionally, we eluci-
dated the unique and unusual 3D lithium diffusion pathway 
in nanocrystalline Li4 involving 5-coordinated lithium sites 
by bond valence energy landscape maps calculations.
The structural information revealed here [2] is essential for 
the understanding of nanostructured Li4Mn2O5 performance 
as a cathode material and would have great implications 
on the design and development of future cathode materials 
based on Li4Mn2O5.
Figure 1. Top left: XANES data at the Mn K-edge and simu-
lations. Bottom left: schematic view of the RMC refinement 
approach performed in a box containing 21 000 atoms. The 
refinement constraints are given in dashed lines and the si-
multaneously modelled neutron and X-ray total scattering 
data in full lines. Right: refined data.
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Local structures in crystalline, nanocrystalline and amor-
phous organic compounds can be investigated using pair 
distribution functions (PDFs). For organic compounds, 
the experimental determination of the PDF curves is very 
similar to that of inorganic compounds. However, the fit of 
stuructural models to the PDF curve has rarely been done 
for organic compounds. In our previous research, the meth-
od developments for structure determination from PDF of 
organic compounds were successful with determination of 
molecular position and orientation starting from random 
values, and lattice parameters and space group given as an 
input.[1] For nanocrystalline compounds the space group and 
lattice parameters are typically unknown. Therefore, we de-
veloped a global procedure in which the lattice parameters, 
space group, molecular position and orientation are deter-
mined by a fit to PDF data[2]. The calculations are carried 
out with TOPAS6[3]. The optimisation initiates with a large 
set of random starting structures in various space groups. 
The space groups are chosen according to the space group 
frequency of the corresponding compound class, regarding 
the chemical class and the molecular symmetry. The opti-
misation of lattice parameters starts from random values 
within the sensible range. The ranges are automatically 
chosen depending on the size of the investigated molecule 
and space group in which the calculations are preformed. 
At the present stage of the development, the molecules are 
treated as rigid bodies (However, intramolecular degrees 
of freedom should not be a major problem, given the good 
functionalities provided by TOPAS). Barbituric Acid and 
other small organic molecules were chosen as an examples. 
Synchrotron powder patterns were recorded at the NSLS 
(Brookhaven, USA) with the wavelength of 0.18 Å. Results 
of the global fit to the PDF data will be shown.
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Polymorphism is critically important in the pharmaceu-
tical industry, as different polymorphic forms usually 
have different physical properties like solubility, bioavail-
ability etc... Undesired polymorphic forms (usually as 
“trace” quantities) can co-exist with main polymorphic 
forms during the synthetic process. Standard diffraction 
based techniques like conventional powder X-ray dif-
fraction or spectroscopic techniques like IR/Raman may 
fail to reliably identity and characterize them at nm scale. 
Transmission Electron Microscopy (TEM) technique has the 
capability to characterize nm size crystals. Recently, a study 
of several organic/pharmaceutical compounds was carried 
out using conventional EELS where it was established its 
utility for drug molecules characterization [1]. In this work 
we present high resolution (monochromated) EELS-low 
loss (2-40 eV) characterization of two different pharmaceu-
tical drug molecules (Compound 1 & 2) (Titan 60-300 low 
base at 300 keV, monochromated, 0.2 eV energy resolution) 
Fig. 1 shows comparison of EELS low loss signature for 
the two pharmaceutical drug compound. While a plasmon 
peak at 23eV is almost identical for both compounds, a 
region at 3-9  eV shows clear differences in the spectra, 
which could be used as possible fingerprint of the phases. 
 Alternatively, crystalline compounds can be characterized 
using 3D Electron Diffraction (ED) Tomography, where a 
series of electron diffraction patterns are recorded with a 
fixed tilt step around an arbitrary axis from a nanometer size 
crystal [2]. From this 3D diffraction pattern dataset, unit cell 
parameter and symmetry can be determined and the crys-
tal structure can be solved using ED extracted intensities 
dataset.  In this work we present structure solution of two 
important pharmaceuticals compounds (Compound 3 and 
4) [3]. Low dose 3D diffraction tomography data was col-
lected using 120 KeV Zeiss Libra Microscope and Timepix 
camera.
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The organic-inorganic hybrids from the halometallate fami-
ly are explored as functional materials. Many of them crys-
tallize in polar space groups exhibiting non-linear optical, 
piezoelectric and ferroelectric properties. The iodometal-
lates stand out from other halide connections having useful 
optical properties like thermochromism and photochrom-
ism. The revival of the interest in these materials has vital-
ly been boosted by the application of (CH3NH3)PbI3 in III 
generation ‘perovskite’ solar cells [1].
Hybrids that bear Pb2+, Sn2+, Sn3+, Bi3+, Sb3+ halide units 
in combination with organic counter-ions exhibit tremen-
dous structural diversity due to the variety of the anionic 
substructures that may be adopted. The basic units: MX6 
octahedrons or MX5 square pyramids may form numerous 
discrete or polymeric connections including edge-sharing, 
vertex sharing, and face-sharing motifs. The poly-anionic 
structures depend on the size and symmetry of organic cat-
ions, quantity, and distribution of proton and donor centers, 
and the size of the halogen atoms. Depending on the cation 
symmetry, size and amount of the dipole moment and do-
nor potential the cations are dynamically disordered. The 
change in the dynamic states of the cations entails changes 
in the symmetry generating phase transitions. The interplay 
between the short-range intermolecular forces, the flexi-
bility of the anionic units and associated with them steric 
effects, as well as the thermally activated dynamic of cat-
ions may stand at the origin of the formation of complex 
structures, including modulated phases, and complex phase 
sequences.
In this contribution phase transitions in the ferroelectric 
(4-NH2C5H4NH)SbCl4 (4-APCA) and thermochromic 
(CH3C3N2H4)SbI4 hybrids are presented. 4-APCA is mod-
ulated within three structural phases [2]. The incommen-
surately modulated phase is stable between 270 and 304 
K. At 270 K, a lock-in phase transition is observed for the 
commensurate ferroelectric phase. Further cooling leads 
to commensurate–incommensurate transformation which 
is accompanied by the formation of a dense domain struc-
ture which disappears after the conversion to the low-tem-
perature phase. The differences between the structures of 
the subsequent phases should be perceived as the mutual 
displacements of the anionic groups and rearrangements 
of 4-AP mediated by the hydrogen bonds. The crystals of 
(CH3C3N2H4)SbI4 undergo a phase transition to incommen-
surately modulated phase around 295 K which is associated 
with a subtle distortion of [SbI4]−

n chains of edge-shared 

octahedrons [3]. The driving force is the change in ste-
reochemical activity of the Sb3+ lone-pair. The ordering of 
2-MIm+ counter-cations takes place at lower temperatures 
and affects the lattice with a step-like contraction in all di-
rections.
Keywords: phase transitions, disorder, modulated structure
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Scheelite (CaWO4) related compounds (A’,A’’)n[(B’,B’’)
O4]m with B’, B’’=W and/or Mo are promising new ma-
terials for red phosphors in pc-WLEDs (phosphor-con-
verted white-light-emitting-diode) and solid-state lasers. 
Recently a new application field has emerged for these 
materials due to their ability to visualize temperature gra-
dients with high accuracy and spatial resolution, making 
them excellent thermographic phosphors. Scheelites can 
be prepared with a large concentration of vacancies in 
the A sublattice, giving compositions characterized by a 
(A’+A’’):(B’O4+B’’O4) ratio different from 1:1. The cre-
ation of cation vacancies in the scheelite-type framework 
and the ordering of A cations and vacancies are a new factor 
in controlling the scheelite-type structure and properties. 
Very often the substitution of Ca2+ by M+ and R3+ (R3+ = 
rare earth elements) in the scheelite-type structure leads to 
switching the structure from 3D to (3+n)D (n = 1,2) regime. 
The creation and ordering of A-cation vacancies and the ef-
fect of cation substitutions in the scheelite-type framework 
are investigated as a factor controlling the scheelite-type 
structure and luminescent properties of AgxEu(2-x)/3WO4 and 
AgxGd(2-x)/3-0.3Eu0.3WO4 scheelite-type phases with the vari-
able composition [1]. Transmission electron microscopy 
also confirmed the (3+1)D incommensurately modulated 
character of AgxEu3+

(2-x)/3WO4 (x = 0.286, 0.2) phases. The 
luminescent properties of all phases under near-ultraviolet 
(n-UV) light have been investigated were related to the 
structural properties of the materials. AgxEu(2-x)/3WO4 and 
AgxGd(2-x)/3-0.3Eu0.3WO4 phosphors emit intense red light 
dominated by the 5D0 – 7F2 transition at 613 nm, along with 
other transitions from the 5D0 excited states. Concentration 
dependence of the 5D0-7F2 emission for AgxEu(2-x)/3WO4 
samples differs from the same dependence for the early 
studied NaxEu3+

(2-x)/3MoO4 (0<x<0.5) phases [2, 3]. The in-
tensity of the 5D0-7F2 emission is reduced almost 7 times 
with decreasing x from 0.5 to 0 but it does not change 
practically in the range from x = 0.286 to x = 0.200. The 
emission spectra of Gd-containing samples show a com-
pletely different trend as compared to only Eu-containing 
samples. The Eu3+ emission under excitation of Eu3+(5L6) 
level (λex =395 nm) increases more than 2.5 times with 
the increasing Gd3+ concentration from 0.2 (x = 0.5) to 
0.3 (x = 0.2) in the AgxGd((2-x)/3)-0.3Eu3+

0.3WO4, after which 
it remains almost constant for higher Gd3+ concentrations.   
Acknowledgement. This research was supported by Russian 
Foundation for Basic Research (18-03-00611).
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The MonoPhosphate Tungsten Bronzes (MPTB) family, 
(PO2)4(WO3)2m, can be described by a regular intergrowth 
of (PO4) tetrahedral layers and of slabs constituted by cor-
ner-sharing-(WO6) octahedra, with a thickness depending 
on the m parameter. These low-dimensional oxides are 
known to exhibit successive transitions toward Charge Den-
sity Wave (CDW) states. These transitions are associated to 
lattice distortions leading to the appearance of incommen-
surate or commensurate structural modulations [1].In this 
family, the electronic anisotropy and the density of carriers 
of the system can be tuned by modifying the thickness of 
the WO3 slabs, i.e.changing m. MPTB family is thus a rel-
evant system to analyse the effect of the dimensionality on 
the CDW electronic instabilities. Temperature-dependant 
X-Ray Diffraction (XRD) [1] and transport measurements 
reported in the literature, for different terms of the family, 
reveal a significant change of behaviour between the terms 
with a low and high value of m, m<7 and m > 7 respectively. 
Classical CDW transitions are reported for the low terms, 
characterized by a smooth resistivity jump and by the for-
mation of clusters of tungsten in the centre of the WO3 slabs 
[2]. For the high terms [3], a structural transition is observed 
in XRD but the electronic transport studies do not show the 
usual signature attributed to a CDW. Moreover, the only 
structural study performed on a high term in the modulat-
ed state (m=10) [3] evidences anti-ferroelectric-type (AFE) 
atomic displacements for the tungsten atoms without report-
ing of the formation of clusters of tungsten.
We will present both the transport properties and the anal-
ysis of the structural modulations for the m=8 term. Three 
first-order transitions associated with large thermic hyster-
esis were identified. The analysis of the structural modula-
tions characterizing the different states, via the use of the 
super-space formalism, reveals the existence of AFE-type 
displacements and the formation of clusters for the tungsten 
atoms. These signatures can be assigned to the coexistence 
of AFE and CDW properties in the material. These two 
properties are a priori incompatible, but an extensive study 
of the transport properties versus temperature supports this 
hypothesis. This result enlightens the very interesting po-
sition of P4W16O56 (m =8) in the border area between the 
low and the high m values in the MPTB family to discuss 
the competition regime between CDW and ferroelectric in-
stabilities.
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Crystal structure modulation is manifested by the disap-
pearance of short-range translational order with long-range 
order restored by an atomic modulation function (AMF). In 
the case of commensurate modulation, when the distortion 
remains in an integer-multiple relationship with the main 
lattice, the structure can be described in an expanded super-
cell or using the superspace concept. On the other hand, in-
commensurate modulation can be rigorously described only 
in a higher-dimensional superspace. A physical manifesta-
tion of a crystal with structure modulation is the presence 
of weak satellite reflections around the main Bragg reflec-
tions. Although this phenomenon is quite widespread and 
well-understood in small-molecule crystallography, only 
a limited number of commensurately modulated crystal 
structures have been successfully analyzed using the super-
space approach [1]. In macromolecular crystallography this 
phenomenon is practically unheard of. The first successful 
structure solution and refinement of a modulated protein 
crystal structure was presented some time ago by us for 
the Hypericum perforatum PR-10 protein Hyp-1, which in 
that experiment was crystallized (as a tetartohedral twin) in 
complex with the fluorescent dye 8-anilino-1-naphthalene-
sulfonate (ANS) with apparent seven-fold nodulation (and 
28 unique protein molecules in the expanded supercell) 
along the c direction of the C2 space group [2]. In the pres-
ent project, the same protein was crystallized using different 
conditions to produce Hyp-1/ANS crystals with nine-fold 
c-parameter expansion of the same basic C2 unit cell and 
with 36 protein molecules in the asymmetric part of the ex-
panded supercell. The structure analysis is complicated not 
only by the length of the c parameter (~400 Å) but also by 
the tetartohedral twinning of the crystals. Using synchro-
tron X-ray diffraction data extending to 2.3  Å resolution, 
the structure was solved by molecular replacement and is 
being refined, using maximum-likelihood targets, in the 
expanded supercell under the assumption of commensurate 
modulation.
Keywords: protein, modulation, phytohormone
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Potential periodicity in crystalline materials define their 
band structure and ultimately their electronic properties. An 
open question is how electronic properties are altered when 
two  incommensurate potentials cohexists. In our research 
we aim at understanding the structure-properties relation for 
metals with incommensurately modulated structure.
In our recent work we investigated the new compound 
Sr2Pt8-xAs, synthesised at high pressure and high tempera-
ture. The Pt vacancies (x=0.215) located only on one spe-
cific site, are long range ordered and incommensurately 
modulated. We attribute to the structural modulation the 
saturation of electrical resistivity, with a peculiar tempera-
ture variation of less than 5% from room temperature to 4.2 
K. The mechanism of resistivity saturation was described 
by Belitz and Schirmacher, [1] as quantum interference of 
conduction electrons by a high density of scattering centers, 
and identified as universal behaviour in “disordered” metals 
by Mooij [2].
Our goal is to bridge the structural studies and properties 
investigation, to clarify the commonly undefined term of 
“disorder” and understand the role of incommensurated 
structural modulation.
I will also outline our following research on layered transi-
tion metal dichalcogenides, a group of well studied materi-
als, where local lattice distortion due to formation of charge 
density wave results in modulated structures.
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A wide range of intermetallic crystal structures are based 
on polyhedral entities, often called “clusters”, as first intro-
duced by F.A. Cotton in the early 1960’s to describe com-
pounds containing metal-metal bonds. This approach is also 
largely used to describe more complex intermetallic phases, 
like quasicrystals and their approximants. Termed four-lay-
er decagonal approximants, the structures of the Al13TM4 
compounds (TM = transition metal, like Co, Fe, Ru for the 
experimentally grown compounds) have been initially un-
derstood as a periodic stacking of pseudo-10-fold symmet-
ric atomic layers, but are also described a three-dimensional 
stacking of 26-atom clusters.
While the bulk atomic arrangements of the Al13TM4 com-
pounds are very similar, the structures of their pseudo-10fold 
surfaces differ. The cluster substructure is preserved up to 
the Al13Fe4(010) surface, but Al13Co4(100) presents an Al-
rich dense termination. The situation is even more complex 
for Al13Ru4(010), since a surface reconstruction is observed 
experimentally [1]. Such structural differences lead to con-
trasted surface properties, for example in catalysis [2].
A systematic determination of the bulk electronic structure 
and chemical bonding network in the Al13TM4 series, includ-
ing hypothetical compounds (TM= Mn, Fe, Co, Ni, Ru, Rh, 
Os, Ir) is an essential step in the scope of understanding the 
stabilities of the structures for TM = Fe, Co, Ru, as well as 
the surface structures and properties. This is achieved here 
with a theoretical approach based on the Density Functional 
Theory (plane-wave implementation). The projected Crys-
tal Orbital Hamilton Population (pCOHP) has been used 
to analyze the chemical bonding network [3]. This method 
re-extract Hamilton-weighted populations from plane-wave 
electronic structure calculations to develop a tool analogous 
to the crystal orbital Hamilton population method. The 
bonding strengths result from the pCOHP integration to 
the Fermi level. While variations are noticeable within the 
Al13TM4 series, as will be discussed in the talk, the general 
picture leads to a decrease of the bonding strength with the 
bonding distance.
These insights into the chemical bonding network of the 
Al13TM4 compounds are very useful for the understand-
ing of their diverse surface  structures and properties. It 
also enable the discussion of chemical-composition / crys-
tal-structure / (surface) properties relationships.
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A quantum critical point (QCP) is a point in the phase dia-
gram of a material where a continuous phase transition takes 
place at absolute zero temperature [1,2]. Quantum phase 
transitions at T = 0 are driven by zero–point quantum fluc-
tuations associated with Heisenberg’s uncertainty principle, 
in contrast to conventional (thermodynamic) phase transi-
tions that occur at a nonzero temperature and are driven by 
thermal fluctuations. A QCP is typically achieved by a con-
tinuous suppression of a thermodynamic phase transition 
to zero temperature by the application of a magnetic field, 
pressure or through doping. Quantum phase transitions arise 
in quantum many–body systems as a result of competing in-
teractions that foster different ground states. An example are 
the RKKY exchange interaction and the Zeeman interaction 
of spins with the external magnetic field, where a continu-
ous increase of the field can induce a quantum phase tran-
sition from a magnetically ordered state to a paramagnetic 
state via tuning the degree of quantum tunneling between 
the “up” and “down” spin–polarized states.
Based on the magnetic susceptibility, magnetoresistance 
and specific heat measurements, we determined the aniso-
tropic, magnetic field driven QCP in the magnetically aniso-
tropic Ce3Al compound that exhibits both antiferromagnetic 
(AFM) ordering and heavy fermion behavior. The QCP in 
the Ce3Al results from competition of the RKKY exchange 
and the Zeeman interactions on the Ce–Al chains, where 
the Ce moments order AFM at TN =   2.6 K, whereas the 
moments on the Ce–Ce chains are Kondo–compensated and 
do not participate in the QCP formation. External magnetic 
field drives the AFM transition continuously toward zero 
temperature for the field applied in the monoclinic (a,b) 
easy plane, reaching the QCP at the critical field value Bc = 
4.2 T, where a transition from the AFM to a spin–flop state 
takes place. For the field applied along the perpendicular c 
direction, the QCP does not occur. The anisotropy of the 
QCP with regard to the direction of the magnetic field in 
the crystal lattice is a consequence of large, crystal–fields–
induced magnetic anisotropy, which locks the magnetic 
moments into the easy plane and cannot be overcome by 
the two competing interactions. The QCP in systems with 
large magnetic anisotropy is generally anisotropic and the 
experiments to observe this anisotropy should necessarily 
be performed on monocrystalline samples.
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In our presentation we will show the refinement results of 
the AlCuRh decagonal quasicrystals with application of the 
Generalized Penrose tiling (GPT) as a quasilattice. The ap-
plicability of the GPT to structural modeling of decagonal 
systems was widely studied by Chodyn et al. [1], whereas 
the atomic structure of AlCuRh was previously investigated 
by Kuczera et al. [2]. In both papers [1,2], as well as in 
our studies, the statistical method based on the average unit 
cell concept was used [3]. The GPT-based model consists 
of additional fifth atomic surface, which size is dependent 
on the shift along z-axis in multidimensional hyperspace. 
Alongside, all other pentagonal atomic surfaces become 
non-uniform decagons. The subdivision of the atomic sur-
faces (as well as average unit cells) into regions correspond-
ing to a particular structural unit (thick of thin rhombus) at 
a given orientation gives now hexagons instead of triangles. 
All these features of the GPT introduce completely new lo-
cal arrangements of thick and thin rhombi, not observed for 
the regular Penrose tiling. A quasilattice obtained from the 
GPT gives more freedom in the refinement, which is prom-
ising in achieving better refinement results of real systems. 
The GPT model was already applied to model decagonal 
quasicrystals and simple decorations with atoms. Now we 
show the refinement results for the decagonal AlCuRh. This 
is the first application of the GPT to real decagonal system 
in literature. The starting decoration was derived from the 
electron density maps, obtained from the diffraction data 
collected previously by Kuczera. New families of unit tiles’ 
arrangement (created by the additional fifth atomic surface) 
were decorated in the same manner as all others. The re-
finement was converged with R-factor of 6.52%, which is a 
significant improvement comparing to 7.9% reported in the 
original paper [2]. The comparison of the two models will 
be presented and details of the new results will be discussed.
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Recently the structure of the AuIn 1:1 phase was elucidated 
[1], showing its structural changes with temperature. The 
first indicators for uncommon behaviour in AuIn was the 
fact that the structure was unknown, despite the simple stoi-
chiometry. A second peculiarity is the difficulty of growing 
a single crystal of this material. However the main indicator 
is the Differential Scanning Calorimetry (DSC) data shown 
in the top panel of Figure 1. At a temperature of 443°C the 
DSC curve signals the melt of a super structure, while the 
full structure only melts at 515°C.  Only with this informa-
tion growth of a suitable single crystal was possible, and this 
could be used to obtain the here presented diffraction data. 
This data showed that AuIn, believed to be of the thallium 
iodide type [2], actually only shows this structure above the 
temperature of 443°C and at lower temperatures undergoes 
first a Peierls type distortion before it becomes incommen-
surate [1].
PdBi turns out to be a similar case, where a 1:1 interme-
tallic, which normally display simple structures turns out 
to be quite complex. The atomic positions of the reported 
structure of the HT phase of this compound correspond to 
the TlI type structure [3].
Even more importantly, the DSC measurement shows pre-
cisely the same pattern as for AuIn (see Fig.1, bottom). A 
first melting event occurs at 583°C, a second one at 635°C 
and a solidification peak can be seen at 569°C.
A recent synchrotron study of PdBi shows that it indeed 
follows the expected behaviour. Between room tempera-
ture and 300°C, preliminary data treatment has shown that 
the structure transforms from a commensurate 2x2x2 super 
structure, via an incommensurate structure, to a disordered 
structure. This is indicated by satellite positons slightly 
changing place and eventually satellites turning into diffuse 
scattering.
The precise behaviour of PdBi with respect to temperature 
will be discussed in detail in the presentation.
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Single-crystal X-ray diffraction is a powerful technique: 
as the technique has developed data collections have been 
getting faster and faster, and structure determination is 
becoming more routine. There are an increasing number 
of non-expert users collecting data, solving and refining 
structures before publishing their own results. However, 
with the advent of higher intensity laboratory X-ray sourc-
es, easier access to synchrotron radiation and more sen-
sitive detectors, more and more molecular structures are 
showing alien features beyond the realms of conventional 
crystallography [1].
Though the concept of modulated structures is now fairly 
well established in solid state chemistry, the abundance of 
reported modulated molecular materials is less than might 
be expected. There are a number of probable reasons for 
this, including the fact that the synthetic chemist is primar-
ily interested in connectivity and proof of what they have 
made, so they are not curious about additional peaks seen in 
a diffraction pattern.  When tweaking the synthesis and/or 
changing crystallisation conditions makes the curious extra 
features disappear, this is typically the chosen route and the 
original structure is casually swept under the carpet.
When a concerted effort is made to study the appearance of 
additional satellite reflection and relating it to changes with-
in the structure, valuable extra information can be gained 
concerning molecular packing and the crystalline state. One 
such example is found in Barluenga’s reagent, IPy2BF4 (Py 
= pyridine) [2], which has been shown to exhibit a transient 
modulated phase on cooling (see image). Systematic stud-
ies on derivatives of Barluenga’s reagent have been carried 
out in which the pyridine is replaced with 2,4,6-trimethyl 
pyridine (collidine, Coll), iodine with bromine and the BF4 
anion is replaced with other small anions including ClO4 
and PF6 [3]. Through these changes to the chemistry we 
can begin to understand how the crystal structure and the 
diffraction pattern are related and why satellite peaks may 
appear, with the aim of improving our understanding of the 
mechanism governing the appearance of modulation in mo-
lecular materials.
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The concept of symmetry in materials science trascends the 
role of being just a mere mathematical or geometrical prop-
erty. In general, the symmetry of a crystal, within a certain 
thermodynamical phase, is an intrinsic physical property of 
the phase (phase transitions can occur without a symmetry 
change, but a symmetry change cannot happen without a 
phase transition!). In this sense, the symmetry of a crystal 
can be considered a thermodynamical property, which will 
be preserved by any possible physical atomistic mecha-
nisms that may be active in the system as long as no phase 
transition occurs.  
The symmetry of aperiodic crystals (structures that are or-
dered, but lack periodicity), is given by the so called su-
perspace symmetry groups. As required of any well-defined 
generalized symmetry, these symmetry groups satisfy the 
above mentioned physical condition of being an intrinsic 
property that is necessarily preserved within a thermody-
namical phase.This generalized symmetry formalism was 
introduced in the seventies to describe the symmetry prop-
erties of incommensurately modulated crystals, and in the 
next decade was further extended and applied to quasic-
rystals. Nowadays the formalism is fully established, and 
since decades superspace groups are used in a routinary and 
systematic way to characterize incommensurate and quasic-
rystalline structures.
Although the superspace formalism is easily extensible 
to incommensurate magnetic structures, its application to 
magnetic systems has remained scarce until recently. Only 
in the last years the development of specially adapted com-
puter tools, and in particular, the extension of the JANA 
refinement program to magnetic structures has changed 
the situation. Using these freely available tools, superspace 
symmetry formalism can now be applied and this allows an 
efficient and rigorous description of incommensurate mag-
netic structures making full use of their symmetry. An addi-
tional step in this direction has been the development in the 
Bilbao Crystallographic Server of a small database of such 
structures (www.cryst.ehu.es/magndata), where the magnet-
ic superspace group of each structure have been identified 
and their efficient decription using this symmetry group is 
shown in detail.
In this talk I will review the concepts of magnetic super-
space symmetry and its application. The relation with the 
traditional representation method will be discussed, stress-
ing their complementarity.  Some examples retrieved from 
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the mentioned database will help to show how representa-
tion analysis and superspace symmetry can be combined to 
achieve an optimal enumeration of possible physically-dis-
tinct incommensurate magnetic orderings and to obtain a 
detailed unambiguous rigorous  characterization of magnet-
ically modulated structures.
Keywords: incommensurate magnetic structures, supespace 
symmetry, magnetic symmetry
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The magnetic swedenborgites, i.e. structural homologues 
to the hexagonal mineral SbNaBe4O7  (Refs. [1,2]), con-
tain kagome layers with several different, similarly strong, 
competing spin interactions, which lead to a wide variety 
of ground states including chiral spin liquids), spin-glass-
es  and long-range antiferromagnetic order. The slight 
structural distortions away from the hexagonal symme-
try release the geometric frustration and the nature of the 
distortion determines the ground state. As the spins are 
Heisenberg-like, a Néel order is not expected unless a sig-
nificant magnetic coupling between the kagome layers is at 
hand, which is mediated by triangular layers in-between. 
Here we present an extensive study on the orthorhombic 
compound CaBa(Co3Fe)O7  combining powder and sin-
gle-crystal neutron diffraction as well as spherical neutron 
polarimetry (SNP). A detailed analysis of the possible irre-
ducible representations and the magnetic structure factors 
in combination with the observed polarization matrices of 
special reflections gave clear indications concerning the 
magnetic symmetry. The complex situation with the pres-
ence of three structural twins and four magnetic domains 
(two orientational and two chiral domains) was tackled with 
the development of a unique software, Mag2Pol [3], which 
permits the refinement of a magnetic structure model in-
cluding domain populations to integrated intensity and SNP 
data simultaneously. We could therefore derive an interest-
ing magnetic structure of magnetic superspace symmetry 
P2’_1, which differs from any other member of the sweden-
borgite family, but which can be mapped onto the classical 
sqrt(3) x sqrt(3) structure of a kagome lattice. The resulting 
spin structure indicates an important interplay between the 
kagome and the triangular layers of the crystal structure.
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As one of the most powerful methods for investigating 
nuclear and magnetic structures, neutron diffraction (es-
pecially polarized neutron diffraction) plays a key role in 
better understanding complex magnetic and domain con-
figuration in multiferroics, heavy fermion superconductors, 
frustrated systems and other complex magnetic materials. 
Polarized single-crystal diffractometer POLI at MLZ[1] 
employs non-polarized double-focusing monochromators 
in combination with high-efficiency 3He cell polarizers, 
which lead to a gain in both flux and resolution in com-
parison with other short-wavelength polarized neutron dif-
fractometers using Heusler-alloy monochromators. With 
flexible instrument setups, namely: (1) classical single 
crystal neutron diffraction in extreme environments like 
high magnetic fields, very low/high temperatures, high volt-
age, pressure cells etc. and their combinations; (2) polar-
ize neutron diffraction (flipping-ratio measurements) using 
high magnetic field[2] and (3) zero-field spherical neutron 
polarimetry (SNP) using the third generation Cryopad[3], 
and rather high flux of hot polarized neutron, POLI raises 
to a powerful tool in complex magnetic structure research. 
In this report, we will show the strength of instrument in 
study magnetic structures. Several examples of applications 
in resolving different challenging aspects in crystal, mag-
netic and domain structure of complex magnetic material 
will be presented. Examples of (1) basic magnetic structure 
refinement, (2) magnetic structure studies under very low 
temperature and high pressure, (3) distinguish magnetic 
spin density wave, helicoidal or cycloidal chiral structures, 
(4) separate incommensurate structures with very long peri-
od, (5) magnetic domain study with depolarization analysis 
using SNP setup. Our versatile instrument gives a unique 
access to understanding complicated magnetic structures 
and offers a good starting point for further exploring dy-
namics in novel magnetic physics.
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La1/3Sr2/3FeO3 is reported to show a 2Fe4+ → Fe3+ + Fe5+ 
charge disproportionation (CD) accompanied by Fe3+/Fe5+ 
charge ordering (CO) and a metal-insulator (MI) transition 
at 200 K [1]. The MI transition was ascribed to CD and CO. 
Based on the CO, the magnetic structure was reported to be 
P-3m1 or P1 from the neutron diffraction studies performed 
at 50 K and 15 K, respectively [2]. The former seems not 
to be a correct solution since the presence of rotoinversion 
-3 is incompatible with the claimed collinear magnetic 
structure, with the collinear moments in the ab-plane in 
R-3c metric; and the latter might be a correct solution, but 
without any symmetry restrictions in space group P1. In this 
study, the magnetic ordering this compound has been revis-
ited by neutron powder diffraction down to 2 K [3]. From 
full symmetry analysis, a chiral helical model and a collin-
ear model are proposed. The neutron diffraction pattern is 
equally well fitted by either model.
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Zintl phases are ionic intermetallic compounds character-
ized by a polyanionic network with covalent bonds. These 
compounds are studied because of their structural variabil-
ity and their electronic and physical properties [1,2]. An 
interesting case is the compound EuPtIn4, which presents a 
phase transition from a paramagnetic to an antiferromagnet-
ic structure below a Néel temperature of 13 K and for which 
a spin-flop transition was observed under a high magnetic 
field applied along the ac-plane at low temperature. Due 
to the strong neutron absorption of Eu, the resonant X-ray 
magnetic scattering (RXMS) technique was employed to 
investigate the magnetic structure in EuPtIn4, taking advan-
tage of the significant enhancement of the magnetic signal 
obtained at the L2  edge of Eu. The RXMS experiments 
were performed at beamline P09 of PETRA III, employ-
ing different experimental possibilities, including a double 
phase retarder for full polarization analysis and a vertical 
14 T cryomagnet [3]. The measurements confirm the phase 
transition at the mentioned Néel temperature and reveal an 
incommensurate antiferromagnetic structure with a propa-
gation vector k = (½, ½, γ), where γ is the incommensurate 
component with a value of 0.4258. The intensities of a set of 
reflections with indices (½, n + ½, γ) have been measured in 
the σπ’ channel (with n being an integer between 6 and 14) 
to infer the magnetic structure in the ground state while full 
linear polarization analysis was used to study the changes 
under high magnetic fields. Hereby, we will report on the 
magnetic structure of EuPtIn4 as solved using the equations 
for RXMS and the density matrix formalism and on its cor-
responding magnetic superspace group.
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Z-modules1 are natural extensions of lattices. They have 
been introduced in crystallography by A. Janner and T. 
Janssen [1] in reciprocal space as the convenient tool to 
index the diffraction diagrams of incommensurate phases 
using a set of N integers (N>d, d being the dimension of 
the physical space). This generated the idea of extending 
crystallography to N-dimensional spaces, defining thus su-
per-periodic crystals (incommensurate phases, composite 
crystals and quasicrystals).
Our present goal is to discuss the consequences of the pres-
ence of Z-modules of rank N in direct space in the crys-
tallographic description of certain structures, revealing thus 
hidden symmetries when embedded in a N-dimensional 
superspace: what kind of new defects could possibly be gen-
erated when the atoms of the crystal are located on a long 
range ordered subset of the nodes of a Z-module? [2,3]
After recalling the basic definitions and properties of 
Z-modules, we exemplify the embedding process from 
d- to N-dimensional spaces, using the specific case of the 
NiZr orthorhombic Cmcm structure that is fully defined on 
a single Z-module generated by the vertices of the regular 
pentagon. We will then explain the symmetry breaking in 
the process of backwards projection from N- to d-dimen-
sional spaces that generates the defects leaving the module 
invariant but not the crystal. In NiZr, there are essential-
ly two such basic defects: a quinary twin and a translation 
boundary (plus its corresponding dislocation).
Observations by HREM and HAADF electron microscopy 
show the perfect agreement at the atomic level between the-
oretical models and experiments. This justifies the physical 
pertinence of introducing Z-modules in the crystallography 
of those kind of alloys that have local hidden non crystallo-
graphic symmetries. 
The financial support of this work has been provided by the 
ANR project METADIS ANR-13-BS04-0005-01.
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1 A Z-module of rank N in Rd with N>d is the set S of points 
of Rd that are linear combinations with integer coefficients 
of N vectors arithmetically independent:
 -  a Z-module of rank N in Rd is the (irrational) projection 
of a lattice ZN in RN; 
 -  a Z-module of rank N in Rd forms an enumerable dense 
set of points in Rd or in a non-empty subspace of Rd;
 -  if d = N the Z-module is trivially a lattice ZN.
Keywords: Z-modules, twins, dislocations

MS29-O2
The theory of twisted X-rays and their 
diffraction patterns
Dominik Jüstel1, Gero Friesecke2, Richard James3

1. �Institute for Biological and Medical Imaging, Helmholtz Center 
Munich, Munich, Germany

2. �Department of Mathematics, Technical University of Munich, 
Munich, Germany

3. �Department of Aerospace Engineering and Mechanics, University 
of Minnesota, Minneapolis, United States of America

email: dominik.juestel@helmholtz-muenchen.de
Most molecular structures that are known today have been 
found by X-ray crystallography. However, a main drawback 
of the method is the need to crystallize the structures under 
consideration. As proteins often do not form crystals, but 
aggregate in other highly symmetric assemblies, like rods 
or sheets, we proposed to design electromagnetic radiation 
that reflects the symmetriy of the structures in the same way 
as plane waves do for crystals [1,2].
In the special case of heliclal structures, like carbon nano-
tubes or helical viruses, this approach yields a class of radia-
tions that we call twisted X-rays [1,2], and that are closely re-
lated to X-ray beams carrying orbital angular momentum [3].
In this talk, the theory of twisted X-rays and their diffraction 
patterns will be presented. Furthermore, it will be shown 
that structure analysis using twisted X-ray diffraction has 
the potential to solve molecular structures that are recently 
unaccessible.
Keywords: twisted X-rays, orbital angular momentum
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The Bilbao Crystallographic Server (www.cryst.ehu.es) [1-
2] is a free web site that grants access to specialized data-
bases and tools for the resolution of different types of crys-
tallographic, structural chemistry and solid-state physics 
problems. The server is in constant improvement and devel-
opment, offering free of charge tools to study an increasing-
ly number of crystallographic systems. Recently, new tools 
dedicated to the study of materials with layer and multilayer 
symmetry have been developed due to the arising interest in 
these type of materials. The purpose of this contribution is 
to report on the current state of the server emphasizing on 
the recently developed computer tools for the study of mate-
rials with layer group symmetry. The utility of the available 
applications will be demonstrated by illustrative examples. 
The section Subperiodic groups: Layer, Rod and Frieze 
Groups gives access to the layer groups databases contain-
ing the basic crystallographic information, and the Brillou-
in-zone and k-vectors tables that form the background and 
a classification of the irreducible representations (irreps) 
of the 80 layer groups. The programs GENPOS, WPOS, 
MAXSUB and KVEC provide access to the general posi-
tions, Wyckoff positions, maximal subgroups and Brillou-
in-zone databases, respectively. More complex tools such 
as the program SECTIONS that identifies the layer symme-
try of space-group sections are also accessible in this sec-
tion. This program calculates the full set of possible layer 
symmetries of periodic sections defined by their common 
normal vector and located within the unit cell for a given 
space group. The last tool to join this section is the program 
LSITESYM which is based on the so-called site-symmetry 
approach [3] that established symmetry relations between 
the localized state (local atomic displacements) and crystal 
extended states (phonon, electrons, etc.) over the entire Bril-
louin zone. The method is based on the procedure of induc-
tion of representations of the layer group of the crystal from 
the irreps of the site-symmetry groups of constituent units 
(atoms, clusters and layers) according to which the local ex-
citations are transformed. For a given layer group, k-vector 
and a selected representative of a Wyckoff position, the pro-
gram LSITESYM returns the symmetry operations of the 
site symmetry group, its irreps and the irreps of the crystal 
layer group according to which transform the compatible 
extended states.
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Ferroelectricity,  i.e.  the presence of a switchable electron-
ic polarisation, is an attractive property with commercial 
applications; yet the realisation of ferroelectric materials 
can be challenging due to the requirement for a polar space 
group. In the well-studied perovskite oxides, polar space 
groups mainly arise from the off-centring of the B-site met-
al ion—as in BaTiO3—or the presence of a stereochemically 
active lone pair—as in BiFeO3. However, these mechanisms 
impose severe restrictions on the nature of the cations and 
hence limit the scope for the discovery of new ferroelectrics. 
In light of this, hybrid improper ferroelectricity (HIF) is 
an attractive phenomenon as it arises from structural, rath-
er than compositional, factors.1 It relies on the coupling of 
two non-polar distortion modes, which collectively lift the 
global inversion symmetry and induce a polar secondary 
order parameter. Hence, group theory is a valuable tool for 
enumerating the possible coupling schemes of primary or-
der parameters which may reasonably be expected to cou-
ple to a non-centrosymmetric mode and hence break global 
inversion symmetry.  One of the canonical HIF materials 
is the Ruddlesden-Popper oxide Ca3Mn2O7, which may be 
described as a layered perovskite, and its superimposed pri-
mary order parameters are the two tilt modes transforming 
as X2

+and X3
−1. However, in simple three-dimensional per-

ovskites, hybrid improper couplings are not feasible as all 
tilt modes preserve the inversion centre at the B-site in the 
ABO3structure. As a result, ferroelectric bulk perovskites 
without layered order are rare. However, in recent years, 
several coordination polymers with the perovskite topology 
have been reported and they exhibit distortions with peri-
odicities forbidden in inorganic perovskites, e.g. unconven-
tional tilting and columnar shifts.2

Here, we present a group-theoretical study of hybrid improp-
er ferroelectricity in these molecular perovskites. We identify 
primary order parameters that may couple to a non-centrosym-
metric, and generally polar, distortion mode. Due to the larg-
er library of symmetry-breaking distortions, molecular per-
ovskites can adopt acentric structures even in the absence of 
layered order and have a higher propensity for hybrid improper 
ferroelectricity relative to their inorganic counterparts. Not 
only do our results rationalise a number of acentric compounds 
found in literature; it may also be used as a tool for the predic-
tion of new, as-yet unrealised polar materials.3
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The crystallographic methods applied in structural chem-
istry for the description of crystal structures focus on a 
few recurring principles, among them the closest packing 
of spheres and space group symmetry. While the former 
concept is locally quantitative, e.g. by giving each atom a 
coordination number, it rarely offers a similar quantitative 
global description. The latter concept, however, while being 
an inherently global descriptor, is purely qualitative. For 
instance, every so often it happens that crystal structures, 
e.g. ones related by a phase transition, are very distinct in 
their symmetry, while being very similar in their local ar-
rangement of atoms at the same time. In other cases, on the 
contrary, a point can be made for the distinction of struc-
tures, although they belong to the same family of structures 
sharing the same space group symmetry. Moreover, cases 
exist, in which the arrangement of atoms can be described 
in ways extending their formal space group symmetry, e.g. 
by algebraic relations. Thus, it appears to us, that one should 
search for other concepts, capable of capturing some of 
these 'hidden symmetries', and in a preferably quantitative 
and global manner. This is especially true for the description 
of extended solids, since qualitative and quantitative struc-
tural descriptors are well-known for molecules, for which 
they are successfully used in establishing structure-activity 
relationships. Here we report about our explorations into the 
realm of uniform distribution theory, in particular geometric 
discrepancy theory [1], applying measures for the (ir)regu-
larity of distribution of atoms in space in an crystal chemical 
context. We highlight examples for the application of the 
star discrepancy measure in distinguishing variations of a 
crystal structure belonging to the same general family of 
structures [2], as well as relations of the diaphony measure 
to the description of X-ray diffraction by means of the struc-
ture factor equation [3].
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Inter- and intramolecular noncovalent interactions (hy-
drogen, aerogen, halogen, chalcogen, pnicogen, tetrel and 
icosagen bonds, as well as cation-π, anion-π, π-π stack-
ing, n-π*, agostic, anagostic, lipophilic, etc. interactions) 
play a crucial role in the synthesis, crystal engineering, 
structural organization of biochemical systems, molecu-
lar recognition, drug delivery and design, decoration of 
materials, electrochemical immobilization and catalysis.1 

Among these weak forces recently explored, chalcogen 
bonding has received a particular attention in view of its 
directionality, hydrophobicity, tunability, donor atom size 
and multiplicity.2 These properties have successfully been 
utilized in catalysis, construction of co-crystals or ions 
having complementary acceptor and donor sites. Similarly 
to the hydrogen bonds,3 the chalcogen bonds are classified 
into several fundamental types: negative charged assisted 
(Ch···D−), positive charged assisted (Ch+···D), convention-
al (or ''neutral'') (Ch···D) and resonance assisted chalcogen 
(RAChB) bonds.2 In comparison to other types of chalcogen 
bonding the RAChB was only theoretically highlighted, 
concerning a kind of intramolecular Ch-bonding strength-
ened by a conjugated p-system in multi-membered ring(s). 
The lecture will demonstrate the role of RAChB in the syn-
thesis and design of arylhydrazones of sulfamethizole.
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Along this century, the importance of halogen bonding has 
been increasingly acknowledged specially in molecular rec-
ognition processes, as structural directing tool and in some 
physical properties.[1] However, an area whose influence 
has been less studied is its role in reactivity, even though 
halogen bonding interactions can be found at the starting 
point of some chemical processes.[2]
In our group we are interested in the preparation of halo-
gen bonding supramolecular organometallic networks, con-
taining either main group or transition metal complexes. In 
these studies, we have observed that the formation of this 
XB interaction is the first step to the substitution reactions of 
halide ligands in isocyanide transition metal complexes of 
the type [Ru(X)2(CNR)4] when reacted with Br2 or I2.[3] 
The reaction takes place independently of which one is the 
halogen used and the halide ligand, although the reaction 
rate varies depending on the nature of the halogens. As well 
the electronic density on the metal influences the reaction 
rate. The extension of these studies to other co-ligands such 
as arene groups shown that the process also takes place and 
new species can be generated, as shown in the figure. The 
study of these systems has led to a whole range of XB-based 
networks were Cl···Br, Cl···I, Br···Br, I···I and I···Br are 
present which has allowed us to perform a comparison 
of the XB parameters for the different networks isolated. 
We have also extended this work to organic molecules, in 
this case a halide abstraction by halogen bonding has been 
detected in a process that led to the formation of new C-S 
bonds. The influence of halogen bonding in the reactivity, 
either in metallic complexes or in organic molecules, gives 
a dynamic picture for this interaction and expands even fur-
ther its applications.
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In-depth understanding of weak bonds, commonly named 
interactions, is essential in designing and tailoring of a 
wide variety of properties in supramolecular chemistry, 
crystal engineering, materials science, and biology. A 
detailed comprehension is available for some noncova-
lent interactions, and this is the case, for instance, for the 
well-known Hydrogen (HB) and Halogen bonds (XB). A 
substantially more limited set of information is available 
for some other weak bonds. The ongoing IUPAC project 
n° 2016-001-2-300 (https://iupac.org/projects/project-de-
tails/?project_nr=2016-001-2-300) aims to register the 
emerging consensus on proposals suggesting to use terms 
Chalcogen, Pnictogen, and Tetrel bonds exclusively for in-
teractions wherein Groups 14-16 elements are the electro-
phile sites [1]. The purpose of this research is to partially 
fill this dearth of information by exploring the potential of 
Chalcogen Bond (CB) which is the attractive interaction 
wherein an element of Group 16 is the electrophilic site [2]. 
While there is a plethora of papers examining CB from 
the theoretic point of view, the experimental studies on 
this weak bond are lacking. Modeling supports the under-
standing of the CB as a case of σ-hole bonds [3]. Halogen 
Bond (XB) also belongs to the family of σ-hole interac-
tions. A decisive contribution to the stereoelectronic un-
derstanding of the XB was given by computational stud-
ies on the distribution of the electron density in halogen 
atoms. These studies demonstrated the anisotropic charge 
distribution on halogen atoms forming one covalent bond 
and paved the way to the definition of the σ-hole: a re-
gion of depleted and often positive electrostatic potential 
on the surface of halogen atoms. We based our strategy 
to investigate CB on this robust experimental background 
available for XB, the parent interaction of the family. 
Taking into account the mindset promoted by XB, we de-
signed a series of thiazolium/selenazolium-containing 
molecules, as models to study CB in systems of increas-
ing structural and functional complexity (Fig. 1). These 
systems are chosen in order to profile the interactional 
landscape accessible to molecules important in biological 
systems and as molecular materials. Specifically, these 
model compounds are expected to give information of the 
preferred interactions formed, among others, by Thiamine 
(Fig. 1, vitamin B1) and related cofactors, by Thioflavin T, 
a standard dye for amyloids structures, and by thiazolium/
selenazoliun-containing cyanine dyes. Close contacts be-
tween sulphur/selenium and an electron-donor group will 
be discussed in several systems, thiamine and cyanine dyes 
included, as bona fide cases of CBs.
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Fig. 1 – Crystal structures of thiamine monophosphate 
(right) and two model compounds showing the presence of 
CBs between the sulphur atom of thiazole ring and neutral 
and/or anionic electron-donors.
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The question of identification and characterization of non-
covalent interactions lies in the center of modern crystal 
engineering problems. Ambiguity of geometric criteria 
generates the necessity to use electronic descriptors in cases 
with competitive interactions or unobvious orientation of 
nucleophilic and electrophilic sites of interacting atoms in 
molecule and crystals.
In this study we demonstrate several examples of multiple 
I…I and I…S interactions and test reliability and visibility 
of the series of electronic criteria.   Organic crystals with 
polyiodide anions and S,N-containing heterocyclic cations 
open possibility for the design of wide row of nonlinear op-
tical and semiconductor materials as well as dye-sensitized 
solar cell devices. Variety of crystal structures, available for 
material engineering is due to the ability of sulfur and io-
dine atoms form different types of noncovalent interactions, 
organized in various types of 3D structure motives: nets, 
layers, chains, cages.
Our computational approach includes solid state quan-
tum-chemical calculations with periodic boundary condi-
tions and atomic basis sets, implemented in CRYSTAL14 
package. Electronic criteria based on characteristics of cal-
culated electron density such as ELF distribution and super-
position of atomic basin boundaries in the electron density 
and electrostatic potential are used (TOPOND14).
Testing these computational tools on the series of boundary 
cases, different types of mutual orientations of interacting 
atoms can increase reliability of these criteria. The central 
point of the work is the demonstration of possibility of com-
putational approaches to elucidate which of the interacting 
atoms acts as acceptor and which as a donor and thus to 
assign the type of interaction: halogen or chalcogen bond.
In the unusual orientation of I–CH2 fragment so that equato-
rial part of iodine atom is directed towards σ-hole region of 
triiodide anion leads to the situation where iodine atom of 
organic cation acts as the donor and acceptor of the halogen 
bond simultaneously. ELF distribution in the plane, con-
taining multiple covalent interactions allows indicating the 
type of bonding and visualizing features of electron shells 
distortion due to formed noncovalent interactions. Here we 
discuss features of σ-hole interactions and their impact on 
crystal packing and properties of the polyiodide structures.
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The understanding of the relative importance and effect 
of intermolecular interactions in the solid state is highly 
valuable in a range of applied research areas, not least in 
the pharmaceutical industry where control of polymorph 
stability is crucial. Within pharmaceutical crystal struc-
tures, hydrogen bonding tends to dominate – for these 
interactions there are already a range of established meth-
odologies [1,2] to help understand the most probable out-
comes and assess the stability or risk of polymorphism.   
How important in this context are other intermolecu-
lar interactions though? What is likely to be the effect of 
halogen bonds, chalcogen bonds or pnictogen bonds? 
This presentation will review the statistics on some typi-
cal halogen, chalcogen and pnictogen bonds in the CSD in 
the context of other intermolecular interactions in organic 
crystals. We focus on the impact of these interactions for 
an organic crystal designer or engineer. There are nearly a 
million structures in the CSD – what do they tell us about 
the significance of these interactions and do we have enough 
data?
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Biological processes rely on control of the dynamic be-
haviour of biomolecules, the intrinsic flexibility of proteins 
enables accurate guest recognition and specific substrate 
conversion. Cyclic peptoids for their biostability and po-
tential diversity seem to be the ideal candidates to evoke 
biological activities and novel chemical properties both in 
solution and in the solid state.
Peptoids differ from peptides in the backbone position of 
the side chains, which are attached to the nitrogen atom. 
Due to the lack of the amide proton, CH···OC hydrogen 
bonds, CO···CO and CH-pi interactions play a key role in 
the solid-state assembly of cyclic a-peptoids: face to face 
or side by side arrangement of the macrocycles mimick b 
-sheet secondary structure in proteins. We also demonstrat-
ed that side chains may act as pillars, extending vertically 
with respect to the macrocycle plane, inducing the colum-
nar arrangement of the peptoid macrocycles (Tedesco et al., 
2014).
Recently, we reported that a cyclic hexapeptoid strategically 
decorated by propargyl and methoxyethyl side chains un-
dergoes a reversible single-crystal to single-crystal transfor-
mation upon guest release/uptake involving a drastic con-
formational change. The extensive and reversible alteration 
in the solid state is connected to the conspicuous movement 
(more than 110°) of two propargyl side chains that generate 
new stabilizing CH-pi interactions with the formation of an 
unprecedented reversible “CH-pi zipper”, which reversibly 
opens and closes, thus allowing for guest sensing (Meli et 
al., 2016).
These findings prompted us to perform a polymorph screen-
ing of the peptoid compound with a view to understanding 
the role of the crystallization solvent in the solid state as-
sembly (Macedi et al., 2017).
Here we will explain how the observed extensive solvato-
morphism is related to the peculiar conformational flexibil-
ity of the peptoid macrocycles and to the role of the solvent 
molecules in the early stages of nuclei formation. We will 
visualize the supramolecular architecture of the obtained 
crystal forms by using Hirshfeld surface analysis and PIX-
EL energy calculations to compute the intermolecular inter-
action energies.

We will also show how the solid state assembly of the mac-
rocycles determines the peculiar sorption properties as high-
lighted by in-situ single crystal X-ray diffraction and high 
resolution X-ray powder diffraction studies.
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The non-covalent interactions have an influence on seeding 
and crystal growth, recognition processes, the packing ar-
rangement and the molecular conformation, as well as they 
affect the stability of the crystal and the biological activity 
of the compounds.
Both polymorphism and isostructurality are strongly related to 
intermolecular interactions and crystal symmetries [1]. Struc-
tures with similar chemical content may be isostructural. The 
difference can be in the substitution of the molecule(s) or in the 
guest molecule in inclusion systems. But how far can a crys-
tal structure tolerate small molecular changes? The molecular 
conformation of flexible molecules may adjust to the altering 
supramolecular features in the crystal lattice accompanying 
chemical changes. It is a subject of debate how far two similar 
crystal structures can be different to consider them as isostruc-
tural. Nevertheless, a higher crystal symmetry can be sacrificed 
to achieve a better supramolecular arrangement resulting in a 
lower crystal symmetry, that is, resulting in the introduction of 
pseudosymmetry and, with that, Z’ > 1 crystal packing.
The identity of the supramolecular interactions does not ensure 
isostructurality. On the other hand the occurrence of common 
crystal packing patterns amongst polymorphs is frequent.
Partial isostructurality may explain the macroscopic be-
haviour of compounds revealing molecular structure–mac-
roscopical property relationships. Epitaxial crystal growth 
of compounds becomes possible at a surface where two-di-
mensional isostructurality is realized, enabling the further 
growth of the supramolecular pattern in that direction.
A special aspect is the intergrowth of domain arrangements 
within crystals including varying supramolecular pattern 
and/or symmetries at the domains’ surface having a variable 
domain proportion resulting in crystals with structurally 
continuously altering polymorphs and thus in crystals which 
possess continuously varying physico-chemical properties.
Recognition of the structural features, the supramolecular 
and symmetry aspects of isostructurality and polymorphism 
contributes to the proficiency of synthon engineering, the 
manipulation of the intermolecular interactions, and which 
makes it possible to engineer crystals.
Acknowledgement:
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During the last decade optical materials have experienced 
a rebirth of scientific interest. This phenomenon can be ex-
plained by the rapidly developing fields of optoelectronics 
and overall minimization in telecommunication devices. 
The need for more efficient, stable, and low price materials 
promotes multicomponent and multifunctional systems over 
those with single component and single functionality. Addi-
tionally usage of more than one building block in a single 
material enables both steering of the crystal symmetry to-
wards a specific property and at the same time gives means 
for enhancing the desired physical and/or chemical effect. 
Co-crystallization is a widely used technique in materials 
science to obtain materials with modified physiochemical 
properties or enforce particular crystal symmetry.
Here we present our approach towards crystal engineering 
of optical materials1. Birefringence, second harmonic gen-
eration, absorption and/or fluorescence can be modified 
through controlled cocrystallisation of suitable building 
blocks: one to guarantee a substantial property at the mo-
lecular level (suitable chromophore) and the second one 
selected for controlling crystal symmetry. Combination of 
quantum crystallography techniques aimed towards anal-
ysis of intermolecular interactions (QTAIM2, NCI index3) 
were used alongside with calculations of molecular and 
bulk properties of the studied systems. Theoretical meth-
odology was supported by measurements of the selected 
optical properties of the obtained materials.
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Co-crystals are multicomponent crystals that consist of 
two or more neutral molecules interacting with each other 
through non-covalent interactions. Co-crystals are well es-
tablished in the literature as a route to new and alternative 
solid forms, and a promising method for fine-tuning prop-
erties of a molecule. The design of new co-crystals requires 
an understanding of hydrogen bonding functional groups 
and the supramolecular synthons between the drug and the 
coformer. Synthons are sub-classified as homosynthons and 
heterosynthons, i.e. those between like and unlike function-
al groups, respectively. There are many design strategies 
for binary cocrystals as seen from the literature. A crystal 
engineering or supramolecular synthon-based approach is a 
convenient and common method used in the design of such 
systems, implementing frequently occurring motifs from 
the literature applicable to the functional groups present in 
the API of interest. [1]
Tothadi with coauthors published a series of papers devot-
ed to the study of synthon modularity in binary and terna-
ry co-crystals of benzamide derivatives with dicarboxylic 
acids. [2, 3] The authors suggested that dicarboxylic acid 
can be introduced between the molecules of the benzamide 
derivatives bound through the amide-amide homosynton 
to realize the packaging of the single-component diphenol 
crystal. Indeed, the theoretical strategy allowed the mod-
ularity of the synthons to be used to produce a series of 
co-crystals with 4-hydroxybenzamide in a stoichiometric 
ratio of 2:1. [2]
In our work, we continued the studies of Tothadi and tried 
to analyze how the additional donor of the hydrogen bond 
in the benzamide molecule will affect the packing of the 
co-crystals with dicarboxylic acids. 4-aminobenzamide was 
chosen as the object of the study. It should be noted that the 
molecule of 4-aminobenzamide has not been studied well in 
the context of crystal engineering yet. Just four hits can be 
seen in the CSD corresponding to the pure compound and 
three cocrystals.
Seven new co-crystals and salts of 4-aminobenzamide with 
dicarboxylic acids and one new co-crystal of 4-hydroxy-
benzamide with malonic acid were obtained, monocrystals 
were grown and their crystal lattices were solved. DSC 
measurements were conducted to investigate the thermal 
behavior of BZA derivatives (4-AmBZA and 4-OHBZA) 
salt/cocrystals. The Xpac analysis was made for 34 known 
cocrystals of the p-derivatives of BZA. The similar "supra-
molecular constructs" of studied molecules crystal struc-

tures were identified and the similarity of molecular packs 
was quantified.
This work was supported by the Russian Science Founda-
tion (№ 17-73-10351).
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An overwhelming majority of reported studies and strate-
gies for incorporating metals into halogen-bonded archi-
tectures have focused on single component metal-organic 
solids which include the formation of metal-organic com-
plexes using ligands with pendant halogen bond donor 
groups (e.g. acetylacetonate derivatives or halopyridines) 
[1,2]. On the other hand, synthesis of multi-component met-
al–organic materials with organic halogen bond donors has 
received much less attention. Most reports on such materials 
have focused on the formation of ionic structures involv-
ing metal complexes with simple inorganic ligands (e.g., 
Cl−, CN−, SCN− etc.) and cations as halogen bond donors 
(e.g. halopyridines) [1,2]. Much less explored systems are 
neutral metal–organic cocrystals. Few approaches have 
been presented as promising and they have generally been 
focused on cocrystals of neutral halogen bond donors and 
metal complex subunits with pendant acceptor groups: hal-
ogen atoms [3], chelating ligands such as imines and acety-
lacetonate derivatives [4,5], neutral molecules coordinated 
to metal centre such as morpholine or thiomorpholine [6]. 
Following our previous study where we described the hal-
ogen bonding proclivity of the chlorine atom coordinated 
to the Co(II) metal centre, in this work we demonstrate a 
strategy for synthesis of halogen-bonded metal-organic co-
crystals by utilizing metal complexes whose pendant chlo-
ride group enables halogen bonding [7]. A series of 12 co-
crystals involving octahedral CoCl2L2 complexes [L = 2,2’ 
bipyridine (1) or 1,10 phenantroline (2)] as halogen bond 
acceptors were prepared by both liquid-assisted grinding 
and conventional solution-based methods. The efficacy of 
this strategy is evident by the assembly of a large family 
of cocrystals involving six perfluorinated halogen bond 
donors: 1,4-diiodotetrafluorobenzene (14tfib), 1,3-diiodo-
tetrafluorobenzene (13tfib), 1,2-diiodotetrafluorobenzene 
(12tfib), 1,3,5-triiodotrifluorobenzene (135tfib), iodopen-
tafluorobenzene (ipfb) and octafluoro-1,4-diiodobutane 
(ofib). Single crystal X-ray diffraction experiments have 
shown that cocrystals display different crystal packing, 
governed by Cl···I halogen bonds involving halogen bond 
donor iodine atoms and metal complex chlorine atoms 
(varying from 3.061 to 3.471 Å). The monotopic donor ipfb 
and ditopic donor 12tfib form discrete 2:1 or 1:1 halogen 
bonded complexes with both acceptors. The exception is 
12tfib which, with 1, acts as both monotopic and ditopic do-
nor thus forming two cocrystals, 2:1 (discrete complex) and 
1:1 (chains). The halogen bond motifs in cocrystals based 
on 14tfib, 13tfib, 135tfib and ofib exhibit higher dimen-
sionality, halogen bonded chains. The exceptions are two 
cocrystals of 1, one with 13tfib forming a two-dimensional 
layered halogen-bonded structure, and with ofib forming a 
three-dimensional halogen-bonded structure. 
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Since their first appearance on the chemistry scene thirty 
years ago [1], resorcinarene-based cavitands have been 
exploited both as receptors for molecular recognition and 
as building blocks for crystal engineering [2]. Their versa-
tility primarily stems from the possibility of choosing dif-
ferent bridging groups to connect the phenolic hydroxyls 
of the resorcinarene scaffold. This allows the tuning of the 
shape, dimension and complexation properties of the cavity, 
which can thus interact with neutral and charged molecules 
through H-bonding, π…π stacking and CH…π interactions, 
but also form coordinative bonds with metal centers to cre-
ate discrete complexes, cages or extended networks. 
We present our recent investigations on various function-
alised quinoxaline-bridged cavitands for molecular rec-
ognition (see figure below) and phosphonate cavitands as 
ligands for the formation of coordination compounds
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In this communication we will describe the pack-
ing of some homomeric and heteromeric crys-
tals wherein the composition and architecture is 
affected and/or determined by attractive interactions in-
volving carbon and antimony atoms as electrophilic sites. 
Molecular modelling predicts that region(s) of depleted 
electron density are typically present on an atom opposite 
to the covalent bond(s) it is involved in. This is true for any 
element belonging to groups 14-18 of the periodic table 
[1] and the electrostatic potential at the depleted region(s) 
becomes positive when the atom is covalently bonded to 
strongly electron withdrawing residues [2]. We thus expect-
ed that the depleted regions on fluorinated carbon and anti-
mony moieties might be positive enough to enable for the 
formation of attractive interactions with lone pair possess-
ing atoms. We also expected that the resulting bonds might 
be strong enough to determine the crystal composition and 
architecture. Here we describe that various 5,5-difluorobar-
bituric derivatives form adducts were F–C∙∙∙O=C intermo-
lecular contacts can be as short as 90% of the sum of carbon 
and oxygen van der Waals radii. The C∙∙∙O supramolecular 
synthon in these derivatives is robust enough to be observed 
also in 5,5-dichloro and 5,5-dibromo analogues, namely 
when halogens less electron withdrawing than fluorine are 
present (Fig. 1). As to fluorinated antimony derivatives, we 
report, for instance, that the tendency of antimony trifluoride 
to attractively interact with lone pair possessing atoms is so 
strong that in the tetrameric adducts formed on self-assembly 
with p-dipyridyl dioxide, two antimony atom gives two F–
Sb∙∙∙O close contacts with two different dioxide molecules. 
The described interactions are typically named tetrel bond 
and pnictogen bond [3], respectively. The reported results 
shown how their understanding is developed enough to en-
able for their successful use in the design of the intermolec-
ular interactions of crystal lattices. The described structure 
may also suggest that tetrel bond and pnictogen bond are 
robust enough to become new, useful and general tools in 
crystal engineering.
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Fig. 1   Adducts present in crystals of 5,5-difluoro- (left), 
5,5-dichloro- (mid), and 5,5-dibromo-N,N’-dimethylbarbi-
turic acid (right); F–C∙∙∙O=C tetrel bonds are dashed black 
lines.
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The molecular complexity and size of novel drug molecules 
is ever increasing, and so is their conformational flexibility. 
Complex flexible drug compounds may often be challeng-
ing to crystallise. Crystallisation is the final step in the man-
ufacture of active pharmaceutical ingredients and with over 
90% of pharmaceuticals being crystalline it is important to 
understand and control this process. The poor crystallisa-
tion behaviour of flexible molecules has been linked to the 
conformational diversity found in solution [1]. In solution, 
conformers are in equilibrium and their relative populations 
depend on their relative stabilities. If a crystal conforma-
tion is similar to that of a stable conformer in solution, no 
conformational change or adjustment would need to oc-
cur for the system to nucleate and grow [2]. However, if 
the crystal conformation corresponds to a highly distorted 
conformer or a higher-energy conformer,   then significant 
conformational adjustment or change would need to occur 
during crystallisation [3]. Such conformational changes and 
adjustments may limit crystal growth and are the subject of 
the present research.
We have investigated the occurrence of unusual conforma-
tions in the Cambridge Structural Database (CSD) for vari-
ous subsets of molecular crystals. Torsion angles in flexible 
molecules were classified as being “unusual” when they 
were observed in less populated areas of the CSD torsion 
distributions.  We then investigate the conformational ener-
gy landscape of these molecules crystallising with unusual 
torsions. How usual is it to be unusual? Do these “unusual” 
torsions relate to high-energy conformations? How much 
conformational distortion is required for some molecule to 
crystallise?  What causes these torsions to become unusual? 
Are certain torsions more prone to distortion and change? 
This contribution attempts to answer all of these questions 
by providing new insightful data on the effect of crystal 
structure on conformations.
References:
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The formation of inclusion compounds, comprising host 
and guest molecules, depends on the phenomenon of molec-
ular recognition. An important application of this process is 
the separation of compounds in a mixture, particularly when 
the individual components have similar physico-chemical 
properties as often occurs in isomers.
The techniques which may be used to understand the mech-
anism of separation are:
a) Competition experiments, b) Crystal Structure, c) Ther-
mal Analysis; d) Packing coefficient; e) Hirshfeld Surface 
Analysis; f) Lattice Energy
Each of these methods will be outlined, and recent publi-
cations dealing with important aspects will be indicated. 
Recent experimental results of guest selectivity and the con-
comitant mechanisms will be presented.
Keywords: Host-Guest, Selectivity, Mechanism
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The structure and electronic properties of one class of or-
ganic semiconductors, i.e., 1,4-distyrylbenzene (1,4-DSB) 
and its derivatives, have been extensively studied, indi-
cating the usefulness of the DSB template for electro-op-
tical materials [1]. A number of their applications, such 
as non-linear optics and non-volatile organic memories, 
require materials with dipole moments, both at the molecu-
lar and the supramolecular levels. These two requirements, 
however, generally work against each other: 1,4-DSBs 
containing electron acceptor (A) and donor (D) fragments 
connected by a π-spacer (A–π–D structures) have large mo-
lecular dipoles and superior molecular properties, but will, 
in the majority of the cases, result in the energetically pre-
ferred anti-parallel dipolar stacking in the crystal leading to 
a centrosymmetric and, therefore, non-polar supramolecular 
structure. These observations have led to the development 
of a rational overall design strategy for polar molecular 
crystals of DSB-type oligomers, consisting of four parts. 
First, the formation of an anti-parallel stacking should be 
hampered by the introduction of steric hindrance between 
the molecules; this could be obtained by deviating as much 
as possible from rigid-rod molecular shapes. Second, the 
electronic-ground-state dipole moment of the molecules 
should be sufficiently small; this way, the energy barrier to 
stack two molecules with aligned dipoles is lowered and the 
probability to obtain a non-centrosymmetric arrangement in 
the resulting solid is increased. Third, the deviation from 
planarity of the constituent molecules should be increased 
through the incorporation of heteroatoms in the conjugated 
spacers between the rings; the introduction of (a) nitrogen 
atom(s) results in typical non-planar molecular shapes ham-
pering the formation of π-stacks [2]. Fourth, the most favour-
able conformation of the molecule should have an energetic 
advantage with respect to its other conformations which 
is as high as possible; this results in greater control over 
which conformation is eventually found in the solid and, 
consequently, its shape and the size of its dipole moment. 
The results of a CSD analysis reveal that 1,4-DSBs are 
statistically far less prone to crystallization in polar space 
groups than 1,3-DSBs and our efforts are now focused on 
developing new materials using the latter template in an 
approach which combines synthetic and computational 
chemistry, and crystallography. Computational chemistry is 
used to great advantage, from the calculation of molecular 
properties such as conformational energies and dipole mo-
ments to full DFT treatments of the molecular crystal, and 
an elegant procedure has been developed for the calculation 
and visualization of unit cell dipoles.
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Water has the ability to occupy regular positions in the crys-
tal lattice of other substances and to form molecular com-
pounds, named hydrates. As water is an ever present com-
ponent of the environment such multi-component crystals 
can form during many steps of product manufacturing and 
can have profound effects on the performance of a (drug) 
product. [1] Hydrate formation is a widespread phenome-
non and is known to occur for at least one third of drug 
molecules. [2] Nevertheless, we are still not able to predict 
hydrates, their stability and dehydration mechanisms based 
on the molecular diagram only. With computational crystal 
structure prediction (CSP) methods being successfully em-
ployed for predicting smaller pharmaceutical molecules and 
even multi-component systems, [3] we tested the potential 
of CSP for drug hydrates. Stoichiometric and nonstoichio-
metric hydrate systems were chosen as model compounds 
for experimental and computational studies.
The experimental screen of two dihydroxybenzoic acid 
(DHB) isomers indicated hydrate formation for one isomer 
but not the other. The computationally generated hydrate 
crystal energy landscapes correctly predicted hydrate for-
mation for 2,4-DHB and its stoichiometric ratios and ra-
tionalised why no hydrate was found for 2,5-DHB [4].
For 4-aminoquinaldine (4-AQ) the computational hydrate 
screening suggested the existence of an unknown monohy-
drate polymorph, which was then produced and found to be 
the thermodynamically most stable hydrate form of 4-AQ. [5] 
Calculating the crystal energy landscapes for hydrates is 
very complex and computationally (time) demanding, as 
host and different guest molecules in different stoichio-
metric ratios have to be considered. Therefore, we tested 
whether it is possible to derive information about hydrate 
formation for a Z′=3 monohydrate and higher hydrates from 
their Z′=1 hydrate and anhydrate crystal energy landscapes, 
respectively. For o-phenanthroline the Z′=1 monohydrate 
the crystal energy landscape rationalised why the compound 
forms a very stable Z′=3 channel hydrate. [6] For the hy-
drate forming alkaloid brucine and the non-hydrate forming 
derivative strychnine the evaluation of the anhydrate crystal 
energy landscapes, in particular the close-packed crystal 
structures and high-energy open frameworks containing 
voids of molecular (water) dimensions, allowed us to un-
ravel the diverse solid state behaviour of the two alkaloids 
at a molecular level. [7]
Thus, modelling at the electronic and atomistic level can 
provide vital support for unravelling the complexity of or-
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ganic hydrate systems and in particular adds confidence to 
the interpretation of the experimental data.
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The design of molecular crystals with targeted properties 
is the goal of crystal engineering. However, our predictive 
understanding of how a crystal’s properties relate to its 
structure, and how crystal structure in turn relates to molec-
ular structure, are not yet sufficiently reliable to confidently 
design functional materials. One reason for this is that the 
crystal structure adopted by a molecule is rarely determined 
by a single, predictable structure-directing interaction, but 
typically results from a balance of many relatively weak 
intermolecular interactions. It is, therefore, common for a 
molecule to have many nearly equi-energetic possible crys-
tal structures, with the best structure (the global lattice ener-
gy minimum) favoured by only a few kJ mol-1 or less over 
alternative structures that might have very different physical 
properties. This existence of competing low energy crystal 
structures is related to the prevalence of polymorphism in 
molecular crystals, as well as the observation that small 
changes to chemical structure can lead to dramatic changes 
in crystal packing.
Computational methods for crystal structure prediction 
(CSP) have been developed to help anticipate the crystal 
structure that a molecule will form. These methods are 
based on a global search of the lattice energy surface and a 
ranking of local energy minima according to their calculated 
relative stabilities. Each of the crystal structures in the re-
sulting ensemble encodes a set of properties, many of which 
are calculable using computer simulations. This talk will 
discuss how the set of predicted structures, their calculated 
energies and simulated properties, which we present as an 
energy-structure-function (ESF) map, can be used to guide 
experimental programmes for materials discovery. The ESF 
mapping approach will be illustrated with its use in the dis-
covery of unprecedented porous molecular crystals[1] and 
its application to organic semiconductors[2,3].
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The CrystalPredictor1 and CrystalOptimizer2 codes have 
been used to explore the space of crystal structures success-
fully in several crystal structure prediction (CSP) investi-
gations in recent years, including in the series of blind tests 
organised by the Cambridge Crystallographic Data Centre 
and in the prediction of the crystal structures of pharma-
ceutically-relevant molecules. One of the key research 
challenges in developing CSP capabilities is to enable the 
investigation of increasingly flexible compounds within 
tractable computational times, competitive with experimen-
tal polymorph screens.
We present recent advances in CrystalPredictor that are fo-
cussed on addressing this challenge. Specifically, we dis-
cuss the smoothing of the intramolecular potential,3 an in-
novation in CrystalPredictor II that allows the most efficient 
use of computational effort to cover a flexible molecule’s 
conformational space. This improvement achieves greater 
accuracy in the initial ranking of potential crystal structures, 
while managing computational cost, so that a thorough ex-
ploration of the search space is possible. We present CSP 
results for the highly polymorphic NSAID drug Flufenamic 
acid to demonstrate this capability, with a ≈ 30% increase in 
the efficiency of the global search stage, alongside increased 
confidence in the final polymorphic landscape.
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Modern force fields are accurate enough to describe ther-
mal effects in molecular crystals. We applied the recently 
developed temperature-dependent force field (1) to predict 
the transition temperature for polymorphs. An estimation of 
the transition temperature of paracetamol demonstrated the 
possibility for prediction using the temperature-dependent 
force-fields.
The earlier approach of force fields for finite temperatures 
(2) is extended to a force field with a continuous function 
for the temperature. In this model the intermolecular poten-
tials are described by effective atom pair potentials. Each 
atom pair potential is developed as Taylor series of 1/r³. The 
Pauli repulsion is extended by a temperature dependency:  
1/r¹² → (1+alpha)/r¹². For the parametrisation of the force 
field we used Data Mining on experimental structures (3) 
with the temperature as an additional descriptor. The tem-
perature-dependent force field can be used as for the energy 
minimization at a finite temperature and for molecular dy-
namics, which requires zero-K potentials.
The parameters of the model have been obtained by train-
ing on 21,095 experimental crystal structures for hydrogen 
bonds in oxygen and nitrogen compounds. The force field 
is validated for the prediction of crystal density, tempera-
ture density gradients and transition temperature. The crys-
tal density prediction was validated by minimization of all 
non-ambient crystal structures available in The Cambridge 
Structure Database. The mean error is halved by taking the 
temperature into account. We estimated the thermal density 
gradients of several organic crystals with experimental data 
of one substance at various temperatures. The error of the 
predictions varied from 0 to 29 %. Finally, a prediction of 
the transition temperature of paracetamol demonstrated the 
possibility for prediction phase diagrams.
In the abstract image the two polymorphs of paracetamol 
under investigation are shown. The orthorhombic modifica-
tion (form II) transforms at 385 K to the monoclinic poly-
morph (form I) with the half cell volume.
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The stability of crystals at a given temperature is determined 
not by the lattice energy, but by Gibbs free energy. Thus, 
to compare stabilities of polymorphs at given temperature 
beside lattice energy, one should take into account contri-
butions from vibrational enthalpy, entropy and zero point 
energy. Those contributions can be calculated by means of 
DFT methods, but, as they require supercell calculations, 
they have high computational costs.
An idea of estimating entropy from X-ray diffraction data 
is not new - in 1956 Cruickshank [1] estimated entropy 
of crystalline naphthalene by means of TLS analysis from 
ADPs from single crystal X-ray diffraction data. In 1989 
Jack Dunitz and co-workers used a similar approach to esti-
mate the entropy of conformational polymorphs of dimeth-
yl-3,6-dichloro-2,5-dihydroxyterephthalate [2]. Dunitz et al 
was able to explain the mechanism of phase-transformation 
based on an analysis of the Debye-Waller factors, but their 
results contradicted the well-established thermodynamic or-
der of stability of the systems. They write:
 “Why has our intuition led us astray in expecting that the 
crystal with the larger atomic ADP's should have the great-
er entropy?”
We decided to reinvestigate this particular polymorphic sys-
tem with normal mode refinement, which enables the refine-
ment of frequencies of normal modes obtained from ab-in-
itio periodic computations at Γ point, against single crystal 
diffraction data. Frequencies obtained from NoMoRe can be 
used to estimate thermodynamic properties – heat capacity 
and vibrational contributions to entropy and enthalpy [3].  
In order to conduct NoMoRe refinements we collected new 
high-quality single crystal X-ray diffraction data for poly-
morphs and we conducted DFT theoretical calculations of 
frequencies at Γ point and a reference supercell calculations. 
Estimates of the frequencies of acoustic modes, obtained af-
ter NoMoRe are in very good agreement with those from su-
percell calculations. Based on the NoMoRe analysis, we can 
predict, that white form is stable at high temperature range, 
and yellow at low temperature range, which is in agreement 
with experimental results. By discussing contributions from 
low and from high frequency modes to vibrational entropy 
and enthalpy we are able to explain the important question 
which was raised by Dunitz et al.
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The contribution gives a survey of the research that has 
been carried out through over several decades. Any reac-
tion in a crystal is accompanied by generating stress. The 
manifestations of this stress are elastic and plastic strain and 
fragmentation. As a reaction proceeds, the mechanical stress 
that arises in the crystal can have a significant influence on 
the subsequent transformation. This phenomenon is termed 
as feed-back, which can be either positive, or negative. One 
can introduce the concept on “chemical pressure”, to de-
scribe the reaction in the crystal which is stressed by the 
reaction itself. In selected cases the mechanism of the reac-
tion in relation to the mechanical response of crystals can 
be studied in detail. I illustrate this, using selected examples 
of reactions in molecular crystals. The effects of “chemical 
pressure” can be compared with those of strain imposed by 
hydrostatic compression. Modern high-pressure crystal-
lography makes it possible to follow even subtle changes 
in molecular geometry and intermolecular interactions. I 
discuss structural distortion induced by high pressure and 
structural transformations, in a comparison with strain and 
structural transformations accompanying chemical reac-
tions in the same crystal. Eventually, we consider the chem-
ical reactions induced by irradiation or heating if occurring 
in the hydrostatically compressed crystals.
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Crystals that can respond to external stimuli, such as light 
and heat have increasingly attracted attention in chemistry, 
materials science, and soft robotics fields. Most of photome-
chanical crystals exhibit bending and expansion/contraction 
motion. We have already developed several photomechan-
ical bending processes of azobenzene, salicylideneaniline, 
and other crystals. Recently, we have reported walking and 
rolling locomotion of chiral azobenzene crystals, induced 
thermally by phase transition. The photomechanical and 
thermomechanical crystals are introduced and discussed in 
this conference.
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The investigation of short-lived reaction intermediates and 
transient species upon light activation in chemical and bio-
logical species is of upmost importance to better understand 
the pathways in a reaction.
Linkage isomers are complexes that contain an ambidentate 
ligand that can bond to the metal centre through two or more 
donor atoms. The ambidentate ligand can be switched from 
one state to another in response to irradiation, and display a 
change in the bulk properties e.g. reflective index or colour 
change. At low temperatures these metastable species can 
be cryo-trapped and the lifetime can last longer than a dif-
fraction experiment, but they can revert back to the ground 
state as they approach room temperature. The metastable 
species have a tuneable lifetime depending on temperature.
For metastable species, conventional time-resolved studies 
using a high intensity pulsed laser proved difficult as the 
nanosecond pulse induced crystal heating and thus reverted 
the metastable species back to the ground state. Beamline 
i19 at Diamond, in collaboration with the Raithby Group 
at the University of Bath have developed a time-resolved 
setup with LEDs and a novel collection strategy to inves-
tigate species with lifetimes from minutes to milliseconds. 
The LEDs are able to spread out energy load on the crystal 
while giving ample intensity for conversion. Utilising the 
electronic gating capabilities of the Pilatus detector allowed 
entire time-series to be obtained simultaneously within a 
couple of hours. Automated processing routines gave fully 
refined structures minutes after the data-collection comple-
tion.
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Jumping crystals often shatter as a result of the phase trans-
formation causing their jumping, making it difficult to anal-
yse the structure after the phase transition.
For a compound for which the structure of the low-tem-
perature phase was known from single-crystal analysis but 
where the disintegration of the crystals during the phase 
transformation prevented the elucidation of the high-tem-
perature phase, we were able to observe a discontinuity 
in the unit-cell parameters when the temperature of the 
low-temperature phase was increased with Molecular Dy-
namics (MD). The new phase had a higher symmetry than 
the low-temperature phase and the anisotropic displacement 
parameters calculated from the Molecular Dynamics trajec-
tory identified strong libration of the molecules as the cause 
of the phase transition.
Temperature-dependent powder diffraction experiments 
confirmed the structure of the new phase, but because aniso-
tropic displacement parameters cannot be reliably refined 
against powder diffraction data, it seemed impossible to 
verify experimentally that molecular libration caused the 
phase transition.
This was solved by refining the anisotropic displacement 
parameters using a TLS (Translation-Libration-Skew) mod-
el, reducing the number of parameters required to describe 
the anisotropic motion of the non-hydrogen atoms by a 
factor of four. Additionally, the TLS approach allowed us 
to include the description of the anisotropic motion of the 
hydrogen atoms, even though only laboratory X-ray powder 
diffraction data were available. The results from the exper-
imental TLS analysis were an excellent match with the re-
sults from the Molecular Dynamics calculations.
The combination of Molecular Dynamics simulations and 
TLS refinement against XRPD data therefore allowed a full 
characterisation, at the atomic level, of the anisotropy of the 
dynamics of the individual molecules leading up to, during 
and after a phase transition despite the destruction of the 
single-crystals during the phase transition.
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Thermally induced mechanical properties of crystals, includ-
ing the thermosalient effect manifested by some crystalline 
materials that jump many times their own size when heated 
or cooled, are known since the ‘80s. Modern analytical tech-
niques have allowed deeper and deeper insights into the trans-
formations that rule this phenomenon, and renewed the inter-
est in a class of mechanically responsive materials that hold 
potential for a broad range of applications in electronics, soft 
robotics, regenerative medicine, and related fields [e.g., 1-2].
However, potential applications of the thermal-to-mechan-
ical energy conversion through thermosalient effect require 
detailed understanding of the structural changes at the atom-
ic/molecular level. This proves to be quite challenging, be-
cause of decreased crystal quality, latent/permanent crystal 
deformations, or simply because of technical difficulties 
of performing in situ single-crystal X-ray diffraction (SC-
XRD) analyses. As a consequence, very few evidences on 
the atomic-scale mechanisms driving these transitions are 
available, mainly on non-molecular compounds [e.g., 3].
We have developed a new device and crystal mounting 
methods that make this technique flexible and fully versatile 
for studies under different heating (up to ca. 1100°C) and 
atmospheric conditions, with no limitations to the rotation 
of goniometer circles. Crystal mounting in quartz vials (in 
air; in closed atmosphere of virtually any conditions; under 
vacuum) by making use of quartz wool to avoid mechanical 
stress on crystal surfaces is compatible with this set-up and 
proved particularly efficient in the study of jumping crys-
tals, as quartz fibres are flexible enough to accommodate 
crystal movements at the transition.
We present here the first results on three thermosalient 
crystals, oxitropium bromide (OTB), scopolamine methyl 
bromide (SMB) and hydrated SMB (SMBH). In all cases, 
in situ HT SC-XRD data were collected at regular intervals 
up to above the transition temperature and down to room 
temperature. All samples show negative thermal expansion 
of at least one cell parameter. OTB undergoes a structural 
transition at 330 K with some hysteresis on cooling. Varia-
tion of the unit-cell parameters with T shows a fairly large 
first-order jump. No discontinuities have been observed in 
the unit-cell parameters evolution with T for SMB, whereas 
SMBH clearly shows a sudden jump at ca. 320 K, also in 
this case reversible and with some hysteresis on cooling. 
Preliminary structure refinements indicate a single crys-
tal-to-single crystal transformation due to a dehydration/
re-hydration process rather than a phase transition.
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Since pioneering work of Nobel laureates Furchogtt, Ignar-
ro and Murad concerning nitric oxide (NO) as an important 
biosignaling molecule in the cardiovascular system,  sig-
nificant attention has been paid on the physiological and 
potential therapeutic role of NO and other endogenously 
produced small gas molecules, such as carbon monoxide 
(CO). The easiest administration route for these gas mol-
ecules into the body is the inhalation of their air mixtures. 
However, this strategy lacks of specificity and, in the case 
of CO, the higher affinity of this gas to haemoglobin/myo-
globin compared to oxygen, as well as its poor solubility 
in water, means that high doses of inhaled CO are required 
to obtain a beneficial effect with the concomitant associat-
ed safety risk. In order to overcome these drawbacks, CO/
NO-releasing materials (CORMAs and NORMAs) appear 
as solid CO/NO storage materials able to deliver the corre-
sponding gas in a triggered manner. In this context, one of 
the most versatile strategies to design new CORMAs/NOR-
MAs consists in the use of MOFs as biocompatible vehicles 
of these therapeutic gases.[1]

Taking into account this background, firstly, we have com-
bined an existing CO-releasing molecule with the biocom-
patible MOF [Al(OH)(SDC)]n (H2SDC: 4,4’-stilbenedicar-
boxylic acid) (CYCU-3) to obtain a new CORMA. In this 
work, we have shown the feasibility to control particle size 
and morphology in CYCU-3 by means of the coordina-
tion modulation method. With this aim, we have screened 
different reagent concentrations and modulator/ligand ra-
tios. As a result, CYCU-3 materials with different particle 
features have been isolated including a new crystalline 
phase, for which a structural model based on a squeezed 
and defective structure of pristine CYCU-3 has been pro-
posed. Besides, the air-stable and photoactive CO-releasing 
molecule ALF794 (Mo(CNCMe2CO2H)3(CO)3), which has 
demonstrated efficacy against acute liver injury in animal 
models,  has been selected to be encapsulated in three se-
lected CYCU-3 materials. Then, the influence of structure, 
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crystal size and morphology over the resulting CORMAs 
properties including payload, CO-delivery and matrix sta-
bility have been evaluated.[2] Finally, we have also prepared 
novel NORMAs improving NO adsorption on the MOF 
[Ni8(OH)4(H2O)2(BDP)6] (H2BDP=1,4-bis(pyrazol-4-yl)
benzene-4)  through the sequential introduction of miss-
ing-linker defects and extra-framework Fe2+ cations in this 
robust porous structure. In addition, a cation exchange strat-
egy has been used with the same purpose on the cationic 
biocompatible MOF (NH2(CH3)2)2[Zn8(adeninate)4(BP-
DC)6] (BPDC = 4,4′-biphenyldicarboxylate). The NO re-
leasing ability of these new NORMAs as well as their sta-
bility under physiological conditions have been compared. 
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Metal-organic frameworks (MOFs) are network materials 
comprised of organic ligands connected by metal ion clus-
ters into multidimensional structures that often have per-
manent porosity. Their chemically addressable structures, 
combined with their ability to store large quantities of small 
molecules within their pores, have led to applications in gas 
storage, heterogeneous catalysis, sensing, and drug delivery, 
amongst others. Coordination modulation, the addition of 
monomeric modulators to synthetic mixtures, can tune par-
ticle size from nanometres to centimetres, through capping 
of crystallites (decreasing) or coordinative competition with 
ligands (increasing).
The talk will cover the development of our own modulation 
techniques for high valent MOFs, and the use of modula-
tion to control physical properties such as interpenetration, 
defectivity, and porosity. Our techniques provide access to 
high quality single crystals of many different MOFs, al-
lowing the subsequent characterisation of their mechanical 
properties,[1] single-crystal to single-crystal postsynthetic 
modification,[2] development of fluorescent sensors,[3] and 
sequestration of toxic gases.
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Growing concerns on global warming stimulate research 
to reduce anthropogenic CO2 emission and lower atmo-
spheric greenhouse gases concentration. Till the use of 
greener energy sources will be practicable, CO2 seques-
tration technologies will be the most viable strategy to 
mitigate global warming. Many all-inorganic adsorbents 
have been studied in this respect. Lately, metal-organ-
ic frameworks [1] (MOFs) have emerged as a promis-
ing alternative to inorganic materials in gas adsorption. 
We have recently studied the structural features under-
neath the remarkable CO2 adsorption capacity (40.5 wt 
% at 298 K and 10 bar) of Fe2(BPEB)3 [2] (H2BPEB = 
1,4-bis(1H-pyrazol-4-ylethynyl)benzene), by coupling 
advanced experimental and computational tools [3]. In 
situ and operando high-resolution and high-energy PXRD 
experiments were run at the beamline ID22 of ESRF at 
273 and 298 K, dosing CO2 in the pressure range of 0-20 
bar. Juxtaposing structure determination to total scattering 
analysis enabled us to disclose the CO2 primary adsorption 
sites, and the host-guest and guest-guest interactions at all 
the investigated pressures. Molecular dynamics simulations 
confirmed the experimentally individuated adsorption sites 
and helped in characterizing the energetics of the process. 
Our molecular-level insight into the adsorption of CO2 by 
Fe2(BPEB)3, a rigid host without exposed metal sites or fun-
ctional groups with particular affinity to CO2 on the ligand, 
affords important information on a debated topic, i.e.: the 
chemical and structural properties a host should possess for 
efficient CO2 adsorption under rather mild conditions.
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Since 2003, we have been investigating the use of penta-
phosphaferrocene [CpRFe(η5-P5)] (CpR = η5-C5R5, R = Me, 
CH2Ph, PhC4H9) as a building block in supramolecular 
chemistry. The phosphorus atoms of the planar P5-rings are 
able to coordinate to Cu+ and Ag+ (M+) cations resulting in 
either coordination polymers with Mx(halogen)y fragments 
as nodes or in self-assembled spherical hollow supramol-
ecules of 2.1–4.6 nm in diameter [1-3]. Both coordination 
polymers and supramolecules can serve as matrices or mo-
lecular containers for various small molecules. For exam-
ple, we succeeded in the encapsulation of metallocenes such 
as Cp2Co+ [2] (Fig.1a) as well as of metastable molecules 
such as the tetrahedral molecules white phosphorus, P4, and 
yellow arsenic, As4 [3] (Fig.1b).
A new direction of our research is to connect giant su-
pramolecules by organic linkers to form coordination 
polymers with entire supramolecules as nodes. Thus, the 
coordination of Ag+ cations to the P5-rings results in the 
in situ formation of supramolecules, while the additional 
coordination of Ag+ to N-donor atoms of N≡C(CH2)nC≡N 
(Ln, n=5-10) (Ln) flexible linker, in turn, leads to 1D, 2D 
and 3D coordination polymers in one-pot reactions. De-
pending on the experimental conditions, coordination poly-
mers with mononuclear Ag+ nodes can also be obtained. 
The composition and structure of the supramolecules 
as well as the dimensionality of the polymer can be con-
trolled by changing the reaction stoichiometry or by adding 
guest molecules as P4. Thus, in the presence of P4, two new 
1D-polymers were obtained, (P4)@[(Cp*FeP5)9Ag8(L10)4]
(SbF6)9 (Fig.1c) and [(Cp*FeP5)2Ag2(μ,η2-P4)(SbF6)]SbF6 
(Fig.1d). The former contains polynuclear cationic nodes 
of [Ag9(Cp*FeP5)9]9+ that encapsulates tetrahedral P4 mol-
ecules in the central cavity.
Effective collaboration between chemists and crystal-
lographers allowed developing effective crystallization 
methods, skilled crystal handling and proper single-crys-
tal X-ray data collection techniques to perform structur-
al studies at atomic resolution. As a result, fine details of 
structures containing hundreds of heavy atoms could be 
analysed, shedding light on the nature of host-guest in-
teractions. In addition to the usual methodological prob-
lems as for instance severe crystallographic disorder, the 
structural studies are occasionally encumbered by the 
appearance of modulated or incommensurate structures. 
Financial support from the ERC grant ADG 339072 is 
gratefully acknowledged. Parts of these investigations were 
carried out at PETRA III synchrotron source at DESY, a 
member of the Helmholtz Association (HGF).
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Fig. 1. a) encapsulation of Cp2Co+ in the supramole-
cule; inclusion of E4 (E=As, P) molecule into b) coordi-
nation polymer and c) into [Ag9(Cp*FeP5)9]9+ cage. d) 
[(Cp*FeP5)2Ag2(μ,η2-P4)(SbF6)]SbF6.

References:
[1] Heindl, C. et al (2017) Angew. Chem. Int. Ed. 56, 13237-13243.
[2] Peresypkina, E. et al (2018) Chem.-A Eur. J. 2018, 24, 2503 – 
2508.
[3] Schwarzmaier, C. et al (2013) Angew. Chem. Int. Ed. 52, 10896-
10899.

Keywords: coordination polymer, host-guest compounds, 
pentaphosphaferrocene

MS35-O5
A hierarchical metal-organic framework 
with breathing-dependent redox activity
Guillermo Minguez Espallargas1, Manuel Souto1

1. �Instituto de Ciencia Molecular (ICMol), University of Valencia, 
Valencia, Spain

email: guillermo.minguez@uv.es
Metal-Organic Frameworks (MOFs) combining both 
large pores and high stability have received a lot of at-
tention during the past years due to their high interest 
towards practical applications such as MIL-100 or MIL-
101. Moreover, the preparation of hierarchical MOFs, 
presenting both micro- and mesopores, has also become 
a subject of great interest since micropores contribute to 
the bulk of the surface area whereas mesopores provide a 
better accesability to larger molecules to quickly diffuse, 
becoming very attractive for catalytic applications.[1] 
Herein we report the synthesis, structure determination 
and physical properties of MUV-2 (MUV: Materials of 
University of Valencia), a highly stable tetrathiafulvalene 
(TTF)-based MOF with a non-interpenetrated hierarchical 
crystal structure with mesoporous channels (~33 Å) dis-
posed orthogonal to microporous channels (~10 Å). The 
advantages of MUV-2 respect to widely used MOFs cata-
lyst (MIL-100 and MIL-101) will be clearly demonstrated 
for a reaction of large applied interest (aerobic oxidation of 
benzothiophenes), illustrating the advantages of having a hi-
erarchical MOF with large mesopores and high stability.[2] 
In addition, MUV-2 presents a continuous breathing be-
haviour upon solvent or gas adsorption, cause by the flex-
ibility of the TTF-based ligands that show conformational 
changes, as unequivocally demonstrated by single crystal 
X-ray diffraction. The reversible swelling not only modifies 
the accessible space, but also the oxidation potential of the 
MOF.[3]
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The rich variety of magnetic, optical and radiochemical 
properties of lanthanide(III)-ions (Ln3+) is the reason of 
the large number of applications of Ln(III)-complexes 
in several areas of chemistry, biology, medicine and ma-
terialscience. In vivo applications requires very robust 
Ln(III)-complexes characterized by high thermodynamic 
and kinetic stability in order to limit the competition re-
actions with endogenous species. AAZTA (Scheme 1) is 
a mesocyclic chelating agent. Coordination properties of 
AAZTA towards a wide array of metal ions indicates its 
remarkable affinities for Ln(III)-ions.1 Even if the Ln(III)-
ions are very similar, detailed physico-chemical characteri-
zations reveal that the thermodynamic and the kinetic prop-
erties, the exchange rate and mechanism of the inner sphere 
water molecue/s of [Ln(AAZTA)]- complexes formed 
with smaller and larger Ln(III)-ions differ considerably.1,2 
To explore the origin of the different physico-chemical 
properties of [Ln(AAZTA)]- complexes, the structural prop-
erties of [Nd(AAZTA)]-, [Er(AAZTA]-, [Lu(AAZTA)]- and 
[Sc(AAZTA)]- were determined by single crystal X-ray 
diffraction analysis. Crystals of [Ln(AAZTA)]- complex-
es were obtained from a mixture of water and ethanol in 
the presence of guanidinium, K+ and/or NH4

+ counter ions. 
Crystals of [Nd(AAZTA)]- (Scheme 1) are characterized by 
the presence of dimers. Three carboxylate groups behave 
as monodentate, while the fourth bridges the adjacent cen-
trosymetrically related Nd(III) ion, where one of the two 
oxygen atoms is shared between the two Nd(III)-ions. The 
coordination geometry in [Nd(AAZTA)(H2O)]- is a distort-
ed bicapped square antiprism with the capping positions 
occupied by a N atom and one O atom of the bridging car-
boxylates. One plane of the antiprism is formed by three 
carboxylate O and the water O atoms, and the other by two 
N and two carboxylate O atoms. In the [Lu(AAZTA)]- com-
plex, the Lu(III) ion is directly bound to seven donor atoms 
of the AAZTA ligand, octa-coordination being completed 
by the water O atom in the capping position. The coordina-
tion polyhedron of Lu(III) in [Lu(AAZTA)(H2O)]- can be 
described by an irregular dodecahedron defined by a 1:4:3 
stack of water O atom and of two nearly parallel planes 
formed by four carboxylate O and three N atoms. This coor-
dination geometry (of idealized Cs symmetry) is unusual and 
it was not reported in the thorough stereochemical analysis 
proposed for ideal 8-vertex polyhedra, where 11 different 
cases were considered.3 By taking into account the struc-
tural properties of [Nd(AAZTA)(H2O)]- and [Ln(AAZTA)
(H2O)]-, the different physico-chemical properties might 
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be explained by the different coordination geometry of 
[Ln(AAZTA)]- complexes formed by the smaller and larger 
Ln(III)-ions.
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A mixed-ligand approach in the synthesis of Werner com-
plexes with central nickel metal and thiocyanate anions 
with ligands of different aromatic or hydrogen bonding 
functionalities formed structural intricacy. In the selectivity 
of xylene isomers, differentiation showed that meta xylene 
was favoured over the other isomers, ortho xylene (ox), 
para xylene (px) and ethylbenzene (eb) in the co-ordination 
with the host Ni(NCS)2(isoquinoline)2(4-phenylpyridine)2.1 
The arrangement of the rigid isoquinoline2 and the flexible 
4-phenylpyridine ligands in trans positions gave the host 
flexibility to pack meta xylene more intimately than the 
other isomers. The outcome of the selectivity, mx > eb > 
ox > px, was confirmed by Hirshfeld surface analysis and 
void spacing determinations. The ‘tunability’ of the crys-
tal structures arises from the transformation of the nature 
and size of the inclusion cavities.3 Attractive functionality 
using hydrogen bonding of the ligands was reflected in the 
structure of the complex, Ni(NCS)2(nicotinamide)2(isonic-
otinamide)2. Close packing in the crystal was realised. The 
complex arrangement of the host showed hydrogen bond-
ing in different directions with amide bonding between the 
functional groups of the ligands and sulphur of the neigh-
bouring host anion. The use of nickel as the metal centre 
gives the advantage of geometries not easily accessible in 
organic structures.
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The use of soft metal deposition for lubrication of sliding 
materials operating from room to extreme temperature is a 
field of remarkable interest. Applicative fields are in high 
speed machinery, advanced heat engine and steel or ceramic 
industries. Tribological studies of soft metallic layers have 
been conducted since 1950s and there is a vast literature 
discussing the use of silver as lubricant material [1]. One 
of the main problems when using precursors for in silver 
deposition is the purity of the final layer, since it can be 
contaminated with P, B, C, and other elements [2, 3]. In 
this work, we present a series of silver complexes that are 
able to generate silver layers of high purity. In particular, 
we considered two classes of nitrogen donor ligands, name-
ly bis-pyrazoles and pyridine-pyrazoles, and two different 
counterions, NO3

- and BF4
-, which are able to yield neutral 

and ionic complexes, respectively. The TGA profiles of the 
neutral complexes with the nitrate counter-ion show a sharp 
single decomposition step in the range 210-260 °C. Powder 
X-Ray analysis on TGA residues confirmed the presence of 
pure silver residues. Silver complexes were then deposited 
on the 52100 stainless steel with the spin-coating technique, 
and silver layers were produced upon heating at 300 °C. The 
silver layers were analyzed using powder X-ray diffraction 
(XRD), X-ray photoelectron spectroscopy (XPS) and atom-
ic force microscopy (AFM). The silver deposition on the 
52100 stainless steel after treatment with Military grade 
15W-40 engine oil containing various amounts of silver 
complexes provided fully flooded lubrication between the 
pin and disk. We will discuss the structural properties of 
the complexes that are functional to the silver deposition 
performances.
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Metal complexes of small biomolecules are frequently used 
as bioactive compounds in diverse fields of clinical practic-
es. The structure and physico-chemical properties such as 
solubility and stability of these functional metal complexes 
are usually fine-tuned in order to optimize the bioavailabil-
ity and bioactivity. Single crystal X-ray diffraction (SXRD) 
is one of the most powerful technique for the investigation 
of the structures of these organic compounds and their com-
plexes in solid phase. However, this method has some weak-
nesses in case of biologically relevant compounds. Firstly, 
the preparation of a good quality and suitable size crystal, 
in many cases, requires sophisticated techniques. Second-
ly, a number of complexes with different compositions and 
structures are generally formed in aqueous solution, and 
so the coexistence of various species is rather typical. This 
means that the majority of complexes cannot be obtained 
and studied in crystalline form. Another question is whether 
the structure of the complex obtained as a single crystal is 
identical with the one was observed in the solution. These 
problems warrant the use of another technique in combina-
tion with SXRD in which the equilibrium systems of bio-
logically relevant metal complexes can be investigated in 
solution. In case of paramagnetic metal complexes (such as 
copper(II)) electron paramagnetic resoncance (EPR) spec-
troscopy is an extremely sensitive technique to detect the 
chemical surrounding of the unpaired electron and provides 
unique local structural information. In the present work we 
use pH-dependent EPR spectroscopy in combination with 
SXRD to investigate the complexation properties of a series 
of substituted hydroxypyridinecarboxylic acids (HPCs)1,2 
with copper(II). The solution equilibrium system of their 
copper(II) complexes were investigated by EPR and their 
bis-ligand [CuL2] complexes were crystallized then investi-
gated by SXRD technique resulted in complementary out-
come of the solid and liquid phases.
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Mechanochemistry has surged in popularity, and is now 
commonplace in many chemical and materials sciences 
laboratories. Successful examples of mechanochemical 
techniques being used in multi-component crystallisation, 
chemical and bio-chemical synthesis and in the field of su-
pramolecular chemistry are now widely known. However, 
while many of these examples employ mechanochemical 
techniques, are they truly mechanochemical in nature? This 
talk will explore a variety of examples where mechanical 
energy has been used to induce a chemical or physical 
change in solid-state systems. A variety of effects that result 
from the mechanical treatment of solids will be discussed, 
encompassing both single and multi-phase systems. Par-
ticular emphasis will be placed on distinguishing between 
processes that are directly driven by mechanical energy 
(e.g. mechanically induced chemical reactions), indirectly 
driven by mechanical energy (e.g. driven by a product of 
the mechanical energy), and those that are facilitated by it 
(e.g. those that would proceed in the absence of mechanical 
energy).
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Mechanochemistry is a fast and efficient method applica-
ble for the synthesis of new organic[1], metal-organic[2], and 
inorganic[3] compounds. The direct monitoring of milling 
reactions is still challenging. The underlying reaction mech-
anisms remain often unclear. In the last years, have estab-
lished a tandem in situ approach for investigating mechano-
chemical reactions using time-resolved in situ XRD coupled 
with Raman spectroscopy.[4] Here, we present an in situ 
coupling of synchrotron XRD, Raman spectroscopy, and 
thermography allowing the observation of mechanochem-
ical reactions in real time.[5] Information on the crystalline, 
molecular, and temperature state of the materials during 
grinding could be collected. The chemical composition of 
the reaction mixture was found to be directly correlated with 
changes in the temperature profile of the reaction. Further-
more, the presented setup allows the detection of crystalline, 
amorphous, eutectic as well as liquid intermediates. The 
resulting deeper kinetic and thermodynamic understanding 
of milling processes is the key for future optimization of 
mechanochemical syntheses.
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The use of mechanochemistry continues to grow due to its 
efficiency, selectivity and greener way in obtaining desired 
products. Inability to directly and in real-time monitor reac-
tion progress of milling reactions, without the need to ob-
struct the milling process, was historically considered as a 
main drawback of mechanochemistry. This has been recent-
ly addressed by advanced synchrotron powder X-ray dif-
fraction1 and laboratory Raman spectroscopy2 in situ moni-
toring methods which provided a direct insight into physical 
and chemical changes in reaction mixtures. Utilization of 
mechanochemistry in pharmaceutical industry is driven pri-
marily by increasing need to create more sustainable drug 
manufacturing processes. Here we present mechanistic 
study of mechanochemical cocrystal synthesis of  nicotin-
amide (vitamin B3) and L-ascorbic acid (vitamin C).
Using ethanol and methanol as additives in milling 1:1 re-
action mixture we have obtained two vitamin B3:C cocrys-
tal polymorphs. Kinetically favored polymorph I is known 
from the literature3 and is in fact intermediate in the for-
mation of previously unknown polymorph II which is ther-
modynamically more stable. We have successfully solved 
crystal structure of B3:C cocrystal polymorph II from syn-
chrotron powder X-ray diffraction data.
Both polymorphs remained in their respective solid forms 
even after 6 months of shelf life. Thermodynamic relation-
ship of cocrystal polymorphs was determined by compet-
itive slurry experiment which resulted in pure cocrystal 
polymorph II. Scaling up manufacturing process for both 
cocrystal polymorphs up to 10 grams and 100 grams has 
been achieved using planetary mill and twin screw extruder, 
respectively. Mechanochemically obtained cocrystal poly-
morphs exhibit excellent tableting properties compared to 
their reactants. This is important since L-ascorbic acid is 
famous for having poor compactible properties. Solution 
cocrystalization experiments resulted always in kinetically 
favored polymorph I, whereas the thermodynamically more 
stable polymorph II is available exclusively by mechano-
chemical milling.
Acknowdlegements: Financial support from the Croatian 
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greatly appreciated.

References:
[1] T. Friščić, I. Halasz, P. J. Beldon, A. M. Belenguer, F. Adams, 
S. A. J. Kimber, V. Honkimaki, R. E. Dinnebier, Nature Chemistry 
2013, 5, 66–73.
[2] D. Gracin, V. Štrukil, T. Friščić, I. Halasz, K. Užarević, Angew. 
Chem. Int. Ed. 2014, 53, 6193−6197.
[3] X. Mei et al., Chem. Commun. 2016, 52, 13452-13455.

Keywords: mechanochemistry, pharmaceuticals, in situ



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e135

MS37-O4
Crystal adaptronics: mechanically 
reconfigurable elastic and superelastic 
molecular crystals
Pance Naumov1, Ejaz Ahmed1, Durga Prasad Karothu1

1. �New York University Adbu Dhabi, Abu Dhabi, United Arab 
Emirates

email: pance.naumov@nyu.edu
Mechanically reconfigurable molecular crystals - ordered 
materials that can adapt to variable operating and envi-
ronmental conditions by deformation, whereby they attain 
motility or perform work - are quickly shaping up a new 
research direction in materials science, crystal adaptronics. 
Properties such as elasticity, superelasticity and ferroelas-
ticity that are normally related to inorganic materials, and 
phenomena such as shape-memory and self-healing effects 
which are well established for soft materials, are increas-
ingly reported for molecular crystals, yet their mechanism, 
quantification, and relation to the crystal structure in organ-
ic crystals are not immediately intelligible to the chemistry 
and materials science research communities. This talk will 
provide a condensed topical overview of the elastic, super-
elastic and ferroelastic molecular crystals, emerging new 
classes of materials that bridge the gap between the soft 
matter and inorganic materials. The occurrence and detec-
tion of these unconventional properties, and the underlying 
structural features of the related molecular materials will be 
discussed and highlighted together with selected prominent 
recent examples.
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Mechanochemical strategies were used for solving folic acid 
solubility issues as well as improving gabapentin polymor-
phic stability. Biological active Metal Organic Frameworks 
were synthesized and proved to be promising for drug deliv-
ery as the release is achieved through the degradation of the 
solid. Structures were determined by X-ray powder and sin-
gle crystal diffraction and SSNMR. MD calculations were 
used to ascertain experimental results obtained both when 
controlling the stability of polymorphs as well as attesting 
SS-NMR results.
This results were obtained in our group when developing 
strategies to enhance poor aqueous solubility, low dissolu-
tion rate and low bioavailability, well known problems of 
40% of the approved Active Pharmaceutical Ingredients 
(APIs) in the market.
Similarly, we have been addressing the use of metal organic 
frameworks, based on safe metals and drug based linkers 
to attain controlled delivery. The API is part of the matrix, 
avoiding multistep procedures to prepare the loaded materi-
al, porosity is no longer required.
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The FemtoMAX beamline [1] is driven by the linear ac-
celerator (LINAC) at MAX IV. The design of the LIN-
AC allows for electron bunches shorter than 100 fs in 
duration. We will, describe the FemtoMAX beamline 
and show some of the early commissioning experiments. 
The MAX IV LINAC  is operated at 3 GeV energy and 2 
Hz repetition rate. An upgrade to 100 Hz is mainly limited 
by a lack of a radiation safety permit for higher repetition 
rates. The electron bunches have a duration of 100 fs for 
a bunch charge of 100 pC. The MAX IV LINAC is a sta-
ble electron source, as the pulse charge vary less than 10%, 
and the fluctuations of position and angle of the beam fall 
within 10% of the beam size and divergence. The Femto-
MAX beamline is equipped with a 666 period undulator 
with 10 m active length. When the short electron pulses are 
sent through this insertion device they emit femtosecond 
X-ray pulses with photon energy from 1.8 keV and higher. 
We will describe the X-ray optics including focusing optics, 
monochromator options and X-ray beam position monitors. 
An ultrafast laser system provides femtosecond optical 
pulses for optical pump – X-ray probe experiments. The la-
ser system is located in a laser laboratory directly above the 
beamline. The laser oscillator is synchronized to the 3 GHz 
RF signal originating from the master oscillator. The syn-
chronization between laser and electrons are monitored by 
an optical cross-correlator and a RF filter-based jitter-mon-
itor. The direct timing of the laser relative to X-rays can 
be measured by a UV-sensitive, X-ray streak camera. End 
stations for scattering and spectroscopy are built to be in-
terchangeable, whereas a chamber for atomic and molecular 
physics is placed behind the scattering and spectroscopy 
end-station. We will present the first experiments demon-
strating the beamline capabilities. These experiments in-
clude strain generated in an optoacoustic transducer [2] and 
non-thermal melting.
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An overview will be given on recent developments in 
XFEL- and synchrotron based serial crystallography to-
wards time-resolved structural biology. Methods will be 
presented and discussed, as well as limitations and future 
prospects.
Keywords: Serial Crystallography, Time Resolved 
Crystallography, Structural Biology
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The use of non-ionizing Terahertz (THz) radiation in tech-
nology is a new growing field. New methods utilise THz 
radiation in for instance security screening at airports and 
border controls, and in medical diagnostics [1]. In contrast 
to x-rays, the THz radiation can non-destructively screen 
medical patients. In addition, the radiation generates a 
high contrast in soft tissue due to water absorption, and 
has higher spatial resolution compared to MRI and ultra-
sound [2]. Albeit non-ionizing, research have shown that 
THz radiation might still induce changes biomolecules due 
to collective oscillations [3]. In addition, a report from the 
U.S. National Toxicology Program states that non-ionizing 
radio waves from cell phones might have a cancerous effect. 
Therefore, it is imperative to study this protein-radiation in-
teraction, not only for the sake of potential adverse effects 
biological systems, but also for the new insight this infor-
mation provide to protein - light interactions.
To research the effect of THz interactions, bovine trypsin 
was crystallized, flash-cooled to 100 K, and studied in a 
pump-probe x-ray crystallography experiment. During the 
experiment, the crystals were pumped with 0.5 THz radia-
tion, for 22.5 ms, and simultaneously probed with 14 KeV 
x-rays during 25 ms, with no THz radiation at half of the 
duty cycle. The data (diffraction up to 1.15 Å) show dif-
ferences in the isotropic and anisotropic contribution of the 
atomic displacement parameter (ADP) tensor, for individual 
atoms. The differences are detected during both short term 
timescales (differences between odd and even frames), and 
long term timescales (differences between THz-radiated 
and reference crystals). Additionally, the ADP tensor forms 
functional links to seemingly unrelated parts of the protein. 
In general, these data indicate a structural order which is 
induced by the THz radiation, in contrast to the general dis-
order, expected from an increased thermal energy.
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Time-resolved crystallography has recently seen a resur-
gence with the advent of very bright X-ray sources. Howev-
er, time-resolved studies of enzymatic systems is often hin-
dered by difficulties of acquiring time points which span the 
entire reaction coordinate pathway. Using a model system, 
fluoroacetate dehalogenase, to examine chemically trig-
gered reactions, a proof-of-principle method using a chip 
as a fixed target, as well as a novel “interlacing” approach 
to data acquisition, timepoints ranging from milliseconds to 
several seconds can be acquired. Enabling >100k images 
to be collected within a few hours. Due to most enzymes 
not being susceptible to photoinduction, using caged fluo-
roacetate (2(4-hydroxyphenyl)-2-oxoethyl fluoroacetate), 
reaction initiation was achieved by photolytic cleavage via 
a femtosecond laser pulse of. Data collection was performed 
at both the P11 and P14 beamlines at the PETRA III syn-
chrotron on sub-25-micron crystals. Multiple time points 
were collected spanning a range from milliseconds to sev-
eral seconds producing well-resolved electron density maps 
ranging from 1.75-2 Å in resolution. Preliminary results 
showed significant structural changes in both the active site 
as well as dynamic changes in the cap domain, which sup-
port previously published results obtained by mutant trap-
ping [1]. This newly developed method is highly flexible 
and can be used on numerous different enzymatic systems 
and can be adapted for use at XFELs as well as synchrotrons 
with bright microfocus beamlines.
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The use of nanomaterials have become ubiquitous in sev-
eral technological applications such as heat dissipation in 
semiconductors, thermal therapeutics via intensely heated 
nanofluids, and waste heat energy conversion via thermo-
electric materials. Understanding the energy transport via 
lattice vibrations, under non-equilibrium conditions, play an 
integral role in the further maturing of these technologies. 
Three-dimensional imaging of the dynamical response of 
nanomaterials following ultrafast excitation can reveal en-
ergy transduction mechanisms, their dissipation pathways, 
as well as provide insight into material stability under con-
ditions far from equilibrium.
Such dynamical behavior is extremely challenging to char-
acterize especially at nano- to picosecond timescales. Re-
cent advances in experimental techniques at x-ray synchro-
tron sources have enabled time-dependent measurements 
of three-dimensional strain evolution in nanomaterials. In 
particular, excitation by an ultrafast laser `pump' and Bragg 
Coherent Diffraction Imaging (BCDI) using stroboscopic 
`probes' of X-rays have been used to directly image lattice 
distortions within nanocrystals. Furthermore, with advanc-
es in high-performance computing and the use of machine 
learning approaches in material science, modeling and in-si-
tu data analysis that complement BCDI measurements have 
provided crucial insights for energy research. Here, we pro-
vide a short review of recent progress in the integrated im-
aging (BCDI) and simulation (continuum and/or atomistic) 
approach that has been employed to characterize ultrafast 
lattice distortions on a wide class of material systems.
First, we discuss the laser pump excitation of zinc oxide 
nanocrystals to directly image the propagation of acoustic 
phonons at nanosecond timescales. By directly importing 
the experimentally reconstructed nanocrystal structure into 
a continuum deformation model, we identify the character-
istic resonant modes excited by the laser pulse and char-
acterize the electric potential gradients induced across the 
piezoelectric nanocrystal. Second, we characterize the 
deformation modes of core/shell semiconductor/metal na-
norods following pulse-laser excitation of the metallic shell. 
An experimentally informed thermo-electromechanical 
continuum model elucidates the origin of the deformation 
modes observed experimentally. Third, we demonstrate 
inhomogeneous effects in lattice breathing at picosecond 
timescales, following femtosecond-pulse laser heating of 
bimetal core-shell nanocrystals, using multi-million-atom 
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molecular dynamics simulations that directly complement 
BCDI images.
Overall, we show how a coupled imaging and simulation 
approach enables visualizing the dynamical response of ma-
terial heterointerfaces, with implications for the design of 
tailored functional devices.
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Cryo soft X-ray tomography of whole cells in the water 
window energy range can provide relevant structural infor-
mation of complex cellular phenomena with chemical sensi-
tivity at spatial resolutions of 30 nm. Functional studies are 
achieved by correlating this information with visible light 
fluorescence on the same cell, but also by combining elec-
tron microscopy or even cryo X-ray fluorescence. Examples 
of correlative studies will be presented. First, we will focus 
on the structural changes in Hepatitis C infected cells [1]; 
second, on cholesterol crystal early formation in cells com-
bining STORM [2] and finally on the heme detoxification 
process in the malaria parasite [3].
Keywords: X-ray imaging, correlative microscopy, cryo
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It is known that core-shell-shell semiconductor nanowires 
(NW) grow pseudomorph along the growth direction, i.e. 
the axial lattice parameters of core and shell materials are the 
same. Therefore, both structural composition and interface 
strain of the NW are encoded along directions perpendicular 
to the growth axis. In this work, we determine the complete 
structure of single GaAs/(In,Ga)As/GaAs core-shell-shell 
NW heterostructres with core diameter of 50 nm and (In,Ga)
As shell thickness of 20 nm with nominal indium concentra-
tion of 15% capped by 30 nm GaAs outer shell MBE grown 
on prepatterned silicon (111) substrates by means of x-ray na-
no-diffraction using synchrotron radiation. In order to access 
single NWs by x-ray nano beam being incident parallel to 
the surface of the substrate, a single row of holes with seper-
ation of 10 µm was defined by electron beam lithography to 
act as nucleation centers for  MBE NW growth. These well 
separated NWs were probed sequencially by X-ray nano dif-
fraction recording 3D reciprocal space maps (RSM) of Bragg 
reflections with scattering vectors parallel (out-of-plane) and 
perpendicular (in-plane) to the NW growth axis. From the 
out-of-plane (111) Bragg reflection, we derived deviations 
from the hexagonal symmetry and diameters of the probed 
NWs grown under the same conditions. The radial NW com-
position and interface strain became accessible measuring the 
2D scattering intensity distributions of the in-plane (2-20) 
and (22-4) reflections exhibiting well pronounced thickness 
oscillations perpendicular to the NW side planes (truncation 
rods - TR). Quantitative values of thickness, composition and 
strain acting at the (In,Ga)As and GaAs shells were obtained 
via finite element modelling (FEM) of the core-shell-shell 
NW and subsequent Fourier transformation simulating the 
TRs measured along the three different directions of the hex-
agonally shaped NWs simultaneously. Considering the ex-
perimental constraints of the current experiment, thicknesses 
and In content have been evaluated with uncertainty of ± 2 
nm and ± 0.01%, respectively. Comparing data taken from 
different single NWs, the shells thicknesses differ between 
one and the other.
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As a new view point of structural physics, understanding 
of three-dimensional (3D) local atomic structures, such as 
slight changes of atomic structures around dopants in func-
tional materials, or local lattice distortions in mixed crys-
tals, must generate breakthroughs in novel materials science 
Atomic resolution holography (ARH) is a quite unique and 
indispensable probe for local atomic structure investiga-
tions, because it has following important advantages: (a) 
3D local structures without translation symmetry can be 
directly observed without models (b) Observable range is 
~20 Å, which is much longer than lattice constants of most 
inorganic materials. (c) The central atom can be selected In 
particular, neutron ARH is the best probe to visualise local 
structures of materials which include light elements, such 
as H, B, or O.  
Neutron holography was firstly proposed by Cser et 
al.[1], and was demonstrated using a single crystal of Al-
4Ta3O13(OH) by Sur et al. in a reactor facility in 2001[2].  
The authors also succeeded in neutron holography in a reac-
tor facility in Japan in 2008.  However, in reactor facilities, 
holograms with only one wavelength could be obtained; 
accuracy of obtained atomic images by such single-wave-
length ARH measurements is insufficient because of many 
ghost images or artifacts.  To avoid these, multi-wavelength 
ARH, which uses many holograms with different wave-
lengths, is quite effective for reconstructions of accurate 
atomic images.   Thus, the authors have developed white 
neutron ARH in the pulsed neutron facility, Japan Proton 
Accelerator Research Complex (J-PARC) at Tokai, Japan 
because one can obtain over 100 holograms with different 
wavelengths by time-of-flight method, and succeeded in vi-
sualising local atomic structures around Eu in 1 % Eu doped 
CaF2, which is a typical scintillation crystal, and have found 
that local distortion of Ca and excess F around Eu[3].   
By the development of the white neutron ARH, the authors 
have also succeeded in visualising clear images of local 
atomic structures around dopants in many materials, such 
as B doped Si, Sm doped RB6 (R=Yb, La) already.  These 
recent results indicate that white neutron ARH will be an 
indispensable probe for structural circumstances of various 
materials with light elements, for instance, hydrides or B 
doped functional materials.  In our presentation, recent re-
sults of white neutron ARH will be reported as well as its 
brief principle and advantages.
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In the present contribution, we will show results and fur-
ther progress in analysis of pair distribution function (PDF) 
studies on amorphous materials containing crystalline do-
mains. The materials are of stoichiometry (SiO2)x(TiO2)y. - 
The synthesizers’ ([1]) aim was to prepare a material that 
is similar to the zeolithe TS-1 (titanium silicalite), which 
exhibits catalytic properties (eg phenol hydroxylation) but 
is amorphous and thus mechanical more stable. - The focus 
of this work is not on catalytical activity but on structural 
features.
A big research question concerns the coordination number 
of the Ti-atoms with respect to oxygen. Extensive studies 
(Rietveld analyses and neutron scattering using isotope sub-
stitution) have been done on TS-1 (see [2]). Literature states 
that 4-fold coordination is necessary for the material to ex-
hibit catalytic properties and that incorporation of Ti-atoms 
into the bulk-SiO2, thereby substituting Si, happens only at 
low Ti-contents ([3]). The origin of catalytic properties of 
TS-1 is still an open topic and no consesus has been reached 
in literature.
The experimental PDF could be modelled with a contribu-
tion by amorphous SiO2 and small spherically shaped crys-
talline TiO2-particles in the Rutile modification, i.e. Ti in 
six-fold coordination. A model based on a pure glass phase 
with Si partially substituted by Ti in four fold coodinatikon 
did not result in as good an agreement. The features in the 
difference PDF indicate interaction between the particles 
and the surrounding matrix. TEM and SAXS measurements 
indicate a structure of elongated pores, but due to electro-
static charging in the TEM no magnification sufficient for 
the detection of the small TiO2 particles could be achieved.
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The RA-10 is a 30 MW multi-purpose reactor under con-
struction in Buenos Aires, designed to satisfy national and 
regional demand for radioisotopes, nuclear materials testing 
and neutron beams research. The reactor will start opera-
tions on 2021, it will have a liquid deuterium cold source 
and a large guide hall for instruments.
Since 2016 the National Atomic Energy Commission has 
started a project called ”The Argentinean neutron beams 
laboratory for the RA-10 reactor” (LAHN); aimed at im-
plementing state-of-the-art instruments, developing a user 
community and the laboratory staff. Two instruments are 
being designed for the first stage of this laboratory:
(i) a neutron imaging instrument on a cold beam; and (ii) a 
multi-purpose diffractometer on a thermal beam, optimized 
for non-destructive studies on large objects. 
Both instruments will be placed on the reactor face, in or-
der to exploit very intense, undisturbed, neutron beams. 
Besides this, an ambitious program has started to popular-
ize neutron techniques in Argentina and create new users. A 
second phase for the project has been launched, taking into 
consideration the demands of the local and regional scientif-
ic community. Several instruments are being evaluated for 
this second phase in view of the proposals we have received 
from laboratories in Europe.
In this talk, the present state of the project will described, 
providing details of the instruments design and the strate-
gies implemented to develop  the Argentinean users com-
munity.
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Polymorphism is a typical feature of molecular crystals. 
Since polymorphic modifications exhibit different physical 
properties, polymorph screening has become an important 
part of drug formulation process and is required for other 
applications of molecular crystals. Despite being not as uni-
versal as solution screening, melt crystallization typically 
combines high driving forces for crystallization with low 
nucleation and growth rates and can provide polymorphs not 
accessible in a standard solution screening. The screening 
process itself is simple, fast, and cheap, while determination 
of the crystal structures is often complicated by the absence 
of crystals suitable for the single crystal X-ray diffraction 
analysis. Nevertheless, advances in powder X-ray diffrac-
tion and crystal structure prediction algorithms, today, can 
fill the breach in order to extract structure from polycrystal-
line samples. Various organic compounds were crystallized 
from the melt and observed with a polarized light optical 
microscope. Polymorphs distinguished optically were fur-
ther analyzed using Raman spectroscopy and X-ray pow-
der diffraction. The crystal structures were typically solved 
using a combination of X-ray powder diffraction, crystal 
structure prediction, and Rietveld refinement. We illustrate 
this approach by discovering and characterizing new poly-
morphs of several common and well-studied compounds 
including resorcinol, coumarin, aspirin, and benzamide.
This work was primarily supported by the New York Uni-
versity Materials Research Science and Engineering Center 
(MRSEC) program of the National Science Foundation un-
der award number DMR-1420073.
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Both small and macromolecular crystals can be beautiful 
objects that are a joy to behold, both in real and reciprocal 
space. However, sometimes they can look optically perfect 
but give very disappointing (or no) diffraction or vice versa, 
and their behaviour in this regard is somewhat unpredictable 
[1].  Nonetheless, given a good, bad or ugly crystal, we can 
optimise the outcome of diffraction experiments by thinking 
about the conditions to which we subject the sample from 
the point of view of the crystal.  This talk will expand upon 
the above theme, and use a cacophony of examples collect-
ed over 30 years of working in crystallography, ending with 
a particularly tricky one to illustrate the challenges that are 
sometimes faced in macromolecular structure determination 
by crystallography [2].
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Charged organic cations are an important part of chemical 
and especially pharmaceutical industry. Over 38% of all 
solid active pharmaceutical ingredients (APIs) are used in 
form of the cation with some suitable anion. Nowadays, 
there is a trend to use counterions other than the very pop-
ular chloride. [1] Different salts of the same API provide 
different physicochemical properties as solubility depend-
ing on pH, stability, hygroscopicity and so on. Traditional 
salt screenings are time, material and labor work consum-
ing. We present a new modification of the small-scale vapor 
diffusion crystallization technique of macromolecules with 
the purpose of anion screening for an organic cation. The 
basic ideas of our screening are an ion exchange and crys-
tallization using vapor diffusion. This crystallization leads 
in most cases to high-quality single crystals measurable on 
an in-house X-ray diffractometer. The screening itself was 
performed with 7 structurally significantly different com-
pounds, whose aqueous solubilities vary by a factor of al-
most 1000. The screening was highly effective.  At least one 
new salt was found for 6 out of 7 compounds. To summa-
rize the screening, 18 new salts were found and structurally 
described. We are able to prepare about 550 crystallization 
experiments per hour. And the screening of 96 conditions 
consumes only between 26 μg - 22 mg of a substance de-
pending on their solubility. [2]
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With 90% of the structures present in Protein Data Bank, 
crystallography is one of the methods of choice for obtain-
ing structural information on proteins. However, the method 
still suffers from the two inherent locks: obtaining single 
crystals and solving the phase problem. The crystallization 
of proteins thus remains the major lock and we consider that 
approximately one purified protein out of three will lead to 
exploitable crystals and this, in spite of the exploration of 
hundreds of physico-chemical conditions allowed by the 
crystallization robots and the development of numerous 
crystallization kits. Another approach is the use of nucle-
ating agents (heterogeneous nucleation) to lower the energy 
required to form the crystalline germ such as Molecular Im-
printed Polymers (Saridakis & Chayen, 2013).
We recently proposed a new molecule, called Crystallo-
phore (Xo4), which acts as a nucleating agent (Engilberge 
et al., 2017). Xo4 is a lanthanide complex formed from a 
molecular cage chelating a lanthanide atom. We will present 
the results obtained on about fifteen proteins which show 
that Xo4 induces unique crystallization conditions (Figure 
1a) and promotes new crystal packing thanks to supramo-
lecular interactions.
The lanthanide atom present in Xo4 also makes it possible 
to obtain an important anomalous signal that greatly facili-
tates the phase determination process, as illustrated by var-
ious examples (Engilberge et al., 2017; Vögeli et al., 2018) 
(Figure 1b).
The versatility of the interactions between Xo4 and the sur-
face of proteins explains its exceptional properties making 
this molecule a unique tool for simultaneously solving the 
two major locks of biocrystallography.
Figure 1: a) Examples of crystallization drops obtained 
without (top) and with Xo4 (bottom) for three different 
proteins. b) Structure of the complex thiolase/HMGCS/
DUF35 involved in the synthesis of mevalonate (Vögeli et 
al., 2018).
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A rational way to find the proper conditions to grow 
crystal samples for Bio-Crystallography is to deter-
mine the crystallization phase diagram, which allows 
a punctual control of the parameters affecting the crys-
tal growth process. In particular, the aim is to induce 
the nucleation at supersaturated conditions close to the 
solubility boundary between labile and metastable re-
gions, by modulation of specific physical parameters. 
The detailed knowledge of the phase diagram is at the basis 
of the devices we have developed especially with the focus 
on Neutron Macromolecular Crystallography. The 1st gen-
eration instrument combines the use of temperature control 
and seeding and allows for grow of large crystals in crys-
tallization batch. A crystallization batch in the metastable 
zone is seeded with small protein crystals. The seeds are 
maintained inside this region of the phase diagram for as 
long as possible by doing a temperature step each time the 
crystal solution equilibrium is achieved. The temperature 
steps are repeated until crystals of suitable size for diffrac-
tion measurement are obtained. The 2nd generation instru-
ment adds new functionality to the first instrument thanks to 
a fluidic cell enabling to perform a temperature controlled 
dialysis crystallization experiment. The new crystal growth 
apparatus combines accurate temperature control with con-
trol of the chemical composition of the crystallization solu-
tion and therefore it allows very sophisticated experiments 
to be performed. Systematic phase diagrams in multi-di-
mensional space can be investigated using far less protein 
material than previously. We have demonstrated that it can 
be beneficial to provide sufficient scattering volumes for 
neutron studies that require large-volume well-ordered sin-
gle crystals. Based on this macro-scale instrument we have 
also conceived a miniaturizing apparatus that allows precise 
control of the experiment parameters using microfluidics. 
The functional microfluidic chips integrating microdi-
alysis with the volume less than 1 µL have been already 
successfully tested with model proteins. The microchips 
have multiple designs in order to achieve single or multi-
ple crystallization experiments at the same time. They are 
transparent to X-ray radiation and allow performing in situ 
X-ray crystallography experiments at room temperature. 
The automated microfluidic pipeline we are setting up is 
expected to be useful in monitoring and controlling the 
crystallization processes of challenging biological macro-
molecules, such as membrane proteins. Preliminary exper-
iments also show potential benefit for synchrotron serial 
crystallography that require uniformly-sized populations of 
microcrystals (10-20 µm), optimal for time-resolved serial 
crystallographic experiments.
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Crystallographic software is nowadays distributed and 
used worldwide. The incursion of commercial programs 
in the arena of crystallographic computing has had as a 
consequence that the number of crystallographers able to 
contribute to the development of new tools and algorithms 
for handling new problems seems to be diminishing. There 
are still many specialized areas, where crystallographic 
software development is still worthwhile, in which com-
mercial companies are not too much interested due to the 
lack of a profitable market. New developers should be 
attracted to the field of open crystallographic computing 
and they should be aware of open-source existing crys-
tallographic libraries in order to not reinvent the wheel. 
The availability of new high level languages, like Py-
thon, has facilitated a lot the possibility of making 
graphic user interfaces (GUI) and write quite compact 
useful programs. We do not have to forget that, if we 
want to enter into de core of the crystallographic and 
mathematical algorithms as well as the development 
of relatively large projects, the use of statically high-
ly-typed compiled languages (like Fortran 95/2003/2008 
or C/C++) is much more efficient in the long term [1]. 
After presenting existing open libraries, my views on 
scientific software development and how to proceed in 
crystallographic computing, in this communication I will 
review, as a detailed example, the current status of the li-
brary CrysFML [2] which is the base for many crystallo-
graphic programs of the FullProf Suite [3]. CrysFML is 
a library written in Fortran 95 containing modules with 
plenty of procedures for elaborating crystallographic pro-
grams. A series of high level procedures are available so 
that the programming of relatively complex problems can 
be done easily. Some examples will be described. The li-
brary is open source (LGPL licence) and it is at the web-site: 
https://forge.epn-campus.eu/projects/crysfml/repository. 
As projected plans for future improvements we intend to 
develop a wrapper of the library to make the high level pro-
cedures available to the C-language (and hence to Python). 
A future version, in Fortran 2008/2018, fully exploiting the 
object oriented paradigm is currently being developed.
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CrystFEL [1,2] is a free and open-source suite of pro-
grams for processing data from "serial crystallography" 
experiments, starting from detector frames and ending with 
merged intensities ready to be imported into other packages 
such as CCP4 and PHENIX.  As of June 2018, it has been 
in development for 8½ years and publicly available for just 
over 6 years.   About 100 journal articles involved its use 
and 25 people from 8 different institutions have contributed 
code, with many more people contributing useful ideas and 
feedback.
This talk will describe our experiences developing Crys-
tFEL and making it available to crystallographers around 
the world.  How can the complexities of scientific data pro-
cessing and high-performance computing environments be 
managed for the best overall results?  What is the best way 
to get new users started, or to make changes to the software 
without tripping up the more experienced?  And how can we 
encourage users who have programming skills to become 
contributors?
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A comprehensive Mathematica® [1] package for crystallo-
graphic computations has been developed.
Complete representations of space groups (point groups) 
and cell transformations based on International Tables for 
Crystallography, volume A [2] together with scattering fac-
tors from International Tables for Crystallography, volume 
C [2] and cross sections from xraylib [3] are built into the 
package.
Featured functionalities include calculation of structure 
factors, linear absorption coefficients and various crystallo-
graphic transformations.
The crystal data used by the package is normally generated 
from external *.cif files.
The package comes with a dynamic documentation seam-
lessly integrated with the Mathematica system, including 
code, examples and options.
From the onset, minimal Mathematica experience is needed 
to make use of the package.
It may be a helpful supplement in research and teaching 
where crystallography and X-ray diffraction is essential.
Although Mathematica is a proprietary software, all the 
code of the package is open source.
It may easily be extended to cover user-specific applica-
tions.
A comprehensive Mathematica® [1] package for crystallo-
graphic computations has been developed.
Complete representations of space groups (point groups) 
and cell transformations based on International Tables for 
Crystallography, volume A [2] together with scattering fac-
tors from International Tables for Crystallography, volume 
C [2] and cross sections from xraylib [3] are built into the 
package.
Featured functionalities include calculation of structure 
factors, linear absorption coefficients and various crystallo-
graphic transformations.
The crystal data used by the package is normally generated 
from external *.cif files.
The package comes with a dynamic documentation seam-
lessly integrated with the Mathematica system, including 
code, examples and options.
From the onset, minimal Mathematica experience is needed 
to make use of the package.
It may be a helpful supplement in research and teaching 
where crystallography and X-ray diffraction is essential.
Although Mathematica is a proprietary software, all the 
code of the package is open source.
It may easily be extended to cover user-specific applica-
tions.
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The DIALS User Interface (DUI) is a graphical user in-
terface that is designed to make data processing with DI-
ALS[1] more user-friendly and efficient. A key feature is 
a full history tree that keeps track of all steps of process-
ing. Every position in the tree represents the execution of 
a DIALS command line with full record of the user-sup-
plied parameters, and the results, which can be inspected 
with several visualisation tools. At any step, the user can 
either fork, proceed to the next command or navigate to an-
other step without loss of information. This ability to keep 
track of different branches of data processing gives the user 
freedom to explore different hypotheses, such as the space 
group of the crystal.
The output and visualization tools in DUI are convenient-
ly arranged in tabs that update their content when the user 
navigates the tree, allowing rapid comparisons to aid deci-
sion-making. Each tab provides a different view on the state 
at that position of the tree, from detailed log file output of 
the DIALS program and graphical reports to an interactive 
image viewer and a 3D reciprocal lattice viewer.
The image viewer has been redesigned for DUI to provide 
responsiveness alongside various image overlays that give 
information about the spots and experimental models. The 
reciprocal lattice viewer complements this by providing a 
view of reflection positions in reciprocal space. Together 
these tools provide a powerful means for identifying prob-
lematic cases that may not be so readily apparent from the 
graphs and statistics in the report and log files.
DUI is intended to be intuitive and immediately useful 
across a wide range of user expertise. Beginners learning 
about the integration process with DIALS will benefit from 
the ease-of-use of the GUI and the visualisation tools. Ex-
perts retain full control of the underlying DIALS programs 
and can use the history tree to test different ideas quickly.
In this presentation these features of DUI will be demon-
strated with a rotation dataset from a macromolecular crys-
tal. DUI is distributed to users as part of CCP4 7.0[2].
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At the IUCr General Assembly and Congress in Geneva in 
2002, several people were appointed to the IUCr's Com-
mission on Crystallographic Computing ("CompComm"); 
a major part of their remit was "to do something rather than 
nothing". 
It was recognised by CompComm at the time that there was 
no formal provision to apply the science of Crystallography 
to new software, particularly in small molecule and powder 
methods; all freely available software was developed either 
in existing groups or by people working independently who 
began with knowledge of either crystallography or pro-
gramming (but rarely both).
The major result from the work of CompComm's new 
blood in Geneva was the Siena Crystallographic Computing 
School which was held before IUCr XX in 2005. Devel-
opers of major crystallographic software packages across 
the science (powder, small molecule and macromolecular) 
gathered together to interact with and pass on their knowl-
edge to the next generation [1]. Since then, with the excep-
tion of 2014, CompComm has run these events before every 
IUCr General Assembly and Congress; the next is planned 
to take place in the Czech Republic in 2020.
In 2013, SIG9 of the European Crystallographic Associa-
tion (ECACOMSIG, the Special Interest Group in Crystal-
lographic Computing) held a similar event before ECM28 
in Warwick [2]; part of the rationale was to "fill in the two 
years when no IUCr CompComm event took place". This 
has now been repeated in every non-IUCr year since then, 
and the fourth took place in Mieres, south of Oviedo this 
week.
I will discuss how the Schools are organised, how we fund 
them and how we try to make sure that they are relevant to 
as many students as possible.
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Electron density from electron microscopy reconstructions 
has been used for molecular replacement phasing of x-ray 
crystal structures since the pioneering work on icosohedral 
viruses [1]. Both negative stain and cryo-EM images have 
been used. The method is useful when the EM reconstruc-
tions are lower resolution that the X-ray data, so that phase 
extension is required after molecular replacement. The re-
fined, higher resolution structure may then be docked back 
into the electron microscopy reconstruction, where it may 
form part of a larger macromolecular complex. The methods 
for using electron microscopy reconstructions for models 
for molecular replacement have much in common with the 
so-called cross-crystal averaging methods standard to X-ray 
crystallography. However, there are some issues particular 
to their use, chief amongst which is accommodating scale 
factor errors in the reconstruction. Marked differences in the 
low resolution Fourier terms, and the presence of high in-
ternal model symmetry can also present challenges for mo-
lecular replacement. Recent optimizations of the Phaser [2] 
algorithms to improve molecular replacement with electron 
microscopy reconstructions will be discussed.
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Single particle cryo-EM has recently gained a lot of at-
tention because numerous structures of large biological 
macromolecular complexes have been determined at high 
resolution. The number of map depositions in the EMDB 
database is constantly increasing and structures of complex-
es are being published that represented evasive targets for 
X-ray crystallography for a long time. It is therefore timely 
to ask what are the differences in maps obtained by cryo-
EM and X-ray crystallography? Are the quality standards 
the same for both methods? What are the requirements on 
the sample for successful structure determination either by 
X-ray or cryo-EM?  Which technique works best for a giv-
en complex and how does the information content differ? 
These questions will be addressed in the presentation based 
on our studies of large macromolecular complexes like the 
proteasome, ribosome and spliceosome.
Keywords: cryo-EM, macromolecular complexes
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Model refinement is a key step in crystallographic structure 
solution, allowing an atomic model to be optimised to best 
explain the crystallographic observations and reconstruct the 
missing phases. The scattering density is usually described 
in terms of atomic parameters, however in macromolecular 
crystallography the resolution of the data is often insufficient 
to determine the values of those parameters for individual at-
oms. Stereochemical and geometric restraints are used to pro-
vide additional information, but produce interrelationships 
between parameters which slow convergence.
These problems arise because atoms are small and their 
scattering density hard to see at low resolution. One solution 
with a historical precent in existing methods is to uncouple 
the model from the atoms by attaching the model param-
eters to regions of the electron density map rather than to 
atoms. These parameters can move the density or change 
the local temperature factor to better explain the structure 
factors. The parameters may be optimized at higher or low-
er resolutions by simply varying the volume of the region 
used to determine the parameter shifts, creating a smooth 
distortion of the model which partially mitigates the need 
for stereochemical restraints. The resulting method has a 
wide range of convergence and can be applied at low reso-
lution, which also makes the calculation many times faster 
than comparable methods. Potential applications include 
massive screening of molecular replacement models, initial 
refinement of models with domain motions, and potentially 
the use of electron density from other sources such as cryo 
electron microscopy (cryoEM) as a refinement model.
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Recent developments in instrumentation and data process-
ing techniques enabled determination of cryo-electron mi-
croscopy (cryo-EM) maps at resolutions previously attain-
able exclusively by macromolecular crystallography (MX). 
Indeed, the number of cryo-EM reconstructions at a reso-
lution better than 4.0 Å deposited in Electron Microscopy 
Databank, which in principle allows for automated de novo 
model building, is growing fast.  
The ARP/wARP software has, for over twenty years, pro-
vided continuously advancing tools for MX structure deter-
mination [1]. Here we present recent developments of ARP/
wARP that enable building atomic models of proteins and 
protein-nucleic acid complexes into cryo-EM maps at a res-
olution better than 4.0 Å. An automated input map pre-pro-
cessing has been introduced to assure desired level of map 
sharpening. The main-chain tracing routines for proteins 
and nucleic acids have been advanced to yield more reliable 
models with improved local stereochemistry [2] and their 
applicability has been specifically extended to the cryo-EM 
maps. A new protein sequence-docking algorithm has been 
developed building up on the fragmentation tree concept [3] 
and on graph theory approaches. While having been specif-
ically developed for cryo-EM, the new sequence docking 
also provides improved performance for low-resolution 
MX cases. Finally, the implementation of a new method for 
building poorly defined loops in cryo-EM maps has helped 
reduce the fragmentation of the built model.
Initial tests on deposited cryo-EM maps have been particu-
larly encouraging, and the obtained results will be presented 
and discussed.
The module for the interpretation of EM maps has been 
made available with the most recent ARP/wARP 8.0 release 
and access to remote computation is provided with the rede-
signed web server at https://arpwarp.embl-hamburg.de
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Improvements in detector technology and image process-
ing algorithms have rendered single-particle cryo-EM ca-
pable of routinely delivering structures of macromolecular 
assemblies at near-atomic resolution, permitting building 
and refining of atomic models. Yet, the interpretation of 
cryo-EM density maps with atomic models often remains 
challenging due to specific properties such as inherent con-
trast loss and spatial variation in map resolution. Variations 
in map resolution, if combined with global contrast resto-
ration procedures, may result in density maps with locally 
inappropriate sharpening levels that are prone to hamper or 
even misguide misguide atomic model building. We have 
recently suggested a reference-based sharpening proce-
dure to restore local structural features in cryo-EM density 
maps more faithfully [1]. We here present this procedure 
and explore the conditions for which local sharpening pro-
vides benefits over global contrast restoration procedures. 
Based on a systematic analysis of local vs. global sharpen-
ing procedures using publicly available datasets from the 
EMDB we identify boundary conditions for which local 
reference-based contrast restoration can be effective tool for 
map sharpening. We will illustrate pitfalls in atomic mod-
el building resulting from map sharpening artifacts and we 
outline practical issues affecting optimal sharpening results. 
The presented procedures should help overcome common 
difficulties in map interpretation using high-resolution cryo-
EM density maps.
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We consider two metal−organic frameworks as identical 
if they share the same bond network respecting the atom 
types. An algorithm is presented that decides whether two 
metal−organic frameworks are the same. It is based on dis-
tinguishing structures by comparing a set of descriptors that 
is obtained from the bond network. We demonstrate our al-
gorithm by analyzing the CoRe MOF database of DFT op-
timized structures with DDEC partial atomic charges using 
the program package ToposPro.
References:
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MOFs are inorganic–organic composite materials built by 
combining individually stable building blocks. Dozens of 
inorganic connectors may be linked via a nearly infinite 
variety of organic molecules in hundreds of topologies, 
resulting in a plethora of possible structures. The accurate 
and low-cost prediction of these structures is important for 
guiding synthetic efforts toward applications.
To meet this need of providing high quality structures of 
arbitrary frameworks, we developed AuToGraFS: the Auto-
matic Topological Generator for Framework Structures [1]. 
AuToGraFS is open-source software, which employs a da-
tabase of SBUs to create framework structure models using 
topologies sourced from the Reticular Chemistry Structure 
Resource (RCSR).
An integral part of AuToGraFS is a MOF-specific extension 
to Rappé's Universal Force Field, UFF4MOF [2]. The UFF-
4MOF extension to UFF contains parameters for all transi-
tion metal environments found in the Computation-Ready 
Experimental (CoRE) Database and specific parameters 
for paddlewheels, Zn4O and M3O building blocks. Hydro-
gen-bonded frameworks are also possible [3]. With these 
two tools, we produce highly accurate structures with less 
than 2% error on cell parameters, even on cells as large as 
20,000 atoms.
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We present a unified topological model for analysis of con-
nectivity in crystal structures. In this model, we represent 
crystal structure as a periodic simple graph (net), whose verti-
ces and edges have particular weights. The resulting weighted 
net combines connectivity of chemical species with their de-
scriptors. This approach provides heuristic analysis of crystal 
structures, modeling crystal growth and physical properties 
of substances (e.g. ionic conductivity), and finding structural 
relations at different levels of crystal organization.
The descriptors characterize the overall net (e.g. topological 
type), structural groups (e.g. coordination symbol), interatomic 
contacts (e.g. length), and voids (e.g. radii). We also propose 
two groups of new descriptors for interatomic contacts and 
voids. The former group includes bond pathways and param-
eters of electron density at the bond critical point: the electron 
density ρ(rcp), Δρ(rcp), density of potential and kinetic energy. 
The latter group contains area and volume of van der Waals 
spheres of atoms and channel systems (ChS), periodicity of 
ChS, hkl of ChS, porosity, radius of included and free spheres.
The following new algorithms are developed to use the de-
scriptors within the model:
1) scanning of Voronoi net (a net of vertices and edges of 
Voronoi polyhedra) for analysis of the channels and cavities 
in a crystal structure;
2) approximation of the elementary void by Voronoi polyhe-
dron whose faces are shifted to the van-der-Waals surface;
3) searching for the accessible channels system;
4) splitting the structure net to subgraphs (ligands, clusters, 
homoleptic groups) and their topological analysis.
All the algorithms are implemented in the ToposPro pack-
age (http://topospro.com/). 
Using the algorithms two new topological databases were 
created to be used in the screening and design of MOF 
structures:  the database of structural building units (more 
than 5000 entries) implemented in the TORIS client (http://
topospro.com/software/toris/) and the database of cavities 
and channels in more than 14000 MOFs.
New algorithms and descriptors were successfully used for 
assessment of mechanical stability and adsorption proper-
ties of some breathing and rigid MOFs, checking for iso-
morphism of 502 MOF structures from the CoRe MOF da-
tabase [1], and searching for structural relations of 11 new 
coordination polymers [2,3]. We discuss the applicability 
of the topological model for the development of crystallo-
graphic knowledge databases.
The authors thank the Russian Science Foundation (Grant No. 
16-13-10158), the Ministry of Education and Science of the Rus-
sian Federation (Grant No. 1.6101.2017/9.10), and the Russian 
Foundation for Basic Research (Grant No. 17-57-10001).
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In coordination chemistry the concept of formal oxidation 
states is essential to the understanding of metal centre ge-
ometries and in the interpretation of corresponding chemi-
cal and physical characteristics. The Cambridge Structural 
Database (CSD) currently contains over 400,000 transition 
metal-containing entries,1 however only about half contain 
a specified oxidation state. Surveying and editing the re-
maining entries is far too resource and time intensive to be 
carried out manually. A system in which entries missing this 
information can be quickly analysed and rectified is particu-
larly desirable. Procedures have already been explored that 
could potentially semi-automate oxidation state validation 
by using the Bond Valence Sum (BVS) Method.2 This meth-
od proposes that the valence of an atom can be determined 
using only knowledge of its bond lengths, atomic neigh-
bours, and some predetermined constants.3

Here we present the implementation of BVS to the CSD 
through CSD python API scripts, discussing the strengths 
and limitations of the method. Testing of the BVS meth-
od against entries containing named oxidation states has 
already proved applicable to over 80% of entries with a 
94% success rate across over 40,000 structures. We also 
explore the use of complementary methods for improved 
assignment confidence and greater applicability, addressing 
potential issues with the BVS method. A process in which 
ligand fragment charges are automatically assigned from 
computational formation energy calculations is discussed, 
resulting in a combined methods assignment success for 
over 99% of transition metal environments.
References:
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In the recent past, several different methods have been pub-
lished to determine similarities of crystal structures based 
on the atomic or even molecular positions. These methods 
can be divided into two basic groups - methods that use 
so called fingerprints of the crystal structure [1], [2]   and 
methods that directly compare atomic positions [3], [4]. In 
the first case, an appropriate fingerprint that reflects arrange-
ment of atoms, for example pair distribution function, has 
to selected. Subsequently, the similarity between two struc-
tures is determined by the comparison of their fingerprints. 
In the second case, it is necessary to find a transformation 
between the compared structures, then to overlap them and 
to compare the deviations of the atomic positions. Finding 
this transformation between two crystal structures is the 
most difficult task but the great advantage of these methods. 
The CrystalCMP’s [5] method is based, similarly to the xPac 
[6] and COMPACK [7] methods, on the comparison of a rep-
resentative molecular cluster where one type of molecule, 
usually the largest one, is included. During the comparison, 
the molecular clusters of the individual crystal structures are 
overlapped and the similarity is calculated as the sum of av-
erage deviation of the centers of the overlapping molecules 
with the average angle between them. Program uses either 
semi-automatic mode for the comparison, where user has 
to define a small fragment of the central molecule that will 
be used for finding the transformation between molecular 
clusters, or the automatic mode, where the program finds 
this fragment itself. When the small fragment of the cen-
tral molecule is known, the comparison can be calculated. 
After the development of the automatic method, the pro-
gram was used to compare molecular packing of identical 
molecules in the whole CSD. First of all, the python script 
using CSD Python API [8] was used for finding series of 
crystal structures containing identical molecule in the unit 
cell. After that, CrystalCMP automatically compared the 
molecular packing in every series.
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Some functional hybrid materials can be obtained only as 
polycrystalline samples and in that case, powder diffraction 
is essential to characterize them. The aim of this talk is to 
show how in situ powder diffraction is significant for a bet-
ter understanding of their structure-property relationships. 
In order to synthesize “tailor made” compounds, they are 
crucial in the understanding of Metal Organic Frameworks 
(MOFs) crystallisation processes.[1] In situ diffraction is 
also used to follow their “breathing” effect, or the adapt-
ability of the pore opening to accommodate guest species 
with drastic changes in unit cell volume, without any loss 
of crystallinity or bond breaking. This second aspect will be 
illustrated by the uptake of CO2 in MIL-53(Fe).[2] The use 
of a gas cell which allows samples contained in glass capil-
laries to be dosed with gas up to 60 bars on the ID31 beam-
line (ESRF) allowed the precise localization of the guests. 
Finally, the last part of this talk will be dedicated to in situ 
ball milling diffraction experiments carried out recently on 
the ID15A beamline (ESRF) on Phase Change Coordination 
Polymers (PCCPs), which allow high quality data collection 
for both PDF and Rietveld analyses.[3]
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Despite decades of research into nucleation processes, very 
little is known on how nanoparticle formation during solvo-
thermal synthesis takes places on the atomic scale. We have 
developed methods which allows using in situ synchro-
tron X-ray Total Scattering and Pair Distribution Function 
analysis to follow nanoparticle nucleation and growth in 
situ.1-2 In contrast to conventional crystallographic studies, 
PDF analysis gives structural information from non-crys-
talline species, allowing obtaining structural information 
on the atomic scale, all the way from precursor to the fi-
nal nanoclusters during synthesis. We have furthermore 
shown how PDF allows obtaining detailed information on 
nanocluster structures with no long-range order on nano-
clusters fundamentally different from bulk materials.3 
Here, we use in situ PDF to study the formation of metal 
oxides in solvothermal synthesis. Metal oxide nanoparticles 
are used in numerous applications in e.g. energy conversion 
and storage, and synthetic control over structure, particle 
size and morphology is required in order to tailormake 
materials for new applications. Solvothermal synthesis in 
organic solvents, i.e. amines or alcohols, are known to give 
high control over particle size. However, despite the very 
broad range of applications, the chemical processes in-
volved in the formation of metal oxides are not well under-
stood. Several nucleation mechanisms have been proposed, 
such as the existence of pre-nucleation clusters and oriented 
attachment, however none of the current models take the 
actual chemical processes into account. Using X-ray total 
scattering, we deduce the atomic structure of prenucleation 
clusters, present in the processes just before the crystalline 
nanoparticles have formed. We show that the solvent and 
synthesis conditions have large influence on the nucleation 
parthway and the structure of the nano-scale clusters in the 
synthetic pathway.
Keywords: In situ, nanoparticles, Total Scattering
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Combining in situ X-ray powder diffraction (XRPD) and 
spectroscopic data opened new avenues in the studies of 
solid-state reactivity and kinetics. The obtained dataset is 
complex and large and efficient methods of analysis are not 
available. Recently Principal Component Analysis (PCA) 
resulted suitable for the fast kinetic analysis of in situ XRPD 
data [1-3]. Real and simulated in situ XRPD data were an-
alysed to unravel the potentialities and limitation of the ap-
proach. In the simulations, the changing parameters (weight 
fractions, lattice parameters and crystallite sizes of reactant 
and products) were varied, at first separately and then to-
gether to understand the capability of PCA to untangle the 
kinetic information in cases of different complexity. Finally, 
experimental isothermal and non-isothermal real case data 
were analysed by PCA to explore real world applications. 
Then real experimental data on a complex case, the Maya 
Blue pigment formation are presented. It is generally ac-
cepted that MB can be obtained by thermal treatment of a 
mixture of naturally occurring minerals as inorganic frame-
work (typically containing palygorskite), and an indigo dye 
source. To unravel the features of the MB formation process 
in situ XRD/PDF data were collected, on several frame-
work-dye couples, while in situ FORS, TGA and dye leach-
ing experiments were carried out on preheated palygorskite/
indigo mixtures. Statistical PCA-based methods were ex-
ploited to efficiently and jointly extract the chemical infor-
mation from the more than 1500 experimental patterns. MB 
formation starts below 110°C (from PDF analyses), reach-
ing maximum reaction speed at 150°C (shown by XRD/
TGA). Above 175°C, peculiar reactions occur with color 
changes, a stronger sequestration of indigo into the channels 
and changes in the affinity for water (proved by leaching 
and FORS experiments). The cooling to RT resulted im-
portant in defining the penetration and degree of sequestra-
tion of indigo into the palygorskite channels. The different 
colors, hues and stability in ancient and modern MB can 
be now explained by the thermal history of each sample. 
PCA performed rather well  in non-isothermal in situ stud-
ies, and it can be used both for on-line data monitoring to 
check experiment data quality, and to efficiently unravel the 
reaction coordinate to successfully carry out kinetic analysis 
in in situ XRPD/PDF and spectroscopic data.
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Numerous porous frameworks have been intensively in-
vestigated as promising materials for gas storage and sep-
aration, sensing, catalysis, magnetism, luminescence, drug 
delivery and other applications.[1] To date, the dynamic 
behavior and involved mechanisms of flexible porous 
materials still mostly rationalized by the structural differ-
ences between the thermodynamically stable structures of 
the initial (empty) and final (filled) states or by following 
adsorption at equilibrium conditions.[2, 3] Very often fas-
cinating phenomena upon gas adsorption can be either not 
well-understood (e.g. the switching of the gas selectivi-
ty),[4] or missed out without in situ temperature/pressure 
variable experiments (e.g. negative gas adsorption).[5] The 
time-resolved observation of structural evolution during 
guest uptake may shed light on actual mechanisms, kinetic 
and thermodynamic parameters of the sorption processes.
In this work, we present the result of a kinetic experi-
ment, where the adsorption of noble gases by nanoporous 
γ-Mg(BH4)2 has been probed via sub-second powder dif-
fraction of synchrotron radiation. The combined analysis 
of fluorescent background and structural information from 
sequential Rietveld analysis has uncovered 3 time-depen-
dent processes related to gas uptake and provided a quanti-
tative characterization in terms of rates, kinetic models and 
activation energies. Adsorption starts form the gas uptake 
by initial γ-Mg(BH4)2 host structure and then followed by 
a formation of secondary phase with higher kinetic barrier. 
The third process was observed at high temperatures and 
long exposure time and can be tentatively associated with 
radiation damage of the sample.
Our result shows the importance of diffraction methods for 
the characterization of thermodynamics and kinetics of gas 
adsorption by porous frameworks; the used approach can 
be further developed for more complicated in situ exper-
imentation, where diffraction data would help to untangle 
different processes superimposed in macroscopic probes.
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Monitoring phase transitions in-situ becomes increasingly 
difficult if the transitions feature a series of similar struc-
tures, and if the occurring phases cannot be isolated from the 
mixture. In these cases, complete powder X-ray diffraction 
(PXRD) need to be collected in a minimal number of steps 
and exhibit statistics and resolution that allow for structure 
determination and refinement. While these problems are 
successfully addressed at synchrotron beamlines, labora-
tory diffractometers are rarely fit for the task. One of the 
challenging samples is adenine, a small and rigid molecule 
that exhibits two polymorphs: one monoclinic (I) [1] and 
the other orthorhombic (II) [2]. Both polymorphs feature a 
layered structure, what makes their PXRD patterns similar 
and difficult to resolve when in a mixture. Both phases are 
bench-stable at room temperature, with polymorph IIbeing 
metastable, while at temperatures above 280 °C phase (I) 
transforms into (II) [2]. 
In this work, adenine phase transition is monitored in-situ 
using a laboratory diffractometer in the Debye-Scherrer ge-
ometry, equipped with a Mo source, a specially developed 
oven and two simultaneously operating detectors. In this 
way, 74° in 2θ of high-resolution data could be collected 
in only two shots. The resulting PXRD patterns revealed 
two additional adenine phases: IIIand X. The phase III was 
obtained pure at temperatures higher than 350 °C. It was 
characterized as a disordered layered structure using the 
DISCUS program. At about 200 °C, several low-intensity 
peaks indicated a new phase, (X). Although these peak po-
sitions could be indexed with a triclinic cell of a favorable 
volume, the data did not allow for cell validation or refine-
ment. To complement the diffraction study, crystal structure 
prediction was carried out for adenine using quasi-random 
sampling in a large number of space groups. This has gener-
ated a set of structures energetically close to the two known 
polymorphs. A few of these computer-generated structures 
could correspond to the phase (X) observed in the PXRD 
patterns. Calculations are ongoing. 
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This is an initiative to highlight the (rising) number of 
women working in the high pressure research field. We 
come from all domains (geology, biology, physics, chemis-
try…). Indeed, we are not many, but we are many more than 
many people think. We are building up a public data base of 
women under high pressure group. We are several scientist 
women who work in the high pressure field. http://www.lct.
jussieu.fr/pagesperso/contrera/index-hp.html
We have also created a FB and twitter accounts for every-
body to be able to follow updates:
h t t p s : / / w w w . f a c e b o o k . c o m / W H P -
1731930103697127/?code=95036
The aim of our group is to provide the community with facil-
ities to count with gender equality at any of the high pressure 
events and lists. It has also helped organizers of events and 
committees to have a fair gender representation and provide 
a great example of women in science and references to many 
women graduate students and postdocs in the audience.   
We are trying to get as visible as possible not to be com-
plainers and neither to build up a “women” club, our goal 
is to bring awareness and make us think twice in order to 
create a fair gender community.
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Crystallography owes much to JD Bernal who in the 1930s 
extended its impact to biology, cements and water – a diver-
sity of interests – and attracted a multidisciplinary and di-
verse group of scientists to Cambridge – not only crystallog-
raphers Dorothy Hodgkin, Max Perutz  and John Kendrew, 
all later Nobel laureates, but also others with an interest in 
materials such as cements and water structure and dynam-
ics. This first impacted on me when as an undergraduate in 
Oxford University in 1963 I selected a project with Profes-
sor Tiny Powell FRS in the Department of Chemical Crys-
tallography and discovered Dorothy Hodgkin FRS there as 
well. As a politically motivated undergraduate and Chair 
of the Joint Action Committee Against Racial Intolerance 
(JACARI) in Oxford University, I had read JD Bernal’s 
Social Function of Science and even dipped into the books 
of Dorothy’s husband, Thomas Hodgkin, on the politics of 
Africa. However, I was not familiar with Dorothy’s work 
on penicillin and Vitamin B12, for which she was awarded 
the Nobel prize in 1964, just as I joined the group full time. 
Dorothy’s group was the international, multidisciplinary and 
gender diverse “hub” of Chemical Crystallography and this 
had attracted me to do a PhD in the Department. However 
I first learnt some basic crystallography and computing be-
fore joining her international group in 1967 – with Guy and 
Eleanor Dodson, Margaret Adams already there on insulin 
and later Liang Dong-cai, M.  Vijayan and Ted & Heather 
Baker joining. I moved eventually to be Bernal Professor 
& Head of Department of Crystallography in Birkbeck in 
1976. This research centre was Bernal’s creation that had 
attracted Aaron Klug (later Nobel Laureate) and Rosalind 
Franklin (DNA structure) to join in the 1950s. I inherited a 
gender, race and discipline diverse department with Chris-
tine Slingsby, working on the structure of crystallins of the 
eye lens, and Beatrice Gorinsky on transferrins, making it 
easy to recruit Janet Thornton (now Dame & FRS), Julia 
Goodfellow (now Dame and recently VC of University of 
Kent) and Bancinyane Lynn Sibanda from Zimbabwe in 
1978. As they say, “the rest is history”!
Keywords: Gender, Race, Diversity
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Women in science, the long road to gender 
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Women have been involved in the different fields of Science 
since the beginning of History. In 2700 BC the Egyptian 
Merit-Ptah, the first female scientist named in History, was 
described as “chief physician”. In Babylonian Mesopotamia, 
around 1200 BC, Tapputi-Belatekallim is considered the first 
chemist. In ancient Greece medicine, mathematics or astron-
omy were open to women, and Egyptian female scientists, 
mainly in Alexandria, were involved in applied chemistry, as 
Mary the Jewess, considered the first alchemist.
The arrival of the European Middle Ages (476 BC), together 
with the death of the philosopher, astronomer and mathema-
tician Hypatia of Alexandria in 415 AD, changed the scene, 
almost completely obliterating the presence of women in 
science and culture during the following centuries.
In the 11th century, most of the first universities only al-
lowed the presence of men as teachers and students. The 
University of Bologna was a rare exception, allowing fe-
male students since its founding in 1088.
Some small changes appeared during the 17th century, 
when women began to collaborate in research in natural 
sciences (mainly astronomy and botany).
The 18th century marked the beginning of the return of 
women to science when Laura Bassi earned the first female 
professorship at a European university, and women were 
accepted in many Universities and Academies of Sciences 
throughout Europe.
In the 19th century the University of Zurich became a Euro-
pean reference on women’s access to higher education, the 
first woman was officially accepted at a Spanish University 
(1872), women began to obtain Doctorate Degrees in Scienc-
es (Medicine in 1849 and Chemistry in 1874) and the Univer-
sity of Oxford created its first no-segregated lectures (1879).
Finally, in 1903 and 1911 Marie Curie received her two 
Nobel Prizes in Physics and Chemistry, unequivocally con-
firming the ability of female researchers to compete with 
their male colleagues.
Regarding crystallography, Kathleen Lonsdale joined in 
1924 the new research group created by William H. Bragg 
at the Royal Institution, and in 1964 Dorothy Crowfoot 
Hodgkin was awarded the Nobel Prize in Chemistry for 
her work in crystallography. Nowadays, data suggest that 
around one third of the people who work in crystallography 
in the world are women.
However, according UNESCO, although the ratio of male 
and female researchers is becoming closer, parity still de-
pends to a large extent on several factors (scientific field, 
country, employment situation…). Therefore, it is necessary 
to continue working to finally reach real gender parity in 
science.
Keywords: Science, Women, Parity
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Women have been involved in the different fields of Science 
since the beginning of History. In 2700 BC the Egyptian 
Merit-Ptah, the first female scientist named in History, was 
described as "chief physician". In Babylonian Mesopotamia, 
around 1200 BC, Tapputi-Belatekallim is considered the first 
chemist. In ancient Greece medicine, mathematics or astron-
omy were open to women, and Egyptian female scientists, 
mainly in Alexandria, were involved in applied chemistry, as 
Mary the Jewess, considered the first alchemist.
The arrival of the European Middle Ages (476 BC), together 
with the death of the philosopher, astronomer and mathema-
tician Hypatia of Alexandria in 415 AD, changed the scene, 
almost completely obliterating the presence of women in 
science and culture during the following centuries.
In the 11th century, most of the first universities only allowed 
the presence of men as teachers and students. The Univer-
sity of Bologna was a rare exception, allowing female stu-
dents since its founding in 1088.
Some small changes appeared during the 17th century, when 
women began to collaborate in research in natural sciences 
(mainly astronomy and botany).
The 18th century marked the beginning of the return of 
women to science when Laura Bassi earned the first female 
professorship at a European university, and women were 
accepted in many Universities and Academies of Sciences 
throughout Europe.
In the 19th century the University of Zurich became a Euro-
pean reference on women's access to higher education, the 
first woman was officially accepted at a Spanish University 
(1872), women began to obtain Doctorate Degrees in Sci-
ences (Medicine in 1849 and Chemistry in 1874) and the 
University of Oxford created its first no-segregated lectures 
(1879).
Finally, in 1903 and 1911 Marie Curie received her two 
Nobel Prizes in Physics and Chemistry, unequivocally con-
firming the ability of female researchers to compete with 
their male colleagues.
Regarding crystallography, Kathleen Lonsdale joined in 
1924 the new research group created by William H. Bragg 
at the Royal Institution, and in 1964 Dorothy Crowfoot 
Hodgkin was awarded the Nobel Prize in Chemistry for 
her work in crystallography. Nowadays, data suggest that 
around one third of the people who work in crystallography 
in the world are women.
However, according UNESCO, although the ratio of male and 
female researchers is becoming closer, parity still depends to 
a large extent on several factors (scientific field, country, em-
ployment situation…). Therefore, it is necessary to continue 
working to finally reach real gender parity in science.
Keywords: Women, Crystallography, Database
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From conference invitations [2] to research grant peer re-
view [3], there are endemic systematic and structural barri-
ers to women succeeding in science and in crystallography. 
Crucially there is a seemingly abstract barrier called bias 
which prejudices people for or against one person or group, 
especially in a way considered to be unfair. There has been 
extensive research demonstrating that women will dispro-
portionately suffer from the effects of bias and can even bias 
against themselves. An example of this in the public domain 
is the under-representation of content on Wikipedia about 
women (both real and fictional), where only 17.57% of bi-
ography articles are about women.  
This talk will directly address the issue of biases (uncon-
scious and conscious) and provide tools and suggestions to 
help overcome these biases. Simple actions like reviewing 
biases in the selection of speakers or the use of biased lan-
guage will all ensure that crystallography is an inclusive and 
welcome environment for all scientists.
References:
[1] Ferry, G. (2014). Nature,  505, 609–611 
[2] Maynard-Caseley, H., Beavers, C., Murray, C. & 
Thompson, A. (2018), IUCr Crystallites Blog, http://blogs.
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we%E2%80%99re-not-just-historical/
[3] Tamblyn, R., Girard, N., Qian, C.J. & Hanley, J. (2018), CMAJ, 
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Materials science – even long before the term was adopted 
in the 1960s – has always relied on crystallographic meth-
ods. Since real materials are usually far from crystalline 
perfection, it has been of particular interest to analyze scat-
tering features related to deviations from the average struc-
ture as indicated by the position of Bragg peaks. Apart from 
Bragg scattering from small crystalline objects and poly-
crystalline, often multiphase materials, diffuse scattering 
and small-angle scattering have helped materials scientists 
to elucidate and understand the properties of “real crystals”. 
Since the 1950s, X-rays, neutrons, and electrons have seen a 
considerable historical development as probes in condensed 
matter research, including sources, beam conditioning, sam-
ple environment, detectors, data acquisition and evaluation, 
and modeling. Some of the apparently everlasting issues 
of interest to materials scientists, e.g., multiple phases, 
nano-size objects, internal strains, textures, phase transfor-
mations and precipitation, plastic deformation, defects and 
diffusion, will be briefly addressed in the light of “then” and 
“now”. 
Keywords: materials science, history
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The Role of CCP4 in Macromolecular 
crystallography
Eleanor Dodson1

1. �Department of Chemistry, York, United Kingdom

email: eleanor.dodson@york.ac.uk
I will discuss the role of CCP4 (UK Collabortive Comput-
ing Project 4) in the rapid expansion of structural biology 
laboratories in Britain and Europe during the 1980s. CCP4 
helped provide state of the art software free of charge to 
the academic community. Developers agreed to follow a 
common style of organisation, and to use common formats 
and libraries. In exchange the project organisers provided 
support with maintenance and distribution.  CP4 also stimu-
lated education in the new techniques by an annual meeting, 
and by organising workshops..
References:
[1] Winn M. D. et al. (2011). Acta. Cryst. D, 67, 235-242. doi: 
10.1107/S0907444910045749
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The crystallography in Germany is based on two major 
roots: Out of the field of Mineralogy, research activities 
at German universities started already in the 18th century 
which lead i.e. 1877 to the foundation of  the “Zeitschrift für 
Kristallographie und Mineralogie” by P. Groth. This journal 
played a major role for the publication of important crystal-
lographic results from international authors and still exists 
since 2010 under the title “Zeitschrift für Kristallographie 
– Crystalline Materials”. Out of the field of Physics came 
essential contributions to the development of X-ray crys-
tallography by German scientists: From the discovery of 
X-rays by W. C. Röntgen (Noble Price in Physics 1901) and 
the discovery of the diffraction of X-rays by crystals by M. 
v. Laue (Noble Price in Physics 1914) to the dynamical the-
ory of X-ray diffraction by P. P. Ewald (Hablitation 1917).
A milestone for the practice of crystal structure determination 
was the publication of the first series of International Tables 
with the title “Internationale Tabellen zur Bestimmung von 
Kristallstrukturen” which were edited 1935 by C. Hermann 
(former Assistant of P. P. Ewald) together with W. H. Bragg 
(Noble Price in Physics 1915) and M. v. Laue. The IUCr 
(founded 1948) started a second series of “International Tables 
for X-ray Crystallography” 1952 and a third enlarged series 
of “International Tables for Crystallography” from 1983 on. 
In the 1960th many new crystallographic chairs were created at 
German Universities and research groups were established in 
the fields of mineralogy, physics, chemistry, biology and ma-
terials science. Crystallographic scientists were always inter-
ested to improve their experimental methods and, hence, made 
considerable contributions to the development of large facili-
ties for the research using synchrotron and neutron radiation. 
Large facilities in Germany and with German participation 
(access for international users): 

•	 Synchrotron radiation with instruments for crystal-
lographic research: PETRA III at DESY, Hamburg; 
BESSY II at HZB, Berlin; ESRF, Grenoble.

•	 Neutron radiation with instruments for crystallo-
graphic research: FRM II at the Research Neutron 
Source Heinz Maier-Leibnitz, Garching; BER II at 
HZB, Berlin; ILL, Grenoble.

At the RWTH Aachen University a laboratory of crystal-
lography (Institut für Kristallographie) was established 
1963 with the appointment of Prof. Theo Hahn. His en-
thusiasm for the symmetry concept of crystallography 
made him an ideal editor of the third series of the “Inter-
national Tables for Crystallography” (Vol. A) – 1972-2009. 
Research topics of the Institut für Kristallographie: 

•	 Crystal structure analysis and crystal chemistry
•	 Crystal physics (structure – properties relation) and 

crystal growth
•	 Methodical development of neutron instrumentation.
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Actually, the Institut für Kristallographie is operating two 
single crystal neutron diffractometers at the hot source of 
the FRM II: 

•	 HEiDi, crystal structure analysis with short wave 
lengths

•	 POLI, investigation of complex magnetic structures 
using polarized neutrons.

In the last years, many crystallographic laboratories and 
chairs disappeared at German universities. As a result a re-
duction of the level of crystallographic knowledge and com-
petence on the side of theory as well as on the application of 
methods is becoming clearly visible.
Keywords: Crystallography, Germany, Neutrons, History
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The first research laboratory in Turkey was established in 
the 1950s by the Swedish physicist Prof. Dr. Harald PER-
LITZ as 'X-ray Crystallography Laboratory at Ankara Uni-
versity. In the mid 1960’s started the X-ray crystallography 
studies, which used   photographic single crystal data col-
lection techniques. In 1970 a new laboratory for structural 
research was established at Hacettepe University in Ankara. 
The purchase of a CAD-4 diffractometer in 1992 attracted 
young scientists to do graduate work in X-ray crystallog-
raphy. In 1999 a rotating anode X-ray generator was put 
in operation in the same department. After the purchase of 
Rigaku XRPD, in 2009 SWAXS system was established and 
nanostructure studies using HECUS SWAXS system have 
began.
Hacettepe University Crystallography Laboratory has be-
come the leading centre of X-ray crystallography in the 
country.
Today from east (Dicle University in Diyarbakır) to west ( 
Dokuz Eylul University DEU in İzmir) of Turkey many uni-
versities were equipped to several X-ray systems. In these 
laboratories Computational chemistry, particularly topolog-
ical analyses of electron density-QTAIM studies, molecular 
spectroscopy etc.; Data mining studies on Cambridge Struc-
tural Database (CSD); Protein Purification and  Structural 
Characterization studies ; Energetic materials; Semicrys-
talline Hydrogells;  Structure   solution studies on powder 
crystals; production, research and development studies of 
the nanostructured materials which can show interesting 
biophysical, physicochemical and physical ( magnetic, elec-
tric and mechanic ) properties were performed.
After these developments, in  February 2001 TCA (Turkish 
Crystallographic Association) was founded and in August 
2001, The European Crystallographic Association wel-
comed the Turkish Crystallographic Association as a new 
member . After that TCA has been accepted 53rd member 
by the IUCr in 2014 Canada Meeting.
The 25th European Crystallographic   Meeting was orga-
nized in İstanbul in 2009. 880 delegates and 70 exhibitors 
were attended to the Meeting.
In the frame of IYCr2014 International Crystallography 
Year Activities, The Open Labs. organized in collaboration 
with UNESCO and IUCr and TCA were held in DEU, İzmir 
(2014) and   Bilkent U., Ankara (2015). TCA organized a 
Course on Powder Diffraction for MS and PhD students. 
The course was held at the Hacettepe University. Further-
more crystallographic activities for schoolchildren per-
formed to celebrate IYCr2014; Crystallography Day Istan-
bul Turkey (23rd May 2014) and Istanbul Crystal Growth 
Competition (March 10-April 18) .
Keywords: Crystallography, Turkey
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Efforts to explain the morphology of the crystals and their 
anisotropic properties played a basic role in investigating 
the “inside” structure of the matter. In 1665 R. Hooke 
(1635-1703) was able to explain the external shape of some 
crystals by relating it to close packing of spheres; the dis-
covery in 1669 of double refraction in calcite by R. Bar-
tholin (1625-1698) brought C. Huygens (1629-1695) to 
propose, in 1690, a structural model of this mineral based 
on packing of ellipsoids.
One century later R.J. Haüy (1743-1822) opened the way to 
modern crystallography and theories on the atomic structure 
of matter proposing that the structure of crystals is based on 
periodic arrays of integrant molecules [1]. In early XIX centu-
ry, F.S. Beudant (1787-1850) and W.H. Wollaston (1766-1828) 
observed co-crystallization of compounds with “similar” 
chemical formulae and E. Mitscherlich (1794-1863) intro-
duced the term isomorphism to indicate the close similarity of 
the crystals formed by compounds that can co-crystallize [2].
The above mentioned theoretical models and experimental 
results, obtained in the field of crystallography, played a cru-
cial role in solving a basic question debated for about one 
century and aiming to establish a distinction between the 
“particles” that nowadays are known as atoms and molecules. 
Comparing two isomorphous compounds that differ in com-
position only for the nature of one chemical element (e.g., 
an arsenate and its analogous phosphate), Mitscherlich suc-
cessfully determined the atomic weight of elements, thus sup-
porting a necessary distinction between atoms and molecules.
A. Avogadro (1786-1856) knew very well the results 
achieved by crystallography, as testified by his four-vol-
ume treatise of physics published in 1837-1841. In fact, 
he dedicated the first volume of this treatise to the science 
of crystals. In particular, he gave great emphasis to Haüy's 
work of which he published the figures that show how the 
morphology of the crystals can be explained on the basis 
of an internal periodic array of particles named integrant 
molecules, a wording adopted by Avogadro [3]. Nowhere, 
in his numerous scientific and private writings, Avogadro 
mentions that he was inspired by Haüy's work. However, it 
looks hard to exclude that the image of integrant molecules 
filling crystals contributed to the formulation of Avogadro’s 
hypothesis that, under the same conditions, equal volumes 
of gases contain an equal number of particles.
References:
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This presentation will share the experience of a founding 
member of the Materials Science group at Pfizer, Sandwich; 
with a focus on the changes that have occurred within the 
drug product development process over the last few de-
cades.
The Materials Science group was established, at the Pfizer 
UK site in the early 1990’s.  From one perspective it could 
be said that the focus still remains the same; to deliver a sta-
ble, crystalline solid form, so providing acceptable attributes 
that enable delivery of a reliable drug product to the patient.  
However, significant changes have occurred, in those early 
days the crystal structure was not even considered, now it 
is at the core of the materials science discipline, central in 
experimental design, insightful when trouble shooting and 
fundamental to the application of computational tools.
Less routine examples of how the crystal structure was key 
in explaining solid form properties will be presented; high-
lighting how this directly influenced decisions and provided 
confidence in progression of candidates.
Keywords: solid form, drug product development, crystal 
structure
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A number of patent applications and opposition cases 
in sector HBC ( Healthcare, Biotechnology and Chem-
istry,   especially in the technical area of Heterocycles ) 
of the EPO relate to solid state forms of chemical com-
pounds, in particular of active pharmaceutical ingredients. 
Chemical compounds can exist in a variety of solid forms 
including:

•	 amorphous solids
•	 polymorphs
•	 solvates including hydrates
•	 salts
•	 co-crystals

Different solid forms of a compound display unique physi-
cochemical properties which can influence the manufactur-
ability, processing, handling and intended use. For active 
pharmaceutical ingredients, particularly important are the 
thermodynamic stability and the bioavailability for poorly 
water-soluble drugs. Other properties may also be important 
including chemical stability, filterability or hygroscopicity. 
In practice, solid state screening seeks to find a form with an 
optimal balance of desirable properties. Further interest in 
the subject stems from the fact that solid state form inven-
tions create intellectual property opportunities for originator 
and generic companies alike.
The present presentation aims at offering some guidance for 
the way how the EPO is dealing with applications relating 
to solid state inventions.
It is particularly focused on polymorphs.
Keywords: EPO, patents, legal requirements
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Coming back to the end of my studies of chemistry, in 1980 
almost 40 years ago, the crystallographic panorama was re-
ally different from what we have now. Direct Methods were 
really showing its real power in solving organic crystal 
structures and the structure of biological macromolecules 
were the big challenge. Powder methods were oriented to 
phase analysis. The development and use of Databases were 
very limited.
In this environment a number of young students graduates 
in chemistry oriented his careers to crystallography, myself 
among them. In my particular case, I was quite autodidact, 
using computer cards in the scarce facilities in Spain, and 
making my first crystal structures with CRYSTAN [1]. 
Then in my postdoc, in Nijmegen 1985-1987 with Paul 
Beurskens, I really experienced the flavour of a crystal-
lography laboratory while working in the development of 
DirDif[2]. Since I felt myself part of the crystallographic 
community, of the family of the International Union of 
Crystallography, actively participating in meetings, com-
mittees and assemblies.
The Rietveld method [3] was a real step on the study of ma-
terials and drugs. The new synchrotron, neutron and elec-
tron sources made possible to extend the limits further than 
imagination. The advances in computational methods al-
lowed to investigate more complex systems in shorter time 
and let crystallographic computer programs be accessible to 
all crystallographers or users of crystallography.
Following the personal experience and the extraordinary 
expansion of crystallography in the last 40 years, I shall 
give an overview on the opportunities for young scientist 
interested in crystallography and crystallographic methods.
My involvement in the IUCr activities, including the re-
gional associations and the extraordinary impact of the 
International Year of Crystallography with all the activi-
ties promoting Crystallography all around the world. The 
IYCr legacy fund and program hopefully will revitalize the 
crystallographic community of the XXI century. Doubtless, 
the new generations of crystallographers, men and women, 
will continue the job of the pioneers at the beginning of the 
twentieth century and the expansion and splendour of Crys-
tallography along the century to formulate the new role of 
Crystallography in the twenty-one century and beyond.
Acknowledgments. This work was financially supported 
by Spanish MINECO (MAT2016-78155-C2-1-R).
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Having this in mind that crystallography has long overcome 
its basic definition, it is perhaps easier to grasp that a back-
ground in crystallography offers many career choices, and 
that one choice does not necessarily exclude the other. In 
other words, background in crystallography provides you 
with a good set of initial parameter set (skills) that can al-
low a stable (career) refinement. Where exactly your career 
will converge depends on your refinement skills and the re-
straints that you (pre)define.
I have started my career with a diploma in chemistry/crys-
tallography, and my main focus was structure determination 
from single crystal data. Fifteen years later I count three ca-
reers, none of them focused on the single crystal diffraction:  

•	 research in a pharmaceutical company (crystallogra-
pher)

•	 basic research in crystallography (PhD student)
•	 business development, marketing and consultancy in 

a high-tech company (application scientist)
This career path features periodic alternations between ac-
ademia and industry, what allowed me to extend my initial 
set of skills to intellectual property, teaching, good labora-
tory practice, X-ray instrumentation, scientific communica-
tions, marketing, spectroscopy, turbine blades for aerospace 
industry, cultural heritage, world airports and much more.
I am also an academic guest at the University of Zurich. I 
keep the International Tables of Crystallography on the desk 
in my study. Calculations are ongoing. 
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Richard Cooper1
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Where can crystallographic computing take you in your ca-
reer and what can you do about it? I will reflect on some 
advances and side-steps taken through a career where crys-
tallographic software has been the common feature.
In your early career you will be learning useful skills, stay-
ing at the forefront of the field and keeping your options 
open for your next move. Developing crystallographic soft-
ware can give you transferable skills and an in-depth knowl-
edge of the fundamentals of the subject. With these skills, 
many crystallographic software developers move between 
quite different scientific problems during their careers.
I had no experience of crystallography or software develop-
ment when I started an undergraduate research project de-
veloping methods for visualising and interacting with crys-
tallographic data. I will present some lessons learned along 
the way and how I might plan and do things differently with 
the benefit of hindsight.
Keywords: software, careers, crystallography
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crystallography
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GI-MS48-O1
Ask not what crystallography can 
do for you - ask what you can do for 
crystallography
Chiara Massera1, Marijana Đaković2, Annalisa Guerri3, Catharine 
Esterhuysen4, Serena Chiara Tarantino5

1. �University of Parma , Parma , Italy
2. �University of Zagreb, Zagreb, Croatia
3. �University of Florence, Florence, Italy
4. �Stellenbosch University, Stellenbosch , South Africa
5. �University of Pavia , Pavia , Italy

email: chiara.massera@unipr.it
Promoting and spreading crystallography at all levels of 
education: that is the aim of GIG3 – The General Interest 
Group on Education in Crystallography - launched at the 
ECM in Basel in September 2016. The main objectives of 
GIG3 are the creation of a network for the efficient coordi-
nation of common activities and of new projects, and ulti-
mately increasing the awareness of the general public about 
the existence, utility and versatility of crystallography as a 
field of study and application.
In this session some of the past and ongoing activities of 
the Group will be outlined and, more importantly, ideas 
and suggestions will be discussed on how to transform the 
Group’s tasks into concrete initiatives.
Keywords: teaching, promotion, dissemination
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Diamond light source’s biggest outreach 
project: 1000 samples, 100 schools, 1 great 
big experiment
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Project M [1] is a large outreach project conducted by Di-
amond Light Source, designed to engage secondary school 
students in a real science experiment, investigate calcium 
carbonate formation and exploit the high throughput capa-
bilities available at synchrotron beamlines.
100 secondary schools across the UK made 1000 samples 
of calcium carbonate, using equipment and resources pro-
vided in a project pack. The samples produced were sent 
to Diamond in preparation for the diffraction patterns to be 
collected in a single 24 hour experiment, in April 2017 on 
beamline I11. The calcium carbonate samples were synthe-
sised using selected additives, including amino acids, which 
affected the polymorphs of calcium carbonate that were 
formed (calcite/vaterite) and the lattice parameters of the 
mineral phases, which will be identified, by students, in the 
diffraction patterns.
Beamline I11 at Diamond Light Source is a high resolution 
powder diffraction beamline equipped with automated sam-
ple changing facilities and a fast diffraction detector [2]. 
The speed of data collection and sample changeover enable 
1000 high quality diffraction datasets to be collected from 
powdered capillary samples in a 24 hour period.
Project M has successfully engaged more than 1000 stu-
dents (age 12-18) from all across the UK (from the Shetland 
Isles to the south coast) that may otherwise be unaware of 
Diamond Light Source and the research being carried out 
there. This presentation will describe the aims of the project 
and present details of the implementation, results and feed-
back from the project.
References:
[1] http://www.diamond.ac.uk/ProjectM/
[2] Parker, J.E., et al. (2010) Journal Of Applied Crystallography 44 
(1), 102-110
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The IUCr OUP Book Series; overview and 
update
John helliwell1
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This presentation will document the IUCr Books and will 
allow ECA participants to discuss with John Helliwell their 
ideas for future books and authors. Since its inception about 
20 years ago more than 60 book titles have been published 
and around 58,000 copies sold. The books published within 
the book series are commissioned in two categories: 

•	 Monographs on Crystallography
•	 Texts on Crystallography

A diverse, highly experienced, membership has recently 
been assembled and is as follows: 

•	 J.R. Helliwell (Chair, UK)
•	 G. Chapuis (Switzerland)
•	 J. Gulbis (Australia)
•	 R Herbst-Irmer (Germany)
•	 H. Maynard-Casely (Australia)
•	 P. Mueller (USA)
•	 M. Nespolo (France)
•	 N. Yagi (Japan)
•	 X. Zou (Sweden)
•	 K.A. Kantardjieff (USA; ex officio as Chair of Com-

mission on Crystallographic Teaching)
•	 S. Adlung (ex officio  representative of Oxford Uni-

versity Press)
The income derived to the IUCr from these works, as ever, 
helps support our community events and conferences, espe-
cially bursaries for young crystallographers. Please do join in. 
The process for publishing a book is as follows. The IUCr 
OUP Book Series Committee considers proposals for new 
publications and makes recommendations to the IUCr 
Executive Committee and to the Delegates of the Oxford 
University Press (the body responsible for approving all 
publications handled by the OUP). JRH as Chair welcomes 
proposals for new books to be included in this Series. 
The details of the procedure to submit a propos-
al are described here: http://www.iucr.org/iucr/gov-
ernance/advisory-committees/book-series/proposals 
and basically involves providing:  (a) a presentation of the 
motivation, aims, scope, level, and readership of the pro-
posed volume; (b) a detailed Table of Contents (with sub-
headings); (c) a short CV of the  authors;  (d) a sample chap-
ter or part of a chapter; (e) a list of related books and brief 
comments on how they differ from that proposed.
Keywords: Books, Education, Research monographs
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Synchrotron Light Sources are the most sophisticated exam-
ple of an open and multidisciplinary research infrastructure. 
They have revolutionized research in many science and 
technology disciplines, leading to a proliferation of facilities 
worldwide. These, in turn, have facilitated the creation of 
international scientific communities, improving education 
and creating new job opportunities, successfully contrib-
uting to the socio-economic development of countries and 
regions. Because of their high costs and multidisciplinary 
use, synchrotron facilities provide strong opportunities for 
integration through networking and cost-sharing, and pro-
mote multi-disciplinary collaboration with the wider global 
community, while promoting science diplomacy and peace 
at large. Thus, light sources have become prime enablers of 
scientific and technological progress and innovation.
The website lightsources.org has links to some 47 Advanced 
Light Source (AdLS) facilities in 23 countries in various 
stages of operation, construction or planning, with some re-
gions being poorly represented (e.g. Latin America and the 
Caribbean and SE Asia) or not represented at all (Africa). 
Discussions have started towards the establishment of facil-
ities in those regions, while learning from the experiences of 
the Brazilian LNLS and SESAME.
Within this framework, the IUPAP and the IUCr have de-
veloped a programme named LAAAMP (Lightsources 
for Africa, the Americas, Asia and Middle East Project), 
funded by the 2016-2019 ICSU Grants Programme, to pro-
mote AdLS-related science in such regions, and focusing on 
training young researchers, reaching out to professionals, 
and engaging the public and governmental officials in dis-
cussions about the role that AdLSs could play to improve 
their countries' educational institutions, economies, social 
structures, health and world competitiveness.
One of the main tasks of LAAAMP is the training programme 
for FAculty-STudent (FAST) teams from targeted regions 
(namely, Africa, the Caribbean, Mexico, SE Asia or the Middle 
East) to spend two months at partner AdLSs. The participation 
of a professor accompanied by his/her PhD student in the train-
ing programme makes the experience more challenging and 
rewarding for the awardees, and, at the same time, proves very 
efficient in terms of continuation of the activities even after the 
mobility period. Awarded FAST teams are requested to provide 
a description of the research conducted, including any resultant 
publications, and an evaluation of the non-scientific aspects 
of the visit. The programme also includes the possibility for 
awarded FAST teams, who have been successful during their 
first visit, to apply for continuing grants.
Details on the LAAAMP FAST training programme are at 
https://laaamp.iucr.org/calls.
Keywords: researchers’ mobility, training, synchrotron
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The study of the basic concepts of crystal chemistry is a 
part of the curriculum of Kazan Federal University. Stu-
dents of this university are studying at Arbuzov Institute 
of Organic and Physical Chemistry, FRC Kazan Scientific 
Center of RAS, where unique crystallographic equipment 
is available: two single-crystal diffractometers and one 
powder diffractometer. Third-year students come with a 
guided tour. They watch how the selection of samples suit-
able for single-crystal X-ray diffraction is carried out, and 
how do experiments conducting. At the same time, students 
assigned to synthetic laboratories are encouraged to grow 
good single crystals of their samples and return with them 
on the 4th year of study for a full research at a practical 
lesson. As a rule, 2-3 people from the group bring their 
samples, which’s amount is sufficient for both single-crystal 
and powdered X-ray diffraction. The best single crystal is 
selected, then the experiment is conduct and data is collect 
to determine the parameters of the crystalline cell within the 
APEX program. At this stage, students master the concept 
of crystal systems. Next, the main experiment is launched. 
During the data collecting, students are invited to use the 
CCDC to search for X-Ray data for structural analogues of 
their coursework objects. At the end of the experiment, the 
entire group of students participate in the process of solving 
and refining the structure by the programs integrated into 
the APEX package: SHELXS, SHELXD, SHELXT. At 
this stage, students become acquainted with the concepts 
of crystallographic symmetry elements and space groups. 
Further, after successful refinement and obtaining the final 
cif file, a group of students proceed to work on a powder 
diffractometer and examine the same sample. The obtained 
experimental diffractogram is compared with the one cal-
culated from the results of single-crystal X-ray diffraction 
and a conclusion is made about the polymorphic homoge-
neity (or inhomogeneity) of the sample. For memory of the 
workshop, students carry out a cif-file obtained directly with 
their participation, which they can view using the popular 
Mercury program. Practical work in the X-ray laboratory is 
a favorite among students, rapid definition of the structure 
and spectacular visualization of the received data is a kind 
of fascinating “trick”, which they remember for a long time.
This work was carried out with the support of the Russian 
Government Program of Competitive Growth of Kazan 
Federal University.
Keywords: crystal chemistry, education, workshop
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Theory and methods in phasing of 
microcrystals of biological macromolecules
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During the last decade, crystallography of microcrystals has 
become the method of choice for a large number of projects 
in structural biology. Still today, attempts to collect data 
from microcrystals of 5–20 μm at their longest dimension, 
require a dedicated strategy and multi-crystal data collec-
tion. While most of the crystal structures can be solved by 
molecular replacement, in many cases still experimental 
phasing from microcrystals is needed.
De novo determination of macromolecular structures re-
quires accurate measurement of structure factors and there-
by estimation of the phases from the crystals of the given 
specimen. The anomalous signal from naturally occurring 
(S, P, Ca, etc) or incorporated (Se, Hg, etc) anomalous 
scatterers, can be harnessed with a Single-wavelength 
Anomalous Dispersion (SAD) experiment. Today, the 
properties of new synchrotron and XFEL sources, or new 
long-wavelength tunable beamlines for microcrystals [1,2], 
optimization of the X-ray scanning routines, data collection 
and processing flows [3], new algorithms for data merging 
[4], allow to collect, in just few hours, a full data set with 
anomalous signal by merging data from more than hundred 
micro crystals collected thus enabling X-ray diffraction data 
collection and phasing in microcrystallography (Fig. 1) [5]. 
Moreover, by conducting an extensive survey of 115 PDB 
sulphur SAD depositions and testing the statistical distri-
bution that these represented, a useful predictor for aiding 
experimental success using sulphur SAD was developed 
[6]. So, we will present the current state-of-art of theory and 
methods in our hands for data collection and phasing in mi-
crocrystallography of biological macromolecules.
Keywords: microcrystals, phasing, long wavelength
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Ultrafast isomerization of retinal is the primary step in 
photoresponsive biological functions including vision in 
humans and ion-transport across bacterial membranes. We 
studied the sub-picosecond structural dynamics of retinal 
isomerization in the light-driven proton pump bacteriorho-
dopsin using an X-ray laser. A series of structural snapshots 
with near-atomic spatial and temporal resolution in the fem-
tosecond regime show how the excited all-trans retinal sam-
ples conformational states within the protein binding pocket 
prior to passing through a twisted geometry and emerging 
in the 13-cis conformation. Our findings suggest ultrafast 
collective motions of aspartic acid residues and functional 
water molecules in the proximity of the retinal Schiff base 
as a key ingredient for this stereo-selective and effcient pho-
tochemical reaction.
References:
Nogly, P. et al. Retinal isomerization in bacteriorhodopsin captured 
by a femtosecond X-ray laser, under revision.
Nango, E. et al. (2016). Science, 354, 1552-1557.
Nogly, P. et al. (2016). Nat. Commun, 7, 12314.
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Serial synchrotron crystallography (SSX) combines X-ray 
images taken from randomly oriented crystals, passed 
through the beam using diverse delivery methods, into a 
single dataset. The method requires a high-brilliance syn-
chrotron source with a beam size similar to the sample size, 
an appropriate sample delivery method, a detector with suf-
ficient frame rate and a data processing pipeline. SSX can act 
as a pre-screening method for XFEL experiments or a stand-
alone experiment when crystal growth to larger size cannot 
be achieved, e.g. in vivo grown crystals. Proof of principle 
experiments (1) have shown the feasibility of the method.
Our SSX setup at the EMBL beamline P14 (PETRA III, 
DESY Hamburg) utilizes the tools of conventional crys-
tallography, minimizing setup time and sample consump-
tion. In situ experiments can be done in CrystalDirectTM 
plates, also in meso. Cryo-samples are mounted in loops or 
harvested from plates with the CrystalDirectTM Harvester. 
Generally, the sample size is a few microns. Data collec-
tion runs as series of helical line scans, typically a dataset 
is collected in a few minutes, depending on the size of the 
region of interest. Progression of the data collection is mon-
itored throughout the experiment as on-the-fly calculated 
heat map, displaying the diffraction scores as estimated by 
program DOZOR (2).  
The acquired diffraction images are sorted and bunched 
into sub datasets according to the DOZOR score. The sub 
datasets are processed in parallel as small rotation datasets 
with XDS and scaled using XSCALE. We have demonstrat-
ed the feasibility of the pipeline using 5-micron lysozyme 
crystals as test objects. Using an Eiger4M detector, a data 
set of 65120 images was collected at P14 in 3 minutes as 
an in situ experiment in a CrystalDirectTM plate.  About 
2000 sub datasets, each containing 5-10 diffraction images, 
were integrated and scaled to yield complete data to 1.7 Å 
resolution. The structure could be solved by molecular re-
placement and electron density maps were of good quality.
We have established protocols for sample delivery, data col-
lection and processing, making the pipeline feasible to use 
without previous experience in serial crystallography. Al-
ternating between serial and conventional data collections 
is user controlled. Beamtime for experiments at P14 can be 
applied for through the EMBL user program at https://smis.
embl-hamburg.de.
References
[1] Gati G., Bourenkov G., Klinge M., Rehders D., Stellato F., 
Oberthür D., Yefanov O., Sommer B.P., Mogk S., Duszenko M., 
Betzel C., Schneider T.R. , Chapman H.N., Redeckec L. (2014) IUCr 
J. 1 87-94
[2] Popov, A. N. & Bourenkov, G. P. (2015). DOZOR. European 
Synchrotron Radiation Facility, Grenoble, France
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ALBA is a third generation 3-GeV synchrotron radiation 
facility built near Barcelona servicing worldwide academ-
ic and industrial users since 2012. It currently hosts eight 
operating beamlines, including one dedicated to Macro-
molecular Crystallography (MX), BL13-XALOC. Current 
expansion plans of the facility include further 4 beamlines, 
one of them being a specific microfocus MX beamline, 
BL06-XAIRA, now in design stage.
The scientific case for XAIRA includes two aims: 1) to pro-
vide a full beam with a size of 3×1 μm2 FWHM (h×v) and a 
flux of  >3×1012 ph/s (250 mA in storage ring) at 1 Å wave-
length (12.4 keV); and 2) to reach a wide range of energies, 
4-14 keV, to support MX experiments at long wavelengths 
exploiting the anomalous signal of the metals naturally oc-
curring in proteins (native phasing), which is enhanced in 
the case of small crystals.
To match these requirements, the design of the beamline 
foresees a powerful photon source, a 2.3-m long in-vac-
uum undulator device, and the optics system prioritizes a 
high beam spatial stability. A channel-cut monochromator 
(CCM) will be installed, followed by a vertically focusing 
mirror long enough to accept the variations of the beam 
height introduced by the monochromator. This way, thanks 
to the large demagnification factor, the parasitic excursion 
of the beam at the sample position will be kept within only 
60 µm for the whole energy range, which greatly simplifies 
the alignment of downstream elements. A high flux opera-
tion mode will also be possible, at the expense of energy 
resolution, by using a multilayer monochromator. To mini-
mise the loss of flux at the low energy limit, the air path will 
be reduced between the sample and the detector by means 
of a He cone, and the whole beamline will only include two 
vacuum windows, upstream and downstream the sample.
The beam size will be adjustable to the users needs, produc-
ing larger sizes by defocusing the beam, or closing the hor-
izontal secondary source slits to obtain a smaller spot size 
at sample, down to 1×1μm2. A high precision air bearing 
goniometer with vertical rotation axis will provide a stable 
alignment of micron-sized samples to the small beam.
With a state-of-the-art pixel array detector and automated 
sample mounting and data analysis, XAIRA will allow rapid 
sample screening and data collection of crystals, and it will 
support a broad range of advanced diffraction experiments 
using micron-sized beam, from raster scanning to serial 
crystallography.
Keywords: microfocus beamline, XAIRA, ALBA
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MXi is the most recent addition to the portfolio of mac-
romolecular crystallography beamlines at Diamond Light 
Source. VMXi was built in place of the previously ex-
isting tuneable I02 beamline and was built as an entirely 
remote, high throughput in-situ crystallography beamline. 
The beamline operates in a fully automated fashion and the 
users input data collection parameters and evaluate results 
via a remote web interface. The beamline is in the initial 
phases of user operation but its unique optical properties 
and very high flux make it particularly well suited for serial 
crystallography. During the past few months, several proof 
of principle experiments have been carried out at VMXi in 
collaboration with members of the XFEL hub. These exper-
iments highlight the scientific opportunities that this beam-
line will offer and enable us to shape the best model for the 
VMXi user program that better suits the needs of the user 
community. The results from these experiments will also 
provide the test bed for improving the autoprocessing pipe-
lines needed for the high volume of data produced by this 
beamline and XFEL beamlines around the world.  We will 
present examples of the different sample delivery systems 
tested, how the resulting data are collected and processed, 
and discuss the options of how the beamline could be best 
used by the growing UK XFEL community.References:
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In protein crystallisation it is not uncommon for contami-
nant proteins to crystallise instead of the protein of interest. 
Solving structures with molecular replacement in such cases 
can be difficult since the search models, assumed to be sim-
ilar to the protein of interest, are not necessarily related to 
the proteins that have actually crystallised. SIMBAD is a 
pipeline to solve crystal structures without prior sequence 
information that can provide a route to identify the presence 
of a contaminant in a crystal and lead to structure solution. 
Early users of SIMBAD have unearthed several examples 
of unintentional crystallisation of previously known and 
unknown contaminant proteins. Other successful user cases 
have highlighted the problem of the mis-identification of 
crystals, where a mix-up has occurred (e.g. swapped crys-
tallisation trays) and a dataset has been incorrectly assigned 
as being a different target structure. In all of these cases, 
mis-directed efforts in attempting to solve the structure of 
the target crystal could have been avoided through the use of 
SIMBAD at the point of data collection or through more rig-
orous annotation and experimental assessment of the crystal 
prior to data collection.
Keywords: SIMBAD, MR, contaminants
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Data collection procedures at a modern macromolecular 
crystallography beamlines rely heavily on automated pre-
liminary experiments and data collection strategy software. 
The standard methods commonly implement a classical 
beam bathed single-crystal experiment [1, 2]. Further de-
velopments of these methods are aiming in automating the 
design of optimal data collection strategies for complex 
multi- crystal experiments, sub-crystal diffraction and 
multi-positional data collection. Three-dimensional infor-
mation about positions, dimension and relative diffraction 
strengths of crystals mounted in the sample holder is ob-
tained via several low-dose two-dimensional raster scans 
at various orientations of the sample holder. Automated 
preliminary analysis of diffraction images is carried out in 
real time by the program Dozor, which identifies the pres-
ence of a diffraction pattern from a macromolecular crys-
tal, estimates the diffraction signal and produces the list of 
candidate diffraction spot positions.. Based on the  Dozor 
output, the program MeshBest [3] automatically determines 
the areas which belong to individual crystals as well as 
the areas of crystal overlap.   Latest version of MeshBest 
analyses multiple mesh scans simultaneously and provides 
3D information on the dimensions, centroid  positions and 
integral diffraction quality of each crystal resolved on the 
holder. The best achievable result of data collection for 
each individual crystal is estimated by the program BEST 
[2], which now uses empirical 3D model of crystal shape 
delivered by MeshBest. The strategy-optimization method 
has been extended to take into account the variations in irra-
diated crystal volume with a spindle rotation. BEST predicts 
the diffraction intensity at any moment of data collection 
as a sum of diffraction intensities of crystal voxels taking 
into account the profile of the incident X-ray beam and the 
dose absorbed by each voxel. We will present development 
and applications of the methods which demonstrate feasi-
bility of auotomated approaches and indicate a possibility 
of significant improvement in data quality in particular for 
membrane protein crystals grown in mesophase.
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The Diamond Light Source has a cohort of seven beamlines 
dedicated towards macromolecular crystallography (MX). 
The VMXi beamline is one of the most recent additions to 
this group of successful MX beamlines at Diamond. VMXi 
is a dedicated microfocus, high-flux, high-throughput 
beamline. VMXi has been designed to be a fully automated 
in-situ and serial crystallography beamline which breaks 
away from the standard MX user experience. Samples are 
delivered to the beamline and are imaged using a Formu-
latrix Rock Imager system. These images are viewed via 
the SynchWeb application which is already widely used for 
displaying experimental results.
Users can look at individual drops and mark either a region 
or a point where they would like to carry out an experi-
ment. By applying simple parameters, the user can assign 
any number of experiments to a plate. Once all experiments 
are registered, the plate joins a queue and makes its way on 
to the beamline via a series of plate-handling robots. Plate 
transfer times have been optimised to minimise local heat-
ing effects on the samples. An internal plate storage hotel 
means that x-ray time is most optimally used by minimising 
shutter closed time. Samples are aligned using an image 
matching algorithm between images from the Formula-
trix Rock Imager and visible light images collected on the 
beamline. Experiments are carried out and the experimental 
results are displayed in SynchWeb. Users are informed once 
data have been collected by an automated email service. At 
no point do users interact directly with the beamline. The 
beamline operates autonomously using the parameters that 
the user has specified.
We describe here some experiments carried out on the VMXi 
beamline, and validate the beamline as a place to quickly col-
lect highly useful screening and experimental data, without 
having any manual interaction with the sample. 
Keywords: VMXi, in-situ, beamline
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Combining quantum mechanics and molecular mechanics 
(QM/MM) is one of the most important methods of studying 
the structure and function of proteins. This approach can also 
be applied in crystallographic refinement, as the geometry 
restraints used in refinement are in the form of an MM force-
field. Thus, the MM potential for a small part of the molecule 
(for example, the active site of an enzyme) can be replaced 
by a QM potential, which can result in local improvement of 
protein crystal structures. We have developed such a method, 
quantum refinement, implemented in the ComQum-X pro-
gram, which integrates a quantum chemical software with a 
crystallographic refinement software.
We present several recent applications of quantum refine-
ment on both X-ray and neutron protein crystal structures. 
Firstly, we show how quantum refinement can help in 
determining the composition and geometry of the active 
site in metalloenzymes. For example, quantum refinement 
supports a model of particulate methane monooxygenase 
(pMMO) with only one copper atom in the active site in-
stead of the two that the structure deposited in the PDB con-
tains. (Cao et al., 2018) Secondly, we show a protonation 
study of the active site of nitrogenase. Quantum refinement 
predicts the correct protonation state of the homocitrate res-
idue (Cao et al., 2017) and suggests that the FeMo-cluster 
is fully unprotonated in the resting-state crystal structure. 
Furthermore, we show some applications of the more re-
cently developed ComQum-U (Manzoni et al., 2018), 
which combines quantum chemistry with joint X-ray and 
neutron refinement. This is especially useful in refining 
structures of enzymes that catalyze reactions that occur 
with proton transfer, in which case the neutron data may 
be unclear in the active site. To this end, we apply quantum 
refinement on the crystal structure of substrate-free lytic 
polysaccharide monooxygenase (LPMO) and on the crystal 
structure of triose phosphate isomerase (TIM) in complex 
with an inhibitor.
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At SPring-8, JASRI and Riken are collaboratively develop-
ing five beamlines dedicated to macromolecular crystallog-
raphy. Each beamline shares to serve broad requests from 
beamline users and liaises to develop new applications for 
enhancing each characteristic property.
Undulator beamlines, BL41XU [1] and BL32XU [2], fo-
cus on cutting edge analyses exploiting high flux microbe-
am produced by high-magnification focusing optics. In 
BL41XU, the two step focusing achieved beam size of 2 μm 
× 2 μm - 35 μm (H) × 50 μm (V). The wide range of beam 
size allows both micro-crystallography and high-resolution 
data collection that makes efficient use of crystal diffraction 
volume. In addition to high-resolution analysis, ultra-high 
resolution (~0.4 Å) data could be collected by using higher 
energy X-rays in energy range of 20 keV to 35 keV focused 
by using compound refractive lenses. Meanwhile, BL32XU 
can provide the fine beam with typical horizontal size of 1 
μm. This micro-beam is very suited to data collection from 
small crystals, especially membrane protein crystals grown 
in LCP that are important targets on the beamline. For such 
micro-crystals, we developed an automated data collection 
system, ZOO. It is performed in advance of multi-crystal 
data collection for microcrystals; the crystal alignment tool, 
SHIKA, provides 2D spot population map of raster scan, 
and KUMA program is a tool suggesting data collection 
strategy with mitigating radiation damage.
On the other hand, the bending magnet beamlines BL26B1/
B2 and BL38B1 are focused for automation and routine data 
collection exploiting stable and easily tunable beam. The 
humidifiers have been installed for the HAG (Humid Air 
and Glue-coating) mounting method [3], which involves 
a combination of controlled humid air and water-soluble 
polymer glue for crystal coating. By this technique, most 
protein crystals can be kept at room temperature and are 
able to be cryo-cooled under optimized humidity. In Situ 
X-ray diffraction instruments using crystallization plate 
have also been developing. This system consists of plate 
goniometer, robot arm for plate mounting and plate hotel.
References: 
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Solving the phase problem in protein X-ray crystallography 
relies heavily on the identity of the crystallized protein, 
especially when molecular replacement (MR) methods are 
used. Yet, it is not uncommon that a contaminant crystal-
lizes instead of the protein of interest. Such contaminants 
may be proteins from the expression host organism, protein 
fusion tags or proteins added during the purification steps. 
Many contaminants co-purify easily, crystallize and give 
good diffraction data. Identification of contaminant crys-
tals may take time, since the presence of the contaminant is 
unexpected, and its identity unknown. We have established 
a webserver (ContaMiner) and a contaminant database 
(ContaBase), both available at strube.cbrc.kaust.edu.sa/
contaminer/, to allow fast MR-based screening of crystallo-
graphic data against currently 76 known contaminants from 
more than seven different expression systems [1]. Here we 
present the latest developments of ContaMiner. Novel fea-
tures include use of UglyMol [2] for an interactive online 
visualization of electron density maps of MR solutions, 
the possibility for screening of ‘custom contaminants’, 
and features for improved speed and performances. We are 
currently using ContaMiner to scan all PDB entries with 
suspiciously poor refinement statistics, and will present the 
results obtained.
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In the process of structure determination from a macromo-
lecular crystallography diffraction experiment, the most 
successful approach to solving the well-documented phase 
problem has been and remains Molecular Replacement 
(MR). Typically, MR exploits the structural similarity be-
tween proteins that are evolutionarily related to derive the 
necessary phases from a known structure for an unknown 
target. The majority of proteins in the Protein Data Bank 
(PDB) have been phased in this way and, as this database 
expands, the chance of finding a suitable homologue for use 
in MR increases. Despite its success, the method requires a 
high degree of structural similarity between the homologue 
and the target in order for it to act as a suitable proxy for the 
target’s phases. Given the availability of several structur-
ally-similar homologues, an ensemble of such homologues 
can help to reduce this sensitivity. In addition, the structural 
alignment of these models to generate an ensemble can re-
veal common structural motifs or cores that are likely to be 
also present in the target. We present here two recent de-
velopments in the CCP4 suite designed to generate and ex-
ploit ensembles for use in MR. MrBUMP [1], an automated 
MR pipeline, can retrieve, align and truncate sets of known 
homologues to produce a set of ensembles. Alternatively, 
where there may be only one suitable homologue available, 
AMPLE [2], originally designed to exploit the use of ab 
initio generated search models in MR, can also now make 
use of the CONCOORD [3] application to produce a set of 
ensembles from a single known homologue. In addition, we 
present a related development in the molecular graphics ap-
plication, CCP4mg. Through integration with the MrBUMP 
application, CCP4mg can assist in the generation of ensem-
ble models by enabling the user to visually inspect and in-
teractively edit the structural models.
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Model refinement for biomolecular crystallography, at pres-
ent, relies on a model defined in atomic x, y, z parameters 
and associated B factors . Vagabond is a new refinement 
project which revisits the concept of refining in torsion 
space (1), defining the model in terms of bond lengths, an-
gles and torsion angles. This significantly reduces the num-
ber of parameters required to describe most of the structure. 
However, it also incorporates a novel model for expressing 
flexibility in a chemically sensible manner, and is capable of 
describing weird and wonderful atomic distributions which 
are not accessible from isotropic or anisotropic B factor 
models. The combination of these features leads to a reduc-
tion in overfitting and increased clarity of maps
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With the advent of new instruments (e. g. Imagine at HFIR, 
MANDI at SNS and BIODIFF at FRMII) neutron protein 
crystallography has seen a resurrection from past pioneering 
work. New sample environment options at the instruments 
and a growing user community have greatly enhanced the 
outcome of the existing neutron diffractometers optimized 
for large unit cells. Measurements at 100 K in a nitrogen 
gas-stream (cryostream) are now routinely possible at most 
neutron diffractometers. Efforts to increase the flux at the 
sample position and to reduce the background at the detec-
tor make it possible to measure smaller and smaller protein 
crystals.
At the instrument BIODIFF latest developments allow to 
tilt the crystal to a kappa-geometry without the need to take 
it off from the goniometer head keeping it constantly at 
100 K. The neutron single crystal diffractometer BIODIFF 
at the Heinz Maier-Leibnitz Zentrum (MLZ) is especially 
designed to collect data from crystals with large unit cells. 
The main field of application is the structural analysis of 
proteins, especially the determination of hydrogen atom po-
sitions. BIODIFF is a joint project of the Jülich Centre for 
Neutron Science (JCNS) and the FRM II. BIODIFF is de-
signed as a monochromatic instrument with a narrow wave-
length spread of less than 3 %. To cover a large solid angle 
the main detector of BIODIFF consists of a neutron imaging 
plate in a cylindrical geometry with online read-out capa-
bility. With a radius of 200 mm and a height of 450 mm it 
covers a solid angle of approximately 2π with a spatial reso-
lution of up to 125 µm. An optical CCD-camera pointing at 
the sample position is used to quickly align the sample with 
respect to the neutron beam. The main advantage of BIO-
DIFF is the possibility to adapt the wavelength to the size 
of the unit cell of the sample crystal while operating with a 
clean monochromatic beam that keeps the background level 
low. To illustrate the power of neutron protein crystallogra-
phy, some recent application examples will be shown.
Keywords: Neutron, Monochromatic, Diffractometer
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While model building in atomic-resolution maps is a 
straightforward and largely automated task these days, 
achieving high-quality results at resolutions below ~3Å is 
far more challenging. The scale of this challenge is reflected 
in the stereochemical quality of deposited models, with out-
lier rates often 1-2 orders of magnitude higher than expect-
ed. Beyond about 3.5Å, analysis of deposited models shows 
no correlation between stereochemical quality and Rfree.
Historically, tools for interactive model building have been 
severely limited by the modest computational power of the 
average workstation, and as such were limited to simple 
visualisation and (more importantly) relatively simple ste-
reochemical restraints. In general, only direct bonded inter-
actions (bond lengths, angles and torsions) were considered, 
relying heavily on the density map to provide the remain-
ing information necessary to precisely position individual 
atoms. Today, however, even a modestly-priced "gaming" 
laptop is capable of high-framerate 3D rendering of com-
plex scenes, while the advent of massively-parallel GPU 
computing has dramatically increased the speed at which 
many computational tasks can be performed.
ISOLDE is a new interactive model-building environment 
designed to make maximum use of this explosion in com-
putational resources to ease the task of low-medium resolu-
tion model building. Almost all manipulations of the model 
take place as interactive molecular dynamics simulations 
(composed of any arbitrary subset of the modelled atoms) 
which explicitly include all non-bonded van der Waals and 
electrostatic interactions, such that every movement of an 
atom automatically leads to accommodating movement 
of its surroundings. Simulations may be guided by direct 
tugging on atoms or by interactive addition/removal of po-
sition, distance and/or dihedral restraints (or their combi-
nations as rotamer or secondary structure restraints). This 
approach ensures that the model is always settling towards 
low-energy conformations, effectively helping to "fit itself" 
as the user manipulates it.
A key design philosophy behind ISOLDE is to reduce the 
time involved in the adjust-validate-adjust cycle by pro-
viding, wherever possible, real-time structure validation as 
markup directly on the model. This is currently implement-
ed for Ramachandran, rotamer and peptide omega valida-
tions: these are re-calculated with every coordinate change, 
with clearly-identifiable indicators appearing directly on or 
adjacent to problematic residues. 
In this talk I will demonstrate the key features of ISOLDE 
and show some real-world examples of its use, and discuss 
some new features currently in planning.
References: 
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Nowadays, different techniques exist to study macromolec-
ular structures, however, X-ray crystallography still being 
one of the more powerful technique to obtain atomic struc-
tural information. Crystallography has two main limitations 
- obtain crystals and solve the phase problem. Even the data 
collection and analysis methods have highly improved in 
the last decades, the phase problem can be critical if there is 
not a model with high similarity for molecular replacement. 
SAD/MAD are the second approach after MR to succeed 
solving the phase problem. These techniques require a tun-
able X-ray beam and the presence of an atom in the crystal 
that absorb X-ray radiation and produce anomalous signal, 
such as Se, S, Zn+2... In this study, we analyze two different 
SAD data collection approaches to increase the success of 
direct methods for phase determination - continuous col-
lection and inverse-beam geometry (where Friedel’s pairs 
are collected close to each other avoiding radiation damage 
effect). This analysis has been done using crystals from the 
well study egg-hen lysozyme and the human protein sur-
vivin, which test the methods when the resolution and the 
diffraction are not optimal. In addition, a pairing reflections 
analysis using Bayesian inference has also been done. Our 
preliminary results show that inverse-beam geometry col-
lection not only does not improve phasing but can also make 
it difficult to solve the structure when the collection is not 
optimal. Moreover, the use of bayesian inference for reflec-
tion pairing looks to improve the further data analysis. 
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We present two new tools for making efficient use of serial 
femtosecond crystallography (SFX) data. A large fraction of 
SFX patterns from microcrystals of large macromolecules 
contain fewer than 15 Bragg spots and are often discard-
ed by existing autoindexing algorithms. SPIND is a refer-
ence-based algorithm for auto-indexing sparse, snapshot 
serial crystallography data with as few as 5 Bragg spots, 
using a known unit cell [1]. We demonstrate the suitability 
of SPIND for indexing sparse inorganic crystal data and for 
improving the quality of SFX data from two G protein-cou-
pled receptors.
We have also developed DatView, a tool for exploring cor-
relations in, and optimizing merged reflection lists from, 
large serial crystallography datasets. Stochastic fluctuations 
in microcrystals and X-ray free electron laser pulse param-
eters lead to orders of magnitude variability in measured 
intensities from equivalent reflections, which necessitated 
large SFX datasets for accurate merged structure factors. 
Numerous improvements in sample delivery, detectors and, 
critically, data analysis (including geometry optimization, 
orientation refinement, scaling and post-refinement), have 
significantly decreased the required number of indexed SFX 
patterns for structure determination. However, large SFX 
datasets (collected from thousands of microcrystals at room 
temperature) now allow users to not only select an optimum 
subset from potentially anisomorphous microcrystals for 
more accurate structure factors, but, importantly, it enables 
the quantification of microcrystal variability and sensitivity 
to experimental environment such as temperature and hu-
midity, and offer insights into protein flexibility.
SPIND and DatView are written in Python and available via 
zatsepinlab.atlassian.net
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Data collection is the last experimental step in a crystallo-
graphic project. All subsequent procedures (phasing, model 
building, model refinement) critically depend on the quality 
of the collected data. No amount of computational wizardry 
will turn poor data into a great model that can provide reli-
able biological insight.
With their intrinsic lack of noise, high dynamic range, small 
point spread and fast frame rates, modern Hybrid Photon 
Counting (HPC) detectors like PILATUS3 and EIGER en-
able the collection of data of exceptional quality. To fully 
exploit the power of these detectors, the user has to design 
her collection strategy based on the underlying technology.
In this presentation, we will explain why HPC data should 
always be collected with a small crystal oscillation incre-
ment per image (relative to the crystal mosaicity). This 
strategy is known as fine phi-slicing. We will also explain 
why HPC technology favors high multiplicity experiments. 
Native SAD structures determined at room temperature and 
from a crystal in space group P1 will illustrate the power of 
these two approaches.
Small oscillation increments minimize the background mea-
sured with each reflection, thus increasing signal to noise. 
High multiplicity decreases the systematic errors of the ex-
periment and brings integrated intensities closer to the real 
value. Both strategies have long been known in theory to 
lead to the most accurate data possible. In practice, techno-
logical hurdles like detector readout noise and dark current 
and detector readout time have forced the user into compro-
mises in the past, balancing what’s best for the crystal with 
the constraints of the detector.
With HPC detectors, everyone can collect data optimally. 
This doesn’t mean every experiment is a success. It still has 
be set up right. Keeping the points in this presentation in 
mind, trained crystallographers will not have to think twice 
to get the most from their crystals.
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Small angle X-ray scattering (SAXS) is ideally suited to 
study the structure and structural changes of biological 
macromolecules in solution. The last decade has seen a 
surge of technological and conceptual development in small 
angle scattering that increased the importance of SAXS in 
the toolkit of structural biology. At the ESRF, the BioSAXS 
beamline BM29 is dedicated to solution scattering and 
optimized for routine measurements of biological macro-
molecules [1].   It aims at facilitating SAS for non-experts 
by providing easy and rapid access as well as reducing the 
effort to collect and assess data.
BM29 primarily offers two data collection modes: Bio-
SAXS with a robotic liquid handling sample changer (SC) 
and BioSAXS with online size-exclusion chromatography 
(SEC). Both modes are highly automated and switching be-
tween modes is instantaneous. In both modes, primary data 
processing from azimuthal integration to determination of 
SAS invariants is completely automated and provides im-
mediate feedback. The electronic logbook ISPyB collects 
all data and associates relevant meta-data. It assists the users 
in designing their experiments, in associating data with me-
ta-data and in the primary assessment of data quality.
Here the experimental setups available on BM29 will be 
described together with the various examples of the Bio-
SAXS data obtained. Recent examples of BM29 research, 
including the integration of microfluidics systems and on-
line ion-exchange chromatography as well as the possibili-
ties for new experiments in BioSAXS.
References: 
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Large macromolecular machines, such as proteins and their 
complexes, are typically very flexible at physiological condi-
tions, and this flexibility is important for their structure and 
function. Computationally, this flexibility can be approxi-
mated with just a few collective coordinates, which can be 
computed e.g. using the Normal Mode Analysis (NMA). 
NMA determines low-frequency motions at a very low com-
putational cost and these are particularly interesting to the 
structural biology community  because they are commonly 
assumed to give insight into protein function and dynamics.
We have recently introduced a new conceptually simple 
and computationally efficient method for nonlinear normal 
mode analysis called NOLB [1]. Overall, the NOLB method 
produces structures with a better local geometry compared 
to the standard techniques, especially at large deformation 
amplitudes, and it also predicts better structural transitions 
between conformational states of macromolecules. Finally, 
the NOLB method is scalable and robust, it typically runs 
at interactive time rates, and can be applied to very large 
molecular systems, such as ribosomes. 
NMA can be combined with other computational techniques 
for various applications. I will specifically highlight our very 
recent flexible fitting methods for small-angle X-ray (SAXS) 
and neutron (SANS) profiles. This was made possible thanks 
to our SAXS and SANS packages called Pepsi-SAXS [2], 
and Pepsi-SANS [3], respectively. Pepsi-SAXS is a nov-
el and very efficient method that computes SAXS profiles 
from atomistic models. It is based on the multipole expan-
sion scheme and is significantly faster with the same level of 
precision compared to CRYSOL, FoXS and other methods. 
Similarly, Pepsi-SANS is our novel approach for comput-
ing SANS profiles. Recently, we designed a computational 
scheme that uses the NOLB nonlinear modes as a low-di-
mensional representation of the protein motion subspace and 
optimizes protein structures guided by the SAXS and SANS 
profiles. Overall, this scheme allows to significantly improve 
the goodness of fit to experimental profiles, has a very reason-
able computational time, and produces plausible structural 
structural atomistic-level predictions.
References: 
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The P13 Macromolecular Crystallography beamline, oper-
ated by the EMBL at PETRA III, enables diffraction data 
collection over a wide energy range, from 4  keV to 17.5 
keV (0.7 – 3.1 Å)[1]. In order to fully exploit the beamline 
capability at low energy (1012 ph.s-1 at 5 keV), the PILATUS 
6M-F detector, with a 450 mm Si sensor thickness and with 
a custom calibration at low energy, is mounted on a 2 q-an-
gle stage to increase the maximum resolution achievable 
(2.4 Å at 4keV).
We will present and describe the typical experimental setup 
for long wavelength data collection. For low-energy exper-
iments, typically below 5.5 keV, the air absorption can be 
drastically reduced by the use of a helium path. The gas is 
circulating inside the detector and in a homemade cone, 
which can be fixed on the detector upon user request. The 
beamline can be setup for low-energy data collection in 
about 10 minutes and remains fully compatible with the use 
of the sample changer, for high-throughput screening, and 
the mini-k of the MD2 diffractometer allowing the reori-
entation of the crystal for optimized anomalous data col-
lection.
Several examples of structure determination using intrin-
sic anomalous scatterers, such as sulfur (SAD) or calcium 
(MAD at the Ca K-edge at 4.05 keV) will be presented. We 
will especially demonstrate the efficiency of the He-path in 
the improvement of diffraction data quality at low energy.
To extend the experimental opportunities, a small laboratory 
dedicated to the preparation of derivatives is available to 
users. With more than 150 compounds available, the heavy 
atom library contains many elements (Cd, Pd, U…) exhib-
iting strong anomalous signal at low energy, which are ex-
cellent candidates for SAD and MAD experiment at long 
wavelength.
References: 
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One of the fields where the advantages of X-ray free elec-
tron lasers (XFELs) have proven to be very fruitful is in 
the study of metalloproteins(1). These proteins, where metal 
centers efficiently catalyze chemical processes under ambi-
ent conditions, are ubiquitous in nature. X-Ray diffraction 
(XRD) has become a standard technique in synchrotron ra-
diation (SR) sources worldwide to elucidate the geometric 
structure of crystallized proteins, and X-ray spectroscopic 
techniques to provide information about the electronic 
structure of the active site. Despite the enormous progress 
of the field achieved from SR-based measurements, these 
studies suffer from some experimental constraints, the main 
being the radiation-induced damage of the sample by the 
X-rays, which makes it difficult to collect the signal from 
the intact sample for radiation-sensitive systems.
At XFELs, each fs X-ray pulse is short enough to probe the 
sample and yield a detectable signal outrunning the SR-type 
radiation damage (in the ps) scale. The consequence is the 
possibility to measure sensitive systems under ambient, and 
therefore, functional conditions. The short X-ray pulses also 
allow the study of these processes in real time by follow-
ing the catalytic reactions and the associated electronic and 
geometric changes step by step with fs time resolution. In 
this presentation I will describe the methods developed in 
the past few years at XFELs to study metalloproteins and 
discuss some examples and applications. In particular I will 
emphasize how X-ray emission spectroscopy can be used as 
an in situ method for monitoring the integrity of metal cat-
alytic centers during simultaneous XRD data collection(2).
References: 
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β-Lactoglobulin (LGB) is of a huge importance to the 
food industry mostly because it is a principal whey protein 
[1]. Since pressurization is gaining a particular interest as 
an alternative procedure for milk products processing the 
pressure effects on this small protein has been extensively 
studied by the food community [2]. Wide range of methods 
was used to characterize biochemical properties of β-lacto-
globulin after or during pressurization [3].
Presented studies concern the analysis of the β-lactoglob-
ulin conformation observed in the crystal state determined 
at pressure 430 MPa. Structural changes in high pressure 
LGB structure revealed by X-ray diffraction were correlat-
ed with the physicochemical properties of pressure-treated 
β‑lactoglobulin examined by dynamic light scattering, elec-
trophoretic mobility and quartz crystal microbalance with 
dissipation monitoring measurements.
Examination of pressure effects on the conformation of 
LGB has shown that it is possible to observe starting stag-
es of dimer dissociation under pressure of 430 MPa in the 
crystal state. Additionally, a number of  local and global 
changes within a protein molecule has been identified as a 
result of pressure perturbation. Comparison of ambient and 
high pressure β‑lactoglobulin zeta potential values and ef-
fectiveness of their adsorption onto gold surface allowed to 
propose and justify different scenarios of LGB adsorption 
(Fig 1.). Our results imply that modification of milk proteins 
for desirable functional properties requires careful selection 
of pressure-treatment conditions.
Acknowledgements: The research was carried out with the 
equipment purchased thanks to the financial support of the 
European Regional Development Fund in the framework of 
the POIG Program (contract no. POIG.02.01.00-12-023/08) 
and grant NCN OPUS 2012/07/B/ST5/00767
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The heme peroxidases have high valent ferryl (Fe(IV)) 
intermediates, these intermediates can be spectroscopical-
ly monitored, formed and cryo-trapped in the crystal, and 
thus the structures determined. However, X-rays are strong-
ly reducing and therefore standard X-ray crystallographic 
data collection methods are likely to perturb the chemical 
nature of these intermediates. We are particularly interested 
in the “Compound II” intermediate, and determining if its 
identity is Fe(IV)=O or Fe(IV)-OH. These should be dis-
tinguishable from the Fe-O distance, but direct or indirect 
photo reduction into the ferric state would make these mea-
surements invalid. By using fs flashes of X-rays from the 
free electron laser SACLA at Spring-8 to record diffraction 
data before photoreduction can take place, we have been 
able to determine the structure of the unreduced Compound 
II intermediate of Ascorbate Peroxidase at 1.5Å. The data 
collection methodology will be presented. The preliminary 
refinement results will be discussed in the context of our 
results from neutron crystallography and previous multiple 
crystal approaches.
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Iron oxide magnetic particles (MPs) affinity fishing is a 
proven method for target protein separation from crude ex-
tract [1]. Given the virtual infinite surface modifications that 
can be made on magnetic particles surface, we investigated 
the MPs influence in protein crystal growth as nucleation 
points. Functionalized and non-functionalized MPs were 
used as additives in lysozyme and trypsin crystallization 
in the presence and absence of an external magnetic field. 
A rational design for MPs functionalization was achieved, 
having MPs functionalized with chitin for lysozyme crystal-
lization, and MP functionalized with casein for trypsin. The 
physico-chemical properties of the MPs were studied by 
Fourier transform infrared spectroscopy, dynamic light scat-
tering, zeta potential and transmission electron microscopy. 
The assay was developed to overcome some crystallization 
drawbacks as crystal growth kinetics, yield and morpholo-
gy. Improvement of some of these factors were observed, 
notably in the presence of functionalized MP. The presence 
of functionalized MP led to a faster crystal growth kinetics, 
still improving crystal yield and morphology without ham-
pering crystal diffraction. The new magnetic crystallization 
method enables the possibility to overcome some protein 
crystallization difficulties, but also, due to the MP function-
alization system, has the potential to be integrated in protein 
purification methods involving crystallization/precipitation 
steps. For this purpose, a high throughput screen in the pres-
ence of MP functionalized with an affinity ligand towards 
antibodies was designed showing protein crystal growth in 
different crystallization conditions.
Acknowledgments: R. dos Santos acknowledges FCT-
MCTES for the research fellowship PD/BD/105753/2014 
within the scope of the PhD program Molecular Biosci-
ences PD/00133/2012. This work is supported by UCIBIO, 
financed by FCT/MEC (UID/Multi/04378/2013) and co-fi-
nanced by the ERDF under the PT2020 Partnership Agree-
ment (POCI-01- 0145-FEDER- 007728).
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Novel bionanomaterials are hybrid materials that include 
the combination of biomolecules and inorganic substances 
to generate, enhance or support relevant properties. Bion-
anomaterials have useful applications in bio- and nano-
technology applications 1,2 .Among the biomolecules used 
to prepare hybrid materials, proteins have shown to be ver-
satile materials thank to their capacity to self-assembly in 
crystalline form generating a porous network of nanometer 
size. The internal cavities of the protein have the ability to 
act as template3, 4 and it gives the material the possibility to 
extrapolate nanoscale properties to macroscopic materials 
for practical applications.
In this work, we present a new methodology to homoge-
nously incorporate inorganic particles within protein crys-
tals using dipeptide hydrogels as growth media. To exem-
plify this methodology, we have obtained lysozyme crystals 
incorporating single wallet carbon nanotubes at different 
concentration. Crystals were grown in Fmoc-PhePhe-OH 
hydrogels5. The influence of the nanotubes on the diffrac-
tion properties, hardness, enzymatic activity and conductiv-
ity will be presented and discussed, as well as a full charac-
terization of these new materials.
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The DNA damage can occur by several agents which 
may promote instability of the genome leading to several 
diseases such as cancer, neurological disorders, immu-
nodeficiencies and premature aging. To avoid this serious 
consequences, cells have evolved a number of DNA repair 
pathways, which carry out the process in multiple steps to 
repair specific DNA damage, and maintain the integrity of 
the genome. The nuclear import is a pre requisite for the 
functions of DNA repair proteins and their correct location 
is essential. The classical nuclear import pathway is the best 
characterized and, probably the most used protein import 
mechanism to the cell nucleus, which involves the binding 
of the cargo protein via nuclear localization sequence (NLS) 
recognized by the importin-α protein (Impα). Classical nu-
clear localization sequences are targeting signals that link 
the cargo proteins to the Impα import receptor. They are 
formed by one or two basic clusters of amino acid residues, 
termed monopartite or bipartite NLSs. Aiming to under-
stand the structural basis of the nuclear import process of 
DNA repair proteins, we have used X-ray crystallography 
and calorimetric tools to study the interaction between Impα 
and the NLS regions of each protein. Five different com-
plexes have been studied, which cover the most important 
DNA mechanisms: i) base excision repair (BER) - FEN1 
protein, ii) nucleotide excision repair (NER) - XPG protein, 
iii) mismatch repair (MMR) - PMS2/MLH1 heteodimer and 
iv) non-homologous end joining (NHEJ) - Ku70/Ku80 het-
orodimer. We demonstrated that all these proteins are able to 
be transported to the cell nucleus by classical nuclear import 
pathway using monopartide or bipartite NLS sequences. 
However, we demonstrated that, for many of these proteins, 
the NLS regions are different from the previously described 
data in literature. In addition, new structural features related 
to minor and linker NLS binding regions were observed, 
which may give specificity for the transport of different 
DNA repair proteins.
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Halogenated aliphatic compounds represent one of the 
largest groups of environmental pollutants. Haloalkane 
dehalogenases are responsible for one of the key reactions 
in the bacterial degradation of various halogenated pollut-
ants. Apart from applications in bioremediation, haloalkane 
dehalogenases can be potentially applied in biosensing of 
pollution, biosynthesis, cellular imaging and protein im-
mobilization. These enzymes catalyze the cleavage of a 
carbon-halogen bond in haloalkanes with water as the sole 
co-substrate, resulting in formation of a halide ion, a corre-
sponding alcohol, and a proton. The role of conformational 
flexibility has been well established in connection with the 
accessibility of the active site, the binding of substrates and 
ligands, and release of products, stabilization and trapping 
of intermediates, orientation of the substrate into the bind-
ing cleft or adjustment of the reaction environment.
Several haloalkane dehalogenase structures were deter-
mined by X-ray diffraction analysis of enzymes’ crystals, 
providing a good theoretical framework for their modifica-
tion by protein engineering. Crystallization conditions for 
haloalkane dehalogenases DhaA from Rhodococcus rhodo-
chrous NCIMB 13064, LinB from Sphingobium japonicum 
UT26, and DbeA from Bradyrhizobium elkanii USDA94 
and their mutant variants were compared and analyzed. 
Analysis of crystallization cocktails revealed common 
components for the majority of compared dehalogenases 
such as divalent cations such as calcium or magnesium, and 
medium size polyethylene glycols (PEGs) 3350 or 4000 
as well as almost neutral pH. Instead of X-ray diffraction 
analysis our model systems have been also investigated by 
other structural methods such as neutron crystallography, 
time-resolved crystallography and hydrogen-deuterium ex-
change mass spectrometry. Based on carefully designed ex-
periments and by combination of the information obtained 
from different, but complementary, techniques we will be 
able to get inside into (i) conformational changes of selected 
enzymes upon their interactions with substrates, (ii) location 
of hydrogen atoms inside the enzyme active site and the ac-
cess tunnels and (iii) protonation state of catalytic residues 
of the enzymes during their catalytic cycles.
This research is supported by the GACR (17-24321S). 
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In the next few years, due to the increase in life expectancy, 
neurodegenerative diseases, as for example the Alzheimer's 
disease, will be one major health problem in the developed 
countries. This disease belongs to the group of those caused 
by protein misfolding associated with the development of 
amyloid deposit. The study of the molecular basis of the 
missfolding processes is complicate due to the difficulties to 
obtain structural information at atomic level of such class of 
oligomers. However some proteins suffer misfolding form-
ing oligomers which are able to crystallize. This oligomeri-
zation process is known as 3D domain-swapping (3D-DS), 
and the interchage of secondary structure elements may 
result in the formation of dimers, trimers, etc1. A case of 
study is the SH3 domain of the c-Src tyrosine kinase which 
develop intertwined dimers and, also, is able to form am-
yloid fibers. The formation of these 3D-DS structures and 
amyloids is pH dependent and very responsive to some pun-
tual mutations2. Considering the results obtained in previous 
studies, our group have clonned, expressed and purified sev-
eral chimeric proteins of the SH3 domain of the c-Src and 
Fyn tyrosine kinase, where the RT and n-Src loops of each 
domain have been interchanged3. In the c-Src SH3 the n-Src 
loop acts as hinge loop, which facilitate the opening of the 
domain to form the intertwined oligomer. We have study 
the stability of these proteins vs the pH (pH range 1-14) and 
in presence of the chemical denaturant guanidinium hydro-
chloride. These chimeric proteins are stable in a broad range 
of pH (pH 5.0-11.0) and show a high stability. The stability 
is higher at neutral pH than at acidic pH values. We have 
determined the oligomerization of the proteins by dynamic 
light scattering. The formation of dimers at acidic pHs is 
favoured by the addition of low molecular weight PEGs. 
Considering these results, we have screened the crystalliza-
tion conditions at different pHs and in presence of several 
additives that promotes the formation of the dimers. Here 
we present the preliminary biophysical characterization of 
these chimeric proteins and their crystal structures deter-
mined at several pH values and oligomeric states. The re-
sults obtained show that besides residues at the hinge loops 
some residues al the distal loop might play a key role in the 
opening of the protomer to form the intertwined oligomers.
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Amyloid forming proteins are the main cause of many 
neurodegenerative diseases. However, the mechanism of 
their formation at molecular level is not known. Tackling 
this task is difficult because the limitations to obtain high 
resolution structural information. We have constructed sev-
eral chimeric proteins of the SH3 domains of the tyrosine 
kinases c-Src, Abl and Fyn as model proteins to tackle these 
studies. In those SH3 domains the RT and n-Src loops of 
each domain have been interchanged. Previous studies have 
demonstrated that some of these chimeric proteins are able 
to form oligomers by 3D domain-swapping (3D-DS), and 
the interchage of secondary structure elements results in the 
formation of dimers1,2. Structural studies performed with 
proteins under conditions near denaturation might help to 
understand the initial steps which drives misfolding in pro-
teins. Considering this approach, we have studied the bind-
ing of the chemical denaturant urea to several chimeric con-
structions of the c-Src SH3 domain. We have crystallized 
these proteins in presence of different concentrations of urea 
to determine its interaction. Previously, we have analyzed 
the unfolding of the chimeric proteins in presence of urea 
at pH 5.0 and pH 7.0 by means of the intrinsic fluorescence 
of the protein. Some chimeras of the Src-SH3 where the RT 
and n-Src loops have been interchanged by those present in 
the Fyn SH3 domain (SF chimeras) does not fit a two-state 
model, which might indicate the presence of some interme-
diate in the unfolding process as it has been described in 
other SH3 domains3. Most of the crystals grown in presence 
of urea diffracted to atomic resolution, which allowed us to 
model the urea molecules interacting with residues at the 
surface of the protein. In all the structures solved the urea 
molecules were modelled replacing first-shell water mole-
cules, which would modify the water-water hydrogen bond 
network. We have analyzed the results considering structur-
al changes due to urea binding: in the position of the protein 
main chain; rotamer side chain changes; and, displacement 
of buried water molecules. In some structures a urea mole-
cule is placed interacting with Glu106, which is critical in 
the nucleation of the folding process of the c-Src-SH3 do-
main by forming a hydrogen bond with Ser123.
References: 
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During the stages of the flagellar assembly process, the 
flagellar genes are expressed in response to morphological 
development of flagellar assembly. Flagellar biogenesis is 
controlled by a negative feedback loop. When FliD was se-
creted at the late step of flagellar assembly, the FliD-FliT 
complex disassembled and free FliT bound to the FlhDC 
complex, a master regulator of flagellar biogenesis, sub-
sequently inhibiting the overall expression of flagellar 
proteins. Thus, the overall production of flagellar proteins 
is reduced by sensing flagellar morphology via FliD-FliT 
complex. In this study, we analyzed the role of the FliD 
C-terminal domain in pentamer formation and interaction 
with FliT. We determined the crystal structure of C-terminal 
domain of FliD bound to FliT, and showed that the FliD 
Leu443, which is part of the hydrophobic core of the FliD-
FliT complex, plays a crucial role in the pentameric oligom-
erization of FliD. When the FliD Leu443 was mutated, the 
binding affinity between FliD and FliT was significantly re-
duced, and it exists as a monomer in solution. Consistently, 
lengths of flagella in each cell were significantly reduced in 
L443R mutant strain, suggesting that normal flagellar bio-
genesis was impeded. These results suggest that the C-ter-
minal domain of FliD plays a crucial role in the pentameric 
oligmerization of FliD and the binding of FliT to the C-ter-
minal domain of FliD is critical to inhibit the premature as-
sembly of the FliD pentamer in the cytosol.
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Liquid-dense clusters (LDCs) are formed by liquid-liquid 
phase separation, which is a process known for a long time 
in vitro as well as in vivo affecting a variety of nucleic acids, 
protein functions and metabolic pathways. Insights in the 
formation and dynamics of liquid dense clusters will open 
also new option to optimize protein crystal growth [1].
Nonetheless, the knowledge about structural and dynamic 
properties of macromolecule LDCs of proteins and different 
nucleic acids remains by far incomplete (1). Insights about 
the folding state and packing of biomolecules inside LDCs 
will aid in understanding the relevance of metastable liq-
uid-liquid phase separation, as well as understanding initial 
processes of protein aggregation, oligomerization and mis-
folding, e.g. in neurodegenerative diseases like Alzheimer, 
Parkinson, dementia and sclerosis [2]. In order to investi-
gate formation and internal structure of liquid dense clus-
ters (LDC) by coherent X-ray diffractive imaging, selected 
distinct proteins of high medical and biological relevance 
as well as RNAs were selected to prepare LDCs. The phys-
ico-chemical conditions for the formation, stabilization and 
labelling of selected macromolecule LDCs were established 
and systematically optimized. The influence of polyvalent 
ions and polyethylene glycols as precipitant agents, which 
can promote LDC formation, were investigated. A combi-
nation of single particle Brownian microscopy applying an 
ultrafast camera, in situ Dynamic Light Scattering as well as 
fluorescens and atomic force microscopy have been applied 
to follow the time resolved process of clusters formation. 
Initial results and data obtained were utilized to understand 
and to optimize the clusters formation, as well as assess 
their stability, also towards advanced X-ray imaging tech-
niques. More detailed information about folding state and 
arrangement of macromolecules inside LDCs, particularly 
by using X-ray free electron laser based imaging will open 
new routes to utilize LDCs for structural investigation of 
nanomaterials and single macromolecules in a non-crystal-
line environment in the future, and will allow to prepare dis-
tinct nano- and micro-sized crystals, most suitable for serial 
diffraction data collection. Details will be presented.
References: 
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Here we present the use of an unnatural amino acid as IR 
sensor for conformation-specific detection of calmod-
ulin-binding. Calmodulin (CaM) is an eucaryotic protein 
that binds four Ca2+ ions and acts as a calcium sensor by 
translating the Ca2+ signal into cellular processes. The bind-
ing of calcium leads to conformational changes of CaM 
which enable Ca2+/CaM to recognize and bind various tar-
get proteins. There are diverse binding partners and binding 
modes of CaM. For the conformation-specific detection of 
the CaM-binding to its partner, we incorporated the unnat-
ural amino acid p-azidophenylalanine (AzF) in different 
positions of calmodulin.
AzF contains the azide vibrational reporter that shows a 
characteristic IR signal in a defined region of the infrared 
spectrum where the native protein does not display any 
IR-signals. The unnatural amino acid can be used to detect 
changes in the chemical environment. We followed the sig-
nal of the AzF probe in various CaM/peptide-complexes by 
FTIR spectroscopy. This system allows conformation-spe-
cific detection of CaM binding to its binding partners. With 
the crystallization of the CaM/peptide-complexes we want 
to get more insight into the structures with the incorporated 
unnatural amino acid.
Keywords: unnatural amino acid, calmodulin, IR spectroscopy
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Modern crystallographers are capable of unprecedented 
speed and throughput in their work, from target purification 
and crystallisation to diffraction data acquisition and analy-
sis. Protein stability is a key factor in the crystallisation pro-
cess; samples must be conformationally homogenous and 
structurally sound over a period of days to form high-quality 
diffracting crystals. We present The Durham Screens, a set 
of three complimentary 96-condition screens designed to ef-
ficiently identify conditions favourable to protein stability.
Differential Scanning Fluorimetry (DSF, also known as 
Thermofluor and the Thermal Shift Assay) has rapidly be-
come the go-to method for protein stability analysis due to 
its high throughput, low cost and versatility. By monitoring 
the thermal denaturation of a protein sample using either its 
intrinsic fluorescence or an environmentally-sensitive flu-
orescent dye, DSF can compare a range of conditions and 
identify those that confer the greatest thermal stability.
The Durham Screens are designed around three themes: pH, 
salts and osmolytes. By deconvoluting the contributions of 
each buffer component to the overall stability of a protein 
sample, the screens provide valuable insights to optimise 
purification protocols, protect stored samples and guide ra-
tionally-designed crystallisation trials.
References: 
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The potential use of size exclusion chromatography 
(SEC) as  a lab-based scanning methodology to monitor 
protein self-assembly prior to nucleation  is the subject of 
this study. The effect of the mobile phase ionic strength and 
protein concentration on the output of SEC experiments was 
exploerd using high-resolution size exclusion chromatogra-
phy (SEC) coupled with static light scattering (SLS) anal-
yses. SLS is capable of monitoring abrupt changes in the 
molar masses and the results highlight the effect of small 
changes in the mobile phase composition on the estima-
tion of molar masses calculated from retention time-based 
calibration curve compared with those obtained from SLS 
analysis. By comparing the SLS data with the SEC chro-
matograms, we show that SEC can provide helpful informa-
tion on the protein aggregation state as macromolecules ap-
proach known precipitation points in their phase diagrams. 
This study implies that SEC can be usefully used to study 
phase diagrams of different proteins.
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Human cytomegalovirus (HCMV, HHV-5) causes a spec-
trum of disease syndromes in children and adults. HCMV 
is a cause of mononucleosis in immunocompetent individ-
uals and is a well-known cause of serious morbidity and 
sometimes fatal infections in immunocompromised pa-
tients, especially recipients of solid-organ or hematopoetic 
cell allografts and individuals with advanced AIDS. HCMV 
molds cell functions to support its replication and displays 
tropism for differentiated human cells that are critical for its 
life cycle. HCMV destroys infected cells by active lytic rep-
lication. The virus genes block apoptosis, interfere with the 
expression of immune recognition molecules on the surface 
of infected cells to avoid lysis by natural killer or cytotoxic 
T cells, and inhibit the antiviral effects [1]. The large size 
of the HCMV dsDNA genome, allows this virus to dedi-
cate many genes to viral fitness; a number of these genes 
thwart the host inflammatory, innate, and adaptive immune 
responses. In clinical HCMV isolates, considerable genetic 
polymorphism exists and correlates with its clinical pre-
sentation. Of the viral genes, UL144 is particularly notable 
because of its role in modulating the host immune response. 
UL144 is found exclusively in clinical HCMV strains and 
encodes a structural homologue of the herpesvirus entry 
mediator. It has been proposed that UL144 plays a role in 
virus-mediated immune evasion by transmitting inhibitory 
signals to downregulate T-cell responses [2].
Sequence of HCMV UL144 shows 10 N-linked glycosyla-
tion sites located in extracellular part of the gene. Many of 
them are not present in other viral species that suggest that 
potential glycosylation is important only in humans and 
may play a role in ligand-binding recognition. Here, we 
present the characterization of such recombinant HCMV 
UL144 glycoprotein isolated from baculovirus-insect sys-
tem. By liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) we have identified up to 6 peptides of HCMV 
UL144 genes that have covered the most of the desired se-
quence. Intact protein analysis using a combination of LC 
and MS determined the accurate masses of these proteins 
(glycan-deficient mutein and native wild-type) and the rela-
tive abundance of their isoforms. We have also analyzed the 
glycan profiles and identified the most glycosylated UL144 
species that showed mass of 20267,4 Da. As glycosylation 
plays an important role in receptor-ligand recognition we 
have performed the SPR binding studies to UL144 known 
cellular ligands that have show the importance of UL144 
glycosylation in HCMV immune recognition.
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Dihydrodipicolinate reductase (DHDPR) is a key enzyme 
for the Diaminopimelate (DAP) and Lysine synthesis path-
way by reducing the dihydrodipicolinate (DHDP) into tet-
rahydrodipicolinate (THDP) using NAD(P)H as a cofactor. 
It is known that DHDPR uses both NADPH and/or NADH 
as cofactor but the structural basis of its cofactor specificity 
is still unclear. In this study, we found that PaDHDPR from 
Paenisporosarcina sp. TG-14 has a strong preference for 
NADPH compared with NADH based on isothermal titra-
tion calorimetry and enzyme activity assay. To better under-
stand the enzymatic mechanism of PaDHDPR in molecular 
level, the three crystal structures of unliganded, DPA (dip-
icolinate; a competitive inhibitor of DHDPR) bound and 
ternary (NADPH and DPA) complexed PaDHDPR were 
determined at 1.8, 1.8 and 2.1 Å resolutions, respectively. 
Comparison of these PaDHDPR structures with previously 
reported other DHDPR structures reveals that only terna-
ry complex PaDHDPR structure shows completely closed 
conformation suggesting both substrate and nucleotide 
co-factor are essential for the domain movement. Moreover, 
NADPH binding induced local conformation changes in the 
N-terminal long loop region (residues 34-59) in PaDHD-
PR and the His35 and Lys36 residues located in this loop 
region make strong interaction network with the 2′-phos-
phate group of NADPH. These specific interactions may 
allow PaDHDPR to have a strong preference to NADPH 
as co-factor compared with NADH. In addition, activity 
assay using H35A and K36A mutants showed significantly 
reduced NADPH binding and enzymatic activity confirm-
ing the importance of these two residues. Collectively, these 
data provide detailed structural insights into pivotal confor-
mational changes in PaDHDPR for enzymatic catalysis and 
the cofactor selectivity of this important bacterial enzyme.
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Chemical preparation, crystal structure and vibrational 
study are reported for a new diphenylhydrazine dihydrog-
enophosphate monocrystal DPHDP (C6H9N2)2H2P2O7 .This 
organic cationic diphosphate (C6H9N2)2H2P2O7 was synthe-
sized by the method of ion exchange resin. (C6H9N2)2H2P2O7 
crystallizes in the monoclinic system, with a merit factor of 
0.0285, space group P21/c, a = 7,1991 (2) Å, b = 8,0209 (4) 
Å, c =31,2070(2) Å, β = 93,577(1)°, Z = 4, V = 1798.5 (1) 
Å3. The crystal structure was refined down to R = 0.027, R = 
0.069 for 1830 reflections satisfying criterion I ≥ 2σ (I). The 
structural resolution shows the existence of H2P2O7

2- ion 
chains linked together by hydrogen bonds. The organic cat-
ions C6H9N2

+ and the phosphate chains are linked together 
by hydrogen bonds. Diphosphate group adopt an eclipsed 
configuration. A network of O-H... O hydrogen bonds re-
inforce the cohesion of the structure. The vibrational study 
by IR absorption spectroscopy of the title compound reveals 
the presence of three bands and confirms the existence of 
non-equivalent positions of water molecules in the struc-
ture.
(C6H9N2)2H2P2O7 is a non linear optical NLO product as it 
is not centrosymetric.
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A single-crystal was selected from the reaction product 
of a stoichiometric mixture of phosphoric acid (H3PO4) to 
which was added the Arginine (C6H14N4O2) and its crys-
tal structure determined from three-dimensional X-ray 
diffraction data. The structure is monoclinic, space group 
P21, a=7.3450(14)  Å, b=7.9176(15)  Å, c=10.8796(22)  Å, 
β=97.98(2)°, V=626.57(186) Å3 and Z=2, least squares re-
finement was converged to R1=0.0456, wR2=0.1433 for 
3278 unique reflections. The structure consists of chains 
formed by edge sharing of PO4 tetrahedra, water and ar-
ginine. The stacking along b axis consists of these chains 
bridged by layers formed by PO4 water and arginine by 
hydrogen bonds. The Raman and infrared spectra of single 
crystal LAP were recorded to determine the symmetries of 
the vibrations of the various molecular groups such as NH3

+, 
NH2, CH2, CH, COO-, H2O and H2PO4 present in the crystal.
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The p53 tumor suppressor is widely found to be mutated 
in human cancer. This protein is regarded as a molecular 
hub regulating di!erent cell responses, namely cell death. 
Compelling data have demonstrated that the impairment of 
p53 activity correlates with tumor development and main-
tenance [1]. For these reasons, the reactivation of p53 func-
tion is regarded as a promising strategy to halt cancer [2]. 
The recombinant mutant p53R280K DNA binding domain 
(DBD) was produced for the "rst time, and its crystal struc-
ture was determined in the absence of DNA to a resolution 
of 2.0 Å [3]. The solved structure contains four molecules 
in the asymmetric unit, four zinc(II) ions, and 336 water 
molecules. The structure was compared with the wild-type 
p53 DBD structure, isolated and in complex with DNA. 
These comparisons contributed to a deeper understanding 
of the mutant p53R280K structure, as well as the loss of 
DNA binding related to halted transcriptional activity. The 
structural information derived may contribute to the rational 
design of mutant p53 reactivating molecules with potential 
application in cancer treatment.
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Superior) under the Partnership Agreement PT2020 UID/
MULTI/04378/2013, and projects (3599-PPCDT) PTDC/
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Sulfamethoxazole, smz, is an antibiotic which is classified 
as a Biopharmaceutics Classification System (BCS) class 
IV, low solubility and low permeability drug. Co-crystal 
formation has been examined in an attempt to improve 
solubility. Both ball milling and crystallization from solu-
tion have been examined. Ball milling showed that thirteen 
co-formers gave new crystalline X-ray powder patterns and 
four gave X-ray amorphous patterns while crystallization 
from solution gave single crystals of four co-crystals and 
a salt. The co-formers which gave the co-crystals and the 
salt have better H-bond acceptors than the sulfonyl oxygens 
of smz. The 4,4-dipyridyl co-crystal has an interesting high 
Z’’ structure. It crystallized in space group P1 with four smz 
and six 4,4’-dipyridyl molecules in the asymmetric unit.The 
lattice energies of smz and the co-crystals were estimat-
ed using the PIXEL program.The dissolution rates of the 
co-crystals are all lower than smz form I despite the fact that 
they have lower computed lattice energies than smz form I. 
It appears that the absence of any hydrogen bond in the smz 
form I structure with a D…A distance less than 3.2 Å and 
the presence of stronger hydrogen bonds in the co-crystals 
with D…A distances close to 2.8 Å is more important in 
determining dissolution rates than lattice energies.
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It is expected that co-crystals of drug substances with dif-
ferent pharmaceutical properties and medical activities will 
be characterized by a wider spectrum of activity, new ther-
apeutic properties and better bioavailability of the drug [1].
Although fenamic acids are very popular non-steroidal an-
ti-inflammatory substances [2] used in therapy, their phys-
ical properties as solubility in water connected to the phar-
maceutical dosage needs to be improved. 
Ethacridine lactate is a drug used as an antiseptic agent 
therefore it can be expected that co-crystals of ethacridine 
with fenamic acids will combine pharmaceutical properties 
of both components and additionally will be characterized 
by improved bioavailability. 
Organic complexes of fenamic acids (fenamic, mefenamic, 
flufenamic, tolfenamic)
and ethacridine have been obtained by formation of the net-
work of intermolecular of N–H∙∙∙O and C–H∙∙∙O hydrogen 
bonds, occurring between the components of the co-crystal, 
as well as O–H∙∙∙O and N–H∙∙∙O hydrogen bonds generated 
by fenamate and ethacridine species along with water mol-
ecules. The crystal structure of fenamic acids with ethacri-
dine will be presented and analysis of the hydrogen bonds 
will be performed.
Finacial support: Grant of the Wrocław Medical University 
STM.D050.17.002.
Figure. Structure of co-crystal of mefenamic acid with eth-
acridine.
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γ-Aminobutyric acid (GABA) plays numerous physiolog-
ical functions and its derivatives are potential active phar-
maceutical ingredients (API). At the moment two of them 
(Baclofen and Gabapentin – see below) are widely used. Ba-
clofen (Kemstro, Lioresal) is an agonist of GABA receptors. 
It shows significant muscle relaxant activity and is used as 
antispastic drug while Gabapentin (Prebalin, Lyrica) shows 
anticonvulsant activity and is used mainly as antileptic drug, 
in neurophatic pain and in generalized anxiety disorder.
GABA and its neutral derivatives exist in a dipolar (zwitterion-
ic) form both in solid states and in solutions (see below), which 
theoretically should prevent possible nucleophilic attack of the 
electron lone pair at N atom (engaged in N-H bond in protonated 
forms) on the carboxylic carbon (only in neutral carboxylic group) 
with formation either cyclic ɤ-lactam or linear peptide. The reac-
tion is observed quite often in solutions, where a tiny concentra-
tion of the neutral form of the amino acids being in equilibrium 
with the ionic forms allows such reaction to go. The reaction 
(shown below) was also observed in the solid state by Borka [1] 
in the case of Baclofen at elevated temperatures.  Surprisingly, 
one of several solid Baclofen forms under study in our laboratory 
revealed the lactamization reaction in moderate temperatures.
The analysis of crystal structures of γ-amino acids found in 
Cambridge Structural Database and in our archives (unpub-
lished ones) allowed us to point out several factors, which 
have to be taken into account when considering perspective 
stability of such API.
The most important features are:

•	 conformation of the main amino acid chain,
•	 shortest intra- and intermolecular distances between 

amino and carboxyl groups,
•	 geometry and strength hydrogen bonds formed by the 

two reacting groups,
•	 relative spatial orientation of the two groups,
•	 possibility of rotation of the carboxyl group.

The common values of the analyzed factors and their in-
luence on lactamization of ɤ-amino acid will be presented.
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Fragment screening is a method routinely applied in phar-
maceutical drug development by now. Here, small mol-
ecules (<300 Da) that are identified during the screening 
process are developed into lead compounds with high affin-
ity. While high-throughput screening usually requires large 
compound libraries, fragment libraries can be much smaller 
in size, containing only several hundred to thousand mol-
ecules. We developed a small fragment library composed 
of 361 compounds and validated it on the aspartyl protease 
endothiapepsin for which we obtained a high hit rate during 
crystallographic screening.[1,2]
We used this library to screen protein kinase A (PKA) and 
PIM1-kinase. For pre-screening we applied a thermal shift 
assay (TSA) to identify suitable fragments for crystallo-
graphic screening. In the TSA 31 fragments were identified 
for PKA and 52 for PIM1. These fragments were then sub-
jected to crystallographic screening where we obtained 15 
complex structures for PKA and 13 for PIM1, indicating 
also here a high crystallographic hit rate. In comparison 
we tested a random collection of fragments for crystallo-
graphic screening with PKA resulting in a much lower hit 
rate (21%). Deviating hit lists in the TSA assay and only 
one common fragment observed in both kinase structures 
suggest that fragments might be selective binders. TSA 
screening results, observed binding motifs and structural 
differences in the ATP-binding pockets of both kinases will 
be discussed in detail. 
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Human phosphoserine phosphatase (hPSP) catalyses the 
third and final step of the serine pathway, which is the trans-
formation of O-Phospho-L-Serine into L-Serine. This Mg2+ 
enzyme is part of the Haloacid Dehalogenase superfamily 
of enzymes and possesses a Rossman-like domain in order 
to orient the substrate within the active site. This protein is 
also a therapeutic target in colorectal cancer [1]
In this work, hPSP was produced, purified and crystallized 
in various conditions. In order to design inhibitors and 
gain a better understanding of the catalytic mechanism, we 
co-crystallized the enzyme in presence of different sub-
strates and inhibitors. Crystals were obtained and data were 
collected at SOLEIL Synchrotron in France.
After resolution, we obtained a co-crystal of hPSP with 
phosphate as a ligand at a resolution of 1.5 Å. We also re-
solved a dynamic loop that was absent in the other high-res-
olution structure of hPSP (PDB: 1NNL) [2]. This loop was 
also described by Kim et al with a resolution range going 
from 2.5 to 2.8 Å but was placed in a different manner 
(PDB: 1L8L & 1L8O) [3]. The dynamic properties of this 
chain indicates a possible induced fit in order to open and 
close the active site during reaction.
We will complete those results thanks to other co-crystalli-
zation assays of hPSP with ligands. Moreover, we will apply 
dynamic simulations to elucidate the catalytic mechanism 
of this enzyme.
Acknowledgment. The authors thank members of named-
ic who generated namedic library used for inhibition and 
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Pochet. Authors also acknowledge SOLEIL for provision of 
synchrotron radiation facilities and we would like to thank 
Leonard Chavas for assistance in using beamline Proxima I.
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A series of 70 new Combretastatin A-4 (CA4) analogues 
have been synthesized by modified Wittig reaction [1]. The 
compounds were tested in vitro for cell growth inhibition and 
the ability to induce apoptosis against HepG2, EA.hy926 and 
K562 cell line. The most active compounds were further test-
ed against  HT-29, Colon-26, A-549, MCF-7, MDA-MD-231, 
MCF-10A, HaCaT and NHEK lines. The new compounds 
have been characterized by single crystal diffraction and pre-
liminary data about the interaction of the most active CA-4 
analogues has been obtained using fluorescence displacement 
assay. The crystallization of selected analogues with αβ-tubu-
lin-RSB complex suggested that interaction might occur at 
different sites though the “small molecules” are structurally 
very alike (Fig. 1). Figure 1. General scheme of synthesized 
analogues a), ORTEP view of the molecule of compound SZ16 
present in the asymmetric unit [1] b) and possible interaction 
(binding) sites of the analogues with αβ-tubulin dimmer.
Acknowledgments: The authors would like to thank the 
Bulgarian National Science Found project H19/13 2017.
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The change in the phases of matter has been extensively 
studied; from simplistic thermal changes of liquids, solids 
and gases to more the complex transitions of the different 
forms of the same material. This is important for pharma-
ceuticals because different polymorphs of the same drug 
having different intrinsic properties such as solubility and 
bioavailability. In studying these systems it is difficult to 
isolate different phases of matter in the early stages of crys-
tallisation, as when these transitional phases occur they 
have a limited lifetime. Therefore stopping/slowing mi-
croscale crystallisation in order to observe the early stages 
is the aim of this project. This is achieved by encapsulating 
the pharmaceutical into a host with confined nanoscale ge-
ometry, in this case a mesoporous silica host. This allows for 
an indirect route into understanding relationships between 
different phases and motilities of pharmaceutical materials. 
Melt loading methods were used to in order to encapsulate 
the cocrystal of flufenamic acid and nicotinamide (FFA/
NA) within the pores. Confirmation of loading at different 
ratios inside the pore was completed using DSC, nitrogen 
desorption isotherms. Subsequent NMR analysis was com-
pleted by solid state NMR methods to investigate the 1H, 13C 
and 19F environments by different correlation experiments 
under MAS conditions. Defined separate phase peaks using 
19F NMR were observed previously in this material; surface, 
crystalline and amorphous peaks. Using 19F-19F NOESY 
NMR, interactions between these peaks were observed 
giving two out of the possible three interactions giving in-
sight into spatial differences between the different phases 
of material.
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Development of new, fluorescent, retinoic acid analogues 
offers the opportunity to investigate retinoic acid binding 
proteins both in vitro and in vivo. Retinoic acid signaling 
is vital for normal growth and development, and offers an 
attractive target for novel therapies, particularly within the 
field of neurodegenerative disease. Through different bind-
ing affinities the capability of, and variation between, dif-
ferent protein isoforms can be investigated, and potentially 
harnessed to design isoform-specific ligands. The fluores-
cent nature of the probes, and their enhanced stability over 
that of retinoic acid, makes them ideal for following in vitro 
via fluorescence spectroscopy and will be invaluable for 
high throughput ligand screening - feeding into the structure 
based design of future ligands. 
Keywords: Retinoids, Binding, Fluoresence
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Carbonic anhydrases (CAs) are zinc metalloenzymes 
playing an important role in many physiological process-
es. Several CAs are also involved in various pathological 
processes in humans and represent thus targets for drug 
development. Specifically, human carbonic Anhydrase 
IX (CA IX), isoform overexpressed in solid hypoxic tu-
mours, is a target for cancer therapy and diagnostics. We 
have previously identified carboranes as a promising 
class of specific inhibitors of CA  IX [1]. Here we report 
recent advances in the structure-assisted design of car-
borane and metallacarborane inhibitors targeting CA  IX. 
We chose carboranes, three-dimensional scaffolds, which 
act as as space-filling fragments. We modified boron cages 
to synthetize carboranes and metallacarboranes substituted 
by sulfamide, sulfonamide or sulfamate groups, i.e. func-
tions known to bind tightly to the zinc atom in the active site 
of CAs. Consequently, the small library of ca. 70 substituted 
carboranes and metallacarboranes was. Several compounds 
exhibit selective inhibitory activity toward CAIX with  Ki 
values in low nanomolar or even picomolar range. Selected 
inhibitors were tested for their effect on tumor growth in 
BALB/c mice orthotopically implanted with 4T1 cells and 
SCID mice subcutaneous transplanted with HT-29 cells.
This work was supported by Czech Science Foundation, 
Project No. 15-05677S, Technology Agency of the Czech 
Republic, Projects No. TE01020028, and the Ministry of 
Education of the Czech Republic (LO1304 and EATRIS-CZ 
LM2015064 (programme “NPU I”).
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Cytokines such as interleukin-6 (IL6) are attractive thera-
peutic targets in inflammatory diseases. Interleukin-6 is a 
secreted cytokine, produced by different cell types, but it 
originates mainly from macrophages and monocytes at the 
site of inflammation [1]. IL6 is a multifunctional cytokine 
and mediates its biological function via a hexameric sig-
naling complex composed of two molecules each of IL6, 
gp80 and gp130 [2]. It is a key player in immunological 
response and has been implicated in the pathogenesis of a 
wide range of inflammatory diseases such as rheumatoid ar-
thritis [3]. Heavy chain only antibodies are produced by the 
immune system of a limited number of animals, including 
camels and llamas and due to their small size are an attrac-
tive tool for antibody based drug discovery. A number of 
antigen-binding domain (VHH) antibodies that target IL6 
have developed to inhibit the hexameric signaling com-
plex formation. VHH94 was derived from a camel heavy 
chain antibody isolated after immunization with a interleu-
kin-6-gp80 fusion protein. VHH94 was found to enhance 
the binding of IL-6 to gp80 potentially through binding to 
an allosteric site on IL-6 and partially inhibited the signaling 
of IL6. The combination of X-ray crystallography and NMR 
spectroscopy are using to provide a clear overall picture of 
the IL6-VHH94 interaction site.
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Galectin-3 belongs to the galectin family that recognizes 
carbohydrates. It has a highly conserved carbohydrate rec-
ognition domain (CRD) of 130 residues, which is respon-
sible for binding to beta-galactosides. Galectin-3 has been 
shown to be involved in cancer, angiogenesis and stroke. 
Its involvement in these important diseases makes it a won-
derful drug target. Our previous work1 showed the mode of 
binding of lactose and role of structured water molecules 
in carbohydrate binding site. These results prompted us to 
explore the molecular recognition and role of water mole-
cules in designing high affinity inhibitors. Natural ligands of 
galectin-3 almost always have a galactose residue.
Selective small molecule galectin-3 inhibitors are valuable 
both as research tools to study protein-ligand interactions 
and as lead compounds in drug discovery. These com-
pounds usually involve galactose-based derivatives, 1- and 
3-substitutions of galactose. We have solved numerous pro-
tein-ligand crystal structures to study the effect of various 
substitutions. Fluorines are known to have diverse effects on 
physicochemical and conformational properties of ligands. 
Introduction of Fluorines at key positions in ligands has 
been proven to be promising strategy in lead optimization. 
Position and amount of fluorination has strong effect on the 
protein ligand interactions. Fluorines enhance ligand affini-
ty by interacting with both the polar electropositive and hy-
drophobic groups in protein. Orthogonal multipolar C-F…
C=O interactions with both peptide backbone and side 
chain carbonyls have been found important for Fluorines2. 
Distinct fluorophilic environments in proteins are the ubiq-
uitous peptide bonds, which undergo multipolar C-F ··· 
H-N, C-F ···C=O, and C-F ··· H-CR interactions. Here we 
report several structures of galectin-3 CRD with mono-ga-
lactose based compounds having fluorines in different posi-
tions and numbers.
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Discovery and development of mechanically interlocked 
molecular architectures (MIMAs) has opened up a com-
pletely new area of research. Such systems are used in 
construction of numerous artificial molecular devices 
(i.e. molecular switches, motors or shuttles). They could 
be applied in molecular electronics, materials chemis-
try, sensors, photonics or photoactive catalysis [1,2]. 
In the year 2016, Sauvage, Stoddart and Feringa were 
awarded the Nobel Prize in Chemistry for their pioneer-
ing work in this field, and there is still a great interest of 
chemists in design, synthesis and properties of new com-
pounds belonging to this fascinating family of chemicals. 
Among the mechanically interlocked compounds, one of the 
most important place is occupied by the rotaxanes [3]. Com-
pounds of this type are built from “dumbbell shaped mole-
cule” threaded through a macrocycle or macrocycles. Here, 
we present the crystal structure of new [3]rotaxane (see 
schematic representation). It consists of two dibenzo-24-
crown-8 ether wheels and axle containing tetraazamacro-
cyclic complex coordinating the nickel ion. The identity of 
investigated compound was confirmed by the single-crys-
tal X-ray diffraction analysis. Interestingly, in the case of 
(DB24C8)2/TAM system, the TAM unit is a π-acceptor and 
a hydrogen bond donor, which is reflected in the formation 
of specific molecular interactions between individual [3]ro-
taxane components, and influences its topology. The results 
of our study could be helpful to understand properties of the 
mechanically interlocked molecular compounds, especially 
polyrotaxanes.
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The ATPase p97/VCP (valosin containing protein) belongs 
to the family of AAA+ proteins (ATPases associated with 
diverse cellular activities). This essential and conserved 
protein family is involved in a broad range of cellular 
processes, such as DNA repair, cell cycle regulation, tran-
scriptional activation, recombination, organelle biogenesis, 
ubiquitin-mediated protein degradation and homotypic 
membrane fusion (1). The function of p97 is regulated by 
a number of adaptor proteins and post-translational modi-
fications (2). One example is the adaptor protein ASPL (al-
veolar soft-part locus), that has been investigated in further 
detail in our group, biochemically and structurally, showing 
that ASPL regulates p97 activity by reassembling it from 
a hexamer into a heterotetrameric complex containing two 
monomers of p97 and two molecules of ASPL (3).
The METTL21 family of methyltransferases is a novel 
class of methyltransferases dedicated to methylation of 
chaperones. METTL21D, also known as VCP-lysine meth-
yltransferase (VCP-KMT), trimethylates p97 specifically at 
Lys315 (4). Overexpression of METTL21D has been shown 
to be present in number of human tumor tissues and able 
to increase the metastatic migration capability of several 
METTL21D knockout cancer cell lines (5). Trimethylated 
Lys315 is ubiquitously present in the intact hexameric form 
of endogenous p97 inside the pore, but it is inaccessible to 
METTL21D. ASPL promotes methylation (6) by disassem-
bling the hexameric form of p97, thereby creating a new 
interaction interface for METTL21D.
Here we present the first crystal structure of a methyltrans-
ferase from the METLL21 family, METTL21D, bound to its 
target chaperone p97 in presence of its remodeling adaptor 
protein ASPL, adenosine-diphosphate (ADP) and the cofac-
tor S-adenosyl-L-methionine (SAM). The structure reveals 
that METTL21D binds to the highly conserved second re-
gion of homology (SRH) motif of monomeric p97, in close 
proximity of the target site Lys315. The SRH motif serves 
as a recognition sequence for METTL21D, but the interac-
tion extends to a larger surface of the D1 domain of p97. 
The structure shows the importance of p97 remodeling by 
ASPL and potentially other remodeling adaptor proteins to 
enable modification of inaccessible residues and to create 
new interaction interfaces.
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The dsRNA bacteriophages of Cystoviridae family infect 
gram-negative Pseudomonas species bacteria [1]. The bac-
teriophages package their genome into empty capsid – pro-
capsid, which protects the genome from degradation inside as 
well as outside host cell. The genome packaging is performed 
by a molecular motor - P4 proteins, which are components 
of procapsid [1, 2]. The P4s possess an NTPase activity 
that converts the chemical energy from ATP hydrolysis to a 
mechanical movement of packaging ssRNA precursors into 
a procapsid, where the replication and transcription of dsR-
NA occurs [1, 3]. The P4s are RNA helicases belonging to 
the Superfamily 4 of helicases with characteristic presence 
of conserved sequence motifs (H1, H1a, H2, H3 and H4) [2, 
3]. The RNA helicases cause the distribution of RNA-protein 
complexes and carry out RNA unwinding [2]. The P4 assem-
bles into hexameric ring (Fig.1), which has on the outer pe-
rimeter NTP-binding sites and the nucleic acid binding sites 
are located in the central channel. Each P4 monomer consist 
of N-terminal, core NTPase domain with sequence motif and 
C-terminal domain. The C-terminal domain is inserted into 
the central channel of hexamer and its conformational chang-
es regulate ring stability and ATPase activity of P4s [3]. Here 
we report our crystallization experiment results of the φ8 P4 
protein crystals.
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Lsm (Sm-like) proteins are found in representatives of all 
the three domains of life. They provide biogenesis and 
functioning of RNA molecules in the cells. Bacterial Lsm 
proteins called Hfq exhibit RNA-chaperone activity pro-
moting interaction between regulatory sRNA and mRNA 
during regulation of translation [1], [2]. Eukaryotic Sm 
proteins are core proteins of the spliceosome while eu-
karyotic Lsm proteins are involved in the mRNA degrada-
tion [3]. Functions of the archaeal Lsm proteins (SmAP) 
in the cell have been studied pitiable, although there is 
some data on their participation in the processing of some. 
Our work concerns with structural and functional studies 
of an archaeal Lsm protein from Halobacterium salinarum. 
This protein has remarkable differences of the sequences 
compared with the homologues and, in fact, represents a 
minimal Lsm core. My current task is to determine the struc-
ture of the protein and its complexes with ribonucleotides 
and short RNA to define specificity and structural aspects 
of the Lsm-RNA interaction. We have obtained a genetic 
construct carrying the gene of the SmAP from H. salinarum 
(HsaSmAP). The protein was isolated and purified in pre-
parative scale; it has been crystallized and a high-resolution 
diffraction dataset has been collected at ERSF in Grenoble. 
The work is supported by RFBR grant #18-04-00222.
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The Sm and Sm-like proteins are widely distributed among 
bacteria, archaea and eukarya. They are defined by the abil-
ity to adopt the Sm fold, which is comprised of a 5-stranded 
β-sheet and an N-terminal α-helix. They are participated in 
many processes connected with RNA-processing or regula-
tion of gene expression. Hetero-heptameric eukaryotic Sm 
proteins form the core of the uracil-rich small nuclear RNPs 
that further assemble into spliceosomes and excise introns 
in eukaryotic pre-mRNAs. Homo-hexameric bacterial Lsm 
protein Hfq binds polyU RNA sequences in pockets be-
tween adjacent monomers at the central pore providing reg-
ulation translation of many mRNA. Archaeal Lsm proteins 
(SmAP, Sm Archaeal Protein) form homo-hexamers and 
homo-heptamers and appear to bind urudine-rich RNAs, 
nevertheless, the function of SmAP in the archaeal cells is 
not clear.
We compare structural organization of the uridine-bind-
ing site of SmAP from Methanococcus jannaschii, which 
forms hexamers, and SmAP from Methanococcus vannielii, 
which forms heptamers. The proteins were isolated and pu-
rified. Crystals of proteins and their complexes with ribo-
nucleotides were obtained. Using the approach, which has 
been developed in our group, we analyze single-stranded 
RNA-binding sites on the surface of the proteins. Compari-
son of the obtained structures with the known SmAP struc-
tures in complex with RNA-fragments reveal significant 
differences in the RNA-binding site of the proteins.
This work was supported by Russian foundation for basic 
research (project #18-04-00222).
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The aim of my current project is to characterize electrostatic 
interactions in selected complexes of IFITs proteins with 
RNA with the use of the University at Buffalo Pseudoatom 
DataBank (UBDB). IFIT proteins (Interferon-induced pro-
teins with tetratricopeptide repeats) are effectors of innate 
immune system, which are getting expressed in cell infected 
by viruses. By binding foreign RNA they prevent synthe-
sis of viral proteins in human host cell. It has been shown, 
that IFIT1, IFIT2 and IFIT5 bind different forms of RNA 
(with triphosphate group or cap at 5’ end of RNA), however 
literature data are not consistent about selectivity of IFITs 
protein and their preferred RNA forms. We want to verify 
the hypothesis of the lack of influence of RNA sequence on 
interaction energy in IFIT-RNA complexes investigating the 
structures of IFIT5-pppRNA complexes.
Electrostatic energy usually has the most significant con-
tribution to interaction energy (especially in the biologi-
cal systems) and at the same time it can be calculated for 
large complexes, thus it is a perfect tool for estimating 
interaction energy in biomacromolecules. One of the more 
advanced methods to calculate electrostatic interaction 
energy is UBDB used together with Exact Potential Mul-
tipole Method (EPMM). UBDB enables reconstruction of 
charge density for macromolecules in quantitative man-
ner. By UBDB+EPMM approach, which takes also charge 
penetration effects into account, it is possible to compute 
electrostatic energies with similar accuracy as with quan-
tum chemistry methods, for wide range of types of inter-
actions (hydrogen bonds, π-π stacking) and distances (not 
only at equilibrium geometry but also below or above). 
Calculations of energy are based on the structures of IFIT5 
proteins deposited in Protein Data Bank (PDB) as 4HOR, 
4HOS and 4HOT. After proper structure preparation, 
UBDB is transferred using LSDB program to reconstruct 
electron density distribution. Afterward, electrostatic in-
teraction energy of protein-ligand complexes is calculated 
with EPMM method. Describing the nature of IFIT proteins 
interaction can help to expand our knowledge about mech-
anism of selective binding RNA and how human immune 
system recognizes and destroys viruses.
Project was financed from the grant PRELUDIUM 11 of 
National Science Centre, Poland, nr 2016/21/N/ST4/03722.
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Natural transformation in bacteria is a horizontal gene 
transfer mechanism that allows exogenous DNA inter-
nalization and integration into the bacterial genome. The 
uptake of double-stranded DNA (dsDNA) from the outer 
environment is followed by the conversion of dsDNA to 
single-stranded DNA (ssDNA) and its transport into the cy-
toplasm (Mortier-Barrière et al., 2007). The transforming 
ssDNA is proposed to be bound and protected from the cy-
toplasmic nucleases by DprA (for DNA processing protein 
A) (Dwivedi et al., 2013). DprA is a ubiquitous protein in 
bacteria that has a key role in natural transformation process 
(Ando et al., 1999). In most bacteria, DprA is divided into 
three domains: a N-terminal domain, a conserved central 
domain and a C-terminal domain. In Helicobacter pylori, 
DprA (HpDprA) possesses only the central and the C-ter-
minal domains (Ando et al., 1999). Functional analysis of 
HpDprA highlights the essential role of C-terminal domain 
in H. pylori natural transformation process.
In order to find the function of C-terminal domain in natural 
transformation process, an analysis of HpDprA’s 3D struc-
ture was performed. This structure result of the data compi-
lation arising from the X-ray structure of the central domain 
dimer, the NMR structure of the C-terminal domain, and 
the structure of the full-length DprA dimer obtained in solu-
tion by SAXS. Putative interaction sites between HpDprA 
and DNA were identified. Using a site directed mutagene-
sis approach, several mutants of HpDprA were generated. 
Electrophoretic Mobility Shift Assay shows that the isolated 
C-terminal domain is not able to interact neither with ssD-
NA nor dsDNA, although its structural homology to winged 
helix DNA binding motifs. In contrast, the key residues of 
the central domain are crucial for both interactions. The 
cellular function of the C-terminal of HpDprA stays to be 
elucidated.
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Chromosome segregation is regulated by the ParABS sys-
tem that is an important biological process in all domains 
of life. ParABS system includes ParA (an ATPase), ParB (a 
parS binding protein) and parS (a centromere-like dsDNA). 
The homologous proteins of ParA and ParB in Helicobacter 
pylori are HpSoj and HpSpo0J, respectively. We character-
ized the binding of parS and HpSpo0J and solved the crystal 
structure of the HpSpo0J-parS complex, with two HpSpo0J 
molecules bind with one parS. HpSpo0J interacts vertically 
and horizontally with its neighbors through the N-terminal 
domain to form an oligomer. These adjacent and transverse 
interactions might be needed for molecular assembly of a 
high order nucleoprotein complex and for ParB spreading. 
In addition, the ATPase activity of HpSoj was determined 
and the non-specific DNA binding of HpSoj dimer was 
detected. Based on these findings, we propose a structural 
model for the HpSoj and HpSpo0J complex in the ParABS 
partitioning system.
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Structural, biochemical, and genetic changes caused by 
stress factors are known to be largely similar for cells of all 
modern organisms, which inherited the basic strategies of 
adaptation to different types of stress from their ancient an-
cestors. One of the strategies implemented in bacterial cells 
for constantly changing environmental conditions is related 
to the protection of the nucleoid from unfavourable envi-
ronmental conditions by binding of DNA to specific his-
tone-like proteins-DPS (DNA-binding protein from starved 
cells), in nanocrystalline complex, which helps to protect 
the nucleoid from damage and resume the activity of the 
bacterial cells later. The structure of these crystals within 
a cell was studied by use of synchrotron radiation on mac-
romolecular crystallography station ID-23-1 as well as by 
use of transmission electron microscopy and tomography. 
However, the DNA conformation within these complexes 
has remained unsolved [1]. It was decided to decipher the 
structure of DNA-DPS crystals obtained in vitro which is in 
some respect the model of the structure of a nanocrystalline 
nucleoid. To this end crystalline complexes of DNA-DPS 
were studied with two different DNAs (one was linear and 
short DNA -24 b / p, the second was pBluescript SK (2958 
b / p).) The crystal sizes reached 0.05 mm. The structure of 
the crystals of the DNA-Dps complexes (the resolution of 
this structure reaches 2.6 Å) is different from that previous-
ly published in the RCSB Protein Data Bank database. The 
crystal structure of the DNA-DPS complexes was slightly 
different for the different DNA length. At first superficial 
glance, one can speak of the absence of DNA molecules in 
a given crystal. Positions of DNA in our crystals, probably, 
were chaotic; this point explains why we miss the DNA on 
the obtained electron density map. Obtained results will 
allow us to get closer in understanding of the protection 
mechanism of biocrystallization inside a living cell.
This work was supported within frameworks of the state 
task for ICP RAS 0082-2014-0001 (state registration 
#АААА-А17-117040610310-6). 
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Clustered regularly interspaced short palindromic repeats 
(CRISPRs) from Prevotella and Francisella 1 (Cpf1) are 
RNA-guided endonucleases that produce cohesive dou-
ble-stranded breaks in DNA by specifically recognizing 
thymidine-rich protospacer-adjacent motif (PAM) se-
quences. Even though, Cpf1 is emerging as a powerful 
genome-editing tool and numerous structures of various 
Cpf1 proteins have been solved, the apo-structure of Cpf1 
remains elusive. In this study, to understand native state of 
Cpf1 protein from Francisella novicida (FnCpf1), we deter-
mined two solution structure of FnCpf1 with and without 
CRISPR RNA (crRNA) using small-angle X-ray scattering. 
Also, we visualized apo-structure of FnCpf1 using nega-
tive staining electron microcopy. By comparing between 
the apo-structure of FnCpf1 and with crRNA-bound struc-
ture, we realized that their overall shapes were similar as a 
closed form, suggesting that conformational change upon 
crRNA binding to FnCpf1 is not drastic, but a local induced 
fit might occur to recognize PAM sequences. However, the 
apo Cpf1 from Moraxella bovoculi 237 (MbCpf1) was ex-
amined as an open form, indicating that MbCpf1 may have 
a large conformational change for crRNA binding changing 
from an open to a closed form. These results suggested that 
the crRNA-induced conformational changes in Cpf1 differ 
among species.
Keywords: Cpf1, SAXS, electron microscopy
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The interactions of dimetallic coordination compounds with 
biological molecules, in particular dirhodium and diruthe-
nium metal-metal bonded complexes with paddlewheel ge-
ometry, are currently being invesigated as there is evidence 
indicating that dirhodium compounds covalently link with 
DNA, tRNA and proteins. In fact, paddlewheel dirutheni-
um compounds can form metal-protein adducts, acting as 
inhibitors of C6 rat glioma cell proliferation or as inhibitors 
of glioma tumour growth in vivo. Open-padlewheel com-
pounds have also been proved helpful for fingerprinting the 
junctions of RNA structure [1].
Recent works exploring the interactions of diruthenium 
moieties with biological species have focused on the elu-
cidation of the coordination mode of the ruthenium atoms 
to the active sites of the potential ligands, as open-paddle-
wheel species have the tendency to include another biden-
tate ligand as a fourth bridge yielding a paddlewheel struc-
ture and thus gaining stability,
In this work,  compounds [Ru2Cl(DPhF)3(cyto)] and [Ru-
2Cl(DPhF)3(ade)] have been synthesized and characterized 
by several techniques, including single crystal X-ray dif-
fraction. Supramolecular interactions between these mol-
ecules have also been studied, paying particular attention 
to the intermolecular hydrogen bonds similar to the ones 
found  in nucleic acids. Interestingly, it was found that com-
pound [Ru2Cl(DPhF)3(cyto)] is the first crystallographycal-
ly characterised ruthenium cytosinate, and the coordination 
mode found in [Ru2Cl(DPhF)3(ade)] had not been previous-
ly described for adeninate (or adenine) in the crystal struc-
ture of a ruthenium complex.
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Polynucleotide phosphorylase (PNPase) is an evolutionary 
conserved 3'-to-5' exoribonuclease that functions differ-
ently among species, ranging from RNA turnover in bac-
teria to RNA transport in mammals. In human, PNPase is 
essential for importing a subgroup of noncoding RNAs, 
including 5S rRNA, MRP RNA and RNase P RNA, into 
the mitochondria. Mutations in PNPase are thus linked to 
impair in the RNA import pathway and severe mitochon-
drial dysfunction and diseases. PNPase is primarily as-
sembled into a trimeric conformation with a central chan-
nel for binding of a single-stranded RNA and leading its 
3' end into the active site for degradation. In this study we 
show that the trimeric assembly of PNPase is affected by 
the disease-linked mutations, including Q378R and D475G. 
PNPase is oligomerized into a dimeric conformation after 
introducing the disease-linked mutations, and these PNPase 
mutants have lower RNA-binding and degrading activities 
as compared to the wild-type PNPase. Moreover, we found 
that S1 domain of PNPase is responsible for the interaction 
with the stem-loop motif of imported RNAs. We further 
determined the crystal structure of the dimeric form of the 
S1-truncated PNPase at a resolution of 2.8 Å. Combining 
with small angle X-ray scattering (SAXS), we showed that 
both of the RNA-binding KH and S1 domains are not fully 
accessible in the dimeric structure, explaining why these 
dimeric PNPase mutants interact with RNA poorly. Taken 
together these results show that mutations at the interface 
of the trimeric PNPase tend to produce a dimeric protein 
with obstructed RNA-binding surfaces, thus impairing both 
of its RNA import and degradation activities and leading to 
mitochondria disorders.
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Multi-drug resistant Gram-negative bacteria (GNB) repre-
sent a global health threat and urgent unmet medical need. 
A defining feature of GNB is their outer membrane (OM), 
where lipopolysaccharide (LPS) establishes a permeability 
barrier that notoriously frustrates most antibiotic discov-
ery efforts.    LPS is also a potent stimulator of the innate 
immune system and responsible for a growing number of 
deaths, where ~5 million childhood deaths are attributed to 
bacterial sepsis every year.    Despite the clear biomedical 
and pharmacological relevance of LPS, the essential mecha-
nisms that coordinate LPS and phospholipid transport to the 
OM remain unknown. During efforts to identify new targets 
for the treatment of GNB, we became focused on a multi-
pass integral inner membrane protein of unknown function 
that we call PlbA. Here, we find that PlbA is essential to es-
tablish infection in Escherichia coli, and that PlbA depletion 
produces defects in the OM barrier.  High-resolution X-ray 
crystallographic structural analyses using traditional and 
XFEL diffraction methods of PlbA identifies a superfamily 
of transmembrane proteins that catalyze diverse modifica-
tions in the envelopes of Gram-positive and Gram-negative 
bacteria.  However, the unique architecture of PlbA reveals 
a defunct active site.  Instead, an LPS molecule is selective-
ly coordinated to an unanticipated LPS-binding motif found 
along the periplasmic membrane leaflet of PlbA, where 
core-lipid A binding is achieved through an intricate net-
work of backbone and water mediated interactions. Notably, 
this PlbA-LPS interaction complex is unprecedented when 
compared to known structures of selective LPS binding pro-
teins, including the LPS transporter MsbA and the immune 
Toll-like receptor TLR4. Introduction of disruptive single 
point mutations at the PlbA-LPS interface leads to defects 
in the OM barrier.  Overall, this work reveals unprecedent-
ed insight into the structural basis of LPS perception with-
in the inner membrane of GNB and implicates PlbA as an 
LPS-sensor that helps coordinate LPS and PL transport to 
the OM.
Keywords: lipopolysaccharide, outer membrane, lipid transport
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Microorganisms form surface-attached communities, 
termed biofilms, which can serve as protection against host 
immune reactions or antibiotics. Bacillus subtilis biofilms 
contain TasA as major proteinaceous component in addition 
to exopolysaccharides. In stark contrast to the initially un-
folded biofilm proteins of other bacteria, TasA is a soluble, 
stably folded monomer, whose structure we have deter-
mined by X-ray crystallography.
In this work, we present a high-resolution crystal structure of 
soluble, monomeric TasA in its mature secreted form. Despite 
its apparent homology to camelysins, biochemical experiments 
suggest that TasA is not an active protease. As a basis for un-
derstanding the structural changes occurring during fiber and 
biofilm formation, the monomer and multimeric forms were 
investigated in vitro and in vivo by NMR, analytical ultra-
centrifugation (AUC), and other biophysical techniques. In 
particular, we analyzed in vitro the transformation of soluble 
monomeric TasA into two different states, a gel-like form and 
fibrils. Magic-angle spinning (MAS) NMR applied to biofilms 
that were generated by adding soluble, monomeric and iso-
tope-labeled TasA to the medium of B. subtilis ΔtasA cultures 
allowed probing of the in vivo situation, revealing the forma-
tion of homogeneous TasA fibers as the major proteinaceous 
extracellular matrix component. Thereby, we characterized the 
transition of folded TasA into fibrils, both in vitro and in its 
natural biofilm environment on a molecular level.
Understanding the formation and structure of protective 
bacterial biofilms will help to design and identify antimicro-
bial strategies. Our experiments with the secreted major bio-
film protein TasA characterize on a molecular level in vivo 
the transition of a folded protein into protease-resistant bio-
film-stabilizing fibrils. Such conformational changes from 
a globular state into fibrillar structures are so far not seen 
for other biofilm-forming proteins. In this context, TasA can 
serve as a model system to study functional fibril formation 
from a globular state.
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Secondary-active trans-membrane transporters facilitate the 
movement of essential substrates, such as neurotransmit-
ters or metabolites, across the cell membrane. Disruption 
of these vital processes is implicated in severe diseases in 
humans, e.g. Parkinson’s disease. Our aim is to investigate 
the structural basis of the transport mechanism of second-
ary-active transporters, using the bacterial sodium-hydan-
toin transporter Mhp1 [1] as a model system examined by 
serial time-resolved crystallographic methods. Mhp1 has 
been previously crystallized in two crystal forms in its 
outward (P212121) and inward (P61) facing conformations, 
and soaking experiments have so far only shown substrate 
bound in the outward facing cavity, suggesting that crystal 
packing may limit the ability of the transporter to complete 
its full structural cycle in the crystalline state. Interestingly, 
SEC-SAXS experiments suggest that different buffer con-
ditions result in the formation of differently arranged small 
oligomers (< 6 monomers) that may result in distinct crystal 
forms. We are therefore exploring the use of SEC-SAXS as 
a tool to guide the choice of crystallization conditions in or-
der to obtain crystal packing arrangements that will enable 
the structural transitions associated with substrate transport. 
References: 
[1] Shimamura,T., Weyand,S., Beckstein,O., Rutherford, 
N.G.,Hadden, J.M., Sharples, D., Sansom, M.S.P., Iwata, S., 
Henderson, P.J.F. and Cameron, A.D. (2010) Molecular basis of 
alternating access membrane transport by the sodium-hydantoin 
transporter Mhp1. Science 328, 470-473. 

Keywords: Membrane protein transporters, SEC-SAX, 
oligomers.



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e207

MS09- Enzymology
Chairs: Prof. Leila Lo Leggio, Dr. Dusan Turk

MS09-P01
Insights into the structural background 
and mechanism of inhibition of dUTPases 
by a proteinaceous inhibitor
Andras Benedek1, Fanni Temesvary-Kis2, Tamjidmaa Khatanbaatar2, 
Ibolya Leveles2, Beata Grolmusz Vertessy1

1. �Department of Applied Biotechnology, Budapest University 
of Technology and Economics and Institute of Enzymology, 
Research Centre for Natural Sciences, Hungarian Academy of 
Sciences, Budapest, Hungary

2. �Department of Applied Biotechnology, Budapest University of 
Technology and Economics, Budapest, Hungary

email: benedek.andras@ttk.mta.hu
The dUTPase enzyme family plays a key role in maintain-
ing genomic integrity throughout preventing uracil incor-
poration into DNA (1). Their importance is underlined by 
their presence in almost all type of organisms from bacteria 
to primates. Their dysfunction poses severe consequences 
to most cells or organisms, since increased uracil incorpo-
ration leads to DNA double strand breaks and eventually 
cell death via hypersensitization of the uracil base excision 
repair process. Therefore dUTPases are regarded as chemo-
therapeutic targets in certain diseases like tuberculosis and 
malaria, and also in some aspects of cancer treatment (2,3). 
To design effective, species-specific dUTPase inhibitors 
with minimal side-effects, it is essential to explore carefully 
any structural differences among dUTPase homologues en-
coded by different species.
A recently discovered staphylococcal protein termed Stl 
is able to inhibit a couple of dUTPase homologues (4,5). 
However, its inhibitory potential may be different according 
to species-specific structural differences among dUTPases. 
We have pointed out that protein Stl which was originally 
identified as a bacterial repressor is also able to form a sta-
ble protein complex with the eukaryotic Drosophila mela-
nogaster dUTPase and inhibit remarkably its enzymatic 
activity (6).
Our results indicated that the amino acid side-chains be-
ing involved in this interaction are partially evolutionarily 
conserved among bacterial and eukaryotic dUTPase ho-
mologues. Interestingly, we have also found that while Stl 
forms a strong complex with Escherichia coli dUTPase, 
still, no inhibition of this dUTPase was observed – this is 
exceptional among the numerous investigated complexes 
(4,5,6,7). Consequently we became committed to uncov-
er the structural bases for the lack of enzymatic inhibition 
upon complex formation in the E. coli dUTPase.
Relying on our recent results regarding the interaction sur-
face of the human dUTPase and protein Stl (7), we designed 
a rational mutation screen. We identified specific amino acid 
side-chains in the E. coli dUTPase sequence as potentially 
relevant factors for the lack of inhibition, and found that 
among the generated mutants, two became sensitized to 
Stl-induced inhibition. We successfully grew crystals from 

these mutants and obtained a complete X-ray diffraction 
dataset at 2.5 Å resolution for one of these. The structure is 
being solved and will be presented at the conference - it is 
expected to provide key novel insights into the mechanism 
of Stl induced dUTPase inhibition.
Supported by the National Research, Development and 
Innovation Office of Hungary (K109486, K119493, 
NVKP_16-1-2016-0020, 2017-1.3.1-VKE-2017-00002, 
2017-1.3.1-VKE-2017-00013 to BGV).
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Biocatalysts make use of the versatility, selectivity and 
specificity of enzymes to catalyze a variety of processes for 
the production of relevant compounds under mild condi-
tions. One of the most common strategies to extend the life-
time under extreme conditions and to increase the efficiency 
of enzymes is their immobilization in different materials or 
the auto-immobilization by cross-linking. In this context, 
Cross-Linked Enzyme Crystals (CLECs), yet proven to be 
a better solution to enhance catalyst lifetime or recoverabil-
ity when compared with Cross-Linked Enzyme Aggregates 
(CLEAs), were almost abandoned [1]. However, a look into 
the literature reveals a renaissance in the interest on this 
methodology, probably boosted by the extensive knowl-
edge gained during the last two decades in protein crystal-
lization, highly decreasing its cost and laboriousness [2]. 
We have recently demonstrated that the use of CLECs-based 
microreactors shows unprecedented self-storage capability 
and stability as compared to standard biosensors, which 
cannot be stored for long periods due to quick denaturation 
of the enzymes (with lifetimes of weeks in the best case) 
[3]. We have further extended this concept by combining 
an enzymatic lipase microreactor, operating in continuous 
mode, with an optofluidic detection system [3] (Fig. a). The 
use of enzymatic catalytic reactions under microfluidic flow 
conditions reveals a promising technology with a number 
of strategic advantages: improvement of surface/volume 
ratios, enhanced energy consumption and mass transport, 
fundamental for the fabrication of CLECs-based biosen-
sor systems. Furthermore, we have produced a packed 10 
cm-chromatographic column with Reinforced Cross-Linked 
Lipase Crystals (RCLLCs), demonstrating a scale-up repre-
sentation of the microfluidic approach that also operates in 
continuous flow (Fig. b-c). In this work, we will summarize 
our most recent results in the biotechnological application 
of enzyme crystals using both the micro and macro scale 
flow systems.
The author would like to acknowledge the support of the 
MICINN (Spain) project BIO2013-4297-P.
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Recently the development of unique nanoscaffolds have 
gained quite an attention for the preparation of highly stable 
nanobiocatalysts in order to exploit them for the synthesis 
of novel compounds and biodiesel. Biodiesel is a key para-
digm towards the development of sustainable environment 
in the future. We show this by the fabrication of novel poly-
pyrrole–methyl anthranilate functionalized titanium dioxide 
nanomaterial and its conjugation to lipase for the synthesis 
of flavoured compound and potential in biodiesel synthesis. 
We demonstrated successful immobilization of lipase from 
Rhizopus oryzae on a Ppy–MA/TiO2 NM by physical ad-
sorption and a glutaraldehyde-activated covalent coupling 
procedure. The catalytic efficiencies of the free and immo-
bilized preparations were determined for the hydrolysis of 
p-nitrophenyl palmitate. The covalently immobilized lipase 
displayed a significantly higher activity yield (effectiveness 
factor of 0.97) in comparison with the adsorbed counter-
part (effectiveness factor of 0.86). The binding of lipase 
to the Ppy–MA/TiO2 NM was confirmed by transmission 
electron microscopy, Fourier transform infrared spectrosco-
py and scanning electron microscopy. TGA and DTA were 
performed to investigate the thermal stability of the synthe-
sised biocatalysts. The storage stability, solvent tolerance, 
and reusability of the resulting nanobiocatalyst and the ef-
fect of pH and temperature on its catalytic activities were 
also investigated. The prepared nanobiocatalysts displayed 
remarkably improved activity in terms of solvent tolerance 
(activity recovery of 150% and 125% in acetone and isopro-
panol, respectively) in comparison with its free counterpart. 
We envisage that the covalent binding method played a pro-
found role in enhancing the properties of the enzyme immo-
bilized on the Ppy–MA/TiO2 NM. The immobilized lipase 
successfully synthesised flavour ester in solvent free media 
and n-hexane having 25.5% and 85.5% ester yields respec-
tively and also holds vital potential for enzymatic biodiesel 
synthesis. Molecular docking results confirmed the success-
ful conjugation of the enzyme-nanocomposite complex.
Keywords: Nanobiocatalyst, Molecular docking, Flavor synthesis
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The fungal pathogen Cryptococcus neoformans is a caus-
ative agent of meningoencephalitis in humans. For its 
pathogenicity, the inositol polyphosphate biosynthet-
ic pathway plays critical roles. In particular, an inositol 
1,3,4,5,6-pentakisphosphate 2-kinase (Ipk1) catalyzes the 
phosphorylation of IP5 to form IP6, a substrate for subse-
quent reaction to produce inositol pyrophosphates, such as 
PP-IP5/IP7. In fact, deletion of IPK1 significantly reduces 
the virulence of C. neoformans, indicating that Ipk1 from C. 
neoformans (CnIpk1) is a major virulence contributor. We 
initiated structural analysis of CnIpk1 to provide structural 
information for the possible development of drug design for 
treatment of cryptococcosis. A crystal structure of the un-
liganded CnIpk1, the first structure for a fungal Ipk1, will 
be presented at 2.35 Å resolution. Structure comparisons of 
CnIpk1 with those from Arabidopsis thaliana and Mus mus-
culus suggest structural similarities and discrepancies for 
fungal Ipk1 among members of the Ipk1 family. This work 
was supported by Next Generation BioGreen 21 program 
of Rural Development Administration (Plant Molecular 
Breeding Center) of Republic of KOREA.
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The short-chain dehydrogenase/reductase (SDR) from 
erratia marcescens BCRC 10948 (SmSDR) that catalyz-
es an asymmetric reduction of alkyl ketones to the corre-
sponding chiral alcohols is capable of converting 1-(3-hy-
droxyphenyl)-2-(methylamino) ethanone (HPMAE) into 
(R)-phenylephrine, which is marketed medically as a nasal 
decongestant agent. Here, we report the crystal structure of 
the apo-form SmSDR solved to 1.47 Å. The SmSDR struc-
ture shows a homotetramer of which each subunit consists a 
nucleotide-binding Rossmann domain and a presumed bind-
ing pocket surrounded by five loops and an helix (α7). Phe98 
and Phe202 stand on the α7 helix and loop b4-a4) and form 
hydrophobic contacts with nearby residues. Site-directed 
mutagenesis characterization (WT, F98Y, F98YF202Y, and 
F98YF202L) revealed that F98YF202L exhibited a higher 
transformation activity toward HPMAE. Crystal structures 
of F98AF202L SmSDR, F98LF202L·NADPH, and F98Y-
F202Y variants show an overall homologous structure. Sub-
stitution of F98 with alanine leads to the loss of the hydro-
phobic contacts between two arms, whereas F98YF202Y 
creates a strong H bond. In addition, the whole-cell conver-
sion of F202A had an increased yield (1.9-fold) than that of 
WT. Together, our results suggest a robust structure-guided 
approach to stabilize the binding pocket that can be used 
to generate a valuable SmSDR variant for pharmaceutical 
applications.
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Prodigiosin is an intensely red pigment comprised of three 
pyrroles. The biosynthetic pathway includes a two-step pro-
line oxidation catalyzed by PigA, using FAD as its cofac-
tor. Here the enzyme is crystallized in apo and FAD-bound 
forms. The protein folds into two α-helical domains (I and 
III) separated by a β-sheet domain (II) and it belongs to the 
acyl-CoA dehydrogenase (ACAD) family. In the tetrameric 
enzyme, which comprises two dimers associated via domain 
III, FAD is located in a cleft surrounded by all three do-
mains of one monomer and domain III of another. The over-
all structure as well as the FAD-binding mode is similar to 
those of other ACAD-family enzymes. Alternate backbone 
conformations in the N-terminal part of helix αG correlate 
well with the expected location of substrate to the Re side 
of FAD. Complex modeling with PigG, the acyl carrier pro-
tein, suggests a plausible binding mode. The structure helps 
explain the proline oxidation mechanism, in which Glu244 
plays a central role in the double-bond formations. It also 
reveals a plausible pocket for oxygen binding and reduction 
on the Si side of FAD.
Keywords: Prodigiosin, proline-oxidizing, PigA 
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Bowman-Birk Inhibitor (BBI) protein from soy bean is a 
serine protease inhibitor of 71 amino acid residues contain-
ing seven disulphide bonds. It has two distinct 9 amino acid 
loops which inhibit α‑chymotrypsin and trypsin, respective-
ly. Chemical protein synthesis, using a divergent strategy, 
was used to prepare analogues of BBI to improve α-chymo-
trypsin inhibition. Four BBI analogues were prepared, and 
a four-fold improvement in chymotrypsin inhibition was 
obtained. Crystal structures of co-crystallised α-chymotryp-
sin:BBI complexes were determined for both wtBBI from 
soy bean and synthetic 27L,42T,43F,45I,47P-BBI variant. 
The crystal structures confirmed the correct protein fold of 
the synthetic BBI and showed a similar overall structure to 
the wtBBI.
The improved inhibition of α-chymotrypsin by the modified 
BBI may be explained comparing the two complex struc-
tures. The entire Phe43 amino acid residue is clearly pulled 
further into the chymotrypsin P1 pocket. This also results in 
withdrawal of the Thr42 backbone carbonyl group prevent-
ing a hydrogen bond formation across the inhibitory loop 
present in the α-chymotrypsin:wtBBI structure. However, 
the A42T modification provides the possibility of an alterna-
tive hydrogen bond formation utilising the threonine residue 
side chain hydroxyl group instead of the backbone carbonyl. 
Furthermore, the introduction of the Pro47 residue makes 
the structure more rigid and facilitates the hydrogen bond 
formation mentioned above.
References: 
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β-Amylase catalyzes the liberation of maltose from the 
non-reducing ends of starch. In contrast to a-amylase, 
b-amylase produces β-anomeric maltose, and is classified 
as an inverting enzyme. In soybean β-amylae (SBA), the 
hydrolysis of the α-1, 4-glycosyl linkage is proceeded by 
two catalytic residues, Glu186 (acid) and Glu380 (base) 
where the substrate binding site consists of five subsites (-2, 
-1, +1, +2 and +3). Near this active site, the enzyme has 
two mobile loops, flexible loop (residue 96-103) and inner 
loop (residue 341-345). The conformation of these loops 
change from open to closed form and from apo to product 
form, respectively, during enzyme action. The side-chain 
of Lys295 also changes conformation from apo to complex 
form. In this paper, we are intended to determine the struc-
tural changes of SBA/G1 (glucose) complexes in a different 
pH media. We have determined the crystal structure at room 
temperature to avoid the undesirable effect of freezing and 
cryo-protectant. SBA was crystallized by a hanging-drop 
vapor diffusion against 1 ml of the bottom solution contain-
ing 45% saturated ammonium sulfate, at pH 5.4 and 4˚C. 
The obtained crystals were packed in glass capillaries after 
soaked with 0~300mM G1 in the different pH media for 
30min at 20˚C. The diffraction data sets were collected   at 
20˚C with a MX225HE (Rayonix) detector at BL26B1 
beam-line in SPring-8. The crystal belonged to P3121 with 
cell dimensions of a = b = 84-85 and c = 144-145 Å. The 
crystal data were collected with 98-100 % completeness and 
Rmerge of 0.04-0.07 up to 1.6-1.9 Å resolution. The models 
were refined with SHELXL with R = 0.13-0.14 and Rfree = 
0.15-0.17. At pH 3.95, two G1 molecules were located at the 
subsites -2 and +2 with open flexible loop, apo inner loop 
and apo form of Lys295, whereas at pH 7.9, three G1 mole-
cules were found at subsites -2, +1 and +2 with closed flex-
ible loop, product form of the inner loop and complex form 
of Lys295 (Fig. 1). These results indicate that the conforma-
tional change of the inner loop and the side-chain of Lys295 
depend on the G1 binding at +1 site. We are now trying 
to determine the dissociable residue controlling the sugar 
binding and the conformational changes of the active site
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A novel enzyme, DbeA, belonging to the family of 
haloalkane dehalogenases (EC 3.8.1.5) was isolated from 
Bradyrhizobium elkanii USDA94. This haloalkane dehalo-
genase is closely related to DbjA enzyme from Bradyrhi-
zobium japonicum USDA110 (71% sequence identity), but 
has different biochemical properties. DbeA is generally less 
active and has a higher specificity towards brominated and 
iodinated compounds than DbjA. The DbeA protein was 
crystallised using the sitting-drop vapour-diffusion method 
and the crystal structure of a DbeA enzyme has been solved 
and deposited at Worldwide Protein Data Bank under PDB 
ID 4k2a. The DbeA wt structure revealed the presence of 
two halide-binding sites. The first chloride-binding site is 
located in the active site in between two halide-stabiliz-
ing residues. The second halide-binding site is unique to 
DbeA and has not been previously reported in any other 
structure of this enzyme family. To elucidate the role of 
the second halide-binding site, a two-point variant DbeA 
ΔCl (I44L+Q102H) lacking this site was constructed and 
biochemically characterized [1]. Elimination of the second 
halide-binding site decreased the stability and catalytic 
activity, and dramatically altered the substrate specificity. 
The two-point substitution resulted in a shift of the sub-
strate-specificity class, which is the first time this has been 
demonstrated for this enzyme family. Rational design of 
buried halide-binding sites represents a novel strategy for 
engineering of enzymes with modified catalytic properties.
The work was supported by the Grant Agency of the Czech 
Republic P207/12/0775
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Creatine kinases (CKs) are important players in the energy 
homeostasis especially of cells with a high ATP turnover 
such as in brain and muscle. The cytosolic brain CK (CKB) 
and muscle CK (CKM) are two isoforms which, depending 
on the substrate concentrations, convert reversibly ATP and 
creatine (Cr) into creatine-phosphate (CrP) and ADP, form-
ing togather with the mitochondrial isoforms an efficient 
ATP shuttle- and buffering system. 
We have previously reported possible interaction of calm-
odulin (CaM) with CKB and the other isoforms (Herling et 
al., 2016) and showed that CaM binds in presence of Ca2+ 
to CKB with an affinity (KD) in the low micro-molar range. 
Kinetic measurements following ATP production by CKB 
in presence and absence of Ca2+-CaM revealed that the na-
tive positive cooperativity of the CK reaction is abolished 
by Ca2+-CaM binding, leading to an ~10 fold increase in 
ATP production at physiological CrP-concentrations. An-
other link between Ca2+ signaling and CKB has previously 
been reported where calmodulin-activated protein kinases 
N-terminally phosphorylate CKB that is then recruited to 
the ER-membrane but without changing its kinetics, sug-
gesting a regulation by CaM through CKB through localiza-
tion (Schlattner et al., 2016). 
Recently we identified the CaM binding sites in CKB and 
CKM that are homologous, dynamic regions within the 
C-terminal domains in close proximity to the active sites. 
We succeeded in crystallizing the complexes of CaM with 
the peptides corresponding to the CaM binding sites of 
CKB and CKM. High resolution structures were obtained 
(1.2 Å and 1.4 Å, respectively), that show for both peptides 
a novel 1:2 (CaM:peptide) extended binding mode with 
CaM, though with different orientations of the peptides in 
the C-terminal domain (see figure). ITC studies confirm 
the binding modes in solution where each CaM-lobe inde-
pendently can bind one peptide with affinities in the low 
micro-molar range. The new structural insights into the 
CaM-CKB/CKM interaction may help to explain how the 
the activities of CK in muscle and brain tissue can be regu-
lated directly by CaM to provide increased amounts of ATP 
from CrP resources for high energy consuming processes 
during Ca2+ release. Furthermore the novel CaM binding 
mode opens new avenues for protein engineering and we 
are exploring possibilities to use this interaction as fusion 
proteins to locate and order small proteins within highly 

porous protein crystals as a system to determine structures 
based on X-ray diffraction. 
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dUTPases constitute an enzyme family which has a sani-
tizing role by preventing the incorporation of noncanonical 
bases in the DNA. The catalytic mechanism of action of 
these enzymes has been revealed for a number of represen-
tatives in clear structural and kinetic detail.
However there are several specie specific moonlighting 
functions, which allow a fine tuned drug design on different 
malignant cases, dUTPases being a preferred drug target.
One of our well studied protein is the Mycobacterium tuber-
culosis dUTPase.
The main catalytic function has been detailed by clear struc-
tural proof of a conserved aromatic stacking interaction be-
tween dUTPase and its nucleotide substrate which largely 
contributes to the stabilization of the associative type transi-
tion state of the nucleotide hydrolysis reaction.
Further, X-ray structures of mutant proteins revealed the 
importance of the five amino acids long extra loop, specific 
to mycobacteria, that is proven to be a target in anti-tuber-
culotical drug design.
In Staphylococcus, phage dUTPases are also suggested to be 
involved in a moonlighting function regulating the expres-
sion of pathogenicity-island genes. Staphylococcal phage 
trimeric dUTPase sequences include a specific insertion that 
is not found in other organisms. The phage-specific insert 
segment of Phi11 phage dUTPase folds into a beta-pleated 
mini-domain resembling a distorted Greek-key motif. This 
small structural motif is very common in protein-folding 
cores. Comparison of the presently available sequences of 
staphylococcal phages encoding trimeric dUTPases reveals
that the presence of such inserts seems to be general and 
that subgroups of phages can be distinguished based on the 
segment characteristics.
The binding partner staphylococcal repressor protein StlSaPI-

Bov1 (Stl) forms strong complex with both staphyllococcal 
and human dUTPase. Recent structural, functional analy-
sis studies reveal that this interaction results in significant 
reduction of both dUTPase enzymatic activity and DNA 
binding capability of Stl.
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The enzyme family of dUTPases are involved in preventive 
DNA repair by sanitizing the dNTP pool via hydrolyzing 
dUTP into dUMP and inorganic pyrophosphate (1). Metag-
enomic analyses revealed that dUTPases are present in sam-
ples isolated from extreme conditions with regard to pol-
lutants, salt and thermal conditions (2). As to present, two 
major families of dUTPases are described. On the one hand, 
beta-sheeted subunits form a symmetric trimer wherein the 
three active sites are constituted by conserved sequence mo-
tifs from all the three subunits. On the other hand, alpha-he-
lical subunits form a dimeris arrangement with active sites 
situated at the dimer interface.
We found that the within the trimeric dUTPase fold, sev-
eral organisms encode the respective gene that contains 
three copies of the subunit in a linked arrangement such that 
the resulting protein product contains the three subunits in 
covalent linkage within one single polypeptide chain. The 
evolutionary pathway leading the the triplication of the an-
cient dUTPase gene necessarily involves a dimeric evolu-
tionary intermediate (3).
Here we investigate if such evolutionary intermediate dUT-
Pase enzyme may function as a catalytically active species, 
in constrast to the general arrangement of this enzyme fam-
ily. We characterize the dimeric enzyme using enzyme ki-
netics and biophysical techniques. We also crystallize this 
evolutionary intermediate and provide structural insights 
into the organization of the active site.
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Bacillus licheniformis produces extracellular DNase NucB 
capable of double-strand DNA cleavage [1]. NucB is a spor-
ulation-specific enzyme with so far unknown specificity and 
structure-function properties. NucB was successfully pro-
duced using bacterial expression, purified, crystallized and 
diffraction data were collected using synchrotron radiation 
and a MetalJet in-house X-ray source [2]. Systematic opti-
mization of the key S-SAD protocol parameters was neces-
sary to solve the phase problem [2]. The enzyme structure 
determined in several crystal forms uncovers a new nucle-
ase/DNase fold. Structural analysis, bioinformatic analysis, 
and activity measurements for the wt and mutant forms of 
the enzyme led to conclusions regarding the position and 
composition of the active site. Detailed metal-dependence, 
stability and cleavage specificity profiles show the necessity 
of divalent ions for the activity, high temperature stability, 
and a time-dependent preference for the formation of single 
strand breaks on dsDNA substrate at sequence-specific sites. 
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Prototypical two-component signal transduction systems 
comprises a sensor histidine kinase (HK) receptor and a 
response regulator (RR). Input signals induce sensor HK 
autophosphorylation, and the subsequent transfer of the 
phosphoryl-group to the RR. Upon receiving the phos-
phoryl-group, the RR triggers an adaptive response, often 
at the transcriptional level. To gain insights into how the 
autokinase and phosphotransferase activities of the sensor 
HK are coordinated, we  solved structures of the catalytic 
core domains of the prototypical CpxA-CpxR system [1]. 
Our data suggest a concerted switch -involving large-scale 
domain motions- by which autophosphorylation and phos-
photransfer reactions are allosterically coupled.
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Half the world’s population is chronically infected with 
Helicobacter pylori, causing gastritis, gastric ulcers and 
being the major risk factor for gastric adenocarcinoma.  
H. pylori’s urease and proton-gated inner-membrane urea 
channel, HpUreI, are essential for pathogen survival in the 
acidic environment of the stomach.  The channel is closed 
at neutral pH and opens at acidic pH to allow the rapid ac-
cess of urea to cytoplasmic urease.   Urease produces NH3 
and CO2, neutralizing entering protons and thus buffering 
the periplasm to a pH of roughly 6.1 even in gastric juice 
at a pH near 2.   The urease crystal structures show a 1.1 
MDa dodecameric assembly composed of two different 
subunits, α and β, 61.7 kDa and 26.5 kDa, respectively. 
The dodecamer is arranged in four copies of the trimeric 
(α,β)3 unit, resulting in a tetrahedral complex.   Superpo-
sition of uninhibited and acetohydroxamic acid-inhibited 
crystal structures reveals a flap motion of a helix-turn-he-
lix motif at residues α313–α346.   When the inhibitor is 
bound, the flap moves outwards, creating an opening 
to the active site, whereas in the absence of the inhibi-
tor the flap is closed, preventing access to the active site. 
The recent “resolution revolution” in cryoEM, driven by 
developments in instrumentation such as direct detectors, 
coupled with major improvements in data analysis, has put 
Cryo-EM at the forefront of structural biology for attaining 
high-resolution models in close-to-native conditions.  Since 
2015, several records have been achieved with the highest 
resolution structure reported so far for glutamate dehydro-
genase (soluble protein, 1.8 Å), anthrax toxin (membrane 
protein, 2.9 Å) and hemoglobin (only 64 kDa, 3 Å).  We 
have determined the structure of H. pylori urease using 
cryo-EM to a resolution of 3.1 Å and we compare it with the 
previously determined crystal structures.
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The issue of various nucleobase pairs and their interactions 
occurring in RNA and DNA has been already studied from 
many different perspectives. In this survey, we wanted to 
approach the subject from more “chemical” point of view 
and see how nucleobases interact inside crystals. Our study 
is based on geometric data like bond lengths and bond an-
gles taken from the Cambridge Structural Database (CSD), 
as well as types of protonation of investigated nucleobase, 
if the hydrogen positions were available.
We searched for nucleobase homodimers resembling those 
found in RNA and DNA, which means two nucleobases 
interacting through at least two hydrogen bonds formed 
in the molecule plane. The investigated compound were 
derivatives of adenine, guanine, hypoxanthine, thymine, 
uracil,  and cytosine. We divided our findings into many 
categories including types of dimers, their protonation and 
if the N9 or N1 (for purines and pyrimidines respectively) 
is substituted with only hydrogen or larger substituent that 
may influence the way the nucleobase forms dimers. In our 
study, we analyze the various dependencies between the 
geometry of the molecule and what types of structures it 
prefers to form. We investigated not only neutral forms of 
nucleobases, but protonated too, and analyzed how proton-
ation and charge influence the ability of a molecule to form 
homodimers.
Our study finds that for purines the most active edge is 
Hoogsten edge, taking part in the formation of dimers found 
in more than half of the investigated structures. Mixed inter-
actions between the Hoogsteen edge and Watson-Crick edge 
are also very common, as they allow the molecules to align 
into infinite ribbons.
For pyrimidines, the situation is much different, as the various 
possible interactions between Watson-Crick edges of mole-
cules dominate the charts. Only uracil behaves differently 
from thymine and cytosine, as it eagerly forms trans Wat-
son-Crick - Hoogsten interaction, namely the Calcutta dimer. 
For all nucleobases, there is a common trend of sugar edge 
interactions being more frequent if the molecule is substitut-
ed with hydrogen in N9 or N1.
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Fig. 1. Examples of homodimers of adenine and cytosine, 
with the naming of the edges
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Pyrroles are both important natural products and crucial 
starting materials for the synthesis of porphyrins. Neverthe-
less, a brief survey of the Cambridge Structural Database 
[1] shows that there are almost 500 instances of the organic 
structures with a 2-substituted pyrrole core and almost 100 
instances with the pyrrol-2-yl carbonyl core. What is more, 
only a few crystal structures of aromatic N-unsubstituted 
monopyrroles have been reported. In crystal structures of 
investigated compounds, we expected the existence of the 
net of hydrogen and halogen bonding as it was in case of the 
trichloromethyl derivative of pyrroloketone [2]. However, 
X-ray structure determinations showed only the latter one. 
In an extension of ongoing studies on the hydrogen 
bonding patterns in porphyrins and dipyrromethanes, 
we were also interested in the strengths and types of hy-
drogen bonds of isolated pyrrole units. For initial stud-
ies we choose 2,2-dichloro-1-(1H-pyrrol-2-yl) ethanone 
and 2,2-dichloro-1-(1-methyl-1H-pyrrol-2-yl) ethanone. 
The calculations have been performed using Gaussian03 
sets of codes, and by means of the density functional meth-
ods (DFT). The H-bonding characteristics of the complex-
es have been investigated with the use of Bader’s theory 
QTAIM [3].
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Perovskites with ABX3-structure show huge possibilities for 
element substitution on the A-, B- and X-sites, resulting in 
a broad variety of physical properties. One field of interest 
is chlorine-substituted methyl ammonium lead triiodide in 
which A is the organic unit [CH3NH3]+ = MA, B = Pb2+ and 
X = I3-xClx.
We chose to substitute 2 % of the iodine in MAPbI3 with 
chlorine since recent investigations with synchrotron XRD 
showed that only a narrow range of up to 2.5 % of the iodine 
in MAPbI3 can be substituted with chlorine. At the same 
time, only up to 1 % of the iodine in MAPbCl3 can be substi-
tuted, meaning there is a large miscibility gap. [1]
The aim of the quasi-elastic neutron scattering (QENS) 
investigations presented here is to understand the inter-
relationship of the static and the dynamic structure of 
MAPbX3 by comparing the temperature-dependent meth-
yl ammonium rotational dynamics of MAPbI3, MAP-
bI2.94Cl0.06 and MAPbCl3. Combining the QENS results 
with the analysis of temperature-dependent IR vibrational 
spectra of MAPbI3, MAPbI2.94Cl0.06 and MAPbCl3 helps 
us understand the influence of the rotational dynamics 
of the methyl ammonium cation on the hydrogen-bond-
ing layers in the orthorhombic low temperature phase. 
Recently, the presence of layers with X...H-N hydro-
gen-bonds in the orthorhombic phase of MAPbX3 was dis-
cussed to explain the drastic changes of MA IR vibrational 
modes across the tetragonal-orthorhombic phase transition 
(Fig. 1). The transformation of the 2-dimensional orthor-
hombic hydrogen-bond layers into a more 3-dimensional 
arrangement in the tetragonal phase is an important feature, 
providing deeper insight into the mechanisms that lead to a 
free-rotating MA molecule in the inorganic host structure. [2]
In recent QENS investigations on MAPbI3 [3], two qua-
si-elastic components were identified in the tetragonal 
(161.5 K < T < 327 K) and cubic (T > 327 K) phase. It was 
interpreted that, in the cubic and tetragonal phases, the MA 
ion exhibits four-fold rotational symmetry perpendicular 
to the C-N axis (C4) along with three-fold rotation parallel 
to the C-N axis (C3), while only C3 rotation was present in 
the orthorhombic Pnma phase (T < 161.5 K). [3] Here, we 
reinvestigate the suggested jump-models for MAPbI3 and 
show the validity of the proposed QENS interpretation for 
MAPbI2.94Cl0.06 and MAPbCl3.
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The pharmaceutical industry is constantly driven to enhance 
the physical properties of medicines and active pharmaceu-
tical ingredients (APIs). These improvements can often be 
achieved by identifying novel solid forms of an API, such as 
co-crystals and salts.[1]
Co-crystals and salts are distinguished by the degree of pro-
ton transfer between an acid and a base in the structure. In 
a co-crystal, proton transfer does not occur and the proton 
remains on the acid. While in a salt, proton transfer to the 
base is complete. However, many materials can exist in an 
intermediate state along a continuum between co-crystals 
and salts, where proton transfer is partially complete.[1]
During a recent blind test of crystal structure prediction 
methods, one of the target structures was a 1:1 co-crystal of 
3,5-dinitrobenzoic acid and Tröger's base (3,5-DNBA:TB). 
It was predicted, using density functional theory calcula-
tions, that 3,5-DNBA:TB may exhibit partial proton transfer 
of the carboxylic acid proton to an amine nitrogen atom of 
the base.[2]
Following this blind test, X-ray analysis of 3,5-DNBA:TB 
was performed. This provided supporting evidence for par-
tial proton transfer, by indicating that the proton may be 
disordered over two sites (with occupancies of 0.58(3) on 
the carboxylic acid oxygen and 0.42(3) on the amine nitro-
gen).[3]
In order to study this potential hydrogen disorder, an ac-
curate determination of the hydrogen atom positions was 
required. Therefore, neutron single crystal diffraction was 
employed, with Laue diffraction patterns collected at 150K 
on the KOALA Laue diffractometer at the Australian Centre 
for Neutron Scattering.
However, the neutron data shows that the proton is not dis-
ordered over two sites. The Slant Fourier map shows clear 
single site occupancy of the hydrogen closer to the carbox-
yl group (O-H 1.147(8)Å). This demonstrates the need for 
neutron data to confirm or deny whether a hydrogen is dis-
ordered or not.
Further neutron data was collected for a related materi-
al where the X-ray data indicated proton disorder: 1:1 
3,5-bis(trifluoromethyl)benzoic acid and Tröger's base 
(3,5-BTFBA:TB). The neutron data again provided evi-
dence that this proton was in fact not disordered over two 
sites. Therefore, we recommend that one should be cautious 
when inferring that a structure contains disordered pro-
tons, solely based on X-ray and computational data.
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Thiosemicarbazone compounds have been the subject of in-
tense research for the last twenty years due to their biological 
and medicinal properties (1). Other interesting application 
is the possibility of obtaining thiazoles derivatives from 
thiosemicarbazones using the Hantzsch Reaction; these com-
pounds also present pharmaceutical and biological activities 
(2). Structurally thiosemicarbazones are versatile building 
blogs in the synthesis of densely sustituted blocks (3).
In this work we present the crystal structure of some 
thiosemicarbazones (figure-1a) and their thiazol derivatives 
(figure-1b), focusing in the study of the interactions that sta-
bilize the crystal lattice.
In general, in the molecular crystals of thiosemicarbazones, 
hydrogen bonds interactions are established through –NH-
C(S)-NH-N= fragment, forming in many cases synthons. 
Even though that C=S···H-N hydrogen bond is weaker than 
their C=O···H-N analogous, the effective electronegativity 
of S is increased by conjugative interactions between C=S 
and the lone pair of one or more N substituyents. This effect 
is called resonance-induced hydrogen bonding at Sulfur Ac-
ceptor (4). Due to the low solubility of thiosemicarbazones 
we use different mixtures of solvents in order to crystallize 
these compounds. For this reason is possible the inclusion 
of solvent molecules in the crystal lattice to form the corre-
sponding solvates (5), in these cases we analyze the influ-
ence of the solvent in the synthons formation.
In thiazol compounds which contain halogen atoms (Cl) and 
phenyl groups, C-H···Cl and π-π stacking interactions have 
been also studied.
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Cycloheptylamine is a primary amine with aliphatic sev-
en-member ring. The compound is liquid at room tempera-
ture and its melting point, according to Jean-Claude Bradley 
Melting Point Dataset yields 255K. The crystal structure of 
this amine is not known. Primary amines are capable to 
co-crystallize with alcohols due to the formation of hydro-
gen bonds between amino and hydroxyl groups. The com-
mon motifs in such systems are ribbons with two different 
symmetries (-1 and 21). The aim of the work was a system-
atic investigation of the feasibility of the amine cocrystalli-
zation with low molecular weight monohydric alcohols. A 
seven-membered carbon ring with or without a heteroatom 
is relatively labile, therefore an additional goal of the work 
was a conformational analysis of this molecular fragment.
The examined mixtures are liquid at room temperature, thus 
during experiments special approach was necessary. The 
sample placed in thin-wall glass capillary and cooled was 
irradiated with focused IR laser beam[1]. This in situ crys-
tallization technique gave sample suitable for single crystal 
X-ray analysis. However, in most cases obtained phases 
where oligocrytalline. During experiments, the structures of 
the neat amine and 12 co-crystals with alcohols were ob-
tained. Interestingly the melting point of the amine is equal 
to 204K. In all by one of the co-crystals, molecules are ar-
ranged in one-dimensional ribbons with hydrogen bonds 
presents between NH2 and OH groups. In the co-crystal 
with methanol, molecules are organized in layers. It was not 
possible to obtain a co-crystal with tert-butanol, probably 
due to the large steric hindrance of the aliphatic group of 
the alcohol. In the majority of the structures the amine ring 
is disordered.
The seven-member aliphatic ring may exist in many confor-
mations. Therefore the puckering analysis of the obtained 
structures and those retrieved from the Cambridge Struc-
tural Database[2] containing seven-membered rings was 
performed. Any seven-membered ring can be divided into 
four orthogonal modes, corresponding to two irreducible 
representations of incline from the XY plane for the D7h 
group[3]. Presentation of the results, in form of a quaternary 
phase diagram, characteristic for mixtures containing four 
components, shows that the majority of points are located 
on the section plane of the tetrahedron, and the deviating 
ones correspond to structures where the disorder of the ring 
was probably overseen.
Relatively small variability of the structural motifs in ob-
tained co-crystals can be used to design new systems with 
the appropriate arrangement of molecules, which, for exam-
ple, will exhibit photochemical activity.
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The product of  proton transfer  reactions between do-
nors and acceptors in which the proton from one species 
is transferred to the basic center has been designated 
by different names such as “proton transfer compound” 
(PTC), “charge transfer complex” (CT-complex)  and 
“H-bonded complex”. These are equivalent and mere-
ly emphasize different aspects of the same phenome-
non. In recent years, the design and development of new 
active pharmaceutical ingredients (APIs) based on the 
proton transfer reactions have been widely developed (1). 
N,N-dimethylbiguanide (known as metformin), is the first 
line drug of choice to treat non-insulin dependent melli-
tus,  which contains the guanidine  moiety that can easily 
forms strong hydrogen bonds with the acidic functionalities 
like acids and phenols (2). Metformin can be administered in 
the form of one of its pharmaceutically acceptable salts of 
various organic and inorganic acids. As part of our studies on 
proton transfer compounds and their metal complexes of bi-
ological interest, here-in, we report new proton transfer com-
pound, [(MetH2)(HO-dipicH)2·H2O], metformin with 4-hy-
droxy-2,6-pyridinedicarboxylic acid. The proton transfer 
compound was synthesized and characterized by FTIR, 1H 
and 13C NMR, and single crystal X-ray studies (Fig 1). The 
solution  potentiometric  studies provided additional evi-
dences of interaction between HO-dipicH2 and metformin, 
supporting the results obtained from the solid state studies. 
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the  Sistan and Baluchestan University. Financial support 
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Adenylosuccinate lyase is a conserved enzyme involved 
in purine metabolism for which several mutations in the 
human enzyme (hADSL) are known to affect intelligence 
and behaviour. During evolution modern humans acquired 
a specific substitution (Val429Ala) in ADSL distinguishing 
it from the ancestral variant present in Neanderthals (nAD-
SL). I will present a structural, biophysical and biochemical 
comparison of hADSL and nADSL aimed at determining 
whether this substitution is functionally relevant and could 
be responsible for phenotypical differences between these 
species. This work shows that hADSL and nADSL differ 
in thermal stability but not in enzymatic activity. Similar 
observations are made when comparing native hADSL with 
hADSL containing the nearby disease-causing Arg426His 
substitution hinting towards a phenotypical effect. In addi-
tion the combined X-ray crystallography and SAXS data re-
veals that ADSL undergoes conformational changes during 
catalysis which together with the structure of a hitherto un-
determined product bound conformation helps explain the 
effect of several human disease-causing substitutions.
Keywords: Neanderthal, Human disease.
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Human ASCT2 belongs to the SLC1 family of secondary 
transporters and is specific for the transport of small neutral 
amino acids, including glutamine. ASCT2 is upregulated in 
cancer cells, and serves as the receptor for many retrovirus-
es, thus it is a potential drug target. I will report a structure 
of human ASCT2 at 3.85 Å resolution obtained using single 
particle Cryo-EM. The structure of the functional and un-
modified protein sheds light on the transport mechanism of 
SLC1 members in general, and reveals insight in specific 
functions of human ASCT2. ASCT2 forms a homotrimeric 
complex, in which each subunit contains a transport and a 
scaffold domain. Each of the scaffold domains contains a 
prominent extracellular extension, which is specific for hu-
man ASCT2 and forms the predicted docking site for ret-
roviruses. The transporter adopts an inward-oriented state 
that resembles the unlocked state of a mutant of prokaryotic 
homologue GltPh, but in ASCT2 the transport domain is 
located farther towards the cytoplasmic side of the mem-
brane where it is largely detached from the central scaffold 
domain. The domain detachment may be required for sub-
strate binding and release on the intracellular side of the 
membrane. I will also provide a detailed comparison with 
the previously resolved structures of archaeal homologues 
of glutamate transporters Glttk and Gltph, as well as human 
EAAT1 transporter.
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Nearly 5% of membrane proteins are guided to nuclear, en-
doplasmic reticulum, mitochondrial, Golgi, or peroxisome 
membranes by their C-terminal transmembrane domain 
and are classified as tail-anchored (TA) membrane proteins. 
During the biosynthesis of TA membrane proteins, their 
single C-terminal trans-membrane segment is inserted into 
the ER membrane for orientating the functional domain(s) 
towards the cytosolic side of the cell. The machinery re-
sponsible for this post-translational process has only re-
cently come to light. In yeast, the proteins participating 
in TA protein insertion was previously identified to be 
conducted by the GET pathway (Guided Entry of Tail-an-
chored proteins) including Get1, Get2, Get3, Get4, Get5, 
Sgt2 and Ybr137wp. In my laboratory, we investigated the 
interactions between these components from Saccharomy-
ces cerevisiae. Recently, we also determined the crystal 
structure of arsenite transporter 1 (ArsA1, the homologs of 
yeast ATPase Get3) from green alga. Our binding activity 
assay demonstrated that ArsA1 can specifically recognize 
the transmembrane region of chloroplast TA protein Toc34 
but not ER TA protein Sec61β. Based on the ArsA1 struc-
ture, we uncover a distinct mechanism for specific filtering 
between ER and chloroplast TA proteins and successfully 
manipulate the specificity of mutant ArsA1 for a set of ER 
TA protein. Our biochemical and structural data provide 
new insight for the specific selection of ER and chloroplast 
TA proteins for membrane insertion.
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The caspase recruitment domain (CARD) of the human 
apoptosome recruits caspase-9 CARD via the homotypic 
interactions for caspase activation in apoptosis. Here we 
present the crystal structure of the CARD-CARD disk of 
the human apoptosome and also show the difference in the 
CARD assembly between the Caenorhabditis elegans, Dro-
sophila, and human apoptosomes, which suggests that the 
helical assembly only exists in the vertabtate DD-folds.  We 
also found that of the death-domain folds have five differ-
ent assembling mechanisms for their specific roles in signal 
transduction.
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Natural killer cells are white blood cells able to kill tumor, 
virus-infected or stressed cells. NKR-P1 is a C-type lectin 
like-receptor on surface of human natural killer cells and 
LLT1 is its binding partner belonging to the same structural 
family.
Recently, we have expressed, purified and solved four crys-
tal structures of the extracellular part of LLT1 in monomer-
ic, dimeric and hexameric form [1, 2]. In this contribution, 
we present three more structures characterizing this recep-
tor-ligand binding pair: structures of the extracellular part of 
NKR-P1 in the fully glycosylated and deglycosylated form 
and a structure of the NKR-P1:LLT1 complex. Expression 
and purification of NKR-P1 was described by us recently 
as well [3].
All three crystal structures show NKR-P1 in a dimeric 
form with an unexpected dimerization mode. Unlike 
LLT1, which has the α2 helix in the dimerization interface, 
NKR-P1 dimer has the α1 helix in its dimerization inter-
face. This different dimeric arrangement of both proteins 
enables spatial connection of NKR-P1 with LLT1 not only 
in a single molecular complex, but in a periodical chain of 
alternating receptor/ligand molecules. Such chain we really 
observe in the presented crystal structure.
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Putative glutathione-specific γ-glutamylcyclotransferase 2 
(ChaC2) enzyme degrades glutathione which is involved in 
various signaling pathways and cellular detoxification. To 
elucidate its catalytic mechanism, we implemented struc-
tural biology approaches for ChaC2. Since SeMet-based 
phasing methods are generally applicable to proteins with 
at least one methionine per 100 amino acid residues, ChaC2 
was a borderline case. We mutated several leucine and isole-
ucine residues of ChaC2 to methionine residues to enhance 
the phasing power for multi-wavelength anomalous dif-
fraction (MAD) method and hence structure determination. 
From structure analysis and alignment with other γ-glutam-
ylcyclotransferase, we hypothesized that Glu83 of ChaC2 
may play an important role in enzyme activity of ChaC2. 
We crystallized and obtained the structure of ChaC2 E83Q 
mutant by molecular replacement method. Excitingly, the 
structure of this mutant differed from that of the wild type 
suggesting the vital role of this residue. Our results provide 
an insight on the effect of a mutation on enzyme activity of 
ChaC2 and its role in cell. Further experiments need to be 
performed to elucidate the mechanism of how ChaC2 can 
cleave specifically on glutathione.
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Although partially or totally devoid of any ATP binding 
or hydrolysis, pseudokinases are now recognized as key 
players in cell signaling. However, their functioning is still 
unclear for a number of such pseudokinases encoded in the 
mammalian genomes. Here we describe the crystal struc-
ture of the folded region of SGK223, a large pseudokinase 
from rat. We could solve the crystal structure by molecular 
replacement, at a 3.0 A resolution, despite a low overall se-
quence identity (20-25% over the whole kinase domain), us-
ing the software Phenix, an ensemble of partial models built 
using our server @TOME-2 and data recorded automati-
cally on the beamline MASSIF-1 at the ESRF synchrotron.
The structure contains a classical protein kinase fold, devoid 
of any ATP-binding activity. It also highlighted several se-
quence motifs conserved in other psudokinases and extend 
the corresponding superfamily. Interestingly, these pseu-
dokinases possess N- and C-terminal extensions forming an 
original dimerization domain. This dimeric pseudokinases 
have been linked to cancer by up-regulating protein tyrosine 
phosphorylation. Our results suggest a structural model for 
understanding how pseudokinases induce protein tyrosine 
phosphorylation [1,2].
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The DJ-1/ThiJ/PfpI superfamily of proteins is highly con-
served across all biological kingdoms showing divergent 
multifunctions, such as chaperone, catalase, protease, and 
kinase. The common theme of these functions is responding 
to and managing various cellular stresses. Most members 
of the DJ-1/ThiJ/Pf pI superfamily are oligomers and are 
classified into subfamilies depending on discriminating qua-
ternary structures (DJ-1, YhbO and Hsp types).
SAV1875, a conserved protein from Staphylococcus aureus, 
is a member of the YhbO-type subfamily. The crystal struc-
ture of SAV1875 from S. aureus was determined. The cyste-
ine residue located in the dimeric interface (Cys105) forms 
a catalytic triad with His106 and Asp77, and it is sponta-
neously oxidized to Cys105-SO2H in the crystal structure. 
To study the oxidative propensity of Cys105 and the cor-
responding functional differences with changes in cysteine 
oxidation state, the crystal structures of SAV1875 variants 
E17N, E17D and C105D, and over-oxidized SAV1875 were 
determined. We identified SAV1875 as a novel member of 
the YhbO-type subfamily exhibiting chaperone function. 
However, if SAV1875 is over-oxidized further with H2O2, 
its chaperone activity is eliminated. On the basis of our 
study, we suggest that SAV1875 functions as a chaperone 
and the redox state of Cys105 may play an important role.
The Hsp-type subfamily includes Hsp31, a chaperone and 
glyoxalase III. SAV0551, an Hsp-type subfamily member 
from Staphylococcus aureus, is a hypothetical protein that 
is predicted as Hsp31. Thus, to reveal the function and 
reaction mechanism of SAV0551, the crystal structure of 
SAV0551 was determined. We have shown that SAV0551 
functions as a chaperone and that the surface structure is 
crucial for holding unfolded substrates. As many DJ-1/
ThiJ/PfpI superfamily proteins have been characterized as 
glyoxalase III, our study also demonstrates SAV0551 as 
a glyoxalase III that is independent of any cofactors. We 
have confirmed that the components required for reaction 
are present in the structure, including a catalytic triad for 
a catalytic action, His78 as a base, and a water molecule 
for hydrolysis. Our functional studies based on the crystal 
structures of native and glyoxylate-bound SAV0551 will 
provide a better understanding of the reaction mechanism 
of a chaperone and glyoxalase III.
References:
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Cells require specific molecular entities to regulate biolog-
ical processes, which are often out of balance in diseases. 
Once these entities are identified, their activities may be 
modulated by specific ligands. DPP4 protein is an exam-
ple of a target to successfully treat type II diabetes by small 
molecule ligands [1]. Other members of the DPP4 family 
are similarly interesting. DPP8 and DPP9, are active ser-
ine proteases located inside cells. They are relevant in 
immune response and cancer [2]. It is crucial to under-
stand their structures, enzymatic mechanisms and in-
teractions to enable structure-based drug development. 
DPP8 and DPP9 activity can be modulated by inhibitors 
like SLRFLYEG, 1G244, and Val-BoroPro. SLRFLYEG is 
a specific peptidic DPP8 and DPP9 inhibitor with allosteric 
properties. This inhibitor was designed using a segment of 
SUMO1. 1G244 is a strong specific competitive inhibitor 
of DPP8 and DPP9. Val-BoroPro is a non-specific covalent 
inhibitor of DPP4, DPP8 and DPP9. Regarding binding 
partners, SUMO1 has been described to form complex with 
either DPP8 or DPP9 during pulldown experiments using 
SUMO1-tagged beads. While the complexes are not stable 
in solution this binding may regulate important signaling in 
cells.
We hereby reveal DPP8 and DPP9 molecular structures 
and substrate binding features. Moreover, we clarify how 
structural differences in inhibitor binding lead to differences 
in potency and binding mechanisms. DPP8 and DPP9 are 
structurally related to DPP4, with a conserved α-hydrolase 
domain and β-propeller domain. However, the mechanism 
underlying the enzymatic activity differs significantly. We 
observed a disorder-order transition of a 26 aa segment 
upon substrate binding. This segment partially folds into 
an α-helix, which is required to fix the incoming substrate, 
allowing enzyme activity [3]. Furthermore, we characterize 
the SUMO1-DPP9 complex using protein-protein interac-
tion assays. We observed a stable complex between DPP9 
and oligomeric forms of SUMO1. Therefore, a bis-sumoy-
lated substrate might be the minimal requirement for in-
teraction in a physiological context. The determination of 
DPP8 and DPP9 crystallographic structures as well as their 
interaction with SUMO1 can be of paramount relevance in 
immunological regulation or drug design when treating dis-
eases like cancer.
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Software for structure annotation has become a key aspect 
for any functional study, as structure is highly conserved 
and a vast amount of structural data is available. Imple-
mented in software like DSSP, Cablam or Gesamt, algo-
rithms employed for structure analysis are based either on 
sequence features, geometrical parameters or a combination 
of them. For the validation context, algorithms based on ge-
ometry descriptors have been developed, such as C-Alpha 
Based Low-resolution Annotation Method (CABLAM)[1]. 
ALEPH addresses two challenges:

•	 Revealing structure properties of small local folds, of 
immediate application to produce models for ab initio 
phasing.

•	 Flexibly tuning the annotation to the purpose for 
which it will be used.

ALEPH, which incorporates the previous algorithm Borg-
es [2], has been developed to analyze small local folds. 
ALEPH is integrated in the ARCIMBOLDO software for ab 
initio phasing, especially in ARCIMBOLDO_SHREDDER 
[3] for identification of compact folds. The software uses 
ad hoc parameters called Characteristic Vectors (CV’s) for 
retrieving tridimensional properties of the main chain. CV’s 
exploit the fact that carbonyl oxygens are differently orient-
ed for each secondary structure. Properties of the CV such 
as their modulus or direction, the angles between them or 
the distances that separates them, allow to identify different 
secondary structures and describe their environment. Re-
cent developments, including an increase in the number of 
parameters used for main chain description and the addition 
of new mathematical algorithms has allowed not only to im-
prove the precision in the annotation but also its flexibility.
Beyond secondary structure annotation, ALEPH can also 
optimally superpose very small structures, annotate and ex-
tract folds from a model or generate libraries of a given fold. 
A general description of the performance of ALEPH for 
validation of non ideal main chains, identification of a fold 
from an unknown solution and identification of compact 
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structural folds in the frame of ARCIMBOLDO_SHRED-
DER will be illustrated.
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ARCIMBOLDO_LITE is an ab initio phasing approach that 
combines location of small, very accurate model fragments 
with PHASER followed by density modification and main 
chain autotracing with SHELXE. Mainly helical structures 
are favorable cases for this approach, as  ideal polyalanine 
α-helices constitute an excellent approximation of helices in 
real structures. Coiled coil structures, despite being highly 
helical, typically present intrinsic difficulties for phasing.
In general, for all coiled coils structures, it can be compli-
cated to distinguish whether prominent features in the Pat-
terson function are due to genuine tNCS or to the intrinsic 
periodicity of the helix. In addition, often mistranslated 
solutions reach high scores. This can lead to elimination of 
all starting hypotheses through the packing filters. At low 
resolution (2-3Å), the placement of helices occasionally 
takes place in the correct position but in reversed direction. 
Also, even when having a correct substructure placed, au-
totracing the helices from a very partial solution in a map 
degraded by severe anisotropy, modulation and limited 
resolution is challenging. And finally, after tracing, the dis-
crimination of correct from the incorrect solutions can be 
misleading, requiring a final verification step. To overcome 
these difficulties ARCIMBOLDO_LITE [1] incorporates a 
set of improvements gathered under a specific coiled_coil 
mode, exploiting new improvements in PHASER [2] and 
SHELXE [3].
These features were designed for solving coiled coils at res-
olutions up to 3Å and tested on a pool of 150 structures, 
showing a 93% success rate. Furthermore, this implemen-
tation has allowed to solve new previously unknown struc-
tures, and unequivocally identifies correct solutions through 
the new verification strategy. This idea opens promising 
perspectives to extend its application within the use of small 
general model fragments.
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Nowadays, due to impressive advances from the techno-
logical and experimental points of view, sub-atomic and 
ultra-high resolution X-ray datasets of macromolecules 
started appearing and their number will certainly increase 
in the next few years. This makes the refinement of crystal-
lographic structures of biological systems a more and more 
crucial and difficult challenge, with the need of developing 
novel refinement techniques able to fully exploit the infor-
mation content of the new high-resolution X-ray datasets 
and, consequently, to get unprecedented structural and elec-
tron density details of biological molecules.
In this context, an emerging technique of crystallography 
that can be promisingly used is the Hirshfeld Atom Refine-
ment (HAR). This is a quantum mechanics-based method 
that, although using only X-ray diffraction data, allows to 
determine the hydrogen atoms positions with the same pre-
cision and accuracy usually attained through neutron dif-
fraction measurements, even when resolution is as low as 
0.8-0.9 Å [1]. This would obviously make HAR the perfect 
strategy to fully exploit the new high-resolution X-ray data-
sets of macromolecules. Nevertheless, its straightforward 
application to large systems is actually prevented by the 
fact that, at each iteration, it requires a tailor-made quantum 
mechanical calculation, whose computational cost increases 
with the size of the systems under exam.
The only possibility to overcome this drawback is to cou-
ple HAR with quantum mechanics-based linear scaling 
techniques and, to this purpose, we have recently decided 
to include the novel libraries of Extremely Localized Mo-
lecular Orbitals (ELMOs) [2,3] into HAR. In fact, ELMOs 
are orbitals strictly localized on small molecular units (e.g., 
atoms, bonds or functional groups) and, for this reason, eas-
ily transferable from a molecule to another [2,3]. Therefore, 
following a sort of LEGO approach, databanks of ELMOs 
have been recently constructed. These libraries currently 
cover all the possible fragments of the twenty natural ami-
no acids and really allow instantaneous reconstructions of 
wave functions and electron densities of systems ranging 
from small polypeptides to very large proteins, thus also 
giving the possibility of computing a large variety of prop-
erties for the investigated molecules.
Here, after briefly illustrating the main capabilities of the 
new ELMO-libraries and of the associated program for the 
automatic transfer of ELMOs, we will discuss in detail the 
coupling of these databanks with HAR and we will show 
recently obtained results that encourage to further improve 
the technique, with the final goal of making it a powerful 
routine-strategy for the refinement of macromolecular crys-
tallographic structures.

References:
[1] Woińska, M. et al. (2016). Sci. Adv., 2, e1600192.
[2] Meyer, B. et al. (2016). J. Chem. Theory Comput. 12, 1052-1067.
[3] Meyer, B. et al. (2016). J. Chem. Theory Comput. 12, 1068-1081.

Keywords: Protein strucures refinement, Hirshfeld Atom 
Refinement, Extremely Localized Molecular Orbitals



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e231

MS12-P04
Identifying amyloid and partially amyloid 
structures from the protein data bank
Vince Grolmusz1, Kristóf Takács1, Bálint Varga1

1. �Eötvös University, PIT Bioinformatics Group, Budapest, Hungary

email: grolmusz@pitgroup.org
The Protein Data Bank (PDB) contains 135 000 entries to-
day. From these, relatively few amyloid structures can be 
identified, since amyloids  are insoluble in water. Therefore, 
mostly solid state NMR-recorded amyloid structures are 
deposited in the PDB. Based on the geometric analysis of 
these deposited structures we have prepared an automati-
cally updated webserver, which generates the list of the 
deposited amyloid structures, and, additionally, those X-ray 
crystallography identifyid globular protein entries, which 
have amyloid-like substructures of a given size and char-
acteristics. We have found that applying only the properly 
chosen geometric conditions, it is possible to identify the 
deposited amyloid structures, and a number of globular 
proteins with amyloid-like substructures. We have analyzed 
these globular proteins and have found that most of them 
are known to form amyloids more easily than many other 
globular proteins. Our results relate to the method of [1], 
who have applied a hybrid textual-search and geometric ap-
proach for finding amyloids in the PDB.
If one intends to identify a subset of the PDB for some ap-
plications, the identification algorithm needs to be re-run 
periodically, since in 2017, on the average, every day 30 
new entries were deposited in the data bank. Our webserver 
is updated regularly and automatically, and the identified 
amyloid- and partial amyloid structures can be viewed on-
line or their list can be downloaded from the site https://
pitgroup.org/amyloid.
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Structural bioinformatics has a broad impact across the life 
sciences and provides tools to archive, present, analyse, 
annotate, and predict molecular structures. The science 
of structural bioinformatics is traditionally very strong in 
Europe offering many software tools, methodologies, and 
databases, as well as community-wide prediction challeng-
es. Its applications cover research activities from structural 
biology to drug discovery and personalized medicine that 
are all well represented within the national ELIXIR nodes. 
We believe that the coordination of the many concurrent ac-
tivities will help to unite the voice of structural bioinforma-
ticians in Europe and thus maximize the impact of structural 
bioinformatics to the benefit of all researchers in the field 
and the scientific community at large.
We therefore propose the establishment of an ELIXIR Com-
munity in Structural Bioinformatics to represent the broad 
group of activities in this field. We suggest calling it 3DBio-
Info. We volunteer to act as an interim executive committee 
to organise a kick-off workshop for this Community, which 
would take place in the Fall of 2018. We will also establish 
an interim Steering Committee with a structural bioinfor-
matics representative from each ELIXIR node to make sure 
we capture the interests and activities in each country. Re-
searchers at the kick-off workshop will formulate the goals 
of the 3DBioInfo Community and collect ideas for Commu-
nity activities to form the basis of a formal application to the 
ELIXIR Heads of Nodes.
Keywords: bioinformatics, molecular structure, ELIXIR
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In order to understand macromolecular structures archived 
in the Protein Data Bank (PDB), it is essential to take into 
consideration the biological context of these molecules. 
Multiple specialised resources each provide one or more 
aspects of the biological context, but it takes significant ef-
fort to collect and compare all the information that may be 
relevant to a specific structure.
PDBe-KB (Protein Data Bank in Europe - Knowledge 
Base) is a new community driven  resource under devel-
opment by PDBe, which will provide functional annota-
tions for structural data that can be used by the scientific 
community to answer biological questions. PDBe-KB is a 
collaborative effort between PDBe and a diverse group of 
biological resources and structural bioinformatics research 
teams. This new resource will consolidate older services, 
such as SIFTS, which focuses on providing seamless map-
pings between PDB entries and other databases, and data 
from multiple data enrichment projects. These include  the 
FunPDBe project, which aims to collect and distribute high-
ly enriched, valuable annotations that create a comprehen-
sive biological context for structural models, effectively 
bringing structure to biology.
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Hydrogen bonds are an essential part of the structure and 
function of proteins, defining the secondary structure and 
the overall fold of the protein as well as being important 
components of the active sites of enzymes. However, de-
spite the widespread belief that proteins are evolved to sus-
tain a single, folded structure, there is significant, empirical-
ly demonstrable variability in the hydrogen bonding pattern 
of proteins, even within sets of identical protein structures 
in which there is little overall structural variation. Hydrogen 
bond variability has been recently clearly demonstrated in 
a set of structures of a single protein bound to a homolo-
gous series of ligands[1]. However, neither the extent of 
this variability, nor its function has been widely otherwise 
remarked upon in the current literature. We catalogue the 
variability of hydrogen bonding patterns in all currently 
publically known protein structures present in the Protein 
Data Bank[2]. We use a geometric definition of hydrogen 
bonding in proteins to focus on the kind of data available 
from x-ray structures of proteins. We compared the hydro-
gen bonding pattern between all instances of identical or 
nearly identical proteins (≥ 90 % sequence identity) which 
have been deposited at least 10 times in the PDB (n ~ 6500) 
and used this redundancy to measure the inherent variability 
in a given hydrogen bond. This geometric definition will al-
low treatment of both strong (e.g. OH-O, NH-O) and weak/
non-traditional (e.g. CH-O, NH-π, OH/NH-S, etc.) protein 
hydrogen bonds. Identification and characterization of this 
variability will help to understand the role of this variability 
in protein structure and also aid in future protein engineer-
ing and design efforts.
References:
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New crystals were synthesized under hydrothermal condi-
tions, simulating natural middle-temperature hydrothermal 
zones (T = 230–280 °C; P = 70–100 atm) using complex 
vanadate/phosphate systems with transition M = Mn, Co, 
Ni, Cu and alkaline cations A = Na, K, Rb, or NH4, and 
Cl-, F-, CO3

2- mineralizers. The X-ray spectral analysis 
(JEOL SEM with EDS) provided the chemical composi-
tion of the crystals. The crystal structures were determined 
by single-crystal X-ray diffraction (XCalibur-S-CCD dif-
fractometer). Most of new compounds were found out 
to be new synthetic modifications of minerals alluaudite 
KCuMn3(VO4)3, niahite NH4MnPO4×H2O, mahnertite 
K2.5Cu5Cl(PO4)4(OH)0.5(VO2)·H2O, phosphoellenbergerite 
Na0.91Co6[HPO4][H0.36PO4](OH)3, elpasolite Rb2NaAlF6, 
and (NH4)2[(V,P)2O6] with pyroxene structure type; others 
are «mineralogically probable» phosphates RbCuAl(PO4)2, 
Na2Ni3(OH)2(PO4)2, Rb2Mn3(H2O)2[P2O7]2, (Al,V)4(P4O12)3.
In accordance with Sandomirsky-Belov principles [1], 
applied to classification of phosphates with amphoteric 
oxo-complexes [2], the crystal chemical function of ampho-
teric metal atoms in all new structures was revealed [3]. In 
five crystal structures the octahedral complexes of ampho-
teric metals in the lowest oxidation state build the cationic 
part of the structure, forming structure fragments of different 
dimensionality. These are isolated 0D (Al,V)O6 polyhedra in 
tetraphosphate (Al,V)4(P4O12)3, 1D columns of MnO6 octahe-
dra in diphosphate Rb2Mn3(H2O)2[P2O7]2, 2D layers of MnO6, 
or NiO6 octahedra in new polymorphic modification of nia-
chite NH4MnPO4·H2O and Na2Ni3(OH)2(PO4)2, respectively, 
and 3D framework of CoO6 octahedra in synthetic phospho-
hellenebergerite Na0.91Co6[HPO4][H0.36PO4](OH)3.
In the compounds containing several types of amphoteric 
metals, its coordination environment and crystal chemical 
function depends on electronegativity. Thus, in the Rb-
Cu[Al(PO4)2] structure the mixed-type anion framework is 
built of the AlO5 and PO4 polyhedra, while the columns of 
CuO6 octahedra form the cationic part of the structure. The 
main fragment of the alluaudite KCuMn3(VO4)3 structure is 
the cationic framework of MnO6 octahedra and flat CuO4 
groups, which is reinforced with anionic VO4 orthotetrahedra.
In the vanadyl-phosphate analogue of mahnertite 
K2.5Cu5Cl(PO4)4(OH)0.5(VO2)·H2O, the copper and vanadi-

um operate as anion formers and build the anionic frame-
work of mixed type together with PO4 tetrahedra. The 
anion-forming function of amphoteric vanadium is also es-
tablished in the structure of vanadate analogue of pyroxene 
(NH4)2[(V,P)2O6].
The reported study was funded by RFBR according to the 
research project № 18-35-00623.
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Single crystals of two new borates, KGd[B6O10(OH)2] 
and KHo[B6O10(OH)2] [1], have been synthesized under 
hydrothermal conditions  in complicate borosilicate and 
borate systems at different pH-values. The syntheses were 
performed at the temperature 270-290 °C under pressure 
of 70-100 atm. Both structures are similar in unit cell but 
differ in symmetry. The first borate is found to be acen-
tric (sp.gr. P-62m), the second is centrosymmetric (sp.gr. 
P-31m) (Fig.1). The same anionic radical of new type in 
both borates is characterized as polyborate layer composed 
of tetrahedrons (T) in a form of mica-like layer added by 
triangles (∆). Crystal chemical formula of new layer is 
[B6O10(OH)2]4-

∞∞ because B2-triangles hold statistically 
only two positions attributable to the four tetrahedra, no-
tation is 6:[4T + 2∆]∞∞, or three on a ring of six tetrahedra, 
[6T + 3∆]∞∞. Multiplication of the layers by symmetry is 
differently produced in the structures:  by mirror plane in 
K, Gd-borate or the inversion center in K, Ho-borate. Two 
polar layers are attached to top and bottom of GdO6 trigo-
nal prisms and HoO6 octahedrons, correspondingly. K- and 
B-triangles positions are statistically occupied in both struc-
tures. Disorder along c* in acentric KGd[B6O10(OH)2] and 
overlapping of K- and B2-positions in its interlayer space 
may be eliminated in larger cell with tripled period along 
c-axis and resulting polar structure of P31 symmetry. In cen-
trosymmetric KHo[B6O10(OH)2], which also has disorder 
along c* axes and tripling of cell, K- and B2-positions holds 
the inversion center symmetry. Despite of the almost com-
plete structural identity, new acentric K, Gd-borate clearly 
demonstrates second-order nonlinear optical activity (SHG 
response up to 45 SiO2 units) in contrast to centrosymmetric 
K, Ho-borate. We suppose that key of properties explana-
tion is in the acentric structure of K, Gd-borate and polar 
ordering in this crystal.
The reported study was funded by RFBR according to the 
research project № 18-35-00645.
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Phase transition sequences in gold alloys haveattract a lot of in-
terest at the first half of the 20Th century. Where, till now the 
thorough sequences ant the temperatures are not investigated. 
The knowing of such precise temperatures and sequences is of 
high importance according to the gold alloys industrial use [1-3].
Herein,In-situ temperature XRD and mechanical spectroscopy 
were applied to study phase transitions in AuCu alloy. The phase 
transition sequences, with the disorder as starting state for the 
thermal cycle, was investigated upon heating and cooling using 
heating rate of 1K/min. The sequences of phase transitions re-
corded show an important succession at continuous heating and 
subsequent cooling. The transition temperatures were thorough-
ly determined. This transition sequences determine temperature 
dependency of elastic and anelastic properties. The mechanical 
spectroscopy using forced torsion pendulum shows twin bound-
aries peak as typical peak of the orthorhombic phase AuCuII and 
transient peak with the onset of the tetragonal AuCuI in A1 phase 
with the classical Zener peak.
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Eugsterite is a mineral commonly associated with halite, 
thenardite, bloedite, gypsum, glauberite and nesquehonite 
and occurs in some parts of Kenya and in the Konya Ba-
sin in Turkey Its crystal structure is unknown and the only 
information is a list of d spacings and intensities obtained 
from an X-ray powder pattern of an impure synthetic sam-
ple (Vergouwen, 1981).
In this work, we have confirmed the difficulty on purifying 
eugsterite, reason because the structure solution had to be 
attempted from Single Crystal Electron Diffraction (SCED) 
data of a multiphasic sample where only single crystals 
of eugsterite were measured with the continuous rotation 
method (Wang et al., 2017).
The structural model obtained from the SCED data was 
lately used to refine this structure through a Powder X-ray 
Diffraction (PXRD) dataset of an impure sample containing 
gypsum, halite and thenardite in addition to eugsterite.
The structure of Eugsterite consists of two crystallographi-
cally independent CaNa(SO4) layers along the xy-plane. One 
layer can be described by two linked columns of NaO6 poly-
hedra interconnected via cornersharing SO4 tetrahedra. The 
other layer is described as columns formed by face-sharing 
NaO6 polyhedra in trigonal antiprismatic arrangement inter-
connected via cornersharing SO4 tetrahedron. The layers are 
interlinked via columns of edge-sharing CaO8 polyhedra.
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Hard X-ray free-electron lasers (XFELs) are novel photon 
sources, which rely on the self-amplified spontaneous emis-
sion (SASE) process to obtain peak brightnesses in the soft 
and hard X-ray regime that are orders of magnitude larger 
than those achieved with insertion devices at third-gener-
ation synchrotron light sources. The SASE radiation aris-
es from amplification of stochastic noise in the electron 
bunch. Therefore, it consists of many longitudinal modes, 
and exhibits strong shot-to-shot fluctuations of both the 
mean pulse energy and the pulse spectrum, showing relative 
bandwidth typically of the order of 10−3. Self-seeding has 
been proposed as an intensity-efficient mode of operation 
for XFELs [1]. After SASE amplification in a first undulator 
section, the electron bunch is separated from the photons 
and delayed by a magnetic chicane, which also refreshes 
the electron bunch by suppressing the microbunching that 
results from the SASE process. The XFEL pulse thus ob-
tained is characterized by the same narrow bandwidth and 
by a stable wavelength set by the monochromator.
In the hard X-ray regime, monochromators are typically 
based on perfect crystals. Geloni et al. [1] have proposed 
generating the narrow-band seed with a thin crystal in the 
Bragg condition. This process of forward Bragg diffraction 
(FBD) is described by the dynamical diffraction theory pre-
sented for spatiotemporal effects by Shvydko [2], which 
accounts for multiple-scattering effects relevant in perfect 
crystals. For most of the radiation in the incoming SASE 
pulse the crystal is transparent. Only the wavelengths that 
are close to or satisfy the Bragg condition are affected, and 
a series of time-delayed pulses of low intensity but narrow 
bandwidth, called echoes, are generated in the temporal tail 
of the transmitted pulse [1,2].
The work presented here aims to gain a better understand-
ing of space-, time- and frequency-domain effects in the 
FBD process. The results reported represent the first direct 
and unambiguous experimental evidence of the spatially 
displaced echoes in the forward transmitted photon beam, 
made possible using an X-ray beam focused down to the 
micrometer scale. Our results are backed up by simulations 
that confirm the interpretation of the experimental signals in 
terms of FBD echoes [3]. Fig. 1 shows results obtained from 
an energy scan at 12 keV with a 400 um thick diamond sin-
gle crystal with orientation (110) set to diffract at the (220) 
reflection in Bragg Geometry.
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The state of residual stresses is of fundamental importance 
to the mechanical properties of many metals. Resulting 
properties are function of not only surface, but also the sub-
surface stress state, usually beyond the penetration depth 
of most X-ray sources. To circumvent this limitation con-
ventional methods of stress profiling relies on some kind of 
material removal such as electropolishing or acid polishing, 
which are known to cause stress relaxation [1], compromis-
ing the reliability of such profiles.
Multireflection grazing incidence X-ray diffraction 
(MGIXD) geometry is seen as an alternative for obtaining 
relaxation-free, nondestructive residual stress profiles [2], 
potentially resulting in major revisions of the understanding 
of subsurface stress influence in metals’ mechanical prop-
erties.
We discuss here the application of the MGIXD geometry 
for stress profiling in aeronautical aluminium. In this study 
a PANalytical Empyrean diffractometer equipped with con-
ventional (Cu) and hard (Ag) sources was used to obtain 
residual stress profiles of shot peened 7050 aeronautical 
aluminium in depths up to 200 μm. With this results, com-
parisons with conventional (destructive) stress profiling 
methods was also made possible.
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Whereas silicates are among the most thoroughly investi-
gated classes of compounds, much less is known about the 
closely related oxonitridophosphates and phosphorus oxide 
nitrides. Different O/N ratios and flexible bonding to N 
atoms enable a rich structural chemistry, further enhanced 
by the possibility of including H atoms. Yet, access to new 
compounds in the system P/O/N/(H) is difficult and often 
involves high pressure and high temperature. Starting from 
amorphous phosphorus imide nitride oxide, various SiO2-
like modifications of PON can be obtained. Yet, syntheses 
at 1400 °C and up to 16 GPa yielded microcrystalline sam-
ples with complex diffraction patterns. Powder diffraction 
patterns being inconclusive, first information was obtained 
by electron diffraction and suitable crystallites of new 
compounds could be identified. Microfocused synchrotron 
radiation (ID11, ESRF, Grenoble) enables unique insight 
into the crystal chemistry of such compounds with unprec-
edented accuracy. Diffraction data from intergrown mi-
crometer-sized crystallites correspond to the superposition 
of diffraction patterns of H3P8O8N9 [1] and new phosphorus 
oxide nitrides.
The compound with the idealized formula P74O59N84 (mono-
clinic, C2, V = 4878 Å³) exhibits a 3D network of P(O,N)4 
tetrahedra, some sharing three vertices. P40O31N46 (mono-
clinic, C2, V = 2651 Å³) contains similar building blocks 
and exhibits a higher degree of disorder. Both compounds 
contain a motif that is similar to the unit cell content of 
H3P8O8N9, but, in contrast, does not involve an interrupted 
network. This motif is characterized by 8-ring layers inter-
connected by additional pairs of tetrahedra. In P74O59N84 and 
P40O31N46, these patterns are interconnected by additional 
building blocks. These build up arrays of layers perpendic-
ular to two crystallographic directions. These intersecting 
layers form channels along [010], in which the H3P8O8N9-
like motifs are embedded. The additional layers mainly con-
tain vierer rings. In P40O31N46, one type of these additional 
layers is thicker and less corrugated than in P74O59N84. Taken 
as a whole, all structures are mainly built up from dreier, 
vierer, sechser and achter rings.
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The crystallographic and mineralogical characterization 
(macroscopic and microscopic) of the Mesolithic lithic raw 
materials allows to analyze the establishment of mobility 
and exchange patterns; identify the adequacy between the 
technical processes of manufacturing and the selected raw 
material and find out the development of strategies in the 
acquisition and selection of lithic resources.
Only a few attempts have been undertaken to use the crys-
tallinity of flint or the moganite content of chert for alter-
native or additional characterization and discrimination of 
lithic material (Bustillo et al., 2009; Graetsch and Grünberg, 
2009).
In order to relate the lithic materials of the Los Canes cave 
(eastern Asturias, Spain) with possible supply outcrops a 
crystallographic study has been made with X-ray powder 
diffraction in order to identify and quantify the crystalline 
phases and obtain crystallographic data (crystal size, lat-
tice strain, etc.) of them for comparision. Analyses with the 
scanning electron microscope + EDX and Infrared spectra 
were also considered.
Los Canes cave, with indications of Mesolithic human 
activity, in the interior part of the Asturian region on the 
northeast edge of the Hesperian chain that constitutes the 
substratum of the Iberian Peninsula. This region is mainly 
constituted by Palaeozoic rocks (with ages ranging from 
the Middle Cambrian to the Upper Carboniferous (Alonso 
and Pulgar, 1995) elevated by the Alpine orogeny, which 
created a typical Germanic geomorphology. Flint does not 
occur very frequently in this region, but some of them, of 
Lower Carboniferous age, can be found in the Picos de Eu-
ropa region. The tectonic movements related to the Variscan 
orogeny displaced and eroded these materials towards the 
south. The Alpine orogeny of the Tertiary era and the Qua-
ternary glacial and fluvial erosion configured the current 
relief, relocating part of the flints (Marquínez and Adrados, 
2000). Additionally, at both edges of the region some ac-
cumulations of flint can be found in some small remains of 
Mesozoic basins.
The Mesolithic main materials knapped in the Los Canes 
cave were grey flint, black flint, radiolarite, Pendueles 
chert, Cretaceous flint, quartzite and quartz; quartzite is the 
dominant raw material in weight, except in the Late Me-
solithic phase of the site, dated to the sixth millennium cal 
BC, where this raw material drops sharply and flint reaches 
63.3% (Arias et al., 2009). These varieties were recognized 
in the field, in different outcrops.
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In the present work, we show the results of investigation 
of aragonite (CaCO3) microstructure  with transmission 
electron microscopy (TEM) under ambient and elevated 
temperature, complemented by density functional theory 
calculations. As objects of investigation we choose crystals 
from Tazouta (Marocco), Cuenca (Spain), and Koge-Dava 
(Russia) localities. All crystals were well faceted, 1-3 cen-
timetres length. Different localities were chosen to cover 
different genesis, morphology and chemistry.
The ubiquitous twinning by {110} down to unit cell size 
was found on all studied crystals. In some areas twinning 
is so dense, that these areas can be considered as disordered 
polytype of aragonite. The super-structural reflections (0.5 
0.5 0) were found on [1-10] projection. We suggest that 
these reflections arise from the diffraction on numerous 
twinning planes, locally doubling d(110). Also strong re-
flections prohibited for aragonite symmetry was found in 
[1-10] projection. Appearance of prohibited reflections can 
be explained by the presence of flattened domains with de-
creased symmetry.
Calculated enthalpies of polytypes, produced by ordered 
twinning by {110}, shows that at 0 K enthalpies of O4-O16 
polytypes are even lower than the enthalpy of aragonite. 
This is consistent with ubiquitous twinning by {110} in both 
organic and inorganic samples and characterise this twin-
ning as the fundamental feature of aragonite structure. Cal-
culated Gibbs energies indicate that temperature energeti-
cally stabilise aragonite relative to other polytypes, which 
explains absence of ordered polytypes in real crystals.
On heating of powder sample above 350C, satellites reflec-
tions appear in [1-10] zone axis. One of the possible expla-
nations of such changes is the generation and ordering of 
{110} twin boundaries. It was theoretically shown [1] that 
mechanical twinning taking place during aragonite grind-
ing [2]  is realised by the shift of {110} layers of aragonite 
structure. In our work, we suggest another mechanism of 
{110} twin boundaries generation, more appropriate for 
high-temperature conditions.
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Sulfates attract considerable attention due to their wide 
distribution in nature. A large group of anhydrous sulfate 
minerals is formed in high-temperature exhalative processes 
in fumaroles of volcanoes. Many of the exhalative minerals 
demonstrate unique structure types and may be of interest 
from the view point of materials science.
Itelmenite, Na2CuMg2(SO4)4, was recently found in a fu-
marole of the Naboko scoria cone of the Fissure Tolbachik 
volcano eruption (2012-2013), Kamchatka Peninsula, Rus-
sia [1]. [M2+

3(SO4)4]2- sulphate framework in itelmenite is 
unique and has not been described before in minerals or 
synthetic compounds. Sulphate tetrahedra are packed into 
pseudolayered arrangements perpendicular to the a axis. 
Structure topology of itelmenite is rather simple. Each MO5 
or MO6 polyhedron shares all common corners with sul-
phate tetrahedra thus forming heteropolyhedral framework 
with voids filled by Na+ cations.
Single crystals of Mg- and Zn-dominant synthetic ana-
logues of itelmenite were grown by the solid-state reaction 
from the mixture containing equimolar quantities of anhy-
drous CuSO4, Na2SO4, MgSO4 or ZnSO4. Na2CuMg2(SO4)4 
(1) and Na2CuZn2(SO4)4 (2) are orthorhombic, Pbca. 1: a = 
9.531(6) Å, b  = 8.745(6) Å, c  = 28.72(2) Å, V = 2393.3(3) 
Å3. 2: a = 9.458(5) Å, b  = 8.811(4) Å, c  = 28.850(15) Å, V 
= 2404(2) Å3. Mixed cationic character of M1, M2 and  M3 
sites is similar to that observed in natural sample. Symmet-
rical M3 octahedral site is occupied exclusively by Mg and 
Zn in the structures of 1 and 2, respectively.
Obtained materials were investigated using powder X-ray 
diffraction, high-temperature powder X-ray diffraction, IR 
spectroscopy and DSC-TGA.
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Regarding to the huge impact that have the phase transi-
tion sequences and temperatures on the physical properties 
of the alloys, the study of these phenomena has a practical 
importance[1-3].Herein, In-situ temperature XRD and me-
chanical spectroscopy were applied to study phase transi-
tions in AuCu alloy. The measurements have been carried 
out from room temperature up to 973K from the ordered 
state AuCuI as starting phase. The phase transition sequenc-
es, was investigated upon heating using heating rate of 1K/
min. The sequences of phase transitions presentimportant 
results that depend crucially to the starting state. This transi-
tion sequences determine temperature dependency of elastic 
and anelastic properties. The mechanical spectroscopy us-
ing forced torsion pendulum shows twin boundaries peak as 
typical peak of the orthorhombic phase AuCuII according to 
the thermal tests. The isothermal frequencies measurements 
have shown the behaviors of the thermally activated peaks 
in the phase transitions intervals.
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We observe traceability of high-purity vanadium  properties 
in the oxides and chemical bonds of minerals and related 
materials. High-accuracy measurements using conventional 
and synchrotron X-Ray methods have been carried out to 
determine structural characteristics of single crystals zone 
melting vanadium. The impurity content for possible 34 el-
ements in the investigated crystalline samples was estimated, 
using an M1 Mistral micro-fluorescence spectrometer (of 
Bruker firm). The vanadium content was estimated from the 
measurement results as 99.98%. The oxygen and nitrogen 
content (mass fraction, %) in the samples was determined 
using a TС600 analyzer (LECO), by reducive melting in a 
graphite crucible in an inert gas (helium) flow. The hydro-
gen content was determined using the RHEN602 analyzer (of 
LECO firm) by reducive melting in a graphite crucible in an 
inert gas (argon) flow. The average value of oxygen concen-
tration was 900 ppm w, nitrogen ‒ 200 ppm w, and, impor-
tantly, hydrogen was only 40 ppm w. To assess the effect of 
the purity of single crystals on mechanical properties, Vickers 
hardness measurements (Hardness tester 930N from Wolpert 
firm) were performed. The obtained hardness value of 135 
HV indicates the acceptable purity of the single crystals used.
Both types of samples ‒ ɑ-phase and β-phase ‒ were in-
vestigated using a CCD detectors, MoKα1-radiation, and a 
wavelength of 0.070932 nm. 1900 to 2500 Bragg reflections 
were collected for each of the three samples for the ɑ-phase 
at room temperature, to fill to maximum the entire Ewald 
sphere. The spatial group of the unit cell is Im-3m (No. 229). 
The average value of the three experiments of the unit cell di-
mension (lattice constant) was 0.303465(5) nm. Two similar 
complete experiments were performed in the same way for 
spherical single crystals of the vanadium β-phase. At room 
temperature, from 2200 to 2800, the Bragg reflections are 
collected. It was found that the value of one of the dimen-
sions of the unit cell of the β-phase was a = 0.30409(2), which 
was close to the value of the lattice constant of ɑ-phase of 
vanadium. For the second constant of the tetragonal unit cell, 
the value was b = 0.3373(5) nm. The latter value noticeably 
increased because of additional introduction of oxygen into 
this unit cell.  Thus, the use of data on the original elements 
with a minimum content of oxygen impurities allows to ex-
tract and establish the inherited structural features in various 
vanadium-content chemical compounds and alloys [1-3]
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We observe traceability of high-purity niobium properties 
in the oxides and chemical bonds of niobium-content chem-
ical compounds minerals and related materials [1-3]. Two 
approaches for the determining of the structural characteris-
tics of niobium are used. The first variant compares our and 
different results of X-ray studies of “oxygen-free” niobium 
using conventional and synchrotron X-Ray methods. After 
additional annealing of samples in ultra-high vacuum and at 
high temperatures, the oxygen content in the samples does 
not exceed 0.03 % mass. The nitrogen concentration is very 
small 9±1 ppm w, the average content oxygen in these sam-
ples is 0.015 ± 0.003% (mass fraction).
The second variant of approach use extrapolates dependence 
of the unit cell dimension from the oxygen content obtained 
for samples of the Nb-O system. The impurity content has 
been estimated by X-ray fluorescence spectrometry on an 
M1 Mistral analyzer (of Bruker firm). The niobium con-
tent is estimated from the measurement results as 99.99% 
for possible 34 elements. A sample of the alpha-phase of 
niobium with an oxygen content of about 0.3 wt. % is in-
vestigated by single crystal X-ray diffraction. Two complete 
experiments were performed in the for spherical single, us-
ing a detector ССDs, MoKα1-radiation and a wavelength of 
0.070932 nm. At room temperature, from 2200 to 2800, the 
Bragg reflections are collected for the samples in order to 
fill to maximum the entire Ewald sphere. The spatial group 
of the unit cell is Im3m (No. 229). The average value of the 
two experiments of the unit cell dimension (lattice constant) 
is 0.33062(5) nm. This value is in good agreement with the 
results of six experiments given in the ICCD PDF-database.
Based on the results of the experiments of the increased ac-
curacy and data from the references, the dependence of the 
value of the unit cell dimension of niobium on the oxygen 
content has been plotted. Linear extrapolation to zero value 
results in a value of а=0.32988(5) nm. This value is in good 
agreement with the data on unit cell dimension for “oxy-
gen-free” niobium а=0.33005(2) nm. Thus, this dependence 
can also be used to estimate the oxygen content in various 
samples of the alpha-phase in the Nb-O system. Such sam-
ples with low content of oxygen are used also to create 
more efficient thermal converters. Thin protective layers of 
coatings of niobium oxides are also widely used in various 
spheres of the industry.
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Salt hydrates represent a class of compound with a high 
latent heat of energy; they absorb a large amount of heat 
upon melting and release it upon re-crystallisation. They 
form part of a group of materials known as phase-change 
materials (PCMs), which are of great interest in the field 
of heat storage. Each PCM has a defined melting point and 
energy density and can therefore be tailored for different ap-
plications. The materials should show a stable performance 
over thousands of charge–store–discharge cycles, with no 
degradation in performance. They should also nucleate reli-
ably and crystallise at a suitable rate. However, few systems 
fit this profile.
Sodium sulfate decahydrate (Na2SO4.10H2O) is a good can-
didate for storing low-grade solar energy. However, it melts 
incongruently, decomposing into a mixture of the anhydrous 
Na2SO4 and a solution of salt in water. Upon formation, the 
dense anhydrous salt precipitates out to the bottom of the 
container, decreasing the concentration of the active PCM 
in the system, so the amount of heat stored decreases with 
each cycle. Various approaches have been trialled to supress 
the incongruent melting and allow the system to be used 
as a PCM.
This poster describes the development of a method that su-
presses the formation of the anhydrous salt, allowing the 
system to be cycled reliably, reversibly and reproducibly. 
Crystallographic techniques were used to identify and char-
acterise the various crystalline phases that appeared during 
temperature cycling of the system.
Keywords: heat storage, phase-change materials, incongruent 
melting
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As a result of its lamellar structure, vermiculite exhibits 
various properties related to structural features, such as the 
sheet loading associated with the numerous isomorphic sub-
stitutions or the ability to dehydrate and rehydrate. It is an 
interesting mineral in physics, chemistry and biology and 
very attractive due to its numerous thermal applications and 
as an insulator. In addition to water, vermiculite can adsorb 
inorganic or organic substances in the expandable interlay-
er. Among the various studies conducted on the intercalation 
of polar organic molecules by clay minerals, the most stud-
ied are those related to the adsorption properties of alcohols 
(Bergaya et al., 2006).
Two vermiculites from China and Libby were treated with 
different alcohols (methanol, ethanol, propanol and buta-
nol), at room temperature, for 1 month, and subsequent mi-
crowave irradiation, for 20 seconds. This treatment caused 
structural changes and expansion of the vermiculites. The 
structural changes were characterized by x-ray diffraction, 
infrared spectroscopy and scanning electron microscopy. 
The results indicated: 1) The appearance of extra interstrat-
ified phases during the transformation from 2- to 1-WLHS 
(Water Layer Hydration States); 2) the improvement of the 
crystallinity and order of the most phases, which are the 
same phases of the untreated vermiculites or even some 
more. The expansion, k, was measured by the change of the 
apparent density (k=density of the raw sample/density of 
the treated sample) (Justo et al., 1989). Expansion is related 
to the water loss, composition and distribution of vermicu-
lite cations. Thus, the Fe2+ ions would facilitate the fixation 
of the K+ ions but not the water, so that the amount would be 
lower (Marcos and Rodríguez, 2010). The expansion with 
microwaves irradiation of the samples treated with alcohol 
varied related to starting sample and time of alcohol treat-
ment. It was also observed that some particles expanded and 
others did not, as reported previously by Marcos and Ro-
dríguez (2011). The objective of this work was to relate the 
expansion to structural changes induced in the investigated 
samples and to the potassium migration.
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The rich crystal chemistry of AIBIIXO4 (AI = alkali ion, BII 
= alkali-earth ion, X = P, V, As) leads to numerous poly-
morphic phases that have related structural families, such 
as olivine (e.g. LiMnPO4), arcanite (β-K2SO4), glaserite, 
tridymite, α-K2SO4, β-Na2SO4 and γ-Na2SO4 [1]. Among the 
various families (X = P, V, As), the phosphates have been 
most widely studied. In addition to their interesting crystal 
chemistry behaviour, research on this family of materials 
is mainly driven by their ferroelectric-, and ferroelastic 
properties as well as possible applications as phosphors for 
LEDs [1].
In recent years, we have investigated several structural 
combinations of the AIBIIVO4 type [2] and a new crystal 
type within this family was identified, namely a form of 
NaSrVO4 that is isostructural to larnite [2]. In this work, 
we continue our exploration of the AIBIIVO4 family by in-
vestigating the composition of KSrVO4. While NaSrVO4 
crystallizes in the P21/n space group, divergent results are 
reported for KSrVO4. Single crystal work suggests Pnma 
symmetry [3], but powder diffraction studies show evidence 
for P212121 symmetry with distinct reflections present that 
are not consistent with Pnma symmetry[3]. These contradic-
tory results prompted us to study the structural composition 
of the compound as a function of temperature.
Using the Aeris benchtop diffractometer equipped with 
the BTS 500 non-ambient chamber, the crystal structure of 
KSrVO4 was studied in the 25-500°C range. At room tem-
perature the structure is best described as having P212121 
symmetry, allowing for piezoelectricity in this material. By 
increasing the temperature, it is possible to observe a phase 
transition to Pnma symmetry. This phase transition appears 
to be related to the piezoelectric nature of the material and 
its associated spontaneous strain.
This work reports on the first purely gyrotropic phase tran-
sitions in the AIBIIVO4 family.
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We present a detailed structure analysis of zeolite IM-18 
with a complex disordered framework structure that was un-
known for more than 10 years.[1,2] IM-18 has a novel frame-
work topology and a three-dimensional 8x8x10-ring chan-
nel system, making it ideal for the shape selective catalysis 
of small molecules. The unique disorder in the structure 
makes the structure analysis complicated, so we combined 
three complementary techniques, including single-crystal 
electron diffraction (SCED), high resolution transmission 
electron microscopy (HRTEM) and synchrotron X-ray pow-
der diffraction (XRPD) to reveal the details of the disorder.
Solving the structure of a polycrystalline material that is also 
disordered can be very challenging as there are no standard 
procedures to follow. Rotation electron diffraction (RED) 
allowed us to solve the average structure of the material, the 
local ordering was observed from the HRTEM images (Fig. 
1B-E), but the fine details of the structure and location of 
the OSDA and Ge could only be derived from XRPD data 
(Fig. 1A). We found that IM-18 contains two different types 
of stacking faults along two directions, which were difficult 
to observe using HRTEM because of the beam sensitivity 
of the material. We could describe the structure as 1D long-
range ordered and 2D disordered, which culminates in a 
mixture of four types of domains.
By using such an approach, we not only demonstrated the 
general procedures for ab initio structure elucidation of dis-
ordered nanocrystals, but also the potential that the combi-
nation of SCED, HRTEM and XRPD offers.
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The available description of the aluminosilicate beryl group 
of minerals suggests RX3Al2(Si6O18)·H2O as general formu-
la, with beryl Be3Al2Si6O18 (P6/mcc) and pezzottaite Cs(Be-
2Li)Al2Si6O18 (R-3c or R3c) as end-members. It involves a 
wide diversity of intermediate chemical compositions be-
cause the structure can incorporate different alkali atoms in 
solid solution, located at channel R site and tetrahedral X 
sites, and H2O molecules in the structural channel. Recipro-
cal-space techniques have resolved only average structures 
in the intermediate members, related to one of the two the 
ideal crystal structure of the end-members, and have diffi-
culties in the study of water molecules. Here, high-resolu-
tion multinuclear NMR spectroscopy, leading to 29Si, 27Al, 
9Be, 133Cs, 7Li, 23Na and 1H spectra at 9.4 T as well as 27Al 
and 9Be spectra at 19.6 T, has been used to investigate the 
short- and medium-range structures in nine specimens along 
the solid solution of this group. The 1H NMR SP and CP ex-
periments suggest that hydrogen atoms are actually as OH 
groups for compensation of local charge, instead of water 
molecules which were detected in very low concentration. 
The structural description by reciprocal-space techniques 
and NMR coincides only in the alkali-free perfectly long-
range ordered P6/mcc beryl end-member, which in fact is 
extremely rare in Nature, having one tetrahedral site for Si 
atoms, one octahedral site for Al atoms, and one tetrahedral 
site for Be atoms. However a tectosilicate description seems 
more appropriated that a cyclosilicate classification from 
the values of the 29Si chemical shifts, as Be and Si atoms 
form a Q4 configuration. The most common mineral is al-
kali-rich beryl having a crystal structure with lower local 
symmetry than the ideal average hexagonal structure, with 
at least two sites for Si atoms, four sites for Be atoms, two R 
sites and two X sites for Li atoms, two R sites for Na atoms, 
one R site Cs atoms, and two types of OH groups. The NMR 
data of pezzottaite indicate six tetrahedral sites for Si atoms, 
two octahedral sites for Al atoms, one tetrahedral site for Be 
atoms, two R sites and two X sites for Li atoms, three R sites 
for Cs atoms, and two types of OH groups with one of them 
different from that of beryl. The lack of resolving power of 
diffraction techniques to resolve the structural detail of non 
stoichiometric beryl is similar to that found in order-disor-
der series of K-feldspars (Sánchez-Muñoz et al. 2013).
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Often, poorly growing minerals are based on self-assembly 
of metal clusters e.g. via H bond networks [1]. If the unit 
cell and the space group symmetry of these compounds can 
be estimated from the powder diffraction pattern, then this 
information can be used 1) to extract the cluster intensities 
from the pattern 2) to strengthen the Patterson sum-func-
tion application (SP) [2] by reducing the number of phases 
to be refined (the SP -FT algorithm is implemented in the 
XLENS_PD6 code retrievable from https://departments.
icmab.es/crystallography/software). Unlike direct-space 
structure solution methods, the SP -FT algorithm is especial-
ly well-suited for crystal structures containing cations with 
irregular or unpredictable coordination polyhedra or when 
some structural disorder is present. Although this algorithm 
was initially developed for organic compounds, it will be 
shown that it is also suitable for the location of light atoms 
in the presence of a large number of heavy atoms.
In those cases where the unit cell cannot be found directly 
from the powder pattern, electron diffraction tomography 
(EDT) constitutes an alternative way of solving the crystal 
structure.. However, its efficiency decreases if the sample is 
sensitive to vacuum induced dehydration. It will be shown 
that even in such unfavorable circumstances the informa-
tion provided by EDT is complementary to that of PD and 
can be used to advantage by the SP-FT algorithm. This will 
be illustrated on the solution of the unknown crystal struc-
ture of decrespignyite-(Y), a new complex copper yttrium 
rare-earth carbonate chloride hydrate from Paratoo (South 
Australia) [3].
The public financial support through project MAT2015-
67953-P of MINECO/FEDER is gratefully acknowledged.
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Yttrium-Manganese-Oxide YMn2O5 (YMO) is studied 
since 1973 due to its remarkable magnetic properties, e. 
g. different modulation phenomena and several respective 
phase transitions. The ambient temperature phase of YMO 
is paraelectric and paramagnetic. The lattice has the orthor-
hombic space group Pbam (55) and its building units are 
[MnO5] pyramides and [MnO6] octahedra, the latter forming 
chains along the c direction. At 45 K, 40 K, 39 K and 19 
K, the structure changes between several magnetic modula-
tions [1]. Here, we are interested in the commensurate mod-
ulated phase between 39 K and 19 K. Presumably within 
space group Pb21m (26), the respective lattice modulation 
vector is 0 0 ½, whereas the polarization points along b. 
However, crystal structure refinements in a non-centrosym-
metric space group showing polar displacements have not 
yet been successful. Moreover, there is still disagreement 
about the interplay of magnetic superstructure and a polar 
displacement pattern. To analyze possible displacements 
of the commensurate phase in detail, we apply the newly 
developed and highly sensitive Resonant X-ray Diffraction 
(RXD) Method REXSuppress that uses destructive interfer-
ence of the intensity at carefully chosen Bragg reflections 
[2]. For this structure analysis, we determined atomic dis-
placement parameters (ADP) of the high and low tempera-
ture phase with the same method and surveyed the appear-
ance of superstructure reflections that would accompany the 
transition to space group Pb21m (26).
Additionally, we examined the distribution of Fe in Yttri-
um-Manganese-Iron-Oxide (YMnFeO5), which results from 
the substitution of 50% Mn. The element- and site-selec-
tivity of RXD is capable of separating the two distinct Mn 
Wyckoff sites (pyramide and octahedron), in particular with 
the octahedral site possessing forbidden reflections (reflec-
tion condition hkl with h + k = 2n). Thus, the question of 
occupation is easily accessible and will be treated similar 
as by [3].
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Gypsum mineral mainly occurs on evaporitic environment 
around the world [1, 2]. It has also been reported as a rel-
evant phase in Mars [3-5]. The growth conditions during 
the growth of gypsum crystals influences the surface growth 
mechanisms and the habit. Many authors suggest that the 
growth mechanisms of gypsum crystals at low supersatura-
tion is due to dislocation growth, these studies are based on 
kinetic data fitted to theoretical equations[6, 7]. However, 
the observation of hillocks on the surface gypsum crystals 
has been challenging. A couple of studies on the cleavage 
face (010) of gypsum by Atomic Force Microscopy (AFM) 
and Differential Interface Contrast Microscopy (DICM) 
shown some hillock but only one of them could be clearly 
identified as a screw dislocation, so the authors conclude 
that the main growth mechanism at low supersturation on 
this face is by 2D nucleation[8, 9]. Equivalent studies on the 
(120) face are missing, mainly due to the roughness of these 
faces. In a preliminary study of the gypsum (120) face using 
crystals growing by evaporation, we observed that hillocks 
spread on (120) at low supersaturation. Those hillocks are 
made by monolayers with a height of 4.30 Å corresponding 
to the d-spacing. These hillocks show an asymmetric mor-
phology (figure 1).
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Mineral laflammeite (Pd3Pb2S2) was firstly described by 
Barkov et al. (2002) from the Kirakkajuppura platinum-de-
posit, Penikat layered complex, Finland. Barkov et al. 
(2002) provided chemical and physical characterisation of 
this mineral, however its detailed crystal structural analysis 
has been lacking. Thalhammerite (Pd9Ag2Bi2S4) was dis-
covered in millerite-pyrite-chalcopyrite vein-disseminated 
ore from the Komsomolsky mine in the Talnakh deposit, 
Russia (Sluzhenikin and Mokhov, 2015). Crystal structures 
of both minerals and relevant crystal-chemical implications 
will be presented.
Laflammeite occurs as subhedral platelets up to 150 μm, 
however the crystals are finely twinned and consequently 
unsuitable for a direct crystal structure study (Barkov et al. 
2002). Thalhammerite occurs as tiny inclusions (from few 
μm up to about 40-50 μm) in sulphide ore where it forms in-
tergrowns with other Pd-bearing minerals. Therefore, both 
minerals were synthetized by silica glass tube technique 
by heating at 400 ºC from stoichiometric mixture of ele-
ments. The prepared synthetic analogues of laflammeite and 
thalhammerite were used for a crystal structure study. The 
structural identity between natural and synthetic materials 
was subsequently confirmed by an electron-backscattered 
diffraction.
Laflammeite, Pd3Pb2S2, crystalizes in Pmmn space group (a 
= 5.78, b = 8.18, c = 5.96 Å) and Z = 2.  Its crystal structure 
show many similarities with structures of shandite (Ni3Pb2S2, 
R3m), parkerite (Ni3Bi2S2, C2/m) and vymazálovaite (Pd-
3Bi2S2, I213). All these minerals show a common structure 
motive: a pseudocubic subcell of the CsCl-type composed 
of Bi(Pb) and S atoms. A half of available octahedral voids 
is occupied by Ni(Pd) atoms. The distribution of Ni(Pd) at-
oms (i.e. the ordering scheme) determines the structure type 
(Weihrich et al. 2007). Laflammeite can be considered as 
antiperovskites superstructures.
Thalhammerite, Pd9Ag2Bi2S4 shows I4/mmm symmetry (a 
= 8.02, c = 9.15 Å) and Z = 2. Its unique crystal structure 
is based on a three-dimensional framework which consists 
of two types of blocks of polyhedra that interpenetrate and 
support each other. The first type consists of corner-sharing 
[PdS4] and [PdBi2S2] squares. The second is formed by flat-
tened tetrahedra [PdBi2S2]. Silver atoms occupy channels 
running along the c direction. Thalhammerite crystal struc-
ture merges metallic building blocks with structure motives 
typical for polar sulphides.
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Equations of State (EoSs) show how the thermodynamic 
variables of temperature (T), pressure (P) and volume (V) 
are inter-related. The ideal gas law, PV = nRT, is an example 
of an EoS which is used as a simple but effective model to 
explain the properties of gases. EoSs can also be applied to 
solids, where they can be used to show how energy changes 
when the solid experiences dramatic changes in its environ-
ment. Such information is relevant to understand the fate of 
carbon in the context of planetary settings, from comets to gas 
giants. Despite the large heterogeneity of galactic and inter-
stellar regions, the organic chemistry of the universe seems 
to follow common pathways. Molecules of high astrobiolog-
ical relevance such as N-heterocycles and amino acids have 
been identified in trace quantities in meteorites but they can 
be considered fragile species easily destroyed by raditions, 
shocks and thermal processes through the Solar System.
Alhough it is quite common to model thermal expansion 
at ambient pressure with a VT equation of state (EoS), and 
compression using a PV EoS, determinations of PVT EoSs 
are much less common, particularly for molecular materials. 
The paucity of data reflects the difficulty in varying pressure 
and temperature simultaneously in crystallographic experi-
ments, especially at reduces temperatures.These difficulties 
are addressed by the variable temperature insert for the Par-
is-Edinburgh cell available on the PEARL instrument at the 
ISIS Neutron Spallation Source.
A PVT EoS provides access to a rich array of thermodynam-
ic properties which revel the changes in different contribu-
tions to the thermodynamic properties such as internal ener-
gy, enthalpy and entropy occur in response to compression. 
The same quantities can be modelled using computational 
methods such as the PIXEL method and Density Function 
Theory, making EoS measurements sensitive tests of theo-
ry. This poster will describe a PVT EoS determination for 
hexamethylentetramine-d12 a high-symmetry crytalline sol-
id which remains in the same phase from 130 to 480 K and 
between ambient pressure and 5 GPa.
References:
[1] P. Ehrenfreund and M. A. Sephton. (2006). Faraday Discussions, 
133, 277-288
[2] S. C. Capelli, A. Albinati, S. A. Mason and B. T. M. Willis. 
(2006). The Journal of Physical Chemistry A, 110, 11695-11703.
[3] S. Gärtner, B. Gundlach, T. Headen, J. Ratte, J. Oesert, S. Gorb, 
T. G. A. Youngs, D. T. Bowron, J. Blum and H. J. Fraser. (2017). The 
Astrophysical Journal, 848, 1-9.

Keywords: N-heterocycles, High-Pressure, Neutrons



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e249

MS15-P04
Evolution of uranyl-bearing structural 
complexes
Vladislav Gurzhiy1, Sergey Krivovichev1

1. �St. Petersburg State University, Crystallography Dept., St. 
Petersburg, Russia

email: vladgeo17@mail.ru
Uranyl sulfates and selenates are the most remarkable 
groups of U6+-containing compounds due to their miner-
alogical importance and fascinating variety of structural 
topologies and topological isomers. The unique diversity 
of these materials can be explained by the high topological 
and structural adaptability of uranyl-based structural units 
to the charge and shape of organic and/or inorganic com-
plexes that compensate for the negative charge of the uranyl 
complexes. Due to the small energetic differences between 
distinct topologies with the same overall composition, the 
structures of uranyl-based units may adapt to a particular 
template through topological and geometrical variations, 
thus demonstrating considerable structural flexibility. The 
interesting problem that appears in this regard is how com-
plexity of a particular topological structure is related to the 
shape and complexity of templating ions.
Within the conceptual framework of the information-based 
approach, uranyl-containing 1D and 2D units have been 
investigated using topological approach and informa-
tion-based complexity measures demonstrating that very 
complex structures may form as transitional architectures 
between phases with relatively small amounts of structural 
information [1], wherein the overall trend shows that com-
plexities of structures formed on the latter stages of crystal-
lization are higher than those for the phases growing on the 
primary stages [2]. In addition, it was found that complex 
topologies form more rare than their simplest counterparts, 
which is a response of the crystal structure to changes of 
chemical conditions within the system [3].
This work was supported by St. Petersburg State University, 
President of Russian Federation grant for young scientists 
(no. MK-4810.2018.5) and Russian Science Foundation 
(no. 18-17-00018).
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The recent findings of terrestrial phosphides related to Fe-
Ni-P triangle (Table 1) substantially expand our knowledge 
on this important cosmochemical system. We herein pro-
vide comparative crystal chemical characteristics of ter-
restrial phosphides vs. their counterparts of space origin. 
Crystal structures of some of the listed minerals are studied 
by both single crystal and powder X-ray diffraction. Special 
attention has been paid to the distribution of iron and nickel 
in their structures.  The possibility of X-ray diffraction ap-
proach, involving anomalous scattering of CoKα-radiation 
at the Fe-K edge, is discussed.
Table 1. Natural phosphides in the Fe-Ni-P system

Mineral Formula Structural type

Negevite NiP2 Pyrite

Zuktamrurite FeP2 Marcasite

Murashkoite FeP FeP

Halamishite Ni5P4 Ni5P4

Transjordanite Ni2P Fe2P

Barringerite Fe2P Fe2P

Allabogdanite (Fe,Ni)2P Co2Si

Nickelphosphide (Ni,Fe)3P Ni3P

Schreibersite Fe3P Ni3P

Melliniite (Ni,Fe)4P Cr4Si

* The names of new phosphide minerals are highlighted by 
italic.
This study was carried out under financial support of Rus-
sian Scientific Foundation, grant no. 18-17-00079. The 
authors thank the Center for X-ray Diffraction Studies and 
Geomodel Center of Saint-Petersburg State University for 
instrumental and computational support.
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Research of the biominerals formed by the living organisms 
under extreme conditions of the Arctic are very important 
for understanding biostructure formation processes. During 
the period from 2004 to 2018 numerous samples in water 
column, ice and bottom sediments were studied in the Arc-
tic region (White, Barents, Kara, Laptev seas) including the 
polar area (Fig.1a). It was found that a variety of the bio-
minerals was formed by processes of biologically controlled 
(sea ice, water column and bottom sediments) and induced 
(bottom sediments) biomineralization.
We determined that in the ice cover of the central Arctic 
in April 2015 (coordinates: 89°35.27’N 20°24.13’E) opal 
frustules and skeletons of plankton and sea ice microalgae 
dominated among biomineral structures (Fig.1b). Their ver-
tical distribution is associated with structural and textural 
characteristics and mineral-geochemical features of the 
ice cover. Upper layer of the water column of the central 
Arctic contained carbonate biogenic сomponents such as 
coccoliths of Emiliania huxleyi (in April 2008; depth: 70 
m; coordinates: 88°35.20’N 15°59.92’E) (Fig.1c) and fora-
minifera shells along with the opal biostructures of diatoms 
and radiolarians.
Bottom sediments of the Arctic seas contained bioinduced 
minerals. They formed aggregates such as ferromanganese 
micro- and macroconcretions with goethite, buzerite, ber-
nessite, siderite; pyrite framboids [1] (Fig.1d); nest-shape 
clusters of vivianite crystals (Fig.1e); carbonate concretions 
with cement from different types of crystals of magnesian 
calcite and aragonite [2] (Fig.1f). It was discovered that 
formation of bioinduced biominerals in local zones of the 
bottom sediments required not only the increased concen-
trations of the elements like Fe, Mn, P, S etc., but also a high 
content of the organic matter. The results of isotope studies 
(δC13) showed participation of methane-oxidizing bacteria 
in the formation of carbonate concretions in bottom sedi-
ments of the Laptev Sea. Authigenic carbonate formation 
in the Arctic shelf seas can act as a biogeochemical filter 
mechanism limiting methane emissions from bottom sedi-
ments to the water column and atmosphere [2].
The diversity of the founded biominerals in various nat-
ural environments reflects the influence of hydrological, 
sedimentation and diagenetic processes and can be used as 
indicators for paleoreconstructions of the Holocene history 
of the Arctic [3].
Acknowledgments. The results of study of the ice cover 
and water column in the central Arctic were obtained in the 
framework of the state assignment of FASO Russia (theme 
No. 0149-2018-0003)
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Crystallography has a long history in providing knowledge and 
methods for applications in other disciplines. The identification 
of minerals using X-ray diffraction is one of the most important 
contributions of crystallography to Earth Sciences. But crystals 
deteriorate during during the long geological history, getting 
dissolved, replaced or deeply modified. After these process, 
diffraction information is restricted or Inexistent. This happen 
specially for crystals in very old samples, like the Archean 
rocks (3500 My) that we have investigated. In these cases, the 
real crystals disapeared long time ago and the morphology of 
the crystal casts provides the only crystallographic information 
on the original mineral phase and the environment of crystal 
growth. Here, we investigate crystal pseudomorphs and crystal 
casts found in a carbonate-chert facies from the 3.48 Ga old 
Dresser Formation (Pilbara Craton, Australia) that host some 
of the oldest remnants of life. Any information obtained from 
these casts on the atmosfere or the sea were crystals grew is 
telling us about the environment where life started. We have 
used a combination of X-ray microtomography, energy-dis-
persive X-ray spectroscopy, and crystallographic methods to 
reveal the original phases of these Archean pseudomorphs. We 
found with a high degree of confidence that the original crys-
tals forming in Archean times were hollow aragonite.
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Dissolution - crystallization reactions can control the up-
take of heavy metal such as lead, which is harmful to human 
health if inhaled or ingested. When Pb-bearing aqueous 
solution interacts with carbonates and sulfates, the for-
mation of secondary phases at the interface mineral-water 
plays an important role on both the migration and accumu-
lation of this pollutant in earth surface systems. The inter-
action of lead dissolved with calcium bearing minerals has 
been previously studied at pH between 4.75 and 6.8 [1-2]. 
However, less attention has been paid to the crystallization 
of Pb-bearing minerals in high acidic environments, in 
which the availability and mobility of dissolved Pb increase. 
Here, we have studied the interaction of Pb dissolved with 
both calcite and gypsum at highly acidic and atmospheric 
conditions. The main goals of this work were (a) to anal-
yse the physicochemical evolution of the system and (b) to 
study the nature and morphology of the neo-formed phases. 
With these aims, a set of macroscopic experiments has been 
carried out by placing 1 g of crystals of a mix of calcite and 
gypsum (3.0 – 4.0 mm) in batch reactors containing 100 
mL of Pb-bearing aqueous solution at pH= 2.5. Then, the 
vessels were closed with parafilm to minimize evaporation 
during reaction times (from 1 hour to 48 hours). The par-
ent solution was prepared using reagent-grade Pb(NO3)2 
and high-purity deionized water to yield [Pbaq]initial of 500 
mg/L. After given period of time, the solid phases were 
analysed by glancing incident X-ray diffraction (GIXRD), 
Raman spectroscopy (RS) and Scanning Electron Micros-
copy (SEM). The initial and final pH were monitored and 
Ca2+ and Pb2+ in the aqueous solutions were analysed by 
ICP-OES.
Results show that dissolution of calcite and gypsum is si-
multaneous to elimination of the almost Pb2+. Anglesite 
(PbSO4) were identified using RS and GIRDX in all interac-
tion experiments with gypsum. SEM reveals the heteroge-
neous nucleation of anglesite crystals, which are distributed 
randomly without covering all the gypsum surface. Dif-
ferent morphologies of anglesite are identified, including 
small rhombus-shaped single crystals, aggregates of iden-
tical crystals growing in parallel and contact twins. On the 
contrary, calcite is dissolving during the entire period of 
reaction and lead-bearing carbonates are not detected on the 
calcite surfaces. These data show that anglesite is a stable 
phase responsible of the Pb elimination under acidic con-
ditions. The evolution of the anglesite morphologies after 
given reaction periods are discussed.
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The title compound vanadium-tungsten mixed oxide bronze 
K0.399V2.623W0.377O7.5 was prepared by solid state reaction at 
700°C in an evacuated silica ampoule. The single crystal 
K0.399V2.623W0.377O7.5  crystallizes in the monoclinic system, 
C 2/m (n°12) space group, with cell parameters a = 15.7123 
(3) Å, b = 3.6796 (6) Å, c = 10.2092 (2) Å and b = 108.994° 
(4) .This phase is isostructural to b-KxV2O5 called: Banner-
manite family with x ranging between 0.19 and 0.4.
The idea of this work is to incorporate the vanadium and 
the tungsten in the same site in order to distort the octa-
hedral polyhedra occupied by the transition metals M (M 
: vanadium and tungsten elements). The irregular octahe-
dral site is based on the presence of long (M−O) and short 
bonds (M=O) formed between the transition metal and the 
oxygen. On the other side, the distortion involves a polar-
ization along the short and long bonds, which can be the 
origin to improve the electronic delocalization and the no 
linear optical property. In this context, in 2009 and 2012 
we synthesized two single crystals K1.65V1.78W0.22As2O10 
(Acta Cryst. (2009). E65, i69) and K2V2As2O10 (Acta Cryst. 
(2012). E68, i54) isostructural to KTiPO5. The comparison 
between the MO6 octahedra (M: 78% of vanadium and 22% 
of tungsten) of K1.65V1.78W0.22As2O10 and VO6 octahedra of 
K2V2As2O10, showed clearly a strong distortion in “M” site 
due to the mixed occupation of vanadium and tungsten si-
multaneously. Furthermore the mixed occupation creates 
two short bonds, which can have a strong impact on the  no 
linear optical property.
We are interested in the mixed occupation of vanadium and 
tungsten to improve the physical properties specially the 
electronic conduction and the no linear optical property, and 
explain these physical behavior by the structural arrange-
ment of the atoms. In this context, the electrical conductiv-
ity measurement as function of various temperatures rang-
ing (between 400 and 625 K) and frequency (100 - 105 Hz) 
showed a semi-conductor behavior for K0.399V2.623W0.377O7.5. 
The flexibility of the investigated structure gives the possi-
bility to substitute the potassium ion by another alkaline ion 
with small size as lithium, in order to create a new  material 
used as a rechargeable electrode in the lithium batteries.
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Metal phosphonates are multifunctional solids with re-
markable stability and proton conducting properties owing 
to their structure is usually composed of extended hydro-
gen-bond networks that favor proton transfer pathways [1]. 
Moreover, these properties can be enhanced by appropriate 
modification of the synthesis conditions [2, 3].
In this communication, a new family of isostructural 2D 
layered compounds based on lanthanide nitrilotris-meth-
ylphosphonates is reported. These compounds have been 
isolated at room temperature and have the general formula 
Ln[N(CH2)3(PO3H2)2(PO3H)(H2O)]SO4·2H2O (Ln= Pr, Nd, 
Sm, Eu, Gd, Tb, Dy, Ho, Er and Yb). The coordination en-
vironment of Ln3+ is composed by eight oxygen atoms from 
three different ligands and two oxygens from bound waters. 
This connectivity creates positive charged layers connected 
to sulfate ions through hydrogen-bonds. These compounds 
show promising proton conductivity with values ranging 
between 7.6·10-2 and 3.8·10-2 S·cm-1 at 80 °C and 95% RH 
and low activation energy corresponding to Grotthuss-type 
proton transfer mechanism. In addition, a structural trans-
formation occurs at T > 70 °C accompanied by a remarkable 
enhanced conductivity. Studies on the structure-properties 
relationships will be discussed.
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Perovskite-type halide hybrid salts are intriguing materials. 
Depending on the size and shape of an organic cation it is 
possible to obtain 0-D, 1-D, 2-D or
3-D architecture of polymerized inorganic complexes in 
the crystal structure. Physicochemical properties of these 
materials strictly depend on this architecture, kind of metal 
cation and halide anion, what gives many possibilities of 
modification depending on creators preferences. Therefore, 
hybrid salts are known as semiconductors, magnetics or so-
lar cell components. [1] [2]
The aim of this project is design, synthesis and structural 
analysis of new organometallic systems of lead halides – 
piperidine (and its derivatives). Based on the received re-
sults, it is available to propose the rules governing the crys-
tal architecture of the hybrid salts.
Piperidine is a six-membered heterocyclic aliphatic amine, 
which may be relatively easily modified by substitution e.g. 
by methyl group in various position(s) in respect to the ni-
trogen atom. Size of the organic cation should affect crystal 
structure, because it can fill more space in the unit cell. Ad-
ditionally, covering of amine group should have influence 
on structure, because of reduce accessibility atoms to create 
hydrogen bonds between organic and inorganic part.
Lead halide was chosen as an inorganic part of hybrid ma-
terial. It is well known that lead halide creates octahedral 
complex of PbX6

-4, hence it was expected to receive various 
motifs of polymerized inorganic complexes like 1-D chains, 
2-D layers or 3-D motifs. [1][2][3] Chlorides and bromides 
was used independently as halides.
During the studies, 9 crystals were obtained. All structures 
were determined by single crystal x-ray diffraction and addi-
tionally characterized by Raman spectroscopy. For systems 
containing lead bromide, 5 of them exhibit 1-D inorganic 
chain structure. Structural analysis showed that, few of them 
are isostructural despite the different position of the methyl 
group. Moreover, one of them form uncommon 3-D inorgan-
ic structure (Fig. 1), what is exception in the examinated se-
ries of systems with piperidine derivatives and lead bromide. 
In contrast to the previous systems, 3 obtained crystals with 
lead chloride represent only 2-D architecture, which draws 
attention to the influence of the size of used halogen anion.
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Lead-zirconate titanate (PbZr1−xTixO3, PZT) is one of the 
most actively studied and widely used ferroelectric mate-
rials.  One of the reasons of the interest is a complex phase 
diagram of lead zirconate and lead titanate solid solution, 
which illustrates variety of physical properties and crystal 
structures depending on titanium concentration. Other rea-
sons of popularity are high piezolelectric properties, demon-
strated by PZT around morthotropic phase boundary, and 
prospects of application of antiferrolectric properties [1], 
demonstrated by PZT with low Ti concentration.
Pure lead zirconate (x=0) is the prototypical antiferroelec-
tric material. Between the cubic perovskite paraelectric 
phase and the antiferroelectric phase, in the narrow tem-
perature range, intermediate ferroelectric phase exists. Ad-
dition of titanium increases the temperature range of stabil-
ity of this phase. Cubic-to-intermediate phase transition is 
accompanied by doubling of the cell parameters of the par-
aelectric cubic lattice along two directions [2] and results in 
the appearance of M-superstructure with coordinate (H±1/2 
K±1/2 0) in the diffraction pattern. Observation of addi-
tional satellites around M-point by electron diffraction [2] 
results in conclusion about complex domain pattern, charac-
terized by antiphase domain boundary in lead displacement.
Recent studies [3] of pure lead zirconate reveals complex 
pattern of dynamical correlations in paraelectric phase. 
Diffuse scattering distribution indicates disordering of ox-
ygen octahedral tilts and Pb displacements is shown in the 
high-temperature cubic phase. To study temperature behav-
ior of these correlations X-ray diffuse scattering measure-
ments have been done in wide temperature range in PZT 
with small titanium concentration (x < 0.04). To character-
ize dynamical origin of DS lattice dynamics have been stud-
ied using inelastic X-ray scattering. Obtained temperature 
evolution of DS and pre-transitional dynamical peculiarities 
will be shown in presentation and discussed in the context 
of mode coupling.
Andronikova D. acknowledges support by Russian Presi-
dent Grants No. SP-3762.2018.5
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Transparent semiconducting oxides are materials suitable 
for a wide variety of optoelectronic applications, such as 
UV-LEDs, Schottky diodes, high voltage transistors and 
transparent thin film transistors. Spinel structure MgGa2O4 
was recently shown to have an appropriate carrier concen-
tration and bandgap for such applications and it can be 
grown using various techniques from the melt as relatively 
large crystals[1]. Furthermore, it has a high chemo-physical 
stability and its conductivity can be controlled by adjust-
ing the atmosphere during the growth process[1], making 
it an excellent candidate for future applications. However, 
spinel-like materials often exhibit anomalies in their phys-
ical properties at higher temperatures due to changes of 
their cation ordering (normal/inverse spinel). In fact, both 
heat capacity[1] and thermal diffusivity[2] of MgGa2O4 were 
shown to behave anomalously as a function of temperature.
We studied this issue by direct investigation of the cation 
ordering of annealed samples using single crystal X-ray dif-
fraction. Additionally, we used inductive gauge dilatometry 
and resonant ultrasound spectroscopy to determine thermal 
expansion and the complete set of elastic constants, respec-
tively, from 103 K to 1673 K to assess correlations between 
the changing structure and properties.
Thermal expansion and most stiffness coefficients show a 
discontinuity in their temperature dependence at about 820 
K. Furthermore, the cation disorder is independent of tem-
perature up to about 820 K and increases gradually at higher 
temperatures. Thus, the cation disorder in MgGa2O4 is most 
likely in equilibrium at high temperatures and undergoes 
a transition to a nonequilibrium state below 820 K, where 
the disorder cannot relax in laboratory timescales; a glass-
like transition. This transition is likely also related to the 
anomalies in heat capacity[1] and thermal diffusivity[2]. The 
bond-valence model can qualitatively explain the relation 
between changing cation order and thermoelastic properties.
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Spin crossover in the complexes of 3d4-3d7 metal ions is as-
sociated with the change of magnetic, optical and structural 
properties.1 In iron(II) complexes the HS↔LS transition is 
accompanied by shortening of Fe-ligand distance at about 
0.2Å. This alteration becomes an origin of perturbation in-
fluencing on neighboured molecules as well as spreading 
through intermolecular interactions on the whole crystal 
lattice. It can lead to appearance of cooperative behaviours 
resulting in occurrence of spin crossover in narrow tempera-
ture range.
1,2-di(tetrazol-2-yl)ethane (ebtz) creates with iron(II) 
perchlorate one-dimensional (1D) coordination polymer 
[Fe(ebtz)2(C2H5CN)2](ClO4)2 exhibiting abrupt spin cross-
over accompanied by wide hysteresis loop (T1/2  ≈ 112K, 
T1/2  ≈ 141K).2 The characteristic feature of this complex is 
uncommon orientation of axially coordinated propionitrile 
molecules because Fe-N-C(nitrile) angle adopt at 250K val-
ue of 149.1(3)°. What is interesting the HS↔LS transition 
is connected with reorientation of nitrile molecules and in 
the LS form Fe-N-C(nitrile) angle increases to 162.9(2)°. 
In order to elucidate a mechanism of spin crossover in 
[Fe(ebtz)2(RCN)2](BF4)2 polymers, we have carried out sys-
tematic studies changing coordinated nitrile molecules (R 
= -CH3, -C2H5, -C3H5, -C3H7, -CH2Cl). It was established 
that the novel complexes crystallize as 1D coordination 
polymers in which two ebtz molecules link neighbouring 
Fe(II) ions and axial positions in coordination octahedron 
are occupied by nitriles. In the complexes containing coor-
dinated molecules of butyro-, allylo- or chloroacetonitrile 
the HS↔LS transition is accompanied by shortening of 
the Fe-N distances at about 0.2Å, however, values of Fe-
N-C(nitrile) angles remain very similar in both spin forms. 
In acetonitrile based system the difference becomes more 
visible. In the HS form Fe-N-C(acetonitrile) angle adopts 
value of 167.4(2)° (230K), whereas it increases to 171.6(2)° 
(120K) in the LS form. Unfortunately propionitrile deriva-
tive remains in the HS form up to 80 K upon cooling. There-
fore in order to determine the crystal structure of the LS 
form and find the value of Fe-N-C(nitrile) angle we have 
performed the HS↔LS switching at 15K using laser light 
irradiation (808nm). We have established that similarly to 
[Fe(ebtz)2(C2H5CN)2](ClO4)2 formation of the LS form in 
tetrafluoroborate analogue is associated with reorientation 
of propionitrile molecule. Detailed results of single crystal 
X-ray diffraction studies of [Fe(ebtz)2(RCN)2](BF4)2 (R = 
-CH3, -C2H5, -C3H5, -C3H7, -CH2Cl) complexes in HS and 
LS forms, generated by change of temperature or as a result 
of laser light irradiation, will be presented.
This work was supported by the Polish National Sciences 
Centre Grant No. DEC-2014/15/B/ST5/04771.
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Ni2MnGa and Co2FeGe0.5Ga0.5 are promising members 
of Heusler alloys because of their application potential. 
Ni2MnGa is a shape-memory alloy which can be used for 
micropumps [1] or actuators [2] and Co2FeGe0.5Ga0.5 has a 
potential in spintronics [3]. Important properties used for ap-
plications are conected to the low-temperature L21 phase. The 
high-temperature B2 phase (assuming the formula X2YZ, the 
elements Y and Z are mixed together at their positions in unit 
cell) is for these purposes parasitic and we need to get rid of 
it. The presence of B2 phase can be observed for example in 
as cast samples without further heat treatment.
This work presents the determination of L21 phase content 
by x-ray diffraction. According to symmetry, we should 
observe L21 phase only diffraction with all indices odd or 
all even (fcc symmetry). Higher symmetry of B2 phase dis-
cribed with the equally big unit cell leads to the extinction of 
diffractions which have all indices odd. Proper computation 
of structure factors shows that diffractions with all even in-
dices remain the same in both phases. Therefore, the ratio of 
integrated intensities corresponding to diffractions with all 
indices odd and all indices even should reveal the content of 
L21 phase in the sample. However, the whole problematics 
is more complicated, because it is neccessary to apply all 
angularly dependend corrections such as polarisation, Lo-
rentz correction, absorption, irradiated volume and primary 
and secondary extinction.
The results show that this procedure works fine with thin 
layers and with bulk single-crystals with small mosaicity. 
If the mosaicity is large enough, it complicates the appli-
cation of the corrections – especially the irradiated volume 
and extinction – because it is unclear how big volume of 
which mosaic block was irradiated. Extinction correction 
is connected to the size and misorientation of these blocks. 
Nevertheless, it is clearly visible that good temperature 
treatment can increase the L21 content, because overall in-
tensity of sensitive diffractions (all indices odd) increases 
after annealing procedure (diffraction measured in the same 
experimental arangement for all cases).
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The structure of many food products is based on networks 
of crystalline particles. In oil-continuous products, such as 
margarine or butter, this network consists of a mixture of 
small crystallites of triglycerides (also known as triacylglyc-
erols or TAGs) [1]. Product quality is related to the manu-
facturing process used, since the growth of the fat crystals 
can be tuned by TAG composition  and cooling rates. For a 
given composition, fat network formation depends on the 
amount of TAG crystals and their dimensions and is there-
fore directly related to the surface to volume ratio.
Small Angle X-ray Scattering (SAXS) measurements 
were performed on both home-lab equipment (D8-Discov-
er, Bruker-AXS) and at the ID02 beamline at the ESRF, 
Grenoble to obtain information about the thickness of the 
fat crystallites (domains). Based on the Full Width at Half 
Maximum (FWHM) of the first order diffraction line the av-
erage crystallite thickness is calculated using the Scherrer 
equation. However, in order to have a better understanding 
of the structuring capability of the TAGs, knowledge of the 
thickness distribution of the crystallites is preferred.
Peak shape analysis based on Fourier transformation meth-
ods was performed on the X-ray diffraction patterns. We 
considered the Bertaut-Warren-Averbach [2] method to be 
a feasible approach to resolve crystallite thickness distribu-
tions (CTD) in TAGs where molecules are packed in repeat-
ing bi-layers in longitudinal direction. This method, initially 
developed for metals, was also successfully applied to ob-
tain distributions of domain thickness  of layered clay min-
erals [3]. The proof of principle of  BWA method for CTD in 
fats is presented on a model system consisting of mono-acid 
TAG (tripalmitate) subject to shock- and slow-cooling. Ex-
amples on real-use mixed-acid TAG systems or so-called fat 
blends are presented as well.
With additional knowledge of the thickness distribution of 
triglyceride crystallites it might be possible to tune the fat 
blend composition and to further optimize the processing 
of food products.
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Titanyl sulfate dihydrate (TSD, TiOSO4·2H2O) can serve as 
a template for preparation of 1D titania structures. When 
immersed in aqueous ammonia at a temperature of about 0 
°C the crystals of TSD provide solid residue composed of 
particles, whose shape and dimensions correspond perfect-
ly to the rod-like particle morphology of the initial titanyl 
sulfate with composition matching that of metatitanic acid. 
When annealed up to 1200 °C, the rod-like morphology of 
particles is retained, while the phase composition changes 
to anatase/rutile. To understand the mechanism of the phase 
transformation that is not accompanied with a change of 
particle shape, the structure of TSD had to be determined.
The TSD crystals form very thin platelets unsuitable for in-
vestigation by single-crystal x-ray diffraction. The structure 
was therefore solved using dynamical refinement of preces-
sion electron diffraction tomography data using PETS [1] 
and Jana2006 [2].
The structure is monoclinic Pn with lattice parameters a = 
5.54(2) Å, b = 16.77(9) Å, c = 18.74(10) Å, b = 90.5(3)°. 
54 independent non-hydrogen atoms were easily identified 
in the electrostatic potential distributionobtained ab initio 
by charge flipping. To keep charge balance such model re-
quires 24 hydrogen atoms, whose positions were estimated 
based on the bond-valence calculations [3]. 17 hydrogens 
out of 24 could be matched to the maxima in the difference 
map calculated from combined refinement of 6 datasets. 
The remaining hydrogen positions were estimated based on 
the knowledge of water molecule geometry. The agreement 
factor Robs decreased from 10.36 % to 9.89 % after including 
the hydrogens.
The TSD structure is composed of two symmetry indepen-
dent helices of corner sharing TiO6 octahedra extending 
along a (Figure 1). Each pseudotrigonal helix is held to-
gether by SO4 tetrahedra that share corners with odd/even 
TiO6 octahedra. Both hydrogens in each water molecule 
form hydrogen bonds toward oxygens of two different SO4 
tetrahedra. One H-bond points to the oxygen of SO4 tetra-
hedra from the same helix, while the other H-bond points 
to the oxygen of SO4 tetrahedra from the neighboring helix. 
Based on the structure a tranformation mechanism could be 
proposed. During the reaction the sulfate anion are replaced 
with OH−. The replacement of sulfate by OH− anions in 
the helix does not cause a collapse of the helices as the 
newly bonded OH-groups repel one another. However, the 
interaction between the helices is weakened, resulting in 
polymer-like chains of TiO6 octahedra characteristic for the 
amorphous metatitanic acid.
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The cubic Laves phase RFe2 compounds (R= Tb and Dy) 
with cubic MgCu2-type structure have giant room tempera-
ture magnetostriction constants. To make this compound as 
a thin film is very useful for the applications on Micro-Elec-
tro- Mechanical Systems However, as a thin film, it is apt 
to the oxidation of the thin film. To study the oxidation of 
RFe2 thin film is of interesting in the material science.
In this work, 160 nm TbDy2Fe6 thin films were prepared by 
magnetron sputtering and annealed in the range of tempera-
ture between 550 and 850 ºC. The structure of TbDy2Fe6 thin 
films were characterized by X-ray diffraction, and strong 
diffraction peaks of rare-earth oxides, Tb2O3 or Dy2O3 and 
other non-stoichiometric peaks were found.  Since the lat-
tice structure of Tb2O3 is very similar to that of Dy2O3, the 
composition of Tb2O3 and Dy2O3 cannot be determined by 
XRD separately. By using synchrotron radiation anomalous 
X-ray scattering, the amount of Tb and/or Dy oxidized at 
different annealing temperatures was determined. In addi-
tion, a pure Fe peak (110) was also detected using XRD. 
We use the anomalous X-ray diffraction and electron probe 
micro-analyzer to study this Fe diffraction peak.
With the anomalous X-ray scattering, the composition of the 
Tb2O3 or Dy2O3 was found to be the same as the sputtering 
target materials. It might be due to the same formation ener-
gies of oxides of Tb and Dy. In addition, 600 nm Fe clusters 
phase segregated from the bulk matrix without oxidation 
was also identified. These pure Fe cluster without oxidation 
might be due to the protection effect of Gd and Tb matrix.
In conclusion, oxidation of TbDy2Fe6 thin films were stud-
ied by X-ray anomalous scattering. The composition of 
Tb2O3 and Dy2O3 are similar to the composition of sputter-
ing target. In addition, the Fe clusters phase segregated from 
the bulk matrix without oxidation was also identified.
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Monoclinic (space group Cm) rare-earth calcium oxobo-
rates (RCOB), RCa4O(BO3)3 (R = rare earth element), have 
been studied for about 25 years because of their promising 
non-linear optical properties. These crystal species are iso-
structural with calcium fluoroborate, Ca5(BO3)3F [1], whose 
structure in turn is closely related to the one of hexagonal 
fluorapatite [2]. The substitution of tetrahedral PO4 groups by 
planar BO3 groups causes distortions which is the reason for 
the pronounced polar properties of the rare-earth oxoborates. 
Recently, the members of the RCOB family gathered inter-
est as potential candidates for high-temperature piezoelectric 
sensing applications since they combine favorable proper-
ties like high melting point at around 1770 K, no reported 
structural phase transitions, high piezoelectric sensitivity and 
high electric resistivity [3]. Furthermore, the RCOB structure 
offers different possibilities for cation substitution which in 
principle allow for tuning of physical properties. Their low 
symmetry results in a high number of degrees of freedom re-
garding the anisotropy of physical properties.
We studied heat capacity, thermal expansion as well as 
dielectric, piezoelectric and elastic properties of GdCa4O(-
BO3)3 between 100 K and 1473 K using differential scan-
ning calorimetry, dilatometry and resonant ultrasound spec-
troscopy. Contrary to the reported lack of phase transitions, 
all investigated physical properties undergo reproducible 
discontinuities at around 1000 K. X-ray diffraction exper-
iments on quenched samples indicate a gradual increase of 
cation disorder starting roughly at around 1000 K. There-
fore, a glass-like transition from static to dynamical cation 
disorder is likely responsible for the observed discontinu-
ities. First results indicate only a minor influence of the 
glass-like transition on the electromechanical properties.
Acknowledgments: The authors gratefully acknowledge 
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Although rare-earth oxoborates are known since 1991 [1], 
they have been studied mainly for their non-linear optical 
properties that are useful for Laser applications. Recently, 
these materials gathered interest due to their piezoelectric 
properties, which are not only stable up to high tempera-
tures [2], but also unimpaired by phase transitions. Further-
more, the materials lend themselves to rare-earth substitu-
tion, thus, offering a systematic possibility to tweak their 
properties. However, the low symmetry of their monoclinic 
structure of space group Cm complicates characterisation. 
Here, we report on the dielectric and pyroelectric proper-
ties of some rare-earth calcium oxoborates and present 
high-temperature powder diffraction data giving insight 
into possible structural instabilities around temperatures of 
1000 K.
Samples of rare-earth calcium oxoborates RCa2Ca2O(-
BO3)3 with R = Gd, Y, Er, La were cut and polished from 
large Czochralski-grown single-crystals. The four com-
ponents of the dielectric tensor were investigated at room 
temperature with the substitution method. Furthermore, the 
two components of the pyroelectric tensor were measured 
via the Sharp-Garn method from room temperature to 420 
K. The stability of noble metal electrodes was investigated 
up to 1200 K.
High-temperature X-ray powder diffraction patterns ob-
tained on samples milled from crystals exhibit a discon-
tinuity in the expansion of the crystal lattice at elevated 
temperatures for R = Gd, La, Y, Sm. Comparing the initial 
and final diffraction patterns reveals changes in the cation 
ordering due to the thermal treatment.
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The crystal structure of BaCoO2 was determined for the first 
time by Spitsbergen [1] in 1960. Despite the absence of ex-
perimental structural data, it was reported to crystallize in 
the non-centrosymmetric P3121 trigonal space group (no. 
152), similar to that observed for SiO2 quartz, which has po-
tential piezoelectric properties. The screw axis of this trigo-
nal unit cell is defined by the arrangement of corner-sharing 
CoO4 tetrahedra around the barium atom, which is located 
in a distorted 8-fold (4+2+2) oxygen atoms coordination 
(fig).
The 3d7 electron configuration of the tetrahedral Co2+ ion 
exhibits a theoretical effective magnetic moment μeff = 
3.87μB. The existence of this magnetic moment associated 
with the P3121 space group permits potential piezo-magnet-
ic coupling [2].
The BaCoO2 phase was synthesized by the solid state re-
action under secondary vacuum and its structural changes 
as a function of temperature were studied as the function 
of oxygen partial pressure. BaCoO2 presents antiferromag-
netic ordering at room temperature and crystallizes in the 
P3121 space group which confirms potential piezo-mag-
netic coupling.   In addition, oxygen insertion/disinsertion 
over an extended compositional range was characterized in 
BaCoO2+x (0≤ x ≤1) by thermogravimetric analysis (TGA), 
X-ray diffraction (XRD) and Raman spectroscopy.
Such properties could be of interest for catalysis applica-
tions, commercial air separation, solar water splitting, so-
lar CO2 splitting, chemical looping, oxy-combustion, [3], 
etc.…
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Efficient CO2/CH4 separation has constantly been a challenge 
for natural gas processing, and in general, modern chemical 
industry.[1] While classical separation techniques including 
cryogenic distillation or low-temperature chemical absorp-
tion are widely in use, they are energetically costly, and pres-
ent a considerable environmental issue.[2] Porous materials, 
constantly developed as alternative solutions to these tech-
niques, are showing a great promise.[3] The purpose, howev-
er, is not only to design a material with maximum selectivity 
and working capacity, but also to rationally control and tune 
its performance. Herein we present the synthesis of a novel 
MOF based on Ca(II) and a tetracarboxylate ligand TBAPy4– 
endowed with two chemically distinct types of pores: the hy-
drophobic and the hydrophilic one. Owing to judicious choice 
of conditions access is gained to two stages of activation, at 
which the material shows strikingly different gas sorption 
performances. The material’s intrinsic flexibility helps it to 
adsorb a higher amount of gas molecules than is allowed by 
its unexpanded state. The observed preference of adsorbing 
CO2 over CH4 was further studied in fixed-bed breakthrough 
experiments imitating the real process in an industrial-scale 
installation. The difference of sorption behaviour on the ma-
terial was supported by molecular simulations.
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The phenomenon of pyroelectricity is known since 2000 
years and describes the temperature dependency of the 
spontaneous polarization in non-centrosymmetric crystals. 
The origin is based on displacements of the atomic positions 
induced by temperature variations. These structural changes 
are measurable with common structural analysis methods, 
e.g. single crystal X-ray diffraction (XRD). However, in 
addition electron density redistributions play a crucial role.
This work shows an approach how to use measurable 
structural changes in combination with electronic structure 
modeling to determine pyroelectric coefficients of materi-
als. Atomic displacements have been determined with XRD 
for the crystal structures of the pyroelectric standards and 
well-known material systems lithium niobate (LiNbO3) and 
lithium tantalate (LiTaO3) in a temperature range from 80 
K to 400 K. As a result, the spontaneous polarization and 
the pyroelectric coefficient have been calculated and show a 
high comparability with theoretical and experimental data. 
Furthermore, the newly developed Resonant X-ray Diffrac-
tion method REXSuppress [Richter2018] provides increased 
sensitivity for very small displacements of the atoms. 
Hereby, destructive interference of the intensity at specific 
Bragg reflections is used to detect structural deviations at 
picometer accuracy. This is particularly important for tiny 
structural changes, as shown for the recently discovered 
pyroelectric migration-induced field-stabilized polar (MFP) 
phase in normally non-polar cubic strontium titanate (Sr-
TiO3) [Hanzig2013, Hanzig2015].
This work may be of wide interest for the pyroelectric com-
munity, presenting an alternative approach to determine 
pyroelectric properties from structural data and for the 
characterization of structural and physical properties of new 
materials or phases.
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In course of extensive investigations of the Al - Cr phase 
diagram AlCr2 was commonly assigned as Cr-richest bi-
nary compound, however, stable below about 900°C only 
[1]. Based on powder diffraction data MoSi2 structure type 
was assigned, but no detailed structural analysis has been 
described till now. The phase diagram is indicating par-
ticular problems to obtain single crystals of this particular 
intermetallic compound. In a multi-step sintering proce-
dure, carefully monitored by powder diffraction as well as 
scanning electron microscopy (SEM), finally well-defined 
samples were obtained. Within these samples large grains 
measuring up to 100 µm could be identified and selected 
ones were cut out using focused-ion beam (FIB) methods. 
Those pieces proved to be single crystals with good quali-
ty and allowed for the first detailed structural investigation 
of AlCr2. Lattice parameters a = 3.0056 and c = 8.6449 Å 
for the body-centered tetragonal unit cell are in excellent 
agreement with those given in [1] for the ideal composition. 
The structural model refines well in space group I4/mmm 
without indications of mixed or anti-site occupancies. The 
c/a ratio at 2.876 is much larger than the typical value for 
MoSi2 at 2.437 and quite close to the ideal value for a three-
fold bcc-type superstructure. The disordered solid solution 
of Al in Cr existing at higher temperatures adapts indeed a 
bcc-type structure. A detailed comparison with the structure 
of MoSi2 is currently hampered by the fact that structural 
parameters given by different authors are varying quite sig-
nificantly [2, 3].
In an optional way the structural arrangement may be dis-
cussed on the basis of hexagonal AlCr2 layers, which are 
stacked in ABAB sequence along [110] direction. This al-
lows for interesting comparison with hexagonal CrSi2 and 
orthorhombic TiSi2 type arrangements in which the same 
type of layers is stacked in ABCABC or ABCDABCD se-
quence, respectively.
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Gyrotropic phase transitions are characterized by the 
appearance of a spontaneous optical activity [1]. The ap-
pearance of such activity is very common in ferroelectric 
materials. In such materials, the optical activity is a second-
ary order parameter and is coupled to the primary order pa-
rameter which is the electrical polarization. However, only 
very rare examples are known of a pure gyrotropic phase 
transition. Among those, one can cite BiFeO3 under strain 
[2], (C5H11NH3)2ZnCl4 as function of temperature [3]. In 
both cases, the transition exhibits a change from Pnma to 
P212121 symmetry.
In this contribution, we have investigated 2 materials 
belonging to the BaNdGaO4 structural type, namely Pb-
BaGeO4 and PbSrGeO4 using powder X-ray diffraction as 
function of temperature. While PbBaGeO4 exhibits a first 
order phase transition from P212121 to Pnma symmetry. This 
behaviour is similar to the one reported for (C5H11NH3)2Zn-
Cl4. However, PbBaGeO4 exhibits phase coexistence and 
competition over a wide temperature range of about 200°C. 
On the contrary,  PbSrGeO4 shows a 2nd order type phase 
transition towards a Pnma structure with nearly metrically 
hexagonal cell.
This work demonstrates that both materials are purely gy-
rotropic and identify BaNdGaO4 structural type as a new 
source for such materials. Furthermore, those phase transi-
tions seem unusual in light of the complex behavior report-
ed here for these 2 compounds.
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Zeolites are commonly used as ion-exchange materials 
for the remediation of nuclear waste, however, they have 
certain drawbacks. Unlike zeolites which contain SiO4 and 
AlO4 tetrahedra, microporous Ti-silicates can contain SiO4 
tetrahedra and TiO6 octahedra and therefore structures are 
possible which have no traditional aluminosilicate ana-
logues. Microporous Ti-silicates such as sitinakite KNa2Ti-
4Si2O13(OH)·4H2O and the synthetic niobium doped ana-
logue are used for the removal of Cs+ and Sr2+ from nuclear 
waste [1]. The work presented here will focus on the struc-
tures and thermal behaviour of the ion-exchanged Ti- and 
Zr-silicates. A clear understanding of both is fundamental 
in determining if these materials have potential as ion-ex-
changers within the nuclear industry.
Umbite is a naturally occurring small pore microporous Zr- 
silicate, found in northern Russia and synthetic analogues, 
K2ZrSi3O9·H2O, can be prepared in the laboratory [2]. It has 
an orthorhombic cell with a = 10.2977(2)Å, b = 13.3207(3)
Å and c = 7.1956(1)Å. Rocha and co-workers found that 
synthetic umbite undergoes a topotactic transformation 
when heated 910°C forming a new microporous Zr-silicate 
with the formula K2ZrSi3O9·2H2O [2]. In contrast they found 
that the Na-exchanged analogue transforms to wadeite and 
the Cs-exchanged form retains the umbite structure when 
heated to the same temperature. Ion-exchange studies here 
have shown that umbite has a preference for common radio-
nuclides, such as Cs+ and Sr2+ and Ce4+ (as a surrogate for 
Pu), even in the presence of competing ions. In-situ studies 
show that these materials behave differently with tempera-
ture, indicating that the nature and location of the charge 
balancing cation plays an important part in determining 
which high temperature phases are formed and the phases 
formed do not fit either the AV-15 or wadeite structures pre-
viously reported.
Natisite is another material which has interesting ion-ex-
change chemistry and is a layered Ti-silicate with the for-
mula Na2TiSiO5 

[3]
. The structure consists of square pyrami-

dal titanium, with the sodium cations located between the 
layers. This coordination environment is highly unusual 
for Ti. It crystallises in the tetragonal space group P4/nmm, 
with a = b = 6.4967(8)Å and c = 5.0845(11)Å Inclusion of 
zirconium or vanadium in the framework has a considerable 
effect on the ion-exchange properties, with changes in the 
exchange capacity and the rate of uptake for certain ions 
of interest.
A combination of techniques to probe long and short range 
order (PDF and XAS) have been used to understand the 
ion-exchange and thermal behaviour of these materials.
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Frequently symmetry determination in studies is based on 
the discussion of agreement factors or the quality of the re-
finements, rather than on the basis of physical arguments. 
Especially in the field of piezoceramics this can be observed 
in the discussion whether monoclinic symmetry can be ob-
served or not.
In this study we could show with temperature-dependent 
high-resolution X-ray and neutron diffraction that based on 
agreement factors alone the physical origin of observations 
cannot be revealed. Only in combination with additional 
electron microscopy and electron probe microanalysis we 
could elucidate that a segregation of substituents results in 
a complex reflection splitting and phase coexistence that 
can be misinterpreted as monoclinic symmetry. This sin-
gle-phase monoclinic Pm model is able to perfectly repro-
duce the diffraction patterns and is known from literature 
[1,2]. A model with phase coexistence of two classical ort-
horhombic Amm2 phases can reproduce the diffraction data 
with equal accuracy.
This demonstrates the need of comprehensive analyses with 
complementary methods to cover a broad range of length 
scales as well as considering both average and local struc-
ture. The conclusions drawn from this work will have an 
impact on a broad range of research areas where inhomo-
geneities cannot be ruled out. The underlying mechanisms 
of the extraordinary properties of some functional materials 
originate not just in their structures but also their complex 
microstructures. Consequently, knowledge of both features 
of materials may be essential for the exploitation and devel-
opment of their functionalities as well as improvement of 
material properties.
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Mineralized structures generated under biological control 
are functional tissues and are recognized as prototypes for 
man-made materials. Biological hard tissues are hierar-
chical composites and comprise two distinct components: 
compliant biopolymers that are reinforced by stiff carbonate 
and/or phosphate minerals.
In order to understand the composite nature and architecture 
of biologically mineralized hard tissues we conducted bio-
mimetic crystal growth experiments in hydrogel matrices 
using the double diffusion experimental set-up. We char-
acterized the obtained hydrogel-carbonate composites with 
FE-SEM, XRD, Rietveld analysis, micro-Raman spectros-
copy, electron backscatter diffraction (EBSD). We investi-
gated for two different hydrogels (gelatine, silica) the effect 
of gel solid content variation in Mg-bearing and Mg-absent 
growth environments on gel occlusion, gel distribution 
within the composite aggregate, hierarchy formation for 
the gel and the mineral and gel fabric and carbonate crystal 
organization (1, 2, 3, 4). Even though being artificial poly-
mers, hydrogels mimic to some extent biogenic matrices, as 
they compartmentalize space, thus control, diffusion rates, 
local concentration of solutes and supersaturation. As each 
hydrogel has different chemical characteristics, they act dif-
ferently in promoting or inhibiting crystallization.
We show that gelatin gel exerts most, while silica gel the 
least influence on calcite organization and aggregate forma-
tion (Figure 1). Irrespective of their solid content, all aggre-
gates incorporate gel, which is inhomogenously distributed 
within the mineral. The mineral fraction in the aggregates 
is present in a mosaic and mesocrystal constitution. The 
presence of Mg2+ adds complexity to the internal structuring 
of the mineral. We show that two independent mechanisms 
are responsible for the impact of Mg2+ on composite orga-
nization. (1.) Addition of Mg2+ reduces the yield-strength 
of the gels by about 50%. While gelatin gel shows contin-
uous strain hardening, silica-gel weakens after reaching a 
shear strength maximum; the strain shifts by 350% to high-
er values. (2.) Incorporation of Mg2+ in the growing calcite 
increases its solubility, decreases crystallization pressure 
and introduces small angle grain boundaries that leads to 
split growth and ultimately to spherulitic growth. We show 
that Mg not only influences the organization of the mineral 
but also the structure of the gel matrix within the aggre-
gates. With increasing Mg content the gel structure within 

the mineral changes from compact gel membranes to finely 
dispersed networks of gelatine fibres. This induces the large 
variety of calcite crystal co- and misorientation patterns 
in the investigated composites. We obtain a wide range of 
material design principles with some matching features of 
functional biological hard tissues.
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Mineral puninite, Na2Cu3O(SO4)3 was described recently 
[1] in fumaroles of Tolbachik volcano.
Crystal structure of puninite is based on oxocentered 
[O2Cu6]8+ dimers. Four sulphate tetrahedra are ‘face-to-
face’ attached to the dimers, whereas the other sulphate 
tetrahedral groups provide their linkage in two dimensions. 
Structural architecture of puninite can be described as being 
organized via a “host-guest” principle.
Five new compounds with the general formula A2Cu3O(-
SO4)3 (A = Na, K, Na/K, Rb, Cs) were obtained by sol-
id-state reactions using anhydrous reagents A2SO4 (A = Na, 
K, Rb, Cs), CuSO4 and CuO mixed in the stoichiometric 
ratios. The reaction mixture was loaded into platinum cruci-
bles, and kept at 600 °C for 3 h in air, followed by cooling to 
25 °C at a cooling rate of 10 °C/min. The products consisted 
of green crystals of different shape. Pure powder sample of 
Na2Cu3O(SO4)3 was prepared for the investigation of mag-
netic properties, electrochemistry, IR spectroscopy and ther-
mal behavior by the means of HT powder X-ray diffraction 
and DSC-TGA.
The Na2Cu3O(SO4)3 phase as a positive electrode was tested 
using Swagelok-type cells cycled at room temperature. The 
difficulties of electrochemical Na+ extraction have been en-
countered, and the removal of significant amount of sodium 
ions from the structure of the title compound was failed. 
Note, however, that our tests revealed an occurring of a 
probable redox process corresponding to the Cu2+/3+ transi-
tion at high voltage of around 4.8 vs Na+/Na.
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The crystalline characteristics of a dental lithium disilicate 
glass-ceramic (LDGC) determine the esthetics, strength, and 
applicability of this material in clinical procedures. The com-
puter-aided design and computer-aided manufacturing (CAD-
CAM) technique and heat treatments (temperature, pressure 
and time) precisely controls the material properties of a LDGC 
during the manufacturing of dental restorations. During clinical 
manipulation, finishing and polishing procedures have to be 
performed on dental restorations. These procedures may affect 
the topography and modify the microstructural properties of 
dental ceramics. In the present study, the effect of final crys-
tallization and different finishing and polishing procedures on 
crystalline and mechanical properties of LDGC were analyzed. 
For this purpose, the crystalline properties of the LDGC (IPS 
e.max CAD, Ivoclar Vivadent) were evaluated using 1D and 2D 
X-ray diffraction (XRD) analyses. The 1D-XRD analyses were 
performed with an X’Pert Pro (PANalytical) powder diffrac-
tometer while 2D-XRD patterns were obtained using an X-ray 
single crystal diffractometer (Bruker D8 VENTURE) equipped 
with an area detector (PHOTON100). The crystallization mech-
anism after heat treatment resulted in a conducted transformation 
process of the material microstructure. Thus, lithium metasili-
cate (LM) crystals are transformed into lithium disilicate (LD) 
crystals. The crystallite size, representing the average coherent 
crystal diffraction domains, were determined as a crystallinity 
index for LM and LD crystals after final crystallization. This pa-
rameter can be also influenced by the chemical composition of 
the material aimed for specific clinical purposes. The degree of 
crystallinity (i.e. crystalline to amorphous) was also obtained by 
1D-RXD analyses using the ratio of the intensity of the crystal-
line peaks to the total intensity in the diffraction pattern, includ-
ing the signal corresponding to the glass component from the 
ceramic. The 2DXRD patterns showed a randomly orientation 
of crystals in both pre and post crystallization during heating. 
These XRD analyses were also complementary with the results 
obtained by SEM observations. The increment on the crystallite 
size and crystal orientation during heat treatment could allow the 
lower presence and size of voids (densification of the material) 
that could be acted as potential locations for cracks or affect the 
optical properties of the material surface. Furthermore, finishing 
and polishing protocols of ceramic dental restorations different-
ly affect the texture of the material surface, resulting in changes 
on the flexural strength of the restoration. Overall, translucency 
and mechanical properties of the lithium disilicate glass-ceramic 
may be influenced by the crystalline properties of the glass-ce-
ramic during final crystallization and finishing and polishing 
procedures.
Keywords: dental ceramics, x-ray diffraction, silicate crystals
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The quadruple perovskites AA’3B4O12 are characterized by 
an extremely wide variety of intriguing physical properties, 
which make them demanded for various applications [1,2]. 
Using group-theoretic analysis, we found all possible 1:3 
A-site ordered low-symmetry phases, which can be formed 
from a parent Pm-3m perovskite structure (archetype) as 
a result of real or hypothetical (virtual) phase transitions 
due to different structural mechanisms (ordering and dis-
placement of atoms, anion octahedral tilts). For each of the 
low-symmetry phases, the complete condensate of order 
parameters (proper and improper order parameters), the 
calculated structure, including the space group, the primi-
tive cell multiplication, the distribution of atoms over the 
Wyckoff positions and the structural formula were deter-
mined. All phases were systematized according to the types 
of structural mechanisms responsible for their formation, 
and the group-subgroup relations between the phases were 
investigated. Special attention is paid to the structural 
mechanisms for the low-symmetry phase’s formation of the 
compounds known from experimental data, such as: CaCu-
3Ti4O12, CaCu3Ga2Sn2O12, CaMn3Mn4O12, Ce1/2Cu3Ti4O12, 
LaMn3Mn4O12 and others. For the first time, the variability 
in the choice of the proper order parameters, which gen-
erate 1: 3 A-site ordered low-symmetry phases, highlights 
the fundamental significance of the complete condensate of 
the order parameters in the description of structural phase 
transitions. The constructed map of the 1:3 A-site ordered 
quadruple perovskites can be used to identify new phases 
and interpret experimental results, determine the structural 
mechanisms responsible for the formation of low-symmetry 
phases as well as to understand the structural genesis of the 
perovskite-like phases. The obtained non-model group-the-
oretical results in combination with crystal-chemical data 
and first principles calculations can be a starting point for 
the design of new functional materials with a perovskite 
structure.
The reported study was funded by RFBR - research projects 
no.16-32-60025 mol_a_dk.
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Crystal-chemical principles have been used in this paper for 
modeling of the compositions of NaZr2(PO4)3 compounds 
and solid solutions with adjustable thermal expansion char-
acteristics. Knowledge about materials on their base helps 
to solve many engineering problems associated with the 
combination of materials in different designs, including the 
required resistance to thermal stress.
NaZr2(PO4)3  (NZP) is a convenient structure for these aims 
as it offers an opportunity to include a big variety of cations 
in different combinations with oxidation states from +1 to 
+5, with different size and electronegativity into the compo-
sition of isostructural phases.
Well-known NZP materials have high melting temperatures, 
high hardness, thermomechanical, radiation, and chemical 
stability, ion conductivity, optical and magnetic properties, 
catalytic activity.
Although many of the possible formula compositions cal-
culated in [1] are well studied, but those that have their 
thermal expansion characteristics determined are quite few.
In this paper new phosphates Na1+2xZr2-xCox(PO4)3 and 
Ca0,5+xZr2-xCox(PO4)3 (0≤x≤0,5) in various concentration 
combinations of zirconium and cobalt in the structure 
framework and with respectively changing population den-
sity of interframe positions are obtained and characterized, 
their behavior during heating through high-temperature 
XRD is studied for T=25–700°С.
Synthesis of powder samples was carried out using sol-
id-phase processes (Tfinal = 700 °C). The forming of phases 
of a planed composition and structure were established by 
XRD and SEM methods. Lattice parameters of the obtained 
materials were determined and their dependencies on the 
composition and temperature were analyzed.
It was found that with the temperature rising, a and b pa-
rameters were decreased, while с parameter was increased, 
which is typical for NZP structure. With cobalt growing in 
the phase composition, absolute values of thermal expan-
sion linear coefficients were decreased: αa from -4,65·10-6  
to -3,06·10-6 °C-1, αс from 21,85·10-6  to 19,49·10-6 °C-1 for 
Na-containing series, αa from -1,82·10-6  to -1,14·10-6 °C-1, 
αс from 9,20·10-6  to 9,10·10-6 °C-1 for Ca-containing series 
and anisotropy: Δα from 26,50·10-6  to 21,55·10-6 °C-1 for 
Na-containing series, from 11,02·10-6  to 10,24·10-6 °C-1 for 
Ca-containing series.
Analysis of the obtained results shows that the phosphates 
studied belong to the class of medium-expanders ones.
The studied objects have blue color. This property is useful 
for heat-resistant inorganic dyes applied as a cover on the 
material, as well as for imparting a functional color to the 
material itself.
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Equilibrium energies and enthalpies of formations are cal-
culated based on structural crystallography. Elements and 
alloys having a large number of atoms are difficult to be 
compute by density functional theory (DFT): time compu-
tation, points of high symmetry.
We have calculated the structural properties, the formation 
enthalpies and total energies of elements Si, Ni and  Au-Re 
binary compounds (Re = Y, La,Eu) using the first principles 
calculations based on the density functional theory (DFT) 
byVasp package.
Comparison of structural properties, formation enthalpies 
and total energies obtained using firstly the primitive unit 
cell and secondly the Conventional unit cell of the same 
phase present a good agreement between the two cases.
The benefits of crystallography allowed the abintio simula-
tor to save computing time; by the exact determination of 
the atomic  positions and symmetry space group of such 
a material.
Keywords: crystallography, first principles calculation 
,enthalpies formation
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ABX3 Perovskite materials are of great interest in the new 
technology because of the possibility of modifying their 
physical properties by numerous ionic substitutions.
The mesh parameter prediction model used is useful for 
providing the predicted structural information for estimat-
ing the physical properties of materials for which accurate 
structural data are not available.
It is also useful as a guide for synthetic exploratory efforts 
as a starting point for structural characterization improve-
ments of new materials.
Our reformulation of Jiang’s model allowed us to obtain a 
new equation of parameter prediction of cubic perovskite 
structures taking into account 158 ​​materials.
The results obtained are in good agreement with the experi-
mental with a relative error of the order of 2.64%.
This prediction equation allowed us to predict the mail pa-
rameter of 20 new perovskite oxides.
Keywords: mail parameter prediction, cubic perovskite, 
tolerance factor.
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The application of hydroxyapatite modified by biopoly-
mers for the immobilization of various pollutants has been 
considered as a promising pollution control technology. In 
this scope, hydroxyapatite-Lambda carrageenan CaHAp-(λ-
Carr) hybrid materials were prepared by co-precipitation 
method with different content of the bio-polymer (0, 5, 10 
and 20%). Synthesized materials were characterized using 
X-ray diffraction (XRD), Infrared spectroscopy (FT-IR), 
chemical analysis, Scanning Electron Microscopy (SEM), 
specific surface area (SS) and pHzpc measurement. The 
X-ray powder analysis showed that the cristallinity is af-
fected by the presence of the biopolymer. The FT-IR spectra 
show the presence of (λ-Carr) and CaHAp characteristic 
vibrations in the resulting product. After grafting BET mea-
surements yielded particle specific surface areas ranging 
from 93 to 260 m2 g−1 depending on the grafted biopolymer. 
The adsorption capacities of methylene blue (MB) were in-
vestigated with respect to the effect of adsorbent amount, 
pH value, contact time, adsorbent dose, temperature and 
initial dye concentration. The pseudo-second-order and 
Freundlich isotherm equations were found to describe the 
adsorption mechanism. The percentage of MB removal by 
CaHAp and CaHAp-(λ-Carr)10 were equal to 81.40 % and 
95.63 %, respectively. The results indicate that the modified 
hydroxyapatite possessed good adsorption ability towards 
MB dye and can be used as a low cost adsorbent for dye 
removal from wastewater.
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Disc-shaped bicelles can be formed spontaneously by mix-
ing long-chain lipids with short-chain lipids at suitable 
ratios. The long-chain lipids form the bilayer core of the 
bicelle while the short-chain lipids form the protecting rim 
of the bicelle. The typical mixed lipid bicelles have a rela-
tively uniform diameter around 20 nm. The surface charge 
of such bicelles can be varied by doping with cationic lipids 
to form cationic bicelles (CB) or with anionic lipids to form 
anionic bicelles (AB). Different from the typical method 
of encapsulating DNA with liposomes, bicelles can also be 
used to form cationic or anionic bicelle-DNA complexes 
[1-3], which can be used as nonviral vectors for improving 
the transfection efficiency of gene therapy. As revealed by 
small-angle X-ray scattering and TEM, one-dimensional al-
ternating stacks of disc cationic bilayer plates (bicelles) and 
DNA arrays were formed spontaneously. DNA molecules 
encapsulated between the disc bilayer plates form ordered 
arrays with a spacing around 4~5 nm. The number of the 
stacking layers can be easily tuned from just a few stacks to 
more than one hundred stacks by adjusting the doping per-
centage of the cationic lipid. It is also possible to form an-
ionic bicelle-DNA complexes with the help of the divalent 
cations. The DNA-ion-disk bilayer complexes are formed 
in the investigated range of 10 mM to 100 mM calcium ion 
concentrations. Other than using short-chain lipids, it was 
found that bicelles can also be formed at a Triton X-100 
to DPPC molar ratio around 1 to 2. As compared with the 
diC7PC/DPPC bicelle, which can be formed for a diC7PC 
to DPPC molar ratio around 0.2 to 1, it seems that it takes 
more Triton X-100 than the short-chain lipid to form bi-
celles for a fixed amount of DPPC. The prepared DPPC/
Triton X-100 cationic bicelles were also found to be able to 
form complexes with DNA.
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Bone is a complex biocomposite material constituted by 
carbonated apatite nanocrystals deposited in an oriented 
fashion and integrated within an organic matrix, mostly 
collagen fibrils. To define how bone compositional and 
structural characteristics in different bone types (i.e. cortical 
and trabecular bone) affect relevant bone properties (i.e., 
mechanical properties), we have applied complementary 
analytical techniques such as electron microscopy, comput-
ed tomography, infrared spectroscopy and X ray diffraction. 
These techniques provide detailed information about the 
mineral and organic components of bone tissue and allow 
the determination of its porosity, degree of mineraliza-
tion, carbonate content, mineral crystallinity and collagen 
cross-linking. Bone compositional parameters determined 
by infrared spectroscopy (e.g. degree of mineralization 
(PO4/Amide I), the total carbonate (CO4_1415/Amide I) 
are important parameters to define bone material quality and 
are useful to detect possible metabolic alterations associat-
ed to specific bone pathological conditions (osteoporosis, 
osteomalicia). BSE-SEM images of cross-section at mid-di-
aphysis showed notable differences in the organization of 
different bone types (cortical and trabecular bone) and bone 
structures at different scales. Analyses by means 2D X-ray 
diffraction showed differences between types of bone relat-
ed to mineral organization and its crystallinity. The degree 
of alignment of the c-axis of apatite crystals can be deter-
mined from the intensity profile along Debye-Scherrer ring 
associated with the 002 reflection. The preferential orienta-
tion of the apatite crystals is due to an aligned arrangement 
of collagen fibers in cortical organization while the crystals 
showed randomly orientation at trabecular level. The infor-
mation obtained allowed us to determine the influence of 
chemical composition and microstructural organization on 
cortical and trabecular regions in the overall bone material 
properties.
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Calcium oxalates are represented in nature by three hy-
drated forms: whewellite (CaC2O4·H2O; COM), weddellite 
(CaC2O4·(2+x)H2O; COD) and caoxite (CaC2O4·3H2O; 
COT). Calcium oxalates are also found among the patho-
genic mineral precipitates in human bone marrow, myocar-
dium, joints, lungs, liver, thyroid gland, intestinal mucosa, 
eyes, and urinary system. Oxalates span therefore several 
fields (medicine, biology, mineralogy, materials science, 
etc.), which is reflected in a large number of publications. 
Nevertheless, many questions remain unresolved. For in-
stance, the role of water in the formation of calcium oxalate 
crystal structures as well as the mechanisms of phase tran-
sition is still unclear.
Thermal stability, structural evolution pathways and phase 
transition mechanisms of the calcium oxalates COM, COD 
and COT have been analyzed using single crystal and pow-
der X-ray diffraction techniques at non ambient conditions. 
The reduction of H2O content in the structures increas-
es dimensionality from dimers and chains to the layered 
structural units and from rarefied to denser sheets within 
the compounds whose structures are based on the 2D units. 
While studying the phase transitions pathways within the 
calcium oxalate family, two crystalline compounds have 
been structurally characterized for the first time (α-CaC2O4 
and CaC2O4·H2O), among which the novel COM modifica-
tion has been obtained for the first time as well. The highest 
thermal expansion of these compounds is observed along 
the direction of the hydrogen bonds, whereas the lowest 
expansion and even contraction of the structures occur due 
to the displacement of neighbor layered complexes towards 
each other and to an orthogonalization of the monoclinic an-
gles. Within the calcium oxalate family, whewellite should 
be regarded as the most stable crystalline phase at ambient 
conditions. Weddellite and caoxite transform to whewellite 
during dehydration-driven phase transition promoted by 
time and/or heating. Finally, we’d like to emphasize the par-
ticular importance of the structural and chemical evolution 
studies of calcium oxalates, as their phase transitions occur 
at temperatures typical of the human body and can therefore 
have a significant effect on health.
This work was supported by President of Russian Fed-
eration grant for leading scientific schools (no. NSh-
3079.2018.5), Russian Foundation for Basic Research (no. 
16-05-00986) and by the People Program (Marie Curie 
Actions) of the European Union’s Seventh Framework Pro-
gram FP7/2007-2013/ under REA grant agreement IRSES-
GA-2013-610547-TAMER. The XRD measurements have 
been performed at the X-ray Diffraction Centre of St. Pe-
tersburg State University.
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The  sialolithiasis is a frequent cause of salivary flow ob-
struction that causes a pathology called chronic obstructive 
sialadenitis. Most salivary stones are produced in the sub-
mandibular or submaxillary gland followed by the parotid 
gland. Their chemical composition is carbonate and calcium 
phosphate, with impurities of magnesium, potassium and 
ammonium. The genesis of the stones is associated with the 
partial obstruction of a calcium-rich saliva, but to date the 
mechanism of their formation is not well understood [1, 2].
Through this paper we have studied salivary stones from 
25 anonymous patients with different ages and gender, with 
different glandular and anatomical origin, most of them 
whole and extracted by sialoendoscopy.
The mineralogical and morphological characterization was 
made using XRPD, OM and SEM-EDX.
Although each of them has unique characteristics, they 
show a series of common features that have allowed us to 
suggest a crystallization model that we hope to confirm as 
the number of cases studied increases.
The macroscopic size of the stones ranges from 2 to 22 
mm. In all of them hydroxyapatite (Ca10(OH)2(PO4)6) and 
octacalcium phosphate (Ca8H2(PO4)6.5H2O) have been iden-
tified as crystalline phases. In addition, withlockite (Ca3(-
PO4)2) was identified in eight of the samples studied. All 
phases have a very low degree of crystallinity.
Morphologically, they could be defined as concentric oo-
lites, in which an inner core stands out. The texture of the 
layers is granular; consisting of aggregates of microspheres 
whose size increases from the core, where they are nano-
metric, towards the surface, where they adopt botroidal ap-
pearances perceptible to the naked eye.
These morphological characteristics suggest a heteroge-
neous initial nucleation of multiple nuclei from organic 
components present in saliva. The nuclei anastomose during 
their growth, forming agglomerates that serve as substrate 
for the nucleation of new layers of spheres, repeating the 
process until reaching the final size.

These results agree with the low degree of crystallinity ob-
served in the diffractograms and suggest a mechanism of 
continuous growth, far from the equilibrium at high super-
saturation, which occurs rhythmically, originating the dif-
ferent concentric layers in a similar way to the formation 
process of pearls [3].
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Ca-Carbonate teeth and skeletons of marine invertebrates 
show usually show a nanoparticulate morpho-topology in 
SEM and AFM investigations. Consequently, a paradigm 
evolved which explains the genesis of biominerals by 
accretion of carbonate-filled vesicles exocytosed by the 
mineralizing cells. This model of nanoparticle aggregation 
was supported by the proposition of “nanoparticles” or 
pre-nucleation clusters in carbonate solutions suggesting 
“non-classical” nucleation and growth of carbonates.
Since more than 10 years we studied many Ca-carbonates 
formed by marine organisms with AFM, SEM/EBSD, TEM 
and XRD. In addition, we investigated abiotic calcite grow-
ing in gels. Today, we feel that the paradigm of nanoparticle 
accretion as a general model for biomineralization needs to 
be seen with scrutiny:
i) Protein or polysaccharide gels are fibrous networks with 
open pores in the ~100 nm range (depending on gel concen-
tration). The mineral forming within the gel incorporates the 
gel fibres and membranes and thus develops a superficial 
“nanoparticulate” mesocrystal-like appearance. However, 
the omnipresent terraces corresponding to regular crystal 
faces, such as {104} for calcite, indicate ion-by-ion growth 
of the aggregates.
ii) For most marine biocarbonates the “nanogranule-like” 
morphologies are in the 50-100 nm size range. The biocar-
bonate crystals contain incorporated organic networks with 
structures and size-ranges similar to the gel-grown crystals. 
Coccoliths are an exception: they do not contain organic 
matrix and show a classical crystallography. Coccoliths do 
grow intracellular vesicles.
iii) The “pre-nucleation clusters” in hydrous solution sup-
posed to be responsible for “non-classical crystal growth” 
are an order of magnitude smaller than the “nanogranules” 
of biocarbonates, such that there cannot be a direct relation-
ship.
iv) Dense aggregation of any round and similarly-sized 
particles leaves ~25% open pore space. In contrast, most 
marine biocarbonates have no such pores.
v) ACC-filled nanovesicles in epithelial cells have so far not 
been found, despite intensive search.
Thus, the formation of biominerals may well occur by ion-
by-ion growth in gel- or PILP-filled extracellular compart-
ments, where the necessary transport of calcium and hy-
drogencarbonate into the compartment and of protons out 

of the compartment occurs by the common ion pumps and 
exchangers in the membranes of the epithelial cells.
Keywords: Biomineralization, Mesocrystals, EBSD
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High-pressure studies of materials constitute an important 
field of research, as high-pressure phases often exhibit unique 
properties, as well as, via applying high pressure one may see 
what happens to a given material in real-life conditions. The 
detailed knowledge of materials’ structure is indispensable 
to understand, and later to potentially sensibly control, their 
behaviour and function. In this respect high-pressure sin-
gle-crystal X-ray diffraction experiments provide full picture 
of material’s structure with atomic resolution.
Consequently, in this contribution we describe our recent 
studies of a model rhodium complex, namely LRh(CO)2 
(L = 3-benzoylacecate), which exhibits chain substruc-
tures based on the Rh…Rh interactions propagating along 
the Y-axis direction. It is shown the temperature does not 
have a significant impact on the structural parameters (ex-
cept for the less obvious unit cell choice in the case of the 
high temperature structure). In turn, the application of high 
pressure leads to an interesting phase transition, in which 
the Rh…Rh chains differentiate noticeably. As a result the 
structure becomes modulated and has to be treated within 
a super-space approach. Thus, here the structural analysis 
of the new modulated phase is presented and the further 
prospects of using this information to explain spectroscopic 
behaviour under high pressure are discussed.
High-pressure experiments were conducted at the ID15B 
beamline of the ESRF facility (Grenoble, France) (pro-
posal no.: CH-4903). R.K. would like to thank SONATA 
grant (2016/21/D/ST4/03753) from the National Science 
Centre in Poland for financial support. The in-house X-ray 
diffraction experiments were carried out at the Department 
of Physics, University of Warsaw, at the Rigaku Oxford Dif-
fraction SuperNova diffractometer, which was co-financed 
by the European Union within the European Regional De-
velopment Fund (POIG.02.01.00-14-122/09).
Keywords: High pressure, synchrotron, rhodium complexes, 
modulated structures, metallophilic interactions
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The [2+2] photodimerization was conducted in crystals 
of 2,5-difluorocinnamic (1), 3,5-difluorocinnamic (2) and 
2,6-difluorocinnamic (3) acids in ambient and high-pres-
sure conditions. The photochemical reaction was induced 
stepwise by UV/vis radiation and the X-ray diffraction ex-
periment was carried out after each step. This enabled us to 
monitor changes in the unit cell parameters, intermolecular 
geometry and product content in crystals. The influence of 
pressure on the direction and size of those changes was an-
alyzed [1].
For each compound there is a critical point below which 
the increasing pressure speeds up the reaction, and above 
which the reaction cannot be further accelerated. This is due 
to the changes in the geometrical parameters describing a 
pair of reacting molecules and the simultaneous decrease in 
the volume of free space.
The photochemical reactivity of three studied compounds 
changed in the following order: (1) > (2) > (3). To rational-
ize this observation we analyzed the parameters that could 
have an impact on the reactivity: the geometrical parame-
ters for reacting molecules, intermolecular interactions, size 
and shape of free spaces in crystals and also the substituent 
effect. It turned out that the role of the substituent effect is 
important and should be considered during the studies of 
reactivity of cinnamic acids in crystals.
References:
[1] Galica, T. et al. (2018). Cryst. Growth Des. 18, 1636−1644.
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Copper(I) iodine compounds can exhibit interesting mech-
anochromic and thermochromic luminecest properties with 
important technological applications. This fact is due two 
mainly factors. The first is about the large variety of struc-
tural configurations as staircase ladders linked by briding 
N-donor ligands or cubane clusters with phospine ligand [1-
2] among others. The second is the behaviour of these com-
pounds under external stimuli inducing structural changes 
on bond distances, dihedral and/or torsional angles and 
packing between molecules. There are a lot of studies where 
this external stimuli is the temperature and how it affect the 
interactions of Cu...Cu. Other similar studies are based on 
mechanical stimuli as grinding but only a few are using the 
pressure. We are reporting the structural and luminescence 
studies under high pressure, at room temperature under high 
pressure, of three copper iodine samples with different con-
figuration. A cubane cluster type Cu4I4{PPh2(CH2=CH2), 
1D coordination polymer (staircase)  CuI(6-methylquin-
oline) and 2D coordination polymer (staircase). For such 
compounds we present an analysis about their compress-
ibility and bulk modulus through isothermal Equation of 
State calculations [3]

References:
[1] Q. Benito, I. Maurin, T. Cheisson, G. Nocton, A. Fargues, A. 
Garcia, C. Martineau, T. Gacoin, J.-P. Boilot, and S. Perruchas 
Chem. - A Eur. J. 2015, 21, 5892–5897.
[2] A. Aguirrechu-Comerón, R. Hernández-Molina, P. Rodríguez-
Hernández, A. Muñoz, U. R. Rodríguez-Mendoza, V. Lavín, R. J. 
Angel, and J. Gonzalez-Platas, Inorg. Chem. 2016, 55, 7476-7484.
[3] J. Gonzalez-Platas, M. Alvaro, F. Nestola, and R. Angel, J. Appl. 
Crystallogr. 2016, 49, 1377–1382.
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Where neutron-powder measurements are needed to dis-
criminate between similar-Z elements, identify magnetic 
behaviour, or simply locate hydrogen atoms, large sample 
volumes are generally required for a successful measure-
ment. This might appear problematic for high-pressure 
experiments where small sample volumes are necessary to 
access higher pressures. However, the large-volume Par-
is-Edinburgh press on the high-pressure PEARL beamline 
at ISIS, UK, allows us to make such measurements—strik-
ing a balance between sample quantity and accessible pres-
sure.[1]
5-methyl-2-[(2-nitrophenyl)amino]-3-thiophenecarbonitrile 
is one of the most polymorphic organic materials known in 
the Cambridge Structural Database. It is more colloquial-
ly known as ‘ROY’, owing to the red, orange, and yellow 
polymorphs that it forms, all occurring under ambient con-
ditions.[2] In this presentation, a recent compression study 
on ROY and its behaviour up to 9.3 GPa will be reported.
[3] We show that the quality of PEARL data obtained, and 
careful DFT-assisted guidance of the refinement procedure, 
produce usable structural models from a weakly-scattering, 
hydrogenated sample. We discuss its structural response in 
the context of lattice- and intermolecular-energy calcula-
tions.
References:
[1] Bull, C. L. et al. (2016), High Pressure Res., 36(4), 493-511.
[2] Yu, L., (2010), Acc. Chem. Res., 43, 1257-1266.
[3] Funnell, N. P. et al. In preparation.
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Our work focuses on pushing the boundaries of high-pres-
sure crystallography on soft molecular systems. We have 
successfully determined crystal structures of the essential 
amino acid, L-threonine (C4H9NO3) to 22 GPa.
L-threonine is zwitterionic in the solid-state, comprising of 
an ammonium cation and a carboxylate anion. Each mole-
cule is connected by four H-bonds, resulting in a P 212121 
(Z=4) crystal structure with zig-zag chains formed along the 
long crystallographic axis, linked by carboxylate and hy-
droxyl interactions. Adjacent chains are interconnected by 
off-axis H-bonds between nitrile and carboxylate groups to 
form pleated layers.  Single-crystal X-ray diffraction exper-
iments were performed with synchrotron radiation in series 
using the diamond anvil cell and neon pressure transmitting 
medium. A reversible pressure induced phase transition go-
ing from the P 212121 (Z’=1) crystal structure to P 21 (Z’=2) 
was observed at 18 GPa. All H-bonds shorten resulting in 
conformational changes of the carboxylate, hydroxyl and 
methyl moieties. Structure refinements were validated 
against periodic-DFT (CASTEP) optimisations and prior 
works.[1] Crystal lattice energies and the most energetically 
significant H-bond interactions for all structures were exam-
ined by the PIXEL method.[2]
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One-dimensional diamond mesostructures (1D-diamond) 
are of interest as heat-conducting wires, and as mechani-
cally reinforcing material in diamond/polymer composites 
because of the superlative mechanical strength and thermal 
conductivity of diamond. Thus far, 1D-diamond has been 
produced by CVD methods.1 However, CVD methods do 
not allow for the economic production of bulk quantities 
of 1D-diamond, and it is difficult to control the diameters 
and length of the produced 1D-diamond structures. Cur-
rently there is no high-pressure synthesis available for the 
bulk synthesis of one-dimensional diamond mesostructures. 
The basic problem is that at high-pressure conditions it is 
difficult to direct the growth of diamond crystals in a spe-
cific direction. In addition, any one-dimensional structure 
formed can easily aggregate with another which prevents 
any further processing after the high-pressure synthesis.2

Herein, we present the synthesis of diamond-like 1D 
sp3-carbon mesostructures from benzene inside the 1-di-
mensional channels of periodic mesoporous silica SBA-15 
at pressures above 20 GPa and room temperature (Figure 1). 
Inside the silica template, the 1D-sp3-carbon nanostructures 
are spatially separated from each other preventing their 
aggregation at the high-pressure conditions. Small Angle 
and X-Ray Scattering data collected for SBA-15/benzene 
composite clearly shows that silica mesostructure retains 
its periodic order upon compression, while X-ray diffrac-
tion experiments allow to track pressure-induced structural 
transformations of benzene.
Acknowledgements: This work was supported by the 
EFree, an Energy Frontier Research Center of the US De-
partment of Energy Office of Basic Energy Science (SC-
0001057)
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Within the last decade high pressure studies have received 
significant increase of interest. Present typical applica-
tions range from the investigation of solid-state organics 
as part of the pharmaceutical drug development to the 
study of rocks and minerals with applied pressures of up 
to 50 GPa. While in the past it has been almost impossible 
to accommodate and extend standard in-house solutions, 
i.e. hardware and software, to the needs of high-pressure 
crystallography, today this picture has changed completely. 
Modern high-performance software, such as APEX3, has 
been developed to address the intrinsic challenges of high 
pressure crystallography, particularly with respect to sample 
alignment, indexing, data integration and scaling. This com-
plements the significantly higher flexibility available in the 
hardware setup. Current instrumentation can easily be used 
for routine low temperature data collections, fully optimized 
with respect to minimizing air scattering and achieving full 
completeness and desired data multiplicity. Within just a 
few minutes the same instrument can be converted into an 
optimized solution for high pressure data collection, e.g. for 
the investigation of organic solid state material in a diamond 
anvil cell (DAC). Electronic component recognition ensures 
automated reconfiguration and validation of the instrument. 
This approach avoids invalid and useless configurations on 
the one hand, while on the other hand taking the special re-
quirements of a high-pressure experiment into account. For 
example, even with the limitations implied by the DAC best 
possible, completeness and data redundancy is automatical-
ly ensured.
Using a D8 VENTURE with a fixed-chi stage we will 
demonstrate the advanced hardware capabilities and pro-
cessing methods based on the monoclinic polymorph of the 
sulfonium ylid. The high flexibility of the D8 VENTURE 
design will be further demonstrated in the second part of 
the presentation: For the investigation of miniscule mineral 
crystals enclosed in diamond anvil cells, functionality typi-
cally only available at synchrotron facilities has been added 
to the in-house system. These features include highly accu-
rate, motorized sample positioning and the ability to moni-
tor intensity of the X-ray beam passing through diamond an-
vil cell. The latter is used both for DAC alignment, as well 
as for correcting measured intensity data. The availability of 
online pressure measurements based on ruby fluorescence 
completes the extension of the D8 VENTURE, making the 
system “a little synchrotron at home”.
Lab-based experiments up to 50 GPa with synchrotron-sized 
high-pressure single-crystal samples of even triclinic sym-
metry will be presented.
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We have investigated single crystals of 1-hydroxypyrene. 
This is a relatively uncomplicated crystal structure, where 
monoclinic unit cell consists of four molecules, kept togeth-
er by O-H...O hydrogen bonds and π-stacking intermolecu-
lar interactions. These interactions, as well as characteristic 
features of 1-hydroxypyrene molecules, such as conjugated 
aromatic rings, strongly affect the crystal morphology.
It is already known, that the morphology of a particular 
crystal can be assessed with the use of the attachment ener-
gy model [1]. There are also papers describing influence of 
solvent environment on crystal morphology [2,3].
In the case of 1-hydroxypyrene, when single crystals are 
grown from non-polar solvents such as n-pentane or n-hex-
ane, they crystallize in form of long, thin needles. Calcu-
lations of the attachment energy confirm this morphology. 
However, when single crystals of 1-hydroxypyrene are 
grown from polar solvents such as methanol or acetone, 
they crystallize in form of plates.
What is more, we have also performed crystallization of 
1-hydroxypyrene under pressure, with the use of Dia-
mond-Anvil Cell (DAC). Surprisingly, this experiment has 
revealed that under pressure, even where polar solvent was 
used, 1-hydroxypyrene again crystallizes in the form of nee-
dles, which are extremely flexible. Crystals are so pliable 
that during crystal-growth they can easily bend, even about 
almost 90 degree, rather than grow thicker. This behavior 
of crystals in DAC reveals dominant influence of hydro-
gen bonds on morphology of the crystal, and suggests, that 
the role of the solvent’s polarity in crystallization process 
diminishes with pressure. Molecules of 1-hydroxypyrene 
form substructures which are kept together by above-men-
tioned hydrogen bonds. Such substructures resemble col-
umns where aromatic rings of neighbouring molecules form 
π-stacks, thus enhancing the effects of H-bonding. These 
columns coincide with the long direction of the needle and 
allow it for the crystal’s flexibility. It can also explain negli-
gible compressibility with pressure in that particular direc-
tion in the crystal lattice.
This study was financially supported by the Polish National 
Science Centre (NCN) based on decision UMO-2015/17/B/
ST4/04216.
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Glasses are used for a large number of technological and every-
day applications. Among them, the system that has been most 
widely investigated is amorphous silica (a-SiO2). The struc-
ture of aSiO2 consists of corner-sharing SiO4 tetrahedra which 
form n-fold rings (with n ≥ 2, in a-SiO2 mostly n = 4, 5, 6, 7, 
8). The absence of Bragg reflections in diffraction experiments 
precludes the use of traditional crystallographic techniques to 
determine their atomic structure. However, it is clear that these 
materials possess well-defined local structure on the nanometer 
scale, which is often linked with their physical properties. Local 
structure can be obtained using x-ray total scattering from which 
the distribution of interatomic separations can be measured via 
the pair distribution function (PDF). High-quality PDFs require 
high-energy photons and access to large scattering angles to 
measure data to high values of momentum transfer (Q = 4π sin 
θ/λ).
It was recently discovered that when helium or argon are 
used as pressure transmitting medium, a-SiO2 exhibits a 
completely distinct compression behavior[1]. The com-
pressibility of a-SiO2 drastically decreases in a helium me-
dium which can easily be understood by the penetration of 
helium atoms (rHe=1.3 Å) in n-fold rings (with n ≥ 6, r6-fold 
ring =1.5 Å) which prevents collapse of the rings, contrary 
to argon (rAr=1.88 Å), and therefore the densification of the 
material; based on a poromechanics model [2], up to 0.53 
mole He can be incorporated under pressure.   In order to 
determine the structural change dependence of helium ad-
sorption on a-SiO2, high pressure PDF measurements were 
undertaken.
High-pressure high-quality data were obtained using 61 Kev 
photons up to 22 Å-1. The total scattering data was refined by 
the reverse Monte Carlo (RMC) method [3] in order to obtain 
changes  to bond-angle distributions and network topology of 
a-SiO2 in helium as a function of pressure. Partial PDFs were ob-
tained and permitted to understand the structural  modifications 
induced by the helium adsorption at high pressure which consist 
in: i) a broadening of the Si-Si bond distribution(inter-tetrahedra 
distances) in the first and second coordination shells; as a conse-
quence appearance of a new contribution  is also observed above 
3 Å for the Si-O PDF, ii) a decrease in the O-He distance distri-
bution with increasing pressure which becomes more ordered as 
a result of helium confinement.
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Controlling properties of materials, such as fluorescence, by 
subjecting them to macroscopic external physical stimuli 
(temperature, high-pressure, electric field ...) is a challenge 
for basic research and an important issue for developing 
industrial applications. Understanding the mechanisms gov-
erning the changes resulting from external stimuli is an es-
sential step in the design of new materials and in optimizing 
their properties.
Pyrene and its derivatives constitute one of the best studied 
groups of organic fluorophores[1] characterized by relative-
ly long-lived fluorescence (ns – μs excited-state lifetimes), 
high quantum yields and high environment sensitivity. 
Multi-substituted pyrene derivatives have already found 
applications in pressure sensors[2].
One particular property of these fluorophores is their pro-
pensity to form excimers. Another is their enhanced sol-
id-state fluorescence. Molecular ordering, resulting from 
π … π-stacking in the crystal lattice, seems to augment 
this process. The phenomenon can be considered peculiar, 
given that clustering of molecules is often raised as the 
reason for fluorescence quenching in other materials. In 
light of existing[3] and potential applications of pyrene 
derivatives in photo-cells and LEDs, a detailed study of 
the phenomena responsible for efficient fluorescence in 
solid state seems pertinent. Application of high pressure 
to the flat, aromatic pyrene derivatives in the crystal lattice 
should result in forced, closer placement of the aromatic 
fragments and may be considered as an experimental mod-
el for excimer formation, strictly controlled by the applied 
pressure.
Here we present the results of structural and spectroscopic 
investigation of a model, simple, monosubstituted pyrene 
derivative, which in solid state shows 6-fold increase in the 
quantum efficiency of fluorescence when compared with 
solution. The crystal structure is based on infinite face-to-
face π-stacks of molecules.
Structural analysis at several pressures confirmed minute 
changes within molecular structure, accompanied by signif-
icant modifications of the intermolecular interactions: it was 
possible to decrease the distance between the flat pyrene 
moieties by over 0.2Å. These changes were consistent with 
the changes predicted by means of quantum-mechanical cal-
culations, performed in periodic conditions. The decrease 
in intermolecular distance can be directly correlated with 
the decrease of the gap between the valence and conduction 
bands, marking the compound as an indirect semi-conduc-
tor. The changes in the electronic structure find confirmation 
in the sample’s color change under pressure and the spec-
tacular batochromic shift of the fluorescence maximum by 
100nm between the atmospheric pressure and 3GPa.
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Obtaining reliable information on intermolecular inter-
actions in crystal structures relies on highest-quality dif-
fraction data. This is even more the case when collecting 
high-pressure data from a sample in a diamond anvil cell 
(DAC) that limits completeness and observable reciprocal 
space. For such challenges, hardware becomes a crucial 
factor. A new generation of laboratory diffractometers using 
advanced sources and Hybrid Photon Counting (HPC) de-
tectors has been developed, enabling the collection of data 
at high pressures from even small and weakly diffracting 
crystals. However, high-quality data alone does not guaran-
tee a high-quality structural model and careful processing is 
critical for data collected from a sample in a DAC.
We will present a comparison of the results obtained with a 
previous generation laboratory diffractometer and the latest 
generation, using a PhotonJet-S microfocus source with sil-
ver radiation and a PILATUS3 R CdTe 300K HPC detector. 
Our results show that the latest generation hardware allows 
for substantially shorter measurement times, higher data 
quality, and refinement results not possible with the previ-
ous generation. Furthermore, we will discuss the impact of 
different data processing strategies on the results of crystal 
structure refinement.

MS18-P12
Role of size and electronegativity of the 
transition metal ion, on the high pressure 
behavior of dimethyl ammonium metal 
formates
Abhishek Chitnis1, Mirosław Maczka2, Himal Bhatt1, Mukund Deo1, 
Nandini Garg1

1. �Bhabha Atomic Research Centre, Mumbai, India
2. �Institute of low temperature and structure research, Polish 

academy of Sciences, Poland, Wrocław, Poland

email: abhishekchitnis87@gmail.com
Dimethyl ammonium metal formates (DmAMF) are import-
ant metal organic framework compounds (MOF). Though, 
they have been extensively studied at low temperature, to 
perceive their ferroelectric transition due to H-bonding [1], 
thermal expansion properties, stress-strain dependence, 
magneto-electric tunability [2] etc., very few studies have 
been carried out on these materials at high pressure. As per 
our studies, application of pressure deforms the formate net-
work. This results in the distortion of the cubo-octahedral 
cavities formed by it, leading to the structural phase tran-
sition [3]. However, the role, of size and electronegativity 
of the transition metal ion, on this phase transition, has not 
been addressed so far.
We have studied the dependency of divalent metal ion on 
pressure evolution of DmAMF (M = Ni, Co, Mn, Cd). Our 
IR spectroscopic studies show that the framework structure 
of the formates with transition metal cations having small-
er ionic radii [Ni2+(0.69Ao) < Co2+(0.745Ao) < Mn2+(0.83Ao) 
< Cd2+(0.95Ao)] distort at higher pressures and the degree of 
distortion is less than the formates with higher cationic radii. 
It was also observed that the lower flexibility of the formate 
network in these compounds can be attributed to the stronger 
metal-formate coordination bond. In addition, on application of 
pressure the CNC mode softens [Fig (c) & (d)] and some of the 
hydrogen bonds weaken [Fig (a) & (b)] in the formates having 
smaller ionic radii cations, indicating that the electronegativity 
of the metal ion plays a vital role in the high pressure behavior 
of the coordination and hydrogen bonds. This information can 
help us to design new MOF’s with tailored properties. Further 
results will be discussed.

References:
[1] M. Mączka, A. Gągor, B. Macalik, A. Pikul, M. Ptak, and J. 
Hanuza, Inorg. Chem. 53, 457, 2014.
[2] W. Wang, L. Q. Yan, J. Z. Cong, Y. L. Zhao, F. Wang, S. -P. Shen, 
T. Zou, D. Zhang, S.G. Wang, X. F. Han & Y. Sun, Scie. Rep. 3, 
2024, 2013
[3] Abhishek Chitnis, H. Bhatt, M. Maczka, M. N. Deo, Nandini 
Garg, (submitted to Inorganic Chemistry on 15 Feb 2018)

Keywords: MOF, High pressure, IR



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e282

MS19- Materials on energy saving 
and climate sustainability

Chairs: Dr. Klaudia Hradil, Dr. Claudia Weidenthaler

MS19-P01
Metal hydro-borates for Li- and Na-ion 
batteries
Radovan Černý1,  Emilie Didelot1, Yolanda Sadikin1, Matteo Brighi1, 
Fabrizio Murgia1

1. �Laboratory of Crystallography, DQMP, University of Geneva, 
Geneva, Switzerland

email: radovan.cerny@unige.ch
Complex hydrides based on light hydro-borate anions such as 
borohydride BH4

− or closo-borate anion B12H12
2− find their place 

as solid stores for hydrogen, and since recently, also as solid elec-
trolytes in Li- and Na-ion batteries. The mobility of the cations 
depends on the pathways available in the anion packing, chem-
ical interaction of cations with anions and on the anion thermal 
motion such as tumbling or rotation. While the latter two require 
important experimental and theoretical effort, the first parameter 
can be easily analysed and quantified from the crystal structure 
data obtained by X-ray diffraction. A thorough crystal chemis-
try analysis of observed crystal structures, allows us to find the 
structural aristotypes and to draw conclusions about the bonding 
and building principles in this important category of materials as 
it was done recently for the borohydrides (Figure 1).
Among others, the modification of Na2B12H12, promising 
Na-ion solid electrolyte, by anion modification and anion 
mixing will be shown. 1-2 Novel synthetic way completed by 
ab inito structural characterization using synchrotron X-ray 
powder diffraction and ab initio calculation allowed discov-
ery of several 3d transition metal closo-borates - potentially 
battery electrodes (Figure 2).3
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Herein we report the solvent-free synthesis and doping of 
the benchmark HKUST-1(Cu) as a facile route to afford 
heterometallic MOFs and their proficient behaviour as 
electrocatalytic materials in the carbon dioxide reduction to 
alcohols. Precisely, Zn(II), Ru(III) and Pd(II) were selected 
as doping metals (MD) with the aim of partially replacing 
the Cu(II) atoms of the pristine structure to afford HKUST-
1(Cu,MD) type materials.
The introduction of a doping element implies a slight in-
crease of the cell parameter with respect to the homometal-
lic HKUST-1. This fact is attributable to the occurrence of 
longer M ··· Ocarboxylate coordination bond distances that im-
plies the presence of the dopant in the paddle-wheel shaped 
dinuclear [M2(OOC)4] secondary building unit. In the case 
of Ru(III) and Pd(II), which are elements of the second tran-
sition series, their greater ionic radii values are consistent 
with an increase in coordination bond distances and cell 
parameters. On the contrary, Zn(II) exhibits a rather similar 
ionic radius to that of Cu(II), but the Jahn-Teller effect of 
Cu(II) (d9) implies shorter equatorial coordination distances 
than those found in analogous paddle-wheel shaped Zn(II) 
complexes.1

Prepared samples were processed as gas diffusion electrodes 
(GDEs) and assembled in a continuous flow filter-press 
electrochemical cell with the aim of converting CO2 into 
added-value chemicals.2 The obtained products are mainly 
methanol and ethanol with Faradaic efficiencies that range 
from 6 to 60%, which are values comparable or greater than 
those provided by conventionally used elemental copper 
and copper oxides.
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The pioneering studies on crystalline titanium phosphates were 
conducted by the Alberti Lab in the University of Perugia (Ita-
ly) and emerged in the wake of the work of the Clearfield Lab 
(USA) on zirconium phosphates, not to mention the contribu-
tions from the Soviet school, especially the Chernukov Lab in 
Nizhni Nóvgorod (Russia). In this context, our group at the Uni-
versity of Oviedo (Spain) published its first articles on this topic 
at the beginning of the 1980s. In the last decades, a great variety 
of metal phosphates has been synthesized and characterized. 
These compounds exhibit a multitude of fascinating structures 
and the dimensionality of their inorganic framework encompass-
es one-dimensional chain or ladder structures, two-dimensional 
layers and three-dimensional structures possessing channels of 
different sizes [1]. Two Ti2O(PO4)2·2H2O 3D-polymorphs (r-TiP 
and π-TiP) were prepared hydrothermally [2], and the crystal 
structure of two polymorphs were solved ab initio from synchro-
tron X-ray powder diffraction data. The topology of two fibrous 
materials consists of a Ti/P/O framework enclosing two different 
linear channels parallel to the direction of fibers growth, both 
containing water molecules coordinated to only one of two oc-
tahedral-coordinated independent titanium atoms. Since the syn-
thesis of r-TiP and π- TiP, and although this compound has been 
the subject of much attention and studies, our renewed interest 
in this material broke out as a result of its measurable thermally 
activated nitrogen-adsorption [3]. This behavior constitutes the 
first example of nitrogen-fixation by an inorganic material at 
above-ambient temperature. Despite of their neutral network, 
these compounds exhibit a surprising ability for the intra-crystal-
line incorporation of metal cations into their structural channels 
maintaining its fibrous topology. Here, we report the synthesis 
and characterization of metal-based materials with potential use 
as photoluminescent devices (europium), bioactive systems (sil-
ver), or anodes for metal-ion batteries (alkali metals).
Acknowledgments. This work was financially supported 
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Classical ferroelectrics and relaxors are two distinct classes 
of materials [1]. Among these, BaTiO3 is the best-known 
prototype of classical ferroelectric materials character-
ized by three phase transitions: rhombohedral-orthorhom-
bic-tetragonal-cubic. The ferroelectric (tetragonal) -par-
aelectric (cubic) phase transition occurs at 120 °C and 
the orthorhombic-tetragonal transition occurs at low tem-
perature (~ 5 °C). The improvement of the properties of 
BaTiO3 has been the subject of considerable efforts for 
several years. The abundant literature has shown that many 
substitutions have been tried in (Ti and/or Ba) sites. Some 
of these substitutions give rise to a particular dielectric 
behavior known as relaxor. In addition to the usual appli-
cations of ferroelectric materials, relaxors are used in the 
fabrication of dielectrics for capacitors and actuators [2]. 
Unfortunately, these materials are based on lead which is 
harmful to the environment. As a result, research is directed 
towards environmentally friendly applications using lead-
free materials as alternatives. It is in this context that the 
present study was conducted. We have initially elaborated 
new ceramics of formula Ba0.925Bi0.05 (Ti0.95-xZrx) 
Sn0.05O3 and symbolized by the term BBiTZxS (x = 0.05, 
0.15, 0.20; 25, 0.30). After that, we studied the evolution of 
the structure and the dielectric properties as a function of 
Zr composition. The characterizations were performed by 
X-ray Diffraction, Raman Spectroscopy and dielectric mea-
surements as a function of temperature. The results show a 
classical ferroelectric behavior at low concentrations of Zr 
which turns into a relaxor when the Zr content increases. 
On the other hand, preliminary photoelectrochemical inves-
tigations showed appropriate position of the energetic band 
of these materials which is very interest for photocatalysis 
applications while respecting the environment.
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Keggin and Wells-Dawson heteropolyanions, PW12O40

3- and 
P2W18O62

6-, respectively, are nanosized transition metal-ox-
ygen clusters belonging to the heteropolyacids (HPAs) fam-
ily. They are widely used as catalysts, due to their strong 
Brönsted acidity, and their dispersion on solid supports 
favours the accessibility to their acid sites increasing their 
catalytic activity. Notably, the UV-irradiation significantly 
increases their catalytic performance [1].
A series of binary materials composed of Keggin or 
Wells-Dawson HPAs and SiO2, TiO2, ZrO2 or C3N4 has been 
prepared by impregnation and/or solvothermal methods. 
Remarkable differences in the (photo)catalytic activities of 
unsupported HPAs and binary materials are related to the 
structural changes of the supported HPAs due to the clus-
ter-support interaction, which modifies their acidic strength 
and redox potentials. The nature of the support, particularly 
its acidic or basic character, defines the state of the depos-
ited HPA. The application of XAS allowed to study the 
modes of interaction between the metal-oxide cluster and 
the support surface. Fitting of W L3-edge EXAFS spectrum 
of the HPA/SiO2 prepared by impregnation revealed only a 
slight increment of the coordination number of the tungsten 
atom both in W=O and W-O-W bonds, suggesting that the 
supported HPA remained almost intact. The solvothermal 
impregnation, although gave almost the same result for sili-
ca support, drastically affected the W arrangement in HPA/
TiO2 and HPA/ZrO2. The increase of the coordination num-
ber of W=O and the decrease of that of the W-O-W implies 
the occurrence of strong HPA interactions with the TiO2 
and ZrO2 surfaces. For the solvothermal preparation of the 
HPA-oxide composites the increase of the W=O coordina-
tion number followed the sequence SiO2<TiO2<ZrO2 having 
the values of 1.25, 3.80, 4.40, respectively. This dramatic 
change could be explained by the partial destruction of the 
HPA cluster forming WO3 species. These changes, in addi-
tion to the bulk and surface features of the supported HPAs, 
influenced the reaction performance of the (photo)catalytic 
propylene hydration [3] and 2-propanol dehydration [4,5] to 
a significant extent.
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Porphyrin molecules are excellent candidates for bridging 
ligands in building solid networks because of their rigidity, 
large physical dimensions, tunable peripheral substituents, 
and an additional metallation site in the core of the fully 
conjugated macrocyclic compound. Thus, metalloporphy-
rin complexes play an important role in natural systems, 
carrying out essential functions in photosynthesis, oxygen 
transport, electron carrier and catalytic reactions. These 
functions are especially interesting if reproduced in the sol-
id state. In fact, metalloporphyrinic solid networks can be 
extended in the three dimensions of the space through cova-
lent and hydrogen bonds as well as through π interactions. 
As a result, robust, thermally stable, solid coordination 
frameworks SCFs can be produced.1 Porous coordination 
frameworks are called MOFs (metal-organic frameworks),2 
and their stability is one of their weakest points, so the re-
ticular chemistry of MOFs can be used to produce stable 
networks based on metalloporphyrins.3 When porous net-
works are produced, applications like gas adsorption and 
heterogeneous catalysis are available.
In this context, our research group has a large experience 
in the synthesis and characterization of porphyrin-based 
SCFs, with different peripheral substituents such as carbox-
ilates and sulfonates: meso-tetra(4-phenyl)porphyrin (TPP), 
the meso-tetra(4-carboxyphenyl)porphyrin (TCPP), and 
the meso-tetraphenyl porphine-tetrasulfonate (TPPS). The 
work herein presented is focused on the catalytic activity of 
a family of porphyrinic solid frameworks. The as-produced 
SCFs have been exhaustively characterized. The catalytic 
activity has been investigated for some reactions: oxidation 
of alcohols, aldol and Knoevenagel condensations and one-
pot cascade reaction for the acetal hydrolysis, followed by 
a C-C Knoevenagel condensation. In most of the studied 
compounds, this activity, as heterogeneous catalyst, shows 
high conversion and TOF (turnover frequencies) values.
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Alkali activation is the chemical process through which 
an aluminosilicate powder (referred to as the precursor) 
interact with a strongly alkaline medium (the activator) to 
yield ceramic-like materials with good binding properties. 
The process occurs at room temperature starting from waste 
or industrial by-products, allowing for a significant reduc-
tion of emissions of greenhouse gases. Nowadays, Alkali 
Activated Materials (AAMs) have emerged as novel engi-
neering materials with potential use in many application 
fields, in particular as environmental-friendly alternative 
to traditional construction materials. AAMs exhibit proper-
ties, which include formability comparable to epoxies, high 
temperature stability, chemical resistance comparable to ce-
ramic oxides and compressive strength superior to concrete. 
Moreover, they show adsorptive properties towards metal 
cations, wastewater pollutants and CO2. Tailoring the prop-
erties of AAMs for specific applications requires full control 
on synthesis conditions and understanding of the structural 
and microstructural features of the final product.
In a recent work from our group, the feasibility of using sul-
phate-bearing kaolin for alkali activation has been assessed 
[1]. Alunite, KAl3(SO4)2(OH)6, which is present in the ka-
olin, hinders the use of these clays in the ceramic industry 
due to the release of SOx at HT. Nonetheless, it is a poten-
tial source of potassium and aluminium. AAMs obtained at 
temperature below desulphation show high thermal stability 
and compressive strength as high as ca. 80 MPa. Thenard-
ite, Na2SO4, deriving from the dissolution of alunite, was 
observed in the final products. Nonetheless, sulphate is still 
present in the samples after leaching. In order to identify the 
possible non-soluble sulphate-bearing phases and evaluate 
the possibility of sulphate uptake by the gel itself, zeolitisa-
tion of kaolin was carried out under molten conditions [2] in 
the absence or presence of sulphate.
Kaolin-alunite mixtures were melted with NaOH at 550°C, 
incubated in vessels with distilled water, and resulting pow-
ders characterized by Rietveld refinements of XRPD pat-
terns, FT-IR and SEM-EDS. Zeolites Y and A crystallize in 
sulphate-free mixtures, as expected, while sulphate-bearing 
CAN is the main reaction product of all alunite-containing 
batches. Therefore, sulphate ion could drive the nucleation 
and precipitation of CAN-type zeolites at room pressure, 
analogously to CO3

-, NO3
-, and SO3

2- [3]. These findings 
suggest that sulphate may have the same effect also in alkali 
activation process. This hypothesis is supported by prelimi-
nary 29Si and 27Al NMR data, indicating cancrinite as one of 
the candidate phases for trapping sulphur in AAMs.
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The development of room temperature solid electrolytes 
(SEs) is one of the  keys for the realization of solid-state 
batteries – a post lithiumion technology, with probably bet-
ter performance than this. For such a SE, a glass-ceramic 
synthesis route (GCSR) is particularly suitable, because this 
is less expensive than other production methods and can be 
used on an industrial scale. The maximum achievable con-
ductivity (C) of SEs is determined by the used ionic-con-
ductive phase (ICP), in our case this is the crystalline phase 
Na5YSi4O12. The practical C is decisively influenced by the 
microstructure of the SE, in particular the realization of a 
suitable percolation path; which is determined by the pro-
portion of the ICP and their crosslinking. We will present 
the influence of different GCSR on the microstructure of the 
SE and the resulting conductivity change.
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An interesting route for the valorization of CO2 consists on 
its photocatalytic conversion into fuels and/or chemicals 
in the presence of water and suited photocatalyst [1]; this 
process is also known as Artificial Photosynthesis (AP). 
Such conversion is a quite challenging process since CO2 is 
a very stable compound and its reduction involves a series 
of multi-electron reactions. Extensive efforts are focused on 
improving the photocatalytic efficiencies, especially when 
using water as the electron donor. Generally, this process 
suffers from very low quantum yields and non-selective 
product distributions, due to the complexity of the involved 
multi-step reactions.
During the last years, a series of innovative materials with 
versatile properties and multifunctional character, known as 
hybrid materials, have been developed. Synergistic effects 
between their components provide these materials with ex-
citing properties for light harvesting and charge separation, 
fundamental issues in artificial photosynthesis. Therefore, 
the development of new hybrid multifunctional photocata-
lysts using sunlight to produce fuels and chemicals is con-
sidered as a cornerstone for CO2 valorisation technologies.
In this work we report different strategies and modifications 
photocatalysts to increase process performance. The modi-
fication of optoelectronic properties of through the use of 
band gap engineering strategies, allow controlling the ab-
sorption of incident photons, redox capabilities and subse-
quently the photocatalytic performance. In addition, metal 
nanoparticles act as electron scavenger and as co-catalyst 
[2-3].
On the other hand, the use of novel hole transport materials 
maximize the light harvest and charge separation. On the 
other hand, efforts are devoted to shed light on mechanistic 
aspects of the reaction. In order to clarify the effect of dif-
ferent parallel and competitive reactions in the activity and 
products distribution, a series of photocatalytic experiments 
in combination with operando characterization using syn-
chrotron radiation and laboratory techniques and theoretical 
calculations were performed.
These studies show that introduction of SPR NPs as co-cat-
alyst or conductive polymers as hole transports leads to 
changes in the conversion and enhanced selectivity to high-
er demand electron products, such as CH4, while the CO and 
H2 concentrations decrease.
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Ga:ZnO thin films (GZO) are studied in order to achieve 
good characteristics for optoelectronic devices. The purpose 
of this paper is to study the thin films proprieties grown by 
Pulsed Laser Deposition. Doped ZnO thin films were char-
acterized structural and optical. X-ray diffraction measure-
ments reveal a polycrystalline structure of films and doped 
ZnO films exhibit hexagonal wurtzite crystal structure.  
Thin films thicknesses are around 160 nm - 680 nm. The 
optical transmittance of GZO thin films is over 70%, which 
indicates possible applications for optoelectronic devices. 
Pulsed laser deposited for n-type transparent ZnO can be 
applied to optoelectronic devices in order to replace the con-
ventional ITO and AZO films.
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Oxide interfaces have received greater attention due to the 
possibility to obtain properties that are very different from 
bulk materials. Due to the wide variety of electronic and 
ionic phenomena than can be detected at the interfaces, such 
materials have many technological applications [1]. Atten-
tion is being drawn to oxide heterostructures, a new family 
of artificial materials where electronic and ionic properties 
can be modulated at the interfaces by varying the character-
istics of the layers [2, 3]. Slight variations in the near an-
ionic-cationic order might take place if there exists strained 
interfaces. The interest in multilayared heterostructures 
derives from the mobility deffects and the space-charge-
zone effects at the interfaces. In addition, a new degree of 
freedom related to the capacitive and resistive contributions 
is provided as a consequence of the size effects of these ar-
tificial structures.
In the present work, for the first time, we investigate the 
structure, microstructure and electrical properties of a new 
family of heterostructured materials with alternated thin 
layers of La0.6Sr0.4CoO3 (LSC) and Ce0.8Gd0.2O2-δ (CGO) de-
posited by pulsed laser deposition on (110) NdGaO3 (NGO) 
single crystal substrates. In order to evaluate the interfacial 
contribution to ionic-electronic conductivity and know what 
is actually happens at the interface of MIECs, different het-
erostructures were prepared by varying both the number of 
bilayers (N) and the total thickness of the samples (N = 2 
and 5; and the thickness were 50, 100 and 300 nm).
The quality of the samples was examined by HR-TEM and 
all of them presented well defined interfaces. The rocking 
curve and HR-TEM images indicate that the CGO cells are 
rotated 45º with respect to NGO and LSC ones as can be 
observed in the figure. In addition, due to the great lattice 
mismatch between NGO, CGO and LSC, the asymmetric 
reflections of (113) plane can be distinguished in the re-
ciprocal space mapping and the analysis of these results 
indicates that the interfaces generate a compressive strain 
in CGO layers and, consequently, tensile strain in the LSC 
ones. Conductivity of CGO/LSC heterostructures is affect-
ed by the thickness and the number of interfaces in the het-
erostructure, and the thickness is the dominant factor in the 
conductivity variation.
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Databases like the Cambridge Structural Database or the 
Crystallographic Open Database are good at collecting in-
formation from crystallographic experiments and making it 
searchable. But to my knowledge, there is no easy-to-use 
software to find and present the results of crystallographic 
experiments for a single workgroup.
Presented is a new computer program called StructureFind-
er. It creates a database of crystallographic structures on 
a computer and makes them searchable. The program can 
search for various properties: Unit cell, free text, creation 
date, included atom types and space group. To build the 
database, StructureFinder collects all computer information 
files (cif file format) below certain directorys on a hard disk. 
The containing information is stored into a SQLite database. 
The database can be accessed by two different interfaces. 
A stand-alone Qt program (figure 1) to install on a single 
computer or a web interface (figure 2) to be accesses by a 
whole work group.
StructureFinder greatly enhances the ability to find old 
structures in huge collections of crystallographic datasets. 
The program can easily handle more than 10.000 structures. 
It can be downloaded at https://www.xs3.uni-freiburg.de/
research/structurefinder.
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Sample cooling has become widely implemented in crys-
tal structure determination, due to the broad array of ad-
vantages it offers (Goeta & Howard, 2004). In particular, 
measurement at reduced temperatures can severely improve 
data accuracy and resolution for small molecule crystals, 
due to reduced and more isotropic atomic vibration (Brock 
& Dunitz, 1990). In addition, it can reduce radiation dam-
age in protein crystals, enable variable temperature or phase 
transition studies and allow measurements of samples that 
are not stable or solid under ambient conditions. Low tem-
perature can also prevent crystal damage due to the escape 
of co-crystallized solvent, which often retains a relatively 
high vapor pressure. Because the cooling medium used in 
open-flow sample cryostats is either nitrogen or helium gas, 
air-sensitive and even pyrophoric crystals can be measured 
using standard equipment. However, transferring sensitive 
samples from storage vessel to diffractometer, without com-
promising crystal and data quality, remains a challenge in 
many cases.
A straightforward procedure for preparing and mounting 
crystals under inert conditions is demonstrated, using a 
specialized apparatus (μCHILL). The technique is extreme-
ly flexible, requiring only a single operator, little practice 
and almost no preparation time. The device enables a wide 
temperature range (at least –60 °C to room temperature), 
providing temperature control and very stable conditions 
with no ice formation over extended time periods. The flex-
ible, modular and low-cost design is based on 3D printed 
parts and readily available standard components, potentially 
making the device available to a wide range of users and 
applications not limited to single crystal studies.
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Small molecule X-Ray structure determination can be con-
sidered as a three step process where each step is dependent 
the previous one.
Data collection. All special techniques (unstable samples, 
low temperature, high pressure experiments etc.) were well 
established many years ago. The revolution in computing 
during the last two decades speed up this step significant-
ly as modern diffractometers with power radiation sources 
can collect full-sphere data with high redundancy in a few 
hours. As a result this step nowadays is absolutely routine in 
all specialized facilities.
Structure Solution/Refinement. “Black-box”, like Bruker 
EXPRESSO, obtains good results for simple samples by us-
ers without sufficient background in symmetry, crystallog-
raphy, diffraction, refinement and even chemistry. However, 
in real life the majority of structures must be resolved unam-
biguously only by experienced professionals to consider the 
best route and final point of analysis, which is not always 
obvious and beyond a reasonable doubts.
As an example, giant spherical keplerate cluster structures 
like {Mo72V30} require a lot of restrains to model the disor-
der during the refinement to hold outer and inner ligands at 
reasonable positions and with acceptable temperature fac-
tors. The concomitant difficulties are: the split positions for 
metal core, the huge voids filled with diffused water solvent, 
uncertainties in the valence state of metals and occupancy 
of counter-ions. Where is the limit of data “massaging” and 
“fixing” on the way of supporting our model of choice?  
Where should we stop?
Majority of customers use X-Ray structure determination 
for the qualitative and quantitative analysis which means 
they are fully satisfied with the connectivity table to assure 
the synthetic path and the proof of obtaining the target sub-
stance. How far should we go with such structures? The 
refinement for the simple metallo-organic complex can il-
lustrate how stepwise split of disordered benzene solvent 
position influence the geometrical and thermal parameters 
of the main cluster.
Publication. Can we trust old X-ray structural results even 
though they can hardly pass the new strict requirements for 
publication? How many different expert opinions can we 
have on one simple structure like [Cr3(C3H5O2)6O(H2O)3]
NO3 x 0.5H2O and what is wrong with publishing ques-
tionable (or even unintentionally wrong) results? Should 
we still describe the structure in a paper if we must supply 
CIF with all intensity/refinement data? Why one might still 
consider service crystallographer as a valuable co-author of 
publication? Let us try to get a consensus on those and some 
other questions
Keywords: refinement, publication, checkcif
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Diamond exhibits several unique properties, such as high 
thermal conductivity, low thermal expansion, extreme 
hardness, chemical inertness and a fairly high transmission 
coefficient for X-ray radiation. The thermal conductivity of 
diamond is about 5 times higher than that of copper and the 
highest known conductivity of all bulk materials [1]. There-
fore, diamond, being a non-toxic material, is increasingly 
replacing traditional materials for the thermal management 
in challenging applications where a high local heat load 
needs to be dissipated, such as in heat sinks for high-power 
microelectronic devices.
The high transmission coefficient, even at low X-ray ener-
gies, fosters the use of diamond in X-ray components such 
as carrier membranes in X-ray lithography or X-ray win-
dows. In X-ray sources, diamond can be used as a transpar-
ent heat sink directly coupled to the anode material. This 
improves the heat dissipation considerably and allows for 
an increase in tube brilliance by applying a higher power 
load on the anode.
The IµS DIAMOND is a new type of microfocus sealed 
tubes using a unique anode technology, the diamond hybrid 
anode. It takes advantage of the exceptional high thermal 
conductivity of diamond by using a bulk industrial diamond 
as a heat sink, which is coated with a thin layer of the tar-
get material, such as Cu, Mo or Ag. The diamond heat sink 
makes the heat dissipation in a diamond hybrid anode more 
efficient. Consequently, the IµS DIAMOND can accept a 
higher power density in the focal spot on the anode with-
out damaging the surface of the target layer. The balanced 
heat management in the source assures that the intensity loss 
over time is only a few percent over 10,000 h of full pow-
er operation, which is significantly lower than the intensity 
degradation observed for microfocus rotating anodes [2,3]. 
Therefore, the intensity of the IµS DIAMOND is about 20% 
higher than the average intensity output of a modern micro-
focus rotating anode.
The IµS DIAMOND establishes a new class of X-ray sourc-
es, combining an intensity output that exceeds the average 
intensity of a microfocus rotating anode with all the com-
fort and lifetime of a standard microfocus sealed tube with 
a bulk anode. In this presentation, we will be discussing the 
main features of the IμS DIAMOND and presenting select-
ed results to demonstrate the impact of this new class of 
microfocus sealed tube X-ray sources on the data quality 
for applications, such as protein and small molecule crys-
tallography.
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EMBL Hamburg is operating three beamlines (P12 for 
small-angle X-ray scattering ‘SAXS’, P13 and P14 for mac-
romolecular crystallography ‘MX’) on the PETRA III stor-
age ring at DESY (Hamburg, Germany). The beamlines are 
embedded in the Integrated Facility for Structural Biology 
which - in addition to the X-ray  experiments on the beam-
lines - offers facilities and services for sample preparation 
and characterization and for data analysis.
By using the highly brilliant X-ray beam produced by PE-
TRA III, beamlines P13 and P14 enable X-ray diffraction 
experiments on the most challenging crystals:

•	 small (< 100 µm3) crystals can be exploited using mi-
cro-focused X-ray beams and serial crystallography 
strategies

•	 optimum data can be extracted from large crystals 
with a highly parallel large beam.

•	 phasing is facilitated by a high photon flux at low 
X-ray energies

•	 diffraction from large unit cells (> 1000 Å) can be 
resolved

•	 data from fragile crystals can be collected in situ in 
CrystalDirectTM plates

•	 For pump-probe experiments , a dedicated endstation 
is under construction on P14.

For less challenging cases, a highly automated and inte-
grated environment is in place for high-throughput data 
collection.
The Sample Preparation and Characterization facility (SPC) 
provides an entry point for protein samples which still need to 
be tested and prepared for use in SAXS and/or MX. A suite of 
biophysical protocols is available to evaluate the suitability of 
user-supplied samples; preparative techniques can then be ap-
plied to optimize samples for crystallization. For crystallization, 
high-end equipment is in place that can be accessed remotely via 
the web-based CRIMS system. A CrystalDirect system has been 
installed for automated crystal harvesting and a dedicated deriv-
ative lab is available for users for derivatization experiments.
Various modes of access are available (For details, please 
visit: www.embl-hamburg.de):

•	 competitive: P13 / 14
•	 collaborative: P13 / P14
•	 EU-supported (iNext): P13 / P14 / SPC
•	 fee for service (academic / industrial): P13 / P14 / 

SPC
We will describe the user-accessible facilities, examples 
of projects ‘from protein to structure’, experimental high-
lights, and the available access modes.
Keywords: beam lines,micro crystallography, integrated facility
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Imidazole (Im) and pyrazole (Pyzl) rings occur in drugs 
such as cimetidine and celecoxib.  The Im ring of histidine 
is important in biological systems since it often participates 
in proton relays.  The NH group of one neutral Im or Pyzl 
ring frequently hydrogen bonds to N of an adjacent ring; the 
similarity of electron density between NH…:N and N:…
HN muddles the assignment of protonation sites.  Geomet-
rical criteria can be more reliable.
Malinska et al. [1] developed criteria for the protonation 
state of histidine.  Differences in bond length between 
C-NH and C=N, along with differences in bond angle be-
tween C-NH-C and C=N-C were most significant.  A precise 
neutron diffraction study at 103 K of Im [2] gave 1.347, 
1.322 Å and 107.1, 105.1°.  A search of the 2018 version of 
the CSD for non-fused neutral Im rings in organic structures 
with R <= 10% and no recognized disorder yielded 547 hits 
with 478 unique refcodes.  The mean difference DISDIF 
between C-NH and C=N bond distances was 0.024(12) Å; 
between C-NH-C and C=N-C angles (ANGDIF), 2.3(8)°.  
In 5 structures both differences are < -0.01 Å and < -0.8°, 
implying that the H atom has been misplaced.  Alterations 
are suggested.  For a sizeable number of structures both dif-
ferences have small absolute values, suggesting previously 
undetected NH/N disorder.
A similar search for Pyzl structures yielded 723 hits, 635 
unique.  Pyzl itself with Z’ = 2 is not a totally reliable guide 
to geometry:  a comprehensive variable-temperature study 
[3] showed small amounts of charge transfer from one ring 
to another and NH/N disorder.  Their structure determina-
tion at 100 K gave, for the independent molecules, C-NH 
and C=N distances of 1.338, 1.334 and 1.347, 1.330 Å, 
C-NH-N and C=N-NH angles of 112.2, 104.2 and 112.2, 
104.5°.  Notwithstanding the closeness of bond distances, 
the differences in bond angles are unmistakeable.  Nine 
structures have DISDIF < -0.01 Å and ANGDIF < -3.3°, 
implying that the wrong N atom has been protonated; 5 are 
corroborated by CheckCIF Alerts for clashes.  Most sym-
metrically substituted Pyzl structures have 50:50 NH/N 
disorder, and the prevalence of smaller ANGDIF values 
suggests widespread partial disorder.
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Kβ is much weaker in intensity than Kα and therefore prac-
tically not used for single crystal diffraction experiments. 
Most X-ray labs are equipped with Mo-Kα and Cu-Kα sourc-
es, but in some cases an intermediate wavelength would be 
desirable. Such a compromise can be provided by Cu-Kβ 
radiation (λ = 1.39 Å). Compared to Cu-Kα (λ = 1.54 Å) 
the amount of available data is increased by more than 35 
per cent and the absorption significantly lowered. This can 
also be achieved with Mo-Kα (λ = 0.71 Å), but the quantum 
efficiency of the diffraction is much higher for Cu-Kβ. An-
other general advantage of Kβ radiation compared to Kα is 
the absence of α1/α2 splitting at higher diffraction angles. 
This leads to a relative improvement of the I/σ(I) at high-
er resolution. Our investigations have shown that in many 
cases almost identical or even better quality structures could 
be obtained by using the Cu-Kβ wavelength compared to 
either Mo-Kα or Cu-Kα. We even encountered some struc-
tures that could only be refined properly when Cu-K β  data 
was applied.[1]
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One of the main limitations for crystallographic studies – 
whether it be in structural biology, chemical analysis or 
material science – is the availability of suitable diagnostic 
instruments which are to-date typically found in the form of 
large accelerator-based facilities, such as Free-Electron La-
sers (FELs), synchrotron storage rings or accelerator-based 
neutron sources.
With the Horizon 2020 project EuPRAXIA (“European 
Plasma Research Accelerator with eXcellence In Appli-
cations”) we want to present a possible approach towards 
solving this research bottleneck through the use of novel 
compact accelerator technology. Currently in its conceptu-
al design phase, the future EuPRAXIA facility will centre 
around a multi-gigaelectronvolt plasma-based electron ac-
celerator delivering industrial-grade beam quality. Radia-
tion sources will be available in the form of a Free-Electron 
Laser in the single nanometre to sub-nanometre wavelength 
range as well as more compact radiation generation schemes 
tunable in the UV to gamma-ray regime. Compact positron 
and neutron sources are foreseen as possible additional fea-
tures. Thanks to the utilized plasma accelerator technology, 
the generated beams will be intrinsically ultrashort – on the 
order of single to tens of femtoseconds in duration – as well 
as small in transverse size – down to single micrometres. 
This makes them highly suitable as probe beams for various 
applications, including time-resolved studies and pump-
probe experiments.
One of the main aspects that will set EuPRAXIA apart from 
conventional instruments of the same class is a considerable 
reduction in size and cost due to its smaller design. It will 
thus not only provide a novel analytical instrument, but will 
also present, beyond that, a first European prototype facility 
paving the way towards future cost-effective, compact light 
and particle sources.
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Beam time at X-ray Free Electron Lasers (FELs), such as 
the Linac Coherent Light Source (LCLS), is currently over-
subscribed several fold.  At LCLS, multiplexing has been 
used to increase access by using a monochromator to ex-
tract a 0.5 or 1 eV slice of the pink beam bandwidth (~50 
eV) and deliver it to a different experiment; this setup is 
commonly used for multiplexing of the monochromatized 
beam at X-ray Pump Probe (XPP) and Coherent X-ray Im-
aging (CXI) instruments.  However, many experiments at 
CXI utilize a small fraction (< 50%) of the incident beam 
due to a combination of small scattering cross sections and 
< 50 µm path lengths. Therefore a new chamber and re-fo-
cusing optics were designed to make use of the transmit-
ted beam from a primary experiment at CXI.  The Serial 
Sample Chamber (SSC) was commissioned in July of 2016 
and started parasitic operations immediately, contributing 
to single-wavelength anomalous difference (SAD) protein 
crystallography experiments conducted the same month. 
Since its successful commissioning, in-house experiments 
and user experiments have been conducted in SSC, expand-
ing the amount of available beam time to the community.  
Starting in 2017, SSC became the dedicated place for the 
Protein Crystallography Screening (PCS) program at LCLS.  
Results from using SSC for experiments and the quality of 
the recycled beam will be discussed including discussions 
of the challenges facing the parasitic experimental setup. 
The serial data collection setup will soon be implemented at 
European XFEL at the SPB/SFX instruments.
Keywords: Crystallography, X-ray FEL
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Interaction of minerals with water frequently yields dissolu-
tion-coprecipitation processes in which foreign ions incor-
porate into the solid structure substituting for the major ion. 
By this way, coprecipitation often controls the transport and 
fate of harmful ions in the environment and can be exploited 
for environmental remediation.
Geochemical modeling and experimental studies of these 
aqueous – solid solution (AQ~SS) processes are typically 
performed using pure minerals. However, the host minerals 
could be binary solid solutions and the study of their inter-
action with a third dissolved ion would require considering 
ternary solid solutions (TSS). The first step in modeling co-
precipitation processes is providing the equilibrium state to 
which a specific AQ-SS system will tend to react.  However, 
computer codes like PHREEQC does not deal with non-ide-
al ternary or higher order solid solutions and GEM-Selektor 
[Wagner et al., 2012; Kulik et al., 2013] is the only mod-
eling code that allows calculating equilibrium in AQ-SS 
systems that involve non-ideal multicomponent solid solu-
tions. We have implemented a simple algorithm (AQ-TSS) 
to work in a PHREEQC context via the BASIC interpreter 
tool of this modeling code. AQ-TSS estimate equilibrium in 
AQ-SS systems involving non-ideal ternary solid solutions 
(regular, subregular, or any-type). The (Pb,Sr,Ba)SO4 solid 
solution is used as example system. The three binary joints 
are considered separately. Non-regular solid solutions are 
treated by combining a set of regular models defined for 
specific ranges of composition and neglecting ternary inter-
actions, which represent a minor contribution when two of 
the three components occur in minor amounts. Such a sce-
nario is realistic for ambient temperature processes in which 
the host solid solutions exhibit wide miscibility gaps and 
the dissolved metal occurs in trace or minor amounts. The 
algorithm has been tested by comparing the results obtained 
by AQ-TSS with those obtained using PHREEQC with the 
same binary non-ideal solid solutions and by reproducing 
some calculations performed by Vinograd et al. (2013) 
using GEMS (Kulik et al., 2013). The results obtained by 
AQ-TSS and PHREEQC are virtually equal. The results ob-
tained using GEMS are of the same order of magnitude, the 
difference (~5%) being reasonable given the different basis 
involved in both algorithms.
The extension to non-ideal solids solutions of higher order 
is feasible, but the formulations become bulkier with each 
added component. The lack of rigorous experimental data 
involving aqueous-ternary solid solution systems is a major 
obstacle and a challenge for future research.
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Collecting datasets which are high quality yet efficient 
for a wide range of sample types and crystal quality is a 
key requirement of many diffractometer users around the 
world. Access to equipment which meets this requirement 
can enable high throughput, provide better data quality or 
open up new areas of research. One component of such 
a high throughput diffractometer is the detector. Here we 
will explore the use of a hybrid photon counting detector 
to enhance data collection capabilities of modern diffrac-
tometers.
Hybrid Photon Counting (HPC) detectors have established 
themselves as the detector of choice for synchrotrons and 
where the highest quality of data is a requirement due to 
their direct detection of X-rays, zero readout noise and high 
speed. The HyPix-6000HE detector is a HPC detector de-
signed and produced by Rigaku.  HPCs are scintillator-free 
by design, which allows for true digital photon counting. 
This means that X-ray photons are counted as soon as they 
arrive at the detector with no approximation of counts from 
integrated charge and no conversion of X-ray photons to 
light photons with the requisite addition of noise. Addition-
al features such as energy discrimination, a zero dead time 
mode and 100 Hz frame rates are also enabled by the tech-
nology present in the HyPix-6000HE detector.
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The appearance of significantly stronger third generation 
synchrotron sources at large scale facilities and microfocus 
technology using in-house sources has led to the replace-
ment of imaging plates by CCD, CMOS and HPAD de-
tectors. Current state-of-the-art HPAD detectors, such the 
PHOTON II, deliver impressive results and have allowed 
the collection of the first in-house GPCR structure only a 
few months ago.
Modern synchrotron beamlines show a preference for larg-
est possible detectors, which provide a number of advan-
tages:

•	 Increased sample-detector distance results in reduced 
background X-ray scattering with improved signal-
to-noise measured from weakly diffracting samples

•	 More reflections are collected per frame, reducing the 
radiation dose and overall measurement time

•	 Efficient collection of complete data at high resolu-
tion

•	 Better signal separation from reflections of very long 
unit cell axes

The Detective Collection Efficiency (DCE) is an established 
measure to describe the productivity of an X-ray detec-
tor[1]:with Ω being related to the active area size, DQE to 
the sensitivity of the detector and tread to the read out dead 
time unit. The new PHOTON III is a detector for structural 
biology, which improves the DCE from two ends:

•	 The detector has a large active area of 280 cm2, result-
ing in a DCE two-times greater than the PHOTON II

•	 The detector is operated in a newly developed photon 
counting mode.

The PHOTON III offers large active-area detectors to the 
home laboratory at affordable costs. Like all our CPAD de-
tectors the PHOTON III has zero read out time, does not 
suffer from charge charging effects and satisfies the Shan-
non-Nyquist theorem. Even better, this goes along with a 
remarkable improvement in background suppression using 
the newly developed photon counting mode.
Apart from a discussion of technical details the presentation 
will focus on first data sets collected with the new detector.
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Modern chemical and biological crystallography continu-
ously pushes the limits to ever smaller samples with typi-
cally weaker diffraction properties. Here we will present a 
number of structures obtained from extremely challenging 
samples. Experimental data collected on an in-house sys-
tem illustrate the strength of two new components which 
tremendously improve the performance of  laboratory in-
strumentation: the new ImS DIAMOND source and the new 
PHOTON III X-ray detector.
The air-cooled ImS DIAMOND microfocus sealed tube 
source uses a unique diamond hybrid anode technology to 
produce intensities similar to modern microfocus rotating 
anodes. The anode consists of a diamond substrate coated 
with copper. The high thermal conductivity, low thermal ex-
pansion and extreme hardness of diamond make it an ideal 
substrate, which allow for higher power loading and greater 
long-term stability of the source, delivering the brightest 
micro-focus sealed tube ever.
As of today another problem associated with high-end 
X-ray sources is gone: high maintenance costs. The ImS DI-
AMOND does not require any routine maintenance and has 
the same legendary life time which makes the ImS system 
the most popular microfocus X-ray source for more than a 
decade.
The PHOTON III is a new CPAD (charge-integrating pixel 
array detector), which utilizes a mixed-mode approach for 
data collection. The weak reflections are measured in pho-
ton-counting mode and the strong reflections are measured 
in integrating mode. Consequently, the ultra-sensitive PHO-
TON III detector can collect very weak reflections without 
suffering from charge-sharing or non-linearity effects com-
mon to other photon-counting detectors.
Bruker’s D8 QUEST and D8 VENTURE both take advan-
tage of these improvements in source and detector technol-
ogy, leading to a previously unknown level of performance 
without increasing operational costs.
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Nowadays, the most routine X-ray structure determination 
in crystallography is based on so-called Independent Atom 
Model (IAM) of electron density, which assumes both sphe-
ricity and neutrality of the atoms. Unfortunately, the quan-
titative topological analysis of an electron density based on 
IAM is inaccessible (Dittrich et al., 2009). The multipolar 
approach, as proposed by Hansen and Coppens (Coppens, 
1997) , is the method of choice in modelling of the exper-
imental electron density distribution. High-resolution dif-
fraction data of outstanding quality are mandatory in order 
to perform full structure refinement with multipolar mod-
el – a condition impossible to meet for very small crystals 
or macromolecules. However, the theoretical databanks of 
aspherical scattering factors developed in recent years, for 
example, UBDB databank (Jarzembska & Dominiak, 2012) 
based on experimental geometries, can be used in order to 
reconstruct the charge density with the Transferable Aspher-
ical Atom Model (TAAM) approach.
Acridines belong to the polycyclic heteroaromatic chemical 
compounds and their derivatives have found a wide range 
of applications in clinical area as an antimicrobial, antivi-
ral or antitumor agents as well as in chemical analysis, for 
example as a matrix for matrix-assisted laser desorption/
ionization (MALDI). The 9-aminoacridine can be consid-
ered as a model compound from this family of chemicals. 
In its neutral form it crystallizes as a hemihydrate the I 41/a 
2/c 2/d space group with several atoms in special positions. 
The very interesting crystal structure of title compound was 
described in the 1983 year by Chaudhuri and until now has 
not been more thoroughly investigated. Here, the recon-
struction of charge density distribution with the UBDB data 
bank and TAAM refinement will be performed in order to 
obtain more accurate geometry of the compound, the quan-
titative topological analysis of an electron density as well 
as the basis for the energetic calculation (crystal lattice and 
dimer energies) by using Crystal, CrystalExplorer or Pixel 
approaches. This research is the part of the wider project 
carried out in cooperation with dr Mihails Arhangelskis.
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Nowadays the use of porphyrins to create highly porous, 
sponge-like frameworks is a well-studied field, established 
by the seminal work of Byrn et al. coining the phrase “por-
phyrin sponge” in 1991.[1] This initial study used a por-
phyrin host, trapping a variety of guests within the crystal 
lattice. Since then, many contributions have focused on the 
manipulation of planar porphyrins containing a variety of 
functional groups (namely carboxylic acids or halogens) to 
obtain directly linked porphyrin frameworks.[2] However, as 
of yet, there are no specific examples of the use of highly 
distorted porphyrins [3] being used to obtain such highly po-
rous materials. In this work, we have synthesized a series of 
5,10,15,20-tetraaryl-2,3,7,8,12,13,17,18-octaethylporphy-
rins with alternating halogen, alkyl, and aryl substitution 
patterns to probe the effects of non-planarity on the forma-
tion of non-covalent organic frameworks.
The target porphyrins were synthesized according to a mod-
ified Lindsey condensation reaction followed by metal(II) 
insertion. To investigate substituent interactions, modified 
aldehydes were used. For halogen effects, a family of deriv-
atives with F, Cl, Br or I in either the ortho- or para-position 
of the meso-aryl residues were selected. Hydrogen bonding 
interactions were examined by incorporating a nitrile group. 
Steric effects were examined through the incorporation of a 
benzyloxy group at either the meta- or para-positions. Final-
ly, investigations were conducted into the use of arm-extend-
ed porphyrins using a triazole linker group to further extend 
their functionality. Solid-state structures were determined via 
small molecule X-ray crystallography to elucidate the major 
distortion modes and to characterize any non-covalent inter-
actions. These were then compared to their planar derivatives 
to determine effects the substitution patterns may have on the 
formation of non-covalent organic frameworks.
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The structure of anhydrous cyanuric acid, its intermolecular 
interactions and thermal parameters have been described 
in 1971 by G.C. Verschoor [1]. In the following years, i.a., 
strong donor-acceptor interactions connected with occur-
rence of N–H  and C=O functional groups were investigated 
by T.C. Lewis [2] for the anhydrous form as well for readily 
formed solvates and co-crystals. Possibility of satisfying all 
the hydrogen bonding functionalities and it’s influence on 
the crystal structure were verified.
I am presenting experimental charge density analysis for the 
cyanuric acid dihydrate. Electron density distribution was 
described with Hansen and Coppens pseudoatom model. 
Crystal structure, occurring interactions and vibrational 
parameters were compared with periodic theoretical calcu-
lations both for dihydrate and anhydrous form. Molecular 
interactions with water molecules were also justified basing 
on the TGA/DSC measurements.
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Non-covalent interactions involving N-heterocyclic aro-
matic rings have recently received greater attention. They 
play an important role in many chemistry-related fields such 
as structures of biomolecules, the reactivity of molecules, 
crystal engineering, molecular recognition, and nanoengi-
neering. Such rings, because of their distinctive electronic 
properties, are involved in different interaction patterns 
including π-stacking and hydrogen bonds. Hence, they are 
considered as useful recognition elements in many biolog-
ical systems and became key components in most known 
drug molecules [1, 2].
Though some significant progress has been definitely made 
in the study of interactions involving N-heterocycles, most 
studies only focus on analyzing of stationary geometries 
and say nothing of a whole range of many other configu-
rations. Accurate potential energy surfaces (PES) of such 
systems are not available and it is impossible to see how the 
stability of a particular system changes along with various 
geometrical parameters. Such maps, if they were present, 
would literally give a new way to look into the interactions 
patterns that may be formed.
For this reason, the extremely extensive analysis of poten-
tial energy surfaces of model N-heterocyclic dimers has 
been performed. The interaction energies of hundreds of 
thousands of dimers have been calculated. As the studied 
N-heterocycles the following ones have been selected: pyr-
role, purine, pyridine, imidazole, pyrazole, 1,2,3-triazole, 
and 1,2,4-triazole. Since the interaction energies of a large 
number of systems were to be calculated, all the calcula-
tions have been carried out using a dispersion-corrected 
density functional. Other calculations, such as natural bond 
orbital and energy decomposition, have also been applied. 
The obtained results were then related to the statistical anal-
ysis made on the data gathered from Cambridge Structural 
Database [3].
The appliance of multidimensional analysis provides much 
deeper insight into the “landscape” of the interaction en-
ergies of the particular systems and enables one to see “a 
bigger picture” of what really occurs. The performed study, 
involving the combination of many different methods, has 
revealed the complexity of the formed intermolecular inter-
actions. Apart from providing a “literal new look” into the 
present interaction patterns, another picture has emerged. 
Intermolecular interactions, especially stacking, present in 
the studied N-heterocycles, are seen” as a combination of 
many different sources of the interaction energy. The pre-
sented results may be a key importance in a prediction of 
crystal structures and may find a use in modeling of a crystal 
possessing desired properties.
Participation in this conference is financed by National Sci-
ence Centre, Poland, 2017/01/X/ST4/00952
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As computationally cheap tools have recently become avail-
able to better understand crystal packing, we have applied 
the CE-B3LYP method as implemented in Crystal Explorer 
17 [1] to an interesting structure with Z’=4, and whole mol-
ecule disorder in each of the four molecules in the asym-
metric unit.
The structure itself contains many subtle features which are 
interesting to discuss all by themselves, but we are interest-
ed to see whether the energy calculations will aid in provid-
ing a reasonable explanation why the structure crystallizes 
as it does.
The average nature of the coordinates obtained from the 
crystallographic experiment will obviously be the largest 
challenge, as it conflicts with the basic premise of a calcu-
lation that does not optimize the atomic coordinates before 
calculating energies.
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The accurate estimation of electrostatic interaction energies 
in a reasonable time is a still challenging task. The simple 
summation of multipole moments is fast, but it does not ac-
count the penetration energy (Epen). The Epen can be up 
to 50% of total electrostatic interaction energy (Ees) at the 
equilibrium distance.
Our concept is taken from the theoretical crystallography. 
We applied aspherical pseudoatom databank (University at 
Buffalo DataBank - UBDB)  which can easily reproduce 
the averaged electron density and calculate the Ees. We also 
tested reproduced electron densities from a new algorithm 
of refinement procedure, which differs from this common-
ly used in the databanks. However, the best performance is 
achieved when the promolecule model of an electron den-
sity is augmented by point charges fitted to electrostatic po-
tential (RESP). It enables estimation of the exact electrostat-
ic interaction energy and, by its simplicity, it allows to omit 
computational-costly integration procedure. Our recent 
researches show that the RESP charges can be successfully 
replaced by the point charges from other - easy attainable 
- sources: from database or from semiempirical methods.
We would like to acknowledge the National Science Centre 
for PRELUDIUM-UMO/2015/19/N/ST4/00010 grant.
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A class of thiazyl radicals, 1,2,3,5-dithiadiazolyls (R-CNS-
SN•, hereafter DTDAs), have been the focus of much in-
vestigation due to their potential as building blocks for 
magnetic and conducting materials. [1] However, these 
molecules tend to dimerise in the solid state via a spin-pair-
ing interaction known as 'pancake bonding' [2], rendering 
them diamagnetic. Experimental charge density analysis 
has been carried out on a number of DTDA homodimers, 
heterodimers and monomers. [3] These data, as well as var-
ious computational results, are assessed to probe the nature 
of the 'pancake bonds' in DTDAs.
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The crystal structure of Ruthenium(II) complex, C24H26Cl-
N2O4Ru·PF6, has been determined and analyzed in terms of 
connectivity and packing patterns. The compound crystal-
lizes in the monoclinic crystal system in the space group 
P21/c. with one cation and one anion in the asymmetric unit 
[1].
Biological effects of ruthenium complexes and their po-
tential use as metal-based drugs, especially as anticancer 
agents are one of the leading area. Excluding widespread 
use of platinum-based chemotherapeutics, ruthenium-based 
complexes are among the most promising alternatives.
Data collection was performed on a Stoe STADIVARI dif-
fractometer with a Dectris Pilatus 300K detector and with an 
Incoatec IμS Ag microfocus source (Ag-Kα, λ = 0.56083 Å) at 
100 K using a nitrogen gas open-flow cooler Cobra from Ox-
ford Cryosystems. Data reduction was processed using X-Ar-
ea [2]. For numerical absorption corrections a crystal-shape 
model with 10 faces was employed. An average redundancy 
of 18.28 gives Rint of 3.18%. A Hirshfeld surface analysis was 
carried out and two-dimensional (2D) fingerprint plots [3] 
were generated to visualize the intermolecular interactions 
and to provide quantitative data for their relative contributions. 
Direction cosines were applied for the anisotropic secondary 
extinction correction. The results of multipole refinement were 
performed on F2 using XD suite of programs. After the mul-
tipole refinement a topological analysis of the charge density 
was done. In addition, these results were compared with the 
electrostatic potential from Hirshfeld surfaces.
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Commonly, the Independent Atom Model (IAM) of electron 
density is used in the case of routine X-ray data analysis. 
However, this model does not give a quantitative descrip-
tion of electron density distribution because atoms are as-
sumed to be neutral and spherical. A far better model that 
allows for modelling of deformation of spherical charge 
density was introduced by Hansen and Coppens1 and is 
called a pseudoatom model of electron density. Application 
of this kind of model requires an excellent quality crystals 
and high resolution XRD data. Quite often, this is difficult 
to be fulfilled. Therefore, new methods have been developed 
that enable reconstruction of electron density i.e. Hirshfeld 
Atom Refinement (HAR)2 or Transferable Aspherical Atom 
Model (TAAM)3.
Validation of application of HAR and TAAM methods for 
low-resolution data will be presented. For three compounds 
following refinements of CuKα and MoKα data will be pre-
sented: IAM, TAAM (isotropic H atoms), TAAM (using 
Shade), HAR (isotropic H atoms), HAR (anisotropic H at-
oms), HAR (using Shade). Additionally, the multipole mod-
el and higher order of TAAM and HAR refinements will 
be presented for MoKα X-ray diffraction data. Analysis of 
geometry, ADPs (Fig. 1), fractal dimension plots and resid-
ual density maps will be shown in comparison with neutron 
diffraction data.
Fig.1 PEANUT representations of the difference between 
ADPs obtained from neutron data refinement and HAR, 
TAAM refinements for MoKα and CuKα data. Root mean 
square difference scale of 2 was used.
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Halogen bonds and σ hole interactions do not only play an 
important role in crystal engineering but are also relevant 
for understanding chemical reactivity.
3,3-dimethyl-1-(trifluoromethyl)-1,3-dihydro-1 λ3,2-ben-
ziodoxole, 1, commonly known as “Togni reagent” [1], is 
used for the electrophilic transfer of the trifluoromethyl 
group by reductive elimination. The σ hole associated with 
the hypervalent iodine atom is essential for this reactivity. 
[2] Based on high resolution X-ray diffraction, we have 
determined the experimental electron density for 1. In the 
crystal, it interacts with a neighbouring molecule via O···I 
contacts of 2.9809(6) Å. We compare 1 with two cocrystals 
2 and 3 (see Scheme) in terms of electrostatic potential and 
QTAIM properties in the bond critical point (bcp) for the 
σ hole interaction. In 2, tetrafluorodiiodobenzene (TFDIB) 
interacts with two molecules of dimethylaminopyridine 
(DMAP); the N···I halogen bond is as short as 2.6622(4) 
Å. With respect to its electronic properties, it resembles a 
coordinative bond [3]. 3 consists of infinite chains in which 
diaminobicyclooctane (DABCO) and TFDIB alternate; the 
N···I contacts are significantly longer but still much shorter 
than O···I in the case of the Togni reagent. The bcps for the 
halogen bonds in 3 fall in the range of electron depletion 
associated with the σ hole on iodine; consequently, the elec-
tron density in the bcps is surprisingly small.
In conclusion, the three examples documented in this contri-
bution underline the very wide range of σ hole interactions.
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The chemical bonds and reactions of the (Cp)(CO)2W(m-
PPh2)Mo(CO)5 (1) and (Cp)(CO)3W(m-PPh2)Mo(CO)5 
(2) complexes were calculated by density functional theory 
(DFT) method to gain an insight into the property of het-
erobimetallic metal-metal bond. Based on quantum theory 
of atoms in molecules (QTAIM), all chemical bonds of 
optimized geometry will be characterized by bond critical 
point (BCP) and its associated topological properties, and 
these results are further compared with single crystal charge 
density experimental data. Using exchange functional 
PBE0-D3BJ can provide better calculation results whether 
it performed through the ZORA approximation of all-elec-
tron relativistic method or the pseudopotential method. In 
complex 1, the characters of the CO on Mo semibridges 
to W can be confirmed by the BCP between C and W ( rc 
~ 0.20 e/Å3). Based on fragment charge analysis of DFT 
calculations, Mo(CO)5 fragment of complex 1 (-0.092) is 
more positive than that of complex 2 (-0.184), and CpW(-
CO)2 fragment of complex 1 (0.208) is more negative than 
CpW(CO)3 fragment of complex 2 (0.321). These results 
imply that a dative metal-metal bonding is formed by the 
electron donation from Mo to W. On the other hand, an in-
termediate without metal-metal bonding between Mo and 
W can be formed from complex 1 through semibridging CO 
transferring from Mo to W, and the transition state of this re-
action can be located. This result explains the phenomenon 
of phosphine addition to Mo cis-site, which is observed in 
our previous publications.
Keywords: heterobimetallic, metal-metal bond, DFT
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The correlation between the crystal structure and physical 
properties of a given material has long been a subject of 
many studies. One of the key features of designing efficient 
multifunctional materials is to use specific building blocks 
and/or synthons in order to increase a desired effect in the 
certain crystallographic direction. For example, to obtain 
efficient optical devices it is necessary to use highly polar-
izable functional groups which will promote high optical 
effect. It is thus crucial to get a precise information on how 
those group polarizabilities are influenced by common syn-
thons used in crystal engineering.
Recently developed routine, PolaBer [1] allows to calculate 
atomic polarizabilities, and therefore group polarizabilities, 
based on the definition of atomic dipole moments given by 
Bader [2]. The routine uses the results of QTAIM partition-
ing of electron densities. According to QTAIM theory each 
atomic contribution can be expressed as a sum of atomic 
polarization and charge translation terms. The numeri-
cal derivatives of these quantities with respect to external 
electric field provide atomic and group polarizabilities. The 
advantage of using group polarizabilities rather than molec-
ular ones, is the fact that we can extract separate information 
about the functional group and intermolecular contribution 
into linear susceptibility. This, on the other hand, enables 
to identify which group mostly contributes to the global di-
electric constant, thus could be very helpful in reverse crys-
tal engineering [3] purpose when designing new optically 
effective materials.
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The decomposition of the crystal contact surface between 
pairs of interacting chemical species enables to derive an 
enrichment ratio [1,2,3]. This descriptor yields information 
on the propensity of chemical species to form intermolecu-
lar interactions with themselves and other species. The en-
richment ratio is obtained by comparing the actual contacts 
in the crystal with those computed as if all types of contacts 
had the same probability to form.
The enrichments and contacts tendencies were analysed in 
several families of compounds, based on chemical composi-
tion and aromatic character. As expected, the polar contacts 
of type H∙∙∙N, H∙∙∙O and H∙∙∙S, which are generally hydro-
gen bonds, show enrichment values larger than unity.
Hydrophobic contacts show different types of behaviour 
depending on the molecular content.
The electrostatic energy of  short contacts was also com-
puted using charge density models transfered from the EL-
MAM2 database.
The contact enrichment ratios were statistically compared 
with the electrostatic energy values.
The analysis suggests that strong attractive interactions are 
enriched and are a driving force in the crystal packing for-
mation.
On the other hand repulsive interactions are generally 
avoided or under-represented.
The behaviour of weaker interactions is less contrasted and 
will be discussed.
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A method to compute the electrostatic potential (ESP) of dy-
namic-charge-density distributions[1] has been recently re-
ported. Hirshfeld partitioning is a widely used and accepted 
technique to get individual properties of atoms or molecules 
in crystals[2]. It is a computationally easy fuzzy partitioning 
based on simple independent atom model (IAM). We pres-
ent a way to partition thermal smeared dynamic electron 
densities. By combining both methods it is possible to get 
molecular thermal smeared electrostatic potential.
We will present the crystal ESP of dynamic charge densities 
of α-,γ-boron and boron carbide mapped on Hirshfeld sur-
faces and molecular ESP of nucleic acid bases. All methods 
can be easily and quickly applied within MoleCoolQt[3]. 
In that program it is also possible to export surfaces in file 
formats suitable for 3D printers.
Figure 1:
Left: Hirshfeld surfaces of Hoogsteen base pair Methyl-Ad-
enine-Methyl-Thymine printed in PLA with magnets on the 
contact sites.
Right: Hirshfeld of the icosahedral substructure of γ-boron 
printed in PLA(lower) and mapped by the ESP of dynamic 
charge densities.(upper)
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The title compound is an O-ester structurally deriving 
from heterocyclic thiohydroxamic acid 3-hydroxy-4-meth-
ylthiazole-2(3H)-thione. When heated in the presence 
of organic peroxides or azo compounds as chemical ini-
tiators, the nitrogen-oxygen bonds in 3-alkoxy-4-meth-
ylthiazole-2(3H)-thiones breaks homolytically to yield 
oxygen-centered radicals in unprecedented specificity. In-
creasing steric demand at oxygen along the sequence pri-
mary, secondary, and tertiary alkyl surprisingly shortens the 
nitrogen oxygen bond in O-alkyl thiohydroxamates pointing 
to an unknown stabilizing electronic effect induced by steric 
demand. This responsivity is particularly significant for thi-
azole-2(3H)-thione-derived cyclic thiohydroxamic acids. In 
order to correlate N,O-bond lengths to changes in electron 
distribution the crystal and electronic structure of 3-(2’-tet-
rahydropyranyloxy)-4-methylthiazole-2(3H)-thione, C9H-
13NO2S2, has been determined and analyzed in terms of con-
nectivity and packing patterns. The compound crystallizes 
in the monoclinic crystal system in the space group P21/n.
Data collection was performed on a Stoe STADIVARI dif-
fractometer with a Dectris Pilatus 300K detector and with 
an Incoatec IμS Ag microfocus source (Ag-Kα, λ = 0.56083 
Å) at 100 K using a nitrogen gas open-flow cooler Cobra 
from Oxford Cryosystems. Data reduction was processed 
using X-Area [1]. For numerical absorption corrections a 
crystal-shape model with 17 faces was employed. Resolu-
tion of 0.37 Å, an average redundancy of 14.29 gives Rint 
of 7.22%. Multipole refinement was performed on F2 using 
XD suite of programs. The preliminary results shows that 
both N1 and O1 atoms are negatively charged and that the 
Laplacian has a small positive value. Comparison of experi-
mental and theoretical results will be discussed.
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Nanoporous materials, such as metal-organic frameworks 
(MOFs) and zeolites are attracting increasing interest be-
cause of their particular high performance in catalysis, gas 
storage, separation, ion exchange, fuel cells, supercapacitor, 
etc. A crucial problem in the study of porous materials is to 
determine the structure, more specifically, the atomic posi-
tions. The novel properties of nanoporous materials can be 
revealed by knowing the atomic positions, and then specific 
applications could be designed. However, MOFs and zeo-
lites are often resulted in nano-size, and high beam sensitiv-
ities, which leads to difficulties in structural determination. 
A newly developed method, continuous rotation electron 
diffraction (cRED) method, is extended from electron crys-
tallography[1,2]. Due to the high signal to background ratio 
and high frame rate of the direct electron detector, we are 
capable of collecting the dataset in less than one minute. 
Thus, the major problem in electron diffraction, the beam 
damage, could be minimized. As a consequence, more de-
tails of the beam sensitive materials can be revealed.
cRED method was applied to reveal the structural details 
of a MOF, PCN-415[3]. The crystal size of PCN-415 is less 
than 1 mm, which is too small to be solved by single X-ray 
diffraction. Ultrafast data collection (17 s – 3 min per data-
set) was carried out to minimize beam damage on the MOF. 
From 3D reciprocal lattice of PCN-415, unit cell and pos-
sible space groups were easily determined. The structures 
were solved and refined by using Shelx software against the 
cRED data. They were further refined against synchrotron 
PXRD data by Rietveld method. The structure models re-
fined against cRED and PXRD show excellent agreement 
with each other, and the atomic positions differ on average 
only by 0.032 Å for Zr/Ti and by 0.071 Å for O/C.
Inspecting the structural details, PCN-415 is consisted by 
a new type of cluster, [Ti8Zr2O12(COO)16]. Each of them is 
connected to 16 terephthalic acid (BDC) linkers to form a 
3D framework. There is a tetragonal cage with a diameter 
of 9 Å and an octahedral cage with a diameter of 11 Å. Two 
types of symmetrically independent BDC linkers are ob-
served. Topologically, a pair of parallel BDC linkers with-
in the equatorial plane is regarded as one edge. Therefore, 
eight equatorial BDC linkers are simplified into four edges. 
On the other hand, eight BDC linkers above and below the 
equatorial plane are simplified into eight edges. As a result, 
the [Ti8Zr2O12(COO)16] cluster acts as a 12-connected node, 

affording a network with fcu topology. Because of the new 
cluster, PCN-415 has outstanding photoactive property. The 
optical band gap was calculated to be 3.3 eV based on the 
UV-Vis spectrum, and can be further turned by amine-func-
tionalization of BDC linkers. In combination with the high 
porosity (BET surface area of 1050 m2·g‒1), and excellent 
chemical stability (in pH range of 0‒13), PCN-415 pro-
vides ideal platforms for the design of MOF photocatalysts. 
Among all the tested materials, amine-functionalized PCN-
415-NH2 shows the highest activity with an H2 evolution 
rate of 594 μmol g–1 h–1. These results highlight the effect 
of new clusters in PCN-415 as photoactive species for pho-
tochemical hydrogen production as well as cRED method 
as a powerful tool for the structural study of beam sensitive 
materials.

References:
[1] Wan, W.; Sun, J.; Su, J.; Hovmöller, S.; Zou, X. J. Appl. 
Crystallogr., 2013, 46, 1863–1873.
[2] Zhang, D.; Oleynikov, P.; Hovmöller, S.; Zou, X. Z. Kristallogr., 
2010, 225, 94–102.
[3] Yuan, S.; Qin, J.; Xu, H.; Su, J.; Rossi, D.; Chen, Y.; Zhang, L.; 
Lollar, C.; Wang, Q.; Jiang, H.; Son. D.; Xu, H.; Huang, Z., Zou X.; 
and Zhou, H. ACS Cent Sci., 2018, 4, 105–111.

Keywords: electron crystallography, metal-organic framework, 
beam sensitive materials



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e309

MS23-P02
Towards automated data collection for 
continuous rotation electron diffraction: 
current status and development
Bin Wang1, Stef Smeets1, Hongyi Xu 1, Xiaodong Zou1

1. �Department of Materials and Environmental Chemistry, 
Stockholm University, Stockholm, Sweden

email: bin.wang@mmk.su.se
Electron diffraction tomography has been developing 
during the past 10 years and is proven to be very helpful in 
crystal structure determination [1], especially for beam sen-
sitive materials such as zeolites, metal-organic frameworks 
(MOFs), and even proteins. The development of data collec-
tion methods went from discrete sampling of the reciprocal 
space (ADT, RED, etc.) to continuous data collection [2] 
with the help of fast electron counting detectors. Struc-
ture solution usually requires high tilt range and minimal 
dynamical effects from electrons, while for beam sensitive 
materials it is also desired to have minimum beam damage 
to the sample. The conventional discrete sampling methods 
suffer in this case from higher beam damage because of lon-
ger electron exposure time. The continuous method is thus 
preferable because it not only reduces data collection time, 
but also integrates the reflection intensities over the expo-
sure time interval, which improves the accuracy of intensity 
extraction. However, the method is highly limited by the 
mechanical instabilities of goniometers inside the transmis-
sion electron microscopes (TEM) that the crystals can easily 
move out of the beam during data collection.
Here we illustrate the current status of the continuous ro-
tation electron diffraction (cRED) method by showing that 
refinement against only electron diffraction data has been 
feasible. Datasets with high tilt ranges (i.e. > 100°) were 
collected for a MOF sample, Co-CAU-36, on different 
crystals and initial structure solution for the datasets from 
SIR2014 showed clearly the existence of the porphyrins and 
even guest molecules in the pores. By comparing refinement 
results from different individual datasets, the deviation for 
framework atoms was on average 0.04 Å, while for atoms 
in the guest molecules the deviation was on average 0.11 Å. 
Furthermore, the whole process from TEM sample prepara-
tion to the refined structure took only 9 hours.
However, collection of high quality cRED data still requires 
reasonable experience, i.e. blindly tracking back the crystal 
which might be moving out of the beam is not very straight-
forward. With development of electron diffraction data col-
lection softwares such as Instamatic [3], automatic tracking 
back of the crystals becomes feasible by taking a defocused 
diffraction image regularly, performing cross correlation for 
how much the crystal has moved, and apply lens change 
to make the beam chase the crystal. In the cost of losing 
around 10% of diffraction data, higher tilt range can be 
achieved in a fully automated manner. This allows a normal 
electron diffraction experimentalist to collect datasets with 
higher tilt ranges. Further development is still needed and 
we aim to build up a fully automatic cRED data collection 
protocol, with automated crystal finding and continuous ro-
tation data collection.
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Zeolites are crystalline microporous silica-based materials. 
In many cases, the isomorphic incorporation of heteroatoms 
replacing silicon confers the resulting materials interesting 
catalytic properties which can be tailored for a particular 
catalytic reaction. So, the properties and applications of ze-
olites depend on their chemical composition as well as on 
the size and spatial distribution of their channel systems.
During the synthesis of the novel zeolite ITQ-55 [1], varia-
tions of the synthesis conditions lead to the formation of an 
additional new zeolite, called ITQ-62 [2]. ITQ-62 proved 
to be stable after removing the organic structure directing 
agent. The laboratory PXRD pattern was indexed using 
the program TREOR  in an orthorhombic unit cell with 
a=21.068 Å, b=17.254 Å and c=7.554 Å, while the sys-
tematic extinctions suggested as the most probable extinc-
tion symbol C – – –, corresponding to space groups C222, 
C2mm, Cm2m, Cmm2 or Cmmm.
The structure determination was attempted by two indepen-
dent methods.
In the first method one sample of ITQ-62 was calcined 
at 923 K, transferred to a glass capillary and sealed. The 
XRPD pattern was measured at beamline MSPD of the 
Spanish Synchrotron Light Source ALBA using a high res-
olution setup. The integrated intensities were extracted us-
ing the program FULLPROF, and the crystal structure was 
solved using the program FOCUS, obtaining a reasonable 
structure.
In the second method, the non-calcined sample, still con-
taining the organic structure directing agent, was measured 
by ultra-fast electron diffraction tomography (EDT) in a 
JEOL 2100F microscope operating at 200 kV and using a 
GATAN Orius SC600A CCD camera. A NanoMEGAS-Di-
gistar P1000 device, attached to the microscope, is also 
employed to control the precession of the electron beam 
in order to mimbnimize dynamical scattering effects. This 
method, recently described, allows collecting large sets of 
electron diffraction tomography data in just half a minute. 
[1], [3] Performing the data collection in such a short time 
allows obtaining good data even for highly beam-sensitive 
samples, as the measurement is completed before the beam 
damage destroys the crystalline structure. The crystal struc-
ture was solved again with FOCUS, obtaining an identical 
solution.
Finally, the structure was validated by a Rietveld refine-
ment of the XRPD data using FULLPROF, showing a good 
agreement between the experimental data and the refined 
structure.

In conclusion, ultra-fast EDT has been proved to be an ex-
tremely useful tool for the structure solution of materials, 
even if they exhibit a low stability to the electron beam.
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Introduction
The magnetic properties of Fe3Si make it an excellent 
candidate for spintronic applications [1]. For a switchable 
device, two layers of Fe3Si have to be separated by a thin 
semiconducting interlayer. Ge was chosen for this interlayer 
having a nominal thickness of 3 nm only. Sharp interfaces 
were ensured by solid phase epitaxy [2] which is a two-step 
approach comprising of layer deposition at 150 °C and re-
crystallization at 300 °C. From bulk crystals Fm3m space 
group is expected for Fe3Si and Fd3m for Ge [3].
Objectives
This work aims at both, crystal structure and composition 
analysis of the layer stack by transmission electron micros-
copy (TEM)-based techniques. In particular, nano-beam dif-
fraction (NBD), high-angle annular dark-field atomic-res-
olution scanning TEM (HAADF ARSTEM) imaging and 
energy dispersive X-ray spectroscopy (EDXS) were applied 
for full crystallographic phase analysis.
Results
The generated crystallographic phase of Fe3Si perfectly 
corresponds to both, the expected crystal structure and the 
chemical composition. In contrast to that, superstructure re-
flections along [001] are observed for the nominal Ge layer. 
This hints to an ordering along [001]. Moreover, EDXS re-
vealed a composition ratio of about 6:3:1 for Ge:Fe:Si. Both 
results point to an unexpected crystallographic phase of the 
interlayer. For gaining real space information, HAADF AR-
STEM imaging was performed along [100] and [110] direc-
tion (see Fig. 1, center and right image, correspondingly). 
Bright spots correspond to atomic columns. The brightness 
depends on the mean atomic number of the individual col-
umn. Both projections consistently reveal ordering along 
[001]. Brighter spots are dedicated to Ge and weaker spots 
to Fe columns. Filled interlayers exhibit a larger distance 
along [001] of z = 0.52 compared to z = 0.48 for the empty 
layers.
Conclusion
The semiconductor interlayer is composed of P4mm Ge2Fe 
(see Fig. 1 left). The deviation of the position of the atomic 
columns from the ideal positions at 0.50 and 0.75 is most 
likely due to the relaxation of strain introduced by the or-
dering.
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The authors introduce some experimental data in support of 
a potential new way of capturing diffraction in a transmis-
sion electron microscope.  There is a possibility to improve 
the phasing process in protein crystallography (Micro-ED) 
with this approach.   To date, we have acquired several dif-
fraction data sets from MgO nanocubes (as a test specimen), 
along with supporting conventional HRTEM and far-field 
diffraction data, for reference purposes.   Data has been 
acquired in an FEI Titan microscope, operated at 300kV, 
as well as in a JEOL ARM-200F microscope, operated at 
200kV.  We have also acquired preliminary data on carba-
mazepine and lysozyme nanocrystals.
Keywords: electron diffraction, nanocrystal, phasing
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New materials are invented every day, to respond to ever 
more complex societal and economic issues (pharmaceuti-
cals, soil decontamination, energy conversion etc. ...). The 
understanding and development of these materials goes in-
evitably through a stage of structures determination. In the 
research on nanomaterials, transmission electron microsco-
py is proving to be a particularly suitable technique, since 
it exploits the property of electrons to interact strongly with 
matter - an extraordinary advantage for studying nano-sized 
materials.
However, important classes of materials like metal-organ-
ic frameworks (MOFs), zeolites and biological crystals 
are sensitive to the electron beam. Classical investigation 
techniques that necessitate a too high electron dose for the 
acquisition of the data then become powerless. New experi-
mental methods are needed.
We present here an innovative method to study the atomic 
structure of sensitive materials by electron diffraction. Our 
method opens the field of application of electron crystallog-
raphy to beam sensitive materials, such as MOFs and bio-
logical crystals. It requires only a standard TEM, without 
any particular equipment, except for a fast camera with a 
high sensitivity and a beam precession system.
Each aspect of low-dose electron diffraction tomography 
has been optimized to limit the total irradiation time of the 
sample: no preliminary crystalline orientation is necessary 
and the beam is systematically blanked between two succes-
sive exposures. Thus the crystal is irradiated only during the 
acquisition of diffraction patterns, i.e. only when the irradi-
ation is useful in terms of diffraction.
The quality of the recorded data was tested by the resolution 
of two complex structures: Sr5CuGe9O24 and manganese 
formiate [Mn(HCOO)2(H2O)2]∞, the latter of which is beam 
sensitive. Both structures are obtained with great precision. 
We evaluated the number of frames needed to obtain reli-
able structural models.
Low-dose electron diffraction tomography has three main 
advantages:

•	 It provides a set of data suitable for structural resolu-
tion with an extremely low cumulative electron dose 
of 0.27 e-/Å2, ten times less than the dose usually used 
in cryo-TEM structural determinations.

•	 Because of its speed and the simplicity of its imple-
mentation, it can be used routinely for the study of a 
great number of particles in a powder sample.

•	 It only requires equipment that is standard in a large 
number of laboratories.
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The understanding of the properties of a material comes 
from the knowledge of its structure. This is true for all ma-
terials, and beam sensitive materials don’t escape from this 
rule. However, not only the complex structure of the latter 
is an issue, but also the difficulty of obtaining sufficient and 
reliable data before the sample is destroyed by the beam. 
With this in mind we have developed a new and highly ef-
ficient method of electron diffraction data acquisition: low-
dose electron diffraction tomography (LD-EDT) that we 
apply here to two different materials.
A first test of the performance of this method was the solu-
tion of the complex monoclinic oxide Sr5CuGe9O24 from a 
data set of 100 frames. PETS and Superflip in JANA2006 
yielded a structural model containing all 22 independent 
atom positions. A comparison with the X-ray refined struc-
ture shows the high precision of our solution.
The successful application of the LD-EDT to beam sensitive 
materials depends on its efficient use of the electron dose. 
The total dose depends on the exposure time for each frame 
and the number of frames in the data set. As the complete-
ness and the redundancy of the data have been shown to 
be decisive parameters in electron crystallography, a large 
number of recorded frames is an asset for the structure 
solution, while each additional frame adds some dose to the 
crystal.
We have therefore tested the influence of the number of 
LD-EDT frames in the data set on the structure solutions. 
The complete data set was reduced by using only 50, 40, 
30 or 20 frames in the structure solution procedure. Even 
though the data set completeness and redundancy are much 
lower than what is usually necessary for precise structure 
solutions, they are sufficient when the data is acquired by 
LD-EDT. One reason for the tolerance towards smaller data 
sets might be the higher data quality due to the fact that the 
beam is larger than the sample and therefore the diffracting 
volume is the same for each frame during the acquisition.
Very short exposure times of the individual frames are also 
sufficient for the data acquisition. As an example the struc-
ture of a beam sensitive metal-organic framework (MOF), 
manganese formiate [Mn(HCOO)2(H2O)2]∞, has been 
solved. Exposure times of 0.2 s in a very weak beam (total 
dose of 0.27 e-/Å2) yielded the complete structure to a high 
degree of precision.
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Cryo-electron microscopy and electron diffraction meth-
ods have made enormous progress in the last years and an 
increasing number of atomic and near atomic resolution 
structures are becoming available. At present, interpretation 
of collected data relay on a very approximate scattering 
model. The model is based on spherical independent atoms 
(IAM), ignoring the charge redistribution due to chemical 
bonding. This approximation may lead to unnecessary loss 
of information. We propose to base interpretation of data 
from cryo-electron microscopy and from electron diffrac-
tion methods on more realistic electron scattering models.
We are developing Transferable Aspherical Atom Models 
(TAAMs) from detailed electron densities of molecules and 
crystals. To build TAAMs we use a databank of aspheri-
cal atomic electron densities called UBDB [1]. Currently 
UBDB allow to reconstruct electron density of any protein, 
nucleic acid or other biologically important molecule. Thus, 
it gives also fast access to electrostatic potential.
It has been shown already [2] that replacement of the IAM 
by TAAM in x-ray crystallography leads to more accurate 
geometrical information and provide access to quantitative 
estimation of the electron density distribution and properties 
derived from it for molecules in a crystalline environment.
Given the fact that electron diffraction is more sensitive to 
charge density redistribution than x-ray we expect to see 
even more pronounced improvement after introduction of 
TAAM to analysis of electron diffraction/scattering.
We will present our first preliminary results of TA-
AM-UBDB refinements against electron diffraction data 
collected for paracetamol[3]. The figure illustrates the 
difference in crystal electrostatic potential (e/bohr) result-
ing from the differences between the IAM and the TA-
AM-UBDB electron scattering models.
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Data collected by the precession electron diffraction (PED) 
technique can be successfully used for solution and also ac-
curate refinement of unknown crystal structures. Especially 
efficient in this respect is the technique of PED tomography 
(PEDT), where a series of PED patterns are collected on a crys-
tal progressively tilted by small steps around a rotation axis [1].
Such PEDT data have certain special characteristics that 
make it different from standard rotation data. The most prom-
inent is the rocking curve of a reflection in PEDT data, i.e. 
the reflection intensity as a function of the tilt angle. While 
the rocking curve of non-precession data is a narrow single 
peaked function, the rocking curve of a reflection in PED is a 
broad function with two maxima. Typically, each reflection is 
measured several times. The precession angle is usually much 
larger than the angular width of the non-precession rocking 
curve of the reflections, and therefore the width and shape 
of the rocking curve is determined mostly by the precession 
angle and not so much by the crystal itself. Because of the 
specific shape of the curve, we call the plot of the precession 
rocking curve colloquially “the camel plot”.
This feature can be exploited in several way during the 
analysis of the PEDT data. One of the applications is the 
refinement of the crystal orientation. The crystals are of-
ten not steady during the PEDT experiment, but they turn. 
Ignoring this rotation leads to distorted data sets and very 
inaccurate lattice parameters. Using the knowledge of the 
rocking curve shape allows an accurate refinement of the 
crystal orientation during the experiment and substantial 
improvement of the data.
The knowledge of the rocking curve can also be exploited 
in the intensity extraction. The typical approach to the deter-
mination of the total intensity of certain reflection is the in-
tegration of intensity accross all frames on which the reflec-
tion is measured. However, this provides inaccurate rresults 
for partially covered reflections and it is also sensitive to 
intensity variations due to dynamical diffraction. Knowng 
the rocking curve allows the total intensity to be determined 
more accurately by fitting the rocking curve profile to the 
reflection intesities.
Implementation of these features in the computer program 
PETS 2.0 [2] and their application to a number of practical 
examples shows that “riding the camel” can lead to signifi-
cantly improved data quality and sometimes make a differ-
ence between a solved and unsolved structure.
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X-ray crystallography is the main discipline in chemistry 
that provides the 3D coordinates of molecules. The crystal 
structure is an essential aspect in many fields in chemistry. 
Electrons offer a fascinating extension to X-rays. Crystals 
smaller than the grains in icing sugar can be investigated 
too small for X-rays. 3D single crystal structures can be de-
terminaed from powder, including caseswhere crystal size 
affects the chemistry, like for catalysts and MOFs[1].
This application of electron crystallography (EC) is young 
and was made possible with the adaption of the rotation 
method to[2].  Many publications proof the reliability of the 
coordinates from EC. Despite all these advantages, EC only 
plays a niche role in structural chemistry: it accounts for 
much less than 1% of all published 3D single crystal.  This 
is in stark contrast to the number of crystalline powders, 
that, like in the case of Novartis, exceeds the number of 
available single crystals by a factor of 3-4.
One of the main reasons for this discrepancy could be the 
difference in methods and software that are available to pro-
cess and refine EC data.  The combination of PEDT and 
Jana2006 can improve the model R1-factor down to X-ray 
levels, and produce the hydrogen atoms in a heavy atom 
structure with striking clarity[3]. However, this level of ac-
curacy is not required for the average crystal structure. In 
this presentation I report on our success to copy X-ray crys-
tallography onto EC. We mounted an EIGER X 1M hybrid 
pixel detector from Dectris Ltd. to an electron microscope, 
collected data like with an inhouse X-ray machine and used 
the methods many structural chemist are well familiar with. 
We solved the structure of a new organic methylene blue 
derivative with a unit cell volume of 9,000A3. From 17 frag-
ments of a long needle-like crystal we collected 60 degree 
wedges and processed all data sets within a few hours. The 
structure solved with direct methods with default options. 
The data are accurate enough to complete the model and 
even model a disordered BF4- solvent molecule. We believe 
it is time to strongly advertise EC in all its flavours to the 
Structural Chemistry community.
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Electron microscopy is at the forefront of many charac-
terization methodologies used nowadays to obtain valu-
able structural information for different types of materials 
down to the atomic scale. In particular, our facility JEOL 
JEM-2100F provides a platform for combining different 
characterization techniques, such as high-resolution trans-
mission electron microscopy (HR-TEM); electron diffrac-
tion techniques (selected area electron diffraction: SAED, 
nano-beam electron diffraction: NBD and 3D precession 
electron diffraction tomography); scanning transmission 
electron microscopy (STEM) in both bright-field (BF) and  
high-angle annular dark-field (HAADF) modes; energy dis-
persive X-ray spectroscopy (EDX) and electron energy loss 
spectroscopy (EELS). In this communication, we shade the 
light on outstanding examples that show the beauty of using 
our facility to effectively characterize inorganic, hybrid in-
organic-organic, and biological samples.
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Properties of nanomaterials are defined by features of the 
atomic structure and morphology. Investigation of crystal 
structure and nanostructure of such small objects is an ac-
tual problem. X-ray diffraction method can be used for this 
purpose. Anisotropic broadening of the diffraction peaks, 
redistribution of the intensities or appearance of diffuse 
scattering can appear for nanomaterials. Standard X-ray 
diffraction techniques used for bulk materials with periodic 
structures are often not applicable in this case.
These tasks can be solved by the Debye Function Analysis 
(DFA) method [1], based on Debye scattering equation (DSE) 
[2]. It is full-profile method which is applicable for any an arbi-
trary atoms collection, and therefore can be used for crystalline 
objects, non-crystalline materials or nanostructures.
Possibilities of modelling diffraction patterns by the DFA 
by our software [3] will be shown for specific examples 
of various nanocrystalline materials: hydroxides of mag-
nesium and tungsten, layered structures, metastable forms 
of aluminum oxide, ultradispersed iron oxides  et al. [4]. It 
is public-domain software available on the website: www.
sourceforge.net/projects/dianna.
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In the average structure refinement of molecular materials, 
split positions are often encountered. As a consequence a 
molecule on one site can be present in more than one orien-
tation. The typical structure refinement stops there and does 
not consider diffuse scattering, which allows statements 
about short range order interactions. Building and refining 
a short range order model to analyze the diffuse scattering 
takes the structure refinement to the next level.
A complex molecular crystal will usually consist of several 
components on several sites within the unit cell. Further-
more, a single site may be occupied by molecules in differ-
ent orientations e.g. a first molecule in orientations A and B 
on site 1 and a second molecule in orientations C and D on 
site 2, see Fig. 1. In such systems short range order is com-
mon: On a local scale, the molecules tend to show preferred 
pair-wise arrangements. Characterizing this local order en-
ables profound statements about molecular interactions [1].
With the help of molecular form factors [1] and the theo-
ry of diffuse scattering (e.g. Warren [2]), we developed a 
method that characterizes correlated chemical short range 
occupational disorder directly in reciprocal space. The dif-
fuse scattering IDiff can be expressed as a function of the 
indices h,k,l in reciprocal space:

 
Where ILaue is the Laue scattering 
(  ) 
and ISRO is the short range order scattering:

Here (u,v,w) are vectors in direct space, ns is the number of 
different sites and ki is the number of possible components 
on site i. mAi is the concentration of component A on site i, 
FAi is the molecular form factor of the molecule type A on 
site i. are the Warren-Cowley short range order param-
eters, that encode the probability to find an AB pair separat-
ed by vector (u,v,w). All parameters, except the can 
directly be determined from the average structure refine-
ment.
We apply this formula for the analysis of the diffuse scat-
tering of 9-Bromo-10-Methylanthracene [3]. The model for 
the short range order can be developed directly in reciprocal 
space and the formula can be used to perform a least squares 
regression analysis to fit the short range order parameters 
quantitatively.
Our method to characterize complex molecular disorder 
using single crystal diffuse scattering is a powerful tool to 
understand and model molecular interactions in disordered 
crystals. As the method treats data directly in reciprocal 
space and enables least squares fitting of disorder models, 
calculations can be performed on desktop computers with-
out the excessive use of computation time.
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Figure 1:
(a) Refined average unit cell with overlayed components A 
and B on site 1 and 2.
(b) Possible configuration of disordered unit cells.
(c) Diffuse scattering of 9-Bromo-10-Methylanthracene in 
the 0kl-layer.
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NanoMAX is a hard X-ray nanoprobe beamline at the 3 
GeV multi-bend achromat storage ring MAX IV, Lund, 
Sweden [1]. The beamline is designed to utilize the unique-
ly high brilliance of the facility to achieve nanometer-sized 
coherent foci with high photon intensity. The small focus is 
used for scanning imaging with the main methods nano-dif-
fraction, phase and absorption contrast, coherent diffractive 
imaging and ptychography - in forward and Bragg condi-
tion. The beamline optics has been briefly presented earlier 
[2].
The beamline will have two experimental stations when the 
buildup phase ends 2019/2020. One experimental station 
using Kirkpatrick-Baez mirror optics (KB) for focusing. 
The KB system gives a diffraction limited probe of 40 nm 
(24 keV) - 200 nm (5 keV) with 100 mm working distance 
from optics to sample position. The generous space will al-
low for versatile sample environments. Three main detec-
tors are planned for or installed at the station; a megapixel 
photon counting area detector in forward direction, a com-
pact photon counting area detector in off-axis position on 
a commercial industry robot and a 3-element Germanium 
X-ray fluorescence detector. A compact two axis high pre-
cision goniometer will allow advanced studies of ordered 
samples with diffractive methods. Continuous sample scan-
ning is implemented in a basic version and will be further 
developed for efficient data acquisition. The design of the 
second experimental station is ongoing and first tests are 
anticipated early 2019.
We have provided beamtime to a handful user experiments 
during the first year of operation. Experiments in X-ray 
fluorescence, wide-angle scattering, nano-diffraction and 
ptychography have been executed. To achieve optimal 
performance from the super-polished KB-mirrors we have 
developed a simple procedure to measure focus astigma-
tism by scanning a Siemens star like test structure in pty-
chographic mode. The test sample image and the probe are 
reconstructed at the sample position using diffraction data 
from an inline pixel detector [3].  The probe is then prop-
agated along the beam direction to show the beam profile, 
in vertical and horizontal plane, as seen in figure 1 bottom 
parts.
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At the heart of creating and developing functional materi-
als is understanding structure - a task often complicated by 
disorder, be it compositional or orientational, static or dy-
namic. Whilst diffraction techniques have become adept at 
describing periodicity and understanding atomic structure, 
deviation from perfect order occurs in most real materials. 
Traditional crystallographic techniques fail to describe such 
deviations from periodicity, and while we understand the 
importance of disorder we are yet to understand how to de-
scribe, characterize and control disordered states.
A very specific disordered state is correlated disorder. 
This state arises when dominant interactions - i.e. chemi-
cal bonding - dictate fixed local atomic arrangements that 
need not result in long-range 3D order but may result in 
aspects of the structure being correlated. These correlations 
can produce signature patterns in the measured diffraction 
pattern in the form of diffuse scattering. In a class of mate-
rials known as metal-organic frameworks (MOFs), the local 
interactions driving formation usually result in long-range 
periodic arrangements. However, we can introduce disorder 
in MOFs through asymmetry in the linker, which acts in an 
analogous way to cyanide in transition-metal cyanides,[1] 
second-order Jahn-Teller displacements in BaTiO3 [2] and 
hydrogen bonding in square ice.[3]
We substitute terephthalate linkers with asymmetric pyr-
azole-carboxylate and show that while powder and single 
crystal diffraction data suggest the linkers are disordered, the 
highly structured diffuse scattering visible in single-crystal 
X-ray patterns indicates correlated disorder along the linker 
rows. By comparing experiment with models calculated us-
ing simple local rules, we are able to understand the specific 
type of correlations giving rise to the diffuse, and prove the 
presence of correlated disorder in a MOF-5 analogue. The 
fixed local arrangements in the structure results in specific 
pore chemistry and binding sites important for adsorption 
and catalytic applications. More generally, these results 
contribute to the ability to identify specific types of correlat-
ed disorder within analogous systems, and therefore a great-
er understanding of structure on the nanoscale.
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ZnO is recognized as an important wide band gap semicon-
ductor material for its applications in UV and blue spectral 
range devices such as light emitting diodes (LEDs), laser di-
odes (LDs), and photodetectors. The non-centrosymmetric 
characteristics of its wurtzite structure gives rise to piezo-
electric and spontaneous polarizations along the c-axis. The 
polarization across the interface of c-axis oriented quantum 
well structures results in the undesired effects such as quan-
tum confined Stark effect and deteriorates the electronic 
and optical properties of devices. Therefore, many efforts 
have been put to grow and to characterize non-polar ZnO 
epitaxial films.
High-quality non-polar a-plane and m-plane ZnO epi-
taxial films were grown on r-plane and m-plane sapphire 
substrates, respectively, by radio-frequency magnetron 
sputtering. The structural characteristics, including strain 
and structural defects, of both non-polar ZnO films were 
studied by X-ray diffraction and transmission electron mi-
croscopy (TEM). Surface morphology and roughness of the 
ZnO samples was investigated by atomic force microscopy 
(AFM). The anisotropic optical properties of the non-polar 
ZnO films characterized by polarization-dependent photolu-
minescence (PL) are correlated with its structural features.
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The structure of the conducting polymer system of polyani-
line (PANI) protonated with camphorsulfonic acid (CSA) 
remained unclear for several years and resisted attempts at 
solving by use of typical methods. This case may serve as an 
example of how different experimental and computational 
methods may impact each other and develop a successful, 
combined approach to structural study aimed at determining 
a reliable model and verifying its properties.
Molecular dynamics simulations may provide useful infor-
mation concerning the studied system, even if the accura-
cy of such simulations is finite. These were performed for 
PANI/CSA [1] and allowed  drawing important conclusions 
regarding the type of structure – alternating double lay-
ers of polymer chains and counterions. Additionally, they 
suggested the indexing of principle peaks observed in the 
X-ray powder diffraction pattern obtained for samples of 
this polymer. Finally, they were the basis for formulating 
a hypothesis regarding the preferred orientation of crystal-
lites in thin film samples of this system cast from different 
solvents in agreement with grazing incident beam X-ray 
diffraction data.
The above described simulations were the foundation for 
the scope a crystallographic unit cell model. After taking 
advantage of artificial intelligence based methods aimed at 
optimizing the layout of the structural units of PANI/CSA 
within such a cell with respect to the powder diffraction pat-
tern, a new model was found [2]. Apart from satisfying the 
optimization criteria, is allows explaining the differences 
observed in neutron diffraction patterns recorded for regular 
and partially deuterated samples of the studied system. It 
also has all the previously reported advantages of the princi-
pal structure obtained from molecular dynamics simulations 
and allows verifying the hypothesis regarding preferred ori-
entation in thin films cast from different solvents.
Taking a generalized look at the process of obtaining this 
new structural model of PANI/CSA, it could be described 
as an example of a systematic approach in which various 
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experimental (XRD, grazing incident beam X-ray scatter-
ing, neutron diffraction) and computational (molecular dy-
namics, artificial intelligence) techniques mutually inspire 
one another and allow developing and verifying a structural 
model of a polymer system. Each of the contributing piec-
es listed above by themselves are not enough to develop 
a good structural model, while combining insight into the 
studied problem provided by each of them leads to one 
which is reliable.
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In addition to the larger absorption coefficient and longer 
absorption wavelength, high short-circuit current density 
can be associated to the high portion of face-on, in-plane 
crystallite orientation of P4TIF, which is evident by GI-
WAXS study.  GIWAXS study reveals that the face-on (in 
plane) orientation is most pronounced, lamellar structure, 
(100), pi-pi stacking structure, (010), and crystallite cor-
relation length are more significant or longer than those of 
P4TIN.  Moreover, thin film morphology probed by TEM 
reveals the fibril network nanostructure, which is more pro-
nounced in PC61BM-blended P4TIF thin films than P4TIN 
ones.  The chemical structure difference between P4TIF 
and P4TIN is the fluorine (F) and nitrile (CN) substitu-
ent. Such difference in fibrillary morphology, which is in 
turn due to the different molecular interaction of F or CN,  
promotes the photocurrent output and hence short-circuit 
current density of the polymer-based organic photovoltaics.
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X-ray absorption spectroscopy (XAS) is increasingly used 
to study crystallographic problems in a wide range of sci-
entific fields. Its element specificity and sensitivity to the 
local structure provide high complementarity to X-ray dif-
fraction. Due to the need for radiation with tunable energy it 
is yet restricted to synchrotron sources. The Berlin Electron 
Synchrotron BESSY II operates multiple XAS stations for 
user service, some of which are particularly optimized for 
crystallographic problems:
mySpot [1] is optimized for mapping experiments with fo-
cus spot sizes as low as 1.5 µm. µ-EXAFS and µ-XANES 
in the energy range 5 - 25 keV can be combined simultane-
ously with small or wide angle scattering (SAXS & WAXS),  
X-ray fluorescence analysis (XRF), and Raman Scattering.   
Lateral focusing lenses with long focal length of 4-7 mm 
allows scanning of areas and volumes. The experiment is 
especially designed (but not limited to) for the study of hier-
archically structured biological samples.
CryoEXAFS at KMC-3 beamline, developed in cooperation 
with Freie Universität Berlin [3], allows sample tempera-
tures as low as 20 K, with convenient sample change at cold 
temperatures. Due to the absence of absorption in air, low 
radiation energies (3.6 - 14 keV) can be used, extending the 
range of observable light elements.
KMC-2 XANES [3] provides a stable beam in the energy 
range 4 – 15 keV, microfocus option and a selection of de-
tectors, allowing transmission and fluorescence geometries. 
The open concept of the station allows the use of a wide 
range of sample environments, both in-house and user-pro-
vided, and flexible movement of the sample. A particular 
strong point is the suit of atmosphere control systems [4], 
which allows for continuous flow or volumetric control, 
high and low temperatures and pressures, precarious gases 
and, added most recently, humidity control.
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Daliranite is a mineral originally discovered in 2003 at 
Zarshouran, northwest Iran, and approved by IMA in 2007 
with the formula PbHgAs2S6. It occurs as matted nests of 
acicular crystals usually associated with quartz and orpi-
ment. Single-crystal needles are just several hundreds of 
nanometers in size. On the basis of zone-axis electron dif-
fraction patterns, daliranite was recognized as monoclinic, 
19 Å x 4 Å x 23 Å and b =115°, with possible space groups 
P2, Pm or P2/m. The unit cell was confirmed by pow-
der X-ray diffraction, however no structure solution was 
achieved and its crystal structure remained unknown [1].
The daliranite structure problem is a perfect candidate to be 
tackled using electron diffraction tomography (EDT). This 
method allows collecting 3D electron diffraction data on co-
herent domains having size of few hundreds of nanometers, 
like a single crystal X-ray diffractometer equipped with an 
area detector [2].
EDT data collected on isolated squared pieces of 200 nm 
of broken acicular crystals reveals that daliranite is exhibits 
a modulated structure with the main reflections that can be 
indexed with an orthorhombic cell having a = 9.5 Å b = 4.3 
Å c = 21 Å and extinction symbol Pc_n. The modulation is 
along a (q = α 0 0) with α varying from crystal to crystal in 
the range between 0.33 and 0.25. The average structure of 
daliranite can be solved in space group Pcmn. The resulting 
structure shows a chemical formula that differs from that 
originally reported: PbHgAs2S5, which does not require the 
presence of (S2)2-  in the structure. The average structure is 
formed by zig-zag chains of PbS8 bicapped trigonal prisms 
running along a, laterally connected by linear HgS2 and 
As2S6 dimers. In order to discover the mechanism behind 
the modulation we integrated the superstructure reflections 
from a crystal with q = 0.25 0 0 and analyzed them with 
a superpace approach using JANA2006. The modulated 
structural model obtained in the 4D space group Pcmn 
(α00)0s0 can be refined and indicates that the modulation is 
due to shifts of the As atoms of the dimers along b, forming 
alternatively dimers parallel or inclined with respect to the 
ac plane. It is highly remarkable that EDT can furnish data 
reliable for structure investigation of modulated structures 
on such small crystal grains, where in fact zone-axis elec-
tron diffraction and powder X-ray diffraction even failed in 
the unit cell determination.
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The increased interest in recent years regarding the proper-
ties and applications of nanomaterials has also created the 
need to characterize the structures of these materials. One of 
the most promising techniques to study nanostructures us-
ing X-ray diffraction is by using the total scattering (Bragg 
peaks and diffuse scattering) from the samples and the pair 
distribution function (PDF) analysis. The pair distribution 
function provides the probability of finding atoms separated 
by a certain distance. From experimental point of view a 
typical PDF analysis requires the use of intense high-ener-
gy X-ray radiation (E ≥ 15 KeV) and a wide 2θ range. At 
present, synchrotron and neutron sources are the preferred 
choice for PDF analysis, but there is clearly an increasing 
need for a PDF solution based on laboratory diffraction 
equipment. Such a solution, though limited, will benefit 
areas where quick feedback about the materials properties 
is important and will allow the routine application of PDF 
analysis for materials characterization in university labora-
tories as well as industrial R&D departments.
After the initial feasibility studies regarding the use of 
standard laboratory diffraction equipment for PDF analysis 
[1,2] this application has been further developed to achieve 
improved data quality and to extend the range of materials, 
environmental conditions and geometrical configurations 
that can be used for PDF experiments. The recent introduc-
tion of detectors with improved efficiency for high-energy 
X-rays [3] has further enhanced the capabilities of labora-
tory diffractometers for total scattering experiments. This 
contribution presents several examples of laboratory PDF 
studies performed on different nanocrystalline and amor-
phous materials of scientific and technological interest (or-
ganic substances, oxides, metallic alloys, materials for bat-
tery applications, etc.) and demonstrates that PDF analysis 
with a laboratory diffractometer can be a valuable tool for 
structural characterization of nanomaterials.
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A method for ab initio structure determinations from pow-
der diffraction data (SDPD) of organic compounds, which 
does not require prior indexing of the experimental pattern, 
has been developed. The global optimization approach 
is based on the direct fit of random trial structures to the 
powder data using an algorithm called FIDEL (“FIt with 
DEviating Lattice parameters”). It uses a similarity measure 
based on cross-correlation functions, which allows the com-
parison of simulated and experimental powder data even if 
the lattice parameters do not match [1,2].
The structure determination process starts with the molec-
ular geometry of the compound and a global search space 
setup in various crystal symmetries. The lattice parameters, 
molecular position and orientation, and selected intramo-
lecular degrees of freedom are fitted simultaneously in an 
elaborated multi-step procedure. The hierarchical search 
strategy developed is based on similarity screening, struc-
ture fitting and iterative adaptation of parameter ranges. It 
combines various methodologies in order to realize an ef-
ficient and effective exploration of the global search space. 
The standard procedure includes an adaptive mechanism 
for the balancing of computing time spent on the genera-
tion of random structures, similarity screening, fitting and 
clustering of structural models. The structure determination 
proceeds stepwise from e.g. more than 20 million trial struc-
tures to a small number of promising structure candidates 
that are subjected to an automated Rietveld refinement with 
TOPAS [3]. Finally, a user-controlled Rietveld refinement 
with TOPAS is performed.
By exploiting the full potential and versatility of the pattern 
comparison approach based on cross-correlation functions 
and supported by the integration of 3rd party components, 
a complete SDPD framework evolved, that covers almost 
all scenarios of finding crystal structures corresponding to 
given experimental data.
The global optimization approach presented is suitable for 
a wide range of “problematic” powder patterns, including 
powders of low crystallinity, non-phase-pure samples or 
disordered structures. While pushing SDPD to its limits, ap-
plications of the method deliver valuable insights into am-
biguities arising from low-quality experimental data, where 
the “one powder – one structure” paradigm of SDPD is be-
ginning to collapse. Even if the results do not converge into 
a single solution qualifying as a publication grade structure 
determination, the method can provide a set of structural 
models that match the powder as much as possible, for fur-
ther analysis.
Examples of (metal-)organic compounds are shown, includ-
ing the previously unknown structures of nanocrystalline 
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phases of 2,9-dichloro- and 4,11-difluoro-quinacridone 
solved from powder patterns with 14-20 peaks only.
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Regulation of reactive oxygen species such as the superox-
ide ion is an important chemical process. Emodin (1,3,8-tri-
hydroxy-6-methyl anthraquinone) is present in the root and 
rhizome of Rheum palmatum, and the goji berry (Lycium 
barbarum and Lycium chinense). Elucidating the manner in 
which emodin carries this out may provide insight into the 
chemical properties described in the literature.
The scavenging of the superoxide radical in this study was 
analyzed using a combination of several methods. We quan-
tify the ability of emodin in scavenging the superoxide ion 
O2 •― in an aprotic solvent, dimethyl sulfoxide (DMSO); 
since water interferes with superoxide, highly dehydrated 
DMSO was used. We describe the results of our antioxidant 
assay using the electrochemical method of cyclic voltam-
metry with a novel rotating ring disk electrode (RRDE) 
method. This powerful technique provides a quantitative 
measurement of a redox reaction and allows us to detect 
products, side-products or even short-lived intermediates of 
electrode reactions. Since this process was accompanied by 
a variation of color, the time evolution of this antioxidant 
process was followed using in situ UV-Vis spectroelectro-
chemistry. At the molecular level, the reactivity of this pro-
cess was followed using DFT methods which could be ap-
plied after determination of the crystal structure using single 
crystal X-ray diffraction. The combination of these different 
methods allowed us to demonstrate the unusual manner in 
which emodin behaves when scavenging superoxide radi-
cal. Our results point to the importance of the electron trans-
fer in this scavenging mechanism.
Keywords: antioxidant activity, cyclic voltammetry, emodin
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Systems containing correlated disorder are becoming more 
and more prevalent in materials science.1 Thus understand-
ing and exploring the disorder-property relationship is be-
coming of greater importance. In our work2 we focussed on 
how aperiodic systems could lead to a macroscopic polar-
isation. Using classical Monte Carlo simulations, we study 
a simple statistical mechanical model from local displace-
ments on the square and cubic lattices. Our model contains 
two key ingredients: a Kitaev-like orientation-dependent in-
teraction between nearest neighbours, and a steric term that 
acts between next-nearest neighbours. Taken by themselves, 
each of these two ingredients drives its own form of local 
ordering to a non-polar disordered phase with a manifold 
of degenerate ground states. These phases are incapable of 
driving long-range symmetry breaking, despite the presence 
of a broad feature in the corresponding heat capacity func-
tions. Instead each ingredient results in a “hidden” transition 
on cooling to two distinct types of local order. Remarkably, 
their intersection i.e. the ground state when both interaction 
contributions are invoked leads to a disordered, but polar, 
phase which has conceptual parallels to tetragonal BaTiO3 
or KNbO3.3 These key ingredients could potentially be uti-
lised in future material design
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Inorganic materials with a layered structure are interesting 
for their potential exchange and/or storage properties 
[1]. These structures typically have weak intermolecular 
bonds between their different layers, like Van der Waals 
or hydrogen bonds [2].  However, weak bonds may lead to 
stacking faults or the intergrowth of phases inside the crystal. 
These defects could induce diffuse scattering and additional 
reflections, which can be observed on the reciprocal planes 
reconstructed from X-ray single crystal measurement. 
Understanding this complex order can allow us to solve 
structures of metastable polymorphs and to apprehend 
the processes of transformation towards their stable 
states. The family of lamellar compounds MSeO3(H2O) 
(M = Mn, Co, Ni, Zn, Cd) [3] is of interest regarding their 
several polymorphs. The cohesion of these structures is 
provided by hydrogen bonds. The NiSeO3(H2O) crystals 
were synthesized using hydrothermal synthesis under low-
pressure and low temperature conditions.
We will present how the formalism of (3 + 1)d superspace 
can help to reveal the crucial role of weak interaction and 
the existence of intergrowth between two polymorphs in 
the crystal. Then, we will present the temperature stability 
study using low and high-temperature single crystal X-ray 
diffraction measurements of these multiphase crystals.
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There are many examples of rutile-type mixed oxides that 
are active and selective catalysts for the ammoxidation of 
propane into acrylonitrile [1] (VSbO4, FeSbO4, FeVSbO6, 
CrSbO4 …). In this way, many studies have focused on the 
structural flexibility shown by rutiles when different cations 
and oxidation states are added.
Fe0.5-xV2xSb0.5-xO2 (0 < x < 0.4) solid solutions were prepared 
by solid-state reaction from their raw oxides (Fe2O3, Sb2O3 
and V2O5), using an air or argon atmosphere depending on 
the composition. The obtained samples were characterized 
by powder x-ray diffraction, electron diffraction, XEDS 
analysis, EELS spectroscopy, micro-Raman spectroscopy 
and magnetic susceptibility measurements.
Even though FeSbO4 has been deeply studied [2], some 
doubts remain about the iron oxidation state and cation or-
dering. In this sense, electron diffraction patterns reveal a 
reciprocal lattice where diffuse reflections suggest a 3-fold 
trirutile along c-axis. The weak intensity of these reflections 
may indicate that only small clusters of the crystal are or-
dered into a trirutile type superstructure, the rest of the crys-
tal is still crystallizing as a simple rutile. It is argued that 
only the presence of Fe2+ can produce this superstructure. 
Thus, EELS spectroscopy analysis and magnetic suscepti-
bility measurements were made in order to find out if Fe2+ is 
present. The obtained results do not exclude this hypothesis.
With the purpose of keeping on studying the structural 
modification of rutile type oxides, vanadium was partially 
substituted in FeSbO4 preparing the next composition se-
ries: Fe0.5-xV2xSb0.5-xO2. Due to the difficulty of three cations 
have to be ordered in the same atomic position [3], no su-
perstructure reflections are observed by electron diffraction. 
However, in the compounds with high iron contents, weak 
diffuse intensity indicative of short-range order (SRO) phe-
nomena is found by electron diffraction.
In conclusion, these compounds, which are studied due to 
their catalytic properties, show very interesting order-dis-
order phenomena because of the extraordinary structural 
flexibility of these phases. The different characterization of 
each compound and its particular structural order will be 
reported.
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Technical progress in crystallographic instruments allows 
contemporary crystallographers to more routinely conduct 
low-temperature diffraction measurements. Additionally, 
modern diffractometers have stronger sources and more 
sensitive detectors than they had a few years ago. As a con-
sequence, even crystal structures that have been extensive-
ly studied at ambient conditions start to reveal their more 
complex nature. The importance of low-temperature mea-
surements is discussed for polymorphs of 4’-hydroxyace-
tophenone (HAP)1 .
For this enantiotropic polymorphic system, we collected 
single crystal X-ray diffraction data in the temperature range 
from 30 K to 330 K. At 123 K orthorhombic form II of HAP 
appears to be a new, commensurately modulated structure 
with a modulation vector q = [0.4, 0.0, 0.0].  The structure 
can be solved in a supercell with 10 molecules in the asym-
metric unit. Interestingly, further lowering of temperature 
down to 30K resulted in a discovery of a new, incommensu-
rately modulated phase with 4 independent molecules and 
crystal lattice of the P21 space group and modulation vector 
q = [0.37, 0.17, 0.0]. Consequences of modulation for the 
relative stability of polymorphs will be discussed.
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Among the three crystallized anhydrous polymorphs of 
CaCO3, vaterite is the least stable form under natural condi-
tions and has been identified as a constituent of various bio-
minerals such sea crustaceans, mollusk pearls, fish otoliths 
ascidians and even human organic tissues (heart valve) or 
plants. As a metastable phase, vaterite is involved in the first 
step of crystallization of the two stable calcite and aragonite 
polymorphs and in several carbonate-forming systems. Its 
complete structural determination would consequently shed 
important light to understand scaling formation and biomin-
eralization processes. While vaterite hexagonal substructure 
(a ≈ 4.1 Å and c ≈ 8.5 Å) and the organization of the (CO3)2- 
and Ca2+ within a single layer is known, conflicting inter-
pretations regarding the stacking sequence remain and pre-
clude the complete understanding of the structure. Indeed, 
earlier workers reported the presence of additional Bragg 
peaks and diffuse features in diffraction patterns of vaterite 
together with twinned domains, and the likely coexistence 
of several polymorphs [1-2].
In order to resolve the ambiguities in the structural descrip-
tion of vaterite, we performed precession assisted electron 
diffraction tomography (PEDT) to collect single crystal data 
on beam sensitive nanocrystalline vaterite.  Several data sets 
were collected with low-dose technique at low-tempera-
ture with a nano-size beam and processed using programs 
PETS, Jana2006 and Dyngo [3]. Our results unambiguously 
demonstrate that vaterite grows up mostly as a coherent in-
tergrowth of two ordered and twinned polymorphs having 
the same composition. Their structures were solved ab initio 
and described as  commensurate modulated structures. The 
models were refined against electron diffraction data using 
the dynamical refinement procedure including both modula-
tion and twins. Our results are also consistent with Rietveld 
refinement from x-ray powder data [3] at low and ambient 
temperature. This study brings a new perspective by giving 
a better understanding of the existing stacking sequences 
and the possible rotations of the (CO3)2- groups in vaterite.
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Quasicrystals are still challenging when it comes to the 
structure refinement. The complexity of the structure re-
quires the use of sophisticated mathematical models to 
properly describe the structure. In addition, the range of 
diffraction peaks’ intensities is wide with small peaks es-
pecially being affected by multiple disorder effects which 
are still not included in the refinement. What is important 
those small peaks carry essential structural information 
and without them the structure model cannot be considered 
correct. Recently we invented and applied a variety of new 
models [1, 2] to describe the structure of decagonal AlCuRh 
quasicrystal. The quality data allows us to test which ap-
proach could be beneficial for the refinement. We testes new 
phononic correction assuming local statistical deviation 
obeying sinusoidal oscillations resulting in the Bessel func-
tion in the Foureir space. We also included phason flips in 
the quasilattice of the Penrose Tiling, providing long-range 
order, to correct for the deviation of the structure units lo-
cations. Last but not least, we phenomenologically included 
the effect of the multiple scattering which appears to be a 
significant effect in terms of weak reflections. All those cor-
rections have proven to improve the quality of agreement 
between theoretical model and the experimental data. In the 
best fit we could obtain an R-factor equal to 5.84%, which 
is the best result yet for the quasicrystal. In the presentation 
we explain the reasons for the application of each corrective 
term and the effect on the final structure model.
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The statistical method is a commonly approved and con-
firmed by many results approach to structural and diffrac-
tional studies of crystals. It is particularly successful in 
terms of complex systems, like modulated crystals or quas-
icrystals. In our presentation we will show the fundamentals 
of the method, including the basic concept behind – called 
the average unit cell concept [1], and discuss its application 
to modulated crystals and quasicrystals [2,3].
The average unit cell is the probability distribution function 
P(u) of atomic positions calculated against some periodic 
reference lattices. A Fourier transform of P(u) gives the 
diffraction pattern. Structural modeling within the statisti-
cal approach involves a modeling of the P(u) distribution, 
which is an object in physical space, and enables including 
all kinds of structural disorder in a derivation of the struc-
ture factor. We will show how this methodology applies for 
the harmonically modulated crystal (with harmonic modu-
lation and incommensurate scattering vector), including its 
correspondence to a quasicrystal, and selected decagonal 
quasicrystals.
The method has no limit in applying it also to such complex 
systems, like proteins of macromolecules, where the struc-
tural disorder appears to play a crucial role, and attempts 
to use crystallographic methods known for periodic crys-
tals are rather doubtful. We will shortly introduce a possible 
benefits from applying the statistical method to complex 
organic systems.
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Using a modified traveling solvent floating zone technique, 
we are able to grow a high quality single crystal of the 
double perovskite oxide YBaCuFeO5 for the detailed study 
using magnetization, dielectric constant, and neutron dif-
fraction. We demonstrate that the crystal shows two anti-
ferromagnetic transitions at TN1 ~475 K and TN2~175 K, and 
displays a giant dielectric constant with a characteristic of 
the dielectric relaxation at TN2. It does not show the evidence 
of the electric polarization for the crystal. The transition at 
TN1 corresponds with a paramagnetic to antiferromagnetic 
transition with a magnetic propagation vector doubling the 
unit cell along three crystallographic axes. Such a paramag-
netic state at high temperatures was also confirmed by the 
using inelastic neutron scattering. Upon cooling, at TN2, the 
commensurate spin ordering transforms to a spiral magnetic 
structure with a propagation vector of (0.5h 0.5k 0.5l+-δ), 
where h, k, and l are odd, and the incommensurability is 
temperature dependent. Around the transition boundary at 
TN2, both commensurate and incommensurate spin ordering 
coexist.
References:
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The rare earth manganese (IV) pyrochlores cannot be syn-
thesized at ambient pressure requiring high pressures for the 
stabilization of the pyrochlore lattice, which is mainly due 
to the small size of Mn (IV) compared to trivalent rare earth 
cations.  All of these materials appear to be ferromagnets. 
Neutron studies of some selected A2Mn2O7 (Y, Ho, Yb) were 
done, but still more work is needed to completely charac-
terize their magnetic ground state. We present yet another 
chemical way of synthesis of Tm2Mn2O7 [1] and Y2Mn2O7 
[2] pyrochlores and the studies of their magnetic and crystal 
structures by high resolution neutron powder diffraction. 
Both compounds are single phase pyrochlores (Fd3-m) 
at room temperature. On cooling below about 30K they 
show the transitions to the ferromagnetic state with addi-
tional antiferromagnetic (AF) canting on only one sort of 
atoms for Tm2Mn2O7. The magnetic structure has magnetic 
Shubnikov group I41/am′d′ with the tetragonal distortion 
and large magnetostrsiction (especially for A=Y) refined 
from the diffraction data. The presence of AF canting in 
both compounds with magnetic (Tm) and nonmagnetic (Y) 
A-cation allows us to assign AF-ordering to Mn-sublattice.
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Since the first neutron diffraction studies of manganese and 
nickel monoxides [1] the interest to the magnetic and crystal 
structures of MnO and NiO is kept up, see e.g. experimen-
tal study [2] and theoretical first principal calculations [3] 
and references cited therein. It is well established experi-
mentally that below N ́eel temperature the crystal structure 
is metrically lowered in symmetry from cubic Fm̄3m to 
rhombohedral R̄3m, or might be to monoclinic one. How-
ever, the allowed by symmetry monoclinic distortions from 
rhombohedral R̄3m-metric are very small and the explic-
it monoclinic splittings of the diffraction peaks have not 
been experimentally observed. We analyse in full details 
all possible magnetic crystallographic models metrically 
compatible with the experiment by using isotropy subgroup 
representation approach based on the propagation vector 
star. The models (some not previously considered) are com-
pared with the high resolution and high intensity diffraction 
data measured at the HRPT diffractometer at Swiss neutron 
spallation source SINQ.
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The complex phosphates with manganese cations in low 
oxidation state (Mn2+) attract attention as potential catalysts 
for industrially important oxygen reduction reactions [1]. 
For example, Mn3(PO4)2*3H2O are found to display in-
teresting electrocatalytic properties for water splitting [2]. 
Besides catalytic activity, Mn-based phosphates can demon-
strate rare magnetic grounds states, which make these com-
pounds attractive both for experimental physical property 
investigation and for theoretical calculation.
Three manganese phosphates, namely RbMn4(PO4)3(I), 
CsMnPO4(II) and Mn2PO4OH(III) were studied by single 
crystal X-ray diffraction  and characterized by measuring of 
the magnetic susceptibility, magnetization, and heat capaci-
ty. The RbMn4(PO4)3 belongs to the morphotropic series of 
oxo-salts with general formula AM4(TO4)3. The Mn2PO4OH 
presents a manganese end-member of the triplite-triploid-
ite family. The (I,III) crystal structures can be described as 
three-dimensional frameworks of corner and edge-sharing 
MnO5 and MnO6 polyhedra which are further straightened 
by PO4 tetrahedra. CsMnPO4 presents a novel polymorphic 
modification with zeolite ABW-type framework consisting 
of tridimite-like sheets of six-membered rings of manganese 
and phosphorus tetrahedra sharing vertices. The magnetic 
ground states of (I) and (II) are canted antiferromagnet be-
low TN = 3.1 K and TN = 4.7 K, respectively. The Mn2PO4OH 
compound orders antiferromagnetically at TN = 4.6 К. In 
general, the magnetic behavior of CsMnPO4 is similar to 
that of structurally related RbMnPO4 [3]. Despite three 
dimensional magnetic structures of RbMn4(PO4)3 and Mn-
2PO4OH,  both phosphates demonstrate low dimensional 
magnetic behavior. Their specific feature is the high ratio 
of Weiss and Neel temperatures |Θ| / TN, called frustration 
parameter. This value is equal to 10 for RbMn4(PO4)3 and is 
twice as high for Mn2PO4OH. The origin of high frustration 
degree in the second compound is associated with the twist-
ed saw tooth chain geometry of corner sharing triangles of 
manganese polyhedra (Fig.1, left), which may be isolated 
within tubular fragments of its crystal structure. The chain 
of another topology (Fig.1, right) is seemingly responsible 
for significant frustration in RbMn4(PO4)3. The finite mag-
netization of RbMn4(PO4)3 observed for T < TN might be 
explained by a Dzyaloshinskii–Moriya interaction.
Our investigation led us to establish the relation between the 
crystal structure and thermodynamic properties.
The work was supported by the Russian Foundation for Ba-
sic Research (grant No. 18-03-00908).
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Isostructural orthorhombic crystals Ni2NbBO6 and Fe3BO6 
belong to the Pnma (#62) space group [1] and manifest 3D 
long-range AFM transitions at TN=23.5 K [2] and TN=508 
K, respectively. Such difference in transition temperatures 
is mostly due to different connectivity; while in Ni2NbBO6 
magnetic ions occupy only the general 8d positions, in 
Fe3BO6 they are located in the 8d and 4c ones, which re-
sults in complitely distinct magnetic structures and super-
exchange paths. Other characteristic feature of Fe3BO6 is a 
presence of a weak ferromagnetic moment, which is spon-
taneously reoriented from [100] to [001] axis at TSO=415 K. 
Thereby, these systems offer an unique playground to ex-
plore static/dynamic magnetism and symmetry requrements 
for the existance and orientation of the weak ferromagnetic 
moment.
We present the experimental results on the crystal growth 
and studies of both lattice and magnetic dynamics, and their 
interaction in single crystals of Ni2NbBO6 and Fe3BO6 with 
the use of the polarized Raman spectroscopy in a wide tem-
perature range 10-550 K. Nontrivial spin-phonon interac-
tion with different signs of coupling constant depending on 
particular phonon mode was observed at TN. In the AFM 
phases several magnetic modes of different nature were reg-
istered, including two-magnon ones. Methods of magnetic 
space groups and irreducible representations were used to 
determine the set of magnetic subgroups compatible with 
experimental observations. Appropriate Hamiltonians in-
cluding several isotropic exchange and single-ion anisot-
ropy constants were suggested for describing two-magnon 
excitations within the linear spin wave theory. Thus we were 
able to show that magnetic Raman scattering supported by 
symmetry analysis could be used for determinationof mag-
netic structures and exchange/anisotropy parameters [3].
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Crystallographic symmetry classifications of noisy 2D pe-
riodic images are currently made on the basis of the three 
traditional plane symmetry deviation quantifiers of electron 
crystallography [1]. These quantifiers are, however, “pure 
distance measures” that are unable to deal with crystal-
lographic supergroup-subgroup relationships and pseu-
do-symmetries in an objective manner [2]. A consequence 
of this is that the model with the lowest symmetry, i.e. the 
one which possesses the highest number of free parameters, 
fits noisy experimental data best. A version of Hamilton’s 
well known R-factor ratio test [3] of mainstream 3D crystal-
lography can be applied in principle, but is of limited utility 
because it is a null hypothesis test.
Objective crystallographic symmetry deviation quantifiers 
that properly account for crystallographic supergroup-sub-
group relationships and pseudo-symmetries have recently 
been derived for noisy 2D periodic images on the basis of 
geometric Akaike Information Criteria (G-AICs) [2] and 
associated Akaike weights. (Akaike weights represent the 
probability that a certain crystallographic symmetry model 
within a disjoint or non-disjoint model set is the one that 
minimizes Kullback-Leibler information loss when it is 
used to represent full reality.) These quantifiers are demon-
strated in this contribution on examples for the first time.
Openly accessible synthetic 2D periodic images (https://
nmevenkamp.github.io/UnitCellExtraction/) have been uti-
lized for our objective crystallographic classifications with 
respect to their Bravais lattice types, Laue classes, and plane 
symmetry groups. The example images possess per design 
both genuine pseudo-symmetries and added Gaussian noise, 
which turned genuine symmetries into pseudo-symmetries 
of the second kind. Note that genuine symmetries constitute 
the symmetry group structure of the hypothetical noise-free 
version of an image, but are unavoidably disturbed by noise 
in any real world imaging process.
Genuine pseudo-symmetries and pseudo-symmetries of the 
second kind also cause problems in mainstream single crys-
tal X-ray crystallography [2] so that the approach of this 
contribution should be generalized to the 3D case in order 
to achieve a larger impact. A few percent, i.e. tens of thou-
sands, of the molecule and crystal structures in the major 
3D crystallography databases have been mis-classified with 
respect to their crystallographic symmetry [2]. This is due to 
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the inherent subjectivity of the currently practiced approach 
where pure distance measures are utilized. When general-
ized to 3D, the above mentioned G-AIC approach [2] com-
bined with Akaike weights will lead to superior noise-level 
dependent crystallographic symmetry classifications and 
subsequent re-assignments of mis-classified 3D structures 
to a range of symmetry types, classes, and groups where 
the probabilities of belonging to certain classifications is in 
each case quantified in an objective way.
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The two-dimensional squiral (square spiral) tiling is an ex-
ample of a non-pisot substitution tiling with singular con-
tinuous Fourier spectrum.   Baake and Grimm invented the 
crossed square lattice substitution tiling as a simple equiva-
lent to the squiral tiling [1].  I generalize this tiling to arbi-
trary dimension and call it “crossed cube tiling”. I explicitly 
show its three- and four-dimensional instances.  The method 
is valid in any dimension from zero to countable infinity but 
the size of the tiling grows exponentially and becomes quite 
impracticable in dimensions five and more.
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In comparison with other halogens, fluorine and chlorine 
atoms are present in a large number of active compounds of 
chemical and biological importance. However, fluorine in 
contrast to chlorine, is described as merely able to form hal-
ogen bonding because of its small polarizability. Recently, 
a trichloromethyl group has attracted our attention because 
of potential sigma effects on chlorine halogen bonding. Our 
studies indicated that C-Cl…O interactions may be clas-
sified as relatively strong ones, especially when enhanced 
by cooperative effect. The obtained results focus our atten-
tion on obtaining novel halogen bonding stabilized crystal 
structures. Our project involves utilizing various groups of 
potential halogen bonding acceptors in obtaining crystal 
structures with novel types of halogen bonds (XB), among 
them to N-oxide group as a potential XB acceptor.
The properties of the N-oxide group as an effective elec-
tron donor in hydrogen and halogen bonds have been the 
subject of many studies. Aromatic N-oxides have been also 
successfully used in synthesis of novel cocrystal structures 
stabilized by hydrogen bonds. Taking into consideration all 
these remarks we have chosen pentchloropyridine N-oxide 
as an object of our studies.
XRD studies revealed however, that in the crystal state 
molecules are linked by C-Cl…Cl halogen bonds and 
N-oxide groups take part in very short intermolecular N-ox-
ide…N-oxide interactions instead of expected C-Cl…O 
ones. There can be indicated infinite planar ribbons od 
molecules linked by typical Cl…Cl contacts and forming 
known from literature triangle aggregates - X3 synthons in 
the crystal structure (see figure).These ribbons are furtherly 
ordered into herringbone motifs. A set of observed intermo-
lecular interactions has been analyzed with the use of Hirsh-
feld surface tools.
Computations based on quantum chemistry methods (DFT-
ωB97XD/6-311+G(d)) let us for a more detailed descrip-
tion of both kinds of intermolecular interactions. In the X3 
synthon non-additive effects are relatively low and rather 
meaningless in the chain of molecules linked by  N-ox-
ide…N-oxide interactions indicating in the both cases very 
small cooperative effects.
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N-halogenated imides, common halogenating agents in or-
ganic synthesis, have recently been marked as extremely 
strong halogen donors. [1], [2], [3] In previous studies we 
have demonstrated that N-halogenated succinimides form 
extremely short XBs with halogen bond energies between 
20 and 60 kJ mol–1, depending on the pyridine basicity and 
the halogen atom.[2] In light of rather high bond energies, 
it seemed possible for such halogen bonds to have a sig-
nificant effect on the electron structure of both donor and 
the acceptor molecules, which in turn might be expected to 
affect the ability of the molecules to form additional inter-
molecular bonds in general and halogen bonds in particular. 
To test this supposition, we have prepared a series of cocrys-
tals of N-haloimides (N-iodo- and N-bromosuccinimide, 
N-iodo- and N-bromosaccharin and N-bromophthalimide) 
with halogenated pyridine derivatives, thus introducing the 
possibility of a secondary halogen bond with halogenated 
pyridines as donors and imide oxygen atoms as potential 
acceptors.
In all the obtained crystal structures the expected halogen 
bond between the N-haloimide halogen and pyridine nitro-
gen was found to be present. However, the occurrence of a 
secondary halogen bond (as well as its geometry when it is 
present) was found to depend on both the halogen atom of 
the pyridine, but also the halogen bond donor ability of the 
N-haloimide. While secondary I∙∙∙O contacts were present 
in all cocrystals of iodopyridines, the equivalent Br∙∙∙O con-
tacts with bromopyridines were generally found only in co-
crystals with N-iodoimides (stronger halogen donors), due 
to a larger polarization of the bromopyridine by a stronger 
primary halogen bond. This difference in polarisation has 
been verified through the molecular electrostatic potential 
calculations which have shown that the maximal positive 
potential in the σ-hole of the bromine of a 3-bromopyridine 
involved in a strong halogen bond (with N-iodosuccinim-
ide as halogen donor) is markedly higher than that in the 
free 3-bromopyridine or in 3-bromopyridine involved in a 
weaker halogen bond (with N-bromosuccinimide), and ap-
proaches the value for bromine in protonated 3-bromopyri-
dinium cation. This strongly reflects on the structures of the 
cocrystals with no secondary Br∙∙∙O contacts in the structure 
of 3-bromopyridine-N-bromosuccinimide cocrystal, Br∙∙∙O 
halogen bonds of ca. 3.11 Å in 3-bromopyridine-N-iodo-
succinimide cocrystal and ca. 3.01 Å in ionic 3-bromopy-
ridinium saccharinate which is isostructural with the N-io-
dosuccinimide cocrystal. The obtained results demonstrate 
that when several (inequivalent) halogen bonds are to be 
employed in engineering a crystal, their cooperativity (more 
generally, interdependency) must be taken into account.
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Microtubules are key components of the cytoskeleton con-
sisting of αβ-tubulin heterodimers and are involved in a 
wide range of various cellular functions, such as cell divi-
sion, where they are responsible for mitotic spindle forma-
tion and proper chromosomal separation. The biological im-
portance of microtubules in mitosis and cell division makes 
them an interesting target for the development of anticancer 
agents: many of them are already in clinical use (epothilone, 
paclitaxel) or in clinical trials such as combretastatin A-4 
(3’-hydroxy-3,4,4’,5-tetramethoxy-cis-stilbene, CA-4), 
however the search of new potent agents is still continued.
Our successful investigation on novel potent inhibitors of 
tubulin polymerization from group of CA-4 thioderivatives 
[1] prompted us to prepare a new series of oxazole-bridged 
CA-4 analogues. They were synthesized using the Van 
Leusen multicomponent reaction between corresponding 
benzaldehydes and p-toluenesulfonylmethyl isocyanides 
(TosMICs).
In the crystal structure of one of the new derivatives, name-
ly 4-[3-bromo-5-methoxy-4-(methylsulfanyl)phenyl[-5-(4-
bromo-3-nitrophenyl)-1,3-oxazole, a very short and direc-
tional C-Br···S halogen bonding was found (Br···S 3.264Å, 
C-Br···S 168.8°). In fact, it is the shortest such distance in 
all organic structures found in the CSD. As we were able to 
prepare the crystals of very good quality, high resolution 
diffraction data were collected, up to sinθ/λ=1.10Å-1 , and 
the electron density was modelled using Hansen-Coppens 
pseudoatom multipolar model [3]. The deformation densi-
ty maps, together with the Atom-In-Molecules topological 
analysis of interactions will be presented in the communica-
tion. Also the comparison with the quantum chemistry cal-
culations results show the importance of halogen bonding 
for the crystal structure.
This work was financially supported by the National Sci-
ence Centre (Poland), within the Project NCN No. UMO-
2015/17/B/ST4/03701
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Coordination polymers (CPs) based on organic flexible li-
gands are promising materials due to their potential dynam-
ic behaviour. In addition, the use of such kind of ligands 
allows the formation of polymorphic isomers which can be 
isolated in certain synthetic and crystallization conditions.
In this work, we describe two polymorphic forms (1 P21/c 
and 2 C2/c) for the 2D coordination polymer 2

∞[CuCl(4b-
pytm)] containing the spacer bis(4-pyridylthio)methane 
(4bpytm) which has proven its conformational flexibility 
in other coordination polymers [1]. Both Cu(I) compounds 
are obtained by a hydrothermal procedure from Cu(II) pre-
cursors. Crystals of 1 are isolated from a reaction using 
busulfan or procainamide hydrochloride and crystals of 2 
results from a direct reaction between the ligand and the 
Cu(II) salt. It is interesting to note that the type of arrange-
ment observed here have been only scarcely observed for 
this ligand [2,3].
The two compounds are 2D networks achieved by the bridg-
ing role of 4bpytm ligand and the Cu2Cl2 core. The ligand in 
the two compounds shows very different torsion angles and 
this fact lets that (2) have got interpenetration in its laminar 
structure whereas in (1) the sheets are parallel stacked.
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The appearance of the metal organic frameworks (MOFs) 
has opened a new branch of research, the new structures are 
suitable for as sensing, drug delivery, heterogeneous catalysis, 
separation and storage etc. Following the discovery of MOFs, 
new covalent organic frameworks (COFs) were synthesised as 
metal-free analogous.  Recently highly porous hydrogen-bond 
assisted organic frameworks (HOF) were reported. Most of the 
published organic frameworks are electronically neutral, but 
some of them are ionic metal–organic frameworks (iMOFs) or 
ionic covalent organic frameworks (iCOFs). I Intermolecular 
forces and molecular inflexibility are the conditions of the for-
mation of non-covalently bonded organic frameworks.
Three different polymorphic- and solvatomorphic iHOF 
frameworks of the investigated molecule (1: 5,5,11,11-tetrabu-
tyl-1,3,7,9-tetraphenyl-4,5,6,10,11,12-hexahydro-5,11- diaza-
dibenzo[ef,kl]heptalene-5,11-diium-bromide) were prepared 
by using different crystallisation techniques and were structur-
ally characterised using single crystal X-ray diffraction tech-
nique [1]. Crystals of 1a  were obtained by recrystallization 
from the saturated THF solution in the presence of the solid 
powder of compound 1  in a closed ampule. 1a crystallizes in 
space group Fddd and almost the half of the unit cell (42%) 
was found to be filled with disordered THF solvent molecules. 
Br- ions are placed along the channels close to the quaterner 
nitrogen groups.  Crystals of 1b were grown by slow evapora-
tion of the THF solvent, the dimorphic  structure has the Pnna 
space group. In this case the void volume is ~39% per unit cell. 
The voids are filled with disordered solvent molecule similarly 
to 1a. The crystals of 1c were received by  fast evaporation 
of  the solvent mixture of THF and pyridine to almost dryness. 
The molecules crystallise in the P21/n space group and contain 
voids of ~18% where the pyridine molecules take part in the 
framework construction as neutral linkers. 1a and 1b are poly-
morphs of 1, while 1b and 1c are solvatomorphs.
In all reported three crystalline  frameworks the structures are 
stabilized by C-H…Br- and Br-…π interactions,  while pyridine 
is part of C-H…π interactions. The solvent THF molecules 
are disordered throughout the channels. The residual electron 
density in the channels could be taken into account by the re-
finement of the data with squeeze program (part of the Platon 
program). The necessity of  molecular inflexibility in the for-
mation of these highly porous crystals is also discussed.
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Considering copper as an essential metal and being the key 
element for regular function of some proteins, copper(II) 
complexes with amino acids are often used as model sys-
tems for metal-protein interactions.[1] Furthermore, cop-
per(II) complexes with heterocyclic bases and amino acids 
readily interact with DNA molecules through hydrogen 
bonds and π-interactions. These comopunds showed prom-
inent antiproliferative activity against a series of tumor 
cell lines.[2] Since 2,2‘-bipyridine and serine are capable 
of forming various types of noncovalent interactions, their 
complexes may form predictible supramolecular motifs, 
thus being important in crystal engineering. In our latest 
research we have prepared porous complexes of copper(II) 
with 1,10-phenantholine and l-serine which we were able 
to interconvert into each other in the solid state under con-
trolled conditions.[3]
Herein, we present the first four crystal structures of 
copper(II) complexes with 2,2‘-bipyridine (bpy) and 
l-serine (ser) obtained by fine tuning of synthetic condi-
tions: [Cu(ser)(H2O)(bpy)]2SO4·6H2O (1), [Cu(ser)(bpy)
(CH3OH)]2SO4·3CH2OH (2), and two polymorphs of the 
[Cu(ser)(H2O)(bpy)]2SO4 (3a and 3b). The two complexes 
with solvent of crystallization (1 and 2) both have porous 
structures, while the two polymorphs (3a and 3b) do not, 
but all of them can be compared to the structures with 
phenanthroline. On the other hand, chemical properties of 
bipyridine complexes seem to be somewhat different then 
those with phenanthroline. Solution based and mechano-
chemical syntheses are discussed, as well as the chemical 
properties of these compelxes.
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The use of multi-component crystals, such as salts, sol-
vates and cocrystals, is an effective way of optimizing the 
physicochemical and biopharmaceutical properties of ac-
tive pharmaceutical ingredients (APIs) without modifying 
the chemical nature of the APIs [1]. Since most APIs are 
produced in the form of racemic mixtures, the formation 
of multi-component crystals may also lead to purification 
of the enantiomers [2]. Therefore, knowledge of the sol-
id-state landscape of an API, in terms of polymorphism and 
multi-component formation, is of paramount importance 
during the design and optimization of the final drug product.
The experimental screening of new multi-component sys-
tems, and specifically cocrystals, is a labor and time inten-
sive job and computational tools to understand and predict 
new cocrystals can significantly speed up the discovery 
of new solid forms. In this contribution, we present a da-
ta-mining approach that exploits the vast amount of infor-
mation contained in the Cambridge Structural Database [3] 
in order to predict new multi-component systems. First, all 
information on salts, solvates and cocrystals is converted 
into component networks. Next, the networks are analysed 
to discover their organizational principles and to find the 
best algorithm for cocrystal prediction. These algorithms 
are then used to discover unknown cocrystals on the basis 
of the coformer network (Figure). The prediction results 
from this new network approach were validated for both a 
common coformer and an API, resulting in the discovery of 
several new cocrystals.
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Five different isomers of chlorontrobenzoic acid – 
2-chloro-4-nitrobenzoic acid (2C4NBA), 4-chloro-2-ni-
trobenzoic acid (4C2NBA), 2-chloro-5-nitrobenzoic acid 
(2C5NBA), 5-chloro-2-nitrobenzoic acid (5C2NBA), and 
4-chloro-3-nitrobenzoic acid (4C3NBA) were crystallized 
from numerous different solvents. The obtained results 
showed that only 2C4NBA forms more than one polymorph 
(polymorphs I and II) and a hydrate (these forms have al-
ready been reported in previous studies of 2C4NBA [1,2]). 
Meanwhile, several solvates with organic solvents were ob-
tained for each of the isomer (6 for 4C2NBA and 2C5NBA, 
4 for 4C3NBA and 3 for 5C2NBA), although again 2C4N-
BA formed the most - 8 (with some already reported [2]). 
Interestingly, all isomers formed solvate wit N,N-dimeth-
ylacetamide and N-methyl-2-pyrrolidone, while all except 
for 5C2NBA also formed solvates with DMF and DMSO. 
This observation indicates on tendency of these molecules 
to crystallize together with amides and sulfoxydes.
Crystal structure analysis of non-solvated forms was used 
to try to obtain insight into the differences observed for the 
solid form landscape of chlorontrobenzoic acid isomers. As 
crystal structures of non-solvated 2C5NBA, 5C2NBA and 
4C3NBA were not available, they were determined from the 
PXRD measurements in capillary.
More detailed study was performed for 2C4NBA. Crys-
tallization experiments of unsolvated 2C4NBA in several 
different conditions were performed from numerous sol-
vents selected to represent different physicochemical prop-
erties. The obtained results clearly showed that the solvent 
as well as crystallization conditions affect the outcome of 
the crystallization experiment, although conclusions about 
the conditions for selective crystallization of polymorph II 
(less stable form at ambient and elevated temperature) were 
ambiguous.
Characterization of 2C4NBA monohydrate MH showed 
that it is not particularly stable. Additionally, crystallization 
experiments from solvent mixtures with different water ac-
tivity suggested that the crystallization of MH is kinetically 
hindered even in conditions where MH is thermodynami-
cally stable. Crystallization 2C4NBA from mixtures of wa-
ter and solvents forming 2C4NBA solvates (e.g., DMSO, 
1,4-dioxane) clearly pointed out that in slow crystallization 
only the solvate with the respective organic solvent could be 
obtained even at very high water activity, while MH could 
only be obtained by fast solvent exchange crystallization 
using excess amount of water.
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Benzimidazoles, indazoles and benzotriazoles are important 
organic molecules very common in biological systems. Be-
sides the role the play in these systems, they have received 
considerable attention in material sciences because they 
form materials based on these heterocycles, which exhibit 
notable conductivity and ferroelectric properties [1].
2-propyl-1H-benzimidazole (2PrBzIm, C10N2H12) [2], is 
a flexible molecule whose conformers are chiral except in 
the planar configuration. The compound exhibit polymor-
phism associated with an irreversible reconstructive-type 
phase transition at T= 384 K from an ordered structure I 
(P212121) [2] to a new polymorphic form IIHT (Pca21). The 
structural transformation between both polymorphs is inter-
preted by means of changes in packing and the configura-
tion of the hydrogen bonded molecular chains. In addition, 
the polymorph IIHT undergoes two reversible phase transi-
tions, at 361 K to another form IIRT with the same space 
group and at 180 K to a low temperature form IILT doubling 
one of the cell parameters. The calculation of the conforma-
tional energy landscape against the intramolecular torsion 
angles in 2PrBzIm allows to distinguish between changes 
and adjustments of the conformational configuration of the 
molecules in the different structures.
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The variety of supramolecular interactions in the solid state 
can lead to substantial risk or untold opportunity. Lack of 
control of such interactions can lead to crystal form poly-
morphism and can have a critical impact on formulated 
product robustness, with pharmaceuticals having been with-
drawn from the market upon the unexpected appearance of a 
more stable polymorph. However, a detailed understanding 
of those same interactions can provide an opportunity to 
generate materials with desired properties through crystal 
engineering.
The Cambridge Structural Database contains over 940,000 
crystal structures, and data points from many millions of 
individual supramolecular interactions. We can use this data 
from every crystal structure ever published to understand 
the solid form landscape of a novel material. What are the 
risks of polymorphism, and can we engineer specific pack-
ing motifs?
The Hydrogen Bond Propensity method makes use of sta-
tistics derived from hydrogen bonds observed in similar 
crystal structures, along with an understanding of the chem-
istry of a molecule, to make predictions on the likelihood 
of forming specific interactions in the solid state.[1] When 
combined with a knowledge of the coordination environ-
ment of the functional groups of that molecule, we can 
generate a landscape of likely hydrogen bonding networks.
[2] By understanding the supramolecular interactions that 
occur in a crystal structure, we are able to understand the 
risk of polymorphism resulting from variations in these in-
teractions.
In this presentation, we will describe the Hydrogen Bond 
Propensity method and its application to understanding 
polymorphism in the organic solid state. We will highlight 
improvements that we are making to the method and discuss 
how it can be applied to the design of novel multi-compo-
nent systems.[3]
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Mechanochromic materials (i.e. solids possessing light 
emitting properties that vary upon mechanical grinding 
or pressing), arouse much interest in recording or sensing 
applications that involve luminescent detection. However, 
only in a few of them an adequate understanding about the 
origin of the color change has been achieved. Light-emitting 
single crystalline compounds are especially interesting for 
allowing correlating the changes in the solid-state lumines-
cent properties with variations in the molecular or supramo-
lecular structure.1

In the quest for efficient light emitting compounds, ben-
zothiadiazole (BTD) is one of the preferred moieties. This 
electron deficient heterocycle presents high fluorescence 
quantum efficiencies and has a strong propensity to adopt 
quinoid conformations, thus facilitating charge transfer be-
tween attached substituents and enabling the tuning of its 
emission properties.2 Herein we present a new BTD-deriv-
atives series, which each one crystallizes in two different 
polymorphs. These compounds change their light emitting 
properties due to slight changes of their crystallographic 
packing, offerings an excellent opportunity to establish opti-
mal supramolecular arrangement for photonic applications.
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The key concepts of crystalline engineering are intermo-
lecular interactions and the supramolecular synthons which 
are formed by such interactions. The so-called “Synthon 
approach” greatly helps to simplify the understanding and 
description of crystal structures.
In this work, the structural features of a number of known 
and new supramolecular synthons in a different crystalline 
environment are studied. By the structural features we mean 
the geometric parameters of strong “synthon-forming” 
non-covalent interactions, the conformation of the synthon 
and the possibility of its additional stabilization through 
secondary intermolecular interactions, which may turn 
out to be different in different crystalline forms. Thus, the 
influence of the crystal environment on the structure and 
stability of the synthons that are classic for supramolecular 
chemistry: carboxyl, amide, thioamide, sulfonamide, and 
some others, in different polymorphic forms and in “race-
mate-conglomerate” pairs has been studied. To obtain data 
on the behavior of synthons in different environments, key 
series of compounds has been studied for polymorphism 
and for a tendency to spontaneous resolution of enantio-
mers.
An extremely rare type of polymorphism “conglomerate 
1-conglomerate 2” has been discovered [1]. In both poly-
morphs, the main formative motif is a homochiral chain 
(helix) based on the same supramolecular α-hydroxyamide 
open-chain synthon that takes different symmetry depend-
ing on the crystal system.
For the classical carboxylic acid synthon, the ability to form 
a stable interaction of the “Lp...synton” type is found, which 
can cause a significant amplification of synthon-forming hy-
drogen bonds.
For the known thioamide synthon, the effect of a “chi-
ral-dependent conformational memory” is found - a pairs of 
thiourea molecules “memorize” their mutual arrangement 
both in the hetero- and homochiral H-bound dimers and re-
produce it in the structure of metal complexes correspond-
ing to them by stereochemistry.
The possibility of transferring an amide open-chain supra-
molecular synthon, which is symmetrical relatively to the 
glide plane in the crystals of isonyazide dervatives, from the 
racemic medium into the homochiral one has been discov-
ered [2]. It was achieved by inclusion of a second indepen-
dent molecule into a cell.
A new tetrameric cyclic sulfinamide synthon has been 
found, the formation of which is accompanied by the for-
mation of an H-bound tetramer with a sofisticated stereo-
chemical construction.
A new cyclic centrosymmetric β-hydroxysulfoxide synthon, 
capable of self-assembly in both the racemic and homochi-
ral medium, has two stable conformations realized in the 
room temperature and low-temperature phases [3].
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Although our current knowledge on polymorphism has 
been advancing significantly in recent years, this fascinat-
ing topic still represents a challenging aspect of structural 
crystallography and solid-state chemistry. Despite the major 
enhancements in experimental and computational methods, 
the highly successful computational studies invariably pre-
dict far more feasible structures than are experimentally 
found, even when further extensive experimental screenings 
are made. Possible reasons for this discrepancy have been 
previously suggested but still questions such as Why don’t 
we find more polymorphs? remain open. 1

In this work we explore the idea that detailed comparative 
analyses of predicted and experimental polymorphs may 
represent a further useful tool for polymorph screening. The 
identification of structural similarities and differences might 
help in discriminating which structure, within the crystal 
energy landscape, would seem likely to be experimentally 
isolated.2 This information might be also used to identify 
whether pairs or groups of structures are so closely related 
that they may convert one into the other, during the nucle-
ation/crystal growth stages or by proper solid-solid phase 
transitions, preventing the observation of some potential 
metastable forms. To follow these objectives, we compared 
experimental and predicted structures from the previous re-
sults of a CSP study by Asmadi et al. 3 on a group of three 
rigid, planar small molecules of known crystal structures, 
2-methyl-, 3-methyl- and 2,3-dimethyl-benzo[b]thiophene 
1,1-dioxide.
The results of the crystal structure comparison of the ten 
lowest energy predictions from the CSP calculations for 
each derivative with the known, unique experimental crys-
tal structures are discussed. A short experimental screening 
leading to the discovery of three new polymorphs is also 
presented.
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Co-crystals are multicomponent crystalline materials in 
which different molecular entities are stoichiometrically 
kept together within the same crystal lattice. Their proper-
ties are a blend of single component characteristics, tuned 
by internal interactions. In modern times, cocrystals are of 
great interest in the pharmaceutical context because they are 
able to modify the chemo-physical properties of the pure 
drug by appropriate selecting a suitable coformer. Howev-
er, some important molecules for human health are liquid 
at room temperature, which may influence the efficacy of 
their formulation since they tend to be less stable than solid 
forms. For this reason, the stabilization of liquid APIs is of 
enormous interest not only for the final delivery of the drug 
product but also for its storage, transportation and handling. 
Within this project we address the problem of taming liquid 
essential oils (EOs) in crystalline forms at ambient condi-
tions and assess their applicability in the agro-food indus-
trial arena. In addition to their widespread use as flavouring 
agents, EOs represent a “green” alternative in pharmaceu-
tical, nutritional and agricultural fields due to their reported 
antimicrobial, antimycotic and antioxidant properties. The 
use of EOs in industrial context is anyhow limited by their 
low-melting point, which negatively affects their chemical 
stability. As proof of concept, we here successfully forced 
the enthalpic stabilization of EOs, such as eugenol (a ma-
jor component of clove oil), carvacrol (extracted from the 
oregano essential oil) and thymol (present in the oil of 
thyme) by providing a new efficient intermolecular net-
work in the solid state, co-crystallizing them with different 
N-based coformers. Coformers were appropriately chosen 
among a list of regulated substances apt for agro-food in-
dustries.
All products have been fully characterized and their prop-
erties – i.e. solubility and EOs release in air and in simulant 
media – described in relation to their three-dimensional 
structure with particular emphasis on the role of the coform-
er used.
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Powder X-ray and neutron diffraction (PXRD and PND) 
are ideal tools for the study of solid-solid phase transitions, 
especially when complemented by DSC measurements.  
Similarly, single-crystal X-ray diffraction (SXD) is the 
method of choice for structure determination, especially 
given the capabilities of modern X-ray equipment (focussed 
micro-source X-rays with 2D detectors) combined with 
state-of-the-art data processing (CrysAlisPro) and analysis 
(Olex2) software.  In addition, variable temperature (VT) 
crystallography can provide a more detailed understanding 
of the interactions between molecules than the static one-
shot single temperature approach.  Combining all of these 
methods has improved our understanding of the co-crystal 
system C6F6:C6H6−nMen for n=0 to 3.
The structure of phase IV of the prototype material 
C6F6:C6H6 was solved from combined neutron and syn-
chrotron X-ray powder diffraction a quarter of a century 
ago[1], but a detailed understanding of the other 3 phases 
has remained elusive until now: new laboratory PXRD and 
SXD data has resulted in the determination of the crystal 
structures of the unknown phases and a better understand-
ing of the transitions, particularly when combined with DSC 
measurements[2].  Furthermore, due to the combined use of 
PXRD, DSC and SXD techniques, the origins of the phase 
transitions in the related system C6F6:C6H3Me3 co-crystal 
system have now been fully understood[3].  More recent 
studies of C6F6:C6H4Me2 (p-xylene) using a similar approach 
has reveal subtleties in the structure of this adduct as a func-
tion of temperature which have not previously been seen; 
it exhibits similarities in structural behaviour to that of the 
C6F6:C6H3Me3 adduct.  Finally, a preliminary PXRD study 
combined with low temperature DSC on C6F6:C6H5Me (tol-
uene) shows that this system is more similar to the prototype 
material.  In each case, an understanding of the changes in 
symmetry as a function of temperature is essential to solv-
ing the structures.
Variable temperature crystallography provides a tool for 
studying the competing intermolecular interactions in these 
systems.  In all cases, there is a very strong electrostatic 
interaction from the equal and opposite quadrupolar force 
between the C6F6 and C6H6−nMen rings leading to columns of 
molecules stacked like dinner plates, but subtle changes in 
the C-H…F-C interactions between columns of molecules 
as a function of temperature lead to a variety of phase trans-
formations.



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e345

References:
[1] Williams, J. H., Cockcroft, J. K. & Fitch, A. N. (1992) Angew. 
Chem. Ind. Ed. Engl. 31, 1655-1657.
[2] Cockcroft, J. K., Rosu-Finsen, A., Fitch, A. N. & Williams, J. H. 
(2018) for submission in May.
[3] Cockcroft, J. K., Ghosh, R. E., Shephard, J.J., Singh, A. & 
Williams, J.H. (2017) CrystEngComm, 2017, 19, 1019-1023.

Keywords: Variable temperature powder diffraction, C-H…F-C 
Interactions, Co-crystals

MS31-P14
Co-crystallisation of energetic materials 
with reduced sensitivity
Nilgun Sen1, Colin R. Pulham1

1. �University of Edinburgh/Chemistry, Edinburgh, United Kingdom

email: nilgunsen2001@gmail.com
Insensitive explosives have attracted significant interest in 
the past three decades owing to their potential application in 
numerous energetic materials. Research of the explosive of 
low impact sensitivity and high explosive performance is the 
vital problem in the energetic materials, which has not been 
solved yet (1-4). Efforts have been made to diminish this 
through synthesis of new molecules, however this is usually 
a complex, need to time consuming process cost-effective 
production methods, extensive validation, and requirements 
to meet increasing challenging performance target (5). 
Co-crystallisation is new an effective technique to improve 
the solubility, bioavailability physical and chemical stability 
properties of drugs without altering their chemical structure, 
and it is extensively used for the pharmaceutical industry (6-
9). Therefore, co-crystallization may supply a new method 
to possibility of tuning the performance and sensitivity of 
an energetic material without requiring complex preparation 
or synthesis of novel compounds (10-13). To modify and 
improve the properties of energetic materials, via co-crys-
tallisation between TNT, Picric Acid with non-energetic 
materials were studied. Co-crystallisation studies includ-
ing characterization (single crystal X-ray data, Powder X 
Ray diffraction), thermal behavior (Differential Scanning 
Calorimetry), impact sensitivity (BAM Fall Hammer), and 
intermolecular interactions were carried out in detail. And 
also we analysed the crystal packing and show how this may 
influence sensitivity to impact.
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Currently, function and biological behaviour of steroids 
are believed to be mainly determined by terminal chemi-
cal groups attached to their backbone. Recently, however, 
mechanochemical solid-state screening techniques devel-
oped by our group revealed there may be another way for 
steroids to recognize and bind other molecules, named the 
α···π interaction, so far observed in solid-state complexes 
of the steroid sex hormone progesterone with electron-rich, 
planar aromatic molecules (arenes).[1] This interaction 
takes place specifically between one side of the progester-
one molecule, known as the α-face, and the π-electron cloud 
above the plane of the aromatic molecule. Importantly, the 
small number of other steroids explored so far suggest that 
such supramolecular assembly is highly dependent on the 
fine detail of the steroid backbone,[1,2] thus paralleling 
their behaviour in biological systems, where small dif-
ferences in steroid structures are immediately reflected in 
their biological activities. In the context of supramolecular 
chemistry, the assembly by α···π interaction can enable the 
rational design of new solid-state materials with potential 
use in drug delivery.
We set out to explore the limits of the cocrystallization 
strategy with progesterone, using larger PAHs such as 
perylene and coronene, and polyaromatic heterocycles such 
as phenanthridine, phenanthroline and others. The cocrys-
tal screening was conducted mechanochemically, i.e. by 
liquid-assisted grinding, and the successful formation of a 
cocrystal established by powder X-ray diffraction and ATR-
IR spectroscopy. A number of cocrystals were successfully 
obtained and their structures determined by single-crystal 
X-ray diffraction.
Our results so far demonstrate impressive reliability of the 
α···π interaction, witnessed by a relatively high rate of suc-
cessful cocrystallization within the investigated coformers. 
On the other hand, the stoichiometry of the cocrystals could 
so far not be accurately predicted in all cases, with all of 1:1, 
2:1 and 3:1 steroid-to-coformer stoichiometries observed.
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R-Encenicline (N-[(3R)-1-azabicyclo[2.2.2]oct-3-yl]-7-
chloro-1-benzothiophene-2-carboxamide) hydrochloride 
(Enc-HCl) is a partial, selective agonist of the α-7 nicotinic 
acetylcholine receptor. It is being developed for the treat-
ment of cognitive deficits in schizophrenia and Alzheimer’s 
disease.  Previously, three monohydrates (I, II and X) were 
reported in the patent [1], recently we reported fourth poly-
morph of Enc-HCl monohydrate (III) as well as four dehy-
drates of all monohydrates (ID, IID and IIID) [2].
The solid state landscape of  Enc-HCl presents several 
more nonsolvated polymorphic forms as well as large num-
ber of solvates. Almost all of these polymorphic forms (V, 
VI,VII,VIII,IX) can only be obtained by means of desolva-
tion of different solvates. Moreover, depending on the dif-
ferent desolvation conditions two different polymorphs can 
be obtained from the same acetic acid disolvate (SAA). In-
deed, when the desolvation process is performed in elevated 
temperature - polymorph VIII is produced, but in dry gas 
flow - polymorph IX. The only polymorph that is accessible 
without the parent solvated phase is form IV.
The crystal structures  of six polymorphs as well as their 
precursors have been determined directly from powder 
diffraction data. The crystal structures of precursors were 
found to be relatively structurally similar and related to 
those of desolvated phases, which was consistent with 
the observed phase transitions among the related pairs. In 
addition, a comparison of the thermodynamic stability of 
polymorphs were performed using DFT calculations, dif-
ferential scanning calorimetry data and solvent mediated 
slurry-bridging experiments.
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Crystal engineering principles were used to cocrystallise 
sulfa drugs, sulfapyridine (SFP) and sulfadiazine (SFD), 
with aromatic acids and an amine via solution crystallisa-
tion. Sulfapyridine formed cocrystals with 3-nitrobenzoic 
acid (SFP∙3NBA), 5-bromosalicylic acid (SFP∙5BSA), 
4-dimethylaminopyridine (SFP∙4DMAP) and salts with 
4-nitrobenzoic acid [SFP+][4NBA-], 3,5-dinitrosalicylic 
acid [SFP+][DNSA-] and 3,5-dibromosalicylic acid [SFP+]
[DBSA-], while sulfadiazine formed a salt with 3,5-dinitro-
salicylic acid [SFD+][DNSA-].
The SFP and SFD compounds exhibit tautomerism. In this 
work it was investigated how the introduction of coform-
ers with varying acidity provides the possibility to form 
a variety of synthons, and therefore disrupt the common 
preferred interactions within the sulfonamides. Using se-
lected acids as coformers, the effect on crystal packing of 
the coformer’s substituent position was examined by using 
the isomers 3NBA and 4NBA. 5BSA and DBSA were em-
ployed to analyse the effect of the number of substituents 
on hydrogen bond formation and crystal packing. In addi-
tion, it was investigated how small structural changes in the 
pharmaceutical compound influences the crystal packing by 
cocrystallising structurally similar SFP and SFD with the 
same coformer. Evaluation of the change in coformer acid-
ity was studied by using a pyridine coformer, 4DMAP, and 
its crystal packing was analysed and compared to structures 
formed with carboxylic acid coformers.
Finally, we examined how inter-conversion of tautomers 
promotes crystal formation by conforming to the geometric 
demands of the different coformers.
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31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e348

MS31-P18
Computional studies of droperidol / 
benperidol solid solution phase formation.
Elīna Sala1, Agris Bērziņš1, Kristaps Saršūns1

1. �Faculty of Chemistry + University of Latvia, Riga, Latvia

email: eliina.sala@gmail.com
Goal of the research is to rationalize and find one common 
ground how to predict formation of solid solutions between 
chemically similar molecules and how to explain formation 
or absence of mentioned phase (structural and energy as-
pects).
Experimentally it is confirmed that several of the chemi-
cally similar benperidol and droperidol solvates yield solid 
solutions with limited solubility [1], however there is lack 
of insight on theoretical studies, since solid solutions if one 
of the least researched solid phase. The analysis of crystal 
structures have been accompanied for a while with various 
computational techniques – for instance with calculations 
of total unit cell energy we can explain why one structure 
is more favourable, it is possible to simulate solid solutions 
with various compositions and find limitations for com-
pound solubility in each other by comparing total unit cell 
energy, as well as simulated structures allow to compare 
bond angles and lengths.
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Normal-coordinate Structural Decomposition (NSD) has 
been used to study the role of distortions of tetrapyrroles in 
biochemical mechanisms.[1] In the Senge group, NSD has 
been used to determine the extent that different modes of 
distortions contribute in 3D structures of similar but distinct 
porphyrinoid macrocycles.[2] In this project we are intending 
to conduct a detailed comparative analysis of chlorophyll 
related molecules at a small molecule, high resolution level. 
Additionally, we will also establish how effective the NSD 
is by determining specific 3D features of porphyrins, chlo-
rins, and their metal derivatives. With this in mind we used 
the Cambridge Structural Database[3] to obtain the X-ray 
crystal structures of free base 5,10,15,20-tetraphenylpor-
phyrins (TPP); free base 2,3,7,8,12,13,17,18-octaethylpor-
phyrins (OEP); free base porphyrins with increasing β-sub-
stituted ethyl groups (XETPP) (X = 0–8); free base chlorins 
with increasing β-substituted ethyl groups (XETPC) (X = 
0–8) and the Zn(II) derivatives of the four groups mentioned 
above. The NSD of these compounds were then obtained us-
ing the NSDGUI developed by Shelnutt and co-workers.[4]

Chlorophylls and porphyrins have been shown to exhibit a 
wide range of different macrocycle conformations. These 
can occur by metalation, steric effects of peripheral or ax-
ial ligands, N-substitution, protonation, and π-aggregation 
in the environment. The compounds listed above were 
discussed in terms of their out-of-plane (oop) and in-plane 
(ip) distortion modes. In the TPPs, the main oop distortion 
mode is wav(x). In OEPs, the main oop mode is wav(y). 
Factors such as solvent, axial ligands, and π-interactions 
influence the 3D structure of these compounds, resulting in 
a comprehensive preference for each distortion mode based 
off interactions. OKOQUA (OEP) is solvated with a tetra-
cyanoquinodimethane solvent that approximately triples 
the wav(x) distortion mode compared to the non-solvated 
OEP. Increasing the number of ethyl chains on the β car-
bons in the XETPPs increases the oop distortion, which is 
clearly seen in the sad distortion. In the XETPCs (X = 2), 
increases of roughly 1.0 Å exist in the sad mode compared 
to corresponding porphyrins. When X = 4(cis), decreases in 
distortion occur when ethyl chains are on the reduced pyr-
role and increases are observed when ethyl chains are on 
the non-reduced pyrrole. The insertion of a Zn(II) results in 
a wav(x) decrease in TPP of 0.1 Å. This can be rationalized 
by the N-Zn(II) bond which contracts the porphyrin core. 
Additionally, it should be noted that peripheral substitutions 
have a larger impact on 3D structure than Zn(II) metal in-
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sertions. This is mainly seen in the difference between sad, 
ruf and dom distortions in XETPPs and XETPCs. From the 
results obtained in this test case, we can now go on and use 
these observations to discuss the macrocycle conformations 
in chlorophyll.
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The many of nitroaniline derivatives are materials with 
nonlinear optical (NLO) properties [1]. The molecules of 
nitroanilines contain the amino group which can be proton-
ated and new compounds can be obtained in acidic condi-
tions. Therefore, a search of compounds with NLO prop-
erties can be expanded for a large group of organic ionic 
compounds. Previously, some complexes of 2-methyl-4-ni-
troaniline with inorganic acids were studied [2]. As a con-
tinuation of those studies, here we present crystal structure 
of six new salts of 2-methyl-5-nitroaniline (2Me-5NA) with 
inorganic acids.
Five of obtained crystals have centrosymmetric space 
groups, but one does not have the centre of symmetry. 
Structures of all the compounds are stabilized by N−H•••A- 
hydrogen bonds between -NH3

+ group and inorganic anion. 
The stability of all the salts was checked in the rage 295-
100K and no phase transitions were revealed.
Fig. 1. The networks of hydrogen bonds in crystal structures 
of (H-2Me-5NA)HSO4, (H-2Me-5NA)Br and (H-2Me-
5NA)NO3 at 295K..
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sec-Butylamine and 2-methylpryrrolidine are primary ali-
phatic and secondary cyclic amines, respectively. They can 
exist in enantiopure form or as a racemic mixture. In both 
cases they can interact with water molecules forming hy-
drates of rather differentiated architecture. Their analyses 
shed light on the influence of stereogenic center on crystal 
packing and, in consequence, on the transfer of chirality to 
water frameworks and on their complexity.
Using the in situ crystallization technique [1] assisted by 
IR laser focused radiation we were able to obtain crystals 
of racemic amines, (R)-2-methylpyrrolidine and (S)-sec-bu-
tylamine. For each case we obtained also hydrates. As 
expected, racemic 2-methylpyrrolidine or sec-butylamine 
crystallize in centrosymmetric group (monoclinic P21/n 
or orthorhombic Pccn, respectively), whereas (R)-2-meth-
ylpyrrolidine and (S)-sec-butylamine in non-centrosym-
metric ones (P21, or P21212, respectively). In the case of 
hydrates the amine molecules are incorporated to 3D water 
network. Racemic mixture and R isomer of 2-methylpyrro-
lidine lead to 7 hydrate but they differ in crystallographic 
systems (P21/n or P212121, respectively). The case of sec-bu-
tylamine is different because the presence of stereogenic 
center dramatically changes the symmetry. Racemic mix-
ture of sec-butylamine and water leads to 71/3 hydrate (P21/c 
space group) while the mixture of S isomer and water gives 
6 hydrate (P212121 space group).
It is worth to mention that hydrogen atoms for 2-methylpyr-
rolidine hydrate (both racemic and enantiopure) are ordered 
whereas in the case of sec-butylamine hydrate they are dis-
ordered.
Acknowledgements The work has been supported by 
the National Science Center grant (NCN 2011/03/B/
ST4/02591)
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Taking into account the great potential of MOFs, this work is 
focused on a relatively recent new class of analogous porous 
materials in which coordination bonds are released from 
guiding the crystal structure and supramolecular interac-
tions play this role.1  Herein we present the results obtained 
for π-π stacking interactions as the driving force to develop 
porous supramolecular metal-organic frameworks (SMOFs) 
as an alternative to more directional hydrogen bonding in-
teractions. In particular, the use of adenine and methylx-
anthines has given rise to several compounds presented in 
this communication. The blue compound [Cu7(μ-ade)6(μ3-
OH)6(μ-H2O)6](theo)2·28H2O (1) (ade: adeninato, theo: 
theobrominato) is formed by wheel-shaped cationic units 
where the Cu(II) atoms are bridged by hydroxide anions, 
water molecules, and adeninato ligands with a m-κN3:κN9 
coordination mode. The supramolecular assembly (Figure 
1) takes place mainly through π-π stacking interactions in-
volving the adeninato ligands of the rigid heptameric enti-
ties and theobrominate moieties. Compound 1 exhibits an 
open-framework with voids representing 37% of the unit 
cell volume, but the plasticity of the π-π interactions causes 
a reversible shrinkage of the porous system upon activation 
that precludes the adsorption of gas molecules.
Dark purple compounds [Cu2(μ-ade)4(H2O)2]·3H-
theo·7H2O (2), [Cu2(μ-ade)4(H2O)2]·2Htheo·18H2O (3) and 
[Cu2(μ-ade)4(H2O)2]·(caf)·~6H2O (4)  (Htheo: theobromine, 
caf: caffeine) contain neutral windmill units in which two 
copper atoms are bridged by four m-κN3:κN9 adeninato 
ligands. Their crystal structures highly depend on the su-
pramolecular interactions of the theobromine and caffeine 
bases. In compound 2, two theobromine molecules are hy-
drogen bonded to the Hoogsteen face of two trans-arranged 
adeninato ligands, whereas a third theobromine molecule 
is joined to the Watson-Crick face of one of the previous 
adeninato ligand. In compound 3, with a lower amount of 
theobromine, the Watson-Crick interaction is not present. 
In both compounds, the 3D crystal structure requires the 
additional presence of π-π stacks between the theobromine 
molecules.
In compound 4, as the methyl groups of the caffeine mole-
cule do not allow hydrogen bond interactions, the adeninato 
ligands are hydrogen bonded among them to generate, to-
gether with π-stacking interactions, supramolecular sheets 
containing rectangular windows in which the caffeine mol-
ecules are located. Only compound 4 showed permanent 
porosity, adsorbing a significant amount of CO2 (0.88 mmol 
of CO2/g at 5 bar and 273 K). The magnetic characterization 
of the compounds indicate a ferromagnetic behaviour for 
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1 and strong intradimeric antiferromagnetic interactions in 
compounds 2 and 4.

References:
[1] (a) Thomas-Gipson, J.; Pérez-Aguirre, R.; Beobide, G.; Castillo, 
O.; Luque, A.; Pérez-Yáñez, S.; Román, P.; (2015) Cryst. Growth 
Des., 15, 975-983. (b) Beobide, G.; Castillo, O.; Luque, A.; Pérez-
Yáñez, S. (2015) CrystEngComm, 17, 3051-3059.

Keywords: SMOFs, supramolecular interactions, π-π stacking

MS32-P06
Temperature-dependent supramolecular 
isomerism of lutetium-aminoterephthalate 
metal-organic frameworks: synthesis, 
crystallography and physical properties
Alla Dikhtiarenko1, Pablo Serra-Crespo2, Sonia Castellanos3, Alexey 
Pustovarenko4, Rafael Mendoza-Meroño5, Santiago García-Granda5, 
Jorge Gascon1

1. �Kaust Catalysis Center, King Abdullah University of Science and 
Technology, Thuwal, Saudi Arabia

2. �Radiation and Isotopes for Health, Department of Radiation 
Science and Technology, Faculty of Applied Sciences, Technical 
University Delft, Delft, Netherlands (Holland, Europe)

3. �Advanced Research Center for Nanolithography, Amsterdam, 
Netherlands (Holland, Europe)

4. �Chemical Engineering Department, Delft University of 
Technology, Delft, Netherlands (Holland, Europe)

5. �Departamento de Química Física y Analítica, Universidad de 
Oviedo, Oviedo, Spain

email: alla.dikhtiarenko@kaust.edu.sa
Polymorphism or supramolecular isomerism is becoming an 
increasingly important subject in the field of crystal engi-
neering, as it may facilitate the design of porous polymeric 
materials with targeted physical properties.[1] In this context, 
the unique properties of MOF polymorphs, displaying both 
different crystal structures and identical molecular compo-
sition, allow for the derivation of structure-property rela-
tionships solely based on structural parameters or topology 
of the polymeric network. There are various key factors 
governing the formation of MOFs’ polymorphic forms, 
including reaction time, temperature, concentration of pre-
cursors, pH, solvent, modulators, and so on. Although nu-
merous individual factors[2] or their conjunction[3] affect the 
occurrence of polymorphic forms, temperature is the one of 
the most important variables. The study of polymorphism 
is not only important in producing novel materials with 
target properties but may also be helpful in developing a 
fundamental understanding of the factors influencing crystal 
growth, such as reaction temperature.
In this line, we present the investigation on the relationship 
between the crystal structures and gas adsorption / fluo-
rescence properties of lutetium(III) 2-aminoterephthalate 
MOFs isomorph series. Three supramolecular isomers of lu-
tetium metal-organic framework, {Lu2(H2O)4(ATA)3·4H2O}
n (Lu-ATA@RT), {Lu2(H2O)2(C3H7NO)2(ATA)3}n (Lu-
ATA@100) and {Lu2(C3H7NO)(ATA)3}n (Lu-ATA@150), 
have been obtained from the reaction of Lu(NO3)3·6H2O 
with 2-aminoterephthalic acid (ATA) at different tempera-
tures. The resulting structures of Lu-ATA MOFs depend 
on the temperature applied during the synthesis, reveal-
ing a temperature-susceptible supramolecular isomerism. 
Single-crystal X-ray diffraction analyses suggest that new 
compounds with formula {Lu2(S)x(ATA)3}n (S = solvent: 
H2O, DMF) display different three-dimensional architec-
tures which consist on dinuclear lutetium building units. 
The supramolecular isomer Lu-ATA@RT, formed at room 
temperature, has a pcu-net topology while its double inter-
penetrated analogue, Lu-ATA@100, assembles at 100 ºC 
under hydrothermal conditions. Hydrothermal synthesis at 
150 ºC affords formation of the dense Lu-ATA@150 cage-
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like framework displaying a new hexagonal-packed net to-
pology. All Lu-ATA isomeric phases are porous and display 
different gas-uptake behaviour towards carbon dioxide as a 
function of polymeric network arrangement. The lumines-
cent properties of Lu-ATA frameworks in solid state as well 
as in suspension in the presence of different solvents reveal 
a solvent dependent emission.
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During the last decade, the synthesis and application of 
metal-organic framework (MOF) nanosheets has received 
growing interest,[1] showing unique performances for differ-
ent technological applications.[2] Despite the advances re-
ported, the applicability of the synthetic methods developed 
so far is mainly restricted to MOFs possessing a layered 
structure. These MOFs consist of stacked 2D layers, being 
more prone to the formation of nanosheets. However, this 
subfamily of compounds only embodies a small fraction of 
the MOF structures reported to date, severely limiting the 
potential of this promising type of 2D nanomaterials. To 
the best of our knowledge, only one very recent example 
has been reported so far on the top-down exfoliation of 3D 
MOFs.[3] However, top-down approaches are often associ-
ated with particle fragmentation and re-aggregation of the 
detached sheets. A bottom-up approach for the synthesis of 
3D MOF has never been reported.
Within this context, we present a bottom-up surfactant-as-
sisted synthetic approach for the fabrication of free-standing 
nanosheets of various non-layered 3D Al-containing MOFs, 
broadening the scope of MOF nanosheets application. 
Surfactant-assisted pre-organization of the metallic pre-
cursor prior to MOF synthesis allows for the manufacture 
of non-layered Al-containing MOF lamellae. These MOF 
nanosheets are shown to exhibit a superior performance 
over other crystal morphologies for both chemical sens-
ing and gas separation. Gas separation behaviour of MOF 
nanosheets embedded in polymer matrix was explored for 
CO2/CH4 mixture and compared to the nanoparticle-con-
taining composite. The NH2-MIL-53(Al) nanolamellae/
Matrimid® mixed matrix membrane showed a 10-fold in-
crease in CO2 permeability along with a doubled selectivity 
in the separation of CO2/CH4 mixtures. Moreover, sensing 
studies on NH2-MIL-53(Al) nanolamellae-coated device 
suggested the enhanced sensing performance towards dif-
ferent types of alcohols. As revealed by electron microsco-
py and diffraction, this superior performance arises from 
the shorter diffusion pathway in MOF nanosheets, whose 
one-dimensional channels are oriented along the shortest 
particle dimension.
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The interest in multicomponent solid forms has increased 
in the last years within the pharmaceutical industry and also 
the solid-state community due to the possibility of obtaining 
materials with improved properties1,2. Crystallization strat-
egies, supported by solvent- and solid-based3 techniques, 
have also received attention in the search and development 
of efficient methodologies for the screening of multicom-
ponent crystals.
In this work, two antidiabetic drugs with limited aqueous 
solubility, chlorpropamide and tolbutamide, were selected to 
develop multicomponent forms on the basis of the synthon 
types using a series of coformers. Liquid Assisted Grinding 
(LAG) was used as a mechanochemical synthetic tool. At-
tempts to produce salts by LAG led to the formation of poly-
crystalline material. These solids were then characterized by 
powder X-ray diffraction as well as by spectroscopic and 
thermal methods. Recrystallization by slow solvent evapo-
ration was carried out when the above-referred techniques 
strongly suggest the formation of a new solid form. In those 
cases where suitable crystals were obtained, single crystal 
X-ray diffraction experiments were performed. Solubility 
determination of the selected solid forms has proved the 
advantage they offer over their corresponding parent APIs.
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Despite the simplicity and robustness of inorganic NLO 
materials, their organic counterparts have been attracting 
attention due not only to their superior NLO performance 
but also to their faster electronic response and higher ther-
mal stability [1]. The greatest advantage, though, at least 
from a chemical point of view, is the ability to design both 
the molecular and supramolecular structure in function of 
the desired properties or applications [2]. In the case of 
(lowest-order) single-component NLO materials, the main 
challenge consists of achieving non-centrosymmetry in the 
crystal lattice, which is a strict requirement to observe the 
desired optical effects.
Our previous work on organic optical materials focused on 
1,4-distyrylbenzene (1,4-DSB) derivatives with a wide va-
riety of acceptor and donor substituents on the backbone. 
Such push-pull (A-π-D) compounds did yield non-cen-
trosymmetric crystal structures, but the fraction of polar 
supramolecular structures remains low [3].
In order to maximize the probability for non-centrosymme-
try, we now focus on 1,3-DSBs. This idea is supported by 
an analysis of the Cambridge Structural Database (CSD), 
which leads to the conclusion that compounds based on 
1,3-DSB crystallize non-centrosymmetrically in 25% of 
the cases, compared to 8% and 11% for 1,4- and 1,2-DSBs 
respectively. Hence, for any system deviating enough from 
the typical rigid-rod shape of 1,4-DSBs, but not too much 
(1,2-DSBs), a higher probability for non-centrosymmetry 
can be expected. A large-scale quantum chemical screening 
of molecular 1,3-DSB based structures, in which hyper-
polarizibilities, dipole moments and conformational ener-
gy differences were calculated, shows that next to A-p-D 
all-carbon scaffolds, also D-p-D systems containing hetero-
cyclic rings and nitrogen atoms in the spacers, can be of val-
ue not only in terms of NLO-properties but also in the light 
of the resulting supramolecular structure. As a result four 
crystal engineering strategies have been combined in an 
overall rational design: (1) the formation of an anti-parallel 
stacking should be hampered by the introduction of lateral 
steric hindrance between the constituent molecules (1,3-
DSBs), (2) the electronic ground-state dipole moment of the 
constituent molecules should be sufficiently small (D-p-D), 
(3) the deviation from planarity of the constituent molecules 
should be increased (nitrogen-containing spacers) and (4) 
the most favorable conformation of the molecule in the light 
of strategies (1) and (2) should have an as high as possible 
energetic advantage with respect to other conformations.
A first series of 1,3-DSBs and 2,5-distyrylheteroarenes is 
crystallized and characterized with single-crystal X-ray dif-
fraction in order to evaluate these strategies.
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The tunable interaction strength and the pronounced direc-
tionality make halogen bonding an eligible tool for crystal 
engineering. Due to the polarizability of the halogens, both 
nucleophilic and electrophilic regions can be found on the 
surface of covalently bound halogen atoms which allows 
them to form a variety of secondary interactions in the solid 
state1. The interaction strength scales with the polarizability 
of the halogen atom in a relatively wide range.
The main objective of this study is to determine how and to 
what extent the type and the position of the halogen substit-
uent may affect the crystal structure if the other influencing 
factors are reduced as far as possible.
The crystal structures of halogenated 2-phenlybenzimidaz-
oles are compared. The 2-phenylbenzimidazoles are substi-
tuted on the phenyl ring in ortho, meta and para positions 
or simultaneously in two different positions by fluorine, 
chlorine and bromine. In the studied crystal structures, the 
halogens form R-X...X-R’ and R-X...Pi type halogen bonds 
and R-H...X-R’ hydrogen bonds.
8 structures from the CSD (JEYTUD, MINHOI, TUDXIB, 
LUJWIW01, DETKIX, GOLNOM, QERTIR, SEZNUH) 
and 3 new halogenated 2-phenylbenzimidazole structures 
are compared and analyzed. Correlations between the hal-
ogen atom positions, secondary interactions and crystallo-
graphic parameters are analyzed by statistical methods.
2-Phenylbenzimidazole has a rigid structure that can be 
twisted around the benzimidazole-phenyl axis. The solid 
state interactions of halogenated 2-phenylbenzimidazoles 
are relatively simple which makes them good model com-
pounds for this type of study. Their structure is basically 
determined by only one intermolecular interaction that is 
significantly stronger than every other secondary interaction 
in the crystal lattice. Namely, N-H...N hydrogen bonded 
chains organize the crystal structures and only a few dif-
ferent arrangements of these chains are possible. However, 
these structures are flexible to some extent, and permit the 
alteration of the lattice parameters.
Most of the studied halogenated 2-phenylbenzimidazoles 
are isostructural. The exchange of the different halogen sub-
stituents causes slight changes in the crystal packing that 
on the whole results in a significant change in the lattice 
parameters. In the case of the different halogen substituents, 
the angle between the neighboring benzimidazole moieties 
varies from 60° to 130°. The length of the unit cell axes 
correlates with this angle and a nearly twofold increase can 
be observed in the length of the c axis in the series of iso-
structural crystals.
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N-salicylideneaniline derivatives are among the most 
studied man-made thermo- and photo-switchable systems. 
These systems can switch between three different colored 
forms: an enol colorless form, a yellow cis-keto form and 
a red trans-keto form. A thermal tautomeric equilibri-
um between the enol and cis-keto form accounts for their 
thermochromism, whereas a cis-trans photoisomerization 
between the cis-keto form and the trans-keto form is the 
mechanism behind their photochromism. Photochromism 
can lead to a broad range of applications, i.e. in information 
storage and electronic display systems or in optical switch-
ing devices like ophthalmic glasses. However, due to the 
volume requirements of the cis-trans photoisomerization, 
photochromism is not easily encountered in the solid state. 
For this reason, we have used co-crystallization with the 
aim to induce photochromism in a non-photochromic N-sal-
icylideneaniline chromophore. Our results (single-crystal 
structures and UV-vis diffusion reflectance) reveal how 
co-crystallization can be successfully employed for this pur-
pose due to the fact that it changes both the free available 
volume of each molecule in the crystal and the intermolec-
ular interactions.[1,2]
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The Titanium complexes stand for a new category of po-
tential anticancer compound. The first studies of titanium 
complexes copied square-planar arrangement of cis-platin 
complexes. These complexes show a significant anticancer 
activity for a wide range of cell lines of cancer [1]. We syn-
thesized new titanium complexes derived from salicylic acid 
derivatives (as 3-methoxysalicylic acid) and N,N-bidentate 
ligands (as 1,10-phenanthroline) or monodentate O, N,-li-
gands (as imidazole) [2]. These complexes were prepared 
in monocrystal form and suitable crystals were selected for 
X-ray experiment. All experiments were performed by Stoe 
STADIVARI diffractometer with a Dectris Pilatus 300 K 
detector and with an Genix3D Cu HF source (Cu-Kα, λ = 
1.54186 Å) at 100 K using a nitrogen gas open-flow cooler 
Cobra Oxford Cryosystems. Data reduction was performed 
using X-Area (Stoe, 2017) software package [3]. The crystal 
structures for measured compounds were solved in OLEX2 
software using SHELXT-2015 program via Intrinsic Phas-
ing and refined with SHELXL-2014 by least-squares proce-
dure on F2. Since few efforts have been made towards the 
synthesis and use of titanium complexes as chemotherapeu-
tic agents, this is an important area of our research.
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Calix[n]arenes have applications in the areas of host-guest 
chemistry, ion and molecular recognition, enzyme mimics, 
catalysis, interaction with biomolecules, ion extraction, and 
selective ion transport.[1] However, crystallisation of these 
systems is still challenging owing to their conformational 
flexibility. Therefore, crystallisation conditions (supersat-
uration, temperature, additives) were screened to obtain 
crystal structures with varying architecture such as channels 
and spherical voids with different conformations of the host. 
The molecular recognition and self-assembly between host 
p-tert-butylcalix[6]arene and guest pyridine led to kinetic 
trapping and crystallisation of the intermediate complex-
es, which were characterised by X-ray diffraction. The 
crystalline kinetic complex underwent slow spontaneous 
dissolution and subsequently recrystallises as thermody-
namic inclusion complexes. Single-crystal X-ray diffrac-
tion revealed these first formed crystals to be the 15:1, 6:1 
association complexes. These two crystal structures can 
transform into four different crystal structures depending 
on crystallisation conditions, forming 1:1, 1:1, 3:1, and 6:1 
pyridine and p-tert-butylcalix[6]arene complexes. The crys-
tal structure of the host-guest system can be tuned by the 
supersaturation changes and hydrogen-bonding properties 
of used additives to form crystal structures with designed 
architecture.
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Gelators are compounds capable of solidifying various 
solvents and water. It has been shown that gel fibres are 
formed by the predominantly unidirectional self-assembly 
of gelator molecules through different types of intermo-
lecular interactions. When the aggregates are sufficiently 
long, they entangle into a three-dimensional network ca-
pable of immobilizing the solvent. Considerable attention 
in supramolecular chemistry and materials science have 
received low molecular weight gelators (LMWGs). Poten-
tial for chemical variation among LMWGs is practically 
unlimited. The use of co-gelators, additives or solvent mix-
tures allows adjustment of the physical properties of gels 
for a range of applications, including template synthesis of 
nanoparticles and nanostructures, catalysis, drug delivery 
etc. One of the property of LMWGs is increasing possibil-
ity that a fully supramolecular approach can be achieved. 
Particularly attractive systems are those that can act as 
logic gates, with switchable behaviour that varies depend-
ing on the combination of thermal, optical and mechanical 
inputs [1-3].
Herein we present our recent investigation on gelation prop-
erties of oxalamide derivatives of tyrosine with tert-buty-
loxycarbonyl protecting group, by means of single-crystal 
X-ray analysis, scanning electron microscopy, transmission 
electron microscopy and atomic force microscopy. These 
derivatives differ in the length of the aliphatic chain (con-
taining 2, 3, 5 or 6 methylene units) between tert-butyloxy-
carbonyl and oxalamide groups. Gelation property in these 
compounds is governed by strong intermolecular N-H···O 
hydrogen bonds between oxalamide groups and amide 
groups of the neighbouring molecules which form one-di-
mensional chain (see Figure). Such self-assembly appears 
to be one of the prerequisites for gelation behaviour of the 
compounds. Disposition of chains leads to the formation 
of channels with molecules of the crystallization solvent 
trapped within them.
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(P,N) chelates and (P,C) palladacycles [1] are very import-
ant complexes, especially in catalytic research. A set of pen-
tane-2,4-diyl based chiral aminoalkylphosphine ligands Ph 
PCH(CH )CH CH(CH )NHR and their palladium complex-
es were prepared (as an example, see Figure). Single crystal 
X-ray diffraction; solution phase 1D and 2D NMR studies 
and theoretical calculations [2] were applied to verify the re-
sults and outcome of crystal engineering and to support cat-
alytic studies. According to our latest results, mild oxidation 
of the complexes bearing suitable R substituents resulted in 
intramolecular C-H activation and concomitant formation 
of (P,C) coordinated palladacycles. Intramolecular H-bond 
between the coordinated chloride as acceptor and methy-
lene/NH proton seems to play crucial role in stabilizing the 
conformation of the ring and fixing the stereogenic nitrogen 
atom, hence in transmission of chiral information in enan-
tioselective catalysis. This opens the possibility to engineer 
suitable structures for enantioselective catalytic reactions of 
various substrates. Palladium was replaced with other met-
als having square planar coordination geometry and their 
structures were also studied.
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MOFs (Metal Organic Frameworks) are a large class of 
ultraporous crystalline polymers deriving from the self-as-
sembly of metallic ions or clusters with polytopic organic 
ligands. The high modularity of their synthesis allows a fine 
tuning of their porosity, making possible the confinement of 
molecular species of different shape and size.
Starting from the pioneeristic concept of crystalline-sponge 
method [1], we here propose a systematic way to embed 
small molecular aggregates inside home-made porous crys-
talline materials, with the aim of exploring the structural 
aspects of nanoconfinement and stabilizing the guest mol-
ecules inside the cavities of the structure. The challenge of 
this idea stands in the possibility to neatly “freeze”, within 
a crystal, ordered supramolecular clusters of molecules that 
would form a liquid in their natural state at ambient con-
ditions, and visualize their supramolecular aggregation, at 
different loading time.
In particular, we propose an unprecedent stepwise charac-
terization of the evolution of the guest loading into met-
al-organic framework driven by host-guest interactions , 
focusing on the description of supramolecular aggregate 
of the guests inside the pores guided by guest-guest inter-
actions. The MOF crystals were soaked for different time 
into the pure liquid guest and sequentially characterized via 
SCXRD.
The guest we focused on is eugenol, which is a volatile 
phenolic constituent of clove essential oil obtained from 
Eugenia caryophyllata buds and leaves. It is a functional in-
gredient of numerous products which have been used in the 
pharmaceutical, agro-food and cosmetic industry. The wide 
range of eugenol activities derived from it antimicrobial, an-
ti-inflammatory, analgesic and antioxidant properties.
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ractical crystal engineering, as a bottom-up approach for 
building-up functional materials, is transitioning from funda-
mental explorations to more targeted applications.   This is 
illustrated by the fact that numerous productive strategies for 
non-covalent synthesis of organic solids-state systems have 
been reported.[1] In contrast, reliable synthetic protocols for 
the assembly of metal-containing systems, especially those 
that employ a combination of coordinate-covalent and rela-
tively weak and readily reversible hydrogen and/or halogen 
bonds, have not received anywhere near the same attention.
To develop robust synthetic protocols for assembling met-
al-organic crystalline solids in a preconceived manner, we 
have focused our attention on several functionalities that are 
known to form robust and reliable supramolecular synthons in 
organic surrounding and examine their potential transferability 
to metal-organic systems.  Coordination complexes often pres-
ent additional challenges to the supramolecular chemist as they 
frequently contain functionalities and binding sites that can in-
terfere with the intended crystal engineering strategy.
Here, we have carried out a systematic structural study of a 
number of classes of metal(II) complexes with pyridine-type 
and charge-balancing ligands, and rationalized their supra-
molecular behaviour against a back-drop of molecular elec-
trostatic potential (MEP) surface values. Based on our exten-
sive experimental data,[2-5] we are able to address several 
questions of critical importance to the successful assembly of 
metal-containing systems:  (a) Under what conditions can we 
simply transfer specific synthons from organic to metal-organ-
ic solid-state systems? (b) Can a simplified electrostatic view 
of non-covalent interactions and the results from the calculated 
MEP values be used to direct and rationalize supramolecular 
synthesis? and (c) How can we derive supramolecular synthet-
ic protocols in much the same way as classical synthesis is sys-
tematically altered and refined in response to product yields?
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About half of the drugs currently on market are salts. Salt 
based formulations are often preferred to those using neutral 
molecules, because they provide higher solubility. Howev-
er, salts are prone to form hydrates, which may lead to sta-
bility problems with the drug product. The aim of this work 
is to investigate how specific hydrogen bonding interactions 
influence hydrate formation and whether the different pro-
pensities of ions towards hydrate formation [1] can be relat-
ed to hydrogen bonding preferences.
The hydrogen bond coordination [2] of ammonium, chlo-
ride and carboxylate ions will be discussed using data 
from the Cambridge Structural Database [3]. Comparisons 
between hydrate and anhydrous structures of the same ion 
pair reveal how water–ion hydrogen bonding competes with 
direct anion–cation hydrogen bonds. For example, the aver-
age coordination number of ions is larger in hydrates, but 
the frequency of direct anion–cation bonds is reduced in 
hydrates relative to anhydrates. Similarly, the average num-
ber of ammonium ions bonding to a single anion is lower 
in hydrates than in anhydrous structures. Analysis of the 
hydrogen bonding environment of water in these structures 
shows clear differences between the anions and cations, e.g, 
in ammonium carboxylate salts water–carboxylate bonds 
are much more frequent than ammonium– water bond.
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The proper symmetry of crystal lattice determines the pres-
ence of many physical properties like piezo- or pyroelec-
tricity, or nonlinear optical behaviour. [1] On the other hand 
the local symmetry of transition metal ions influences the 
energy of electron orbitals and, as a consequence, absorp-
tion of electromagnetic radiation as well as luminescent 
and magnetic properties. Therefore directing the synthesis 
towards particular symmetry of the solid product can allow 
control over the properties of resulting material. The aim 
of our current research includes the deeper understanding 
of the relation between the symmetry of the used building 
blocks and the symmetry of the products obtained in the 
self-assembly process. We also attempt to obtain products 
with high symmetry of the crystal lattice. It is quite a chal-
lenge for crystal engineering because highly symmetrical 
building blocks do not often yield highly symmetrical prod-
ucts. Such phenomena as partial dissociation, solvatation, 
intermolecular interactions or improper stoichiometry may 
render al efforts unsuccessful. Apart from inorganic com-
pounds, where cubic system is quite common, in all other 
compounds the monoclinic and triclinic systems dominate. 
The most common orthorhombic group is adapted by c.a. 
10% of structures, mostly chiral compounds, and the trigo-
nal, tetragonal and hexagonal systems are the most rare.
In order to obtain the required features of the products 
we combined highly symmetrical organic molecules with 
various salts of 3d-elements. The inorganic component is 
introduced to improve stability of the compound as well 
as interesting electronic properties. We successfully ob-
tained several new compounds, some of them belonging to 
high-symmetry space groups. The methodology, the struc-
tures and some interesting properties of the products will 
be presented.
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Two new oxazole-5-one derivatives, known as unsaturated 
azlactones, were synthesised due to the optical and bio-
chemical importance [1,2].  These fluorescent molecules 
which are the cyclic anhydrides of N-acylaminoacids were 
formed by using Erlenmeyer azlactone reactions with al-
dehyde condensation. Molecular and crystal structures of 
4-(N,N-diethylaminophenylmethylene)-2-(p-methoxyphe-
nyl)oxazol-5-one (1) and 4-(N,N-diethylaminophenylmeth-
ylene)-2-(p-nitrophenyl)oxazol-5-one (2) have been deter-
mined by single crystal X-ray diffraction method. The data 
collections were carried out with Rigaku Oxford XCalibur 
diffractometer, cell refinements and data reductions were 
executed using CrysAlisPro program [3]. Using Olex2, 
structures were solved with the SHELXT structure solution 
program and refined by full-matrix least-squares against F2 
using SHELXL refinement package. The crystal structure 
of the compound 1 is stabilized π – π, C – H…π and C – 
H…O type weak interactions, while the crystal structure 
of the compound 2 is stabilized intermolecular π – π, N – 
O… π and C – H…O type weak interactions. There are also 
intramolecular C – H…N type weak interactions for both 
molecules.

References:
[1] Öztürk. G. et al. (2008). Dyes Pigm. 76, 792–798.
[2] Khan. K. M. et al. (2008). Lett. Drug Des. Discovery. 5, 52–56.
[3] CrysAlisPro Software System, Version 1.171.38.43, Rigaku 
Corporation, Oxford, UK, 2015.

Keywords: azlactone, X-ray crystallography, weak interactions

MS32-P21
Molecules for electronics: Understanding 
their intramolecular properties towards 
their incorporation in devices
Berta Gómez-Lor1, Angela Benito1, Constanza Ruiz1, Marcelo 
Echeverri1

1. �New Architectures in Materials Science, ICMM, CSIC, Madrid, 
Spain

email: bgl@icmm.csic.es
In recent years, the field of organic electronics has suffered 
enormous progresses. In fact, this area has evolved in only 
a few years from basic research to the development of de-
vices such as organic light emitting diodes (OLEDs), organ-
ic photovoltaics (OPVs) and organic field effect transistor 
(OFETs) which are already reaching the market. The soft 
character of organic materials allows their solution process-
ing and renders them very attractive in the development of 
flexible, light weight and low cost devices.
At the molecular level, fundamental parameters towards 
the incorporation of molecular materials in (opto)electronic 
devices -such as , light emission or absorption, energy lev-
els…- can be designed “a la carte” thanks to the deep knowl-
edge that has been acquired in the last few years through 
numerous structure-properties studies. However, properties 
of molecular materials are governed not only by those of 
individual molecules but also by the way they are spatially 
ordered. Single crystal analysis provides invaluable infor-
mation on how molecules are arranged with respect to their 
surroundings and on the nature of intermolecular interac-
tions among neighboring units in the bulk materials.
In this context we present here different examples of organic 
materials with light emitting and/or charge transport prop-
erties  recently developed in our research group and show 
how a good  understanding their intramolecular interactions 
(achieved through single crystal X-ray analysis) has al-
lowed us to optimize their  final properties.
Keywords: organic materials, charge transport, light emission
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This study contains the structural characterization of un-
substituted N-phenyl-2-phthalimidoethanesulfonamide, 
C16H14N2O4S, (I), the N-(4- nitrophenyl)-, C16H13N3O6S, (II), 
N-(4-methoxyphenyl)-, C16H16N3O6S, (III), and N-(2-ethyl-
phenyl)-, as the monohydrate, C18H18N2O4S·H2O, (IV), de-
rivatives in order to determine the impact of different sub-
stituents and their positions on intermolecular interactions 
and ultimately on the crystal packing. Studies of the effects 
of substituents on aromatic systems are of critical impor-
tance in chemistry, biology and pharmaceutics. The π-elec-
tron delocalization brought about by the substituent affects 
the intermolecular interactions and the packing motifs of 
aromatic molecules in crystals. Changes in the positions of 
substituent groups can significantly alter the molecular con-
figurations and crystal structures of isomers. A slight differ-
ence in molecular structure can lead to a profound impact on 
the crystal packing. X-ray structural studies were performed 
with Rigaku-Oxford Xcalibur diffractometer. Data collec-
tions and reductions along with absorption corrections were 
performed using CrysAlisPro software package [1]. Structure 
solutions and refinements were performed using SHELXT 
and SHELXL, respectively, embedded in the Olex2 [2-4].
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This study contains the structural characterization of four 
2-Hydroxyethyl substituted N-heterocyclic carbene (NHC) 
iodide derivatives. Heterocyclic compounds are very im-
portant both industrially and biologically. These compounds 
are found in the vast majority of new drugs synthesized in 
the pharmaceutical industry. They are also used as ligands 
for the synthesis metal-N-heterocyclic carbene (NHC) com-
plexes. In here, we report the molecular and crystal charac-
terization of the NHC precursors. X-ray structural studies 
were performed with Rigaku-Oxford Xcalibur diffractom-
eter. Data collections and reductions along with absorption 
corrections were performed using CrysAlisPro software 
package [1]. Structure solutions and refinements were per-
formed using SHELXT and SHELXL, respectively, embed-
ded in the Olex2 [2-4]. In the crystal structures, molecules 
are bonded to iodide anions through the O–H···I hydrogen 
bonds. Additionally, there are weak C–H···O interactions, 
which contribute to the stability of the crystal structures. 
One of the molecules is unsubstituted, and the others have 
methyl-substituents at the -ortho, -meta and -para positions 
on the benzene rings. We will also present the optimized 
geometries and the comparison of the frontier molecular 
orbital energy levels.

References:
[1]CrysAlisPro Software System, Version 1.171.38.43, Rigaku 
Corporation, Oxford, UK, 2015.

[2] G. M. Sheldrick, Acta Crystallogr. A71, 3, 2015.
[3] G. M. Sheldrick, Acta Crystallogr. C71, 3, 2015.
[4] O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard, H. 
Puschmann, J Appl. Cryst. 42, 339, 2009.

Keywords: N-heterocyclic carbenes, iodide, crystal structure, 
DFT



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e363

MS33- Prediction of molecular 
crystal structures

Chairs: Dr. Jacco van de Streek,  
Dr. Aurora Cruz-Cabeza

MS33-P01
New potentials for accurate and efficient ab 
initio crystal structure prediction methods
David Bowskill1, Isaac Sugden1, Christina-Anna Gatsiou1, Claire S. 
Adjiman1, Constantinos C. Pantelides1

1. �Department of Chemical Engineering, Imperial College London, 
London, United Kingdom

email: david.bowskill13@imperial.ac.uk
Many organic molecules of industrial interest exhibit crys-
talline polymorphism, forming multiple solid-state structures, 
each potentially displaying different physico-chemical prop-
erties. This makes the discovery of new polymorphs both de-
sirable from an R&D perspective and potentially disastrous 
from an operational standpoint.  Consequently, understanding 
the crystal energy landscape of a commercial drug or chem-
ical can be of great importance, especially if the compound 
is delivered in solid form, as is the case with suspended ag-
rochemicals or oral pharmaceuticals. Current methods for 
crystal structure prediction (CSP) can be applied to molecules 
with limited conformational flexibility, although energy rank-
ings are sometimes inaccurate. Furthermore, these methods 
become prohibitively expensive when the number of confor-
mational degrees of freedom increases beyond 5 to 7.
We present recent progress on improving the accuracy and 
efficiency of a CSP method through changes to the interac-
tion potential used, which enables the investigation of larger 
more flexible compounds. Our CSP method is based on the 
CrystalPredictor [1] and CrystalOptimiser [2] algorithms that 
a) efficiently explore the crystal energy landscape and b) 
accurately model leading contributions to lattice energy for 
predictions of stability and physical properties. We present 
a recently developed parameter estimation scheme for tai-
loring repulsive/dispersive contributions to the interaction 
potentials to crystal structure calculations, which leads to 
notable improvements in sublimation energy and structure 
reproduction with comparison to standard parameter sets.
We also introduce the concept of smoothed intramolecu-
lar potentials in CrystalPredictor, which offer near quan-
tum-mechanical accuracy at much reduced computational 
cost. Such potentials make it possible to compute energy 
landscapes of increasingly large and conformationally flex-
ible molecules through improved efficiency in the initial 
global search stage as well as increased accuracy in the re-
sulting energy landscape. This, in turn, leads to a reduction 
in the number of structures that need to be further refined 
and hence further computational savings.
The above methods are demonstrated via application to both 
rigid and flexible molecules of industrial relevance.
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The interaction energy between two molecules can be un-
derstood as a sum of several discrete terms [1]:  general-
ly electrostatic, polarisation (or induction), dispersion and 
exchange-repulsion (Etot = Eele + Epol + Edis + Erep). Crystal-
Explorer (CE) model energies [2], calibrated for use in in-
termolecular interactions, have been shown to estimate ex-
perimental crystal lattice energies [4] showing a favourable 
mean absolute deviation of only 6.6 kJ/mol from reference 
values in 110 crystal structures (the X23, G60, K7 and Z20 
benchmark sets).
The relative energies of sets of crystal structures composed 
of the same molecular building blocks are of particular im-
portance in crystal structure prediction (CSP), as lattice en-
ergy ranking is used as a primary predictor for the likelihood 
of a predicted structure being realized in the laboratory.
We investigate the potential use of CE lattice energies (and 
variations thereof) in CSP protocols – both in terms of rela-
tive energy ordering for different polymorphs and in terms 
of absolute energies – with reference to density functional 
and force-field based methods. Using CE lattice energies on 
the landscape of predicted crystal structures may constitute 
an accurate technique to improve predicted results, without 
the associated computational cost (and scaling) of periodic 
density functional calculations.
Keywords: Lattice Energies, CrystalExplorer, Polymorphism
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Stimuli-responsive chemical systems in the solid state ex-
hibiting specific photoactive properties have gained a lot 
of attention nowadays due to their potential technological 
applications (solar cells, LEDs, data storage assemblies, 
biological markers, etc.). It is, thus, of great importance to 
understand the phenomena behind the properties of interest, 
so as to design the desired materials and sensibly control 
their properties.
Hence here we present a detailed study of the photo-induced 
solid state linkage isomerism in a series of new Ni/Cu nitro 
complexes using spectroscopic methods (i.e., UV-vis, IR) 
physicochemical analyses (e.g., DSC), and advanced crys-
tallographic approaches. The choice of these metals and 
substrates was dictated by their low price and abundance, 
which is in contrast to expensive literature-reported Rh or 
Pd complexes. [1,2] The desired photoswitchable materials 
should also be characterised by full conversions (100%), 
controllable reversibility, stability and preferably switching 
observable at temperatures closest to room temperature.
Our Ni complexes exhibit full conversion from the nitro 
to nitrito form when irradiated with the 590 nm or 660 nm 
LED light at 160 K, whereas the metastable state can be 
stable up to 240 K. To date, solely the Pd complex reported 
by Hatcher et al. [3] exhibited similar properties. In turn, 
the copper systems work best at 10 K, whereas the meta-
stable form is usually stable up to 60 K, which makes them 
more difficult to be analysed and less applicable materials. 
It should be emphasized that the newly designed complexes 
can be relatively easily obtained and modified, and are fully 
air-stable.
SEK thanks the PRELUDIUM grant (2017/25/N/ST4/02440 
of the National Science Centre in Poland for financial sup-
port. The authors thank the Wrocław Centre for Networking 
and Supercomputing (grant No. 285) for providing compu-
tational facilities.
Figure 1.a) Molecular structure of the NiII–NO2 complex 
based on the (N,N,O) chelating ligand at 100 K, b) Com-
parison of IR spectra for the ground and metastable state 
population at 10 K, for 590 nm LED.
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We show that a high mobility thiophene-based organic 
semiconductor, BHH-BTBT, has an exceptionally large 
negative non-linear thermal expansion (-216 < α2 <  -333 
MK−1) between 95 and 295K along the crystallographic 
b-axis, being compensated by an even larger positive expan-
sion in the perpendicular direction (287 < α1 <  634 MK−1) 
[1]. The temperature evolution of the angle between neigh-
bouring thiophene moieties  and the optical band gap show 
a clear transition around 210 K but no space group change 
is detected, i.e. the transition is isosymmetric. A complete 
theoretical characterization of BHH-BTBT using ab initio 
molecular dynamics shows that below ~ 200 K two different 
domains exist of which one is dominant but which dynam-
ically coexist around and above 210 K. This transition is 
reminiscent to the ‘diffuse’ or ‘crossover’ phase transition 
analyzed theoretically by Christy [2] that leads to solid-state 
supercritical behaviour. The origin of the extreme negative 
and positive thermal expansion is related to a steric hin-
drance between adjacent tilted thiophene units and strongly 
enhanced by attractive S∙∙∙S and S∙∙∙C interactions within 
the highly anharmonic dynamic mixed-domain phase.
References:
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The discovery of the first organic metal based on tetrathi-
afulvalene (TTF) in the 1970’s resulted in an explosion 
of interest in the exotic electronic properties of molecular 
materials.[1] In these charge transfer salts, electronic prop-
erties are governed by the interactions between frontier 
molecular orbitals (HOMO and LUMO interactions), which 
control the band gap and charge carrier generation. Design 
of single-component molecular conductors is difficult, how-
ever, because the HOMO-based and LUMO-based bands 
tend to be well-separated from each other, leading to insu-
lating behaviour. We and others have found that application 
of pressure can be a useful tool with which to alter the HO-
MO-LUMO overlap and broadening of the bands, resulting 
in metallic[2] or even superconducting behaviour.[3]
We report a combined experimental and computational 
study of the single component molecular crystal [Pt(dddt)2] 
(dddt = 5,6-dihydro-1,4-dithiin-2,3-dithiolate), which 
undergoes a remarkable first-order single-crystal to sin-
gle-crystal transition under pressure. X-ray diffraction 
measurements show that the ambient pressure offset-dimer 
structure converts to a face-to-face dimer above 5 GPa, 
accompanied by a dramatic reversal in the lengths of the 
crystal b- and c-axes. First principal electronic structure cal-
culations show that the change in dimer geometry causes an 
inversion of the energies of the HOMO and LUMO bands. 
This enables the formation of a rare unsupported Pt-Pt bond 
that drives the transition and gives rise to metallic conduc-
tivity at pressures above 10 GPa.
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Fundamental thermodynamics requires that all materials 
reduce their volume at high pressure. Owing to specific 
anisotropic features, originating from various structural mo-
tifs, some compounds can elongate in one or two directions, 
which is termed as negative linear and area compressibili-
ty.1 The volume compression restriction applies to constant 
composition materials (i.e. closed systems). It was evi-
denced that zeolites and other porous materials can uptake 
the guest molecules from gaseous and liquid surrounding, 
which can increase the crystal volume despite the increas-
ing pressure.2 These are so called open systems. In those 
high-pressure experiments, various simple molecular fluids 
(water, methanol, ethanol, etc.) and their mixtures were 
used. The transport of guest molecules can be eliminated by 
compressing the sample in liquids composed of molecules 
much larger than the dimensions of pores, for example in 
oils.
We have performed a series of such experiments for a 
newly synthesized 2D metal-organic framework Ni(hip)
(bipy)(H2O)2 · H2O · CH3OH · DMF, denoted as AMU-2 
(where AMU abbreviates Adam Mickiewicz University). 
Its flexible structure is built of 4,4’-bipyridines (bipy) and 
5-hydroxyisophthalic acid anions (hip) into grids further 
connected by H-bonds. The compression of AMU-2 re-
vealed its unpreceded elastic and sorption-elastic proper-
ties. Hydrostatic compression performed in three different 
large-molecule liquids (oils Daphne 7373 and NVH or Flu-
orinert FC-77)  result in a significant volume expansion of 
about 120 Å3 at 0.2 GPa. This counterintuitive effect mim-
icking the negative volume compression was observed by 
X-ray diffraction for several samples. We have shown that 
this porous material, when compressed in oils, partially col-
lapses and becomes amorphous, which triggers a transport 
of guest molecules present in the pores to the crystalline 
parts of the sample. This mechanism of transport of gests 
induced be external stimulus of pressure has been described 
as a ‘zone-collapse’ effect.3
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Despite the large number of published metal-organic frame-
works (MOFs), only a handful of microporous structures 
which contain bismuth have been published so far [1, 2]. 
Unlike coordination polymers synthesized from other metal 
cations, bismuth cations have rather high coordination num-
bers and unusual coordination geometries, leading to highly 
unpredictable and unique structures. Additionally, bismuth 
is interesting for potential pharmaceutical applications as it 
has been shown to be biologically active and potentially a 
future aid in relieving problems with multi-resistant bacte-
rial strains [3].
In order to achieve a better understanding of the chemistry 
of bismuth in inorganic-organic hybrid structures, four new 
bismuth-containing structures have been synthesized. The 
reagents used where bismuth and a tritopic organic linker. 
One of the acquired phases proved to be a porous metal-or-
ganic framework, which undergoes reversible structural 
changes upon activation of the framework, thus being the 
first example of a flexible bismuth MOF. The structures 
were solved using single crystal X-ray diffraction (SCX-
RD), X-ray powder diffraction (XRPD) and continuous 
rotation electron diffraction (ED). Continuous rotation ED 
may greatly aid in the characterization of microcrystalline 
materials, which are often acquired when synthesizing bis-
muth-containing compounds. The structural changes occur-
ring have been inferred from Rietveld refinement against 
XRPD data and will be discussed extensively.
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Bismuth is heaviest nonradioactive metal, yet its com-
pounds generally have very low toxicity and have been used 
as active pharmaceutical ingredients (APIs) for nearly three 
centuries. Bismuth subgallate, a compound comprising of 
Bi3+ cations and the organic ligand gallic acid, has been 
used in medical applications since at least the 1890s for its 
antimicrobial, hemostatic, astringent, and deodorizing prop-
erties. The material has been used in wound therapy and 
the treatment of gastrointestinal disorders, and is still used 
as the API in several over-the-counter drugs today. Yet, de-
spite its century-long use in medical applications, the crystal 
structure of bismuth subgallate long remained elusive due to 
complications that arise from its small crystal size.
We recently determined the crystal structure of bismuth sub-
gallate, using continuous rotation electron diffraction. The 
technique, which is performed in a transmission electron 
microscope (TEM), allows for the fast acquisition of 3D 
diffraction data on crystals with diameters on the nanometer 
length scale.[1] The very fast data acquisition of 3D data, 
which takes 1-3 minutes in total, is essential for minimizing 
beam damage to the crystals. Structure determination of bis-
muth subgallate revealed that the material is a microporous 
1D coordination polymer.[2] Knowledge of the structure 
led to the discovery of new properties of the materials. Gas 
sorption experiments indicated a high selectivity for CO2/
N2 gas separation; the crystal structure was observed to be 
rather robust for a coordination polymer and remains intact 
even after stirring the material in HCl solution (pH = 2) and 
phosphate buffered saline solution for at least several hours. 
Two novel solvomorphs of bismuth gallate were also syn-
thesized and their structures were also solved by continuous 
rotation electron diffraction. One is a 3D framework struc-
ture consisting of bismuth-oxo rods, while the other consists 
of the same rods but condensed into layers resulting in a 2D 
layered crystal structure.
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Metal-organic Frameworks (MOFs) are a type of materi-
als made of the combination of organic linkers and metal 
centres. [1] Our group has extensively carried out research 
focused on the design and preparation of MOFs with group 
13-elements, which have shown great potential in the field 
of heterogeneous catalysis. [2] In particular, indium-MOFs 
have shown remarkable activity as Lewis-acid catalysts for 
multicomponent reactions (MCRs) such as Strecker and Ugi 
reactions (involving the reaction of  ketones, amines and 
cyanides in the former, and aldehydes, amines, carboxylic 
acids and cyanides in the later). With the use of In-MOFs, 
these MCRs can be carried out in one step and under Green 
conditions by reducing the amount of solvent, at room tem-
perature, and reaching high yields. We have prepared three 
different MOFs with the combination of indium and the 
tritopic linker 1,3,5-Tris(4-carboxyphenyl)benzene (H3btb), 
denoted InPF-110, InPF-50, and InPF-51. InPF-110 ex-
hibits a mesoporous, three-periodic structure formed by 
trimetric inorganic secondary building unit with the metal 
centres in octahedral coordination environment. This MOF, 
which allows the diffusion of multiple substrate inside the 
pores, has demonstrated exceptional activity in the Strecker 
reaction. On the other hand, InPF-50 and InPF-51 exhibit 
two periodic structures with entangled layers. Presence of 
metal centers with low coordination number, large number 
ofaccessible open-metal sites, and presence of Lewis basic 
centers result in excellent catalytic activity of these MOFs 
in the Ugi reaction.
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Metallosiloxane MnM’m[RSiO1.5]n and metallogermoxane 
MnM’m[RGeO1.5]n cluster units (M = transition metal, i.e. 
Cu, Co, Ni, Fe, M’ – alkali metal, i.e. Na, K, Cs, Rb, n = 2-7, 
m = 2 - 10) are relatively rigid polynuclear nanosized units 
possessing catalytic [1] and magnetic [2] properties. The 
shape and size of cluster units generally governed by the 
nature of transition metal and synthetic conditions, while 
the nature of alkali metal and solvent affect connectivity of 
these cages [3]. Rigidity of cages is responsible for realiza-
tion of supramolecular and coordination architectures with 
open channels and voids up to 15 Å. Moreover, as coordi-
nation polymers are formed by M-O and M’-O interactions 
only, these porous architectures remain stable up to 400°C 
when the organic coating is decomposed [3a].
In this study we discuss the effect of M, M’ and E (E = Si, 
Ge) nature on the shape and connectivity of cluster units, 
the topology and abundance of 1D, 2D and 3D architectures 
based on organometallosiloxanes and germoxanes, and syn-
thetic pathways to form porous 2D and 3D nets. Multitem-
perature PXRD data of various compounds are compared to 
investigate thermal stability of the title compounds and their 
ability to form purely inorganic molecular sieves. The latter 
can be used for catalysis and gas sorption.
The work was supported by the Russian Foundation for Ba-
sic Research (projects 16-29-05180 and 16-03-00206).
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Metal-organic frameworks (MOF’s) and Coordination 
Polymers (CP’s) are classified as the interdisciplinary field 
between the coordination and inorganic chemistry. For de-
cades, these porous materials have been thoroughly investi-
gated because of their potential applications, such catalysis 
and sensing as well as the storage of fuel gases and water.1 
Presently, high pressure has become an established high-
ly-efficient tool for inducing strong structural transforma-
tions in various compounds.2 In particular high pressure can 
be applied for post-synthetic modification (PSM) of CP’s. 
Several approaches have been used for PSM, but the cat-
egory of pressure induced modifications has merely begun 
to emerge.
Herein we present 2-dimensional cadmium coordina-
tion polymer Cd(APP)2NO3 ∙ NO3 [APP abbreviates 
1,4-bis(3aminopropyl)piperazine], undergoing a pressure 
induced associative reaction to cis-Cd(APP)2(NO3)2. Our 
high-pressure structural measurements revealed that at 0.4 
GPa a rearrangement of the Cd-coordination sphere takes 
place, which is connected with the formation of a new 
additional coordination bond. As a result of this reaction, 
a nitrate anion, detached of the cation and located in the 
crystal void space in the phase I, is transferred to the metal 
center. Consequently, the cadmium ligancy increases from 6 
to 7 in phase II. The high-pressure reactivity of CP’s can be 
explained by three simple rules: involving the metal/ligand 
ionic radii ratio, the elimination of potential voids in the 
compressed structure as well as the vicinity from the metal 
center to reacting anions.
References:
(1) Zhou, H. C., Long, J. R. & Yaghi, O. M. Introduction to metal-
organic frameworks; Chem. Rev. 112, 673–674 (2012).
(2) Katrusiak, A.; McMillan, P. High-Pressure Crystallography; 
Springer Science & Business Media, 2004; Vol. 140.
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New family of bi-, tetra-, penta-, and hexanickel cage-like 
phenylsilsesquioxanes 1-3 (Fig.1) was obtained by self-as-
sembling and transmetalation procedures. Their crystal 
structures were established by single crystal X-ray analy-
sis; and features of crystal packing relevant to the networks 
formation were studied by a topological analysis. The ge-
ometry of metallosiloxane units 1 and 2 could be assigned 
to a distorted prism, with prominent shift of prism’ bases 
(silsesquioxane ligands) from the vertical axis. In turn, 
molecular architecture of compound 3 is regular prismatic 
one. Compounds 1-3 form extended networks in crystal via 
coordination bonds between alkali metals (Na, K, Cs) and 
oxygen atoms of siloxanolate moieties or coordinated sol-
vent molecules (see, for instance Fig. 2). The investigation 
of magnetic properties revealed the presence of ferro- or 
antiferromagnetic interactions between Ni(II) ions giving 
rise in the most cases the presence of a slow relaxation of 
the magnetization, which can arise from the spin frustration.
The work was supported by the Russian Foundation for Ba-
sic Research (projects 16-29-05180 and 16-03-00206).
Keywords: nickelsiloxanes, coordination polymers, magnetic 
properties, topology
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Metallacrowns are metallamacrocycles characterized by 
the (M-N-O)nconnectivity and originated by self-assembly 
of bischelating ligands (e.g. hydroxamic acids) and metal 
ions. Properties and structure of this class of compounds are 
tunable through a wise choice of the building blocks set. 
[1] Moreover a relatively large amount of metal ions are 
confined in a small molecular volume, resulting in peculiar 
chemical physical features, such as luminescence or sin-
gle-molecule magnets behavior. [2]
We present here three new metallacrowns-based materials, 
that were prepared using salicylhydroxamic acid derivatives 
as ligands and Mn(II/III) as metal ion.
The salicyhydroxamic acid (H3Shi) react with Mn, form-
ing a tightly packed, not porous coordination polymer. The 
nodes are endeca-manganese clusters, resembling a 3-blade 
propeller, where each blade is a half of a 16-metallacrown-6. 
Both the amino (H3p-aShi) and the pyridyl (H3p-pyShi) de-
rivatives result in a novel porous arrays having the same 
Mn11cluster node. The amino function of H3p-aShi drives 
the propellers to interact through sodium ions and supra-
molecular interactions (i.e. hydrogen bonds). The resulting 
architecture shows hexagonal channels, which correspond 
to 39 % of the unit cell volume. The pyridyl function of 
H3p-pyShi coordinates one Mn of the neighboring propeller. 
As a result H3p-pyShi originates a metallacrown-based net-
work, which shows channels in all the three dimensions and 
has cavities corresponding to 55% of the unit cell volume. 
The array, shown in the Figure, can be considered a novel 
metal-organic-framework with an endeca-Mn node.
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Metal-organic frameworks (MOFs) are porous materials 
consisting of inorganic metal nodes, known as secondary 
building units, bridged together by organic linkers. In the 
past few decades, MOFs have attracted a great deal of at-
tention due to their potential applications in heterogenous 
catalysis, controlled drug release, selective adsorption or 
gas storage and separation. [1]
The organic ligand 3,3,5, 5’-Tetrakis(4-carboxyphenyl)bi-
mesityl (H4L) used by us in the synthesis of several new 
MOFs was obtained through a Suzuki coupling reaction 
[2] between 3,3’,5,5’-tetraiodobismesitylene and 4-car-
boxyphenylboronic acid, in the presence of tetrakis(triph-
enylphosphine)palladium (0) as a catalyst. The MOFs were 
obtained by mixing the appropriate metals salt with H4L in 
DMF (Zn, Cd) or DMF/water (Mg, Ca, Na) in solvothermal 
conditions( heating at 80 °C for 48-72 hours).
All diffraction experiments were performed at Stoe STAD-
IVARI diffractometer with a Dectris Pilatus 300 K detector 
and with an Genix3D Cu HF source (Cu-Kα, λ = 1.54186 
Å).  Data were collected at 100 K with the use of a nitro-
gen gas open-flow cooler Cobra Oxford Cryosystems. For 
data reduction X-Area (Stoe, 2017) software package [3] 
was used. The crystal structures were solved and refined in 
OLEX 2 software using SHELX suite of programs.
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The development of multifunctional solid catalysts is cur-
rently of foremost relevance in the field of heterogeneous 
catalysis. The reason is that it is expected that bi/multi-func-
tionalization achieve specific reactions in one single step 
thus noticeably reducing processing costs. In this context, 
Metal-Organic Frameworks (MOFs) can play a crucial role 
given their chemically modulable nature and their already 
proved suitable performance as solid heterogeneous cata-
lysts for specific liquid phase chemical transformations. 
The synthesis of stable mixed-metal MOFs however, is not 
always obvious and requires a control of the metal stoichi-
ometry based on cations with different oxidation states and 
therefore very distinct chemical reactivities.
In this work we present a series of mixed-metal FeIII/NiII 
MOFs of the MIL-100 type material containing different 
metal ratios. The resulting heterometallic MIL-100(FeNi) 
materials maintain thermal, chemical and structural sta-
bility with respect to the parent MIL-100(Fe) MOF as can 
be deduced from XRPD, N2 adsorption, FTIR and thermal 
analysis. The nature and the oxidation state of the accessible 
cations have been evaluated by in situ infrared spectroscopy 
analysis. The obtained mixed-metal MIL-100(FeNi) MOFs 
and the parent MIL-100(Fe) material have been evaluated 
as heterogeneous catalysts in a model acid-catalyzed reac-
tion such is the Prins reaction. It is found that the catalytic 
activity improves more than one order of magnitude for a 
certain metal substitution, with a complete selectivity for 
the formation of Nopol. The proposed mechanism will be 
discussed.
Keywords: MOFs, heterogeneous catalysis
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Metal-organic frameworks or MOFs, are relative recent 
hybrid structures form by the joint between metal clus-
ters and organic ligands. These networks have raised 
notable research interest because of their components 
are responsible for the structure properties resulting in 
a wide range of applications. Therefore, the appropriate 
choice of these building blocks could improve its fea-
tures and direct the properties towards different applica-
tions like catalysis, gas separation and storage, magne-
tism, sensors, drug delivery [1].
Here we report the synthesis of photoactive MOFs with the 
combination of hole transport sulfur-conjugated ligands 
and different metals such as bismuth and indium. The use 
of electroactive organic ligands can provide charge transfer 
phenomena in these tridimensional networks and can leads 
to significant electronic interactions with the metal cen-
ter-coordinated metal ions under light irradiation leading to 
an improvement of the optoelectronic and photo-catalytic 
properties [2]. In addition, a metal-node with relative large 
ionic radius with possibility of act with high oxidation state 
and empty orbitals to accept electron transfer is desired.
The opto-electronic and conductive properties of these net-
works have been determined by several characterization 
tools. Transient absorption spectroscopy reveals different 
electron-hole recombination rates compared with the cor-
responding metal oxides. Moreover, photocurrent measure-
ments reveals changes in the conductivity in function of the 
used metal node.
In this way we have study the expected potential properties 
of these specifically tailored structures to their application 
into photocatalytic reactions.
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In order to understand solid-gas inclusion processes at the 
molecular level it is important to correlate physico-chemical 
data (e.g. sorption isotherms and calorimetric analysis) with 
structural data. It is therefore desirable to carry out struc-
tural elucidation and calorimetric analysis under conditions 
that closely mimic those of the sorption/desorption exper-
iments. However, the crystallographic analysis of samples 
under controlled gas environments poses significant techni-
cal challenges, particularly given the limited space associ-
ated with the sample compartment of standard commercial 
diffractometer. In this regard, an environmental gas cell has 
been developed in parallel with a pressure-programmed dif-
ferential scanning calorimeter. Use of these complementary 
techniques has provided new insight into features such as 
pressure-induced phase transformations that give rise to in-
flections and hysteresis in sorption isotherms. The influence 
of guest molecules on aspects such as structural flexibility 
and changes in network interpenetration will be discussed.
Keywords: porosity, structure-property relationships, in situ 
analysis
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The first microporous framework structures containing ura-
nium and chromium have been synthesized and character-
ized. Rb2[(UO2)2(CrO4)3(H2O)2](H2O)3 (1) was crystallized 
from uranyl chromate solution by evaporation. Further 
evaporation led to increased viscosity of the solution and 
overgrowing of Rb2[(UO2)2(CrO4)3(H2O)](H2O) (2) on the 
crystals of 1.With respect to 1, the framework of 2 is partial-
ly dehydrated. Both frameworks differ compositionally by 
only one water molecule, but this seemingly small differ-
ence affects significantly the pore size and overall structural 
topology of the frameworks, which present very different 
flexibility of the U-O-Cr links. These are rigid in the pillared 
framework of 1, in contrast to 2 where the U-O-Cr angles 
range from 126.3 to 168.2°, reflecting the substantial flexi-
bility of Cr-O-U connections which make them comparable 
to the corresponding Mo-O-U links in uranyl molybdates.
A new organically templated uranyl sulfate, 
(pyrH+)2[(UO2)6(SO4)7(H2O)2] (3) was obtained by slow 
evaporating from the solution containing uranyl nitrate, 
sulfuric acid and pyridine. The crystals of 3, within two 
weeks, in the mother liquor gradually disappeared, fol-
lowed by the simultaneous crystallization of framework 
(pyrH+)(H3O)[(UO2)3(SO4)4(H2O)2](H2O) (4) and layered 
(pyrH+)2[(UO2)2(SO4)3] (5). The frameworks, in the struc-
tures 3 and 4, contain channel systems with sizes 12.4×10.2 
and 12.9×10.8 Å, respectively. Change of frameworks den-
sities and structural complexity after the recrystallization is 
discussed.
In the crystal structures of Na2(SO3OH)(mfaH+)[(UO2)
(SO4)2] (6) and Na(mfaH+)[(UO2)2(SeO4)3(H2O)](H2O)2 
(7) uranyl-sulphate and uranyl-selenate units are intercon-
nected via sodium complexes with mfa into metal-organ-
ic frameworks. Both frameworks contain the channels of 
10.2×9.8 and 12.8×5.4 Å in 6 and 7, respectively.
Until recently, crystal structures of uranyl compounds 
containing inorganic nanotubes were known only for ura-
nyl-selenate systems. There are three known topological 
types of nanotubes with internal diameters of ~7 Å and 
~15 Å. Uranyl sulfate Na(phgH+)7[(UO2)6(SO4)10](H2O)3.5 
(1) was obtained at room temperature by evaporation from 
aqueous solution. Its structure contains unique uranyl sul-
fate [(UO2)6(SO4)10]8- nanotubules templated by protonated 
N-phenylglycine (C6H5NH2CH2COOH)+. Their internal di-
ameter is 14 Å.
A comparative crystal chemical analysis of new and previ-
ously described micro - and mesoporous framework uranyl 
compounds will be discussed.

This work was financially supported by the Russian Sci-
ence Foundation through the grant 16-17-10085. Technical 
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The most promising materials nowadays in the field of soft 
materials coordination compounds are the compounds able 
to produce and harvest great luminescent properties. In this 
respect coordination polymers with highly emissive light 
fluorophores are the most attractive. Introducing highly 
luminescent fluorophores into rigidifying net or framework 
could enhance the stability and versatility of the material in 
application in different fields of technologies such as sen-
sors1, non-linear optics2, up-conversion materaials3.
The main goal of this study is to investigate the lumines-
cent properties of new coordination polymers of Zn(II) 
and Cd(II) with highly luminescent new anthracene fluo-
rophores. The study of photoluminescent properties with 
quantifying the lifetime and quantum yield with respect to 
the crystal structure of Zn(II) and Cd(II) coordination poly-
mers will be presented. The first part will include funda-
mental studies to understand structure integrity with optical 
properties observed. And the second will include the part 
of tight description of this correlation with a stepwise tun-
able approach to luminescence by inserting different guest 
molecules. The response of luminescence of such host-guest 
interaction will be also described and studied.
Different coordination polymers with Zn(II) and Cd(II) will 
be presented, synthesized on the basis of 9-substituted an-
thracene building blocks (fig.1.), their luminescent proper-
ties will be discussed as well.
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1,10-phenanthroline-5,6-dione (phendione) is a versatile 
ligand that has been used in the preparation of stable homo- 
and hetero-metallic complexes with a wide range of transi-
tion metal ions [1]. Phendione itself possesses electrochem-
ical and strong biological activity including antifungal, 
DNA and cytotoxic activity [2-3]. It has been shown that its 
biological activity increases upon complexation with a wide 
range of metal ions, such as Ag+, Cu2+, Pt2+ [2-3].
This poster presents the synthesis and powder X-ray 
diffraction (PXRD) structural characterization of 
cis-[CoII(κ2N,N’-1,10-phenanthroline-5,6-dione)2Cl2]. 
PXRD details, unit cell parameters, and space group for 
cis-[CoII(κ2N,N’-1,10-phenanthroline-5,6-dione)2Cl2], 
C24H12Cl2CoN4O4, are reported [a = 41.4951 (13) Å, b 
= 8.2768 (2) Å, c = 12.4994 (3) Å, unit cell volume V = 
4292.9 (2) Å³, Z = 8, and space group Fdd2].
Spectroscopic characterization and the antibacterial activity 
of this complex against Bacillus subtilis, Staphylococcus 
epidermidis, Staphylococcus aureus, and Klebsiella pneu-
monia will also be presented and discussed.
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Dimeric thiosemicarbazonate complexes [Re2(CO)6(L)2] 
(see Figure 1) are often isolated from solutions of the 
corresponding mononuclear rhenium(I) complexes, [ReX-
(CO)3(HL)], containing the protonated species of those 
bidentated ligands [1]. The deprotonation of the HL ligand 
and the labilization of the halogen in adduct produces the 
dimerization of the rhenium complexes by linking the sulfur 
atom of a neighboring molecule at the position previously 
occupied by the halogen atom. The Re–S bond to the sulfur 
atom belonging to the chelating system of the neighboring 
rhenium atom is larger (around 0.1 Å) than its own chelate.
When basic media is used to remove the halide group, 
the dinuclear complex is usually formed in stoichiometric 
amounts. The stability of thiosemicarbazonate specie de-
pends also of ligand nature, so that the thiosemicarbazones 
derivated from aldehyde give the dimer more easily than 
those derived from ketones.
Recently, we had tried the synthesis of rhenium(I) complexes 
of the thiosemicarbazone derived of 4-(dimethylamino)benz-
aldehyde and we have observed the systematic formation of 
the dinuclear complex as crystal from solutions of the mono-
mer in several solvents and at different temperatures.
In addition, we have isolated two different compounds de-
pending of the ligands disposition respect to the Re2S2 dia-
mond: the centrosymmetric arrangement (Figure 1 left) and 
the dissymmetric arrangement (Figure 1 right). Both dimers 
were able to isolated as separated single crystals and also 
as a co-crystal.
In the present work, we study the structural differences be-
tween both kind of structures and we describe the possible 
factors determining the formation of one or other symmetric 
disposition.
Acknowledgements: Financial support from Ministry of 
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The reaction  of the ruthenium(II) complexes 
[RuCp’Cl(PPh3)2] (Cp’= η5-C5H5 or η5-C9H7) with an ex-
cess of allyldiphenylphosphite leads to the neutral com-
plexes [Ru(η5-C5H5)Cl(k3(P,C,C)-PPh2OCH2CH=CH2)] 
(1a), [Ru(η5-C5H5)Cl(k1(P)-PPh2OCH2CH=CH2)2] (1b) and 
[Ru(η5-C9H7)Cl(k1(P)- PPh2OCH2CH=CH2)2] (2a). The mo-
lecular structure of the new ruthenium complexes 1a, 1b 
and 2a have been determined by X-Ray diffraction. In the 
complex 1a the phosphite ligand  is bonded to the ruthenium 
through the phosphorous and the C-C double bond. On the 
other hand in compounds 1b and 2a the ligand is bonded to 
the metal centre only through the phosphorous atom.
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The Fe-based catalysts have been the subject of intense re-
search in recent decades since wide application in various 
fields, such as water-gas shift reactions, Fisher-Tropsh syn-
thesis, CO and hydrocarbons oxidation, ammonia synthesis. 
We are interesting in Fe-based system as effective catalysts 
for CO oxidation of gasification products of solid fuels in 
fluidized bed. CO is known to be the main product of gasifi-
cation of dry fuels (coal, fuel oil, firewood).
One of the ways to stabilize catalyst from sintering, in-
crease surface area and catalytic activity is using various 
promoters. Аt the same time, the introduction of different 
promoters affects the performance of the catalyst, i.e. shifts 
the temperatures of phase transformations and forms new 
mixed compounds. These effects strongly depends on the 
nature and amount of the incorporated metal cation.
We studied the influence of the nature and amount of pro-
moter (Al and Cu cations) in Fe-O catalysts on the struc-
tural, textural, redox and catalytic properties of xCuO-yA-
l2O3-zFe2O3 samples in CO oxidation. In this work, we use 
in situ techniques (XRD and XANES/EXAFS) to study 
the behavior of catalysts and model systems under reduc-
tion in CO. Copper and aluminum can enter into iron oxide 
during the preparation stage, or during reduction with the 
formation of a solid solutions based on spinel or hematite 
structures [1].
Catalytic testing in the CO oxidation revealed the difference 
in catalytic properties for different modifiers. Catalysts con-
tain Fe2O3, addition of Al atoms leads to a decrease of the 
oxide crystal size and copper contributes the formation of 
spinel structure. According to TPR-H2, Cu addition leads to 
improvement of reducibility of catalysts and decrease the 
temperatures of phase transformation.
Usually, reduction of iron oxide involves several steps in-
cluding the formation of the intermediate oxides such as 
magnetite and wustite. The reduction of Fe2O3 to metal-
lic Fe can be a two-step Fe2O3→Fe3O4→Fe or three-step 
Fe2O3→Fe3O4→FeO→Fe mechanisms (depending the tem-
perature and H2O/H2 ratio) and affected the formation of 
metastable wustite.
Our in situ study shown that, introduction of aluminum in 
Fe2O3 leads to slowing down the reduction of Fe2O3 to Fe3O4 
and the appearance of reaction products (FeO and Fe) at 
higher temperatures. The formation of the intermediate sol-
id solution of Fe3- xAlxO4 and the formation in the reaction 
products of aluminum-containing spinel-type phases FeA-
l2O4 and Fe3-xAlxO4 are also observed. The introduction of 
Cu has an effect on the acceleration of the stage. FeO → Fe, 
and has little effect on the reduction of Fe3O4 → FeO / Fe.
Acknowledgement: This work was supported by RSF (proj-
ect No. 17-73-20157).
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Lanthanide phthalocyaninates with paramagnetic REE(III) 
ions reveal single-molecular magnetic (SMM) behaviour 
[1, 2]. The magnetic properties of usual double- or triple-
decker sandwich complexes can be tuned by increasing 
the number of decks. Earlier in our group it was shown 
that triple-decker phthalocyaninates (1) with one terminal 
crown-substituted deck is capable for dimerization in 
solution in the presence of potassium ions [3]. In the present 
work we proved the formation of such sextuple-decker 
sandwich complex in solid state by single crystal XRD. The 
yttrium complex was chosen as diamagnetic reference for 
later investigations.
The solvates (1)2*(KBPh4)

4·4(CH3CN)·7(CHCl3) were 
obtained by slow diffusion of KBPh4 in CH3CN into 
the solution of (1) in CHCl3 at 25 °C. The structural 
characteristics of the dimer suggest the possibility of the 
magnetic-dipolar f-f interaction between the ions at M1 and 
M2 cites, as well as additional weaker coupling between 
ions at M2 and M2’ cites, which can be later observed in 
the case of isostructural complexes with Tb(III) and Dy(III).
Acknowledgements: This work was supported by the 
grants of leading scientific schools NSh-3867.2018.3 and 
Russian Science Foundation 18-73-00246.
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Coordination polymers with alkali and alkaline earth 
metals are not unheard of, but those implementing zwit-
terionic pyridinecarboxylates are very scarce, with only 
three records in the CCDC database [1-3]. Tripodal zwit-
terionic pyridinecarboxylate ligand with a systematic name 
1,1’,1’’-((2,4,6-trimethylbenzene-1,3,5-triyl)tris(methy-
lene))tris(pyridin-1-ium-4-carboxylate) (TTTPC), forms 
stable capsular dimers in water by enclosing halides with 
sufficiently large ionic radius, especially bromide and io-
dide ([TTTPC2X]-). When completely zwitterionic the 
ligand has neutral net charge, and the enclosed halide ion 
makes the charge of the capsule one negative. This charge 
can be balanced by an alkali or alkaline earth metal coor-
dinated to the carboxylate moiety on the outer rim of the 
capsule forming a 1D polymer with potassium ((K[TTTP-
C2X])n) and a 2D polymer with barium, the 2+ charge of the 
latter metal balanced by an additional halide ((Ba[TTTP-
C2X]X)n). Both polymers are highly hydrated systems and 
hydrogen bond networks of water molecules occupy the 
space between polymeric moieties. Additionally, ammoni-
um as a pseudo-alkali metal functions exactly as potassium, 
and forms a 0D hydrogen bonded coordination polymer 
(NH4[TTTPC2X]) that mimics the aforementioned 1D 
polymeric system with an isostructural hydrogen bonded 
water network. Potassium has a coordination number 7 with 
four monodentate carboxylates and one bidentate carbox-
ylate in addition to one coordinated water molecule in its 
first coordination sphere. Barium has a coordination num-
ber 9 with an additional bidentate carboxylate. Potassium 
system closely assimilates the 2D barium polymer, but must 
be classified as a 1D polymer, because of the lack of direct 
coordination to the metal, having only a hydrogen bond 
to the coordinated water instead. Mean M-O coordination 
bond lengths of monodentate carboxylates are 2.779 (K) 
and 2.774 (Ba) angstroms, and bidentate bond lengths re-
spectively 2.896 (K) and 2.894 (Ba) angstroms. All poly-
mers crystallize in the triclinic space group P-1, and their 
structures have been determined using single crystal X-ray 
diffraction. Further studies with other metals in similar sys-
tems are underway.

References:
[1] Lin, H. & He Y.-H. (2007). Acta Cryst. E63, m3204-m3205.
[2] Hao, X.-L. et al. (2014). Inorg. Chem. Commun. 41, 19-24.
[3] Huang, Y.-Q. et al. (2014). Inorg. Chim. Acta. 421, 318-325.

Keywords: Coordination polymers, hydrogen bonding, 
zwitterions



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e380

MS36-P08
Copper based Bio-MOFs: Challenges and 
possibilities in crystal engineering
Marius Kremer1, Ulli Englert1

1. �Institute of Inorganic Chemistry, RWTH Aachen University, 
Aachen, Germany

email: Marius.Kremer@rwth-aachen.de
Metal-organic frameworks present one of the fastest grow-
ing categories of structures published in the CCD. Due to 
their extreme structural and chemical diversity, MOFs can 
be deployed in many fields of modern chemistry like gas 
separation, hydrogen storage or catalysis [1]. Synthesising 
biologically non-hazardous and medically harmless MOFs 
provides interesting possibilities for different medical appli-
cations like site-targeted drug delivery or medical imaging 
[2] and might be used to replace toxic or hazardous com-
pounds in many other fields. This shift towards a “green-
er” chemistry is not only potentially beneficial for working 
conditions and the environmental impact of the industry, but 
might also lead to an economical benefit, since most reac-
tants used are easy to store, widely available and sometimes 
even easily recyclable. [3]

In our experiments, we synthesised coordination complex-
es from non-toxic copper salts and aspartic acid. Aspartic 
acid, featuring two carboxylato sites, might enable bridg-
ing between multiple copper cations, leading to extended 
framework structures. Different copper salts were used 
to synthesise coordination compounds in H2O and EtOH, 
the products were then analysed using X-Ray diffraction, 
IR-spectroscopy and CHN elemental analysis. Since grow-
ing single crystals suitable for X-Ray diffraction proved 
challenging, several different crystallization techniques 
were employed during the synthesis of the substances.
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One of the most outstanding and challenging areas in the 
modern coordination chemistry is the rational design of gi-
ant supramolecules built up from metal atoms connected to 
each other via polytopic organic or organometallic ligands 
resulting into large hollow cages. During last decade we 
have been investigating the chemistry of pentaphospha-
ferrocenes, [CpRFe(η5-P5)] (CpR = η5-C5R5, R = Me (Cp*), 
Me4Et (Cpx), CH2Ph (CpBn), PhC4H9 (CpBIG)). Being sta-
ble in inert atmosphere, these organometallic compounds 
proved to be very attractive as versatile building blocks for 
the rational design of giant supramolecules with an inor-
ganic core built up from Cu+ and Ag+ cations coordinated 
to the phosphorus atoms of the cyclo-P5 ligands [1-3] (Fig. 
1). Varying the nature of R, counterions and synthetic con-
ditions, we obtained, in astonishingly high yields, hollow 
or multishell supramolecules of 2.1 – 4.6 nm in diameter 
alongside with the first coordination polymers with such 
supramolecules as nodes (Fig. 1c,f). Special crystallization 
techniques allow obtaining the single crystals suitable for 
the X-ray diffraction study using laboratory diffractometers 
or synchrotron radiation, which is accompanied by NMR 
studies in solid state and solution.
The central cavity of the hollow supramolecules (reaching 
0.60 – 1.35 nm) can include various guest molecules (Fig. 
1). Host supramolecule can often be adjusted to the size, 
shape and charge of the guest molecule. Thus, we succeed-
ed in encapsulation of metastable molecules of white phos-
phorus (P4) and yellow arsenic (As4), various metallocenes 
(e.g., Cp2Fe, Cp2Ni, CpVC7H7) and triple-decker complex-
es (e.g. [(CpCr)2(η5-As5)] and [(CpMo)2(η3-P3)(η-PS)]), as 
well as cage molecules (C60, adamantane, o-carborane, P4S3, 
P4Se3) (Fig. 1a-e). The anionic and cationic species also can 
be encapsulated, like, e.g., the cobaltocenium cation into the 
negatively charged supramolecule in [CoCp2]+

3{[CoCp2]+@
[{Cp*FeP5}8Cu24.25Br28.25(CH3CN)6]4} [2] (Fig. 1a).
The analysis of the host-guest interactions allowed us to re-
veal their novel types, namely, P5···P5 and C5···P5 π-π-stack-
ing between the cyclo-P5 ligands of the supramolecular host 
and Cp*FeP5 or Cp-containing guest molecules. Usually the 
guest molecules are disordered, statically or dynamically 
depending on their nature. Thus, the way of disorder of fer-
rocene molecule in the central cavity of supramolecular host 
in [FeCp2]@[{Cp*FeP5}8Cu19.5Br19.5] proved to be tempera-
ture-dependent in a range between 5 and 243 K (Fig. 1e).
This work was supported by the SELFPHOS grant ERC-
2013-AdG-339072. Parts of these investigations were car-
ried out at PETRA III synchrotron source at DESY, a mem-
ber of the Helmholtz Association (HGF).
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Drug development can be approached from numerous an-
gles especially when including the use of transition metal 
complexes. The utilisation of structural analysis in small 
molecules can provide a valuable platform whereby addi-
tional functionalization of the model pharmaceutical can 
be evaluated. Particularly when considering the possible 
bio-activity and receptor binding of the small molecule. 
Kinetic and mechanistic studies can further describe the 
coordination tendencies of the small molecule and is criti-
cal for understanding reactivity and stability which may be 
associated to the structural effects. Furthermore to expand 
the library of information into a system which realistically 
mimics a biological environment, structural analysis can be 
conducted by the combination of the small molecules with 
proteins in a methodology similar to fragment based drug 
development.
Our research interest is in the modification of bifunctional 
chelators coordinated to the tricarbonyl complexes of the 
group 7 Manganese Triad. Particular interest is focused on 
the radionuclides of 99mtechnetium(I) and 186/188rhenium(I) 
for their application in diagnostic or therapeutic nuclear 
medicine. To this end we have meandered our way from a 
small molecule study, involving the kinetic and crystallo-
graphic properties of the fac-[M(CO)3]+ core (M = Re, Tc) 
and crossed over into the world of macromolecular crystal-
lography. The coordination possibilities of multiple amino 
acid residues to the fac-[Re(CO)3]+ complex in a protein 
is described.  Furthermore, the formation of mono-nucle-
ar versus multi-nuclear complexes can be observed in both 
small molecule and macromolecular studies.
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Recently we carried out a series of photoinitiated reactions 
in zinc malonates with bis(pyrid-4-yl)ethylene [1]. The 
transformation of {[Zn(bpe)(Me2mal)]·H2O}n to {[Zn(bpe)
(Me2mal)]2[Zn2(tpcb)(Me2mal)2]·H2O}n (Me2mal = di-
methylmalonate, tpcb = 1,1,2,2-tetrakis(pyridine-4-yl)cy-
clobutane) was proposed to be affected by dehydratation 
reaction. Thus, we studied the effect of dehydration on 
above {[Zn(bpe)(Me2mal)]·H2O}n and its isostructural an-
alog {[Zn(bpe)(cbdc)]·H2O}n (cbdc = cyclobutane-1,1-di-
carboxylato). Both compounds were heated for 2 hours at 
120°C until constant weight and then irradiated with UV 
for 8 hours. Transformations of crystalline compounds were 
controlled by means of powder X-ray diffraction (Figure) 
and 1H NMR. As it follows from Figure, similarly with 
{[Zn(bpe)(Me2mal)]·H2O}n dehydration of {[Zn(bpe)(cbd-
c)]·H2O}n to {[Zn(bpe)(cbdc]}n and irradiation of the lat-
ter compound can be described as a two-stage solid-state 
process. Based on our data, irradiation of {[Zn(bpe)(cbd-
c)]·H2O}n at room temperature seem to be accompanied by 
dehydration. Analysis of the reaction products is underway 
now.
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Dithiocarbazates and their metal complexes have been the 
subject of many studies because they have a wide range of 
pharmaceutical applications and also because of their chem-
ical and structural versatility.[1,2] These Schiff bases present 
themselves in their varied structures coordination sites and 
allow the formation of complexes with several transition 
metals. Based on our interest in this class of compounds, 
the present study describe the synthesis and crystallog-
raphy evaluation of the new ligand 2-hydroxyacetophe-
none-S-dithiocarbazate (H2L1) and its copper(II) complex, 
[(CuL1)2]. The compounds were characterized by elemental 
analysis and spectral measurements (IR, UV-Vis, 1H NMR 
and 13C NMR). The packing architectures revealed by sin-
gle crystal X-ray diffraction analysis showed bifurcated 
intramolecular hydrogen bonds which are responsible for 
the formation of a dimer-like structure. The ligand adopts 
an E configuration and tautomeric and thione form. The 
copper(II) complex is a dimeric structure with a distorted 
square planar coordination geometry around each copper 
atom. The metal centers are connected by µ2-oxo bridges 
with ONS-donor ligands. The distance between the metal 
atoms of is 2.926(6) Å, long enough to have any metal-met-
al interaction. In addition, the biological properties of the 
compounds were evaluated against a variety of bacteria and 
fungi. In all experiments, due the structure and properties of 
the copper(II) complex was a greater antimicrobial activity 
observed compared to the free dithiocarbazate.
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Metal complexes with biologically important ligands have re-
ceived a great attention in the last decades. The thiosemicarba-
zones and their complexes it is a permanent fiel of research due 
the numerous pharmacological properties and applications, with 
anticancer, bactericidal and fungicidal activity.[1] The activity 
of the coordination compounds of transition metals is normally 
increased compared to the free thiosemicarbazones and depends 
largely on their structure and properties.[2] So the crystallograph-
ic elucidation of these compounds is important and fundamental 
to evaluate their possible applications. We describe the synthesis 
of two new complexes, [Ni(L)Cl] (1) and [Pd(L)Cl] (2), with the 
ligand 2-acetylpyridine N4-phenylthiosemicarbazone (HL). The 
compounds have been characterized by elemental analysis and 
spectral (IR, UV-Vis, 1H NMR, and 13C NMR) measurements. 
Crystal and molecular structures of both complexes have been 
determined by single crystal X-ray analysis. It was found that 
the ligand coordinates with tridentate NNS donor atoms, in its 
deprotonatd tiona form. The chlorine ion is present in the coor-
dination sphere for the both center atoms of the complexes, with 
Ni-Cl distance of 2.163(10) Å and Pd-Cl of 2.298(8) Å and dis-
plays the square-planar geometry with significantly distortion. The 
compounds are isoeletronic with d8 configuration and isostrutc-
tural, also observed at spectroscopy analyses. Interestingly, the 
intermolecular hydrogen bonds have also been observed in both 
complexes and are responsible for the formation of a dimer-like 
structure in the crystal structure. For the purpose of complexation, 
all the techniques employed were compared with results obtained 
for the complex agent, and thus, to study with more clarity the in-
fluence of the metals in the structure, stability and property of these 
ligands. The biological potential applications of the compounds 
have been studied against cancer cells.
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Manganese(III)-salen complexes are subject of three research 
studies: (i) the design of models of Mn-containing proteins 
and enzymes, (ii) the development of catalysts for oxidations 
of organic substrates, and (iii) study of magnetism of Mn(III) 
complexes. Manganese(III)-salen complexes are interesting 
synthetic systems that can act as mimetic of catecholase, per-
oxidase, catalase and superoxide dismutase [1-3].
In this study, a series of thiocyanate- and selenocya-
nate- manganese(III) complexes derived from Schiff 
based obtained by the condensation of salicylaldehyde, 
5-bromo-salicylaldehyde, 5-chloro-salicylaldehyde, 
3,5-dibromo-salicylaldehyde or 3,5-dichlorosalicylalde-
hyde and 1,2-diamineethane have been synthesized and 
characterized using single-crystal X-ray crystallography 
in the cases of [Mn(3,5-Br2salen)(μ-NCS)]n (1), [Mn(3,5-
Br2salen)(μ-NCSe)]n (2), [Mn(3,5-Cl2salen)(μ-NCS)]
n (3), [[Mn(3,5-Cl2salen)(μ-NCSe)]n (4), [Mn(5-Clsalen)
(μ-NCSe)]n.nMeOH (5), [Mn(5-Brsalen)(NCS)]2 (6), 
[Mn(5-Clsalen)(NCS)]2 (7) and [Mn(5-Brsalen)(NCSe)]2 
(8). The complexes 1–5 form 1D coordination polymers 
with thiocyanate or selenocyanate bridging ligands. The 
compounds 2, 4 and 5 are first examples of manganese(III) 
complexes with bridging selenocyanate ligands. The com-
pounds 6–8 are dinuclear molecular complexes with termi-
nal thiocyanate or selenocyanate ligands.
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Coordination polymer materials have been demonstrated to 
have excellent properties and potential applications such as 
catalysis, magnetic, optical materials, gas adsorption, anti-
bacterial agents, antitumor drugs, and so on [1-2].
Our research interest has been focused on a systematic 
study of coordination polymers based s-block alkaline-earth 
metal ions and organic diacids [3]. In this paper, we re-
ported the synthesis and characterization of three Ba co-
ordination polymers from1,2-benzene--dicarboxylic acid 
[Ba(H2O)(OOC-C6H4-COOH)2], 2,2’-biphenyldicarbox-
ylic acid [Ba(OOC-(C6H4)2-COO)(H2O)4] 0.25 H2O and 
1,4-butanedicarboxylic acid (adipic acid) [Ba(OO-(CH2)4-
COOH]. The three compounds crystallise in space groups 
P21/c, Pcan and P-4b2 respectively.
The structure of the first  complex is built up from polymer-
ic aquabis(hydrogeno-o-phthalate)barium(II) units. Each 
barium(II) binds to ten O-donors atoms, eight of which 
belong to six symmetry-related [HBDC]- ligands and the re-
maining two to two water molecules. Thus, the coordination 
geometry around the Ba(II) atom can be best described as 
a distorted bicapped square antiprism. In such a way, the 
complex units are assembled into a two-dimensional infinite 
layer structure parallel to the (001) plane. The inorganic bar-
ium-oxygen layers are generated from Ba2O20 units which 
share faces and edges with neighbours to form chains along 
the [010] and [100] directions, respectively.
For complex [Ba(OOC-(C6H4)2-COO)(H2O)4] 0.25 H2O, the 
Ba (II) ions are ten-coordinated with three carboxylate oxy-
gen atoms and with seven oxygen water molecules. There-
fore, the coordination geometry around Ba(II) ions can be 
described as distorted bicapped dodecahedra. Its coordina-
tion architecture is built up from two-dimensional inorgan-
ic sub-networks made from face-sharing ten-coordinated 
Ba(II) polyhedra connected by the 2,2’diphenate linkers. 
Strong hydrogen bonds involving all the coordinated water 
molecules and the O atoms of the carboxylate groups lead to 
the formation of a three-dimensional network.
In the last complex, the asymmetric unit consists of one 
Ba(II) cation lying on -4 axis and one half dicarboxylate 
ligand. The barium is eight-coordinated by eight oxygen 
atoms belonging to eight equivalent dicarboxylato ligands. 
The coordination geometry around the Ba(II) can be best 
described as a distorted bicapped trigonal prism. The  adi-
pate ligands are tetradentate with syn/anti conformation. 
The structure is built up from chains of isolated polyhedra 
BaO8 running parallel to [100] axis which are further con-
nected through bridging dicarboxylate anions and separated 
by an infinite array of alkyl chains into 3D structure.
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Only a very few examples of double oxalate compounds 
with Li have been reported in the litterature [1,2]. In contin-
uation of our crystallographic research about the coordina-
tion compounds [3], we have chosen to focus on mixed oxa-
late with Li atoms and 3d element. Pink single crystals with 
the Cr element have been obtained. Optical, thermal and 
RX analysis have lead to the formula [LiCr(C2O4)2(H2O)4]
n and space group C2/m. In this structure, both metal atoms 
in special positions are coordinated to two equivalent water 
molecules in axial sites and four equivalent O atoms from 
coplanar oxalate groups. The crystal structure consists of 
infinite and linear chains of trans-Cr(O2)4(Ow2)2 and trans-
Li(O1)4(Ow1)2 octahedra µ2-bridged by oxalate groups, and  
propagating along [101] direction. The Ow1 atoms around 
the Li atom are disordered over two positions separated by 
0.5259 (6) Å, due to the wagging in the (101) mirror plane. 
Taking into account of the 2/m imposed symmetry of both 
metallic elements, the unit cell may be described as an un-
conventional pseudo face-centered monoclinic cell. In this 
one-dimensional coordination polymer, R4

4 (12) H rings are 
present between the parallel chains to stabilize a 2D frame-
work. The UV and IR analysis are agreeing respectively 
with the trans conformation of Cr (III) octahedral due to 
the lack of the ruby line  and the symmetry of the bridged 
ligands. The investigated compound is found to be a pre-
cursor of a ternary oxide LiCrO2, deducted from the thermal 
analysis.
References:
[1] Romero, S.. Mosset, A.; Trombe, J.C. (1995) Eur. JU ; Solid State 
Inorg. Chem. 32, 11, 1053-1063.
[2] Declercq, J.P.; Feneau-Dupont, J.; Ladrière, (1995) Polyhedron, 
14, 1943-1952
[3] Benhacine, M.A., Hamadène M., Bouacida S., Mérazig H. 
(2016). Acta Cryst. C72, 243-250

Keywords: 1D polymer ; O atoms disorder ; H rings

MS36-P17
Further Structural Adventures with Bis-
metallacarboranes
Georgina Rosair1, Alan Welch1, Anthony Chan1

1. �Institute of Chemical Sciences, Heriot-Watt University, Edinburgh, 
United Kingdom

email: g.m.rosair@hw.ac.uk
Metallacarboranes display great variation in polyhedral size 
and shape.  They incorporate metal atoms from across the 
Periodic Table 1 and find application in catalysis, medicine, 
metal-ion extraction and advanced materials.1

The parent 1,1'-bis(ortho-carborane) (below) has a scaffold 
which offers extensive potential for derivatisation. Single 
cage metalation of 1,1'-bis(ortho-carborane) has yielded 
metallacarborane-carborane species,2 with double cage 
metalation affording metallacarborane-metallacarborane 
compounds.2  However such metalation follows double 
deboronation (removal of one vertex from each cage) so the 
final products are necessarily homometalated.  Very recently 
stepwise deboronation and metalation of 1,1'-bis(ortho-car-
borane) has enabled the synthesis and characterisation of the 
first examples of heterometalated metallacarborane-metal-
lacarborane species (one example below).  More variety 
and surprises are revealed in this structural adventure with 
metallacarboranes.3
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The crystal structure of (6E)-6-({[2-methoxy-5-(triflu-
oromethyl)phenyl]amino}methylidene)-4-nitrocyclo-
hexa-2,4-dien-1-one (C15H11F3N2O4) has been determined 
by means of single-crystal X-ray diffraction methods. The 
title compound C15H11F3N2O4 is a Schiff base that adopts 
the ketol-amine tautomeric form in the solid state. Whole 
molecule is nearly planar with dihedral angle 6.19(10)o be-
tween the aromatic rings. The title compound crystallizes 
in the trigonal space group R-3 with the unit cell parame-
ters: a=33.0238(17), b=33.0238(17), c= 7.1144(4)Å, α=90, 
b=90, γ=120 (o), V= 6757.1(8)Å3, Z=18. The molecular 
structure is stabilized by two N-H…O type intramolecular 
H bond , two C-H··O type intermolecular hydrogen bonds 
and a N-O…π  and five   π-π  interactions. X-ray measure-
ments was carried out on a STOE IPDS II diffractometer 
with MoKα radiation. The molecular structure was solved 
by direct method using SHELXS-97 and refinement by 
full-matrix least-squares on F2 using SHELXL-14 program. 
An ortep-3 view of the molecule of title compound is shown 
in Fig.1.
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A range of dioxidomolybdenum(VI) complexes has dis-
played very high catalytic activities and exquisite selectivity. 
The dioxidomolybdenum(VI) mononuclear complexes with 
4-aminobenzoylhydrazone ligands (salicylaldehyde (H2L1), 
3-methoxysalicylaldehyde (H2L2), or 4-methoxysalicylal-
dehyde 4-aminobenzoylhydrazone (H2L3) being of the type 
cis-[MoO2L1-3(D)]; D = MeOH, EtOH, H2O, dmf] have been 
prepared and structurally characterized. The crystal structure 
analysis of mononuclear complexes (Fig.1.) reveals distorted 
octahedral Mo(VI) coordination by ONO donor atoms from 
dianionic tridentate 4-aminobenzoylhydrazone ligands, two 
oxido oxygen atoms from the MoO2

2+ moiety and the oxygen 
atom from coordinated alcohol molecules (D = MeOH, EtOH). 
The molybdenum oxido groups of the MoO2

2+ moiety show 
the expected mutual cis configuration and are located trans 
to the imine nitrogen atom and coordinated alcohol molecule. 
The bond distances range around Mo follows trend: Mo-Ot < 
Mo-O(phenolate) < Mo-O(hydrazone part) < Mo-N< Mo-
O(ROH; R=Me, Et). The bicyclic system of two chelate rings 
is slightly folded along the axis of molybdenum-imino bond and 
by the offset of metal centre apart from chelate planes towards 
the terminal oxygen atom. The most deviation from chelate rings 
coplanarity is shown by the phenolate oxygen atom due to its 
participation in intermolecular interactions. The complexes were 
tested for catalytic epoxidation of cyclooctene under eco-friend-
ly reaction conditions by using aqueous tert-butyl hydroperoxide 
(TBHP) as an oxidant. Due to trans effect of oxido oxygen atom, 
Mo-O(D) bond is the longest bond distance within molybdenum 
coordination sphere and it expected to be the point of maximum 
catalytic reactivity of the complexes. It is previously shown 
that pentacoordinated molybdenum systems activate oxidizing 
agent TBHP through adduct formation assisted by the O–H…O 
hydrogen bond. Another explanation of the substituent influence 
is p-π conjunctive effect with methoxy group due to increasing 
electron density of the phenyl ring.
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Solid coordination frameworks (SCF) represent one of the 
most studied materials during the last decade thanks to the 
variety of structures that can be formed by using metal com-
plexes as synthons.1 In fact, combination of polycarboxylate 
anions and dipyridyl ligands is an effective strategy to pro-
duce SCF compounds, and we have previously reported on 
CuII-based SCFs exhibiting PDC (2,5-pyridinedicarboxyl-
ate) in combination with bpe (1,2-di(4- pyridyl)ethylene)), 
bpa(1,2-di(4-pyridyl)ethane), and dpk (di-2-pyridyl ketone). 
The use of bpe and bpa as dipyridyl ligands produces 3-con-
nected herringbone structures, and so far our main contri-
bution to the study of this type of structures consists on the 
identification of two types of herringbone arrays (4-c and 3-c 
where c stands for “connected”) depending on the number 
of connections for each metal node. While M1A1B1 stoi-
chiometry corresponds to 4-c arrays, M2A2B stoichiometry 
corresponds to 3-c ones (M is the metal ion, and A and B 
are the organic ligands). Additionally, we also identified the 
structural parameters defining the 3-c herringbone arrays and 
observed a correlation between angles and distances in this 
type of structure.
In this context, this work is focused on the synthesis and 
characterisation of the compound [Cu2(PDC)2(4,4´-bipy)
(H2O)2]·MeOH (where 4,4´-bipy is 4,4′-bipyridine and 
MeOH is methanol) with the aim of studying the influence 
of distinct dipyridyl ligands on the as-obtained characteris-
tics materials. The compound crystallises in the monoclinic 
system (P 21/n, a=11.3583 Å, b=9.2348 Å, c=12.6150 Å, 
β=102.254°). Thermogravimetric analysis reveals that it is 
stable up to 280°C. Nanoindentation experiments on single 
crystals produced values of the E Young modulus between 
1.325 GPa and 9.860 GPa, and values of the hardness be-
tween 0.030 GPa and 0.401 GPa depending on the crystal 
face.
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Properties of the mixed-metal oxides could be highly affect-
ed by the effect of crystallinity, particle size, phase com-
position and morphology. These can be tuned in part by 
changing the synthesis methods.
The possibility of using metal–organic coordination systems 
through the thermal decomposition process as molecular pre-
cursors in the synthesis of nanomaterials with high surface 
and specific morphology has been considered only recently. 
It has been observed that the use of a well-defined heterome-
tallic precursor can produce crystalline oxide materials under 
conditions that are significantly milder than those applied in 
traditional solid-state synthesis. Also, the single-source pre-
cursors provide better control over the stoichiometry of the 
metal ions in the final products as well as the homogeneity of 
the materials due to the mixing of the metals at the molecular 
level. The existence of bridging or chelating ligands in the 
precursors prevents metal separation during oxide formation. 
For example, the C2O4

2− anion easily decomposes to the va-
pour phases CO2 and CO, by the low-temperature routes, and 
hence, heterometallic oxalate complexes are very convenient 
for the preparation of mixed metal oxides.[1]

Most of the perovskite compounds that have potential tech-
nological interests are not simple systems, but rather ternary 
oxides such as A(B’B’’)O3. Heterometallic oxalate complexes 
do not always contain the appropriate stoichiometry for the 
formation of the desired single phase oxide. So, we have tested 
whether the multimetallic oxides containing two or more met-
als could be prepared by mixing two or more different oxalate 
precursor in various ratios prior to thermal decomposition.[2]

A highly crystalline materials Ba(M1/3−xMx’NbV
2/3)O3 (M = 

NiII, M’ = CoII; x = 0−1/3] were obtained after thermal de-
composition of the mixture of the well-defined and structur-
ally characterized heterometallic oxalate-based compounds 
Ba2(H2O)5[NbO(C2O4)3]HC2O4}·H2O,[1] [Ni(bpy)3]2[N-
bO(C2O4)3]Cl·12H2O[3] and [Co(bpy)3]2[NbO(C2O4)3]
Cl·12H2O,[3] grinded in an agate mortar in different ratios.
The phase formation and structural ordering of the tri- or tetra-
metallic perovskite oxides obtained by this modified molecular 
precursor route have been characterized by powder X-ray dif-
fraction, scanning electron microscopy and energy-dispersive 
X-ray spectroscopy. The magnetic properties of newly prepared 
materials which adopt the disordered cubic structure (with ran-
dom distribution of B’ and B’’ ions) have been also investigated.
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We have investigated a large series of Cr(III) dimer com-
plexes with general formula [Cr2(Me-deaH)2(O2CR)Cl2]2. 
In these materials, magnetic properties are determined by 
highly deformable intermolecular interactions. The car-
boxylate above the Cr2 moiety distorts the planarity of the 
[Cr2O2] unit, promoting a net ferromagnetic exchange be-
tween the metals.
Through substitution of R with eight organic groups, and 
DFT calculations the key structural contributions to the net 
exchange, which has both anti- and ferromagnetic contri-
butions, have been identified. The key contributions are the 
out of plane angle, θ, the Cr—O—Cr angle, φ, and the dis-
tortion of the planarity of the [Cr2O2] unit, ψ (Figure 1a, b, 
c respectively). [1]
We now use pressure to drive these structural transforma-
tions in three dimers where R = Me (acetate), tBu (pivalate) 
and Ph (benzoate); a method which has previously success-
fully been used to enhance the magnetic exchange in Re(IV) 
molecular magnets. [2] Through applications of pressures 
up to 4.6 GPa, we have increased θ by up to 5.1(6) ° and 
ψ by up to 1.4(2) °, (Figure 1d) which was predicted to in-
crease the ferromagnetic contribution and decreased φ by 
up to 2.0(4) ° which was predicted to increase the antiferro-
magnetic contribution.
Considering both the pressure-induced structural deforma-
tions, and the ambient pressure DFT we have predicted the 
optimum pressures to enhance the ferromagnetic exchange 
in these dimers, and compared the predictions against 
high-pressure magnetic susceptibility measurements.
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The synthesis of novel crystalline discrete molecular ma-
terials combined with interesting supramolecular architec-
tures providing porosity still consists one of the challenges 
in synthetic coordination chemistry. The forming cavities, 
resulting from the coordination driven self-assembly of the 
clusters, play a crucial role in the host-guest recognition 
properties with diverse applications in catalysis, adsorption, 
drug delivery etc.1 Moreover, any crystal-packing modifi-
cation can significantly differentiate the physical properties 
of the solid-state material.2 Although network materials are 
representative examples of crystalline porous materials, 
discrete molecular compounds have shown a tendency to a 
more close-packing supramolecular assemblies. To this end, 
research efforts have been devoted to the development of 
new coordination clusters displaying permanent porosity.3

Herein we present the syntheses of two structurally simi-
lar Mo-based metallocycles with different supramolecular 
structures. The replacement of the terminally bound pyri-
dines of the initial cluster by the 1,3-di(4-pyridyl)propane 
forced the metallocycles to reorient their positions yielding 
a crystal-packing architecture with well-defined channels 
within the compounds (see Figure). Fully chemical and 
physical characterization of both complexes is also dis-
cussed.
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Transition metal complexes based on imidazole have shown 
significant interest in biological systems, especially carbox-
ylate mixed-ligands systems of copper(II), which display 
a variety of pharmacological effects, including antitumor, 
superoxide dismutase and catecholase activities [1]. Despite 
the considerable number of the reported imidazole systems 
built of different carboxylate ligands and metallic centers, 
namely ; copper, cobalt, nickel, manganese, cadmium and 
ruthenium, the crystallographic information about imidaz-
ole-based copper(II) complexes containing citrate mixed-li-
gands is rather rare, except for only two hexacoordinated 
complexes of cobalt and nickel [2]. In order to contribute 
to the well-understanding of these systems, the one-pot syn-
thesis, the crystal structure, the properties and the topologi-
cal nets of two copper(II) potential candidates for biological 
applications involving imidazole and citrate mixed-ligands 
were reported [3].
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The muti-functional metal complex with magnetic, lumi-
nescence, or conductivity properties is one of the directions 
to design new modern materials. Spin crossover (SCO) 
compound is one kind of these complexes due to its poten-
tial applications to sensors, information storage, cantilever 
and so on. In this work, we modify terpyridine to 4’-(2-Fu-
ryl)-2,2’;6’,2’’-terpyridine (ftpy) and 1-methyl-1H-Pyr-
rol-2-yl-2,2’;6’,2’’-terpyridine (mtpy), and successfully 
obtained metal complexes M(II)L2(BF4)2 ( M = Fe(II), 
Co(II); L = ftpy, mtpy). In these metal complexes, Co(II)
(ftpy)2(BF4)2·1.5H2O (complex 1) exhibits SCO behavior 
from high spin (HS) state with μ eff = 4.10 B.M. at 350K 
to low spin (LS) state with μ eff = 2.14 B.M. at 100K, but 
Co(mtpy)2(BF4)2 (complex 2) only displays HS state. The 
other Fe(II) complexes both exhibit diamagnetism. To re-
solve how structure variation leads to the SCO phenomenon 
so that we can realize why complex 1 exhibits SCO char-
acter, the temperature dependent powder x-ray diffraction 
(PXRD) measurements are carried out at TPS09A beamline 
and the high resolution PXRD data are analyzed by Rietveld 
refinement to obtain detailed structural information. The re-
sults indicate that the crystal structures are still in triclinic 
system from 90K (LS) to 350K (HS) with averaged Co-N 
distance varied from 2.02(3) Å to 2.10(1) Å. Taking insight 
into crystal packing structure, one H2O is located at ~ 2.41 
Å away from one of furan in complex 1, but no solvent 
molecule in complex 2. This short distance may indicate 
intermolecular interaction plays a critical role in tuning 
SCO phenomenon. In addition, the temperature dependent 
of x-ray absorption spectroscopy (XAS) is applied to study 
the electronic structures of complex 1. Moreover, the UV 
absorption and photoluminescence characters of ftpy and 
mtpy are also discussed in this study.
Keywords: PXRD, XAS, spin crossover

MS36-P26
Unexpected long-lived photogenerated 
High-Spin phase investigated by X-ray 
diffraction
Celine Besnard1, Teresa Delgado2, Antoine Tissot3, Laure Guénée1, 
Andreas Hauser2, Francisco Javier Valverde-Muñoz4, José Antonio 
Réal4, Yu Wang5, Sébastien Pillet6

1. �University of Geneva, Laboratoire de Cristallographie, Geneva, 
Switzerland

2. �University of Geneva, Physical Chemistry, Geneva, Switzerland
3. �Ecole Normale Supérieure, Institut des Matériaux Poreux de Paris, 

Geneva, France
4. �Departament de Química Inorgánica. Institut de Ciència Molecular 

(ICMol), Universitat de València, Valencia, Spain
5. �National Taiwan University, Taiwan
6. �Laboratoire de Cristallographie, Résonance Magnétique et 

Modélisations, Université de Lorraine, Vandoeuvre-les-Nancy, 
France

email: celine.besnard@unige.ch
Spin crossover compounds are interesting photoswitchable 
materials, with possible applications in sensing or memo-
ry devices. At low temperature the Low-Spin state can be 
excited into the photoexcited High-Spin state through the 
Light-Induced Excited Spin-State Trapping (LIESST) ef-
fect. The relaxation time is however usually short at higher 
temperatures.
The spin-crossover compound [Fe(n-Bu-im)3(tren)](PF6)2

1 
shows an unusual long relaxation time at 80K of 20 hours 
after Light-Induced Excited Spin-State Trapping  when ir-
radiated at 80 K. This is more than 40 times longer than the 
80K relaxation time when irradiated at 10 K. To explain this 
unusual behavior single crystal structures were determined 
after irradiation at low temperature and at 80K. The struc-
tures of the two excited High-Spin states differ in the con-
figuration of the side alkyl chains of the compound. Using 
synchrotron radiation, the long relaxation at 80K could be 
monitored by single-crystal X-ray diffraction. We showed 
that the rearrangements of the alkyl chains, which undergo 
order-disorder transitions, are responsible for the unexpect-
ed long relaxation time.
These results highlight the importance of structural studies 
to better understand and control the LIESST photoexcited 
states. Multimetastability can be exploited to tune the prop-
erties of the system.
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Uranyl, neptunyl and plutonyl ions usually form series of 
isostructural compounds. This fact is very favorable for in-
vestigation of the relationship between composition, struc-
ture and properties, since it is possible to obtain series of 
compounds with single varying parameter, for example, the 
actinide atom, the ligand or the counterion.
In order to obtain new series of U, Np, Pu compounds, we 
attempted to use trichloroacetate ions as ligands. As a result, 
single crystals of isostructural compounds (NH4)4AnO2(t-
ca)6(Htca)(H2O)3 (where An is U, Np or Pu and tca is a tri-
chloroacetate ion) were grown and studied using X-ray dif-
fraction analysis. These compounds are of great importance 
for studying actinide contraction as well as halogen bond-
ing. For example, it has recently been shown that bonds 
involving halogen atoms can serve as synthons in the for-
mation of supramolecular architectures as well as chemical 
bonds in the presence of secondary metal atoms in uranyl 
carboxylate complexes [1]. Halogen bonds in the title crys-
tal structures were analyzed using the method of molecular 
Voronoi-Dirichlet polyhedra. Actinide contraction in the 
row of hexavalent U, Np and Pu atoms is discussed on the 
example of all available series of isostructural compounds.
Aspects of theoretical crystal chemistry are also discussed in 
the current project. With an increase in the number of struc-
turally studied coordination compounds, it becomes neces-
sary to systematize them in order to facilitate the search for 
analogous structures, their comparison and identification of 
common trends in coordination chemistry. One of the meth-
ods of description and systematization of complex com-
pounds is the use of crystal-chemical formulae (CCF) [2]. 
With the help of CCF it is possible to describe any mono- and 
polynuclear, as well as homo- and heteroligand complexes. 
CCF’s are concise and can be recorded and used automat-
ically by computer algorithms. However, the discussion of 
halogen-substituted organic ligands in the title compounds 
required an additional improvement of the recording of CCF 
and of coordination modes of ligands. In the course of this 
project, we analyzed coordination modes of trichloroacetate 
ions in all compounds from CSD [3], what is of great impor-
tance for crystal structure prediction and crystal design.
This research was supported by the Russian Science Foun-
dation (project №17-73-10117).
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Nitrous oxide, N2O, is an important greenhouse gas and 
responsible for a significant part of anthropogenic ozone 
depletion. Searching for suitable catalytic-active materials 
for its decomposition to the elements is popular. In 2016, 
Englert and co-workers have reported an attractive Yb2O3/
Ag-system which exhibits catalytic activity towards the 
decomposition reaction of nitrous oxide at 500 °C (com-
mercially-available catalyst: 600 °C).[1] However, the la-
borious successive syntheses of the organic ditopic ligand, 
its Yb complex, and the mixed-metal polymer only allow 
proof-of-principle studies and preclude any industrial appli-
cation.[2] The aim of the current project is the modification 
and optimization of the successful precursor synthesis but 
alleviate the synthetic restrictions by using rather unex-
plored alternative N-substituted acetylacetone ligands.
The ditopic ligand 4-acetyl-5-oxohexanenitrile, Ha-
cacCNen, exists as enol tautomer in the solid state. The eth-
yl bridge between the acetylacetone and the nitrile moiety 
imparts flexibility, which can lead to high degrees of confor-
mational freedom and, thus, interesting structures. The enol 
form has been experimentally established in the crystal and 
in solution − how about the geometry of the molecule in the 
gas phase? Quantum chemical calculations were carried out 
to answer this question.
In addition, we report two compounds starting from an 
aluminum(III) complex, [Al(acacCNen)3], with properties 
in-between inertness and lability. Depending on the reac-
tion partners and solvent systems, partial degradation or 
inclusion of the building block as synthesized may occur. In 
case of a partial degradation when the complex reacts with 
AgPF6 in benzene/methanol, an alkoxo-hydroxo-bridged 
multinuclear Al/Ag cluster is formed. The reaction of the 
Al(III) building block with silver perchlorate in benzene/
acetonitrile reveals an interesting 1D cross-linking network 
with inert building block.
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1-piperidineacetic acid (HPAA) and 1-piperidineacetamide 
(HPAAM) can be treated as N-alkylated glycine and N-al-
kylated glycinamide. N-alkylated amino acids and their de-
rivatives can find application as synthetic building blocks 
and play an important role in studies related to the structural 
properties and biological activity [1], [2]. Copper(II) com-
plexes with amino acids and their derivatives were shown 
to be very interesting compounds for various fields of re-
search, such as bioinorganic chemistry, medicinal chemis-
try and crystal engineering. Due to versatile noncovalent 
interactions, these complexes have the ability to form po-
rous structures, coordination polymers, or other different 
architectures in the solid state [3]. Interestingly, only a few 
bis(N,N-dialkylamino acidato)copper and bis(N,N-dialkyl-
amino acetamidato)copper complexes have been structur-
ally characterized until now.
In this research we have synthesized and structurally char-
acterized one ligand, HPAAM (1), two copper(II) complex-
es [Cu(PAA)2(H2O)]·3H2O (2) and [Cu(PAAM)2]·3H2O (3), 
and a sodium salt [Na(PAA)(μ-H2O)4(H2O)]·H2O (4). Al-
though the only difference between the ligands is the pres-
ence of either the carboxylic or the amide group, the influ-
ence on the supramolecular architectures of the copper(II) 
complexes is significant. In 2 a square-pyramidal complex 
is formed with two O,N-donating PAA ligands in the basal 
plane and a water molecule occupying the apical position. 
The molecules are connected into a 2D network through hy-
drogen bonds. 1D infinite channels of water molecules are 
formed (Fig. 1a). On the other hand, 1-piperidineacetamide 
forms a square-planar copper(II) complex hydrogen bonded 
into a 3D network with 2D infinite channels of water mole-
cules (Fig. 1b). Both copper complexes exhibit trans-coor-
dination, which is not as common in this type of complexes 
as the cis- coordination, probably due to bulky hydrophobic 
ligands. 1-piperidineacetic acid crystallized from an aque-
ous solution as a sodium salt forming a 2D coordination 
polymer 4 with sodium ions.
The research was supported by the Croatian Science Foun-
dation, project “Essential metal ions in Helicobacter pylori 
proteins and model complexes structure and function/prop-
erty” (HRZZ-IP-2014-09-4274).
Figure 1. a) 1D channels of water molecules in structure 
of 2; b) 2D channels of water molecules in structure of 3. 
Hydrogen atoms are omitted for clarity.
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Spin crossover is a phenomenon in which a metal ion under-
goes a spin transition due to external stimuli such as tem-
perature, pressure, photo-irradiation or electric currents.1 
[Fe(Phen)2(NCS)2] (Phen =1,10 phenanthroline) is one of 
the archetype spin crossover systems which has been an-
alysed by various methods including X-ray Diffraction 
(XRD) with known experimental values for transitions.2 
Being able to measure the changes in bond length to deter-
mine the spin state of the metal ion allows us to set a stan-
dard to work by. Light induced excited spin state trapping 
(LIESST) uses photo-irradiation to cause a spin transition at 
low temperatures,3 this effect is usually measured by Moss-
bauer spectroscopy showing the ratio of high spin and low 
spin atoms in a sample based on magnetic susceptibility. 
XRD allows us to see the changes in bond length which 
can be used to determine roughly the spin state, to do this 
with photo-irradiation means a system has to be designed to 
allow us to illuminate the sample in the hutch.
Adaptation of this system allows for new spin crossover 
systems to be found and synthesised, to improve on current 
research and current properties of these systems.
The applications of these systems including high density 
memory and display devices, these can only be achieved 
with spin crossover properties being at relatively easy to 
obtain conditions. These include being close to room tem-
perature and standard pressure for practical applications to 
be possible. The presented material will include the devel-
opment and production of a new light irradiation source that 
can be mounted within the enclosure of a 3-circle diffrac-
tometer and the results of this equipment being used during 
the collection of data for a novel spin crossover system
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Transition metal chloride complexes with 1,5-cycloocta-
diene ligands have a variety of applications as catalysts or 
precatalysts in e.g. hydrogenation and hydrogen-transfer 
reactions.(1) However, their interactions with X-rays has, 
to date, been assumed to be non-destructive with no reports 
in the literature of behaviours indicating radiation damage 
such as intensity loss in diffraction peaks or peak broaden-
ing. Interaction of X-rays with the crystal lattice is an effect 
that causes well-known problems in biological systems,(2) 
but this effect is only formally starting to be recognised in 
chemical crystallography. A survey of the effects of radi-
ation damage to small molecule single crystals(3) demon-
strated a relationship between the damage and the intensity 
of the source. The improving intensity of sources both at 
central facilities and for in-house instruments is increasing 
awareness of radiation damage, with a particular lack of un-
derstanding for small molecule crystallographers and spec-
troscopists currently complicating data collection. A series 
of compounds have been studied where M = Ir, Rh and Cu 
to, quite literally, shed light on the chemical changes result-
ing from X-ray exposure via structural and electronic in-
sights. The combination of powder X-ray diffraction, single 
crystal X-ray diffraction, computational studies and X-ray 
photoemission spectroscopy reveal the impact of X-ray ra-
diation on these materials in great detail and also provide 
insight into the importance of identifying appropriate data 
collection techniques for experiments.
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One fluorescent Zn(II)−salicyaldimine coordination poly-
mer, [Zn(Lsalpyca)(H2O)]n (1; H2Lsalpyca = 4-hydroxy-3-
(((pyridin-2-yl)methylimino)methyl)benzoic acid), show-
ing a one-dimensional (1D) zigzag chain structure has 
been hydro( solvo)thermally synthesized. Kind of different 
Phase transition structures can be seen as different external 
perturbations gave to complex 1. High temperature X-ray 
powder diffraction (XRPD) experiment clearly indicate that 
the structure of 1 is quite flexible as a result of a reversible 
1D−2D single-crystal to single-crystal (SCSC) transforma-
tion.
Structure determination on the high temperature X-ray 
powder diffraction (XRPD) pattern (SDPD) confirmed the 
removal and rebinding of coordination water molecules of 1 
by thermal dehydration gives rise to the dehydration product 
[Zn(Lsalpyca)]n (1′), which has a dizinc-based two-dimension-
al (2D) grid-like (4,4)-layer structure and accompanies with 
changes in coordination sphere and network dimensionality.
In addition to thermal effect on complex 1, external per-
turbations of pressure and low temperature also make the 
complex showed phase transition behavior. Detail structural 
information will show in the presentation.
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The Schiff base ligands are frequently used in the synthesis 
of new coordination compounds with interesting structures 
and promising properties in different fields. In this work we 
describe the results of a crystal study about the reactivity in 
ethanol between nickel(II) acetate and the bidentate Schiff 
ligand (E)-N’-(4-Hydroxybenzylidene)-4- hydroxybenzo-
hydrazide (H2L). [1]
As is shown in the image, two types of crystal nickel 
compounds have been isolated. So first crystallized the 
green octahedral complex [Ni(H2L)2(H2O)2]Ac2∙2EtOH 
and later orange crystals of the square-planar compound 
[Ni(HL)2]∙2H2O were formed after the monodeprotonation 
of the ligand.
Acknowledgements: Financial support from Ministry of 
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Photo-induced processes are of paradigmatic importance in 
many fields, ranging from biology where light harvesting is 
the basic process of photosynthesis, to solid-state physics 
where light can be applied to control the electronic prop-
erties of solids. In this context, spin crossover compounds 
are fascinating photoswitchable materials, with possible 
applications in sensing or memory devices. However, such 
materials need to be synthesized as nanoparticles or thin 
films in order to be incorporated into functional devices. 
Therefore, the effect of size reduction on the thermo- and 
photo-switching properties has been abundantly described 
and modelled within the past few years [1]. However, no 
direct experimental evidence was made so far on the micro-
scopic origin of the size reduction effects.
Following a previous structural study of the high spin à 
low spin relaxation dynamics of the porous coordination 
network [Fe(pz)Pt(CN)4]·2.6 H2O in the bulk state [2], 
nanoparticles of [Fe(pz)Pt(CN)4] were synthesised and the 
HSàLS relaxation through the light-induced excited spin-
state trapping (LIESST) effect is investigated using syn-
chrotron X-ray powder diffraction.
We evidence a clear limiting particle size below which the 
HSà LS relaxation adopts a different mechanism, indicating 
a drastic change in cooperative processes. We also provide a 
qualitative explanation of this observed change in coopera-
tivity upon size reduction within the framework of a mech-
anoelastical model.
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Four new heteroleptic copper(II) complexes having chal-
cone or flavonol ligands and Schiff base (N-phenyl-5-chlo-
rosalicylideneimine) as co-ligand were prepared, chemically 
and structurally characterized and investigated as functional 
biomimetic catecholase models. The complexes were pre-
pared by the solution synthesis and crystal and molecular 
structures were determined by X-ray diffraction. Complex-
es were chemically characterized by elemental analysis, 
infrared and electron spectroscopy as well as by electro-
chemical measurements. Copper(II) chalcone complexes, 
with square-pyramidal CuO4N core, are binuclear, featuring 
phenolate oxygen from the Schiff base as a bridging ligand, 
while copper (II) flavonol complexes are mononuclear, and 
reveal a square planar CuO3N coordination core. Catalytic 
activity of the complexes in 3,5-di-tert-butylcatechol oxida-
tion was confirmed by spectrophotometric and electrochem-
ical measurements. Kinetic measurements revealed that the 
binuclear (chalcone-containing) complexes have enhanced 
catalytic activity as compared to the mononuclear Cu(II) 
flavonol complexes. Relatively high kcat values (300 – 750 
h-1) confirmed their respectable biomimetic catecholase-like 
activity.
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Recently some of us demonstrated that a number of zinc(II) 
malonates containing 1,2-bis(pyridin-4-yl)ethylene under-
go a photoinitiated [2+2] cycloaddition reaction in a sin-
gle-crystal-to-single-crystal manner [1]. Here, we present 
the results of our study of a novel photo-sensitive zinc(II) 
coordination complex containing two unsaturated frag-
ments, namely, 1,2-bis(pyridin-4-yl)ethylene (bpe) and 
2-allylmalonate (2-Amal). This complex was obtained from 
aqueous solution of zinc(II) acetate, 2-allylmalonic acid 
(H2Amal) and 1,2-bis(pyridin-4-yl)ethylene (bpe). Ethylene 
fragments of 2-allylmalonate and bpe are in the reactive po-
sitions (Figure, top). At irradiation for 8 hours the complex 
underwent [2+2] cycloaddition in a single-crystal-to-sin-
gle-crystal manner to form a 2-((2,3-di(pyridin-4-yl)cy-
clobutyl)methyl)malonate (Figure, bottom). As both com-
pounds are 3D coordination polymers, the process is the 3D 
→ 3D reaction. The conversion rate was 50% in respect to 
2-Amal. Further irradiation was accompanied by destruc-
tion of the single crystal and formation of an insoluble re-
action product.
Figure. Fragment of molecular packing of [Zn2(H2O)2(2-
Amal)2(bpe)] (top), and its photoreaction product (bottom).
This work was supported by the Russian Science Founda-
tion (grant No. 17-13-01442) and the Russian Foundation 
for Basic Research (grant No. 16-33-60179).
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Harmine is a natural β-carboline compound, which can be 
isolated from Peganum Harmala, presenting antiprolifera-
tive activity. Trisubstituted harmine derivatives were shown 
to be more potent than mono- and di-substituted ones [1, 2]. 
Here, new trisubstituted harmine derivatives were designed 
and synthetized in our group with the aim to overcome the 
intrinsic resistance of cancer cells to apoptotic stimuli.
The last step of synthesis is performed by mechanosynthesis 
and compounds involved in this synthesis are characterized 
by single-crystal X-ray diffraction. However, trisubstituted 
harmine derivatives often present a moderate solubility at 
pH 7.4. In this context cyclodextrin complexes were al-
ready prepared in our group to improve compounds solu-
bility [2]. Here we propose a new approach to reach this 
objective. Indeed, the third substituent chosen to be placed 
on the harmine core contains a pyridine moiety in order to 
improve compound solubility in comparison with benzyl 
moiety. Moreover, pyridine increases the tendency towards 
cocrystal/salt formation. This  is also considered as a poten-
tial method to modulate the solubility of the compound [3]. 
The aim of this work is to obtain novel druggable harmine-
based molecules combining antiproliferative activity in mi-
cromolar to submicromolar range and a high solubility at 
physiological pH in order to allow intravenous injection of 
these compounds.
L.B. thanks the Fonds National pour la Recherche Scien-
tifique-FNRS for her grant and the PC2 technological plat-
form of UNamur.
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Hydrazones are compounds widely studied.  They can be 
made by several synthetic pathways, such as a condensation 
reaction between a hydrazine or hydrazide with a ketone 
or aldehyde [1].  These molecules are constituted by an 
azomethine group, characterized by the fragment C=N-N, 
allowing the use of hydrazones in various fields of chem-
istry.  These molecules have many potential applications: 
they are used in dyes and in conductive materials to name a 
few [1].  In pharmaceutical field, several hydrazone-based 
prodrugs of isoniazid have shown less undesired side effects 
when compared with isoniazid [2].  These molecules can 
also be studied for their potential thermo- and photochromic 
properties.
Thermo- and photochromism are color change phenomena 
induced by temperature variation and absorption of electro-
magnetic radiations, respectively.  These phenomena have 
many applications: information storage, optical switching 
devices (optical glasses), etc. [3].
In this work, we are interested in a hydrazone system ob-
tained by a condensation reaction between isoniazid and 
o-vanillin. This molecule is cocrystallized with various co-
crystal formers with the aim to modulate its photo- and ther-
mochromism [3].  Both syntheses of the chromophore and 
of its cocrystals are accomplished by mechanosynthesis.  
All obtained solid forms are characterized by powder X-ray 
diffraction and single-crystal X-ray diffraction.  Photochro-
mism is studied by UV-Vis diffuse reflectance.
Authors acknowledge ARC (UNamur – UCL) for financial 
support.
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The TPS 09A beamline of Taiwan Photon Source (TPS) is 
designed for time-resolved laser pump X-ray probe crystal-
lography experiments. TPS 09A has opened to general X-ray 
scattering users since September 2016. TPS is a third gener-
ation synchrotron source which operate at 3.0 GeV, 400 mA 
(design gold 500 mA), with beam emittance of 1.6 nm rad. 
The source of TPS 09A beamline is delivered from two IU22 
undulators which provide temporal coherence X-rays of 5.6-
25 keV. Follow the double crystal monochrotromator (DCM 
with two Si(1 1 1) crystals) is a horizontal focusing mirror. 
The beam size at the entry of experimental hutch is about 700 
mm x 600 mm (H x V). Inside the hutch, the X-ray focus by 
a compound reflection lens, a Juelich chopper (the chopper 
will be delivered in the summer of 2019) and a Huber 9-cir-
cles diffractometer. Server detectors can be choiced for X-ray 
scattering, such as Pilatus 200K, Perkin Elmer XRD 1611 xP, 
and CsI point detector. A new area detector is now planning. 
A Ti-Sapphire with 35 fs pulse laser is located at the second 
hutch and can bring the 800 nm or 400 nm pulse laser to sam-
ple position. The synchrotron X-ray bunch length is about 
35 ps. For lack of the Juelich chopper, we have test a las er 
pump X-ray probe time resolve X-ray diffraction experiment 
by using single bunch injection at TPS. The electron current 
is maintained at about 2 mA with top up injection for every 
8 mins. The diffraction intensity and position of Si (111) is 
monitored during different laser pumping time. The FWHM 
of the intensity variation is about 250 ps.  It demonstrated that 
the time scale of laser pump X-ray probe can be determined 
in 100 ps time scale. The structure of the excited sates of 
some organic and inorganic luminesce compounds are under 
investigations.
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The study of out-of-equilibrium dynamics in crystalline 
solids has become an important topic of modern condensed 
matter physics. Out-of-equilibrium states are obtained 
by irradiation with ultra-short laser pulses in the optical 
range, which induces electronic transitions on a timescale 
at which the lattice is considered to be frozen. Such pho-
to-induced dynamics are studied experimentally in the so-
called ‘pump-probe’ scheme, in which the sample is excited 
(pumped) by a fs optical laser pulse and probed by a pulse of 
an eventually different wavelength such as X-rays. Pulsed 
hard X-ray sources open the possibility to use diffraction 
and X-ray absorption to study photo-induced transitions in 
condensed matter under non-equilibrium conditions, and 
thus uniquely give access to precise information on the dy-
namics of atomic structures at the Å-scale.
In laser pump - X-ray probe experiments, the time res-
olution is in practice limited by the X-ray pulse duration. 
SOLEIL synchrotron, in its standard mode of operation, 
provides pulses of typically 80 ps FWHM [1]. X-ray puls-
es as short as 10 ps and 100 fs are also produced, in the 
“low-α” mode of operation [2] and with the femto-slicing 
source [3], respectively.
The undulator-based diffraction beamline CRISTAL enables 
studies of ultrafast structural dynamics using those short 
X-ray pulses. The sample is excited by 800 nm, 25 fs FWHM 
laser pulses provided by a regenerative Ti:Sa amplifier (max. 
output power 6 mJ @ 1 kHz). The subsequent changes in the 
sample’s atomic structure are studied in the time domain Dt, 
by measuring its diffraction out of a monochromatic incident 
beam. The X-ray flux available at sample, which depends on 
the aimed time resolution, ranges from 6.108 ph/s for 7 keV, 
70 ps FWHM X-ray pulses at a repetition rate of 1 kHz, to 
1.106 ph/s for 7 keV, 100 fs FWHM X-ray pulses at the repe-
tition rate 1 kHz. A 2D, gateable detector is used to collect the 
scattered intensities, which gives access to a large portion of 
reciprocal space for each single measurement. Various sam-
ple environnements have been made available, including a 
near-ambient temperature Peltier cell, a 5 K cryostat, and a 
30 K N2/He blower.
The poster will present the instrumentation developped 
at CRISTAL beamline for pump-probe diffraction exper-
iments, as well as recent exemples of measured ultrafast 
structural dynamics.
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Materials can be controlled via physical parameters like 
pressure or temperature. With the advent of ultrashort lasers 
pulses (typically femtosecond), light excitation has been 
added to the panel of available techniques for materials con-
trol. Two of the major aspects in so-called photo-induced 
phase transitions are:

•	 reversibility, meaning the ability to switch back and 
forth between two states,

•	 efficiency, corresponding to the ratio of the amount 
of transformed material on the quantity of provided 
light.

One possible approach to amplify the photoresponse is 
based on the material elastic properties. This was demon-
strated for a light-sensitive and volume-changing Spin 
Crossover (SCO) material [1], meaning, a molecular crystal 
in which the unit cell is built with SCO molecule(s). In this 
molecule, the ligand field result in a splitting of the 3d levels 
of the metal ion (FeIII) into low energy and high energy 
ones. The population of high energy levels (at high tempera-
ture) changes the spin state and is accompanied by strong 
changes in Fe-ligand distances (and thus unit cell volume).
The sudden generation (via a laser pulse) of a high enough 
fraction of photo-excited molecules (switched from Low 
spin to High spin state) creates local negative pressure. This 
drives lattice expansion that can induce additional switching 
of neighboring molecules through positive feedback effect. 
This cooperative effect is associated as expected with a 
well-defined threshold mechanism. We can actually see (in-
sert in Fig.) that the fraction of transformed molecules after 
photoexcitation decreases monotonically for low excitation 
fraction, while it increases non-linearly in the nanosecond 
time scale for higher ones.
To unambiguously discriminate between spin state conver-
sion and structural changes, we performed Xray time-re-
solved diffraction study at synchrotron ESRF. The dif-
fraction patterns measured from ps to µs time delays on 
nanocrystals powder films give a direct signature of the ul-
trafast volume expansion. Quantitative analysis (Rietveld) 
of the powder spectra at ps time scale allows going deeper 
into the understanding of the cooperative aspects of the 
photo-induced spin conversion in these molecular materials.
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Last decades have seen tremendous technical progress 
in the development of pulsed Xray sources. Synchro-
tron sources can now produce 100ps duration pulses with 
enough photons to allow quantitative analysis.  The emer-
gence of free electron laser brought the pulse duration a step 
shorter, typically 10fs, and even more bright. This leads to 
the ability to probe electrons and atoms on the time scale of 
their respective motions, opening a completely new field of 
investigation to physicians and material scientists: the sci-
ence of out-of-equilibrium processes.
Since the 2000s and the pioneering time resolved XRD ex-
periments, we can now “see” atomic motions in real time 
on fs time scales. Today’s challenge is not only to see but 
also to be able to “act” on matter in an ultra-fast and con-
trolled manner. This means inducing an ultrafast permanent 
change, ultimately reversible, in a material. This requires a 
deep understanding of the ultrafast structural dynamics but 
also the propagation process of the induced deformation on 
longer time and space scales. It was recently demonstrated 
experimentally and theoretically a self-amplified respon-
siveness in a spin-crossover material [1] during its delayed 
volume expansion.
Time-resolved XRD is a direct probe of volume changes 
and structural rearrangement in materials.
Such experiments are still highly challenging. However 
we will show how that the implementation of quantitative 
structural analysis (rietvelt refinement) can be extended 
to these out-of-equilibrium studies. Our talk will focus on 
Titanium Pentaoxide (Ti3O5), a protype of multistability 
which undergoes phase transitions between different forms 
(so called α, β, λ), that can be monitored by temperature, 
pressure, electric field and laser pulses.  The stability of the 
phases is strongly related to the size of the crystallites. In 
particular  λ phase is more stable in nanocrystals thus mak-
ing the system bi-stable at ambient temperature with obvi-
ous interest for pure as well as applied science[2] (fig. 1).  
We will present the study of this  ultrafast phase transition 
in Ti3o5 nanocrystals, for which we performed three major 
experiments:

•	 Time resolved powder XRD on ps time-scale (Swiss-
fel, Bernina)[3]

•	 Multiscale (from 100ps to millisecond) time resolved 
XRD (beamline ID9, ESRF).

•	 Multiscale optical spectroscopy pump/probe mea-
surements (IPR , rennes).

We will show how this combined approach gives us new 
insight into this reversible semi-conductor to metal ultrafast 
phase transition.
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The Huber double radius Guinier camera G670 is charac-
terized by its short measurement time and high-resolution 
diffractograms. In addition to the successfully working 
Johansson monochromators curved multilayer optics from 
AXO DRESDEN were tested. Measurements were carried 
out with Cu Kα, Mo Kα, and Ag Kα radiation (8.0 keV, 17.4 
keV, 22.1 keV). Thus, a direct comparison between Johans-
son monochromators and multilayer optics was possible in 
terms of signal-to-noise ratio, full-width at half maximum 
(FWHM) of the diffraction peaks and the quality criterion of 
Jenkins and Schreiner. Various substances were tested both 
as powder on a flat sample and in a capillary. The capillary 
measurements showed very high intensities, especially with 
the multilayer optics. The wavelengths of the X-radiation 
used, together with the excellent resolution, make pair dis-
tribution function analyses feasible. Hence, the used instru-
ment enables fast and precise determination of all important 
parameters of a powder sample.

MS39- The use of x-rays and 
neutrons for experiments in 
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The experimental results of particular studies of  multiple 
Bragg reflection (MBR) effects related to a strong Si(400) 
reflection in the cylindrically bent perfect crystal at the 
neutron wavelength of 0.162 nm are presented. It has been 
found that the MBR effects strongly depend on the diffrac-
tion geometry of the Si(004) planes with respect to the cut 
of Si slabs.  Contrary to a common view that the MBR ef-
fects could be considered negligible or represent maximally 
a few percent of an effect related to a single allowed re-
flection, it has been found that in the case of a particular 
diffraction geometry their reflecting power can be compa-
rable even much higher than the primary Si(004) reflection. 
For searching of the MBR effects, the azimuth–Bragg angle 
relationship for the 004 primary reflection in the diamond 
structure as displayed in the attached figure, was used. The 
horizontal dashed line corresponds to the Si(004) reflection 
for λ=0.162 nm.
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Atomic resolution x-ray holography can be realized by us-
ing the atoms of the sample as inside sources [1,2] or as 
inside detectors [3]. However, until now there were only 
very few experiments in which the atoms played the role 
of inside sources. The reason is twofold: (i) technically, in-
side detector experiments are much easier; (ii) using atoms 
as inside detectors one can measure holograms at many 
energies on the same sample, which helps the reconstruc-
tion process. In this work we show that using new technical 
developments, inside source holograms can be taken much 
faster (within 1 second at a synchrotron source) than inside 
detector holograms and applying a sophisticated evaluation 
method high quality reconstruction from a single ener-
gy hologram can also be obtained. The adaptation of this 
technique to XFEL-s opens a series of new possibilities in 
structural studies. For example, one can obtain 3D structural 
information of very short lived transient structures, appear-
ing in highly non-ambient conditions: high pressure, high 
magnetic fields, high temperatures, where experimental 
conditions cannot be repeated with exact control.
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Physical properties of materials are often controlled by im-
purity doping. Thus, understanding the local structures such 
as distorted structures around the dopant is important to 
clarify origins of the properties. However, such local struc-
tures cannot be observed by diffraction because there is no 
translational symmetry.
Recentry, atomic resolution holography using x-rays and 
photoelectrons has been depeloped, which can observe local 
structures around dopants in the range of 20 Å of three-di-
mensional area. Thus, atomic resolution holography is the 
best probe to investigate local structures.
On the other hand, it is difficult to observe light elements 
such as H, B or O by x-rays and photoelectrons. Therefore, 
we have developed atomic resolution holography using 
white neutrons, which are sensitive to light elements, at Ja-
pan-Proton Accelerator Research Complex at Tokai Japan 
[1]. We have already succeeded in visualising local atomic 
structure in B doped Si, which is the most important semi-
conductor, and Eu 1% doped CaF2, which is a typhical scin-
tilation crystal. For CaF2, we found that there exist excess F 
around doped Eu [1]. Based on this success, we are trying 
to apply this novel technique to various fields of materials 
science.
In this study, we focus on a strongly correlated electron sys-
tem RB6 (R: rare earth). When Sm is doped in LaB6 and 
YbB6, it behaves as Sm2+ in the former and as Sm3+ in the 
latter [2]. We expect that the difference of local structures 
around Sm may play a role in this change of valency. White 
neutron holography experiments were performed on a single 
crystal La11B6 and Yb11B6 with 2% doped Sm. We succeeded 
in reconstruction of the local structure of R around Sm using 
data in the neutron energy range from 10 meV to 200 meV. 
We confirmed that R around the Sm dopant are located at 
the same positions as in pure RB6, meaning that Sm doping 
does not effect R structure. Moreover, we also succeeded in 
reconstruction local structure of 11B viewed from Sm. These 
results indicate that neutron atomic resolution holography is 
an effective probe for investigations of local structures even 
for various materials which include light elements.
References:
[1] K. Hayashi, et al., (2017) Sci. Adv, 3, e1700294.
[2] J.M. Trascon, et al., (1980) J. Physique, 41, 1135.

Keywords: Neutron, Local structure, Holography



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e405

MS39-P04
Enhancement of accuracy of neutron 
atomic resolution holography 
Kanazawa1, Youhei Fukumoto1, Shiyouichi Uechi1, Kenji Ohoyama1, 
Maximilian Lederer2, Naohisa Happo3, Koichi Hayashi4, Masahide 
Harada5, Kazuo Tsutsui6

1. �Ibaraki University, Tokai, Ibaraki, Japan
2. �Friedrich-Alexander University, Erlangen, Germany
3. �Hiroshima City University, Hiroshima, Japan
4. �Nagoya Institute of Technology, Nagoya, Japan
5. �Japan Atomic Energy Agency, Tokai, Ibaraki, Japan
6. �Tokyo Institute of Technology, Yokohama, Japan

email: xxx.ypuuurikin6@docomo.ne.jp
Needless to say, the properties of the materials strongly de-
pend on arrangements of atoms. In particular, for functional 
materials, the properties are controlled by doping a small 
amount of foreign elements, in which slight difference be-
tween the local atomic structures around the dopants and 
average structures of the crystals is important for the prop-
erties. However, the diffraction cannot observe such local 
structures because of lack of translational symmetry. Atom-
ic resolution holography (ARH) is the unique technique that 
can directly observe the local structures in a three dimen-
sional space within 20 Å from the selected atoms (dopants). 
On the other hand, ARH reproduces artifacts in principle, so 
called twin images. Note that such artifacts can be avoided 
by using data obtained with many different wavelengths [1]. 
Thus, we are developing ARH using pulsed neutrons at Ja-
pan Proton Accelerator Research Complex at Tokai, Japan, 
which can obtain holograms of 130 different wavelengths at 
once by the time of flight method [2].
We measured a single crystal of 0.13 at% B doped Si, and 
succeeded in visualizing the local structure around B; we 
confirmed that most of doped B are located at the substitu-
tional site. As a next step, to estimate positional accuracy 
of obtained atomic images of B doped Si quantitively, we 
measured a single crystal of NaCl as a standard sample. For 
neutron ARH, prompt γ-rays from the dopants are observed. 
Thus, as a required condition of good standard samples, 
the elements in the samples have to generate high intensity 
prompt γ-rays. Though intensity of γ-rays from Na and Cl is 
about 500 times smaller than that of B, total No. of Na and 
Cl atom is 300 times larger than that of the doped B in Si; 
therefore, ARH of NaCl single crystal is feasible. Besides, 
NaCl is a good example to confirm whether materials with 
elements which generate weak prompt γ-rays can be targets 
of neutron ARH. In our presentation, the results of B doped 
Si and the estimation of accuracy based on the analysis of 
NaCl will be reported.
From the recent results, we believe that neutron ARH is a 
powerful probe for determination of local structures around 
dopants in various and exotic materials. In particular, inves-
tigations of hydrides will be feasible in near future.
References:
[1] K. Hayashi et al., J. Phys.: Condens. Matter,24 (2012) 9320.
[2] K. Hayashi et al., Sci. Adv., 3(2017) e1700294.
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In welding processes, the used of adequate energy is very 
important, it should be sufficient to prevent sticking but not 
too large to prevent grain growth, resulting in intense re-
sidual stresses and a decrease in mechanical properties of 
materials [1]. This research investigated effects of weld heat 
input and thus the cooling rate on mechanical properties in 
particularly residual stresses evolution.
The studied material  was received in the form of 6mm lean 
duplex stainless steel rolled sheet, LDX 2101(EN 1.4162, 
UNS S32101). The plates with single-V groove were joined 
using a TIG process for three different heat inputs.
Microstructures of different zones were observed and cap-
tured using optical microscope and scanning electron mi-
croscope (SEM) with an EDS analyzer. The ferrite content 
was assessed in light optical microscope using image anal-
ysis software. The X-ray diffraction method which employs 
Bragg’s theory was used to evaluate the residual strains then 
the residual stresses present within the weld. The extents 
of longitudinal and transverse residual stresses were carried 
out on the basis of the sin2ψ method, which is very em-
ployed for polycrystalline materials [2].
The microstructural analysis revealed different regions with 
a fusion zone which contains more austenite than the heat 
affected zone HAZ and parent material [3]. It is observed an 
increase in amount of austenite in weld metal within heat in-
put increases, this low ferrite content in the weld can be at-
tributed to high Ni content in the filler metal (7.5–9.5 % Ni) 
and the presence of austenite stabilizer N2 in shielding gas.
The measurements of RS were made on the {211} atomic 
plane of the studied material at 2θ= 156.105°, presented 
compressive stresses in longitudinal and transverse direc-
tions reaching a maximum stresses in the weld area. These 
residual stresses are due to high plastic deformation and 
temperature gradient involved in weld metal.
References:
[1] Gunn. R. N. 2003. Duplex stainless steels-Microstructure, 
properties, and applications.
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With the DNA sequences such as 5’-CGTGAAT-
TCACG-3’(S1) and 5’-CGCGAATTCGCG-3’(S2), for 
which are characteristic regions rich in AATT bases, bind 
many drug forms for treatment of oncology diseases and 
marker dyes used in fluorescence microscopy. These DNA 
sequences are also interesting because of the presence of a 
DNA binding site with the restriction enzyme EcoRI. [1]
Our aim is to co-crystalize DNA with DAPI and other fluo-
rescent molecules. The co-crystallization include DAPI, TO, 
Berenil and some new fluorescent ligands (AK3-4, AK3-9, 
DL72 and DL89). DAPI and Berenil lie in the narrow minor 
groove near the center of the B-DNA fragment positioned 
over the A-T base pairs. They are bound to the DNA by hy-
drogen interactions. DAPI inserts itself in the minor groove, 
displacing the ordered spine waters [2]. DAPI, TO and Ber-
enil show strong fluorescence when bound to DNA, which 
led to the rapid adoption of these stains for fluorescent la-
beling in fluorescence microscopy [3]. For verification of 
DNA ligand interaction, was used Fluorescence Intercala-
tion  Displacement (FID) method (Figure 1A). Fluorescence 
spectroscopy is an effective methodology (nM quantities) 
suitable for checking and pre-analyzing the expected result 
of the co-crystallization.
The oligonucleotides of S1 and S2 were crystallized by the 
vapor diffusion method. The crystallization conditions con-
tained cacodylate buffer (pH 6.5-7.5), alcohol (2-propanol 
or methylpentanediol (MPD)), cations (Mg2+, Ba2 +) and 
polyamines (Spermine). Finding the right conditions for ob-
taining good single crystals of the particular DNA sequences 
has required a lot of careful testing. As found in the process 
of optimization of the crystallization conditions, for the test-
ed sequences S1 and S2 crystal growth was observed only 
in the Spermine plates. Dry (lyophilized) oligonucleotide 
sequences were dissolved in buffer to 2mM concentration. 
The buffer solution consists of 60 mM NaCaCo (pH 7.0), 
17 mM MgCl2, 2 mM Spermine. Ligands were dissolved in 
the same buffer to 2mM concentration. Crystals were grown 
by the “hanging drop” method and 1.5μl (2 mM) ligand (3 
μl total drop volume) was added to 1.5 μl DNA (2mM) at 
room temperature equilibrated against 50% MPD. Crystal-

lization plates were stored in controlled temperature rooms 
(16-20°C). Large crystals (0.4 x 0.3 x 0.25 mm3) suitable 
for single crystal X-ray analysis, crystals formed within а 
month (Figure 1B).
Figure 1. а) Graphical representation of FID data for the 
impact of DAPI, Berenil, TO, AK3-4, AK3-9, DL89 and 
DL72; b) Obtained crystals.
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A new state of the art crystallisation platform for soluble 
and membrane proteins has been created within the Re-
search Complex at Harwell combining the expertise of 
Diamond Light Source, MPL and PPUK. This platform is 
high-throughput and provides users with an easy route into 
the VMXi beamline, the new fully automated in situ and se-
rial crystallography beamline at the Diamond Light Source, 
UK. Users from all over the world have access to this fa-
cility and can also deliver their samples for crystallisation 
experiments. Crystallisation can be set up and stored at 4°C 
as well as at room temperature with humidity control and 
in lipid cubic phase (LCP) in a number of different plate 
types. A large number of commercial screens are available 
and customised screens can be designed and prepared eas-
ily. The crystallisation experiments are imaged using For-
mulatrix Rock Imagers and can be viewed via Rock Mak-
er as well as SynchWeb, which is available on the VMXi 
beamline. Users can evaluate their crystallisation hits on the 
VMXi beamline and cycle faster than ever between optimi-
sation cycles to obtain their molecular structure.
Keywords: Crystallisation, Facility, VMXi
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Initiation of crystallization on heterogeneous objects im-
mersed in crystallization drop is well-known, but not well 
understood phenomenon. In our previous studies [1,2], we 
have explained details why selection of dominant adhe-
sion mode is generally very important factor in protein 
crystallization, no matter the crystallization material and 
the method used. When applied to the protein crystallization 
in porous materials, it offers a non-conflict explanation of 
initiation of the crystal-seeds and microcrystals growth in 
depressions or pores in the surface of heterogeneous mate-
rials. The protein molecules adhered specifically at the pore 
inlets, have restricted access to the adhesion patches orient-
ed toward heterogeneous surface. Uniformity of the remain-
ing adhesion modes exposed into the solution induces also 
uniformity of the adhesion modes realized in the protein 
clusters formed at the pore inlet. Thus, the clusters formed 
in cavities are more regular and stable than those formed in 
free solution.  When the growing crystal-seed reaches its 
limit size, it breaks off at the pore inlet (the more disor-
dered segment of crystal) and the well-defined microcrystal 
releases into solution.
The simplest way for preparation of porous material with 
the required size and shape of cavities is imprinting objects 
(e.g. proteins) of the required size and shape into the poly-
mer matrix. Theoretically, the cavities 3-20 times larger 
than the size of a target protein molecule can produce nano-
crystal-seeds with sizes in range 50–500 nm. Narrower dis-
tribution of cavity sizes is expected to lead to more uniform 
distribution of crystal sizes. High density of small cavities 
on the substrate surface seems to be negative, namely when 
our intention is to grow single crystals. Chemistry of the 
heterogeneous material decides about the dominant adhe-
sion mode governing the protein crystal growth and respon-
sible for the resulting crystal form.
Experimental observation of the described processes at the 
structured surfaces or in nano-pores is not possible. How-
ever, because our theory and the former interpretations [3] 
(based on increased protein concentration in cavities) have 
different impact on design of the “protein-crystal-growth 
initiators”, the prevailing molecular mechanism can be 
revealed by experiments with well-defined pore sizes and 
adhesion quality.
The outlined principle of a single dominant adhesion 
mode and the protein orientation effect in the confined 
concave space help in a controlled production of protein 
crystals, e.g. production of a large number of quality micro-
crystals for serial crystallography at XFEL sources.
Supported by Czech Science Foundation 18-10687S, RVO 
86652036.



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

Acta Cryst. (2018). A74, e408

References:
[1] Hašek, J. (2011). J. Synchrotron Radiation, 18, 50-52.
[2] Hašek, J. (2006). Zeitschrift fur Kristallogr. 23, 613-619.
[3] Nanev, C.N. et al (2017). Scientific Reports, 7, 35821-35828.

Keywords: protein crystallization, principle of dominant 
adhesion mode, porous materials

MS40-P04
Crystallization of the quadruplex 
(GGGGTTTTGGGG)2 with BRACO19
Rositsa Nikolova1, Hristina Sbirkova-Dimitrova1, Rusi Rusev1, 
Louiza Dimova1, Boris Shivachev1

1. �Institute of Mineralogy and Crystallography, Sofia, Bulgaria

email: rosica.pn@clmc.bas.bg
One of the approaches for to development of new anti-
cancer compounds focuses on the design and screening of 
compounds, small molecules that interact selectively with 
cancers cells. As telomeres are G-rich noncoding regions 
located at the end of chromosomes. The telomere shortens 
with each cell division. When it reaches a critical length it 
triggers DNA damage response which leads to cell death. 
Cancer cells have active telomerase (responsible for the 
maintenance of telomeres) that maintain a shorten but not 
critical telomere length, provoking those cells to unlimit-
ed cell division. G-rich telomeres are in practice forming 
G-quadruplex structures in vivo. Ligands that selectively 
bind and stabilize G-quadruplex, are interfering with telo-
merase activity: maintenance and elongation of telomere. 
We report on the interaction of the (GGGGTTTTGGGG)2 
sequence with the small molecule BRACO-19. In addition, 
single crystal of the DNA complex with BRACO19 were 
grown (Figure 1). The initial crystallization conditions in-
cluded KCl, KCaCO pH7.5, MgCl2, Spermine and MPD. 
The crystals were brownish in color and diffracted up to 2.5 
Å resolution. In order to solve the crystal structure, current-
ly diffraction limit and crystal quality are optimized through 
modification of the crystallization conditions.
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Helicobacter pylori bacteria colonize the human stomach 
and can cause development of gastric diseases like atrophic 
gastritis, peptic ulcer, gastric adenocarcinoma and lympho-
ma of the mucosa-associated lymphoid tissue (MALT).1 For 
this purpose, proteins involved in survival of this bacteri-
um have become an important target of research. Among 
them is the putative cooper binding CrdA protein and he-
licase-like HP1026 protein which were investigated in this 
work. CrdA is required for keeping the concentration of free 
copper ions below toxic levels2 while HP1026 has been clas-
sified as one of the heat shock proteins that are generally 
involved in regulation of the urease activity and adhesion to 
the epithelial cells.3

In order to reveal the structural and functional properties 
of these proteins, cloning, purification and crystallization 
trials (performed by the sitting and hanging drop vapor 
diffusion methods) have been carried out. Since crystalli-
zation of CrdA was not successful, the SUMO-fusion-CrdA 
protein incubacted with Cu2+ ions gave crystals, so far of 
poor diffraction quality. The optimization of crystallization 
is in progress. In the case of the HP1026 protein the ther-
mal stability assay was also investigated. ATP-g-S and ADP 
strongly affected the protein stability by shifting the pro-
tein-complex denaturation to higher tm values by D +3.52 
°C and +5.18 °C, respectively. This experiment together 
with the ATP hydrolysis assay (previously performed) was 
another confirmation that HP1026 belongs to the class of 
ATPase proteins. The results of this thermofluor assay were 
also applied in the crystallization experiments and crystalli-
zation of HP1026 supplemented with ADP resulted in hex-
agonal-shaped crystals. Diffraction data of HP1026 were 
measured at the XRD1 beamline (Elettra, Italy) but only to 
the resolution of 4 Å. The crystals belong to the hexago-
nal system (a = 116.22(2) Å, c = 238,38(2) Å, space group 
P3121). Since the sequence similarity of HP1026 and ho-
mologues with the known crystal structures is 30% or less, 
solving of structure of HP1026 was not successful so far. 
We are working on obtaining better quality crystals.
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Understanding of the detailed dietary cholesterol exchange 
in cellular environment still remains as an open subject. 
The mutation of one of NPC1 (Niemann-Pick type C1) and 
NPC2 (Niemann-Pick type C2), which are main players of 
cholesterol control in lysosome, leads to disease, called Nie-
mann-Pick disease type C (NPC) disease. Meanwhile, the 
transmembrane protein NPC1L1 (Niemann-Pick type C1 
like 1), which is related to the dietary cholesterol absorp-
tion process in small intestine, shares sequence homology 
with NPC1. However, unlike NPC1, NPC2 is not involved 
in cholesterol internalization with NPC1L1. The structure 
of NTD of NPC1 in complex with cholesterol (PDB id: 
3GKH and 3GKI) was known while only cholesterol free 
NTD (PDB id: 3QNT) is known for NPC1L1. It is noted 
that the whole cryo-EM structure of NPC1 is determined 
(PDB id: 3JD8).
We compared the cholesterol complex of NPC1L1 and 
NPC1 with molecular docking followed by molecular dy-
namics study for better understanding of these underlying 
behavior. The NTD molecular dynamics simulation of 
NPC1 and NPC1L1 complex with cholesterol shows dif-
ferent structural and dynamical features. The difference in 
cholesterol internalization mechanism between NPC1 and 
NPC1L1 must be closely related to these structural and dy-
namical behaviors. We believe the current study can con-
tribute understanding of cholesterol absorption/re-absorp-
tion process via NPC1 and NPC1L1 and their difference 
with atomic detail.
References:
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Knowledge of biological structures and their interaction 
plays an essential role in the comprehension of biological 
mechanisms. Crystallography and recently CryoEM pro-
vide macromolecular models in atomic detail. CryoEM 
requires the interpretaion of a map of heterogeneous resolu-
tion, while crystallography requires to overcome the bottle-
neck of phasing. Phasing through multisolution placement 
of ubiquitous small fragments, such as alpha-helices and 
beta-strands, with PHASER [1] followed by density mod-
ification and tracing with SHELXE is now established as 
an effective method to solve the phase problem, provided 
the structure is not too large and data to high resolution are 
available [2]. When the resolution limit of the diffraction 
data does not reach 2 Å, and if the helical content is low, 
fragments may still be correctly placed, but density modi-
fication and autotracing often fails to reveal the rest of the 
structure. The process stalls as no additional features devel-
op in the map, whether in the extension of the polypeptide 
chain or in side chain electron density. SEQUENCE SLID-
ER is being developed to extend the initial and intermedi-
ate partial models by assembling multiple models from the 
most probable side chains into the current fragments. As 
secondary structure prediction of residues from sequence 
is reliable, this information is used to restrict possibilities 
matching the secondary structure of residues of the partial 
model and traces. Moreover, additional filters are applied 
based on free energy calculation using crystal contacts and 
assignment of hydrophobic and hydrophilic residues to pro-
tein cores and surface, respectively. Models with different 
side chain assignment are assembled with SCWRL4 [3] 
and may be modified with refinement. Extended partial 
structures with the best indicators are pushed on to density 
modification and tracing with SHELXE. Specific strate-
gies of SLIDER have been designed within ARCIMBOL-
DO_SHREDDER and in the coil coiled mode. Three novel 
structures and other test cases determined with SLIDER are 
presented.
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Protein crystallographers often make assumptions about the 
solvability of a structure by molecular replacement based 
on two variables: the sequence identity between the model 
and target and the resolution of the data. We have recently 
shown that the solvability of a structure by molecular re-
placement is, rather, predominantly dependent on four vari-
ables: the number of reflections in the data set, the fraction 
of the scattering for which the model accounts, the RMSD 
between the model and target, and the measurement errors 
in the data. Furthermore, the solvability can be quantified 
with the eLLG (McCoy et al., 2017, Oeffner et al., 2018). 
The eLLG is the LLGI (Read & McCoy, 2016) expect-
ed from a correctly placed model, calculated as a sum of 
log-likelihoods of each reflection predicted by the model 
but offset by the sum of log-likelihoods of a model of ran-
dom atoms. Using the eLLG, the crystallographer can judge 
whether to pursue molecular replacement or attempt exper-
imental phasing as the quickest path to structure solution. 
Other applications of the eLLG include determining search 
order; finding the minimal data requirements for obtaining 
a molecular replacement solution using a given model; and 
for decision making in fragment based molecular replace-
ment, in single atom molecular replacement, and for likeli-
hood-guided model pruning.
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The Collaborative Computational Project Number 4 in Pro-
tein Crystallography (CCP4) exists to maintain, develop 
and provide world-class software that allows researchers 
to determine macromolecular structures by X-ray crystal-
lography and other biophysical techniques. Over 37 years, 
the CCP4 Software was assembled and distributed as an 
integrated Suite of programs, installable on either user’s 
personal PCs or centralized facilities.
Modern trends in computing suggest a fast-growing interest 
to mobile platforms and cloud solutions for data storage and 
operations in practically all areas.  In context of crystallo-
graphic computing, cloud solutions become increasingly 
appealing in view of recent advances in automated structure 
solution methods, which demand for both computing power 
and various databases makes them less suitable for offline 
(local) setups. Another appealing feature of the cloud model 
is the simplification of software and data management, both 
for software provider/maintainer and end users.
Over last decade, CCP4 have developed web services for 
automated structure solution, which are available to crys-
tallographic community online. In this communication, we 
report on the development of jsCoFE (Javascript-powered 
Cloud Front-End), which expands CCP4 web-services to 
potentially all functional CCP4 components and allows a 
user to keep and operate their data and whole structure solu-
tion projects on-line. jsCoFE works on all computing plat-
forms capable of running ordinary web-browsers (including 
smartphones and tablets), and does not require any local 
data storage. Currently available functionality, apart from 
automated solvers, includes data merging and scaling, phas-
ing (MR and EP), density modification, model building, re-
finement, ligand fitting and structure analysis. Experimental 
data may be either uploaded from user’s device  or obtained 
directly from data producing facility, such as a synchrotron, 
online (currently limited to Diamond Ltd). Visualisation 
tools include UglyMol and Coot, which can be also used for 
model building and coordinate manipulations.
Technically, jsCoFE represents a network of web-servers, 
which includes head node(s) for keeping user projects 
and overall data logistics, and computational node(s) for 
performing actual computations. Owing the exclusive use 
of http(s) protocol for all communications within jsCoFE, 
there is no principal restriction on geographic location of 
any of the nodes, which makes the system almost infinitely 
scalable. In the opposite extreme, all nodes may be allocat-
ed on a single machine, then jsCoFE represents itself as a 
mere GUI.
jsCoFE is accessible at http://ccp4serv6.rc-harwell.ac.uk/
jscofe/ and is available for custom installations ranging 
from individual desktops to central locations such as a labo-
ratory, University/Institute or a synchrotron.
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SBGrid is an academic research group based at Harvard 
Medical School dedicated to structural biology computing. 
Started in 2000, the group’s primary initiatives are the SB-
Grid consortium, a software collaborative of more than 320 
structural biology labs in 20+ countries (Morin, 2013), and 
the SBGrid DataBank which was established in 2015 as an 
open research data publication system for the Structural Bi-
ology community (Meyer, 2016). The SBGrid consortium 
provides a supported collection of scientist-created soft-
ware titles for Crystallography, NMR, Electron Microsco-
py, Computational Chemistry, and Structure Visualization 
& Analysis with workshops and webinars to connect scien-
tists with the scientist-developers who create the software. 
SBGrid DataBank supports validation and reproduction 
of macromolecular models and development of structural 
biology processing methods (Meyer, 2016). It currently 
contains primary data sets supporting over 400 macromo-
lecular structures. Recent advances in cryo-electron mi-
croscopy (cryo-EM) detector technology have resulted in 
an increasing number of X-ray crystallographers turning to 
cryo-EM to determine structures of biological macromole-
cules too intractable or too difficult to determine by crys-
tallographic techniques. The computational infrastructure 
used to support x-ray crystallography is only marginally 
capable supporting cryo-EM computations. In particular, 
efficient cryo-EM computation requires more, and higher 
performance storage; and places significant emphasis on 
GPU computation. Additionally, the general principles that 
making primary data available supports structural validation 
and methods development applies even more significantly 
to cryo-EM than it has with x-ray crystallography. Here we 
will present how various parts of SBGrid infrastructure in-
cluding software, data management tools, as well as local 
and cloud high performance computing resources contrib-
ute to establishing a robust support for crystallography and 
cryo-EM experiments.
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Materials in the nano-sized regime often show unique and 
size-dependent properties. Despite intense studies on nano-
materials a systematic structural and spectroscopic study on 
a given system and the associated size-dependent physical 
properties is rarely studied, in particular from nano-crystal-
line into poly-crystalline (bulk) material through a critical 
size-regime. We carefully investigate the crystallite size-de-
pendent structural features of Bi2Fe4O9 ex-situ as well as 
in-situ. Temperature-dependent X-ray powder diffraction 
(XRPD) on an X-ray amorphous precursor of Bi2Fe4O9 stoi-
chiometry revealed that both (Bi1-xFex)FeO3 and Bi2Fe4O9 si-
multaneously crystallize from 780 K on, and the perovskite 
phase transformed into Bi2Fe4O9 above 860 K. Thus, heat-
ing the precursor above this point for 2 h at a subsequent 
higher temperature produces pure Bi2Fe4O9 samples with 
greater average crystallite sizes. As such, twelve samples 
with different crystallite sizes from 35.3(4) nm to 401(17) 
nm were produced using the temperatures between 900 K 
and 1073 K. Rietveld refinements on X-ray powder data 
collected at ambient condition ex situ showed that the lat-
tice parameters depend on the crystallite size; similar to the 
trend observed for the evaluated data of the in-situ XRD 
measurements. Significant changes of the lattice parameters 
are caused by strong distortions of the FeO4 tetrahedra and 
cooperative rotation of the FeO6 octahedra. Analyses of the 
widths and frequencies of the Raman modes support these 
structural features. The electronic bandgap and the 2nd ab-
sorption edge observed at around 700 nm are found to be 
a function of the crystallite size. Why the Urbach energy 
steeply drops down from 0.33 eV to 0.19 eV at the crys-
tallite size of 64 nm leaves an open question, which is the 
critical length of the magnetic cycloidal spiral of the mul-
tiferroic BiFeO3
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The crystal structures of the chemical elements belong to 
the fundamental knowledge of chemistry as atom distances, 
bond lengths and angles can be determined precisely and the 
data serve as benchmarks for quantum chemistry. Surpris-
ingly, the crystal structures of α-fluorine and β-fluorine have 
so far only once been investigated [1,2]. Probably this is 
due to the fact that solid F2 is still extremely reactive and in 
the case of α-F2 the authors reported several explosions due 
to the highly exothermic phase change and the subsequent 
reaction of F2 with the sample holder [1]. It was conclud-
ed that α‑F2 crystallizes in the monoclinic crystal system, 
probably in space group type C2/m, but space group type 
C2/c could not be ruled out. Later the original diffraction 
data were reinterpreted by others and space group C2/c was 
found to be more likely correct [3]. The precise space group 
of α-F2 remained, however, uncertain, which naturally has 
an influence on the determined atom positions, bond lengths 
and displacement parameters. The crystal structure of β-F2 
was first reported in 1964 and determined by means of sin-
gle crystal X-ray diffraction [2], the problem to distinguish 
between two cubic space group types, P-43n and Pm-3n, 
was faced. The higher symmetric space group type was 
chosen since a disordered structure was expected. Neither 
the bond length of the F2 molecules, and not the anisotro-
pic displacement parameters of the fluorine atoms could be 
refined.
Therefore, we constructed a gas line attached to a sample 
holder inside the SPODI neutron diffractometer at the FRM-
II neutron facility of the Heinz Maier-Leibnitz Zentrum in 
Garching, Germany. The crystal structures of α- and β-fluo-
rine were determined using powder neutron diffraction and 
Rietveld refinement. We will report on the obtained models 
providing much more precise lattice parameters, atomic co-
ordinates as well as bond lengths for the two polymorphs 
of fluorine. Using the same gas line we attempted an eluci-
dation of the previously unknown crystal structure of solid 
nitrogen fluoride at various temperatures.
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Polymorphs of bismuth oxide and its yttrium substituted 
solid solutions (Bi1-xYx)2O3 (0.00 £ x £ 0.25) exhibit excel-
lent thermochromic properties in the range from room tem-
perature to 1050 K. The colors change mostly from yellow 
at low temperatures to various brown hues at high tempera-
tures. The compounds in this nominal series were examined 
between 293 K and 1050 K using X-ray powder diffraction, 
UV-Vis spectroscopy, and dynamic scanning calorimetry. 
A combination of Tauc and DASF methods were applied 
to determine the band gap energies and types from the dif-
fuse UV-Vis spectra for these semiconducting oxides. It is 
well known that reversible monoclinic (low temperature) to 
defect fluorite-type cubic (high temperature) or tetragonal 
(low temperature) to defect fluorite-type cubic (high tem-
perature) phase-transitions occur on heating and cooling for 
pure bismuth oxide and the solid solution with 10% cation 
substitution, while none in the solid solutions with x > 0.1 
without annealing. Thermochromic behavior is observed for 
all samples studied in this series to be generally a gradual 
darkening as the temperature increases at the regions with-
out any phase transitions, and a more abrupt color change at 
the stage where a phase-transition happens (Figure 1). The 
UV-Vis reflectance spectra show the room-temperature ab-
sorption edges of all samples in the range between 2.4 eV to 
2.8 eV. The spectrum of pure a-Bi2O3 show a sharper thresh-
old at the absorption edge comparing to the rest samples, 
which contain high concentration of vacancies on the anion 
sites. At higher temperatures, the absorption edges extend 
into longer wavelength regions, resulting in darker colors.
Figure 1: Optical color change of (Bi0.95Y0.05)2O3 between 
300 k and 1050 K.

Keywords: thermochromic materials, high-temperature powder 
diffraction, phase-transition

MS44-P04
HEIMDAL@ESS – Fast neutron powder 
diffraction for material science
Jürg Schefer1, Jonas Birk2, Sonja L. Holm2, Dan Mannix3, Kåre 
Iversen3, Rodion Kolevatov4, Bjørn Hauback4, Kim Lefmann2, Lukas 
Keller1, Mogens Christensen3

1. �Paul Scherrer Insitut, Villigen PSi, Switzerland
2. �Nanosicience Center, Niels Bohr Institute, University of 

Copenhagen, Copenhagen, Denmark
3. �Departement of Chemistry & iNano, University of Aarhus, Lund 

and Aarhus, Sweden
4. �IFE, Institute for Energy Technology, Kjeller, Norway

email: jurg.schefer@alumni.ethz.ch
New functional materials are in the focus for cutting-edge 
materials as demanded for example to minimize energy 
consumption, reducing waste and optimizing recycling pro-
cesses. Such new materials must be probed under working 
conditions by a wide range of methods including neutron 
diffraction, covering a length scale from millimeters down 
to atomic distances below <1 nm.
The HEIMDAL [1,2] instrument at the new spallation neu-
tron source ESS is exactly covering these needs, combining 
powder diffraction (NPD), small angle scattering (SANS) 
and neutron imaging (NI) in a single instrumental setup. It 
is essential to have time dependent information from the 
sample using different probes to give access to all length 
scales. In a first stage, we will complete the powder diffrac-
tion part, later upgrade the instrument by the SANS and 
imaging option.
A key component of the instrument is a double guide de-
livering thermal and cold neutrons. Extracting neutrons 
through two separated guides was a consequence of the 
different optics needed for the transport of cold and thermal 
neutrons, respectively. Our solution allows the optimization 
of the flux-sensitive NPD using thermal neutrons down to 
0.5Å. The NPD takes full advantage of the long pulse of 
ESS: HEIMDAL can deliver high flux as well as high reso-
lution by adjusting the pulse width within seconds. We can 
adapt exactly to the need for the materials science commu-
nity, where phase transitions and structural parameters can 
be envisaged.
As we expect a less trained user community in this field, 
we and the Data management and software center (DMSC) 
in Copenhagen will make a big effort to offer a wide range 
of easy-to-operate software packages, such as 2D Rietveld 
refinement.
Figure 1:
The layout of the new HEIMDAL instrument at the Euro-
pean Spallation Neutron Source ESS in Lund, Sweden: A 
dedicated instrument for in-situ and in-operandi studies for 
materials science in the long experimental hall.
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Complex aluminium hydrides are interesting materials with 
respect to the release and uptake of hydrogen. Since hy-
drogen is part of the crystal structure of the hydrides, such 
compounds can serve as solid hydrogen storage materials. 
The temperature dependent behaviour of most of the com-
plex aluminium hydrides with alkali and earth alkaline met-
als has been studied intensively.[1] The crystal structures of 
complex aluminium hydrides are built from isolated [AlH4]- 
tetrahedra which coordinate the metal cations. The decom-
position of aluminium hydrides with alkali metals proceeds 
via the formation of intermediate hexahydride structures 
consisting of isolated [AlH6]2- octahedra. This formation is 
associated with a first hydrogen release step before simple 
metal hydrides form after a second step. However, in situ 
X-ray diffraction experiments have shown that their decom-
position route cannot easily be transferred to CsAlH4 and 
RbAlH4.[2] The transformations are more complex and do 
not proceed via the known hexahydride structures. In situ 
synchrotron measurements have been performed in order to 
study the processes and the phases formed during the dehy-
drogenation of both hydrides.
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Using a Guinier diffractometer for low temperature X-ray 
diffraction allows accurate investigations of lattice param-
eters at non-ambient conditions. Therefore, we are able to 
trace subtle changes in cell metrics such as cell parameter 
deviations or symmetry breaking. In this contribution, we 
will apply this technique particularly to kesterite-type so-
lar absorber materials. For Kesterite-type materials unusual 
thermal behaviour like negative thermal expansion is re-
ported (1). Measurements from 10 to 300 K were collected. 
Description of the instrument and outcome of low tempera-
ture X-ray investigations will be presented and compared to 
formerly results.
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(Ce,La)Pd2(Al,Ga)2 are intermetallic compounds with a 
tetragonal CaBe2Ge2 structure type at room temperature. 
This structural type is very common in intermetallic com-
pounds with a 1:2:2 stoichiometry. The studied compounds 
undergo a structural phase transition at low temperatures. 
The low temperature structure of CePd2Al2 is orthorhombic 
(Cmme) below 13.5 K [1] and CePd2Ga2 is triclinic below 
125 K [2]. Similar structural behaviour is observed in their 
non-magnetic La analogues. It is not known what causes 
the different behaviour of CePd2Al2 and CePd2Ga2 com-
pounds at low temperatures considering the room tempera-
ture structure is similar for both compounds. The CePd2Al2 
is also one of the rare examples of Ce-based compounds 
whose magnetic excitations in crystal electric field does not 
fulfil the scheme based on a tetragonal point symmetry of 
the Ce ion [1].
In the presented study we focus in more detail on the struc-
tural properties of the (Ce,La)Pd2Al2-xGax series using the 
low temperature X-ray powder diffraction. These results 
are also compared with inelastic neutron spectra, which 
shows the behaviour of magnetic excitations in this series.  
We found that specific Ga concentration leads to the sup-
pression of the transition temperature in the CePd2Al2-xGax 
series. We also studied the structural transition on CePd2Al2 
and LaPd2Al2 single crystals which were prepared by using 
the Czochralski method.
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Powder diffraction is a standard tool for characterisation in a 
wide range of fields across the physical sciences: from materi-
als science and metallurgy, to chemistry and solid state physics. 
Third generation synchrotron sources provide high fluxes of 
X-rays at higher energy than laboratory sources. These charac-
teristics open the door not only to rapid data collection for high 
spatial-resolution structural studies, but also to time-resolved 
in situ/in operando measurements of functional materials un-
der real conditions, thanks to high energy X-rays being able to 
penetrate operating environments. Furthermore, the use of high 
energy X-rays increases the region of reciprocal space which 
may be studied in an experiment, facilitating improved spatial 
resolution in total-scattering measurements.
Beamline P02.1 (PETRA III, DESY, Hamburg, Germany) is 
almost unique amongst high-resolution powder diffraction 
instruments in operating at a fixed energy of 60 keV [1],[2]. 
This energy is particularly well suited to the collection of 
powder diffraction data for Rietveld refinement (especially 
for high-Z materials, where absorption is a problem at lower 
energy) and for collection of total-scattering data (the high 
energy facilitating QMax of at least 20 Å-1), which may be 
interpreted by Pair Distribution Function (PDF) analysis. 
Currently two detectors are available on the beamline (a 
two-dimensional Perkin Elmer XRD1621 and an in-house 
developed 10-channel Multi-Analyser Detector), whilst 
additional devices are available from a shared detector 
pool (including a Dectris Pilatus3 CdTe 2M designed for 
high-energy data collection).
In addition to ambient temperature capillary measurements, 
P02.1 offers a range of standard sample environments 
(e.g. hot-air blower – RT-1100 K; cryostream – 90-500 K; 
cryostat – 10-300 K) whilst a number of others are under 
development (e.g. low pressure gas adsorption cell) or are 
maintained by the PETRA III sample environment group. 
Recently we have also brought a sample changing robot 
into operation, with capacity for 300 samples; this device 
is compatible with the cryostream and hot-air blower envi-
ronments. Furthermore, the enormous amount of free space 
around the diffractometer, compared to many other powder 
diffraction beamlines, allows easy integration of complicat-
ed sample environments which are brought to the beamline 
by our users.We report here the latest developments at P02.1 
including planned changes to detector configurations, new 
sample environments, updates to the control software and 
possible remote access schemes.
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Material properties are strongly dependent on the structure 
and arrangement of the
atoms / molecules of which the material is comprised. For 
steel, different properties are required for the wide range 
of possible applications. Heat treatment (tempering) can be 
used to alter the microstructure and phases present within 
the steel and, therefore, change the material properties. 
In-situ X-ray diffraction measurements can be used to study 
these changes.
The mechanical properties of soft martensitic steels, which 
find use in a wide variety of applications, are strongly de-
pendent on the microstructure which develops during heat 
treatment. After treatment, the steel consists of different 
phases; typically a combination of martensite, reverted or 
retained austenite, and carbide precipitates. Reverted aus-
tenite is the austenite which forms at sufficiently high tem-
peratures during the tempering process.
Some superior properties found in these steels are high val-
ues in both fracture toughness and impact strength. These 
are caused by the microstructural arrangement of reverted 
austenite and martensite. It is therefore clear that the me-
chanical properties of the steel are dependent on the heat 
treatment as this influences the development of different 
phases and the microstructure within the steel.
In order to identify the effect of tempering temperature on 
the mechanical properties, in-situ high temperature X-ray 
diffraction is employed to study the microstructural changes 
occurring during tempering (1). This includes following the 
formation of different phases, as well as monitoring the dis-
location densities; these can then be related to mechanical 
properties such as the impact strength and tensile strength. 
In this way, an improved understanding can be developed to 
optimize the tempering process in order to obtain steels with 
the desired properties.
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This is an initiative to highlight the (rising) number of 
women working in the high pressure research field. We 
come from all domains (geology, biology, physics, chemis-
try…). Indeed, we are not many, but we are many more than 
many people think. We are building up a public data base of 
women under high pressure group. We are several scientist 
women who work in the high pressure field. http://www.lct.
jussieu.fr/pagesperso/contrera/index-hp.html
We have also created a FB and twitter accounts for every-
body to be able to follow updates:
h t t p s : / / w w w . f a c e b o o k . c o m / W H P -
1731930103697127/?code=95036
The aim of our group is to provide the community with 
facilities to count with gender equality at any of the high 
pressure events and lists. It has also helped organizers of 
events and committees to have a fair gender representation 
and provide a great example of women in science and ref-
erences to many women graduate students and postdocs in 
the audience.
We are trying to get as visible as possible not to be com-
plainers and neither to build up a “women” club, our goal 
is to bring awareness and make us think twice in order to 
create a fair gender community.
References:
http://www.lct.jussieu.fr/pagesperso/contrera/index-hp.html
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Crystallography uses the most elementary expression of symme-
try, the visual one of geometry whose elements are the isometries 
of the Euclidian space:  inversion, rotation, reflexion in a mirror, 
plus the translation in space, ideal crystal being supposed infinite. 
Mathematically, an object is symmetric if it remains invariant un-
der the application of a set of isometries called symmetry group.
The drawings of Escher [1] are crystallographic classics in teach-
ing two-dimensional space groups. Due to the biological nature 
of the interlocking objects in them, they are most appealing in 
the cases of the lower-symmetry groups. The other man-made 
two-dimensional periodical patterns suitable for the study of 
plane groups are primarily the Roman, Byzantine and Roman-
esque mosaics, and the gothic. Especially suitable, however, is 
the large group of Islamic geometric patterns, executed in tile-
work, brickwork, stucco, wood, marble and metal [2].
In Islamic ornaments, we encounter two types of symmetry 
groups:
1. Finite group: cyclic group Cn (Figure 1) and dihedral Dn 
(6 <= n <= 96) (figure 2) called groups of rosettes,
2. Infinite space groups: group of friezes in one-dimensional 
space (1D) and wallpaper group or crystallographic planar 
groups in two-dimensional space (2D).
The Islamic geometric patterns best suited for teaching come 
from linear drawing, the multi-coloured and interlaced patterns 
(Figure 2). Introduction of colour and interlaces introduce ad-
ditional elements of complexity and subtlety in the decorative 
patterns. To rigorously describe the intertwined and coloured 
patterns, large number of groups are deduced from the parent 
plane groups [3]. Moreover, the order-disorder and quasiperi-
odic structures encountered in Islamic ornaments may facilitate 
the approach of structures in crystallography.
References:
[1] M. C. Escher: Art and Science, H. S. M. Coxeter, M. Emmer, R. 
Penrose, M. Teuber, eds. Amsterdam: North Holland, 1986.
[2] Y. Aboufadil, A. Thalal & M.A. Elidrissi Raghni - Symmetry groups 
of Moroccan geometric woodwork patterns, J. Appl. Cryst. 2013.
[3] E. Makovicky, Symmetry through the eyes of old masters, Walter 
de Gruyter GmbH, Berlin/Boston, 2016.
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Teaching macromolecular structure is often complicated 
by the need to have specialist tools to view structures and 
related information. At the PDBe we have integrated a num-
ber of different components that allow easy visualisation of 
structural data in different ways within the web browser.
These components include lightning-fast molecular visu-
alisation with LiteMol and a sequence component to link 
this visualisation to the primary structure, via secondary 
structure topology diagrams. These interactive components 
enable students to explore sequence information and its re-
lationship to 3D structure. The components integrate extra 
annotations including domains and validation data. Visuali-
sation of electron density maps within LiteMol makes it an 
excellent tool for introducing students to the importance of 
validation in structural biology.
All of these components operate within a browser window, 
including on mobile devices, meaning that they are avail-
able to anyone, anywhere. This has enabled us to effectively 
teach macromolecular structure to students at all levels and 
even to introduce structural biology to artists and the wider 
general public. We hope this will help to bring structure to 
biology and beyond.
References:
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A method is proposed for describing the change in the 
ground state of a phase of a crystalline substance under ex-
ternal influences. This manner of expression takes into ac-
count the multifactorial nature of governing factors which 
determine phase transitions and influence the functional 
characteristics of the materials being created from the sub-
stances. The phase space for crystals is constructed vector 
interactions) using three basic and enough independent fac-
tors and then associated with the composition of substance. 
They describe, first, the change in the level of available po-
tential or the incoming energy to the substance; second, the 
time characteristics, included for describing emerging and 
existing phases; third, the spatial localization of the phase, 
respectively.
For a more detailed description of the processes of phase 
state change under external influences these factors consis-
tently combine into the factors of the second level, which 
create subsystems to describe the origin of space-time pat-
terns, the evolution of the state of the phase, and third, to 
describe the phase transitions in substances. Then a subse-
quent combination of all three specialized second-level fac-
tors in the third-level factors makes it possible to describe 
the relationship of changes in composition and structure 
with functional characteristics that reflect the generalized 
information nature of these characteristics; this can be used 
to describe more complex behavior, for example, temporal 
oscillations of all structural parameters in certain inorganic, 
usually multi-component substances.
The use of the model in educational practice has shown that 
the proposed method of description of a crystal phase state 
is useful for a more accessible and comprehensive, and also 
for a wider explanation of the multifactor nature of char-
acteristics of condensed substances in the crystalline state. 
The model also ensures a better transfer of the accumulated 
knowledge about the specific features of the crystalline state 
into the processes of creating and developing new types of 
crystals and the technologies for the production and pro-
cessing of materials, necessary for use in various spheres 
of life and industry.
The connection of this model with fundamental phys-
icо-chemical concepts can be useful for students as a new 
tool for deeper and successful mastering of crystallography. 
We noticed [1-3] that students whose crystallographic inter-
ests are related to the functional information properties of 
substances based on the key factors of the crystalline state, 
faster socialize in the modern information society and more 
confidently and reliably solve specific problems in the field 
of materials science.
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The ‘Crystallization Competition in the School’ is a teach-
ing/outreach activity aimed at students aged 12-17, whose 
main goals are to disseminate the importance of crystallog-
raphy and crystallization and inspire scientific vocations. 
Since it was first organised in 2009/2010 (Andalucía/Puerto 
Rico), the popularity of the Competition has quickly spread 
across Spain. In this school year (2017/2018), eight editions 
have been organised in different regions of Spain, counting 
with the direct participation of 282 schools, 495 teachers 
and 7,768 pupils.
The format of the Competition is intended to provide school 
students the experience of being a ‘real’ scientist: from 
designing a scientific project, through working in practi-
cal crystallization experiments and keeping a laboratory 
notebook, putting into practise their presentation skills and 
sharing outcomes with scientists and fellows from other 
schools. This innovative approach is implemented in three 
successive stages that place teachers at its heart in order to 
engage with the entire educational community. At the first 
stage, teachers are trained in fundamental crystallography 
and crystallization concepts through the organisation of a 
practical workshop that provides them with teaching tools 
and resources that can be turned into enjoyable activities 
for the classroom. In the second stage, students develop a 
laboratory project under the supervision of their teachers 
making use of a motivating crystallization kit of ammonium 
dihydrogen phosphate (ADP) that enables them to stir their 
scientific imagination and bring out their scientific spirit. 
Students can also develop other types of projects such as 
crystallization of salts by cooling, formation of geodes and 
crystallization in gels. The final phase of the Competition 
is organised similarly to a scientific conference, where stu-
dents make the presentation of a poster, their grown crystals 
and a lab notebook that is evaluated by a panel of scientists. 
By the end of the Competition, students will have learnt to 
behave as ‘scientists’ and developed work-related scientific 
values such as observation, systematic study, rational think-
ing, teamwork and communication skills.
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Since the Middle Age, Muslim world has a great artistic and 
decorative tradition. In this vast space which were spread 
from Africa to Asia through Andalusia, there are treasures of 
unmatched beauty in the Islamic geometric art.
The skill of the master craftsmen, their knowledge of the 
concept of symmetry have allowed the development of this 
art over the centuries [1]. Indeed, symmetry is an essential 
tool in conceiving the ornamental patterns, regardless of 
their degree of complexity.
Since the end of the 19th century, many authors have been 
interested in Islamic ornamental motifs. In 1879, Bourgoin 
compiled nearly 200 geometric patterns. The development 
of group theory in the 20th allowed the analysis and classi-
fication of these motifs from the point of view of symmetry. 
Some authors [2] have attempted to find the 17 crystallo-
graphic groups of the plane established by Fedorov. Other 
authors have used computer to generate ornamental pat-
terns. Finally, the advent of quasicrystals has led scientists 
to study some Islamic ornamental patterns as a quasiperi-
odic tiling [3].
Our purpose, in this presentation, is to study the symme-
try in the ornamental art of the Eastern and Western Mus-
lim world. We consider the geometric ornamental patterns 
found in two millennia cities, Marrakech and Konya, 
founded respectively by the Almoravid in Maghreb, and 
the Seljuk in Asia. The richness of the ornamental patterns 
achieved on several supports (stone, ceramic, wood, plaster, 
....) allows an easy approach of the plane crystallographic 
groups, perfectly suitable for the introduction of group the-
ory in crystallography.
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MAX IV is the first operational 4th generation storage ring 
offering synchrotron radiation for many scientific communi-
ties. Among the first beamlines in user operation, BioMAX, 
the first macromolecular crystallography (MX) beamline, 
can be used to create high resolution 3D data from crys-
talline macromolecules to better understand the structure 
functional relationship of this complex matter. BioMAX has 
been designed as a work horse beamline to support all kinds 
of established crystallography methodologies and runs at a 
high automation level. The experimental station is equipped 
with a MD3 micro-diffractometer, an Eiger 16M hybrid pix-
el detector and an ISARA sample changer, which allows for 
complete data collections in seconds.
Recently a second MX beamline has been funded by the 
Danish Novo Nordisk Foundation. MicroMAX will become 
a micro-focusing beamline, which will allow for investigat-
ing micrometer sized protein crystals at room temperature 
using serial crystallography. Here the complete diffraction 
dataset is composed of several thousand single frames, par-
tial datasets of a large number of crystals.  Using a wide 
bandpass option, MicroMAX can be exploited also for time 
resolved crystallography down to the microsecond time 
resolution range. After a four-year construction period, the 
beamline will be ready for first experiments.
Keywords: Beamlines, Macromolecular crystallography, Serial 
crystallography

MS02 - From data collection to 
structure finalization: 

getting the most from your crystal
Chairs: Dr. William Shepard, Dr. Katherine McAuley

MS02-P14
Scaling data in the DIALS framework
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The process of scaling crystallographic data aims to put 
all reflections on a common scale, by correcting for ex-
perimental effects such as sample illumination, absorption 
and radiation damage. Here we present the implementation 
and evaluation of a new scaling framework in the DIALS 
diffraction integration package[1], for scaling of macromo-
lecular and chemical crystallographic data. We discuss the 
details of the scaling models used to correct the data and 
of the algorithm choices available. Our framework allows 
a new incremental workflow for multi-crystal scaling, al-
lowing finer control of the scaling models for individual 
datasets, as well as further analysis tools for scaling model 
validation. We demonstrate the use of and the results of our 
scaling programs on a number of example datasets, includ-
ing thin-wedge rotation data and weak-intensity data.
References:
[1] Winter G., Waterman D.G., Parkhurst, J.M., Brewster A.S., 
Gildea R.J., Gerstel M., Fuentes-Montero L., Vollmar M., Michels-
Clark T., Young I.D.,Sauter N.K., Evans G. 2018 Acta Cryst. D74 
85-97

Keywords: Scaling, DIALS

Acta Cryst. (2018). A74, e423



31st European Crystallographic Meeting • Oviedo, Spain 22-27 August

MS03 Combining methods 
in macromolecular structure 

determination, including special 
conditions MX

Chairs: Dr. Martin Walsh, Dr. Victor Lamzin

MS03-P07
Scanning electron diffraction reveals the 
crystalline microstructure of Cellulose 
Nano Crystals
Tom Willhammar1, Duncan Johnstone2, Yingxin Liu1, Lennart 
Bergström1, Paul A. Midgley2

1. �Department of Materials and Environmental Chemistry, 
Stockholm University, Stockholm, Sweden

2. �Department of Materials Science and Metallurgy, University of 
Cambridge, Cambridge, United Kingdom

email:  tom.willhammar@mmk.su.se
All living plants contain cellulose as a crucial part of their 
structures. It possesses a complex structural diversity, in-
cluding chirality. The combination of its fascinating struc-
tural features and its impressive properties in terms of 
specific strength and stiffness has triggered the engineering 
of cellulose-based materials with tailored mechanical and 
optical properties.
Scanning electron diffraction (SED) is an emerging method 
developed for the transmission electron microscope (TEM), 
following developments in electron optics and fast and sen-
sitive detectors. By scanning a small electron probe, down 
to 1 nm in size, across the specimen and for each raster point 
a 2D electron diffraction pattern is acquired. In this way it 
is possible to build up a map revealing the ordering of the 
atoms in the sample with nanometer resolution. This meth-
od is opens up exciting opportunities for specimens, which 
are very beam sensitive and are difficult to study by other 
methods.
In this study, SED has been used to shed light on the micro-
structure of cellulose nanocrystals (CNCs) and to study the 
local ordering of the polysaccharide chains in the CNCs. 
Based on mapping of twisted CNCs it is possible to follow 
the ordering of the chains e.g. as the crystals are twisting.
Keywords: electron diffraction, cellulose, polymer
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Myopathies and cardiomyopathies are genetic conditions 
affecting skeletal and cardiac muscle. They are often caused 
by mutations in sarcomeric genes, such as TTN, which 
encodes the giant protein titin. Due to its size, TTN gene 
variants are also found in unaffected individuals (as shown 
by the 1000 Genomes Project) and it is difficult to assess 
their impact. In this project, biophysical techniques such 
as X-ray crystallography, differential scanning fluorimetry 
(DSF) and 1D Nuclear magnetic resonance (NMR) were 
applied to determine the structure of single and multiple 
titin A-band domains, in order to assess the impact of sus-
pected and proven pathogenic variants on their stability and 
structure. Fibronectin type-3 domains from the titin A-band 
harbouring rare missense mutations were expressed in E. 
coli, both in wild-type (wt) and variant forms. AII wt’s were 
confirmed folded by NMR studies, whilst some variants had 
structural changes induced by the missense mutation. Their 
DSF melting temperatures were lower by around 10°C, sug-
gesting a reduction in stability caused by the mutation as 
a common feature of genetically proven pathogenic TTN 
variants. X-ray structural data elucidated the structural basis 
of the destabilization, allowing visualization of impact of 
the missense mutation on the surrounding residues and ter-
tiary structure of the protein.
References:
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Structural and functional information of pili from the Bac-
teroidetes class of bacteria is sparse.  Porphyromonas gin-
givalis, a periodontal pathogen belonging to the Bacteroi-
detes class, expresses two forms of pili, FimA and Mfa1. 
Each pilus consists of five proteins; FimA-E and Mfa1-5 
respectively. Both represent the type-V form of pili. While 
the structure and assembly of type-1 pili from Escherich-
ia coli is well studied, the chaperone-usher pathway, very 
little is known about the polymerization of type-V pili. In 
order to obtain an understanding of the structure, function 
and assembly mechanism of the P. gingivalis pili we have 
solved the X-ray crystal structures of all five Mfa proteins in 
recombinant form [1,2]. Despite low sequence similarity the 
Mfa1-4 proteins are structurally related to each other being 
built up from two β-sandwich domains. The P. gingivalis 
pilin proteins start as lipidated precursors before they are 
transported to the surface and polymerized. The precursor 
comprises an N-terminal extension, which is cleaved off 
upon polymerization. Intriguingly, all proteins were crys-
tallized in their precursor forms with their N-terminal ex-
tensions still present. Part of this extension forms the first 
strand of the first β-sheet of the pilin. Maturation of the pilin 
is the result of cleaving the polypeptide at a conserved ar-
ginine downstream of this first β-strand resulting in a new 
N-terminus and a void in the first β-sheet. In analogy with 
the strand-displacement mechanism used for polymeriza-
tion of the type-1 pili we believe that the void is filled by a  
donor β-strand from another pilin protein. However, despite 
having the crystal structure of all Mfa1-4 proteins and data 
from several mutagenesis studies we still do not know if it is 
the newly formed N-terminus or the long flexible C-termi-
nus present on Mfa1 that constitute the donor strand.
The final protein, Mfa5, differs from the other Mfa proteins; 
it is much larger and consists of an N-terminal von Wille-
brand domain followed by a string of Ig-like domains [3]
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Bacterial cell division is a fundamental process that is ini-
tiated by FtsZ protein into a ring structure at midcell and 
facilitates a set of essential proteins known as the divi-
some [1,2]. Among them, the FtsQ/FtsB/FtsL complex was 
known as a scaffold protein connecting upstream and down-
stream division proteins. Despite previous intensive studies 
on the FtsQBL complex, the atomic details of the interface 
between FtsQ and FtsB were not reported yet. To gain an 
insight into structural organization of the FtsQBL complex, 
we have determined the crystal structure of periplasmic 
domain of FtsQ in complex with C-terminal fragment of 
FtsB and showed that the C-terminal region of FtsB is a 
key binding region of FtsQ via mutational analysis in vitro 
and in vivo. Also, we proposed the model of FtsQ/FtsB/FtsL 
complex in curved membrane, with opposite N-terminal di-
rections of FtsQ and the FtsB/FtsL complex via small-angle 
X-ray scattering and analytical gel filtration chromatogra-
phy. These model suggests that the Y-shaped FtsQ/FtsB/
FtsL complex might fit well into the curved membrane for 
membrane anchoring during cytokinesis.
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I will present the new beamline for chemical crystallogra-
phy P24, which recwently started user operation at the high 
brilliance PETRA III synchrotron light source at DESY. 
The beamline is optimized for diffraction experiments with 
single crystals of small molecules. Measurements can be 
conducted at low and high temperatures in a large variety of 
sample environments including user supplied setups.
For highest flexibility two diffractometers with different 
geometries (heavy load Kappa and four circle Euler) are 
available in two endstations.
Besides classical crystal structure determination it is pos-
sible to investigate phase transitions, disordered an modu-
lated structures at ambient and non-ambient conditions and 
dynamics
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Electron crystallography allows structure solution of 
beam-sensitive organic pharmaceuticals and macromol-
ecules when only nanometre-sized crystals are available. 
Compared to X-rays, electron diffraction faces a crucial 
challenge: dynamical electron scattering compromises 
structure solution and its effects can only be modelled in 
specific cases. Dynamical scattering can be reduced ex-
perimentally by decreasing crystal size – but not without 
a penalty, as it also reduces the overall diffracting intensity. 
To boost the very weak diffraction data, the crystals were 
cryo-cooled and we employed a fast and highly sensitive 
hybrid pixel detector. Here we show that nanometre-sized 
crystals from organic pharmaceuticals allow visualization 
and unconstrained positional refinement of the hydrogen 
atoms, even whilst ignoring the effects of dynamical scat-
tering during refinement. Furthermore, we introduce a gen-
eral likelihood-based computational approach for further 
reducing the adverse effects of dynamic scattering, which 
significantly improved model accuracy – even for protein 
crystal data at substantially lower resolution.
Keywords: electron diffraction, hydrogen atoms, dynamical 
scattering
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Tautomers are structural isomers in ready equilibrium be-
tween each other. In the most common case of tautomerism, 
i. e. prototropism, tautomers differ for the position of  hy-
drogen atoms inside the molecule and for the distribution 
of π electrons.
In a certain sense, tautomers can be considered as ”living 
molecules”, because of the thermodynamic  equilibrium 
they undergo. In fact, the relative amounts of the forms can 
be altered by physical or chemical factors (temperature, 
solvent, pH, mechanochemical processes etc.), and so a 
tautomeric system can face a change in ambient conditions 
by favouring one form over the others. This responsiveness 
of tautomeric systems is appealing for the development of 
smart materials.
The dynamic equilibrium between the different tautomeric 
forms of a compound in solution can lead to different out-
comes for the crystallization from solution: crystallization 
of only one tautomeric form (likely, but not necessarily, 
the most stable in solution), co-crystallization of different 
tautomers in the same lattice, concomitant formation of 
crystals of different tautomeric forms. Altogether, crystal-
lization of different tautomers of the same compound is a 
rare occurrence and only around 0.5 % of molecules able to 
tautomerize and archived in the Cambridge Structural Da-
tabase are actually observed in different tautomeric forms 
in the solid state.1 This can be related with the fact that for 
many potentially tautomeric systems, the energy difference 
between the tautomers is high (>3 kcal/mol) and so only 
one form is prevailing by far in solution and found in the 
crystals.
In the present communication, we will discuss examples 
of tautomeric systems for which, out of many tautomers 
present in solution, the selective precipitation of only one 
tautomer is achieved in the solid state. The selectivity is pro-
vided by metal complexation2 or by formation of salts with 
suitable inorganic counterions.3 Examples include ring to 
open-chain tautomerization in dithiocarbazate ligands and 
tautomers of neutral and singly protonated N-rich fused-
ring triazolotriazoles.
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The reactions of C-halogen bond activation are fundamental 
steps in organic transformations mediated by transition met-
al complexes, such as cross-coupling reactions,1as well as 
in the chemical destruction of halogen-containing organic 
pollutants, among other processes.
Recently we have shown that the complex RhH{x-
ant(PiPr2)2} (xant(PiPr2)2= 9,9-dimethyl-4,5-bis(diiso-
propylphosphino)xanthene) reacts with fluoroarenes to give 
products resulting from processes of C-H bond activations,2 
while in the case of chloroarenes the C-Cl bond activation 
takes place (Figure 1).3 In the present contribution, we will 
show the preliminary results of the reactivity of the related 
complex RhCl{xant(PiPr2)2} towards halogenated hydro-
carbons. The X-ray diffraction analysis of the products ob-
tained have helped us confirm its reactivity.
Financial support acknowledgment: MINECO of Spain 
(CTQ2017-82935-P and Red de Excelencia Consolider 
CTQ2016-81797-REDC), Diputación General de Aragón 
(E06_17R), FEDER, and the European Social Fund.
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Thermochromism is the phenomenom known as the revers-
ible change in the colour of a compound when it is heat-
ed or cooled [1]. This process can take place over a wide 
(continuous thermochromism) or a narrow (discontinuous 
thermochromism) range of temperature. The latter, typical 
of inorganic substances, may be associated to a structural 
phase transition [2].
In the present work, we have studied the colour change 
in the pink octahedral cobalt (II) complex [CoCl2(PyT-
n)]·2H2O [PyTn: 2-(pyrazol-1-yl)-2-thiazoline] [3] in the 
solid phase over a temperature range from 30ºC to 160ºC 
by means of powder X-ray diffraction. This compound, 
previously studied in solution, transforms into the blue di-
nuclear asymmetrical complex [CoCl2(µ-Cl)2Co(PyTn)2]. 
The thermochromic transition temperature is considerably 
higher in the solid state than in solution, as it was expected.
Colour transformation was monitored by means of in-situ 
X-ray powder thermodiffraction with the aim of discov-
ering reaction intermediates. The X-ray experiment was 
carried out on a Bruker D8 Advance powder diffractometer 
equipped with a temperature chamber, using CuKα1 radia-
tion. Measurements were made in the 10‑30º2θ range and 
collected at temperature intervals of 5ºC.
Reaction product was identified by comparing the measured 
patterns to the simulated one for known single crystal struc-
ture using Mercury CSD software. In additon, TG-DTG 
curves were obtained in a dynamic air atmosphere in the 
same temperature range, as well as a DSC curve. From 
these, it can be concluded that only the two crystallization 
water molecules are released, keeping the compound its in-
tegrity
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