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FIRST FIFTY YEARS OF POWDER DIFFRACTION: FROM PAUL SCHERRER TO
HUGO RIETVELD

F. Laufek

Czech Geological Survey, Geologicka 6, 152 00 Praha 5, Czech Republic
frantisek.laufek@geology.cz

In 1912, Max von Laue, Walter Friedrich, and Paul
Knipping performed their famous X-ray diffraction experi-
ment and proved for the first time two basic principles in
physics: that a single crystal is composed of regular blocks
and that X-rays behave as waves with a wavelength in the
order of the distances between the building blocks of the
crystal. It is interesting to note, that Fridrich and Knipping
also carried out first powder X-ray diffraction experiment.
They ground a copper sulphate crystal and placed the pow-
der sample in the X-ray beam instead of a single-crystal.
They observed small speckles around a central spot. Unfor-
tunately, they used a polychromatic beam and the exposure
was too short to observe diffraction rings [1].

The powder X-ray diffraction method was developed
independently by Peter Debye and Paul Scherrer (1916)
and by Alfred Hull (1917). Debye and Scherer made a 57
mm diameter cylindrical camera, used two films with each
forming two half of circle in contact with a camera wall, a
primary beam collimator and a light-tight cover. For the
sample, they used the finest grain powder of LiF [2]. Debye
and Scherrer were surprised to find on the first photographs
the sharp lines of first powder diagram, which they cor-
rectly interpreted as crystalline diffraction by the randomly
oriented micro-crystal of the powder [3]. Approximately at
the same time, Alfred Wallace Hull, an employee of Gen-
eral Electric Research Laboratory in USA, became inter-
ested in the X-ray diffraction. Hull saw there a challenge
and try to find the crystal structure of iron. Since the sin-
gle-crystals of iron were not available at that time, he used
iron fillings, which were rotated continuously in order to
provide randomness [3]. He obtained good diffraction pat-
terns and subsequently checked if the d-spacings of the dif-
fraction patterns of iron are consistent to the Bragg values
for the three cubic crystal systems [1]. Hull also described

many of the experimental factors; was first who used a Ko
ilter and measured the effect of X-ray voltage on the inten-
sity of the MoK} radiation. He described the importance of
the particle size in the sample, specimen rotation and the
necessity for the random orientation. Debye and Scherrer
did not mention the use of the method for phase identifica-
tion in the paper (1916), however Hull recognized that
powder diffraction analysis can be used for phase identifi-
cation of crystalline compounds, even if they are in mix-
tures. A major advance of the powder diffraction method
began in the early 1950’s with the introduction of the first
commercial high-resolution diffractometers which greatly
expand the use of the method [3]. In 1967, a next huge step
was taken as Hugo Rietveld published his first whole pro-
file pattern fitting analysis of WO; [4]. In this work, Hugo
Rietveld showed that he could refine a crystal structure
having powder diffraction pattern with overlapping reflec-
tions. He also introduced residual values (R factors), allow-
ing the quantitative judgment of the refinement quality.

This contribution illustrates the discovery of powder
diffraction in 1916 and further development of the method
till the advent of ,,Rietveld method* in 1967. The progress
in development of instrumentation (including neutron dif-
fraction), powder diffraction databases, and determination
of first non-cubic crystal structures will be discussed.

1. M. Etter, R.E. Dinnebier, Z. Anorg. Allg. Chem., 640,
(2014), 3015.

2. A. Authier, Early Days of Crystallography, IUCr, Oxford
University Press, Oxford, 2015.

3. W. Parrish, J.I. Langford, Powder and related techniques:
X-ray techniques, International Tables for Crystallogra-
phy, volume C, IUCr London, 1999.

4. H. M. Rietveld, Acta Crystallogr. 22, (1967), 151.
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EXPERIENCES WITH PARTICIPATION IN CRYSTAL STRUCTURE PREDICTION TEST
- CSP7

M. Husak, F. Fniukal

University of Chemistry and Technology, Prague, Technicka 5, 166 28 Praha 6 — Dejvice
husakm@yvscht.cz

Introduction

Blind crystal structure prediction (CSP) test is a periodic

event organized by Cambridge Crystallographic Data Cen-

tre. Structure prediction typically consists from 3 phases:

[0 1) Building a 3D molecule model from its connectivity
information

[1 2) Generating a set of suggested structures

[1 3) Ranking of the suggested structures

This year, it was optional to participate only in the phase 3).

We had participated in ranking of suggested structures of

following molecules:

Methods

Based on preliminary benchmarks we had used for the
ranking energy calculation ground on DFT theory. We had
used rSCAN functional combined with MBD dispersion
correction. The data were prepared in BIOVIA Materials
Studio software. Computation was performed on Karolina
supercomputer at TU Ostrava. CASTEP 20.11 software
was used. The computational power required for the calcu-
lations was approximately 2 000 000 core/hours.

Results

Based on the energy ranking, we had identified following
structures from the input data sets as the one probably ex-
isting in reality:  XXVII structure 59, XXXI struc-
ture 59, XXXIII structure 452. The correct results of
CSP7 were not disclosed up to now so we can not confirm
any success.
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During the data processing we were faced with limita-
tion of commercial software used for CIF data transfer to
DFT software acceptable format as well as with issues re-
lated to manage multiple jobs on a supercomputer. Based
on the experiences we had chosen to develop our own soft-
ware for DFT calculation handling.

Development of the CheckCIF-DFT code

The CheckCIF-DFT code is software targeted primary for
transformation of CIF files to format acceptable by DFT
software. The code just supports CASTEP and Quantum
Espresso formats. The program can manage external DFT
software run as well as analyze results. It can manage com-
putation of multiple structures collection suitable for struc-
ture prediction. Calculation setup can be defined in a form
of user-editable templates. The code was tested on struc-
ture ranking of the XXXI CSP7 target. Calculations on an 8
core PC (PBE functional with Grimme dispersion correc-
tion, Quantum Espresso) take 5 months. The results sug-
gested the same structure (XXXI structure 59) as the
previous calculation. The code can be utilized for crystal
structure solution verification, low-quality structure solu-
tion improvement as well as for light atom position clarifi-
cation.

\\// @N

Figure 1. Structures from CSP7 test, XXVII (100 suggestions), XXXI (100 suggestions), XXXIII (500 suggestions)

© Krystalograficka spoleénost
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STRUCTURE OF HALLOYSITE NANOTUBE WITH IRINOTECAN SOLVED BY
MOLECULAR SIMULATION METHODS

M. Pospi§i|1, M. Péenic':ka1, E. Gianni® , D. Papoulisz, K. Avgoustakis3

"Charles University, Faculty of Mathematics and Physics, Prague, CZ
’Department of Geology, University of Patras, Rio, 26504, Patras, Greece
3Department of Pharmacy, University of Patras, Rio, 26504, Patras, Greece
miroslav.pospisil@mff.cuni.cz

Halloysite is a clay mineral derived from kaolinite with
proven spiral-shape tubular crystal morphology and more-
over biocompatible with the human body. It determines
halloysite for possible use as drug delivery nanocarrier be-
cause it allows the encapsulation of various bioactive mol-
ecules. Halloysite nanotubes have been investigated as a
potential drug delivery system of irinotecan for colon can-
cer treatment administered by the oral route [1]. To allow
releasing of irinotecan in an intestinal environment the
whole halloysite nanotubes loaded with irinotecan were
coated with EudragitS100 to protect releasing of irinotecan
in stomach pH. The loading efficiency of the halloysite
nanotube for irinotecan was very high, reaching 84.42 +
3.10 %. Experimental measurements like transmission
electron microscopy showed that the irinotecan molecule is
just on the surface of nanotubes and X-ray diffraction pat-
terns proved that there was no intercalation of irinotecan
among individual layers. Based on thermogravimetric
analysis and tests with various weight ratios between
halloysite and polymer was shown that drug release rate
from the polymer-coated nanotubes was minimal (0.7 % in

\—{N,\I)’-\

2 h) at stomach pH (pH 1.2) and high at intestinal pH 7.4
conditions (when the pH was increased to 7.4, drug release
increased by approx. 70 % in 2 h) [1]. Based on experimen-
tal results, methods of molecular simulations were used to
determine mutual positions and arrangements of irinotecan
molecules on the halloysite nanotube surface, which means
the most probably structural model. Results of calculations
showed that the most appropriate amount of irinotecan
molecules for a given size of halloysite nanotube with a
length 0f 25.359 A is 6. This amount is in a good agreement
with the molar weight ratio of the compounds determined
from the real samples. Calculated models showed that the
energetically preferred positions of the irinotecan mole-
cules remain closed to the outer part of the halloysite
nanotubes and longitudinal axes of irinotecan and the
nanotube are parallel.

1. E. Gianni, K. Avgoustakis, M. P$enicka, M. Pospisil, D.
Papoulis, Journal of Drug Delivery Science and Technol-
ogy, 52, (2019), pp. 568-576.

Figure 1. View along longitudinal axe for the optimized structure of the halloysite tube with 6 drug molecules.

© Krystalograficka spolecnost
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FIBRE TEXTURES OF CRONSTEDTITE

J. Hybler

Institute of Physics, Czech Academy of Sciences, Na Slovance 2, 182 21 Praha 8, Czech Republic
hybler@fzu.cz

Keywords: cronstedtite; 1:1 layer silicates; fibre textu-
res

The layered 1:1 silicate  cronstedtite (Fez+3_x
Fe)(Si,..Fe’",)Os(OH)4, (0.5< x< 0.85) belongs to the
serpentine-kaoline group. It forms relatively numerous
polytypes generated by stacking 1:1 structure building lay-
ers — equivalents of OD packets with the trigonal protocell
a=5.5,c=17.1A. Polytypes are subdivided into four OD
subfamilies, or Bailey’s groups A, B, C, D according to dif-
ferent stacking rules. Cronstedtite occurs rarely in low tem-
perature hydrothermal deposits [1], in certain meteorites
(CM chondrites) [2], and presumably on asteroids. Syn-
thetic micron-size crystals were prepared by Pignatelli and
her co-workers [1,3].

The data collected by four circle single-crystal X-ray
diffractometer with area detector processed by an appropri-
ate software provide precession-like reciprocal space sec-
tions (RS sections in the following). Similar RS sections
are obtained by electron diffraction tomography (EDT), for
micron-size crystals [1].  Distributions of so called
subfamily reflections along the reciprocal lattice rows
[2100% / [11]* / [1200* in 2hhlyex)* | (Bhlex)* | (h2hlhex)*
RS planes is used for subfamily determination. Similarly,
distributions of characteristic reflections along [10/]* /
[017]* / [111]* rows in (hOlwex)* / (Oklnex)* / (hhlhex) planes
allow determination of particular polytypes. For this pur-
pose, graphical identification diagrams simulating distribu-
tion of reflections along named rows are used [1]. Modern
diffractometers allow checking of many specimens and
quick generation of RS sections. These techniques allow
identification of various polytypes, twins, as well as
allotwins — oriented crystal associations of more polytypes.

Lot of specimens of cronstedtite from various terrestrial
localities and synthetic run products were studied by the
author [1, 4, 5, 6]. RS sections were recorded, and selected
ones were published and interpreted.

Recently cronstedtite from the new locality in Morocco
was studied [6]. The sample was originally collected in
2017 by local people digging for mineral specimens from
the hydrothermal veins with pyrite and calcite hosted in a
skarn body situated at the base of the El Hammam hill
(Djebel el Hammam), close to the Wadi (Ouedi) Beht (Beht
river). It is located near the El Hammam fluorite deposit,
~45 km SW of Meknes in the northeastern part of the
Variscan Moroccan Central Massif in northern Morocco.
The sample was purchased from Fabre Minerals by M.
Stevko for the National Museum, Prague, where is now
stored (catalogue No. PIN 114314).

The specimens separated from the sample provided a
relatively high number of common as well as unusual
(non-standard) polytypes of subfamilies A and D. Many
crystals were identified as twins and/or allotwins of more
polytypes (up to six). In many cases, the particular

polytypes were mechanicaly separated by cleaving of
allotwinned crystals. Some polytypes found were not
known to date [6].

Several specimens separated from the central part of the
sample appeared to be polycrystalline aggregates with a
strong fibre texture — (001) preferred orientation and
azimuthally misoriented (100) and (010) directions of do-
mains or crystallites. The (2hhlex)*/ (hhlyex)*/ (h2hlhex)*
and (h0ye)*/ (Oklnex)* / (hhlex)* RS sections indicating the
subfamily D and 2H, polytype were superimposed (Fig.
1a). In order to further examine this peculiar kind of inter-
growths, the series of RS sections (fkOnex)*, (Aklnex)™,
(hk2hex)®, (hk2hex)*, (hkAnex)™, etc., perpendicular to Cpex
was generated. In these sections, concentric rings around
Chex Were recorded instead of discrete reflections. The ap-
parent reflections visible in (2hhlhex)*/ (hhilhex)*/ (h2hlhex)*
and (h0lyex)*/ (Oklnex)® / (hhlnex)* RS sections represented
in fact intersections of named planes with these rings rather
than discrete points. The nature of rings varied from sample
to sample, from coarse-grained to quite smooth (Figs.
1b-d). However, in addition of [00/]* row with discrete
maxima, some reflections and/or denser maxima on rings
were usually present in the reciprocal space, so that index-
ing of diffraction patterns and generation of RS section be-
came possible. For few crystals, however, the indexing
procedure failed, possibly due to ’too perfect’ rings in the
reciprocal space.

The back-scattering electrons (BSE) photograph of one
of these specimens revealed existence of domains elon-
gated in the ¢ direction, probably azimuthally misoriented.
(Fig. 2a). For comparison, a BSE image of an ordinary sin-
gle crystal of the subfamily D is added (Fig. 2b). The elec-
tron microprobe analysis revealed partial substitution of
Mn and Mg for Fe (0.09-0.10 and 0.19-0.25 a.p.f.u., re-
spectively).

1. J. Hybler, M. Klementova, M. JaroSova, 1. Pignatelli, R.
Mosser-Ruck, S. Durovi¢, Clay. Clay Miner., 66, (2018),
379-402, DOI: 10.1346/CCMN.2018.064106.

2. I Pignatelli, E. Mugnaioli, Y. Marrocchi, Eur. J. Mineral.,
30, (2018), 349-354, DOI: 10.1127/ejm/2018/0030-2713.

3. L Pignatelli, E. Mugnaioli, J. Hybler, R. Mosser-Ruck, M.
Cathelineau, N. Michau, Clay. Clay Miner., 61, (2013),
277-289, DOI: 10.1346/CCMN.2013.0610408.

4. J. Hybler, J. Sejkora, V. Venclik, Eur. J. Mineral., 28,
(2016), 765-775, DOIL: 10.1127/ejm/2016/0028-2532

5. J. Hybler, Eur. J. Mineral., 28, (2016), 777-788, DOL:
10.1127/ejm/2016/0028-2541

6. . Hybler, J. Sejkora, Z. Dolni¢ek, M. Stevko, Clay. Clay
Miner., 69, (2016), 702-734, DOI:
10.1007/s42860-021-00157-2

© Krystalograficka spoleénost
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Figure 1. Examples of RS sections of strongly textured polycrystalline samples. a The apparent superposition of
(hhlie)* and (A0l )* sections of the well-ordered 2H, polytype of the subfamily D. b-d Examples of diffraction rings at
the level of (7k2,.)* RS section of several specimens varying from coarse-grained to almost smooth.

parallel to the section in clusters above and below the centre of the image. In the central cluster, the orientation of crys-
tals is somewhat inclined, so that they are cut obliquely. Borders of individual crystals are recognizable. b The BSE im-
age of the common single crystal of the subfamily D. Note the same degree of grey throughout the surfaces of both
specimens due to the homogeneity of chemical composition. Photo Z. Dolnicek.

The research was supported by project 18-10504S of the  tion, Youth and Sports. Author also thanks National Mu-
Czech Science Foundation, and by project CZ.02.1.01/0.0/  seum for allowing of taking of specimens for the study.
0.0/16_019/0000760 Solid 21 under the Ministry of Educa-
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“PRiRODNi SLITINY” Z HLUBOKOMORSKYCH KONKRECI

J. Kopecek

F. Laufek L. Klimsa', A. Michalcova, L. Sulcova A. Tsepeleva

K. Borkovcova3 D Novaceké Hong N. Vu3 P. Dvorak P Novak®

1Depan‘ment of Materials Analysis, Institute of Physics of the CAS, Prague, Czech Republic
Czech Geological Survey, Prague, Czech Republic

3Department of Metals and Corrosion Engineering, University of Chemistry and Technology Prague, Prague,
Czech Republic

‘kopecek@fzu.cz

Kriticky nedostatek barevnych kovl spojeny s tranzici
ekonomiky vede k hledani méné obvyklych zdroju, jako
jsou napiiklad hlubokomoiské konkrece. Zatimco
konvenéni tézba je ekologicky zavadna nebo probiha
v nedostatecné pratelskych teritoriich, zény hluboko-
moiského dna jsou volné¢ dostupné nebo piredmétem
mezinarodnich smluv, kter¢ je ¢ini pravné pristupné (napf.
spole¢ny claim nékolika post-socialistickych zemi v zoné
Clarion Clipperton v Tichém oceénu) Odhlédneme li od
o zajimavy technologicky i strukturni problém. Trad1cn1
pristup ke konkrecim vychédzel z postupné separace a
nasledné¢ho cisténi jednotlivych obsazenych prvki a
v hledani téch, které jsou finan¢né nalezité zajimavé pro
tézbu. Projekt, jehoz vysledky jsou prezentovany vychazi
z revolu¢ni myslenky ,,ptirodnich slitin®, tedy v redukci
nikoli na Cisté kovy, ale na Cistou smés kovu, ktera bude
nasledné vyuzita jako funkéni piimés napiiklad do
hlinikové matrice. Konkrece byly redukovany alumino-
termicky a titanotermicky se stechiometrickym a zvyse-
nym obsahem redukujiciho kovu (obvykle 0, 10, 20 a 100
% prebytku).

Struktura takto ziskanych slitin byla nasledn¢ studova-
na strukturné (kombinace XRD, LOM, SEM), mechanicky
i korozné. Ziskané vysledky jsou prekvapivé komplexni —
struktura je slozita, pozorované faze jsou nestechio-
metrické, pripadné jsou prvky ve strukturach substi-
tuovany. Slitina bez ptebytku hliniku pii aluminotermii
obsahuje majoritni fazi - Mng 6Nig2Sig 6 @ tfi minoritni
faze; slitina s 10 % piebytku obsahuje sedm fazi, z nichz tfi
maji pes 10 hm. %; slitina s 10 % piebytku obsahuje 9 fazi,

znichz pét je minoritnich. Majoritni faze ve vSech vzorcich
je odlisna. Mechanické vlastnosti jsou poplatné majorit-
nimu podilu manganu — pfipravené vzorky jsou tvrdé a
extrémné kiehké [1], avSak korozni vlastnosti jsou dobré
[2]. Materialy ptipravené titanotermicky nechavaji extrém-
ni mnozstvi materialu ve strusce, avsak vysledné slozeni
neni tak komplexni jako v pfipadé aluminotermickych
materiall. Ostatné vychozi fazové slozené samotnych
konkreci je také slozité: obsahuji birnessit, todorokit a
kfemen a dalsi minoritni faze.

Metodologicky byla prace postavena na soucinnosti
metod XRD (Bruker D8 Advance) a SEM (Tescan FERA
3) véetné analyzatortt EDS a EBSD (EDAX Octane Super
60 mm® a DigiView V). Bylo dosazeno dobré shody
v obsahu fazi stanovanych pomoci XRD a EBSD/EDS.
Nékteré zcela minoritni faze byly potvrzeny pomoci
EDS/EBSD, protoze stejnou krystalografickou strukturu
v materialu maji i jiné, vice zastoupené faze (ptipad MnS).
V aluminotermickych slitinach byly potvrzeny Heuslerovy
faze Mn,FeAl a Mn,FeSi vlastn¢ diive nez byl publikovan
jejich objev v Cistych ternarnich systémech.

1. Novak P, Nguyen H V, Sulcova L, Kopecek J, Laufek F,

Tsepeleva A, Dvorak P, Michalcova A 2021, Materials 14
561.

2. Msallamova S, Novék P, Miossec P, Kopecek J, Tsepeleva
A, Rudomilova D, Fojt J 2021 Materials 14 5211.

Vyzkum je podporovin GA CR z projektu 20-15217S a

strukturnimi  projekty MSMT — CzechNanoLab (LM
2018110) a SOLID21 (CZ.02.1.01/0.0/0.0/16_019/
0000760).

© Krystalograficka spoleénost
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STRUCTURE AND MICROSTRUCTURE IN (111) AND (111)+(001) ScN/MgO
THIN FILMS

E. de Prado, J. More Chevalier, S. Cichon, L. Fekete. J. Lancok

Institute of Physics of the Czech Academy of Sciences, Na Slovance 2, 18221 Praha 8, Czechia
prado@fzu.cz

ScN is an emerging semiconductor that exhibits rock-salt
(cubic) crystalline structure . It is of high interest in mate-
rial science due to its physical properties such as high melt-
ing point and high electron mobility. To improve the
mobility and other electronic properties, it is necessary to
produce single crystal ScN thin films with low density of
defects. It has been demonstrated that the presence of point
defects and impurities affects thermoelectric properties .
Planar defects such as twins have been also explored for
(111) and (001) ScN thin films grown on different sub-
strates . The presence of twins for bi-oriented (111)+(001)
ScN films on MgO (001) has been reported but its origin is
not fully understood yet. In this work we pay special atten-
tion to the system (111)+(001) ScN/MgO (001) and we
compare our results with single oriented (111) ScN films.
To it, several ScN films were deposited on MgO (001) sub-
strate by DC reactive magnetron sputtering at different
temperatures. The morphology of the films has been ex-
plored by Atomic Force Microscopy (AFM) and the pres-
ence of twins has been analyzed by X-Ray Diffraction
through 2theta scans, and 002, 022, and 111 pole figures.

For the bi-oriented kind of films a very complex system
of twins is obtained (Figure 1), which can be separated in
the contribution of two, one coming from the (001) ScN
oriented crystals and the other one coming from the (111)
crystals. A deep study of the structure and microstructure
of such a system could provide a better understanding of
the role of twins in the final film orientation.

Keywords: ScN; twins; pole figure; epitaxial layer

1. M. A. Moram, T. B. Joyce, P. R. Chalker, Z. H. Barber,
and C. J. Humphreys, “Microstructure of epitaxial scan-
dium nitride films grown on silicon,” Appl. Surf. Sci., vol.
252, pp. 8385-8387, 2006.

2. S. Kerdsongpanya, B. Alling, and P. Eklund, “Effect of
point defects on the electronic density of states of ScN
studied by first-principles calculations and implications for
thermoelectric properties,” Phys. Rev. B - Condens. Matter
Mater. Phys., vol. 86, no. 19, pp. 1-7, 2012.

3.  S. Acharya et al., “Twinned growth of ScN thin films on
lattice-matched GaN substrates,” Mater. Res. Bull., vol.
143, no. January, p. 111443, 2021.

4. E. de Prado, J. More-Chevalier, S. Cichon, and J. Lancok,
“Twin domains of ScN (001) films on MgO (001),” Acta
Crystallogr. Sect. A Found. Adv., vol. 77, no. a2, pp.
C835-C835, 2021.
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Figure 1. Results for bi-oriented ScN films. (a) 002 Pole figure
and (b) AFM image with phase contrast.

5. S. Chowdhury et al., “Synthesis and study of ScN thin
films,” pp. 1-13, 2021.

6. J. More-chevalier et al., “Applied Surface Science Correla-
tion between crystallization and oxidation process of ScN
films exposed to air,” Appl. Surf. Sci., vol. 515, no. Decem-
ber 2019, p. 145968, 2020.
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LINE PROFILE ANALYSIS AND ROCKING CURVE EVALUATION OF 3D
DIFFRACTION DATA

Gergely Farkas1, Jishnu Bhattacharyyaz, Gyula Zilahi3, Kristian Méthis4, Sean R. Agnew5

"Nuclear Physics Institute of the CAS, Rez, Czech Republic
2University of Virginia, Charlottesville, USA
°D UK Atomic Energy Authority, Oxfordshire, United Kingdom
4Depan‘ment of Physics of Materials, Charles University, Prague, Czech Republic
afarkas@uyjf.cas.cz

Diffraction patterns from ~100 individual grains of a
solutionized and quenched metastable 3-Ti alloy were ob-
tained by high energy synchrotron diffraction during
in-situ tensile deformation experiments. The diffraction
patterns of select grains were analyzed per an established
single-crystal line profile analysis technique to assess the
dislocation density evolution on individual slip systems.
Further, a new technique to estimate the geometrically nec-
essary dislocation (GND) density from rocking curves is
introduced. The results provide a powerful complement to
previously published comparisons between measured and
crystal plasticity simulated internal elastic strains (and

Figure 1. Rocking curve broadening vs grain curvature

stresses). In particular, they reveal there is no preference
for 1/2 <111> Burgers vector dislocations to reside on a
particular glide plane, since they have similar densities on
{110} and {112} planes. In addition, an explanation for the
observation of strain softening in some of the grains is hy-
pothesized as form of “plastic buckling”. A select number
of strain softening grains exhibit higher lattice curvature
(GND density) than other grains, indicating that the grains
have “broken up” into smaller domains which are deform-
ing in distinct ways from one another, and more easily than
they would have together.
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LABORATORY AND SYNCHROTRON ROCKING CURVE IMAGING FOR CRYSTAL
LATTICE MISORIENTATION MAPPING

P. Mikulik, M. Meduna, O. Caha
Department of Condensed Matter Physics, Faculty of Science, Masaryk University, Brno, Czech Republic

X-ray diffraction topography (diffractometry) is a tradi-
tional method of visualising crystal structure perfectness
on a film with a high spatial resolution. However, angular
misorientation inspection requires multiple exposures for
several diffraction angles around the Bragg peak by means
of a manual film exchange, which is a bit cumbersome.
This limitation has been overcome by utilisation of digital
2D detectors which were available at synchrotron imaging
beamlines with high flux and parallel beam, thus the rock-
ing curve imaging (RCI) technique has been developed.
Recently, RCI was transferred from synchrotron to labora-
tory set-ups.

Nowadays, RCI is an X-ray diffraction technique
which combines full-field X-ray digital topography and
Bragg-diffraction rocking curve recording. A large (al-
most) parallel monochromatic beam irradiates a crystalline
sample with a misorientation distribution characterized by
local tilt angles. Series of digital topographs are measured
by a two-dimensional detector at different sample orienta-
tions from which peak characteristics of millions of local
Bragg peaks from each series are extracted. The field of
view and lateral resolution is given by the camera size, its
pixel size and the Bragg angle, while the angular resolution
is given by the rocking curve width being typically much
smaller than the misorientation angles of the studied crys-
tal. Simultaneous high spatial resolution provided by the
two-dimensional detector and high angular resolution
(0.001°) allows to quantify crystalline structure perfectness
over large sample area which scales with the area of the de-
tector. Therefore the rocking curve imaging is an imaging

method with faster recording compared to usual laboratory
scanning area diffractometry which requests measurement
of the rocking curve at each surface point.

Synchrotron RCI [1,2] profits from large parallel beam,
high flux and small detector pixel size down to one
micrometre. For small misorientations of the crystal lattice,
detector can have any distance from the sample, while
larger misorientations due to inherent focusing and
defocusing of the diffracted (micro)beams require a dedi-
cated reconstruction procedure.

Laboratory RCI [3] with a slightly diverging beam re-
quires small misorientation angles and very small sample
to detector distance, thus a home-made extension for a
commercial diffractometer is necessary. Current two-di-
mensional detectors available at laboratory diffractometers
have typical spatial resolution downto 0.1 mm which make
it possible to analyze a large sample area at once.

On several examples, we will demonstrate the RCI
technique for a characterisation of several large-area semi-
conductor wafers, such as silicon, silicon carbide, gallium
nitride or overgrown silicon-germanium microstructures.

1. P. Mikulik, D. Liibbert, D. Korytar, P. Pernot, T.
Baumbach, Journal of Physics D: Appl. Phys. 36, 2003,
A74.

2. D. Liibbert, C. Ferrari, P. Mikulik, P. Pernot, L. Helfen, N.
Verdi, D. Korytar, T. Baumbach, Journal of Applied Crys-
tallography 38, 2005, 91.

3. M. Meduna, O. Caha, E. Choumas, F. Bressan, H. von
Kaénel, Journal of Applied Crystallography 54, 2021, 1071.
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RADON TRANSFORMATION IN RECIPROCAL SPACE

M. Meduna', F. Isa? F. Bressan®, H. von Kine

2
123

1Department of Condensed Matter Physics, Masaryk University, Brno, Czech Republic
2| aboratory for Solid State Physics, ETH-Ziirich, Ziirich, Switzerland
SG-ray Switzerland SA Hauterive Switzerland
mjme@physics.muni.cz

Mapping intensity in reciprocal space around certain recip-
rocal lattice points is mostly realized in two-dimensions
within the (Q,Q,) plane which is usually sufficient for any
analysis of crystal lattice strain, mosaicity, structural qual-
ity, internal defect distribution or surface morphology and
structure, depending on the scattering technique used. Nev-
ertheless, in certain cases mapping of the scattered inten-
sity in 3D space, out of the scattering plane e.g. along the
Qy axis, is more and more demanded as well. Scanning re-
ciprocal space in 3D however requires a well collimated
X-ray beam in all directions, so that such experiments are
realized mainly at synchrotron sources in order to have a
sufficiently intense and parallel beam. Practically any 2D
pixel detector is also extremely suitable for timely effective
collection of reciprocal space maps (RSMs).

In this work we realize a collection of 3D RSMs using
standard laboratory equipment with only a par-
tially-collimated beam using a typical linear focus X-ray
tube. We use a Rigaku SmartLab diffractometer equipped
with a 2D HyPix area pixel detector for recording series of
symmetric diffraction RSMs on microstructured semicon-
ductor samples. The 2D detector is used in a linear mode
for fast collection of typical 2D Q,Q, RSMs where the sam-
ple is scanned at many different azimuths with respect to
the diffraction vector as an axis of rotation. The 3D inten-
sity distribution in reciprocal space is then reconstructed by
means of a Radon transform procedure, typically used for
many decades in real space computer tomography (CT) [1].
The details of the technique used here in reciprocal space

Q,=4.5079 1/A

log10(Int)

and experimental details realized can be found in recently
presented work [2], including the details of the samples.

The method of applying the Radon transform for the re-
construction of RSMs is presented on Ge, GaAs and SiGe
microcrystals epitaxially grown on patterned Si substrates
[3]. Series of synchrotron experiments using a nanofocused
beam, where 3D RSMs have already been measured on
many samples, were previously presented in several of our
publications [4,5,6], however in this study we compare
similar laboratory measurements with the previously per-
formed synchrotron experiments [2].

The Q«Q, RSMs obtained at various azimuths ¢ are first
decomposed into sinograms for all Q, positions, see an ex-
ample for fixed Q, in the left panel of figure 1. This exam-
ple is built from RSMs where certain (004) lateral
diffraction satellites appear and their Q, position changes
as the sample is rotated along ¢. After application of the in-
verse Radon transformation on this sinogam map, we can
obtain the spatial distribution of these maxima within the
Q«Qy plane perpendicular to the axis of rotation which
shows four-fold symmetry, see the right panel of figure 1.
Let us note that these satellites originate from a superlattice
covering the faceted SiGe microcrystals. Comparing the
new laboratory data [2] with previous synchrotron mea-
surements [6], we get a very good agreement of the 3D spa-
tial distribution of intensity.

1. P. Suetens, in Fundamentals of Medical Imaging, Cam-
bridge University Press, 2009, pp. 35-41.

Figure 1. (left) Sinogram built from slices of typical Q,Q, RSMs for fixed Q, position close to SiGe (004) recorded at a series of azi-
muthal rotations of the sample containing four-fold symmetric diffraction superlattice satellites. (right) Reconstruction of the Q,Q,
map in reciprocal space using the inverse Radon transform applied on the sinogram in the left panel can be understood as a given slice
for fixed Q, through the 3D RSM. The four-fold structure of the four maxima is evident.

© Krystalograficka spoleénost



&

Materials Structure, vol. 28, no. 2 (2022)

91

2. M. Meduna, F. Isa, F. Brennan, H. von Kénel, J. Appl.
Cryst. 55, (2022) in print.

3. C.V.Falub, H. von Kénel, F. Isa, R. Bergamaschini, A.
Marzegalli, D. Chrastina, G. Isella, E. Miiller, P.
Niedermann, L. Miglio, Science, 335, (2012), 1330.

4. C.V.Falub, M. Medunia, D. Chrastina, F. Isa, A.
Marzegalli, T. Kreiliger, A.G. Taboada, G. Isella, L.
Miglio, A. Dommann, and H. von Kénel, Scientific Reports
3 (2013), 2276.
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5. M. Meduna, C.V. Falub, F. Isa, A. Marzegalli, D.
Chrastina, G. Isella, L. Miglio, A. Dommann, and H. von
Kénel, J. Appl. Cryst, 49, (2016), 976.

6. M. Meduna, C.V. Falub, F. Isa, D. Chrastina, T. Kreiliger,
G. Isella, H. von Kinel, J. Appl. Cryst., 47, (2014), 2030.

We acknowledge the staff of the ID0I beamline at the
ESRF, Grenoble.

IMAGE CORRECTIONS FOR POWDER DIFFRACTION WITH THICK SENSOR
DETECTORS

S. Selleck, C. Lopez Jurado, M. Ramakrishnan, C. Weninger, J. Just, Z. Matéj

MAX IV Laboratory, Lund University, Sweden
zdenek.matej@maxiv.lu.se

Flat hybrid pixel detectors present the most common in-
struments for recording X-ray intensities in scattering ex-
periments at photon light facilities as well as in X-ray
laboratories. This holds in particular for conventional crys-
tallographic experiments. In order to optimize quantum ef-
ficiency of the detection process the ratio of detector sensor
thickness and pixel size is often set quite high. A narrow
X-ray beam entering such a detector at an oblique angle is
absorbed in multiple consecutive pixels. This is causing an
effective shift of the detected signal known as the “paral-
lax” effect [1, 2]. Beside this the absorption of X-ray beam
in the detector sensor is more complete. The latter is called
an “oblique incidence effect” [2]. Appropriate corrections
are well established in software for single crystal diffrac-
tion data processing [1]. Marlton et al. [2] introduced the
parallax effect correction for pair distribution function

measurements. The idea is used to improve effective cam-
era resolution in synchrotron and medical imaging [3]. In
case of diffraction experiments with a flat powder sample
in parallel beam geometry angular resolution is dominated
by geometrical effects. In addition, for samples with crys-
tallite size >1 um grain statistics is often not-ideal and
azimuthally integrated diffraction profiles are not well de-
fined. Diffraction spots may present blurred signal due to
the parallax and oblique incidence effects as shown in Fig-
ure 1. Point spread function (PSF) over the detector area
was estimated by ray-tracing the detector and the know
PSF is deconvoluted from the measured signal in the next
step. Results of such diffraction image processing are pre-
sented (Figure 1). Different methods for positionally vari-
ant deblurring with known PSF were used: direct inversion
with regularization, Richardson-Lucy deconvolution [4, 5]
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Figure 1. Positionally variant deblurring of X-ray diffraction images with known detector PSF.
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ant deblurring with known PSF were used: direct inversion
with regularization, Richardson-Lucy deconvolution [4, 5]
and Deep learning approach [6]. Pros and cons of different
methods are described, and applicability of the method is
briefly discussed.

1. W. Kabsch, X-ray Detector Software, XDS version: March
15, (2007),
https://xds.mr.mpg.de/html_doc/Release Notes.html (vis-
ited May 20, 2022)

2. F.Marlton, O. Ivashko, M.V. Zimmerman, O. Gutowski,
A.C. Dippel, M.R.V. Jorgensen, J. App/Cryst., 52, (2019),
1072-1076. doi: 10.1107/S1600576719011580
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P. Shikhaliev, O. Fox, N. Tartoni, /EEE Nuclear Science
Symposium and Medical Imaging Conference (NSS/MIC),
(2020), 1-3. doi: 10.1109/NSS/MIC42677.2020.9507906

W. Richardson, J. Opt. Soc. Am., 62, (1972), 55-59.
doi: 10.1364/JOSA.62.000055

L.B. Lucy, Astronomical Journal, 79, (1974), 745.
doi: 10.1086/111605

J. Mustaniemi, J. Kannala, S. Sarkka, J. Matas. J. Heikkila,
IEEE Winter Conference on Applications of Computer Vi-
sion (WACYV), (2019), 1914-1922.
doi: 10.1109/WACV.2019.00208

25TH ASSEMBLY AND CONGRESS OF THE IUCr IN PRAGUE, HISTORY,
EXPERIENCE, STATISTICS

Radomir Kuzel

Faculty of Mathematics and Physics, Charles University, Prague

see p. 144

© Krystalograficka spoleénost



&

Materials Structure, vol. 28, no. 2 (2022)

93

Session III - Neutron scattering, Tuesday, June 21

L12

OPPORTUNITIES AND PERSPECTIVES AT THE INSTITUT LAUE LANGEVIN: THE
ENDURANCE UPGRADE PROGRAMME

M. Johnson

Institut Laue Langevin, Grenoble, France
Jjohnson@ill.eu

The Endurance upgrade programme covers the period
2016 — 2023 with a budget of 60 M€. About 30 projects
have been delivered or are nearing completion. They in-
clude neutron guide systems, new and upgraded instru-
ments, sample environment and data and software services.
The upgrade programme as a whole ensures that research
capability at the ILL will continue to be world leading for
the next decade, offering new opportunities and perspec-

L13

tives for excellent science, both for academia and industry.
The Endurance programme will be presented, including
specific examples and initial results, and set in the context
of future reactor operation, given the recent agreement by
the ILL Associates to fund the Institute for the period 2024
—2033.

NEUTRON DIFFRACTION TO STUDY THE STRUCTURE OF MATERIALS

Thomas C. Hansen

Institut Laue-Langevin, 71 avenue des Martyrs, 38000 Grenoble, France
hansen@ill.fr

For the inspection of processes involving condensed mat-
ter, in situ neutron powder diffraction proves itself to be a
versatile tool, giving insight into processes of technologi-
cal pertinence. Only a few high-intensity powder
diffractometers at intense neutron sources allow for this.
D20 at Institut Laue-Langevin provides the highest avail-
able intensity in constant wavelength neutron powder dif-
fraction. A stationary, curved linear position sensitive
detector allows for in-situ diffraction studies down to a sec-
ond and encourages the use of complex sample environ-
ments with inherently small sample sizes. D20 adapts to
various levels of crystallographic complexity and rapidity
of an observed phenomenon.

The portable electronics market, as well as non-pollut-
ing ground transportation, need portable energy storage so-
lutions with improved characteristics. Li-ion batteries with
solid electrolytes overcome issues of liquid electrolytes in
battery safety and high-voltage operation. Neutron diffrac-
tion determines the Li diffusion pathway in solid-state
Li-ion conductors. Development of better electrode materi-
als in terms of gravimetric and volumetric energy density,
temperature operation range and cycling stability needs un-
derstanding of lithium (de)intercalation phenomena.
Operando diffraction techniques are well suited here. Elec-
trochemical cells based on a neutron-transparent (Ti,Zr) al-
loy combine good electrochemical properties and the
ability to collect neutron diffraction patterns with reason-
able statistics and no other Bragg peaks than those of the
electrode material. This allows detailed structural determi-
nation of electrode materials by Rietveld refinement during
operation.

Solid-oxide fuel cells convert chemical energy into
electricity at higher efficiency than conventional methods,
with less pollution. The anode (fuel electrode) must not al-
ter at high temperature (thermal stability), not form
nonconductive phases at interfaces (chemical stability) and
not degrade upon reduction and oxidation cycles (redox
stability). The state-of-the-art “cermet” of Ni and yttria-sta-
bilized zirconia ceramic loses performance upon usage as
its porosity is reduced by Ni agglomeration and as oxida-
tion of Ni causes redox instability. Cermet deactivates
through carbon coking and sulfur poisoning, making it un-
suited for hydrocarbon fuels. Single-phase mixed ionic and
electronic conductors provide microstructural stability and
increase the electrode fraction accessible to oxide ions.
Many of those oxides have been investigated successfully
in operando at high temperature under oxidizing and reduc-
ing gas flow by neutron diffraction, following the crystal
chemistry of oxide ions during the process.

Classical in situ work (thermo-diffractometry) has been
done on the photovoltaic materials, MaPbl; and derivates,
and neutron diffraction turned out to be a perfect tool to
screen the crystal chemistry of light organic atoms beside
the heavy metal atoms over a wide range of temperatures.

Hydrogen is an attractive energy carrier for renewable
energy sources due to its high energy density. Solid-state
hydrogen storage provides higher storage capacities than
compressed or liquefied hydrogen. Complex metal hy-
drides have high hydrogen storage capacities but suffer
from poor kinetic and thermodynamic properties. Tuning
the thermodynamics for dehydrogenation, to reduce the
temperature at which hydrogen is evolved is achieved
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through the addition of a second phase, which will lead to
the formation of a more stable product upon decomposition
and thereby reducing the enthalpy for dehydrogenation.
Neutron powder diffraction screens the crystal chemistry
of the different phases in situ.

L14

Finally, the work on the structure and the formation and de-
composition of gas hydrates and related ice phases will be
presented, as well as the prospects of work at very high
pressures up to 25 GPa at low temperatures down to 1.6 K.

SOFT MATTER SEEN BY SMALL-ANGLE NEUTRON SCATTERING, NEUTRON
REFLECTOMETRY, AND COMPLEMENTARY TECHNIQUES

Leonardo Chiappisi

Institut Laue-Langevin, Large Scale Structure Group, Grenoble, France

Soft. Condensed. Matter. Soft matter systems are defined
as those which are structurally altered when external force
of the magnitude of thermal fluctuation is applied. This
definition, despite being scientifically accurate, does not do
justice to the complexity and diversity of soft matter
mattery systems.

Soft. Condensed. Matter. It includes biomaterials, poly-
mers, nanoparticles, emulsions, surfactants, and many
other building blocks. Understanding and controlling soft
matter systems, is key for technological progress and for
the transition to a sustainable society: detergents, food ad-

L15

ditives, lubricants, foams, coatings, are examples of soft
matter systems.

Soft. Condensed. Matter. The low energy required to
trigger structural, and thereby functional changes in soft
matter systems makes them the most suited ingredients for
many responsive systems. These systems are characterized
by a complex energetic landscape, and often by ill-defined
structures.

In this contribution, through a series of examples, the
use and potential of neutron scattering, and reflectometry is
illustrated. The examples aim at covering the broad domain
of soft matter science probed at the Institut Laue-Langevin.

INELASTIC NEUTRON SCATTERING - FROM STRUCTURE TO DYNAMICS OF
FUNCTIONAL MATERIALS

Paul Steffens

Institut Laue-Langevin, Grenoble, France
steffens@ill.fr

The first part of this presentation will give an overview
about the capabilities of the ILL to perform inelastic neu-
tron scattering measurements. Depending on the use case
(energy range, resolution, type of sample etc.), different
classes of instruments are available: time-of-flight, triple
axis, and more specialized techniques (spin-echo, back-
scattering). Most of the instruments at the ILL have under-
gone significant up-grade in the recent years. Thanks to
these recent developments, long-standing questions in ma-
terials such as unconventional superconductors can now be
addressed, as well as, for instance, the study of new quan-
tum magnetic effects. The current state of the experimental
possibilities, together with typical applications, will be dis-
cussed.

A particularly powerful technique for the study of magne-
tism are polarized neutrons. This technique allows separat-

ing different types of nuclear and magnetic processes from
each other precisely; however, intensity issues sometimes
limit its application in inelastic neutron scattering, which is
why in only few places worldwide such experiments can be
performed. We will present an example of inelastic scatter-
ing from the skyrmion phase of manganese silicide, a
model system for complex magnetic order and its potential
applications (spintronics etc.). The excitation spectrum of
this particular magnetic order is extremely complex and
has recently been measured in unprecedented detail thanks
to the use of polarization analysis. In excellent agreement
with theory, these works provide a comprehensive
understanding of fundamental magnetic excitations of the
magnetic skyrmion phase.
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FIRST SCIENCE ON THE ESS INSTRUMENT SUITE

Andreas Schreyer
ESS Lund, Sweden

The European Spallation Source currently under construc-
tion in Lund, Sweden is designed to become the world‘s
most powerful neutron spallation source, opening up new
scientific opportunities.

L17

An overview of the progress of the construction project
will be given, the time to starting user operation will be dis-
cussed and new scientific opportunities will be highlighted.

EUROPEAN SPALLATION SOURCE - CONTRIBUTION OF THE CZECH REPUBLIC

J. Saroun’, P. Lukas', P. Beran'?

"Nuclear Physics Institute, CAS, Hlavni 130, 25068 Rez, Czech Republic
2European Spallation Source ERIC, Box 176, SE-221 00, Lund, Sweden
saroun@uijf.cas.cz

European Spallation Source (ESS) is the world’s most
powerful neutron source under construction in Lund (Swe-
den), which will offer about 4000 beam days annually to
scientists from Europe when built to its planned capacity of
22 instruments. Even with just the 15 instruments to be
built within the ESS construction scope, ESS will greatly
increase the capacity of the European network of neutron
sources by opening new opportunities for breakthrough re-
search with neutrons thanks to the unprecedented neutron
beam brightness accompanied by world-class instrumenta-
tion and novel experimental methods developed for the
long-pulse neutron source.

The Czech Republic became one of the 13 founding
members of the ESS ERIC consortium in 2015 with the
planned 2% contribution to the ESS construction, which
should ensure a proportional share of beam capacity for
Czech users after ESS is put into operation. This step is of
great importance for the Czech user community when con-
sidering the fading capacity of neutron sources in Europe:
several research reactors which used to serve our user com-
munity were shut down recently, while others are ap-
proaching the end of their lifetime, including the research
reactor LVR-15 in ReZ and ILL Grenoble.

In-kind contributions make a significant part of the ESS
construction. The Nuclear Physics Institute, CAS (NPI) in
Rez has the task of implementing several of these contribu-
tions:

The supply of systems for the ESS target station in-
cludes the helium cooling loop, water cooling of the target

and HVAC (Heating, Ventilation, Air Conditioning) of the
target station building. These technologies have already
been delivered, and their installation is being finalized.

NPI, together with Helmholtz Zentrum Hereon in
Geesthacht, develops and builds one of the neutron scatter-
ing instruments — the Beamline for European Materials En-
gineering Research (BEER). According to the current
schedule, BEER is supposed to be ready for hot commis-
sioning in early 2024 and enter into the user regime during
the ESS operation ramp-up between 2025 and 2027. BEER
has been developed in cooperation with neutron users from
the material research and engineering areas. On the Czech
side, teams from the Faculty of Mathematics and Physics of
the Charles University and the Institute of Physics, CAS,
largely contributed to the instrument concept and actively
participated in the development of a sample environment
for in-situ measurements and novel methods to be tested
during early operation. Such a collaboration is vitally im-
portant for a successful start of the user program at BEER,
and neutron users are encouraged to collaborate with the
instrument team on the preparation of the early operation
program.

The contribution of the Czech Republic to the ESS con-
struction has been supported by the Czech Ministry of Edu-
cation, Youth and Sports through the project of large
infrastructure ESS Scandinavia-CZ (project LM2018111)
and by EU Structural Funds (Reg. No. CZ.02.1.01/0.0/0.0/
16 _013/0001794).
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BEER - SCIENCE CASE AND STATUS

Beran P.*’1’3, Saroun J.1, Lukas P.1, Fenske J.Z, Nowak G.Z, Siemers D.J.Z, Kiehn R.z,
Burmester J.“, Miiller M., Woracek R.
"Nuclear Physics Institute CAS, Hlavni 130, 25068 Rez, Czech Republic
’Helmholtz-Zentrum Hereon, Max-Planck-StralSe, 21502 Geesthacht, Germany
3European Spallation Source ERIC, P.O. Box 176, 22100 Lund, Sweden
‘premysl.beran@ess.eu

The time-of-flight engineering diffractometer BEER [1]
(Beamline for European Materials Engineering Research),
which is under construction at the European Spallation
Source (ESS), will offer new opportunities for investiga-
tions of microstructures, residual stress evolutions and
in-situ phase transformations under near-processing condi-
tions. The layout of the instrument is depicted in Figure 1
and the basic parameters are listed in Table 1.

The construction of the instrument is divided into two
stages called Day-I (coloured parts in Figure 1) and
Full-scope (white parts in Fig. 1). The Day-1 instrument
will provide reduced capabilities mainly in the detector
coverage, SANS option and variability of chopper cascade
but will be fully operational and comparable with the cur-
rent engineering instruments worldwide.

BEER combines the high brilliance of the ESS source
with large instrument flexibility. The diffractometer in-
cludes a novel beam-shaping technique, the so-called mod-
ulation technique (see Figure 2) [2]. By a time-encoded
extraction of several short pulses from the long ESS pulse,
a substantial intensity gain of up to an order of magnitude
compared to a pulse shaping method (one pulse extraction)
for high-crystal-symmetry materials can be achieved with-
out compromising the resolution. More complex crystal
symmetries or multi-phase materials can be investigated by
the standard pulse shaping method. The variable chopper
set-ups and advanced extracting techniques [3] offer broad
intensity/resolution ranges that can be adjusted for the ex-
periment’s needs. This flexibility opens up new possibili-
ties for in-situ experiments studying materials processing
and performance under operating conditions.

ESS BEER 28 m

Monolith | Bunker 03

Table 1 - Basic facts about the BEER instrument

Instrument Class

Engineering Diffraction

Moderator Bispectral
Primary Flightpath 158 m
Secondary Flightpath 2m
Wavelength Range 0.8-6A
Bandwidth 1.7A
d-spacing Range 06-7A
Pulse-Shaping Mode

Resolution Ad/d 0.15-0.6 %
Flux at Sample at 2MW 0.18—1.4.10°n s cm™
Modulation Mode

Resolution Ad/d 0.1-0.3%

Flux at Sample at 2MW

0.18—-0.87-10°n s cm™

Advanced sample

environments

dedicated

to

thermo-mechanical processing are foreseen to fulfil this

Sample at 158 m

Figure 1. The BEER instrument schematic layout
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task, e.g. a quenching and deformation dilatometer, and
various deformation rigs.

1. K.H. Andersen, et al., The instrument suite of the European
Spallation Source, Nuclear Instruments and Methods in
Physics Research Section A. 957, (2020), 163402.

2. M. Rouijaa, R. Kampmann, J. Saroun, J. Fenske, P. Beran,
M. Miiller, P. Lukas, A. Schreyer, Beam modulation: A
novel ToF-technique for high resolution diffraction at the
Beamline for European Materials Engineering Research
(BEER), Nuclear Instruments and Methods in Physics Re-
search, Section A. 889, (2018), 7-15.

3. J. Saroun, J. Fenske, M. Rouijaa, P. Beran, J. Navratil, P.
Lukas, A. Schreyer, M. Strobl, Neutron optics concept for
the materials engineering diffractometer at the ESS, J.
Phys.: Conf. Ser. 746, (2016), 012011.
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Figure 2. Simulated time-of-flight diffraction pattern of a du-
plex-steel for +90° detector showing the splitting of the Bragg re-
flections when modulation technique is used [2].
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SANS INVESTIGATION OF MICROSTRUCTURE EVOLUTION IN SINGLE CRYSTAL
Ti-15Mo METASTABLE p-Ti ALLOY AT ELEVATED TEMPERATURES

P. Strunz1, V. Ryukhtin1, P. Zhéﬁal2’3, P. Harcubaz, J. émilauerovéz, u. Keiderling4

"Nuclear Physics Institute v.v.i. of the CAS, Department of Neutron Physics, 25068 Rez, Czech Republic

2Charles University, Mathematics and Physics Faculty, Department of Physics of Materials, Ke Karlovu 5,
12116 Prague, Czech Republic

’Research Centre ReZ, Hlavni 130, 250 68 ReZ, Czech Republic
*Helmholtz Zentrum Berlin for Materials and Energy, D-14109 Berlin, Germany
strunz@uijf.cas.cz

Titanium alloys have a plenty of applications in industry
and medicine [1] due to unique combination of high
strength, low density and excellent biocompatibility.
Ti-15Mo alloy is a metastable B-Ti alloy containing ®
(hexagonal) and o (hcp) precipitates in -phase matrix.
Particular microstructure resulting from the heat treatment
has a large impact on mechanical properties and thermal
stability of the alloy. One of the techniques able to deliver
bulk information on the precipitate evolution directly at el-
evated temperatures is Small-Angle Neutron Scattering
(SANS). V4 SANS facility of HZB Berlin [2] was used for
investigation of Ti-15Mo (wt.%) alloy. SANS data were
acquired in-situ up to 600°C at three orientations of the sin-
gle crystal sample — with <111>, <110> and <100> direc-
tions of B-phase parallel to the neutron beam. The rate of 1
K/min was used for the in-situ heating during SANS mea-
surement. The orientation of the crystal in this case was
<110> direction of the B-phase matrix parallel to the neu-
tron beam.

Strongly anisotropic scattering pattern, moreover
evolving with temperature increase, was detected. Ob-
served 2D intensity distribution at temperatures 400-530
°C originated from isothermal prolate-spheroidal o precip-
itates arranged on a simple cubic-like grid. When heating
above 400 °C, the mean size and interparticle distance of ®

particles gradually increased. Initially, volume fraction
times scattering contrast of @-phase increases up to 443 °C,
and it then gradually decreases up to 530 °C.

In the temperature range 531-538 °C, both ®-phase or-
dered spheroids and a population of a plates is needed to fit
the observed SANS patterns well. Fig. 1 (left side) shows
an example with already well visible a-phase streaks (near
the edge of the detector), but with still present major part of
the scattering (including interparticle-interference maxima
near the detector centre) originating from the ® spheroids.

Above 538 °C, no more scattering from o particles ex-
ists; nevertheless, the scattering coming from the popula-
tion of a plates remains. Moreover, a second type of streaks
appears, which has orientation clearly distinguished from
the first ones caused by a plates. The two types of streaks in
the scattering pattern can be seen in Fig. 1, right side. The
cause of the second type of streaks can be a formation of a
second population of a plates which has orientation clearly
distinguished from the first population of a plates. The data
were evaluated and interpreted using this hypothesis.

In the initial stage after their appearance, the scattering
intensity from both o-phase populations gradually in-
creases on temperature increase. Both o phase populations

© Krystalograficka spolecnost
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Figure 1. Left: SANS pattern measured in @—o phases transition region (T = 533 °C). Right: SANS pattern in a.-phase region (T =559
°C). For both cases [110]g, is perpendicular to the figure plane. Color or gray scale depicts measured data, white contour lines show the

fit to the data.

remain present up to the highest measured temperature of
608 °C.

It was also found that the observed orientation of both
populations of a plates do not fit the standard orientation
[3]. The streaks in SANS patterns are oriented parallel to [4
45]p or [334]g crystallographic directions for the first popu-
lation of o plates, and to [243][3 or [554]g for the second
population of a plates, or in an orientation very similar to
these crystallographic directions. Microstructure of o pre-
cipitates was not changed during cooling down from 608
°C to the room temperature.

Morphology (size and distance) of o particles and their
evolution were also deduced from the SANS data using 3D
modelling and fitting of the 2D SANS data by NOC soft-
ware [4].

1. J. Disegi, Implant Materials. Wrought Titanium —15% Mo-
lybdenum (Synthes, 2009).

2. U. Keiderling, C. Jafta, Journal of large-scale research fa-
cilities 2, 97 (2016), 97.

3. G. Lutjering and J.C. Williams. Titanium (Engineering Ma-
terials and Processes). Berlin, Heidelberg: Springer-Verlag,
2007, p.31.

4. P. Strunz, J.Smilauerova, M. Janegek, J. Strasky, P.
Harcuba, J. Pospisil, J. Vesely, P. Lindner, L. Karge,
Philosophical Magazine 98 (2018) 3086-3108,
https://doi.org/10.1080/14786435.2018.1520403.

V. Ryukhtin and P. Strunz acknowledge partial support
from the long-term conceptual development project RVO
61389005 of the Nuclear Physics Institute of the Czech
Academy of Sciences and from the Czech Academy of Sci-
ences in the frame of the program “Strategie AV21, No.
237,
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STUDIES OF PRECIPITATION IN ENGINEERING MATERIALS USING SMALL-ANGLE
NEUTRON SCATTERING

V. Ryukhtin', P. Strunz’, A. B. Yildiz?, P. Beran'’, S. Bakardjieva®

"Nuclear Physics Institute ASCR, v.v.i., Rez, Czech Republic
’Dep. of Materials Science and Eng., KTH Royal Institute of Technology, SE-100 44 Stockholm, Sweden
’ESS ERIC, Lund, Sweden

*Institute of Inorganic Chemistry CAS, 250 68 Husinec-Rez, Czech Republic
ryukhtin@ujf.cas.cz

Precipitations microstructure in alloys is strongly con-
nected with their physical properties such as hardness or
ductility. Usually, conventional methods of electron mi-
croscopy are used for assessing the morphological charac-
teristics of the precipitates. Nevertheless, in some cases,
the small-angle neutron scattering (SANS) technique can
be more efficient due to its unique abilities. Here, we would
like to demonstrate few examples.

Influence of copper on precipitations during aging was
studied in medium carbon spring steel [ 1]. It was found that
alloying by copper significantly improves material charac-
teristics (increases yield stress, increases corrosion resis-
tance, causes “self-healing” of ultrafine cracks). Magnetic
SANS (MSANS) was used for accurate characterization of
nanosized copper particles nucleated by tempering at
400-500°C. In this case, MSANS was very effective and,
potentially, it can be used for in-situ study of Cu precipita-
tion kinetics in similar alloys.

Another example is investigation of sintering of com-
posite tungsten (W) grains in cobalt (Co) binder. In vana-
dium-doped tungsten carbide (WC) - Co composite
material system, in-situ and ex-situ SANS and ul-
tra-small-angle neutron scattering (USANS) experiments
helped to explain how additions of vanadium (V) affect the
nano- and microstructure during sintering, and result in
smaller WC grains [2]. Whereas SANS quantified the
nano-scale interfacial layers responsible of grain coarsen-
ing inhibition, USANS was applied to study
microstructural refinement.

SANS was also applied for the investigation of the
Sc-doped TiO, anatase as material for photocatalysis [3].
Growth of Sc precipitations was observed with increasing
aging temperature due to its expelling from anatase crystal-
lites. It was showed by SANS with agreement of jointly re-
fined neutron and X-rays diffraction data, that entire
scandium content at aging temperature above 800°C was
driven out of grains and formed particles at TiO, grain
boundaries.

1. A. Gokhman, Z. Novy, P. Salvetr, V. Ryukhtin, P. Strunz,
P. Motycka, J. Zmeko, J. Kotous, Materials, 14, (2001)
1445.

2. A.B.Yildiz, J. Weidow, V. Ryukhtin, S. Norgrend, G.
Wahnstrom, P. Hedstrom, Scripta Mat. 173, (2019)
106-109.

3. S. Bakardjieva, J. Mares, E. Koci, J. Tolasz, R. Fajgar, V.
Ryukhtin, M. Klementova, S. Michna, H. Bibova, R.
Holmestad, R. Titorenkova, M. Caplovicova,

Nanomaterials, 12, (2022) 750.
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Figure 1. SANS data of Sc-doped TiO, aged at temperatures (a)
and fitted volume fraction of Sc precipitates from corresponded
SANS data (b)

V. Ryukhtin and P. Strunz acknowledge partial support
from the long-term conceptual development project RVO
61389005 of the Nuclear Physics Institute of the Czech
Academy of Sciences and from the Czech Academy of Sci-
ences in the frame of the program “Strategie AV21, No.
237, USANS measurements were conducted at CANAM in-
frastructure supported by MSMT projects LM2015056 and
LM2018120. V. Ryukhtin acknowledges beamtime at V4
SANS facility granted by HZB.
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ALSA - AUTOMATIC LAUE SAMPLE ALIGNER
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%Institute of Physics of the Czech Academy of Science, 182 21 Prague 8, Czechia
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While the evolution of the synchrotron brightness still fol-
lows exponential Moore’s law [1], the time-integrated flux
ofthe neutron sources reached its maximum 50 years ago at
ILL, and it will be only slightly surpassed by the upcoming
ESS [2]. Therefore, scientists have been trying for decades
to optimize optics, measurement strategies or build
multi-detector systems to take advantage of every possible
neutron to measure weaker fluctuations on smaller sam-
ples.

Another approach is to increase the sample size for in-
elastic neutron experiments by co-aligning more single
crystals. This process is very time-consuming and often not
very precise (e.g. [3]). The goal of ALSA (Fig. 1) is to
change it. It will automatize the co-alignment process by
using a state-of-the-art X-Ray Laue diffractometer
(Photonic Science), robotized manipulators (Mecademic
Meca500), real-time camera recognition (Basler), and be-
spoke neural network software for crystal placing and Laue
pattern solving. The device ALSA will be a true game-
changer in the field of inelastic neutron scattering because
it will drastically speed up sample preparation.

To glue small crystals as close to each other as possible,
we have developed an online algorithm for irregular poly-
gon stacking; a series of benchmarking tests proved, that it
is the most efficient online algorithm available. In this pre-
sentation, we will focus on the hardware and software de-
sign of the device, and we will discuss possibilities of using
neutral networks for Laue patterns solving.

1. Assoufid, L. and Graafsma, H. MRS Bulletin 42, (2017),
418-423. doi:10.1557/mrs.2017.118.

L22

(7)
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Figure 1. Sideview of the ALSA device. (1) Photonic Science
CCD back reflection Laue X-ray Detector, (2) Mecademic
Meca500 six-axis industrial robot arm, (3) Samples waiting for
alignment, (4) Aluminium plate with aligned samples, (5a, b, ¢)
CCD cameras for sample shape determination and alignment, (6)
High brilliance X-ray generator, (7) Signalling for X-Ray
source.

2.  Rennow H.M. et al. Swiss Academies Reports 16, (2021),
7. doi:10.5281/zenod0.4637660.

3. Duan, C. Et al. Nature 600, (2021), 636-640.
doi:10.1038/s41586-021-04151-5.

NEUTRON DIFFRACTION STUDY OF RESIDUAL STRESSES IN ENGINEERING
COMPONENTS FORMED VIA ADDITIVE MANUFACTURING

G. Németh', R. Kocich?, M. Bené&?

"Nuclear Physics Institute, 25068 Rez near Prague, Czech Republic
2Faculty of Materials Science and Technology, VSB-Technical University of Ostrava, 708 00 Ostrava,
Czech Republic

Additive manufacturing (AM) technique enables us to
build three-dimensional complex engineering parts with-
out the use of expensive tools such as casting molds, dies or
punches. However, large thermal gradients appear during
the process [1] which may give rise to anisotropy of the
structure and consequently to residual stresses (RS). Neu-
tron diffraction (ND) strain scanning is a powerful tech-
nique to study the distribution of RS non-destructively.

Two samples from ASI 316 steel, prepared by AM, were
subjected to linear ND strain scans with three mutually per-
pendicular orientations of the diffraction vector. In the case
of the complex shape-sample 1 (CS) (Figure 1.), the tip was
scanned. In the case of a cylinder-sample 2 (with diameter
10.25 mm after additional swaging), four scan-lines mutu-
ally rotated by 45°, lying in the cross section of the cylin-
der, were applied (Figure 2.).
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Figure 1. Complex shape sample 1 and Figure 2. Cylinder and the

scanned line (red).

However, the measured data had to be corrected due to
pseudo-strains caused by beam attenuation and by partial
immersion of sampling volume in the sample near the
edges [2]. Since the stress-free reference was unavailable,
the absolute stress differences and then the Von Mises
(VM) equivalent stresses were evaluated from the recon-
structed two theta distributions [3]. The VM stresses pro-
vide valuable information about the overall RS state of the
measured regions. According to this, the tip of the CS sam-
ple exhibits the largest RS 3-5 mm beyond the edges, where
the arms connect to the tip. The maximum VM stress in
these regions were 100-120 MPa. In the case of sample 2,
RS distribution maxima are mainly located near surface re-
gions (Figure 3.) however, the center region also shows
larger RS. The distribution roughly maintains the axial
symmetry of sample 2. Areas with increased VM stresses
are closer to the yield point.

1. T.D.Ngo, A. Kashani, G. Imbalzano, K. T. Q. Nguyen, D.
Hui, Composites Part B-Engineering 143 (2018) 172-196.

2. J. Saroun, J. Rebelo-Kornmeier, J. Gibmeier, M. Hofmann,
Physica B: Condensed Matter 551 (2018) 468-471.

3. P. Strunz, R. Kocich, D. Canelo-Yubero, A. Machackova,
P. Beran, L. Kratka, Materials 13(12) (2020) 2869.

Figure 2. Cylinder and the scanned lines
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Figure 3. VM stress distribution in the cross section of cylin-
der-sample 2
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EFFICIENT MODELING OF SINGLE CRYSTAL DIFFUSE SCATTERING

J. Kulda
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kulda@ill.fr

Many modern materials exhibit a considerable portion of
structural disorder, playing a key role in their functi-
onalities. Routine crystallographic structure solutions
based on positions and integrated intensities of Bragg
peaks only reveal their average structure. In order to access
the details of local atomic arrangements and their short-
range correlations one has to study the shape of the Bragg
lines and the diffuse scattering below and between them.

Unfortunately there does not exist any direct procedure
permitting to extract such information from the observed
diffuse intensities. The only way is to compare modelbased
calculated intensities with the observed ones. The progress
in computing techniques in last decades permits to produce
realistic models of crystalline lattices on nanometer scale
by a variety of approaches ranging from ab initio DFT
methods via molecular dynamics (MD) to phase-field mod-
els based on classical phenomenology (Landau formal-
ism). Alternatively, one may approach the problem by
reverse Monte-Carlo (RMC) modelling the displacement
pattern in a supercell without making any assumptions on
its origin.

With this progress in place the bottleneck has shifted
from calculating supercell models with adequate displace-
ment patterns to generating the corresponding diffuse scat-
tering distributions in reciprocal space. The principal issue
being the fact that scattering amplitudes from a lattice with
displaced atoms cannot be summed up using fast Fourier
transform algorithms (FFT) because of the displacement

phase factor exp(-iQR) being Q-dependent. For this reason
many efforts in recent years have been restricted to simple
models on small supercells, which made the direct (naive)
summation of the Fourier series viable [1,2], or to more in-
volved models and RMC analysis of the pair distribution
functions (PDF) [3-5], where the summation problém is re-
duced to a single dimension.

In this presentation we will introduce a novel approach
[6] permitting to address this problem and to generate dif-
fracted intensities from model supercells containing 10° at-
oms on seconds time scale. Even the computation of
dynamic scattering functions S(Q, ®) necessitating to han-
dle "movie" sequences of thousands of frames for the fre-
quency transform can be addressed in an interactive
manner.

1. Welberry T.R., Butler B.: J. Appl. Cryst. 27 (1994)
205-231.

2. Neder R.B., Proffen Th.: Diffuse Scattering and Defect
Structure Simulations: A cook book using the program
DISCUS, Oxford, 2008;
DOI:10.1093/acprof:0s0/9780199233694.001.0001.

3. McGreevy R.L., J. Phys.: Condens. Matter 13 (2001)
R877-R913.

4. Proffen Th. et al., Z. Kristallogr. 218 (2003) 132-143.
5. Eremenko M. et al., Nature Comm. 10 (2019) 2728.
6. KuldaJ., Acta Cryst. A (2022) in preparation.
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Shortly after the first diffraction limited synchrotron source
was built in Sweden, the ESRF upgrade took place and
with this the second modern storage ring entered operation
in Europe. The next one being the Swiss Light Source in
2025 we can ask the question what are the implications of
the new technology for X-ray imaging. I will approach this
question from various viewpoints including a discussion
about the opportunities offered by the higher spatial coher-

ence for nano and microtomography methods develop-
ment. Through selected science cases I will attempt to
indicate current trends in imaging methods development.
Beside these trends in novel acquisition and reconstruction
methods the weakest element in the workflow remains
multidimensional image analysis, therefore I will conclude
with commenting on this aspect of synchrotron imaging.

© Krystalograficka spoleénost



&

L25

Materials Structure, vol. 28, no. 2 (2022) 103

MHZ MICROSCOPY AT EUROPEAN XFEL
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First MHz rate fourth generation hard X-ray XFEL source
European XFEL [1] provide unique opportunity for char-
acterisation of stochastic dynamics occurring in various
systems either naturally or response is stimulated by an ex-
ternal force. High repetition rate of pulses (up to 4.5 MHz)
together with high flux per pulse allow to record projected
X-ray radiograms of dynamic samples and image more
then million frames per second with high spatio-temporal
resolution. Each such frame is illuminated using ultrashort
exposure (fs scale) given by the X-ray pulse duration pro-
viding “frozen in time” snapshots of stochastic phenom-
ena. This enable to film fast stochastic processes individual
realisations in slow smooth motion. Experimental configu-
ration of projection X-ray radiography is shown on Fig.1.
Moreover, EuXFEL SASEl undulator generate X-ray
pulses with three orders higher number of photons per
pulse (10" photons) as compared to synchrotrons reaching
hard X-ray range up to 24keV with ~20eV bandwidth. This

EuXFEL SASE1 Horizontal offset X-ray pulse Power slits
undulator mirrors train
O
INNNENET —_ =
INNNNNND — At = 886 ns

280 m

945 m

unique performance allows for implementation of X-ray
beam splitting schemes of multiprotection microscopy to
obtain 3D snapshots per single pulse of dynamic objects
sampled at MHz rate. We will present applications of re-
cently developed MHz XFEL projection X-ray microscopy
[2] applied for study of industrially relevant fluidic system
behaving stochastically and we will present experimental
results from recent characterisation of multi-projection
MHz X-ray which is being developed under EIC-Path-
finder MHz-Tomoscopy project at SPB/SFX instrument
[3].

1. W. Decking et al., Nature Photonics 14, 391-397 (2020).

2. P.Vagovi¢, et al., Optica 6, 1106-1109 (2019).

3. A.P.Mancuso et al., J. Synchrotron Rad., 26, 660—676
(2019).
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Figure 1. Experimental arrangement of MHz X-ray projection Microscopy at European XFEL SPB/SFX instrument.
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STRAIN MAPPING USING HIGH-ENERGY X-RAY DIFFRACTION

J. Bednaréik"?

TInstitute of Experimental Physics, Slovak Academy of Science, Watsonova 47, 040 01 Kosice, SR
2p J. Safarik University in KoSice, Institute of Physics, Park Angelinum 9, 041 54 KoSice, SR
jozef.bednarcik@upjs.sk

Zr-based bulk metallic glasses (BMGs) exhibit extremely
interesting mechanical properties such as superior strength
(~2 GPa), high elastic strain limit (~2%), relatively low
Young’s modulus (50-100 GPa), high impact and fracture
toughness, high corrosion resistance, excellent formability
in the supercooled liquid region, wear resistance and
biocompatibility [1]. Because of these unique properties
Zr-based BMGs are emerging as a new class of metallic
materials for biomedical, structural, and functional use.
Indentation techniques are used in many scientific
fields ranging from biology to materials science and nowa-
days, they are at the heart of material nanoscience. In recent
years the use of synchrotron radiation (SR) was increasing,
and many diffraction techniques appears to be more desir-
able [2]. High-energy X-ray diffraction provides an effec-
tive method to observe the changes at the atomic level
caused by mechanical treatment. Therefore, high-energy
X-ray diffraction can be used to map the strain fields
around an indent. Correlating the mechanical properties
with the structure on the atomic and mesoscopic scale is a
topic that promises a deeper understanding of the relevant
processes during deformation. While the physics in crystal-
line materials is understood by large, the situation in case of
amorphous solids is not advanced yet. Therefore, the con-
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nection of an indentation and diffraction gives a powerful
tool for the delineation of composition-structure-property
relationships and hence for material discovery and optimi-
zation.

In this contribution we present mapping of strain fields
of indented Zr-based BMG using high-energy micro-dif-
fraction technique. High-resolution spatially resolved
scans in the vicinity of indents were done both ex-situ and
in-situ.

1. Q. Chen, L. Liu, S. M. Zhang, Front. Mater. Sci China, 4,
(2010), 34.
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PAIRED REFINEMENT AND CRYSTAL ANISOTROPY
P. Kolenko'?, P. Mikulecky?, P.N. Pham? M. Maly"?, B. Schneider’

"Czech Technical University in Prague, Biehova 7, 115 19 Prague
2Institute of Biotechnology CAS, v.v.i., Primysilova 595, 252 50 Vestec
petr.kolenko@fjfi.cvut.cz

Anisotropy in diffraction qualities of crystals may repre-
sent a serious threat to the structure determination process.
When the differences in various directions of the reciprocal
space exceed the range of 0.5A resolution, problems with
phasing may arise, and the structure refinement process is
frequently unstable. Such difficulties also appear for struc-
tures with high resolution. Although a limited number of
tools for the data analysis is available, the current praxis is
not standardized and needs thorough revision.

We analyzed diffraction data from a crystal of an engi-
neered protein binder with a promising application as a
protein therapeutics [1]. The protein crystallized in space
group /4,22. The initial diffraction data quality indicators
of the data processed the standard way suggested the
high-resolution diffraction limit at 2.9 A. However, a com-
bination of data processed with STARANISO [2] and paired
refinement with PAIREF [3] showed a possible extension
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of the diffraction limit to 2.6 A in the direction along the /
axis. Calculated electron density display moderate im-
provement and easier interpretation for some side chains.

1. P.N. Pham, M. Huli¢iak, L. Biedermannova, J. Cemy, T.
Charnavets, G. Fuertes, S. Herynek, L. Kolatova, P.
Kolenko, J. Pavli¢ek, J. Zahradnik, P. Mikulecky, B.
Schneider, Viruses, 13, (2021), 190.

2. L.J. Tickle, C. Flensburg, P. Keller, W. Paciorek, A.
Sharff, C. Vonrhein, G. Bricogne. (2018). STARANISO
(http://staraniso.globalphasing.org/cgi-bin/staraniso.cgi).
Cambridge, United Kingdom: Global Phasing Ltd.

3. M. Maly, K. Diederichs, J. Dohnalek, P. Kolenko, /UCrJ,
7, (2020), 681-692.

This work was supported by MEYS CR (projects CAAS —
CZ.02.1.01/0.0/0.0/16_019/0000778) from the ERDF fund
and by the GA CTU in Prague (SGS22/114/OHK4/2T/14).

STRUCTURE DATABASE OF ORGANIC POLYMERS AND THEIR INTERACTIONS
WITH BIOMACROMOLECULES

J. Hasek', M. Steinhart?, T. Koval', P. Kolenko'?, T. Skalova', J. Brus?, J. Dohnalek’

"Institute of Biotechnology, Academy of Sciences, Primyslové 595, Vestec
?Institute of Macromolecular Chemistry, Academy of Sciences, Heyrovského nam.2, Praha 6
3Faculty of Nuclear Sciences and Physical Engineering CTU, Bfehova 7, Praha 1
hasekjh@seznam.cz

The Cambridge Structure Database of Organic and
Organo-Metalic Compounds (CSD) [1] in its 2022 ver-
sion) can be searched by the keyword “polymer”. It results
in a large number of organo-metalic polymers, i.e. the crys-
talline structures in which organic molecules are inter-con-
nected by metal bridges to form the “infinite” 1D, 2D, or
3D networks passing through the whole crystalline blocks.
These crystals are typically regular and the corresponding
clear diffraction pattern allows reliable and precise struc-
ture determination required for deposition into the CSD.
However, in the case of the classical organic polymers,
the preparation of the high quality crystalline samples is
extremely difficult namely because of polydispersity and
extremely long times required to achieve the equilibrium
state. Diffraction quality is thus often very low. The experi-
mental structures are often inaccurate and require theoreti-
cal re-modelling. Roughly, a half of the structure
determinations do not satisfy requirement for deposition in

the CSD. Some synthetic or natural polymers can be found
also in the Crystallography Open Database [2]. However,
about half of the published structures are not present in
these databases. This is the reason why the Polymer Struc-
ture Database (POLYBASE-2011) collecting all available
organic polymers [3] was prepared. The new
POLYBASE-2022 version will be completely re-cured
now.

Hydrophilic polymers are often used as precipitants for
crystallization of bio-macromolecules. It is the reason why
the Database of Protein-Polymer Interactions
(DPPI-2011) [3] was formed. The contemporary
DPPI-2022 version contains 3667 PDB structures of
bio-macromolecules (proteins and nucleic acids). The
structures collected from the RCSB server [4] experimen-
tally confirm complexation of poly(ethyleneglycol) chains
(at least four monomers in length) at the protein surface.
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Because many of these proteins are complexed with
more polymer chains, the DPPI-2022 contains several
thousand experimentally verified interactions of hydro-
philic organic polymers bound directly on the surface of
protein molecules. Visual inspection of the DPPI-2022
provides surprisingly high number of various types of pro-
tein-polymer interactions. Classification of these interac-
tions is a useful background for explaining the success of
poly(ethyleneglycol)-type polymers in many economically
important applications in the industry, science, medicine
and pharmaceutics.

The Polymer Structure Database (POLYBASE) and
the Database of Protein-Polymer Interactions (DPPI) are
presently updated and will be available on request in their
new versions by the end of 2022.
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The research was supported by the project CZ.02.1.01/0.0/
0.0/15_003/0000447 from the ERDF.

1. Groom, C. R., Bruno, L. J., Lightfoot M. P. and. Ward, S.
C. Acta Cryst. (2016) B72, 171-179.
DOI: 10.1107/52052520616003954

2. Quirds, M., Gratulis, S., Girdzijauskaité, S., Merkys, A. &
Vaitkus, A. Journal of Cheminformatics, (2018) 10 (23),
1-17. DOI: 10.1186/s13321-018-0279-6

3. Hasek, J., Z. Kristallogr. (2011) 28, 475-480. DOI:
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4.  wwPDB consortium Protein Data Bank: Nucleic Acids Re-
search, (2018) 47, D520-D528. DOI: 10.1093/nar/gky949.

THE UNIQUE STRUCTURE OF THE CELL WALL BINDING DOMAIN OF PHAGE
ENDOLYSIN

Lubica Urbénikové1, Martina Gerové1, Jiri Bryndaz, Julius Koét’an3, Nora Halgaéova'1 and
Gabriela Bukovska

'Institute of Molecular Biology SAS, Dubravska cesta 21, Bratislava, Slovak Republic
?Institute of Organic Chemistry and Biochemistry CAS, Flemmingovo namesti 542/2, Prague,

3Max F. Perutz Laboratories, University of Vienna, Vienna, Austria
lubica.urbanikova@savba.sk

Bacteriophage-encoded endolysins, enzymes showing
bacteriolytic activity, are of growing interest for their ap-
plications as enzybiotics in veterinary and/or human medi-
cines and various field of biotechnology, e.g. food safety.
Bacteriophage BFK20 is a lytic phage of Brevibacterium
flavum CCM 251 (gram positive corynebacteria), indus-
trial producer of L-lysine. The genome of the bacterio-
phage BFK20 has been sequenced and analyzed (EMBL
accession no. AJ278322) [1]. The gene product of ORF24"
was identified as endolysin gp24” (UniProt ID Q9MBIO0),
an enzyme necessary for cell lysis and release of mature
phage particles from the infected bacterial cells. The pro-
tein is composed of two domains, a catalytic domain exhib-
iting N-acetylmuramoyl-L-alanine amidase activity, and a
cell wall binding domain (gp24BD), which are connected
by a proline-rich linker. The individual domains were
cloned separately and the cell wall binding capability of the
C-terminal region (81 aa) was proved experimentally [2].
The whole protein as well as individual domains were crys-
tallized, but only crystals of individual gp24BD were ob-
tained. Needle shaped crystals belonging to hexagonal
space group P622 were grown overnight. Crystals dif-
fracted to 3.2A resolution using synchrotron source of radi-
ation, but were twinned and not suitable for structure
determination. Later, the crystals recrystallized directly in
the crystallization drop. The newly obtained crystals dif-
fracted to 1.4A resolution using home diffractometer. They
belonged to tetragonal space group P42,2. The same pro-
tein samples stored for several weeks at 4 °C crystallized
directly in the form of tetragonal crystals. Tetragonal crys-
tals were dissolved and the protein analysis showed ran-

dom proteolysis and protein shortening by 8 amino acid
residues.

The 1.4A resolution data set was used for structure so-
lution by the direct method using the program
ARCIMBOLDO-LITE [3]. The overall structure revealed
very loose bundle of three a-helices. The asymmetric unit
contains one protein molecule. The crystal symmetry gives
four molecules in the unit cell forming very compact
tetramer. Based on the PISA prediction the tetramer is sta-
ble also in solution. The oligomers have also been experi-
mentally detected, thus one can speculate about the
oligomeric state as biologically active unit. Closer inspec-
tion revealed the amphipathic nature of the helices and the
tetrameric coiled-coil structure. An electron density was
found in the tetramer cavity to which metal and chlorine
ions were modelled. The coiled-coil structure is interrupted
by a loop (one from each molecule). Between each two
neighbour molecules a molecule of glycerol was identified
sitting mostly at the loop. Molecular docking experiments
performed using a rhamnose molecule supported the idea
that glycerol maps the binding site which may be large
enough to accommodate a substrate composed of several
monomers. The gp24BD is unrelated to any of the known
cell wall binding domains of phage endolysins by the
amino acid sequence and also by the structure; this is the
first evidence of the endolysin binding domain showing the
coiled-coil structure. BFK20 phage endolysin binds to the
cell walls of corynebacteria in a highly specific manner,
unfortunately, the specific composition and structure of
their cell walls and the exact peptidoglycan substrate of
gp24BD have not yet been determined. To answer the
questions concerning the functioning of the binding do-
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main and the whole endolysin, further work is needed, es-
pecially the structure of the whole molecule and the
complexes with possible ligands should be solved.

1. G. Bukovska, L. Klucar, C. Vlcek, J. Adamovic, J. Turna,
J. Timko, Virology, 348, (2006), 57-71.
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2. M. Gerova, N. Halgasova, J. Ugorcakova, G. Bukovska,
FEMS Microbiol Lett., 321, (2011), 83-91.

3. D. Rodriguez, M. Sammito, K. Meindl, I. M. de Ilarduya,
M. Potratz, G. M. Sheldrick and I. Usoén, Acta Crystallogr.
D, D68, (2012), 336-343.

XRPD AS A POWERFUL TOOL FOR STUDY OF PAINTED ARTWORKS

Silvie Svarcova’, Petr Bezdiéka', Eva Koéi', Janka Hradilova?, David Hradil'?

'Institute of Inorganic Chemistry of the Czech Academy of Sciences, ALMA Laboratory, Husinec-Rez 1001,
250 68 Husinec-Rez
’Academy of Fine Arts in Prague, ALMA Laboratory, U Akademie 4, 170 22 Prague 7 Czech Republic

Laboratory X-ray powder diffraction is a very effective and
non-destructive method for direct phase analysis of paint
layers usually consisting of complicated mixtures of pig-
ments, binders, dyes, fillers and/or degradation products.
While a conventional Bragg-Brentano set-up allows direct
non-invasive analysis of smaller painted objects, e.g. min-
iature portraits, a micro-diffraction mode plays a substan-
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tial role in the analysis of samples (usually smaller than 1
mm) taken from paintings. The application of mineralogi-
cal analysis for study of provenance and technology of late
Gothic/early Renaissance painting materials as well as ex-
amples of uncovered degradation products will be pre-
sented. The methodological pros and cons will be also
discussed.

DETERMINATION OF STRUCTURE OF SMALL PARTICLES

P. Roupcové1’2, 0. Schneeweiss1, T. Sojkové1, N. Pizurova'

'Institute of Physics of Material ASCR, Zizkova 22, Brno 61662, Czech Republic
2CEITEC Brno University of Technology, Purkyriova 123, Brno 612 00, Czech Republic
roupcova@ipm.cz

We are producing and studying Magnetic Nanoparticles
(MNPs) due its applications in biomedicine. The suitable
size have to be comparable to biological entities (cells,
proteins, and genes), controllable transport of MNPs in
human body (drug delivery). The purpose of our study is
produce particles for their ability to generate heat when an
AC magnetic field is applied (magnetic hyperthermia). In
particular, magnetic hyperthermia therapy is based on the
fact that some types of cancer cells are more sensitive at
temperature 41-45 °C than the healthy cells and that the re-
quired heat can be produced by MNPs. Nowadays major-
ity in-field investigations are based on in vitro or in vivo
animal model, but also, in the case of iron oxide based
MNPs, this approach is used at the clinical level [1]. The
heating ability of MNPs is dependent on morphology,
microstructural and magnetic properties of MNPs, but also
related to the amplitude and frequency of an applied mag-
netic field. In that sense, during the last years the synthesis
methods have been intensively developed in order to con-
trol particle size distribution, surface effects and the degree
of interparticle interactions, so that magnetic properties fa-
vourable for particular application could be successfully
tailored. Although the tons of studies was published, there
is huge confusion and misunderstanding in terms such as
particle, crystalline and grain size, which influenced the
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Figure 1. X-ray pattern of tiny particles.
main characteristic — the magnetic properties. The

confusion is originated by very wrong understanding of an-
alytical method which are applied. For our purpose of mag-
netic hyperthermia, we are looking for magnetite Fe;04
and maghemite y-Fe,0s.

The standard method of determination of phase compo-
sition by X-ray powder diffraction (XRD) is not very help-
ful (see Fig. 1) in our case it produced results on the range
in between nano/amorphous which could be interpreted in
any way or it could not be interpreted at all.
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As well as the chemical composition obtain by EDS do
not lead us to the correct results because the presence of S
was overlooked in the samples R1 a R2. Eventually, the
real structure and the chemical bound was determined by
X-ray photoemission and Mossbauer spectroscopy which
show as the presence of S and omit the existence Fe*" type
of bound for all samples. The measurement of magnetic
properties by PPMS was much more helpful. It distinguish
Neél temperatures and Morine transition of hematite (R3
and R4) at 940K and at 250K and the same temperatures
when maghemite transform to hematite (R1 and R2) [2,3].

L32

This more advanced technique helps us to determine
the phase composition as maghemite and hematite instead
of magnetite and maghemite, we are expecting.

1.  M.R. Horsman, J. Overgaard, Clinical Oncology, 19,
(2007) 418.

2. Cornell, R. M., Schwertmann, The Iron Oxides, Weinheim,
Germany, WileyVCH, 2003, 664.

3. MORIN, F., Physical Review, 78 , (1950) 819.

We acknowledge CzechNanoLab Research Infrastructure
supported by MEYS CR (LM2018110).

RTG TOMOGRAFIE - PRVNi ZKUSENOSTI

J. Drahokoupil, A. Skolakova, J. Pinc

Fyzikaini ustav, Akademie véd Ceské Republiky, Na Slovance 2, 182 21 Praha 8, Ceska Republika
draho@fzu.cz

Zacatkem letosniho roku byl ve Fyzikalnim tstavu uveden
do provozu rentgenovy tomograf ZEISS Xradia 610 Versa,
viz obr. 1. V pfispévku bych se rad vénoval mym prvnim
zkuSenostem nejenom s timto tomografem, ale i z tomo-
grafii obecné.

Princip méfeni je na tomto tomografu zalozen na
kombinaci nékolika stovek az tisic snimkl s rdznou
orientaci vzorku kolem vertikalni osy. Jako zdroj zafeni je
zde pouzita wolframova anoda s volbou urychlovaciho
napéti od 30 do 160 kV. Cim je vét$i napéti tim ma
spektrum vinovych délek vétsi cast v tvrdsi ¢asti spektra, a
tedy dochazi obecné k mensi absorpci zafeni ve vzorku.
Pro modifikaci spektra je mozné pouzit i sadu absorpcnich
filtrt které se umist'uji na zdroj zareni. Pro pfedstavu lze
fici, ze napt. hoic¢ikové vzorky lze métit az o tloustce
n¢kolika malo centimetrti, zatimco u vysokoentropickych
slitin obsahujici t€z81 kovy narazime na problémy u vzorka
o tloustce nekolika malo milimetrt. Na§ tomograf je
vybaven objektivy se zvétSenim 4x a 20x a v idealnim

Obrazek. 1. Vnitiek tomografu Xradia 610 Versa.

Obrazek 2. Rez vnitini strukturou vlagského ofechu.

pfipadé dosahuje rozliSeni az 200 nm na voxel.

Dosazitelné rozliseni je dano také velkosti a tvarem vzorku
(vzdalenosti mezi studovanou oblasti na vzorku a zdrojem
zafeni) a jeho absorpénimi vlastnostmi, protoze s vEétSim

Obrazek 3. Drzacek vzorku a vzorek vysokoentropické slitiny o
rozmérech 5x5x3 mm.
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zvétsenim objektivu se na detektoru pouziva tenéi detekéni
vrstva a tvrdsi slozky zafeni se hife detekuji.

Z vprincipu metody je ziejmé ze velmi dobfe
pozorovatelné jsou pory, ¢i kontrast mezi vzduchem a
materidlem. Jako ilustrativni ptiklad zde uvadim fez
pohled na mikrostrukturu vzorku obsahujicim faze
s mens$im absorpnim kontrastem, viz. napt. dendriticka
mikrostruktura v lité¢ vysokoentropické slitin€ na obr 4.

Praktické zkuSenosti ukazuji, ze pokud umistime
vzorek velkymi plochami rovnobézné ¢i kolmo na osu
otaceni dochazi k nezadoucim artefaktim ve vysledném
3D obraze. Je proto vhodné umistit vzorek pod tthlem. Jako
dobry nastroj se ukazala 3D tiskarna, na které si celkem
snadno mizete vytvorit drza¢ek na miru, viz obr 3. Dalsi
vyhodou umisténi bézného vzorku ve tvaru kvadru tak aby
byl $pi¢kou nahoru a v ose otaeni je ten, ze muzete
studovat silné absorbuji vzorky bez nutnosti jejich fezani.
Coz je v duchu rtg tomografie jako nedestruktivni metody,
kterd nam umoznuje nahlédnout do wvnitini struktury
materidlu.
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Obrizek 4. Rez $pitkou vzorku z obr. 3. Velikost pixelu cca 1.5
pm.

PHASE TRANSFORMATIONS IN ZIRCONIUM AND TITANIUM ALLOYS

Petr Dolezal, Kristina Bartha, Anna Veverkova, Josef Strasky

Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Praha 2

The application potential of zirconium and titanium alloys
can be seen in automobile, aircraft industry and in medicine
as well. Thus, they are intensively studied mainly for their
mechanical properties such as corrosion resistance,
biocompatibility and specific strength. The mechanical
properties are strongly influenced by the microstructure
and phase composition of these alloys. Both pure zirco-
nium and titanium can exist in two distinct crystal struc-
tures - alpha and beta phase. The beta phase is stable only at
high temperatures above 700 °C (so-called beta-transus
temperature), however the stability and coexistence of
phases are strongly influenced by adding beta-stabilizing
elements (stabilizes the beta phase) to the alloy, such as Mo
or Nb. A higher content of the beta-stabilizers results in sta-
ble beta phase even at room temperature. The beta phase
has a cubic body-centred unit cell. The alpha phase has a
slightly distorted hexagonal close packed (hcp) structure
where the most densely packed planes {110} of beta be-
come the basal planes {0001} of alpha. In alloys with
higher amount of the beta-stabilizing elements (~ 10-15
wt.%) a so-called omega phase may form. The omega
phase has a hexagonal structure which is a result of a col-

lapse of two-thirds of the {111} beta layers into one layer.
The omega phase causes a brittleness of the material — its
presence is undesirable. However, it forms in the alloys via
martensitic transformation upon quenching from tempera-
tures above beta-transus temperature and disappears upon
heating to higher temperatures ~ 500 °C. Therefore, a com-
plete understanding of phase transformations occurring
upon heating in the alloys is necessary in order to choose an
appropriate thermomechanical treatment to achieve the de-
sired mechanical properties of the materials.

The presented study is focused on the investigation of
phase content and stability in Zr12Nb, Zr15Nb and
Ti15Mo alloys in temperature interval 30 — 800 °C. The
high energy X-ray diffraction measurements were per-
formed on polycrystalline bulk samples. In all three alloys
the formation of the omega phase is observable which com-
pletely disappears above 500 °C and is followed by the for-
mation of alpha phase. Although the sequence of the
formation of phases is the same in both type of alloys, the
mechanism and way of the formation of the omega phase is
different.

© Krystalograficka spolecnost



110 Struktura 2022 - Lectures

Materials Structure, vol. 28, no. 2 (2022)

L34

METASTABLE ALUMINAS IN PLASMA SPRAYED COATINGS
F. Luka&'? R. Musalek’, T. Tesaf', Jan Medficky', Jonas Dudik'?
'Institute of Plasma Physics of the Czech Academy of Sciences, Za Slovankou 3,

182 00 Prague 8, Czech Republic

2Faculty of Mathematics and Physics, Charles University in Prague, V HoleSovi¢kach 2,
180 00 Prague 8, Czech Republic
3Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Trojanova
13, 120 01 Prague, Czech Republic
lukac@ipp.cas.cz

Plasma sprayed coatings are materials with history of ex-
treme thermal conditions. Very fine ceramic powder parti-
cles are carried by gas into high enthalpy plasma stream
generated by plasma torch and molten droplets are pro-
jected onto cooled substrate. Solidified splats of added ma-
terial are being layered and become a heat-sink for next
incoming overheated liquid droplets. Therefore, interesting
chemical compounds may be formed on the interface be-
tween splats despite high cooling rate. Moreover, recent
advances in plasma technology enable injection of second-
ary material into the plasma torch by feeding of liquid sus-
pension or solution. Using ethanol or water carriers
influences already harsh conditions and new parameters of
freedom for tailoring of coatings are available. Recently,
we utilized hybrid plasma spraying process by simulta-
neously feeding the plasma stream with both powder and
liquid feedstocks [1]. Very fine splats formed from liquid
precursors may act as a cohesion improving agent for better
durability of coatings.

Figure 1 shows an example of hybrid coating sprayed
from Al,O; powder and a water based TiO, suspension. At
the interface of splats between alumina and titania, the
newly formed AL TiOs phase was identified. However,
only on the upper interfaces where the large alumina drop-
let interacted with already deposited miniature TiO, and
the interdiffusion happened. Figure 2 shows the X-ray
diffractogram of such coating. Major part of peaks inten-
sity is in metastable phases o and y-Al,O; whose defected
spinel structure is still not well describable by Rietveld re-
finement fitting. Therefore, combination of standards of
powder deposited coatings with XRF method is necessary
to achieve accurate phase ratios

1. R. Musalek, T. Tesar, J. Dudik, J. Medricky, J. Cech, F.
Lukac, J Therm Spray Tech (2022).

Authors would like to acknowledge the financial support
from the Grant Agency of Czech Republic by project
22-21478S.
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Figure 1. Micrographs of plasma sprayed coating of Al,O; fed
as a powder (dark) and TiO, fed as a liquid suspension (white).
Interface between splats shows formed Al,TiOs phase formed
during cooling process.
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Figure 2. Micrographs of plasma sprayed coating of Al,O; fed as a powder (dark) and TiO, fed as a liquid suspension (wihte). Interface
between splats shows formed Al,TiOs phase formed during cooling process.
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IN-SITU X-RAY DIFFRACTION DURING TENSION ON OFF-STOICHIOMETRIC
Ni;MnGa SINGLE CRYSTAL

Petr Cejpek, Kristian Mathis, Daria Drozdenko, Ross Colman, Oleg Heczko, Ladislav Straka

Faculty of Mathematics and Physics, Charles University, Ke Karlovu , 121 16 Praha 2

Ni,MnGQGa is a broadly studied system because of its proper-
ties related to the magnetic shape memory. The compounds
based on Ni-Mn-Ga system have also an interesting appli-
cation potential as the micropumps or the sensors [1, 2].
Their shape memory properties are connected to the
martensitic transformation, during which the high-temper-
ature cubic phase (austenite) undergoes a transformation to
the low-temperature phase with a lower symmetry
(martensite) [3]. Because of a large magnetic anisotropy
and a high mobility of the internal regions (so called twin
variants/twinned domains)

induced reorientation could be achieved - it is more ener-
getically preferable to reorient the whole unit cell than to
rotate magnetic moments. A similar structural reorientation
could be achieved by the application of an external me-

chanical force in tension or compression.

The high-resolution reciprocal space mapping with
X-ray diffraction proved itself as a good tool to study the
structure in Ni;MnGa specimens [3, 4], which could con-
tain several twin variants due to the shape memory effects.
The reciprocal space mapping helps to distinguish between
the Bragg reflections corresponding to individual twins.
Moreover, reciprocal space mapping allows the precise
study of the lattice parameters and a possible modulation in
the structure. Our goal was to study the structure during the
reorientation by X-ray diffraction in-situ in the applied ten-

sion.

For this purpose, we mounted the tensile stage (possible
load up to 4 kN) inside the diffractometer. The studied
specimen was NisoMnygGa,, with martensitic structure at
the room temperature. The diffraction measurements re-
vealed the strain in the direction of applied tension about

approximately 3 % at 20 MPa leading to an exceptionally
small Young modulus below 1 GPa. The structural modu-
lation propagated along [1 1 0] is affected depending on the
direction of applied tension. The modulation amplitude de-
creases when the applied tension is parallel to the basal
plane (0 0 1). When the tension is applied perpendicularly
to (0 0 1), the amplitude remains almost constant. The
length of modulation vector remains the same within the
range of errorbars regardless on the tension direction. The
results also differ in dependence on the way how the sam-
ple is hold inside the stage. Holding directly with clamps
allows almost full structural reorientation at approximately
10 MPa, but the sample cracks when the twin boundary
reached the place on the sample hold by the clamps. Hold-
ing by a glue prevented the reorientation and the full reori-

entation did not occur up to 20 MPa.

1. A.R. Smith, et al., Microfluidic. Nanofluidics, 18 (2005),
p. 1255, doi: 10.1007/s10404-014-1524-6.

2. A.Hobza, et al., Sensor. Actuator. A, 269 (2018), p. 137,
doi: 10.1016/j.sna.2017.11.002.

3. 0. Heczko, et al., Acta Mater., 115 (2016), pp. 250-258,
doi: 10.1016/j.actamat.2016.05.047.

4. P. Cejpek, et al., J. Alloys Compd., 855 (2021) 157327,

doi: 10.1016/j.jallcom.2020.157327.

This work was supported by CSF grant No. 19-09882S and
by Operational Programme Research, Development and
Education financed by the European Structural and Invest-
ment Funds and the Czech Ministry of Education, Youth
and Sports, project MATFUN CZ.02.1.01/0.0/0.0/
15_003/0000487.
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MICROSTRUCTURE OF THIN LAYERS OF GOLD AND GOLD NANOPARTICLES

T. Kosutova Z. Krtous J. Kousal
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D. N|k|t|n1 H. Blederman1 P. Pleskunov1 L. Horak M. Doplta1

"Charles University in Prague, Faculty of Mathematica and Physics, Czech Republic
2Instituto de Cienciade Materialesde Madrid (ICMM-CSIC), Madrid, Spain

In the presented study, we investigated differences in the
microstructure of thin gold layers and layers of gold
nanoparticles with a focus on their thermal development.
Thin films composed of nanoparticles are interesting for
applications because of their inherent high porosity, which
is essential for gas sensing, efficient batteries, catalysis or
hydrogen storage applications. The thermal stability of
nanoparticle layers depends on chemical and phase compo-
sition, the configuration of nanoparticles or the atmosphere
in which they are heated up and it is critical for multiple ap-
plications of gold nanoparticles.

The homogeneous gold nanoparticles in our study were
prepared by magnetron sputtering from pure metal targets
followed by aggregation of fragments to the metallic clus-
ters, by so-called gas aggregation cluster sources. The gold
thin films for comparison were prepared by evaporation
and by sputtering. A Series of samples with various thick-
nesses deposited on silicon substrates were characterized

SL2

after preparation and also under annealing up to 1000 °C in
the air atmosphere.

Size distribution and morphology of nanoparticles were
determined by small angle X-ray scattering (SAXS),
atomic force microscopy (AFM) and confirmed by scan-
ning electron microscopy measurements (SEM) for ex-situ
annealed samples. In-situ measurements of X-ray diffrac-
tion were used to characterize the thermal evolution of lat-
tice parameters, microstructural defects and sizes of
crystallites.

The as-deposited gold nanoparticles contain a large
amount of stacking faults (up to 6 %) and also significant
microstrain in the crystal structure. During annealing, or-
dering of the structure is observed together with the
step-like increase of the sizes of crystallites following the
increase of the sizes of whole nanoparticles. The occur-
rence of the holes in the substrates after heating to the high-
est temperatures was successfully explained.

STRUCTURAL DEFECTS IN SIC AND GE MICROCRYSTALS

M. Podhorsky, M. Meduna

Department of Condensed Matter Physics, Masaryk University, Brno, Czech Republic
martinpodhorskyj@gmail.com

Reciprocal space mapping (RSM) is a method of X-ray
analysis which can provide us with useful structural infor-
mation about studied samples, such as mismatch, strain, re-
laxation and defects of epitaxial grown layers on a
substrate [1].

The studied samples consisted of large array of Ge and
SiC microcrystals grown by Low-energy plasma-enhanced
chemical vapor deposition (LEPECVD) technique [2].
This method enables fast, low-temperature epitaxial
growth of crystals onto micrometer-scale tall pillars etched
into Si(001). The method was developed at ETH Ziirich,
where the samples were also prepared in the group from H.
von Kinel [3]. It enables to grow relatively thick layers
with different lattice parameters of high structural quality
[3, 4]. The samples were subjected to X-ray study in order
to obtain structural information.

In our experiment we used Rigaku SmartLab
diffractometer, which uses X-ray source with characteristic
wavelength of 0.154 nm and a hybrid multi-dimensional
pixel detector HyPix-3000. The data acquisition by the de-
tector can be done in 0D, 1D and 2D regime. For our analy-
sis we opted for the linear regime. We placed the sample on
a goniometric table and put a series of linear slits and
monochromators between the source, sample and the de-
tector. First we measured QxQz reciprocal space maps
(RSMs) around symmetric and asymmetric diffractions of
the samples at two different azimuths (0° and 90°), particu-
larly (004) and (224) for Ge and (004) and (113) for SiC,
from which we obtained the lattice parameter, strain and re-
laxation of the array of microcrystals.

The next part of our measurement was aimed to obtain
RSMs of the samples in the plane parallel to sample surface
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Figure 1. QxQy RSMs for a) Ge and b) SiC samples. In a) the maximum was cut out in order to showcase the satellite maxima. The
maxima originate from crystal lattice bending and they copy a four-fold symmetry of microcrystal geometry. The satellite maxima in
b) correspond to cuts through streaks {111} originating from defects (stacking faults) in the SiC microcrystal layer [7].

(QxQy). This is impossible to do with standard laboratory
set-up, which enables us to measure only the QxQz plane
of the reciprocal space. One way of obtaining the QxQy
RSM for certain Qz is to measure multiple QxQz RSMs at
different azimuthal rotations and transforming them using
Radon transform [5]. Radon transform is a mathematical
method used to construct 3D intensity images from 2D
slices, commonly used in computer tomography [6].

We measured RSM of one diffraction maximum, par-
ticularly (004) and (002) for Ge and SiC respectively, at
different azimuths ranging from 0° up to 180° with a 2°
step. The QxQz RSMs measured at different azimuthal an-
gles were transformed into a series of sinograms, from
which it was possible to obtain series of QxQy RSMs for
the measured range of Qz positions. Examples of recon-
structed QxQy RSMs are shown in Figure 1.

The obtained QxQy RSMs for different Qz form set of
slices through the reciprocal space which can generally
built a 3D RSM. The distribution of scattered intensity in
3D reciprocal space can then provide another view on anal-
ysis of structural defects such as local lattice strain, misfit
dislocations or stacking faults present in the studied
samples.

1. U. Pietsch, V. Holy, T. Baumbach, High-Resolution X-Ray
Scattering, Springer New York, NY, 2004.

2. C.Rosenblad, H.R. Deller, T. Graf, E. Miiller, H. von
Kénel, Journal of Crystal Growth 188, (1998), 125.

3. C.V.Falub, H. von Kénel, F. Isa, R. Bergamaschini, A.
Marzegalli, D. Chrastina, G. Isella, E. Miiller, P.
Niedermann, L. Miglio, Science, 335, (2012), 1330.

4. H.von Kinel, L. Miglio, D. Crippa, T. Kreiliger, M.
Mauceri, M. Puglisi, F. Mancarella, R. Anzalone, N.
Piluso, F. La Via, Materials Science Forum 821-823,
(2015), 193.

5. M. Meduna, F. Isa, F. Brennan, H. von Kénel, J. Appl.
Cryst. 55, (2022) in print.

6. P. Suetens, Fundamentals of Medical Imaging, Cambridge
University Press, 2009.

7. M. Meduna, T. Kreiliger, M. Mauceri, M. Puglisi, F.
Mancarella, F. La Via, D. Crippa, L. Miglio, H. von Kénel,
Journal of Crystal Growth 507, (2019), 70.

We acknowledge Claudiu V. Falub and Hans von Kdnel for
providing the SiC and SiGe microcrystal samples.
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SIZE DEPENDENCE OF SURFACE SPIN DISORDER IN FERRITE NANOPARTICLES
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7Faculty of Science, Charles University, Prague, Czech Republic
®Faculty of Chemical and Geological Science, University of Cagliari, Monserrato, Italy
3Polymer Morphology, Institute of Macromolecular Chemistry CAS, Prague, Czech Republic
*Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic

Surface spin disorder or canting arises from the breaking of
exchange bonds and the breaking symmetry of the lattice,
and thus crucially determines the performance of magnetic
nanoparticles (NPs) and their potential technological and
biomedical applications [1, 2]. Despite an enormous inter-
est and technological relevance of magnetic NPs, there is
still a lack of knowledge on the magnetic NPs spin struc-
ture. Due to the surface-to-volume ratio, surface effects
will be closely related to the particle and coherent domain
size. However, it is difficult to isolate the surface contribu-
tion from the bulk effects using macroscopic magnetization
techniques, such as magnetization measurements, ferro-
magnetic resonance, Mdssbauer spectroscopy [3], X-ray
magnetic circular dichroism [4], and electron energy loss
spectroscopy [5]. A spatially resolved magnetization is re-
quired to unveil and disentangle the surface contribution.
Half-polarized small angle-neutron scattering (SANSPOL)
enables us to investigate the magnetization on the
nanometer scale [6]. Our previous study has proven that the
magnetic volume in ferrite NPs is not fixed at the coherent
domain size but increases with the applied magnetic field
[7]. This implies that the applied magnetic fields polarize
the disordered surface spins, leading to an increase in the
magnetic size of the NPs [7].

In this contribution, we will present the size depend-
ence of the disorder energy and the surface anisotropy in
spherical CoFe,O4 NPs with different coherent domain
sizes range of 3.1(1), 6.3(2), and 8.6(1) nm synthesized us-
ing the oleate-based solvothermal method [8] with narrow
size distribution confirmed by transmission electron mi-
croscopy (TEM) and small-angle X-ray scattering (SAXS).
Rietveld’s analysis shows that coherent domain size is

3 o.r

)'\“ e

=) O )

smaller than mean particle size, suggesting a possible pres-
ence of a spin disorder or canting. The spatial magnetiza-
tion distribution obtained from SANSPOL reveals
significant magnetic field dependence of magnetized vol-
ume for each sample, but with different degrees of the total
magnetized NP volume. Ultimately, we will discuss the
particle and coherent size dependence of the surface aniso-
tropy constant.

We greatly acknowledge Dr. Jana Havlickova for the TGA
analysis, and Dusan Rohal for synthetizing 1 samples. We
acknowledge the Institut Laue-Langevin, Grenoble,
France for the provision of beamtime at the instrument
D33 and Dr. Nina J. Steinke for the technical support at the
instrument.

1. E. Tronc et al., Journal of Magnetism and Magnetic Mate-
rials 221 (2000) 6379.

2. A. Omelyanchik et al., Nanomaterials. 10 (2020) 1288.

3. B.N. Pianciola et al., J. Magn. Magn.Mater. 377 (2015)
44,

4. V.Bonanni et al., Appl. Phys. Lett. 112 (2018) 022404.
5. D.S. Negi et al., Phys. Rev. B 95 (2017) 174444.

6. S. Miihlbauer et al., Rev Mod Phys. 91 (2019) 015004..7.
D. Zakutna et al., Phys Rev X. 10 (2020) 031019.

8. M. Sanna Angotzi et al., J. Nanosci. Nanotechnol. 19
(2019) 4954.

Figure 1. Schematic presentation of the size dependence of magnetized volume growth in applied magnetic field. Grey and
brown particle part corresponds to the disorder and magnetized volume of nanoparticles.
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METAL CARBOXYLATES IN PAINTINGS - THE STUDY OF THEIR STRUCTURE AND
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Saponification, resulting from pigment-binder interactions
is one of the most dangerous degradation phenomena af-
fecting the appearance and stability of paintings. The crys-
tallization of metal carboxylates (soaps) is assumed as a
critical point for the development of undesirable changes
manifested as protrusions, efflorescence, darkening and
etc. However, factors triggering this process are not fully
understood, limiting the development of a suitable strategy
for conservation and preservation of precious works of art.

Previous research of the portrait miniatures [1] has re-
vealed presence of different types of crystalline metal
carboxylates frequently in a conjoined occurrence of lead
white (2PbCO;-Pb(OH),) and cinnabar (HgS) pigments in
paint layers, exceptionally even without presence of any
lead-based pigment. These findings indicated that HgS as-
sists to the formation of Pb and/or Hg carboxylates. Never-
theless, its role in the reaction mechanism has to be
clarified.

The paucity of reliable reference structural data limited
the experimental research of HgS effect on the pig-
ment-binder interactions on molecular level. In our previ-
ous research [2], the long chain simple and mixed mercury
(IT) carboxylates in the series Hg(C16),(C18),« (x= 0.0;

0.2;0.5;0.8; 1.0; 1.2; 1.5; 1.8; 2.0) were synthesized in the
form of pure polycrystalline powders and characterized by
XRPD, ssNMR, FTIR and DSC. The crystal structure of
the studied mercury carboxylates was described on the ba-
sis of complementary ssNMR and XRPD measurements,
Rietveld refinement and DFT calculations. All the sub-
jected compounds crystallize in a monoclinic lattice of the
C2/c symmetry. Mercury atoms are arranged in a slightly
distorted square antiprismatic geometry and are
monodentatically bonded to carboxylate anions. The struc-
tural disorder at the aliphatic end of the stearic acid chains
was detected in the mixed carboxylates.

The synthesized and characterized metal carboxylates
were applied for the study of formation of metal soaps in
model experiments simulating egg and/or oil-based paint
systems consisted of lead and/or mercury-based pigments,
and furthermore for the study of their crystallization in
oil-based polymeric matrix.

1. S. Garrappa, D. Hradil, J. Hradilova, et al., Anal. Bioanal.
Chem., 2021, 413, 263-278.

2. R. Barannikov, E. Ko¢i, P. Bezdicka, et. al. Dalton Trans.,
2022, 51,4019-4032.
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Quantum dots (QDs) are strongly confined semiconductor
nanoparticles that exhibit novel and size-tunable properties
as a result of quantum confinement effects in the particle
size regime comparable to their Bohr excitonic radius. QDs
have been rigorously studied to employ their desirable
properties in optoelectronic devices; these very same
size-tunable optoelectronic properties have also been in-
vestigated for potentially widespread use in sensing and
imaging applications in biological systems [1-3]. CdTe is
such a II-VI semiconductor compound, whose particle size
can be tailored to exhibit luminescence across the visible
spectrum [4]. However, to make CdTe a suitable material
to be used in biological systems, it must be made water-sol-
uble with the use of a biocompatible ‘capping’ material;
capping the CdTe QD also affords it increased mechanical,
chemical and luminescent stability [S]. The choice of func-
tional group of the material used to cap the CdTe QD also
lends to it easily tuneable surface properties that can be

—— CdTe@TGA QDs
(refluxed for 15mins)
—— CdTe PDF No. 75-2086

(111)

Intensity (a.u.)

20 30 70 80

40 50 60
20 (degree)

Figure 1. XRD analysis of the synthesised CdTe@TGA QDs
refluxed for 15mins

used in biomedical tracking and drug delivery applications
[6].

In the present work, we have synthesised and studied a
series of CdTe QDs capped with four different thiols: (i)
Thioglycolic acid (TGA), (ii)) Mercaptoethyl amine
(MEA), (iii) L-Cysteine (L-Cys), and (iv) Glutathione
(GSH). An aqueous route was employed to synthesise all
the samples, with varying reflux times for the different
thiols used for capping. Fig.1 illustrates the confirmation of
the cubic CdTe phase of the seed material from the XRD
analysis of the synthesised CdTe@TGA QDs refluxed for
15mins; highest intensity characteristic (111) peak was fur-
ther analysed to calculate the lower limit of crystallite size
(2.4nm), interplanar spacing (3.65 A), lattice constant
(6.32 A), microstrain and dislocation density. HRTEM and
SAED studies further supported the results obtained from
the XRD analysis. Fig.2 shows the comparison of the FTIR
spectra of the CdTe@MEA QDs with the FTIR spectra of
MEA; evidence of cleavage of the H-SR bond in thiols and
simultaneous formation of the Cd-SR bond was used to

Mercaptoethyl Amine

Transmittance (a.u.)

4000

Wavenumber (cm™)

Figure 2. Comparison of the FTIR spectra of the synthesised
CdTe@MEA QDs with the FTIR spectra of MEA
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Figure 3. UV-visible absorption spectra of the synthesised
CdTe@L-Cys QDs refluxed for different times.
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Figure 4. Photoluminescent emission spectra of the synthesised

CdTe@GSH QDs refluxed for different times. Inset shows the
deconvolution of the emission peaks at longer reflux times.

confirm the successful capping of all the thiols to the sur-
face of the CdTe QDs.

Fig.3 shows the UV-visible absorption spectra of the
synthesised CdTe@L-Cys QDs refluxed for different
times. All synthesised samples exhibited blue-shift in ab-
sorption edge as compared to the bulk CdTe, confirming
the strong size confinement of the nanoparticles; with in-
creasing reflux time, the absorption edge shifted gradually
to longer wavelengths for all samples. Band-gap energy
was obtained from the Gaussian-fitted peak position of the
1** derivative of absorption v/s energy plot; tight binding

approximation model was used to calculate the size of the
QD from the band gap energy. Particle size growth with in-
creasing reflux time was observed for all samples:
CdTe@GSH reached a predetermined particle size (4nm)
the fastest (90mins) when compared to the other thiol
capped CdTe QDs, while the CdTe@MEA QDs were un-
able to attain the same particle size even after 390mins of
reflux time. To understand the growth mechanics, varia-
tions of concentration and particle size distribution of the
synthesised thiol-capped CdTe QDs with respect to in-
creasing reflux time and particle size was studied. Evi-
dence of separation between the nucleation and growth
processes, and identification of three distinct growth re-
gimes (focusing, defocusing and equilibrium) allowed us
to confirm the dominance of Ostwald ripening processes
during the particle growth.

Fig.4 shows the photoluminescent emission spectra of
the synthesised CdTe@GSH QDs refluxed for different
times. At shorter reflux times, all samples exhibit nar-
row-width single peak emission, which gradually shifts to
longer wavelengths, from green to yellow to orange to red,
with increasing reflux time and particle size. At longer re-
flux times, deconvolution of the emission peak into Gaussi-
an components was done to qualitatively investigate the
contribution of emission from different sized particles, as
can be seen in the inset of Fig.4; comparison of the compo-
nent peaks at different times suggests that as reflux time in-
creases, emission intensity contribution from larger
particle sizes increases. Zetapotential analysis was con-
ducted to obtain the surface charge of the synthesised
thiol-capped CdTe QDs to study the effect the different
functional groups on the surface of the QD; DLS analysis
was conducted to obtain the hydrodynamic diameter of the
synthesised thiol-capped CdTe QDs.

1. L L. Medintz, H. T. Uyeda, E. R. Goldman, H. Mattoussi,
Nature Materials, 4(6), (2005), 435.

2. X.Gao, Y. Cui, R. M. Levenson, L. W. Chung, S. Nie, Na-
ture Biotechnology, 22(8), (2004), 969.

3. C.Y.Zhang, H. C. Yeh, M. T. Kuroki, T. H. Wang, Nature
Materials, 4(11), (2005), 826.

4. D. V. Talapin, S. Haubold, A. L. Rogach, A. Kornowski,
M. Haase, H. Weller, The Journal of Physical Chemistry B,
105(12), (2001), 2260.

5. N. Gaponik, A. L. Rogach, Physical Chemistry Chemical
Physics, 12(31), (2010), 8685.

6. L. Qi, X. Gao, Expert Opinion on Drug Delivery, 5(3),
(2008), 263.
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IN-SITU LOADING ON DEFECT CONTAINING MATERIAL OBSERVED UNDER
HIGH-RESOLUTION TOMOGRAPH

Ahmed Ubaid
Institute of Physics, Czech Academy of Sciences, Na Slovance 1999/2, 180 00 Praha 8

NiTi possess unique shape memory and pseudoelastic
characteristics. In this research, a dog-bone shaped sample
of NiTi is being analysed under X-ray Computed Tomog-
raphy. Deformation characteristics of NiTi have been stud-
ied due to their increased demand in the miniaturized
applications. The in-situ tensile testing was performed at
-20C with different load i.e., 10N, 150N, 220N and 300N
using Deben chamber of Xradia Versa 610, Zeiss. The
sample had 4.2 mm gauge length, | mm width and 1 mm
height. The reconstructed images and large number of
pores/inclusions were being analysed using DragonFly
software. Images obtained under different loading were

compared, dimensional changes in the pores/inclusions
were determined as well as changes in the distances
amongst different pores were calculated. The sample
showed 1 % deformation at 150N, 3.80 % at 220N and 5.4
% deformation at 300N.

1. Otani, J., & Obara, Y. (Eds.). (2004). Xray CT for
Geomaterials: Soils, Concrete, Rocks International Work-
shop on Xray CT for Geomaterials, Kumamoto, Japan.
CRC Press.

2. Carmignato, S., Dewulf, W., & Leach, R. (Eds.). (2018).
Industrial X-ray computed tomography. Cham: Springer
International Publishing.

PD: 270 mm

W: 454 C: 27,761

Figure 1. Different size pores shown with different colours at 220 N and -2 0°C.
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MICROSTRUCTURE OF HEXAGONAL LuFeO; THIN EPITAXIAL LAYERS

P. Machovec, M. Dopita, L. Horak, V.Holy

Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Praha 2
machovec9@seznam.cz

Hexagonal LuFeO; (h-LuFeOs;) is a multiferroic material
that belongs to hexagonal ferrites. Magnetoelectric cou-
pling at room temperature was theoretically predicted in
this material. These properties make h-LuFeOj; very inter-
esting for potential use in spintronics [1, 2].

We investigated the real structure of the thin epitaxial
layers of #-LuFeO; by means of X-ray diffraction (recipro-
cal space mapping) and X-ray reflectivity. Three samples
of h-LuFeO; with (001) surface orientation were investi-
gated. The first epitaxial layer was deposited on a sapphire
substrate (001), the second layer was deposited on a plati-
num interlayer (111) on a sapphire substrate (001), and the
third layer was deposited on an yttria-stabilized zirconia
substrate (111). Despite the high mismatch between sub-
strates and layer (up to 6.8 % for the 4-LuFeOs;-platinum
interface), epitaxial growth was achieved in all samples.
The layer thickness determined from the X-ray reflectivity
was (339+1) A, (370+3) A, and (370<1) A, respectively.

Two symmetrical and two asymmetrical reciprocal
space maps were measured for each layer (including the
platinum interlayer). From the positions of the reciprocal
lattice points, we determined that all layers were relaxed.
All four reciprocal space maps belonging to one layer were
simultaneously fitted using a model of X-ray scattering on
mosaic layers [3]. This model assumes that the layer is
composed of mosaic blocks in the shape of a rotational el-
lipsoid. These blocks are mutually slightly rotated, i.e.,
there is a small random tilt of the (001) planes. The layer is
thus described by the following parameters: thickness, lat-
eral and vertical average size of blocks, distribution width
of block size, root mean square misorientation, vertical and
lateral microstrain.

The reciprocal space maps of #-LuFeOs; layer deposited
directly on the sapphire substrate show two overlapping
peaks. The more intense maxima correspond to almost

spherical blocks with horizontal semi axis Ry = (170£10) A
and vertical semi axis Ry=(170+10) A with misorientation
A = (1.5+0.1)° and the less intense maxima correspond to
blocks with Ry = (100+20) A and Ry = (170+15) A with
misorientation A = (1.7+0.1)° and slightly smaller out of
plane lattice parameter.

The platinum interlayer helps to improve the crystalline
quality of the A-LuFeO; layer. The size of the mosaic
blocks in the layer deposited on the platinum interlayer is
Ry =(125+7) A and Ry=(115.8+0.1) A and misorientation
of mosaic bocks is A = (0.10+0.02)°. The platinum
interlayer is composed of a wetting layer with low
mosaicity and hills with mosaic blocks of size R =
(200£15) A and Ry = (200=15) A and misorientation A =
(0.25+0.03)° growing from this wetting layer.

In the last sample deposited on yttria-stabilized zirco-
nia, we detected medium sized mosaic blocks R;=
(183.6£6.6) A and Ry = (182.6x1.8) A with medium
misorientation A = (0.31£0.02)°. The microstrain was
highest in the sample deposited directly on a sapphire sub-
strate and lowest in the sample deposited on an yttria-stabi-
lized zirconia substrate.

1. Disseler, S.M.; Borchers, J.A.; Brooks, C.M.; Mundy, J.A.;
Moyer, J.A.; Hillsberry, D.A.; Thies, E.L.; Tenne, D.A.;
Heron, J.; Holtz, M.E.; et al. Magnetic Structure and Or-
dering of Multiferroic Hexagonal LuFeO3. Physical Re-
view Letters 2015, 114.

2. Wang, W.; Zhao, J.; Wang, W.; Gai, Z.; Balke, N.; Chi,
M.; Lee, H.N.; Tian, W.; Zhu, L.; Cheng, X.; et al.
Room-Temperature Multiferroic Hexagonal LuFeO3
Films. Physical Review Letters 2013, 110.

3. Pietsch, U; Holy, V; Baumbach,T.; B. High-Resolution
X-Ray Scattering from Thin Films to Lateral
Nanostructures - Second Edition; 2004.
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STUDIUM PREDNOSTNIi ORIENTACE LASEREM NAVARENE NASTROJOVE OCELE

K. Trojan', J. Capek’, V. Ocelik?, N. Ganev'
"Katedra inzenyrstvi pevnych latek, Fakulta jaderné a fyzikaine inZenyrska, Ceské vysoké uceni technické,
Trojanova 13, 120 00 Praha 2, Ceska Republika

’Department of Applied Physics, Zernike Institute for Advanced Materials, Faculty of Science and Engineer-
ing, University of Groningen, Nijenborgh 4, 9747 AG, Groningen, The Netherlands

karel.trojan@fjfi.cvut.cz

Cilem tohoto pfispévku je popsat piednostni orientaci Laserové navafovani bylo provadéno pomoci

laserem navarené nastrojové ocele AISI H13. Byl vytvoren
navar z péti vrstev, na jeho pivodnim povrchu byla
nasledn¢ charakterizovana pfednostni orientace a ta byla
porovnana s vysledky konvenéné zpracované ocele.

Nastrojova ocel AISI H13 pro praci za tepla je jednim
z béznych materiali pouzivanych v primyslu pro vyrobu
forem, zapustek nebo ozubenych kol. Formy béhem své
zivotnosti trpi silnym poskozenim v dusledku termo-
dynamického namahani [1]. Proto byly vyvinuty rGzné
zpusoby jejich oprav, které jsou levnéjsi nez vyroba
novych forem. Velkou vyhodou laserového navarovani je
vysoka produktivita s minimalnim ovlivnénim zakladniho
materidlu diky nizkému vnesenému teplu. Vnesené teplo
zpusobuje deformace nebo zhorseni vlastnosti materialu v
dtsledku  popousténi. Laserové navafovani proto
umoziuje opravy forem bez dalsiho tepelného zpracovani
[2]. Pfi navafovani dochazi k rychlému smérovému
tuhnuti, které ma za nasledek vyraznou piednostni
orientaci, coz muze vyznamné ovlivnit mechanické
vlastnosti nové vytvofeného materialu. Proto je dulezité
sledovat a porozumét témto zménam, nasledné lze tyto
znalosti pouzit k navrhu postupu pro depozici vétSich
objemd.

L [111) T

14

[001] [o11] [001]

vlaknového laseru /PG 3kW Yt:YAG. Laserovym svazkem
o hustoté energie 90 J/mm* byl zhotoven nivar s péti
vrstvami. Kazda vrstva byla vytvotena ze Sesti, nebo sedmi
prekryvajicich se housenek na substratu z nastrojové oceli
AISI H11. Byl pouzit prasek s primérnou velikosti castic
94 + 24 pum.

Za ucelem popsani prednostni orientace byly ziskany
polové obrazce linii {200}, {211} a {220} faze o-Fe na
pristroji X’Pert PRO MPD v klasické Braggové—
Brentanové konfiguraci s kobaltovym zatenim a kiizovymi
clonami 0,5 x 1 mm’. Program MATLAB™ toolbox
MTEX [3] byl pouzit pro vypocet orientacné distribuc¢ni
funkce a vykresleni inverznich pélovych obrazct (IPO).
Efektivni  hloubka vnikani odpovidajici tloustce
povrchové vrstvy, kterd poskytuje pfiblizné 63 %
difraktované intenzity, je v ptipadé pouzité vinové délky ca
5 pm.

Na zakladé IPO, viz obrazek 1 a 2, je mozné konsta-
tovat, Ze obrazce jak navafené, tak konvencéné zpracované
oceli se pro jednotlivé sméry od sebe kvalitativné nelisi. Ve
sméru L, tedy ve sméru navarovani, ptevlada krystalo-
graficky smér [100]. Ve sméru T, kolmo na navafovani, 1ze
pozorovat dvé maxima a to ve sméru [100] a[110]. Naopak

[111] N [111)
25

[011] [001] [011]

Obrazek 1. IPO laserem navarené ocele, kdy smér L je rovnobézny se smérem navarovani, smér T je kolmy a smér N je normalou

povrchu.

L e 14 T

N [111]

-

[001] [011] [001]

[001] [011]

Obrazek 2. IPO konvenéné zpracované ocele, kdy smér L je rovnobézny se smérem navarovani, smér T je kolmy a smér N je

normalou povrchu.
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ve sméru normaly k povrchu jsou maxima ve sméru [100]
a[111]. Pro laseroveé navaienou ocel Ize ve vSech smérech
pozorovat vyssi hodnoty nasobku nahodné distribuce. Tato
zavislost je velice zajimava, jelikoz texturni data
konvenéné zpracované ocele byla ziskana na plose, kde
nasledné probéhlo laserové navarovani. Na zaklade téchto
vysledkt by tedy bylo mozné vyslovit hypotézu, ze
prednostni orientace substratu ovlivituje prednostni
orientaci navafené vrstvy tim, Ze dochdzi k nukleaci
novych zrn na hranici natavené zény substratu a jejich
dal§imu smérovému rustu. Tuto problematiku je potieba
detailnéji prozkoumat a zhodnotit, zda se nejednd pouze o
nahodu.

Laserové navafovani nastrojové oceli H13 vykazuje
velky aplika¢ni potencial. Ukazalo se, Ze prednostni
orientace navafené oceli vykazuje podobny typ jako
konvencné zpracovana ocel. Zkoumana problematika,
a predevsim interpretace podobnych ziskanych vysledki

SL9

vSak dosud nebyly piesné popsany. K doplnéni poznani
v této oblasti bude nezbytny dalsi vyzkum.

1. R.G. Telasang, et al. Microstructure and Mechanical Prop-
erties of Laser Clad and Post-cladding Tempered AISI H13
Tool Steel. Metall. Mater. Trans. A. 46A: 2309-2321,
2015.

2. M. Vedani, et al. Problems in laser repair-welding a sur-
face-treated tool steel, Surf. Coat. Tech. 201: 4518-4525,
2007.

3. F. Bachmann, et al. Texture Analysis with MTEX — Free
and Open Source Software Toolbox, Solid State
Phenomen. 60: 63-88, 2010.

Tato prace byla podporena grantem Studentské grantove
soutéze CVUT ¢ SGS22/183/OHK4/3T/14 a projektem
CZ.02.1.01/0.0/0.0/16_019/0000778 “Center for ad-
vanced applied science” v ramci Operacniho programu
Vyzkum, vyvoj a vzdelani, ktery je kontrolovan Minister-
stvem Skolstvi, mladeze a télovychovy Ceské Republiky.

CHALLENGING MARTENSITES IN Ni-Mn-Ga-BASED ALLOYS: CAN MINOR
CHANGES IN STRUCTURAL MODULATION AFFECT PHYSICAL PROPERTIES?

P. Vef'tét1’2, L. Strakaz, M. KIicpera3, 0. Sozinov4, 0. Heczko?
1Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague,
120 00 Praha 2, Czech Republic
2FZU - Institute of Physics of the Czech Academy of Sciences, 182 21 Praha 8, Czech Republic
3Faculty of Mathematics and Physics, Charles University, 121 16 Praha 2, Czech Republic
* Material Physics Laboratory, LUT University, 538 50 Lappeenranta, Finland
vertat@fzu.cz

The structure of martensites of Ni-Mn-Ga-based magnetic
shape memory (MSM) alloys represents a unique crystal-
lography challenge. Not only do these alloys possess com-
plex and practically inevitable twined microstructure (for
some compositions even close to merohedral twins), but
they also feature a structural modulation that evolves with
temperature. Some of our new single-crystal studies even
indicate that we might be dealing with twinned composite
crystals, i.e., there is more than one ordering. To make
things even more complicated, SEM and HRTEM indicate
the presence of nanotwinning (at least close to the a/c twin
boundaries) [1-3]. Despite the challenging nature of our
martensites, all the said phenomena seem to be precursors
for the extremely high mobility of the twin boundaries
(very unusual property itself) which are essential for the
magnetically induced reorientation of the martensite
(MIR).

Aiming to solve one of the most difficult topics in the
field — the commensurate or incommensurate question, we
focused on the evolution of the 10M modulated martensite
with temperature. We used a simple modulation approach
to describe the detected changes in modulation satellites.
We found a universal rule that seems to be valid for a wider
range of Ni-Mn-Ga-based alloys. Our studies indicate a
commensurate 10M modulated structure in the vicinity of
the austenite phase. Upon cooling, the modulation evolves
into incommensurate and continues to evolve until it at-
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Figure 1. Evolution of the magnitude ¢ of the modulation vector
q with temperature within 10M modulated martensite of the
NisoMny;Gay,Fe; alloy. Data from the conventional XRD and two
ND experiments in ILL Grenoble (D9 and D10 instruments).
Transformation temperatures are represented by vertical lines and
phases are marked: A — austenite, 10M — five-layered modulated
martensite, 14M — seven-layered modulated martensite. The
commensurate metastable states are schematically marked by red
vertical lines. Adapted from [4].
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Figure 2. Deviation from linear dependency of electrical resistivity

with temperature within 10M modulated martensite of the

NisoMn,,GayFe; alloy. Measured resistivity curve within the stud-

ied region of the 10M martensite phase is presented in the inset [4].

tains yet another commensurate metastable state followed
by the intermartensitic transformation to 14M modulated
martensite [4]. Observed changes in modulation exhibit a
thermal hysteresis, Fig. 1. Interestingly, these minor
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changes in modulation can be corelated with the changes of
physical properties, such as electrical resistivity, Fig. 2,
and elastic moduli.

1. L. Straka, J. Drahokoupil, P. Veitat, J. Kopecek, M.
Zeleny, H. Seiner, O. Heczko, Acta Mater., 132, (2017),
335-344.

2. P. Verttat, L. Straka, J. Drahokoupil, O. Heczko, Acta
Physica Polonica A, 134, (2018), 859-862.

3. L. Straka, J. Drahokoupil, P. Veitat, M. Zeleny, J.
Kopecek, A. Sozinov, O. Heczko, Scientific Reports, 8,
(2018), 11943.

4. P. Vettat, H. Seiner, L. Straka, M. Klicpera, A. Sozinov, O.
Fabelo, O. Heczko, J. Phys.: Condens. Matter, 33, (2021),
265404.

This work was supported by the Grant Agency of the Czech
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OHK4/3T/14, and by Czech OP VVV project
MATFUN—CZ.02.1.01/0.0/0.0/15_003/0000487. We ac-
knowledge the Institut Laue-Langevin and the project
LTT20014 financed by the Ministry of Education, Youth
and Sports, Czech Republic, for the provision of neutron
radiation facilities and kindly thank O. Fabelo for assis-
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PHOTOCHEMICAL DEGRADATION OF SELECTED PHARMACEUTICALS UNDER
LIGHT CONDITIONS RELEVANT TO NATURAL WATERS AND STUDY OF TOXICITY
OF PHOTOPRODUCTS

M. Poncarova', §. Klementova', M. Sorf®

"Faculty of Science, University of South Bohemia, BraniSovska 1760, 370 05 Ceské Budéjovice
’Department of Agronomy, MENDEL University, UZRHV AF, Zemédélska 1, 613 00 Brno
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Xenobiotics in the environment include a wide variety of
compounds, e.g. pesticides, drugs, textile dyes, personal
care products, stabilisers, and many others. Among
xenobiotics, pharmaceuticals have recently acquired in-
creasing attention [1, 2]. Pharmacological products enter
natural waters mainly via wastewater either from manufac-
turing facilities or from municipal wastewater (excretion of
unmetabolised drugs, disposal of unused drugs). The con-
tamination of natural aquatic systems results in adverse
negative effects on aquatic organisms.

In surface waters, physical, chemical, and biological
processes contribute to the transformations of polluting
substances. Photoinitiated processes may represent impor-
tant degradation pathways in surface waters for com-
pounds resistant to both biological degradation and
chemical reactions such as hydrolysis [3]. Photochemical
degradation may lead to a decrease in contaminant concen-
tration, and, in some cases, generate photoproducts with
even higher harmful effects than that of the parent com-
pound [4].

Ecotoxicology represents a framework enabling to test
a given compound and to reveal or at least estimate its po-
tential harmful effect. This study is focused on aquatic or-
ganisms. In autotrophs, algae Chlorella sp. and
Desmodesmus sp. are often used due to their simple labora-
tory maintenance [5, 6]. The flagship of heterotrophs toxic-
ity testing in surface water is the planktonic
microcrustacean Daphnia magna [7]. It has several charac-
teristics that in toxicological tests, especially those targeted
at acute toxicity estimation — it can be relatively easily
maintained in the laboratory and, when under suitable con-
ditions, D. magna reproduces parthenogenetically. A com-
mon model of vertebrates in ecotoxicology is the zebrafish
Danio rerio. Although the extrapolation of the obtained re-
sults to higher vertebrates is not straightforward and should
be done with care, the response of fish to xenobiotics is a
significant indicator of how a particular compound (or
products of its photodegradation) affect fish assemblages
in surface waters.
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In this study, toxicity of atorvastatin, a widely pre-
scribed hypolipidemic drug, and the mixture of its
photoproducts were investigated. The photoproduct mix-
ture was produced by irradiation of the solution of
atorvastatin (¢ = 50 mg/l) by the radiation in the range be-
tween 300 — 350 nm (to imitate the short-wavelength solar
radiation that reaches the Earth’s surface) for 15 minutes.
Then, two toxicity assays based on OECD 202 [8] and 236
[9] guidelines were performed.

In the case of acute toxicity test on the model organism
Daphnia magna (OECD 202), 2 juveniles not older than
24 h were introduced into 5 ml of pure media, other juve-
niles in pairs in the media with atorvastatin in the concen-
tration range from 1 to 10 000 pg/l; photoproducts
solutions were tested at concentration range of remaining
atorvastatin in the irradiated solution up to 1000 pg/l. Dur-
ing this test (48 hrs) constant temperature was held at
18.7 £ 0.2 °C; photoperiod was 16 hrs light and 6 hrs dark
and the juvenils were not fed. Atorvastatin did not cause
any mortality, photoproducts caused 20 % mortality at the
highest concentration used. The LC50 value could not be
evaluated from this experiment. The data show that lethal
concentration for 50 % of daphnids is higher than the high-
est used concentration. Photoproducts seem to be more
toxic than atorvastatin itself since in addition to the ob-
served mortality each daphind showed odd swimming at
the highest concentration of photoproducts.

Toxicity assay based on OECD 236 guideline was done
on embryos of Danio rerio. One fertilized egg was intro-
duced into 2 ml of ISO water (control) or into 2 ml of
atorvastatin or 2 ml of photoproducts (concentration ranges
as in the tests with D.magna). Tested embryos were kept in
the incubator Climacell EVO line, for 96 hours at the tem-
perature 25 —26 °C and the photoperiod 14 hrs light/ 10 hrs
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darkness. The evolution of the embryos was monitored vi-
sually every 24 hours. Four key parameters indicating the
lethality were sought for: coagulated embryos, lack of
somite formation, non — detachment of the tail and lack of
heartbeat. The value of LC50 for atorvastatin was deter-
mined by software Prism 6, its value is 1976 pg/l. Regard-
ing photoproducts, 40 % mortality was observed at the
photoproduct mixture with remaining 500 pg/l of
atorvastatin. In the higher concentration there was also re-
tardation in the development and the drug had adverse ef-
fect on blood formation — lack of cell flow, transparent
cells without pigmentation.

1. M. Mezzelani, S. Gorbi, F. Regoli, Marine Environmental
Research, 140, (2018), 41.

2. M. de Oliviera, B. E. F. Frihling, J. Velasques et al., Sci.
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3. A. Nikolaou, S. Meric, S. Fatta, Anal. Bioanal. Chem., 387,
(2007), 1225.

4. §.Klementova, M. Poncarova, D. Kahoun, M. Sorf, E.
Dokoupilova, P. Fojtikova, Environ. Sci. Pollut. Res., 27,
(2020), 35650.
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Alga and Cyanobacteria, Growth Inhibition Test (2011).

6. E. Geiger, R. Hornek-Gausterer, M. T. Sacan, Ecotox. En-
viron. Safe, 129, (2016), 189.

7. J.Seda & A. Petrusek, Journal of Limnology, 70, (2011),
337.
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DECORIN BINDING PROTEINS FROM EUROPEAN BORRELIA - DO STRUCTURAL
DIFFERENCES INFLUENCE LIGAND BINDING?
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Jan Sterba1 Ryan O. M Rego o Norbert Miiller’, Adrlana Rathner”
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Adhesion of spirochetes from Borrelia burgdorferi sensu
lato complex is the crucial step in early phase of Lyme dis-
ease infection. Decorin binding proteins (Dbp) are
glycosaminoglycan (GAG) binding adhesins exposed on
the surface of borrelia spirochetes. Dbps are expressed in
two homologous forms A and B, both of them were charac-
terized as main factors of borrelia virulence [1]. Based on
the previous described differences in binding mechanisms
of Dbp-GAG interaction [2], we focused on the relations
between structural differences and GAG binding. We aim
to describe the structural differences in detail among Dbps
from european Borelia species and their particular interac-

tions with different GAGs using solution nuclear magnetic
resonance (NMR) spectroscopy at atomic resolution. Al-
most complete backbone and sidechain assignments of
DbpA from B. Afzelii and B. Bavariensis have been
achieved. Predictions of secondary structure propensity for
both variants, calculated from assigned chemical shifts,
were compared with available NMR structures of North
American borrelia species. Backbone dynamics was de-
scribed by T1 and T2 spin relaxations and 'H "N
heteronuclear NOE (Nuclear Overhauser effect) experi-
ments. We performed initial protein-GAG interaction stud-
ies of both variants of DbpA with different GAGs by NMR
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titrations including protein dynamics measurement by
heteronuclear NOE experiments, hydrogen-deuterium ex-
change mass spectrometry (HDX-MS) and surface
plasmon resonance (SPR) trial measurement. NMR-based
prediction of secondary structure propensity and protein
backbone dynamics combined with initial protein-ligand
interaction experiments, which indicates interspecific dif-
ferences in GAG binding, provided insight into structural
characteristics of DbpA and will set the starting point for
future extensive research of specific differences in struc-
ture and dynamics of Dbps and how it influence the interac-
tion mechanism with GAG ligands.

1. LinY P, Benoit V, Yang X, Martinez-Herranz R, Pal U, &
Leong J M (2014). Strain-specific variation of the
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decorin-binding adhesin DbpA influences the tissue tro-
pism of the lyme disease spirochete. PLoS pathogens,
10(7).

2. Morgan A M, & Wang X (2015). Structural mechanisms
underlying sequence-dependent variations in GAG affini-
ties of decorin binding protein A, a Borrelia burgdorferi
adhesin. The Biochemical journal, 467(3), 439-451.

3.  Hejduk L, Rathner P, Strnad M, Grubhoffer L, Sterba J,
Rego R.O.M., Miiller N, Rathner A (2021). Resonance as-
signment and secondary structure of DbpA protein from
the European species, Borrelia afzelii. Biomolecular NMR
assignments, 15(2), 415-420.

LIPOLYTIC SYSTEM IN THE HARD TICK IXODES RICINUS
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Ticks are obligatory blood-feeding ectoparasites capable
of transmitting a wide variety of pathogens comprising
bacteria, viruses, and protozoa to humans and animals. Af-
ter mosquitoes, ticks are the second most dangerous vec-
tors of arthropod-borne diseases. Hard tick Ixodes ricinus
is a typical representative of the 3-host tick and its life cycle
comprises three life stages. Each of the parasitic stages, ex-
cept for adult males, feeds on a host. In contrast to mosqui-
toes, hard ticks /. ricinus feed much longer. Nymphal
feeding takes typically from 3 to 4 days, adult females feed
twice longer approximately 6 — 9 days. Adult ticks are ca-
pable to imbibe and digest huge amounts of host blood ex-
ceeding hundred times their unfed weight (Sonenshine,
1991).

Tick midgut lumen serves as the main organ for storage
of the engorged blood. Most of the hematophagous
ectoparasites (such as insect blood-feeders) digest host
blood extracellularly in the midgut lumen. By contrast, di-
gestion in ticks is a slow process occurring intracellularly
in the midgut epithelium cells. Host blood is the sole source
of energy and nutrients for overall tick development and re-
production. During feeding of each developmental stage,
dynamic changes of tick midgut epithelium reflect the
changes in the physiological processes occurring in this tis-
sue (Sonenshine, 1991). Furthermore, the midgut serves as
the primary interface between the tick and tick-borne
pathogens that determines tick vector competence (O Neal
et al., 2020).

Limited information and functional studies about vec-
tor insect lipid metabolism are available. Lipids, in the
form of sterols or free fatty acids, are the main and essential
components of the insect dietary requirements (Canavoso
et al., 2001; Toprak et al., 2020). However, insects are not
able to synthesize sterols by themselves (Clark and Block,
1959; Jing and Behmer, 2020). During oxidation of the

fatty acids (FAs), twice more energy (approximately 9
kcal/g) is released than during the complete oxidation of
carbohydrates (approximately 4 kcal/g) (Toprak et al.,
2020). The main source of lipids for these invertebrates is
host blood. Lipid digestion occurs mainly in the midgut lu-
men, where lipases (EC 3.1.1.3; the major lipid digestive
enzymes) catalyze the hydrolysis of the ester bond in
triacylglycerols (TAGs) as well as in di- and mono-
acylglycerols (DAGs, MAGs) to the final products - glyc-
erol and free fatty acids (FAs) (Derewenda, 1994; Toprak
et al., 2020).

In I ricinus, poor understanding of lipid metabolism
exists. As mentioned above, digestion of proteins in tick
midgut occurs intracellularly in the midgut epithelium
cells. Nothing is known about digestion of lipids in ticks
and no digestive lipases have been yet functionally charac-
terized in any tick species. Some esterases and lipases in-
volved in the incorporation of the nutrients to the oocytes
were identified during embryogenesis in the eggs of the
camel tick Hyalomma dromedarii (Fahmy et al., 2004).
Earlier, Koh et al. (1991) described the utilization of the
nutritional reserves stored in the form of lipid droplets in
the midgut epithelium cells. These lipids droplets are used
for the growth of tissues during feeding in the nymphal
stage of hard tick Haemaphysalis longicornis (Koh et al.,
1991). More recently, it was demonstrated in another tick
species Dermacentor variabilis, that lipids are also ex-
ploited in the course of the long off-host starvation period,
during which the large lipid droplets are released and used
as the endogenous energy recourses (Rosendale et al.,
2018). In the midgut transcriptome of /. ricinus, lipases
from several classes have been identified (Perner et al.,
2016). Phospholipase A2, acid sphingomyelinase, and
lipase (pancreatic-like type) were identified as the most
up-regulated lipases in the midgut on the 3rd day of adult

© Krystalograficka spoleénost



&

Materials Structure, vol. 28, no. 2 (2022)

125

A PhospholipaseA2 B T
I I Pancreatic-like lipase
o 1001 3
§ 5
N 5
L] (]
w60
8 g
g a
5 0 3
@ @
= &
E 204 = T
L] =
T olE L
Yol R — T —r—
‘{e“i"‘%‘i‘@ e ‘ﬁ\“& PP ELS & d‘eéé@q‘\e SEE PP L ELS P
R OPPRS
ERSS &P FELIEEP S
C Sphingomyelinase D = keigh.400se2 peZ ew VRS
100 L Ir-111828 Mpnnhpaseaz
3 Ir- 107663 tr 1 b
= Ir-107890 Iysophoss
g 80 —  K-108631 triacylglyce ) MG-PROTEOM
£ ! 1118790 pancreatic lipase-i
= Ir-108861 hpasa
g 60 —| 114232 lipase partial
g L——  SigP-108606 pase
s 40 : 1 r IrSigP-119686 pancreatic lipase-ike
@ J 1 IrSigP-116470 pancreatic lipase-like
.‘Z_ IrSigP-112659 pancreatic lipat
m 20 \_l—— IrSigP-108588 lipase
[ L IrSigP-104276 lipase
E 9 — S
R P Q O P& DL
S EE e‘?_‘e‘? FR PP ERPO

K&, °<<~°\>“‘f‘ é’g‘

Figure 1: (A-C) - mRNA expression of individual lipases in the midgut during developmental and feeding stages. Quantitative
real-time PCR (qRT-PCR) profiling of the phospholipase A2 (P1A2), pancreatic-like lipase, and sphingomyelinase. Bars indi-
cate the standard deviation. UF: unfed; 1D,3D, 5D: one, three and five days of feeding; FF: fully fed females; 3AD, 6AD,
11AD: three, six and eleven days after detachment; mol.: molting. (D) — Phylogenetic three of lipases identified in the
midgut transcriptome (Perner et al., 2016a) and in the midgut proteome. Lipases identified in the midgut proteome are
highlighted grey. Phylogenetic tree was performed using ClustalOmega server (https://www.ebi.ac.uk/Tools/msa/clustalo/).

female feeding (Perner et al., 2016). Detailed analysis of
these midgut-specific lipases using quantitative real time
PCR (qRT-PCR) across tick development revealed that
these lipases are mainly expressed during the early stage of
adult female feeding (Fig. 1A-C). The RNAi medi-
ated-knockdown (RNAi KD) of individual lipases in adult
females did not show any phenotype differences between
RNAi KD and control groups (data not shown). Further-
more, in the midgut proteome analysis, either form unfed
females or from females fed for five days, only rare lipases
were identified (Fig. 1D).
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For more than half a century, antibiotics have been used as
the most common tool in the fight against infectious dis-
eases. However, due to the misuse and overuse of these
substances, an increasing number of bacteria are emerging
that are completely resistant to all currently known antibi-
otics (multidrug resistant). The emergence of these types of
bacteria renders most, if not all, available antibiotics inef-
fective. This situation is a global health crisis that threatens
effective prevention and control of ever-increasing infec-

tious diseases. This crisis is also exacerbated by
increasingly sophisticated development new antibiotics.
A way out of this crisis may be the use of novel sub-
stances in the fight against infectious diseases. One of the
potential candidates are endolysins. These enzymes, origi-
nally derived from bacteriophages, are peptidoglycan hy-
drolases that destroy bacterial cell wall. They have high
specificity, much higher capability and efficiency, and also
have not been found to develop resistance [1, 2]. An ex-
tremely fast and efficient lysis of peptidoglycan leads to a

Table 1. Selected data collection statistics

Parameters

lysECD7-SMAP

lysAAA

LysHE

Resolution (A)

1.70

1.43

2.00

Average unit cell

48.66, 58.03, 196.63

66.307, 76.548, 65.633

48.183, 66.381, 119.26

@b e & 90.00 90.00 90.00
a=B=x() : : :
Space group P2,2,2, C222, P22,2,
Number of molecules in 4 | )
asymmetric unit

R 0.216 0.166 0.183
Riee 0.260 0.204 0.221

A)

> ?.J:D:THR
¢
L I

Figure 1. Secondary structures of Si3 mutants. A) the lysECD7-SMAP mutant molecule has a Zn atom (red ball) that is stabilized by
amino acids 62 HIS (a), 69 ASP (b) and 117 HIS (c). Also shown is a glycerol molecule (d) located in the region of the Zn atom; B)
lysAAA mutant with Na ion (purple ball); C) lysHE mutant, the structure contains the Fe ion (orange ball).
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sudden drop in turgor pressure and osmotic lysis, causing
bacterial cell death [3]. The most important aspect for us is
how molecular engineering can be used to change lytic
spectrum of endolysins [4].

The aim of our work was to obtain crystals of three Si3
endolysin mutants (lysAAA, lysHE and lysECD7-SMAP),
followed by the study of their structure.

In the course of the work carried out, we obtained crys-
tals of high diffraction quality for all three mutants pre-
sented above, which allowed us to study their structure in
sufficient detail. X-ray diffraction data wore collected at
BESSY II, Helmholtz Zentrum Berlin and processed used
XDS-app and CCP4 software. The main statistical parame-
ters are given in Table 1.

As can be seen from Figure 1, the structure of the
lysECD7-SMAP mutant is fundamentally different from
the structures of the lysAAA and lysHE mutants, which, in

SL14

turn, are similar to each other. It is worth noting separately
the presence of different metal atoms in the structure of
each molecule; however, only in the lysECD7-SMAP mu-
tant is the Zn atom stabilized by amino acid residues.
ECD7-SMAP mutant has a 19-amino-acid C-terminal tail
which changes overall conformation that may impact its
enzymatic activity. It is, therefore, our main focus of fur-
ther structural studies.
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Ferritin is a ubiquitous protein with crucial role in tick biol-
ogy. Ticks digest large amounts of host blood and are ex-
posed to an enormous amount of free iron, which has to be
treated properly to avoid its toxicity. Two types of ferritin
were discovered in the tick Ixodes ricinus — tagged as
ferritin I and ferritin II [1]. Ferritin I is a globular protein
composing 24 subunits (25kDa each) and forming a hol-
low-sphere complex [2, 3]. Ferritin I functions as an
intracellular scavenger of potentially toxic free iron and is
capable to sequester up to 4 500 iron atoms [2]. The func-
tion of ferritin II is not entirely clear, but it probably plays a
role in the transport of non-heme iron between the tick gut
and the peripheral tissues. Silencing of ferritin II using
RNA interference had a detrimental effect on tick develop-
ment and reproduction [1]. The vaccination of mammalian
hosts with recombinant ferritin II revealed its promising
potential as an efficient anti-tick vaccine [4].

This study focus on the molecular, biochemical and
structural characterization of ferritin II from Ixodes ricinus.
We have cloned ferritin II into two E. coli expression vec-
tors (pET-SUMO and pASK-37+), optimized its produc-
tion in various expression cells and conditions (e.g.,
temperature, times and concentrations of inducer). Further,
we will focus on improving the protein solubility and its
purification in order to get sufficient amounts of pure re-

combinant ferritin II for following structural and biochemi-
cal studies.
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The single-strand-specific S1 nuclease from Aspergillus
oryzae is a metalloenzyme with a widespread use for bio-
chemical analysis of nucleic acids [1,2]. Itis a globular pro-
tein with a secondary structure composed mainly of
a-helices (Fig. 1). Its activity depends on the presence of
three Zn>" ions in the active site: Two Zn”" ions of the clus-
ter are buried at the bottom of the active site, while the third
Zn*" ion is closer to the surface of the nuclease. The core of
the active site is composed of nine residues coordinating
the zinc cluster.

We studied the possibility of replacing Zn>" with Ni**
using the X-ray anomalous dispersion and other biophysi-
cal assays. The mixture of deglycosylated S1 nuclease,
chelating agent ethylenediaminetetraacetic acid and NiCl,
in a molar ratio of 1: 5: 10, respectively, was crystallized
using the vapor diffusion method. The obtained crystals
were of sufficient quality for the diffraction experiment on
the synchrotron radiation source Bessy II, Helmholtz
Zentrum Berlin [3].

The diffraction data were collected at three different
X-ray energies with the aim of detecting the presence of
metals using anomalous scattering. Key data collection sta-
tistics are summarized in Tab. 1. The obtained anomalous
difference maps (Fig. 2) confirmed the exchange of one
Zn*" ion by Ni*" at the position M3 closest to the enzyme
surface, while the other two Zn*" ions of the core (positions
M1 and M2) remained unaffected. Despite the ion ex-
change, the residues of the active site and its surroundings
are structurally conserved.

Figure 1. Secondary structure of SI nuclease (PDB ID 5FB9Y).
Zinc ions are represented using spheres. Graphics created using
PyMOL [4].
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Table 1: Selected data collection statistics

Space group

P2:2:2,

X-ray energy (Ni-low ; Ni-peak ; Zn-peak) [keV]

8.320 ; 8.346 ; 9.665

Resolution [A]

1.6

Rmerge (Ni-low ; Ni-peak ; Zn-peak)

0.072;0.075;0.154

Mean I/c (Ni-low ; Ni-peak ; Zn-peak) 28.8:272;15.8
Avg. anomalous multiplicity 13
Completeness [%] 98.9
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M3

Figure 2. Anomalous difference map (data set Ni-peak) at a
level of 10 o. Significant peak at the position M3 proves the
presence of Ni. Graphics created using Coot [5].
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Stenotrophomonas maltophilia is an opportunistic bacte-
rial pathogen responsible for a serious number of infections
globally. It exhibits broad antibiotic resistance that has
been further extended via the acquisition of antibiotic-re-
sistance genes and mutations [1]. We carried out a
bioinformatic analysis of its sequenced genomes to investi-
gate not yet characterised antibiotic-inactivating enzymes.

Several chosen proteins were expressed in Escherichia
coli strain Lemo21 (DE3) and purified using Ni-NTA and
size-exclusion chromatography. Their proposed function —
enzymatic modification of antibiotics — was inspected with
an activity assay. The enzyme with the confirmed activity
was successfully crystallized and diffraction patterns were
collected. The data exhibited serious anisotropy: a resolu-
tion cutoff determined in Aimless [2], according to the cri-
terion of CC,, > 0.30, varied from 2.43 A to 1.92 A in
different reciprocal space directions. Thus, the data were
corrected with STARANISO [3]. After the solution of the
phase problem in MoRDa [4], the model was refined in
REFMACS [5]. The choice of the anisotropic high-resolu-
tion diffraction limit (1.88 A) was confirmed with paired
refinement in PAIREF [6].

The solved X-ray crystal structure reveals an atomic ar-
rangement of the putative substrate-binding pocket that al-
lows further structural analysis (in silico or in vitro) of
complexes with potential inhibitors or antibiotic substrates.
The overall fold is very close to the tetracycline
destructases [7] or the reductase involved in the

Figure 1. Overall structure of the antibiotic-inactivating enzyme
from Stenotrophomonas maltophilia in secondary structure repre-
sentation. Flavin adenine dinucleotide (FAD) is shown in stick rep-
resentation in yellow. The substrate-binding domain is coloured in
green, the FAD-binding domain in pink and the C-terminal helix in
blue.

abyssomicin biosynthesis pathway [8]. However, the puta-
tive active site differs significantly. Our study leads to a
better understanding of the involvement of this enzyme in
the antibiotic resistance and could contribute to the devel-
opment of new strategies of antibiotic therapies. Remark-
ably, the solved structure is composed of a homodimer
linked with two disulfides. Nevertheless, further investiga-
tion using small-angle X-ray scattering, mass spectrometry
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and dynamic light scattering showed that the protein is
monomer in solution.
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Purine nucleoside phosphorylase (PNP) represents one of
the key enzymes of the purine salvage pathway, which is
considerably more energy-efficient than de novo pathway.
It hydrolyses ribose from inosine and guanosine in the
presence of an inorganic phosphate, producing hypo-
xanthine and guanin which can then be recycled trough the
salvage pathway or be further degraded to uric acid. PNP’s
activity is increased during processes which require rapid
cell division and proliferation, which makes it a target in
treatment of different types of cancer, autoimmune and
other conditions in human, as well as treatment for differ-
ent parasitic diseases such as tuberculosis (caused by My-
cobacterium tuberculosis) where PNP is essential during
transition from latent to active infection. Both human and
Mtb PNP are trimers with three active sites. Even though
there is a small sequence similarity, overall fold and active
site are conserved which presents a challenge in design of
selective inhibitors [1,2].

Cyclin-dependent kinase 2 (CDK2) is a Ser/Thr protein
kinase that is active during G1 and S phase of the cell cycle
and works as check point control. During the G1 phase of
the cell cycle, it is activated by binding to cyclin E and in S
phase by binding to cyclin A [3]. It is dispensable in
healthy cells, as other CDKs can take over its role, but it is
essential for proliferation of cancer cells. This makes
CDK2 an interesting target in discovery of anticancer com-
pounds [4].

We utilize X-ray crystallography in the structure-based
drug discovery approach.

Enzymes were prepared by heterologous expression in
E. coli and purified in high yields and purity necessary for
crystallographic studies. Crystallization conditions for all
three enzymes were identified through wide screening and
optimization. Diffraction data have been collected on
BL14.1 at the BESSY II electron storage ring operated by
the Helmholtz-Zentrum Berlin and crystal structures were
determined at high resolution (Figurel).

The knowledge of binding properties of these inhibitors
will provide us crucial information which will be used to
further optimize affinity and selectivity of both PNP and
CDK2 inhibitors.

1. Nyhan, W. L. Encyclopedia of life sciences 2005, John
Wiley & Sons, Ltd.

2. Bzovska, A, Kulikovska, E., Shugar, D. Pharmacology and
Therapeutics., 88 (3) 2000, 349-425.

3. Echalier A, Endicott JA, Noble ME: Biochimica et
Biophysica Acta (BBA) - Proteins and Proteomics 2015,
1804 (3): 511-9

4. Wood DJ et al. Cell Chemical Biology. 2018; 26 (1):
121-130.e5.

5. Dayal N et al. ] Med Chem 2021;
https://doi.org/10.1021/acs.jmedchem.1c00330.
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Figurel. A) Overlay of structures of human PNP (magenta) and Mtb PNP (cyan) in complex with one of the inhibitors. B) Active site

of CDK2 in complex with an inhibitor [5].
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STRUCTURAL TRANSITION OF THE SALIVARY SERPIN FROM IXODES RICINUS
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Serpins are a large superfamily of structurally conserved
protease inhibitors that are widely distributed in nature [1].
A structural study of serpins found in tick saliva revealed
members’ uniformity of structure but not their functions.
This group of proteins has primarily immunological and
haemostatic functions, but their functions can vary accord-
ing to their specificity. The tick serpins act as modulators of
immune responses by using their anti-coagulation, and
anti-complementary functions and play role in immuno-
suppression [2].

The structural transition to the different conformation is
required for inhibitory activity. The secondary structure
typically consists of 3 B-barrels, 7-9 a-helices and an ex-
posed, flexible reactive center loop that acts as proteinase
“bait”. There are different types of conformation and each
of these structural rearrangements is important in the inhib-
itory pathway. The serpins are irreversible inhibitors that
adapt the suicide substrate mechanism [3].

Iripin-4 with hitherto unexplained function, crystal-
lized in two different structural conformations. The native
structure was solved at 2.3A resolution and the structure
of cleaved conformation at 2.0A resolution. Furthermore,

structural changes during the reactive-centre loop transi-
tion from native to cleaved conformation were observed. In
addition to this finding, we confirm that the main sub-
strate-recognition site for the inhibitory mechanism is rep-
resented by Glu341. Further research on Iripin-4 should
focus on the functional analysis of this interesting serpin.

1. J. Potempa, E. Korzus & J. Travis (1994) J. Biol. Chem.
269, 15957-15960.

2. Ooi, C. P., Haines, L. R., Southern, D. M., Lehane, M. J.,
& Acosta-Serrano, A. (2015). PLoS Negl. Trop. Dis.
9:e3448. doi: 10.1371/journal.pntd.0003448.

3. P.G. W. Gettins, P. A. Patston & S. T. Olson(eds) (1996)
Serpins: Structure, Function and Biology, Molecular biol-
ogy Intelligence Unit, R. G. Landes Co., and Chapman &
Hall, Austin, TX

This research was supported by European Regional Devel-
opment Fund-Project, MEYS (No. CZ.02.1.01/0.0/0.0/
15 _003/0000441); by the Grant Agency of the Czech Re-
public (Grant No. 19-14704Y) and by the Grant Agency of
the University of South Bohemia (grant No. 105/2019/P
and 04-039/2019/P).
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Tick-borne encephalitis virus (TBEV) is a major human
pathogen, transmitted by ticks from family Ixodidae.
TBEV is an enveloped virus with a ~ 11 kb positive-sense
single-strand RNA genome, encoding a single 375 kDa
polyprotein. During the infection, the polyprotein is
cleaved into three structural and seven non-structural (NS)
proteins. While structural proteins are involved in the as-
sembly of new virions, non-structural proteins are respon-
sible for the virus replication [1].

NSS5 is a large conserved protein comprising of two do-
mains connected by a highly flexible linker, which is im-
portant for the activity as well as for the overall shape of the
protein. N-terminal methyltransferase (MTase) domain is
involved in the capping process. C-terminal RNA-depend-
ent RNA polymerase (RdRp) is crucial for virus replication
[2].

This project focuses on structural and functional studies
of TBEV NS5 protein. Various constructs were designed —

NSS5 full length, RdARp domain and MTase domain. Expres-
sion and purification of individual constructs have been op-
timized and pure samples were used for initial
crystallization screening, cryo-EM analysis and functional
assays.

So far, we have obtained cryo-EM data for RdRp do-
main, using Titan Krios equipped with Falcon 4 camera
and Relion processing pipeline yielded a reconstruction of
6A resolution. Tiny protein crystals of RdRp grew in sev-
eral crystallization conditions. Furthermore, we have car-
ried out fluorescence-based binding and activity assays
with TBEV RdRp as well as DENV RdRp, that revealed re-
vealed substrate affinity and specificity.

1. Mackenzie, J. (2005). Traffic. 6, 967-977.
2. Bollati, M. et al. (2009). Antiviral Res. 87, 125-148.

This research is supported by ERDF No. CZ.02.1.01/0.0/
0.0/15_003/000041.
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The combination of energy evaluation of crystal structure
and powder diffraction data may successfully be used in
structure determination. Using only powder diffraction
factors (e.g. R, factor) cannot guarantee finding reason-
able crystal structure. Some structures with acceptable R,
factor are physically unrealistic because their atoms are too
close to each other. This problem can be solved by setting
restrains to atomic distances or by calculating the energy of
the system. We use the energy evaluation because it can tell
us not only which structure is unrealistic but also which
structure is more preferred in nature. The energy of the
crystal structure can be calculated in two ways - by Molec-
ular Mechanics (MM) or by Density Functional Theory
(DFT). MM is based on substitution to the preset mathe-
matical relation so it is fast to compute (compared with
DFT). The advantage of DFT is its accuracy. MM was used
in our work. We expect that MM could be used to speed up
the convergence of structure determination and DFT could
be used for the final validation of the structures. The crystal
structure can be predicted only with energy evaluation.
Another possibility of speeding the structure determi-
nation up is to use optimizing algorithms. For example
global optimizing algorithm simulated annealing is used in
program Dash [1] and parallel tempering and also simu-
lated annealing are used in program FOX [2]. The diffrac-
tion pattern data can be combined with the energy value of
the structure to new cost function which we minimize. The
usage of the combination of powder diffraction data and
energy evaluation can accelerate the structure determina-
tion, help to avoid wrong solutions of the crystal structure,
or tell us more information about the determined structure
(e.g. if it could be a metastable structure of the material).
We made the examination of energy and R,,, functions
on the structure parameter was made. For simplicity, we
used only three structure parameters and made cuts through
the hypersurface of the functions. We made the examina-
tion of energy and R,, factor of the crystal structure of
paracetamol with two or three deviated parameters. To gain
pictures of the hypersurface of the R,,, and the energy func-
tion of paracetamol it must be done cuts through the
hypersurface. Our hypersurface has six parameters: AX, Ay,
Az, Ao, AB and Ay. These parameters correspond to motion
parameters of the molecule of paracetamol - Ax means de-
viation of the molecule in the direction of lattice vector a ,
similarly Ay is the deviation of the molecule in direction of
b and Az is the deviation of the molecule in direction of ¢;
Ao means rotational deviation of the molecule about the
molecule's own Axis 1, similarly A is the rotational devia-
tion of the molecule about the molecule's Axis 2 and Ay is

Figure 1. Crystal structure of paracetamol with illustrated
translational degrees.

the rotational deviation of the molecule about the mole-
cule's own Axis3 (in the Figure 1 there are the translational
degrees of freedom; in Figure 2 there are the rotational de-
grees of freedom). We chose three degrees of freedom i.e.
AX; Ay; Ay as parameters which we deviated from the crys-
tal structure.

We made three cuts though the R,, function hyper-
surface. The parameters Ax and Ay went through all their
possible combinations and parameter Ay was set consecu-
tively to 0.0 A, 0.5 Aand 2.0 A.

The diffraction pattern was obtained by simulating the
diffraction pattern of paracetamol crystal structure [3] in

Figure 2. The molecule of paracetamol with illustrated rotational
degrees of freedom.
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Figure 3. Cut through paracetamol Rwp function hypersurface (3a). The hypersurfaces were cut in Ax and Ay degrees of
freedom and Ay = 0.5 A. The local minimum can be observed at 180 °Ay in Figure 3a. In energy cut the local minimum at

180 °Ay is not.

the program Materials Studio in the module Reflex. The
parameters of diffraction were set: the refinement method
Rietveld, convergence quality Medium, the range of dif-
fraction pattern from 5 to 45 °20 with step 0.015° 20,
Bragg-Brentano instrumental geometry, zero-point shift
0.013, Pseudo-Voigt profile function, profile parameters U
=0.02192; V=-0.01152; W=0.00788; Ny =0.1615; Ny =
-0.00075. The other diffraction patterns were simulate with
the same settings of the module. The energy was calculated
with the program Materials Studio, too Module Forcite was
chosen because it can quickly compute the energy of the
structure (it uses Molecular Dynamics). The parameters
were set to compute only the energy of the structure, use
forcefield COMPASS [4, 5, 6], quality was set to Ul-
tra-fine, charges were assigned by the forcefield and sum-
mation methods were made atom-based.

We have found some interesting results which the R,
function follow with changes of structure parameters. The
first one is that when the molecule rotates there are not
many local minima in the R,,, function and the second one
is that when the molecule is translated there is only one -
global minimum in the R,, function. In energy hyper-
surface, there are significantly more local minima and local
maxima. From this view we can easily recognize the struc-
tures with too high energy and discard them instead of opti-
mizing them. The cut through hypersurface of R,,, function
is plotted in Figure 3a. The cut through hypersurface of the
energy function is plotted in Figures 3b. When comparing
these two cut there is a local minimum in R,,, function at
180°Ay but in the energy function at 180°Ay the local mini-

mum is not. So the energy evaluation can help us to avoid
searching the structure with this parameter set.

Computational results were obtained by using Dassault
Systemes BIOVIA software programs. BIOVIA Materials
Studio was used to perform the calculations and to gener-
ate the graphical results. This work was supported by the
Grant Agency of the Czech Technical University in Prague,
grant No. SGS22/183/OHK4/3T/14.
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crystal structure determination frompowder diffraction data
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2. Favre-Nicolin V., Cerny V. FOX, free objects for crystal-
lography: a modular approach to ab initio structure deter-
mination from powder diffraction J. Appl. Cryst. 35,
734-743 (2002).

3. Nichols C., Frampton C. S. CCDC 135451: Experimental
Crystal Structure Determination (2000).

4. Sun, H. COMPASS: An ab Initio Forcefield Optimized for
Condensed-Phase Applications - Overview with Details on
Alkane and Benzene Compounds, J. Phys. Chem. B, 102,
7338 (1998).

5. Sun, H.; Ren, P.; Fried, J. R. The COMPASS Forcefield:
Parameterization and Validation for Polyphosphazenes
Comput. Theor. Polym. Sci., 8, 229 (1998).

6. Rigby, D.; Sun, H.; Eichinger, B. E. Computer simulations
of poly(ethylene oxides): Forcefield, PVT diagram and
cyclization behavior, Polym. Int., 44, 311-330 (1998).
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1. Introduction

In the last few decades, various methods were applied for the syn-
thesis of micro and nano structures of metal oxide which consist
of precipitation, combustion, ionic liquid route, and sol-gel. The
inconveniences presented in these methods such as pH control,
the high temperature used, long reaction time and low purity, en-
couraged the researcher to find the suitable substitution methods.
Thermal decomposition methods could be employed as an alter-
native approach. The utility of thermal decomposition for inor-
ganic salts such as hydroxide, carboxylate, acetate, and oxalate
has been extensively used to obtain metal oxides [1].

Oxalate hydrate could be a good precursor for the preparation
of metal oxide due to its large quantity mass loss in the hydrother-
mal process (more than 50 wt %), low cost, easy synthesis, and
low decomposition temperature in the air. Indeed, the hydrother-
mal decomposition of metal oxalates is a clean, flexible and pow-
erful approach toward metal oxide with possible scale-up
potential [2].

Metal oxalate hydrates can be dehydrated and decomposed
by pressure and heating and finally converted to metal oxide.
Ergo, metal oxalate hydrates have been exploited as a precursor to
convert metal oxides with solid-state reaction methods [3].

In this study, we prepared a ceria solid solution with simple
oxalate precipitation [4]. The obtain powder which consist
Ce(C104)3.10H,0 was used for conversion to CeO, with hydro-
thermal treatment. The impact parameters such as pH, and hydro-
thermal temperature were evaluated on the physicochemical
characterization of the final powder.

2. Experimental and Instrumental section

All the reagents used in this work were analytical grade and all so-
lutions were prepared with Millipore water. Briefly, appropriate
amount of oxalic acid (0.1 M) add to the cerium(IIl) nitrate
hexahydrate (0.1 M) mixed together. The white precipitation was
washed 3 times with Millipore water, centrifuged and dried at 50
°C in an oven. 0.25 g of the obtained powder with 21 mL of di-
luted nitric acid was transferred to the Teflon-lined autoclave for
hydrothermally treatment. The final product washed 3 times with
Millipore water, centrifuged and dried at 50 °C in an oven. The fi-
nal powder was characterized with XRD and SEM.

3. Result and Discussion

Several parameters are affected to synthesis metal oxide from
metal oxalate as precursor. The pH value is the significant key
factor for the nature and crystallinity [5]. Therefore, the influence
of the initial pH during the Ce;(C,04)3.10H,O hydrothermal
treatment was investigated in the 1, 2 and 3. The target pH was
reached by adding different concentration of nitric acid. The
XRD patterns of the final powder prepared in 220 °C at different
adjusted pH for 24 h are shown in the Fig. 1.
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Figure 1. Powder X-ray diffraction diagrams obtained after hy-
drothermal treatment of Cey(C,04);.10H,0 in variation initial pH

; S—_ JLL ﬂ ) 2207C
] - -
=
(]
R
£ |
c |, 200°C
=
2
B
C
j93
=
180°C
1'0 2'5 'J'IG 4'0 5'0 GIG 7'9 8'9 9'0 159

28 (%)

Figure 2. Powder X-ray diffraction diagrams obtained after hy-
drothermal treatment of Ce,(C,0,);.10H,0 with various tempera-
tures in pH 1 during 24 h.

Other main effective parameter on the materials
physicochemical properties is temperature [8]. Therefore, the ef-
fect of hydrothermal treatment for converting Ce,(C204)3.10H,0
to CeO, was evaluated at 180, 200 and 220 °C with adjusted pH 1
for 24 h. As the XRDs are illustrated in the Fig. 2 with increasing
hydrothermal temperature the initially precipitated of
Cez(C204)3.10H,0 converted to CeO,.The optimum temperature
for the conversion is 200 °C and in higher temperature it just lead
to sharp peaks and consequently growing crystallise structure.
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(b) T=200 °C, pH=1

(€) T=220.°C, pH=1

Figure 3. SEM images of Ce,(C,0,);.10H,0 conversion to CeO, in different hydrothermal treatment (a-c) and pH (c-¢) during 24 h.

Final structure such as size, crystal thickness, aggregation
and purity are related to the synthesis condition, as confirmed by
our achievement. However, Fig. 3 shows the size and morphology
of the achieved powder from hydrothermal treatment of
Cey(C704)3.10H,0 to the CeO,. Such modification of this con-
version was correlated to increase crystallite phase with tempera-
ture and pH as already evidenced by XRD measurements. As it
illustrated in Fig. 3 (a-c) with increasing the temperature
from 180 to 220 °C aggregation of the nano powder stick-
ing together to formation bigger structure was occurred.
Also with increasing pH from 1 to 3, gradually conversion
of Cey(C,04)5.10H,0 to the CeO, was decreased and po-
rous powders in the low pH change to the rods and it shown
in Fig. 3 (c-e).

4. Conclusion

Cerium (III) precipitated with oxalic acid in the aqueous
solution and the white powder of Cey(C,04);.10H,0 was
achieved. Entirely conversion of Cey(C,04);.10H,0 to the
CeO, was done with hydrothermal treatment. This conver-

sion was profoundly related to several parameters such as
pH solution and temperature in the process of hydrother-
mal treatment which optimized in this procedure.
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X-ray diffraction data is a well-established and reliable ap-
proach of solid-state structure solution and refinement.
Compared to it, electron diffraction is still not as com-
monly used due to various reasons, one of them being
higher figures of merit indicating poorer accuracy of struc-
ture refinement. There are many ways to address this prob-
lem, ranging from using more complex theoretical
approach for structure refinement, to installing additional
parts of equipment, which enable collection of higher qual-
ity data.

In this work we investigate the influence of energy-fil-
tering on data refined with kinematical and dynamical ap-
proach.

Four sets of data — two filtered and two unfiltered —
were collected from two crystals of metal-organic polymer
containing Zn(II), water and 4,4’-biphenyldicarboxylic
acid. For first crystal, the unfiltered data were collected
first and the filtered — second. For the other crystal the or-
der of data collection was reversed. This protocol ensures
that the observed differences are not due to the radiation
damage.

All datasets were processed with PETS2 [1], and then
solved and refined with JANA2020 [2]. We processed all
four data set in an identical manner to ensure a reliable and
unbiased comparison.

In each case we observed some differences in R-fac-
tors. For kinematical refinement the R factors were slightly
lower for the unfiltered data (less than 1% of difference),
with the except of R(all), which was higher for the filtered
data. The situation was different for the dynamical ap-
proach — all R factors were higher for the unfiltered data,
and again — the difference was usually less than 1%.

The obtained results confirm the preliminary hypothe-
sis that the energy-filtering affects the kinematical and dy-
namical data refinement process in a different way. The
change in all R factors is not considerable, but still measur-
able. Adding an energy-filter negatively affects
kinematical refinement, but improves the dynamical one.

1. L. Palatinus, P. Brizda, M. Jelinek, J. Hrda, G. Steciuk and
M. Klementova, “Specifics of the data processing of pre-
cession electron diffraction tomography data and their im-
plementation in the program PETS2.0,” Acta Cryst. B, vol.
B75, pp. 512-522, 2019.

2. V. Petricek, M. Dusek and L. Palatinus, “Crystallographic
Computing System JANA2006: General features,” Z.
Kiristallogr., vol. 229, no. 5, pp. 345-352, 2014.

This work was supported by the Czech Science Founda-
tion, project number 21-05926.X.

Table 1. The differences in R-factors for each dataset.

Crystal 1 Crystal 2
Filter off | Filter on ](?)ige;ﬁ;] | Filteron | Filter off zigiri;l ce
Kinematical refinement
R(obs) 24.94 25.13 -0.19 26.11 25.95 -0.16
wR(obs) | 29.00 29.51 -0.51 30.02 2891 -1.11
R(all) 32.47 30.78 1.69 29.35 31.46 2.11
wR(all) 29.91 30.35 -0.44 30.37 29.36 -1.01
Dynamical refinement
R(obs) 10.27 9.78 0.49 12.46 12.94 0.48
wR(obs) 11.73 11.12 0.61 14.16 15.33 1.17
R(all) 16.71 16.24 0.47 15.35 16.26 0.91
wR(all) 13.34 12.78 0.56 14.82 15.94 1.12
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The new Jana2020 is a natural successor to the previ-
ous version of the Jana2006 program [1], which was
used to solve regular, modulated, and magnetic struc-
tures. The most important changes include a major
improvement in the graphical interface, which allows
the user full control of the individual steps of the solu-
tion and specification of crystal structures. Current
changes in the structure can be monitored either in the
mode of displaying the crystal structure, or by com-
parison of the measured and calculated profile from
the powder data.

Since the formation of modulated and magnetic phases
is very often associated with phase transitions, the proce-
dure for detecting the coexistence of more independently
diffracting domains has been significantly improved in the
new version. In some cases, during the test of the space and
superspace group, we receive incorrect information about

P4

the symmetry of the crystal, but also about its actual
translational symmetry [2]. Therefore, the procedure was
supplemented by an analysis of possible domain overlap.
Another significant improvement of the program is the
ability to perform a series of structure refinements the sys-
tem of data measured under different conditions (tempera-
ture, pressure, time). After solving and specifying the
initial structure, automatic refinement takes place on all
blocks of measured data. The procedure is supplemented
by a graphical display of changes in advanced parameters.

The authors are grateful to the Czech Science Foundation,
project No. 18-10504S.
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CRYSTAL AND MAGNETIC STRUCTURES IN THE Nd;,SrxFeO3 (0.1 < x <0.9)
SOLID SOLUTIONS

H. Nakatsugawa1, Y. Kamatani1, C. H. Hervoches?
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Rare-earth orthoferrites RFeO; (R = La,Nd,Dy,...) are of
particular interest due to their potential multiferroicity,
magnetoelectric effects, and other functional properties.

In this study, the Nd,_SrFeO; series (0.1 < x < 0.9)
have been prepared. Magnetization measurements from 5K
to 700K show weak antiferromagnetic behaviour and para-
magnetism following the typical Curie-Weiss law above
600K.

To clarify the correlation between the crystal structure
and magnetic structure of Nd;Sr,FeO; (0.1 <x<0.9),
powder neutron diffraction (PND) data of the
Nd; S FeO; (0.1 <x <£0.9) samples were collected at 15
K, 298 K, and 500 K with the medium resolution neutron
powder diffractometer (MEREDIT), part of the CANAM
infrastructure, at the Nuclear Physics Institute, Czech Re-
public. All Rietveld refinements were carried out using the
GSAS-II suite of programs [1].

It is confirmed that the FeOg octahedron distortion is re-
laxed as x increases and approaches the crystal structure of
the pseudo-cubic. Fig 1 shows the evolution of Fe-O-Fe
angles with x in Nd,SryFeO; (0.1 <x<0.9).
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Figure 1. Evolution of Fe-O-Fe angles vs x.

At room temperature, the materials present anti-
ferromagnetic order, with magnetic moment of Fe decreas-
ing from ~ 3.2 uB for x = 0.1 to ~1.0 uB for x = 0.6 and
magnetic spins oriented in the a- or c-axis (BNS Magnetic
Space Group: P21°/m’, Pn’ma’, or Pnma).
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Figure 2. Magnetic structure of Ndy ¢St FeO; (x = 0.1) at room temperature and 15K.

At 15 K, in the range x = 0.1 — 0.4, the magnetic spins
order in the b-axis direction (BNS Magnetic Space Group:
P21°/m’ or Pn’ma’); A more complex magnetic structure is
observed for x> 0.5.

The magnetic structures for Ndg¢Sr;FeO; at RT and
10K are shown in fig 2. Crystal and magnetic structures
were drawn using VESTA [2].

1. B.H. Toby and R.B.Von Dreele, J. Appl. Cryst. 46,
544-549 (2013).

2. K.Momma and F.Izumi, J.Appl.Crystallogr. 41, 653-658
(2008).
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Ministry of Education, Youth and Sports of the Czech Re-
public.

CRYSTAL STRUCTURE STUDY OF XENON COMPOUNDS USING 3D ELECTRON
DIFFRACTION

Kshitij Gurung

Institute of Physics, Czech Academy of Sciences, Prague

The low stability of the xenon compounds in the atmo-
sphere and under the electron beam makes it quite a chal-
lenge for their crystal-structure studies using electron
diffraction. At the same time, some of these compounds are
difficult to crystallize in large crystals, and electron diffrac-
tion is the only way to elucidate their structure. Recent
progress in 3D electron diffraction (3D ED) makes it a
promising technique for studying the crystal structures of
these largely unexplored compounds. To verify the feasi-
bility of the application of 3D ED to these compounds, we
investigated XeF, and [XeF][TaFs]. Sample loading was
achieved by the use of a glovebox and a homemade con-

struct that utilized liquid nitrogen, preventing the exposure
of the sample to moisture. Energy-dispersive X-ray spec-
troscopy (EDS) confirmed the presence of xenon and fluo-
rine in the loaded sample. The electron diffraction on XeF,
confirmed the presence of this phase. However, the crystal
quality was not sufficient to obtain a full single crystal 3D
ED data set. However, the compound turned out to be suf-
ficiently stable under the electron beam to potentially per-
mit a 3D ED data collection. These results, albeit
preliminary, demonstrate that it is possible to investigate
nanocrystalline xenon-containing compounds as well as
other air-sensitive and reactive materials by 3D ED.

© Krystalograficka spolecnost



140 Struktura 2022 - Posters

&

Materials Structure, vol. 28, no. 2 (2022)

Pé6

X-RAY DIFFRACTION AND NEUTRON DIFFRACTION OF THE SKIN BARRIER
MODEL

P. PuIImannové1, N. Kuéerkgm, R. Georgii4, B.1Demé5, J. Maixniers, B. Cu?ik?vé-KindlovéG,
K. Dvorakova’, V. Ondrejcekova , J. Zbytovska ", K. Vavrova

"Skin Barrier Research Group, Charles University, Faculty of Pharmacy, Hradec Kralové, Czechia
2Faculty of Pharmacy, Comenius University, Bratislava, Slovakia
3Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
*Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universitdt Miinchen, Garching, Germany
®Institut Laue-Langevin - 71 avenue des Martyrs, CS 20156, 38042 Grenoble Cedex 9 — France
SUniversity of Chemistry and Technology Prague, Faculty of Chemical Technology, Prague, Czechia
pullmanp@faf.cuni.cz

The physical barrier of the skin is located in its outermost
layer — the stratum corneum (SC). SC consists of cornified
cells embedded in the highly organized extracellular lipid
matrix containing mainly ceramides (Cer), free fatty acids
(FFA), and cholesterol (Chol). The skin lipids behaviour is
studied in models of various complexity. We have studied
the simple model based on Cer with C24 acyl chain (type
NS or NH), FFA (C16 — C24 chains), and Chol at the
equimolar ratio and a complex model prepared from iso-
lated and purified human skin lipids (but still missing
cornified cells). The models were prepared in the form of
thin layers applied onto supporting wafers. They were an-
nealed at the temperature above the melting point at low or
high humidity. The regular structure was evaluated by the
following methods:

1. X-ray diffraction measured with an X’pert PRO 6—0
powder diffractometer with the Bragg-Brentano
geometry (PANalytical B.V., Netherlands)

2. Neutron diffraction using a cold-neutron three-axis
spectrometer MIRA located at the neutron source in
Heinz Maier-Leibnitz Zentrum (Garching, Germany)
(a simple model)

3. Neutron diffraction using a D16 small-q diffractometer
(Institut Laue-Langevin, Grenoble, France) (the human
skin lipids)

The simple model based on Cer C24/FFA/Chol showed
immense structural variability dependent on the annealing
conditions. Bragg peaks at small angles provided a repeat
distance (d) of 5.3 nm (Fig. 1A a), which is known from the
literature [1], but also the repeat distances of 10.6 nm
(Fig.1A b), 15.9 nm (Fig.1A c), and 21.2 nm (Fig. 1A d)
were found [2]. All the peaks belong to the one-dimen-
sional lamellar structures with an orthorhombic lipid chain
sublattice (peaks at wide angles). The separated Chol (*)
was also found. The repeat distance of 10.6 nm is double
the theoretical maximal length of a two-chain Cer molecule
in the splayed-chain conformation. The composition of the
simple model with d = 10.6 nm was adjusted for the neu-
tron diffraction experiment at different contrast conditions
(D,O/H,0 ratio). The relative neutron scattering length
density p(z) was calculated according to the equation (1):

p(z)=3" F, cos[%’”} M

F}, is the scattering form factor for the order 4 and z is
the distance from the lamellar centre. The phase angles for
a centrosymmetric structure attain the values of +1 or -1.
We calculated 57 p(z) profiles at 100% D,O based on dif-
ferent combinations of the phase angles in two subsequent
steps. The most plausible p (z) profiles (Fig. 1B) were se-
lected to be consistent with the molecular composition of
the sample and to provide feasible water distribution pro-
file. The plausible r(z) profiles rely on a splayed-chain con-
formation of Cer [3] leading to the asymmetric distribution
of hydrocarbon chains in leaflets. The isolated human skin
lipids formed a lamellar phase with a longer d of 13.4 nm
due to the presence of ultra-long skin Cer. This long peri-
odicity phase (LPP) [1] has a feature common with the
structure with d = 10.6 nm — low intensity of the 1** order
peak. The human skin lipids were measured by neutron dif-
fraction at different contrast conditions (D,O/H,O ratio).
The p(z) profile of LPP based on one combination of the
phase angles for 6 F}, is shown in Fig. 1C. We suppose that
the molecular arrangement of the LPP is also based on the
splayed-chain conformation of Cer. The p(z) profiles of
LPP need to be corroborated with electron density profiles
and other experiment to verify the plausibility of our
model.

1. J. A. Bouwstra, G. S. Gooris, M. A. S. Vries, J. A. van der
Spek and W. Bras, Int. J. Pharm., 84, (1992), 205.

2. P. Pullmannova, E. Ermakova, A. Kovacik, L. Opalka, J.
Maixner, J. Zbytovska, N. Kucerka and K. Vavrova, J.
Lipid Res., 60, (2019), 963.

3. R. Corkery, Colloids Surf., B, 26, (2002), 3.

The study was supported by the Czech Science Foundation
(19-09135J and 19-09600S), Charles University (SVV 260
547), EFSA-CDN (No. CZ.02.1.01/0.0/0.0/16_019/
0000841) co-funded by ERDF, Heinz Maier-Leibnitz
Zentrum, and Institut Laue-Langevin.
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Figure 1. X-ray diffraction patterns of the simple models based on the Cer NS24/FFA/Chol mixture prepared at various annealing con-
ditions. Asterisks indicate the peaks of separated crystalline Chol. Full grid lines predict the peaks at = 5.3 nm, dashed grid lines predict
the odd orders of peaks at = 10.6 nm. The peaks of the orthorhombic chain sublattice are apparent in the wide-angle region (panel A).
Neutron diffraction patterns and p(z) profiles of the simple model based on the Cer NH24/Cer NS24/FFA/Chol (panel B) and human

skin lipids (panel C).
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Profesor RNDr. Vaclav Janovec, CSc.

Vaclav Janovec na 298. Rozhovorech o aktualnich otazkach rt a neutronové strukturni analyzy, 6.11.2015, Ustav
makromolekularni chemie AV CR, Praha

Dne 16. unora 2022 zesnul profesor RNDr. Vaclav
Janovec, CSc., vyznamny ¢esky fyzik a krystalograf.

Viaclav Janovec se narodil v rolnické rodiné 20. tinora
1930 v Pé&Cin€ v podhaii Orlickych hor. Otci, ktery se
vénoval radiofonii a fotografovani, se podafilo nadanému
synkovi vstipit vztah k technice. Mlady hoch ve ¢trnacti
letech postoupil na realné gymnazium a v roce 1949 byl
pfijat na piirodovédeckou fakultu. Téma diplomové prace
vénované elektrickym vlastnostem feroelektrického
BaTiO; a vlivu elektrického pole na difrakéni intenzity
dostal od prof. Vaclava Petrzilky. Zadéani tématu bylo
ziejme urCujicim impulsem pro jeho dalsi védeckou
kariéru. Jako Cerstvy absolvent nastoupil spolu se svymi
spoluzaky Janem Fouskem, Zdenikem Fraitem a Zdeiikem
Malkem do Laboratofe experimentalni a teoretické fyziky,
ze které pozdéji slouCenim s Laboratofi nuklearni fyziky
vznikl Fyzikalni Gstav CSAV. Ve své aspiranské praci
v roce 1958 vysvétlil a z mikroskopickych piedstav odvo-
dil vztah nepfimé iméry mezi dvéma dulezitymi velici-
nami: minimalnim elektrickym napétim nutnym k
preklopeni polarizace feroelektrické desticky a treti
odmocninou kvadratu jeji tloustky. Znovu jej v roce 1962
v Bristolu odvodili a ovéfili H. F. Kay a J. W. Dunn - a
proto je tento vztah dnes uvadén jako Janovciv-Kaytv-
Dunntiv zakon.

Janovec s Fouskem zacali pracovat ve skupiné die-
lektrik. Vedeni dielektrické skupiny Janovec ptevzal ptimo
od prof. Josefa Benese v bieznu 1960 a stal se tak prvnim
internim vedoucim této skupiny, pozd&ji a dodnes
nazyvané oddélenim dielektrik. V 1ét¢ 1966 se dielek-
trickému oddéleni podafilo v Praze zorganizovat prvni
mezinarodni konferenci o feroelektfiné. Konala se za
ucasti prednich védct za zapadu i vychodu od zelezné
opony a méla zasadni vyznam pro dal$i budoucnost
skupiny. Zacatkem srpna 1968 Fousek a Janovec odeslali
do tisku dnes jiz klasickou praci, ktera elegantné tesi
problém prostorové orientace doménovych rozhrani ve

feroelektrickych krystalech. Fousek i Janovec také spolu
vyznamné prispéli i k zalozeni mezinarodniho oborového
casopisu FERROELECTRICS, coz se stalo v roce 1970.

Za prilomovy objev lze povazovat Janovcovu teorii o
symetrii doménovych stén z pohledu tzv. Cernobilé
symetrie. A¢koliv Janovec o této své teorii psal a prednasel
vysledek, ve svété zlstavala bez vétsi odezvy. Divody
proto patrn¢ spocivaji jak v neobvyklém teoretickém
aparatu, tak v nepatrné, nanometrové Sifce doménovych
stén, kvuli kterym se teprve dnes zacina dafit tak malé
objekty detailnégji pozorovat.

Nejvétsim pocinem byla systematicka prace z roku
1975, na které pracoval spolu s Dr. Vladimirem Dvorakem
a Dr. Janem Petzeltem. Prace vychazela z myslenek tzv.
Landauovy teorie fazovych piechodi. VSem tifem
jmenovanym védciim se podafilo Landaovu tGlohu vyftesit
vypsanim vSech moznych zptsobl naruSeni vSech 32
moznych tfid makroskopické symetrie krystalt, a to véetné
rozboru vSech moznych disledki pro vlastnosti takovych
krystalti. Janovec pouzity piistup dale rozpracoval a
zdokonalil zejména pfi své mnohaleté praci na koncepci a
reedicich svazku D Mezinarodnich krystalografickych
tabulek, na mnichz se =z povéfeni Mezinarodni
krystalografické unie podilel jak autorsky, tak organiza¢né
v ramci mezinarodniho tymu, jehoz ¢Eleny byli profesofi
Th. Hahn, H. Wondratschek, J. Ptivratska, H. Klapper a
dalsi.

Podle pamétnikt se Janovec neprojevoval napadnymi
protirezimnimi gesty, ale jeho mravni a politicky kod byl
po par vétach rozhovoru s nim ziejmy, pficemz kde mohl,
tam se snazil pomoci. Mimo jiné byl jednim z nejstéd-
fejsich pravidelnych pfispévovatelti na finan¢ni pomoc pro
rodinu svého kolegy Dr. Tomase Ruzicky, ktery byl
vyhozen z Fyzikalniho tstavu CSAV a prondsledovany
kvtli Charté 77. Podotknéme, Ze honorat, ktery za dlouho-
letou praci na krystalografickych tabulkach obdrzel od
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prof. Hahna, vénoval Krystalografické spolecnosti na
financovani cen mladym védctim. Pfizna¢né si pfal, aby se
o tomto jeho prispévku nemluvilo a zistal jako anonymni
darce.

V 90. letech se Janovcovi oteviely prilezitosti k mnoha
pobytim a k je$té Sir§i mezinarodni spolupraci. Kolem
roku 1995 ovsem Akademie véd zacala Celit vyznamnym
finanénim Skrtim. Tehdejsi feditel tstavu Dr. Dvotak
vyzval védce v dichodovém véku k odchodu, nebo k
vyraznému snizeni uvazkd. Pfitom si pochopitelné pfal,
aby jeho byvalé oddéleni Slo ptikladem. Janovec mél ve
svych 65 letech uz na konté témér stovku publikaci, 4
patenty, n¢kolik medaili, rozsahlou sit’ spolupracovnikt z
celého svéta a byl povazovan za zakladatele prazské
doménové Skoly. Spolu s prof. L. A. Shuvalovem inicioval
novou sérii konferenci, které byly zaméfeny na jeho
oblibenou problematiku doménovych stén. Mél za sebou
velké zkusenosti z prednasek na Universit¢ Karlové i na
zahrani¢nich univerzitach v Curychu, Dijonu, Karlsruhe,
Montpellier a Rennes. Janovec a Fousek proto misto
odpocinku pfijali pozvani od prof. Jana Tichého, ktery se
vratil z exilu na Technickou univerzitu v Liberci, aby tam
obnovil vyzkum a vyuku v oblasti piezoelektrickych
materialti. Janovec se na Technické univerzité¢ v Liberci
habilitoval a v roce 1995 ho prezident Vaclav Havel
jmenoval profesorem. Na pedagogické fakulté byl pak
zaméstnan v letech 1995-2008 a kromé svého vyzkumu
prednasel studentim termodynamiku, statistickou fyziku,
tenzorovy pocet a dals$i predméty. Je ptiznacné, ze v ramci
svych zkousek vybizel studenty, aby sami zformulovali
dotaz.

V r. 2009 — ve svych 79 letech - Janovec opétovné
nastoupil do oddéleni dielektrik Fyzikalniho ustavu na
formalné maly tivazek, ktery ale byl vyznamny pro celé
oddéleni, protoze Janovec byl =zkratka inspirativni
osobnost, ktera predavala své napady a zkuSenosti ostatnim

mlad$im kolegiim. Zivé se zajimal se o novinky v oboru i
v oddéleni a vytrvale pracoval na pouziti teorie grup
v krystalografii zdvojcatélych krystald. Pravidelna
setkavani autord tohoto textu s naSim milym kolegou
Janovcem se Casto tahla do pozdnich vecernich hodin.

Prof. Janovec stihl béhem svého zivota byt oporou
nejen pro mnohé pratele z fad hudebnikt, ¢lentit Sokola ¢i
védct, ale predevsim pro svoji rodinu, hlavné pro svého
mladsiho bratra Zdenka, pro manzelku Evu, ktera zemiela
na nasledky tézké nemoci v roce 1999, pro svoji dceru
Irenu s manzelem Stevenem a vnoucaty Samuelem a
Abrahamem a pro svoji blizkou pfitelkyni Milusi a jeji
rodinu. Posledni dva roky Janovcova zivota po nastupu
epidemie byly poznamenany zhorSujicim se zdravim. Ale
ti, kdo méli s nim moznost hovofit pfed jeho skonem,
zaznamenavali neutuchajici dobrotu, zajem o déni ve sveEte,
stejné jako jeho klidnou vyrovnanost.

Zivot prof. Véclava Janovce, CSc. byl dlouhy a
naplnény, a piece kratky pro tak tvofivého, inspirativniho a
laskavého ¢lovéka. Bude nam chybét!

Jifi Hlinka
Jan Fabry

FZU AVCR

Juraj Sedlacek
4.8.1943-1.9.2021

Juraj Sedlacek has passed
away on September 1,
2021 after his battle with
cancer.

He was born in
Slovakia on August 4,
1943 and he never missed
an opportunity to empha-
size that gun salvos fired
on that day in Moscow
were not only a tribute to
the victory at Kursk but
also to his birth.

He started his educa-
tion at the Czech Techni-
cal University, Prague,
where he obtained M.Sc

degree in nuclear physics. After that a rich scientific career
followed, he was among the pioneers of recombinant DNA
technology and molecular biology in Czechoslova-
kia/Czech Republic and he has educated a number of PhD
students.

He was instrumental in establishing the first protein
crystallographic facility in the Czech Republic in year
1998.

He was also an important member of the Heart of Eu-
rope crystallographic community since the very first meet-
ing in 1998 and he personally participated in almost all
HEC meetings.

But above all, he was a kind, generous and witty per-
sonality for which he will be remembered and sorely
missed by his friends and colleagues.

Milan Fabry
IMG Prague
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25" ASSEMBLY AND CONGRESS OF THE INTERNATIONAL UNION OF
CRYSTALLOGRAPHY (IUCr). HYBRID CONGRESS IN THE TIME OF PANDEMIC,
AUGUST 2021

R. Kuzel
Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Praha 2

The IUCr organizes its congresses in conjunction with as-
semblies once every three years. In the meantime, there are
conferences of its regional associates, ACA, AsCA,
LACA, and ECA. In the Czech Republic the adhering body
is the Regional Committee of Czech and Slovak Crystal-
lographers included now in the Crystallographic associa-
tion (Krystalograficka spolecnost registered in the Czech
Republic - international name Czech and Slovak Crystallo-
graphic Association (CSCA). Since modern crystallogra-
phy is very interdisciplinary and no single institution
(university, institute) can cover its whole scope, it was just
CSCA that took the effort to organize the congress in
Prague, and after several attempts we won the bid in 2014
during the congress in Montreal. This was a bid for the or-
ganization of the 25th anniversary congress in 2020.

Congress Peripetia

We were celebrating our victory in 2014 having no idea
what we really had. This appeared clear only in 2020. The
preparation started well, immediately after the 24th con-
gress in Hyderabad in 2017. In 2017-18, the International
Program Committee (IPC) was formed with 35 members,
mostly representing [IUCRr commissions. The IPC meeting
was held from 14 to 16 May 2019 in Prague. This meeting
related to some kind of workshop called ‘Current Trends
and Future of Crystallography’, where representatives of
all commissions presented current problems, trends, and
highlights of their fields. During the subsequent two-day
meeting that was very effective, the whole programme
scheme was agreed on consisting of 3 plenary lectures, 35
keynote lectures, more than 100 standard scientific
microsymposia, and several special sessions. In the follow-
ing months, the basic programme was finalized. For all the
sessions, two cochairs were asked to invite two speakers to
their sessions for 30 minutes talsk assuming that four more
speakers will be selected from contributed abstracts. In
February 2020 this basic programme was more or less
complete. However, this was also the time of the beginning
of the pandemic. In the middle of March, an extraordinary
meeting of IUCr EC (the first its online meeting) decided to
postpone the congress to summer 2021 since it was clear
that the organization of classical congress in August 2020
is not very realistic. In the full calendar of the Prague Con-
gress Center one week after August 13 was possible. The
prepared programme was fixed, and we could only watch
the situation with the pandemic in the world. Unfortu-
nately, this was not good at all. In January 2021, after a
short discussion, we concluded that there was no room for
further postponing of the congress for several reasons. The
possibility of a classical congress remained unrealistic, and
the simplest way was to change it to a pure online form.
However, we were not bidding for such a congress, ad
moreover, a significant number of people really looked for-

ward to the congress in Prague. The only possibility was to
leave the hybrid form open, i.e. the combination of real and
virtual participation. At the beginning of February, we had
a chance to see a demonstration of presentation system g
Con developed by Prague group T.R.IL. that is basically in-
dependent on the locations of chairpersons and speakers.
We were convinced that hybrid congress should be possi-
ble depending on the overall situation, and final decision
on the form can be made at relatively short time before the
congress. This, of course, would require the maximum
flexibility of all involved. It was clear that before
about June we would not be able to make this decision sim-
ply because earlier anyone would know anything. Then we
started communication with all cochairs and invited speak-
ers, that is, with nearly 500 persons asking them to con-
firm their participation in any form. Any participation
cancelled less than 10% of them. We open the registration
for virtual participation with a possibility of upgrading to
real one, and we were watching Covid numbers. In the sec-
ond half of May the situation looked quite optimistic and,
moreover, conditions for organization of events in sum-
mer were published. According to polls among preregis-
tered people, it seemed that we could expect 700-800
people in Prague. During June, the program of sessions was
optimized and completed. Real registration was open.
However, Coronavirus did not seem to give up, trans-
formed to the so-called delta form, and destroyed our hopes
to the full extent. However, there was no way back. The last
weeks before the congress were very hectic. Basically,
what is usually prepared 3-4 months before the con-
gress we had to do in about 3-4 weeks. The exhibitors were
asking about the number of real participants on site. This
was something we also wanted to know. The colors of the
counts on the Covid maps changed often. The virus seemed
to be able to distinguish citizenship since different condi-
tions were defined for EU citizens living in UK than UK
citizens. The latter were simply not allowed to come to
Prague regardless of vaccination. However, even worse ap-
peared to be the bans on travel put on travel by institu-
tions. I think this was idealistic in the situation where
people could travel easier and visit a risky environment in
their cities. The uncertainty was enormous.

Hybrid Congress

After all, the congress was realized basically as planned in
the last monts as hybrid and in very nice atmosphere also
for online participants as it follows form e-mails received
after the congress. A very good quality programme could
be prepared. In this aspect, the possibility of online presen-
tation is very positive because for invited speakers this can
be quite simple and much cheaper. Only a few approached
speakers refused. We have more than 2500 preregistered
people, and the total number of final registrations reached
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nearly 1700. Less than one-third were able to come to
Prague, quite often for a shorter time; they watched the rest
online. With respect to restrictions, we had most real par-
ticipants from Poland and Germany, but others arrived
from France, Spain, Sweden, Denmark, Finland, Croatia,
Italy, USA and other countries.

Programme

The programme consisted of three plenary lectures, five
lectures connected with prizes, 35 keynote lectures, 103
standard sessions, 7 special sessions, Software Fayre — al-
ways 9 sesssions in parallel, 55 poster sessions and several
commercial presentations. In total, 624 lectures and over
550 posters in different forms were presented at the con-
gress.

In this year, two sessions were devoted to the structural
biology of coronaviruses and to new methods to combat the
pandemic. In biocrystallography, the highest number of ab-
stracts reached the session on the structural biology of en-
zymes and also on bioinformatics. New W.H. and W.
Bragg Prize lectures were also related to biocrystal-
lography — Structure-guided design of nex-generation ma-
laria vaccine (Jean-Philippe Julien, Kanada), Targeting
COVID-19 viral enzymes in an evolving landscape of pub-
lishing and peer review (James Fraser, USA) - as well
as one plenary lecture by David Eisenberg The Expanding
Amyloid Family: Structure, stability, function, and
pathogenesis related, for example, to Alzheimer’s disease.
The main Ewald prize and one plenary lecture were related
to crystallographic data and databasis. The Ewald prize
was awarded to Olga Kennard (UK) for the development of
Cambridge structure database, and a plenary lecture
by Helen Berman (USA) was devoted to protein database
PDB. Several sessions and pre-congress school were de-
voted to electron crystallography (structural studies by
electron diffraction). The school was mostly online, but the
last day in hybrid form. There were nearly 200 registered
participants. In this branch, the Gjonnes medals are
awarded. The prize went to Sven Hovmdéller (Sweden) and
Ute Kolb (Germany). Another significant topic of the con-

#* The Electric Field of ATP-Synthase

i Quantum crystallography in materials science
Q e
Tags:

Speakers:

Rating:

gress was quantum crystallography. For both the above
topics, relatively many experts were able to come to
Prague. Among materials, the highest attention attracted
materials for energy conversion and storage, often studied
in situ (also plenary lecture by Clare Grey on In situ and ex
situ studies of battery materials with magnetic resonance
and diffraction methods), nanomaterials, and magnetic ma-
terials. The highest number of abstracts was in the session -
Complex structure of minerals and inorganic compounds,
and in the session of phase transitions in complex materi-
als. Especially interest was also expressed for the session of
disordered materials. Despite low advertising of the con-
gress among chemical crystallographers, the highest num-
ber of registered people were just from this area, materials
important for the pharmaceutical industry, metal-organic
frameworks (MOFs), and catalysis. Two sessions were
dedicated to application of crystallography in art and many
sessions to individual techniques as neutron scattering,
small-angle scattering, synchrotron radiation, XAFS etc.

How the Hybrid Congress Was Working

All presentations were run from local servers in Prague (for
details see also https:/www.tri.cz ) and speakers were
asked to upload their presentations (pptx, pdf) in advance,
which was not accepted by all and caused stressful situa-
tions to technical staff, in particular at the beginning of the
congress. Files underwent technical control before ap-
proval for smooth presentation. If the speakers were online
then they had full control of presentation by arrows and
mouse motion was mapped and shown (pointer). Remote
participants could write questions into tab ,,Questions “.
These questions were visible to all, and cochairs could se-
lect them for live discussion. The questions could be an-
swered later by speakers in the ‘Discussion.” As a new
feature, the possibility of live entrance by additional partic-
ipants was included by request “Raise hand”. The cochairs
allowed entry and for remote participants, a quick test of
their microphone and camera was included before they
were connected.

Figure 1. gCon page of one lecture — Info: abstract, Videorecord — recording of the lecture, Documents — documents
for download, Video — video provided by the author for download, Discussions — active all the time, Questions — ac-
tive only during the lecture and immediate discusssion but visible all the time.
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Rating:
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Figure 2. gConpage of a poster — the author uploaded more pages and in addition some documents.
Virtual room was active only during corresponding virtual session.

Some speakers decided to upload the full lecture as an
MP4 video. Especially in case of inconvenient time differ-
ences (such as west coast of the USA or Australia). Quite
often, they were available live for discussion. The presen-
tation files are not accessible by anyone, but each author
could upload files without format restrictions to the tab
‘Documents’ and these files are available for download for
registered participants. During congress, we met all possi-
ble combinations of locations of speakers, two cochairs and
asking participants, and always everything worked well.

All poster files were available for viewing and down-
load (unlike recordings). It was possible to upload not only
posters, pdf but also pptx presentations or MP4 videos ac-
cording to the needs of the authors. In time of poster ses-
sions for each poster virtual room could be entered. The
limit of one room was 25 visitors and the rooms were work-
ing for live meeting similarly to, e.g., Zoom with possibil-
ity of screen sharing. Of course, in hybrid mode it was

necessary to separate virtual rooms from real poster ses-
sions. In addition to usual poster panels, electronic panels
were available too allowing easy search and zooming of
details.

All responses of local and remote participants show that
the congress was successful in most aspects and was better
than expected when a number of people were sceptical to
the hybrid form. Perhaps, it can be taken as an example for
hybrid congresses. Credits should be given to all those in-
volved in the organization. For the good impression of on-
line participants, probably the greatest credit goes to T.R.IL.,
their system gCon and very professional approach.
Namely, the way of streaming and design with views of
lecturers, chair persons, asking people, hall that made the
congress really live. Online participants also appreciated
the streamed concerts. They were simply attracted directly
to the action of the congress. Below, there are screens cap-
tured from recordings.

25th Congress of the International Union of Crystallography

|

&
£
F ll‘
M. 288

Hydrogens

Hydrogens scatter relatively more in electrons than in x-rays.

Despite of that for a long time difficult to see.

Scattered mentions in literature before 2017 (Vainshtein et al., Palatinus et al., Rodriguez et al.)

The possibility demonstrated and analyzed in detail in 2017 by Palatinus et al. (2017)

Lukas Palatinus

P 2653

Now almost routine, although not always guaranteed.

Figure 3. Typical screen of live lecture in the stream
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Figure 8. Concert in stream, watched by about 100 online partici-
pants.

The relatively long absence of real events was reflected
in positive acceptance by the onsite participants, the work
of the staff of the Prague Congress Center and the catering
company Zatisi. All were doing their best to ensure the suc-
cess of the conference. Of course, organizers should be
mentioned first: colleagues from the Faculty of Mathemat-
ics and Physics - Milan Dopita and other colleagues and
students, people from Institute of Organic Chemistry and
Biochemistry CAS (Pavlna Rezaova, chair of local orga-
nizing committe), Faculty of Science, University of South
Bohemia in Ceské Budgjovice (Ivana Kutd Smatanova,
chair of international programme committee), from the In-
stitute of Biotechnology (CAS) and very important group
Auletris (headed by Martin Haloun) www.auletris.com .
We were very satisfied with the Conftool registration sys-
tem (https://www.conftool.net ) and also presentation
system gCon by T.R.I.

25th Congress of the International Union of Crystallography

B -'. .D-. ------ '.
| Sv.g e ¥

Figure 7. Remote speaker, two local co-chairs

In addition to scientific programme, the Social
programme was organized — boat trips on the Vltava River,
conference dinner with a Brand new band concert at the
National House and a train trip to Pilsen brewery. For more
information, see https:/www.iucr25.org .

Different conference statistics are available at
https://iucr25.org/hybrid-conference-statistics/

Photos and short video
clips https://www.xray.cz/iucr/photo/default.htm.

Finally, the gcon website with all the conference mate-
rials was open till the end of March 2022 and during all the
time people were watching the materials. About 300 of reg-
istered participants never connected to the gcon system but
over different 700 people have been watching something
since the end of the congress. Most of the days during these
7 months at least one person opened something on the gcon
website. The histogram of unique views (i.e. by different
persons) can be seen in Figure 9.

The most viewed keynote lectures were by Dyan
Jayatilaka on quantum crystallography (277), Lukas Palati-
nus on electron crystallography on molecular crystals
(246) and Andrew Goodwin on functional materials (227).
The five most popular sessions were: Automation in
bio-crystallography: tools, perspectives and applications
(210 unique views), Crystal structures of pharmaceutical
and organic compounds from electron diffraction (208),
Total scattering (199), Structural biology against
coronavirus/covid-1 (192) and Machine learning in biolog-
ical and structural sciences (191)

The most on-line visited poster sessions were Powder
diffraction (average views —i.e. per poster — 181), Drug de-
sign (133), Crystal structure prediction (127), General in-
terest (103) and Structural bioinformatics (94). The most
popular posters had over 200 visits while the least number
of visits was 12 that is still not that bad.
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Figure 9. Number of unique views of presentation records

Such a kind of statistics has never been available and
hopefully it will help also to organization of next con-

gresses.

Figure 10. Last participants and organizers after closing ceremony (photo by Petr Pachl)
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STRUKTURA 2022 - PROGRAMME

Monday, June 20
11:00—13:00 Registration
13:00 Struktura 2022 - Opening

13:15-15:45 Session I
J. Drahokoupil, J. Maixner

13:15

L1 81
FrantiSek Laufek

(Czech geological survey, Prague)

Prvnich padesat let praskové difrakce: Od Scherrera k
Rietveldovi

First fifty years of powder diffraction: From Scherrer to Rietveld

13:45

L2

Michal Hu$ak 82
(Institute of Chemical Technology, Praha)

Predikce krystalové struktury - zkusenosti s Gcasti v CSP 7
slepém testu

Crystal structure prediction - experience with participation at
CSP 7 blind test

14:15

L3 83
Miroslav Pospisil

(Fac. of Mathematics and Physics, Charles University, Praha)
Struktura halloysitu s irinotecanem feSena molekularnimi
simulacemi

Structure of halloysite with irinotecan solved by molecular simu-
lations

14:40

L4

Jiti Hybler 84
(Institute of Physics, Czech Academy of Sciences, Praha)
Vlaknita textura cronstedtitu

Fiber texture of cronstedtite

15:05

L5

Jaromir Kopecek 86
(Unstitute of Physics, Czech Academy of Sciences, Praha)
"Pfirodni slitiny" z hlubokomoiskych konkreci

15:30

L6 87
Esther de Prado

(Institute of Physics, Czech Academy of Sciences, Praha)
Structure and microstructure in (111) and (111)+(001)
ScN/MgO thin films

15:55 Coffee break

16:20—18:50 Session 11
L. Hordk, D. Simek

16:20

L7

Gergely Farkas 88
(Institute of Nuclear Physics, Czech Academy of Sciences, Rez)
Line profile and rocking curve analysis of 3D diffraction

data

16:50

L8

Petr Mikulik 89
(Faculty of Science, Masaryk University, Brno)

Laboratory and synchrotron rocking curve imaging for
crystal lattice misorientation mapping

17:15

L9

Mojmir Meduna 90
(Faculty of Science, Masaryk University, Brno)

Radonova transformace v reciprokém prostoru

Radon transformation in reciprocal space

17:40
L10
Zdenék Matéj 91

(MAX IV Lund, Sweden)
Image corrections for powder diffraction with thick sensor
detectors

18:05

L1l 144
Radomir KuZel

(Fac. of Mathematics and Physics, Charles University, Praha)
25. kongres IUCr v Praze, historie, zkuSenosti, statistiky
25th IUCr congress in Prague, hitory, experience, statistics

19:00 Dinner

20:00-21:00
Discussions
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Tuesday, June 21
7:00—8:30 Breakfast

8:30—10:00 Session III - Neutron scattering
chair: P. Javorsky, P. Beran

8:30

L12 93
Mark Johnson

(ILL, Grenoble, France)

Opportunities and perspectives at the Institut Laue
Langevin: the Endurance upgrade programme

9:05

L13 93
Thomas Hansen

(ILL, Grenoble, France)

Neutron diffraction to study the structure of mate

9:40

L14 94
Leonardo Chiappisi

(ILL, Grenoble, France)

Soft matter seen by Small-angle Neutron Scattering, Neu-
tron Reflectometry, and complementary techniques

10:15

L15 94
Paul Steffens

(ILL, Grenoble, France)

Inelastic neutron scattering - from structure to dynamics of
functional materials

10:50 Coffee break

11:20-12:45 Session IV - Neutron scattering
chair: J. Kulda, P. Javorsky

11:20

L16 95
Andreas Schreyer

(ESS, Lund, Sweden)

First science on the ESS instrument suite

12:05

L17 95
Jan Saroun

(Institute of Nuclear Physics, Czech Academy of Sciences, Rez)
European Spallation Source - contribution of the Czech Republic

12:15

Pi'emysl Beran

L18 96
(ESS, Lund, Sweden)

BEER - science case and status

13:00 Lunch
8:30-10:00 Session V - Neutron scattering
chair: J. Saroun, P. Javorsky

14:30

L19 97
Pavel Strunz

(Institute of Nuclear Physics, Czech Academy of Sciences, Rez)
SANS investigation of microstructre evolution in single crystal
Ti-15Mo metastable -Ti alloy at elevated temperatures

14:55

L20 99
Vasyl Ryukhtin

(Institute of Nuclear Physics, Czech Academy of Sciences, Rez)
Studies of precipitation in engineering materials using small-an-
gle neutron scattering

15:20

L21 100
Petr Cermak

(Fac. of Mathematics and Physics, Charles University, Praha)
ALSA - Automatic Laue Sample Aligner

15:45

L22 100
Gergely Nemeth

(Institute of Nuclear Physics, Czech Academy of Sciences, Rez)
Neutron Diffraction Study of Residual Stresses in Engineering
Components formed via Additive Manufacturing

16:05

L23 102
Jiri Kulda

(ILL, Grenoble, France)

Efficient modeling of single crystal diffuse scattering

16:35 Coffee break

17:00—-18:50 Session VI - Synchrotron radiation
Z. Sourek, P. Mikulik

17:00

L24 102
Rajmund Mokso

(Max 1V Laboratory, Lund, Sweden)

X-ray imaging at synchrotron facilities

17:35

L25 103
Patrik Vagovic

(XFEL, Hamburg, Germany)

MHz X-ray microscopy at European XFEL
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18:10

L26 104
Jozef Bednarcik

(Institute of experimental physics, Slovak Academy of Sciences,
Kosice)

Strain mapping using high-energy X-ray diffraction

18:45

Peter Oberta

(Institute of Physics, Czech Academy of Sciences, Praha)
Information on ESRF, Czech membership

18:50

Petr Mikulik

(Faculty of Science, Masaryk University, Brno)

Information on European Synchrotron User Organization and
WayForLight portal

19:15 Dinner
20:30 Meeting of the CSCA board

20:30 Meeting of users of neutron and synchrotron
radiation

Wednesday, June 22
7:00-8:30 Breakfast

8:30—-10:00 Session VII
chair: Z. Sourek, R. Kuzel

8:30

Radomir KuZel

(Fac. of Mathematics and Physics, Charles University, Praha)
Vzpominka na Véclava Janovce

Obituary - Vaclav Janovec

8:40

Pavlina Reza¢ova

(Institute of Organic Chemistry and Biochemistry, Czech Acad-
emy of Sciences Praha)

Vzpominka na Juraje Sedlacka

Obituary - Juraj Sedlacek

8:50

Petr Marvan
(Panalytical)
Panalytical 2022

9:10

Boris Mi¢
(MTM)
Bruker 2022

10:30 Coffee break

10:00-12:00 Student session I
chair: M. Pospisil, Z. Matéj

10:00

SL1

Tereza KoSutova 112
(Fac. of Mathematics and Physics, Charles University, Praha)
Microstructure of thin layers of gold and gold nano-
particles

10:20

SL2

Martin Podhorsky 112
(Faculty of Science, Masaryk University, Brno)

Strukturni chyby v mikrokrystalickém materialu SiC
Structural defects in microcrystalline SiC

10:40

SL3

Marianna Gerina 114
(Faculty of Science, Masaryk University, Brno)

Size dependence of Surface Spin Disorder in Ferrite Nano-
particles

11:00

SL4

Ruslan Barannikov 115
(Institute of Inorganic Chemistry, Czech Academy of Sciences,
Rez)

Metal carboxylates in paintings — the study of their struc-
ture and behaviour

11:20

SLS

Suhaas Gupta 116
(Fac. of Mathematics and Physics, Charles University, Praha)
Temporal evolution of optical absorption and emission
spectra of thiol capped CdTe quantum dots

11:40

SL6

Ubaid Ahmed 118
(Institute of Physics, Czech Academy of Sciences, Praha)
In-situ loading on defect containing material observed under
high-resolution tomograph

12:15 Lunch
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13:40—-14:40 Student session II
chair: D. Simek, J. Kopecek

13:40

SL7

Petr Machovec 119
(Fac. of Mathematics and Physics, Charles University, Praha)
Mikrostruktura hexagonalnich epitaxnich vrstev LuFeO;
Microstructure of Hexagonal LuFeO; Thin Epitaxial Layers

14:00

SL8

Karel Trojan 120
(Fac. of Nuclear Engineering, Czech Technical Univ., Praha)
Mikrostrukturalni parametry, zbytkova napéti a prednostni
orientace laserem navaiené nastrojové oceli
Microstructural parameters, residual stresses and preferred orien-
tation of laser-welded steel

14:20

SL9

Petr Vertat 121
(Fac. of Nuclear Engineering, Czech Technical Univ., Praha)
Tepelné indukované zmény v modulované struktuie 10M
Ni50Mn27G322F61 martenzitu

Challenging martensites in Ni-Mn-Ga-based alloys: Can minor
changes in structural modulation affect physical properties?

14:50-16:30 Student session II1
chair: P. Rezdcovad, P. Kolenko

14:50

SL10

Martina Poncarova 122
(Fac. of Science, Univ. of South Bohemia, Ceské Budéjovice)
Photochemical degradation of selected pharmaceuticals
under light conditions relevant to natural waters and study
of toxicity of photoproducts

15:10

SL11

Libor Hejduk 123
(Fac. of Science, Univ. of South Bohemia, Ceské Budéjovice)
Decorin binding proteins from European Borrelia — do
structural differences influence ligand binding?

15:30

SL12

Tereza Kozelkova 124
(Fac. of Science, Univ. of South Bohemia, Ceské Budéjovice)
Lipolytic system in the hard tick Ixodes ricinus

15:50

SL13

Daria Peremotova 126
(Fac. of Science, Univ. of South Bohemia, Ceské Budéjovice)
Structural studies of Si3 endolysin mutants

16:10

SL14

Anna Koutska 127
(Fac. of Science, Univ. of South Bohemia, Ceské Budéjovice)
Molecular-biochemical and structural characterization of
secreted ferritin II from Ixodes ricinus

16:30 Coffee break

17:00-19:00 Student session IV
chair: J. Hasek, 1. Kuta Smatanovad

17:00

SL15

Jakub Hruby 128
(Fac. of Nuclear Engineering, Czech Technical Univ., Praha)
Zaména kovovych iontd v aktivnim misté nukleasy S1
Exchange of metallic ions in active site of S1 nuclease

17:20

SL16

Martin Maly 129
(Fac. of Nuclear Engineering, Czech Technical Univ., Praha)
Integrative structural analysis of antibiotic-inactivating en-
zyme from Stenotrophomonas maltophilia

17:40

SL17

Stefan Djukic 130

(Institute of Organic Chemistry and Biochemistry, Czech Acad-

emy of Sciences Praha)

Structural studies of human purine nucleoside phospho-
rylase and cyclin-dependent kinase 2 inhibitors

18:00

SL18 131
Barbora Kas¢akova

(Fac. of Science, Univ. of South Bohemia, Ceské Budéjovice)

Structural insight into the salivary serpins of Ixodes ricinus

18:20

SL19 132
Petra Havlickova

(Fac. of Science, Univ. of South Bohemia, Ceské Budéjovice)
TBEV and DENV RNA-dependent RNA polymerases -
structure and interactions

18:40

SL20 133
Milan Ko¢i

(Fac. of Nuclear Engineering, Czech Technical Univ., Praha)
Investigation of the Rwp factor of paracetamol crystal
structure

19.15 CSCA Assembly

20:00 Dinner
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Thursday, June 23
7:00—8:30 Breakfast

8:30—10:10 Session VII
chair: J. Brynda

8:30

L27 105
Petr Kolenko

(Fac. of Nuclear Engineering, Czech Technical Univ., Praha)
Paired refinement and crystal anisotropy

8:55

L28 105
Jind¥ich Hasek

(Institute of Biotechnology, Czech Academy of Sciences,
BIOCEYV, Vestec)

Structure database of organic polymers and their interac-
tions with biomacromolecules

9:20

L29 106
Lubica Urbanikova

(Insitute of Molecular Biology, Slovak Academy of Sciences,
Bratislava)

Unique structure of the cell wall binding domain of phage
endolysin

9:45 Coffee break

10:15-12:45 Session VIII
chair: M. Dopita, N. Ganev

10:40

L31 107
Pavla Roupcova

(Institute of Physics of Materials, Czech Acad. of Sciences, Brno)
Determination of structure of small particles

11:05

L32 108
Jan Drahokoupil

(Institute of Physics, Czech Academy of Sciences, Praha)

Rtg tomografie - prvni zkusSenosti

X-ray tomography - first experience

11:30

L33 109
Petr Dolezal

(Fac. of Mathematics and Physics, Charles University, Praha)
Fazové transformace v titanovych slitinach

Phase transformations in Ti alloys

11:55

L34 110
FrantiSek Lukac

(Institute of Plasma Physicscs and Physics, Czech Academy of
Sciences, Prague)

Metastabilni aluminy v plasmovych nastficich

Metastable alumines in plasma sprayings

12:20

L35 111
Petr Cejpek

(Fac. of Mathematics and Physics, Charles University, Praha)
In-situ rtg difrakce tahové deformace nestechiometrického
monokrystalu Ni,MnGa

In-situ X-ray diffraction during tension on off-stoichiometric
Ni;MnGa single crystal

10:15

L30 107
Silvia Svarcova

(Institute of Inorganic Chemistry, Czech Academy of Sciences,
Rez)

Studium maleb praskovou difrakci

XRPD in the study of painted artworks

12:45 Student prizes

13.15 Lunch
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Posters

P1 135
Navid Assi

(Faculty of Science, Charles University, Prague)
Hydrothermal conversion of Cerium Oxalate into
Ce02.nH20 oxide

P2 137
Malgorzata Cabaj

(Institute of Physics, Czech Academy of Sciences, Praha)

The influence of energy-filtering on kinematical and dynamical
structure refinement from 3D ED data

P3 138
Margarida Henriques

(Institute of Physics, Czech Academy of Sciences, Praha)
Solution of crystal and magnetic structures in Jana2020

P4 138
Charles Hervoches

(Institute of Nuclear Physics, Czech Academy of Sciences, Rez)
Crystal and magnetic structures in the Nd,_Sr,FeOs (0.1 <
x < 0.9) solid solution

P5 139
Kshitij Gurung

(Institute of Physics, Czech Academy of Sciences, Praha)
Crystal Structure Study of Xenon Compounds Using 3D
Electron Diffraction

P6 140
Petra Pullmanova

(Faculty of Pharmacy in Hradec Kralové)

X-ray diffraction and neutron diffraction of the skin barrier
model
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Adamkova Kristyna 128,129
Adriano L. 103
Andrusenko Iryna 137
Assi Navid 135
Avgoustakis K 83
Bakardjieva Snejana 99
Barannikov Ruslan 115
Bartha Kristina 109
Bean R. 103
Bednarc¢ik Jozef 104
Belluci V. 103
Beran Premysl 95, 99, 96
Bezdicka Petr 107,115
Bhattacharyya Jishnu 88
Bhushan Bhavya 116
Biederman H. 112
Bilek T. 130
Birsteinova S. 103
Bonucci A. 103
Borkovcova K 86
Brazda Petr 139
Bressan Franco 90
Brus Jiri 105
Brynda Jifi. 106, 130
Bukovska Gabriela 106
Burmester Joerg 96
Cabaj Matgorzata 137
Caha Ondfiej 89
Cejpek Petr 110
Cermak Petr 100
Cichont Stanislav 87
Colman Ross 111
Correa C.A. 138
Crossley Joel A. 132
Capek JiFi 120
Cuiikova-Kindlova Barbora 140
de Prado Esther 87
Demé Bruno 140
Djukic Stefan 130
Dohnalek Jan 105, 128, 129
Dolezal Petr 109
Dopita Milan 112,114 119
Drahokoupil Jan 108, 133
Drozdenko Daria 111
Dudik Jonas 110
Dusek Michal 138
Duskova Jarmila 129
Dvotakova Kristyna 140
Dwivedi Umesh Kumar 116
Dyc¢ka Filip 123,124,132
Fabry Jan 142
Fabry Milan 130, 143
Farkas Gergely 88
Fekete Ladislav 87
Fenske Jochen 96
Fnukal F. 82
Franta Zdenek 127,132
Frantova Helena 124
Gajdosova Veronika 114
Ganev Nikolaj 120
Garcia-Moreno P.F. 103
Gardian Zdeno 132
Garrappa Silvia 115

Gemmi
Georgii
Gerina
Gerova
Gianni
Giovanetti
Gold
Gracefffa
Grinkevich
Grubhoffer
Gupta
Gurung
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