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they could use a portfolio of all symbols and it was then
sufficient to move specific symbols to relevant positions. A
similar way was used for space groups (complete diagrams
of general positions with symmetry elements or vice versa
complete diagrams of symmetry elements with general po-
sitions, determination or estimation of the space group)

A little more complicated was preparation of online
practical course. This is the basic problem of powder dif-
fraction — determination of lattice parameter of unknown
cubic phase and then also phase analysis of mixture of 3-6
phases. Since, the task consists mainly in evaluation, it was
decided to adopt this also to online form. This practical part
always begins with a short excursion in X-ray laboratory
showing them a few instruments, description of powder
diffractometer, preparation of different samples, specimen
alignment and automatic measurement in symmetrical
scan. So, everything was recorded to video and what was
only missing for students was their own specimen prepara-
tion. This is followed by demonstration of fast evaluation
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of powder pattern and generation of a file with peak param-
eters. Students used this output (each with different param-
eters) to index peaks according to procedure described on
web link and determined the lattice parameter considering
the instrumental aberrations. The first part is closed by
looking into the Powder Diffraction File in order to find the
phase. However, usually it is not found because the lattice
parameter deviates from the database value from some rea-
son. This reason is discussed.

In the second part, the pattern was evaluated in different
software, the list of peaks was generated (26, d, I) and the
students obtained scanned education edition of Hanawalt
index and made the search. Finally, for homework, the stu-
dents should download 30-days trial of program Match and
use it for the phase analysis of the mixture. Each of the stu-
dents received different dataset.

Finally, I think that such tools can be well used for
teaching even if, hopefully, we will come back to more or
less normal time.

BASHELIXIR HAS NEW FEATURES AND NEW GUI
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115 19 Prague 1, Czech Republic

2Institute of Biotechnology of the Czech Academy of Sciences, Biocev,
Pramyslova 595, 252 50 Vestec, Czech Republic

petr.kolenko@fjfi.cvut.cz

Many computational tools to perform experimental phas-
ing have been developed. Most of them are concentrated in
the CCP4 [1] and PHENIX [2] program packages. Re-
cently, the command-line tool haSHELiXir [3] has been
published to provide fast and efficient phasing protocols
linked to the application of the SHELX C/D/E [4,5] pro-
gram package. The program independently enables
searches for the correct space group, screening of the sol-
vent content parameter and high- and low-resolution dif-
fraction limits. In baSHELiXir, SHELXE processes are
parallelized to reduce the computational time and provide a
thorough analysis of the computational results based on
provided data.

Several cases have been selected to demonstrate the full
applicability and capacity of baSHELiXir. They cover sin-
gle-wavelength anomalous dispersion, multiple-wave-
length anomalous dispersion with two to five datasets
collected at different wavelengths, single isomorphous re-
placement with anomalous scattering and radiation-dam-
age-induced phasing protocols.

baSHELiXir is a powerful tool for a thorough analysis
of experimental phasing information contained in crystal-
lographic data. It is simple to use from the command line.

Moreover, a graphical user interface has been developed
for easier launching of the analysis.
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THE CRYSTAL STRUCTURE OF THE FIRST HALOALKANE DEHALOGENASE
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Haloalkane dehalogenases (EC 3.8.1.5) are microbial en-
zymes that catalyze the breakdown of halogenated com-
pounds resulting in a halide ion, proton and alcohol. These
enzymes are applied in industrial catalysis, bioremediation
and biosensing of environmental pollutants. Novel halo-
alkane dehalogenase DpaA that belongs to the superfamily
of o/p hydrolases was isolated from a psychrophilic and
halophilic bacterium Paraglaciecola agarilytica NO2
found in marine sediment collected from the East Sea, Ko-
rea. Here, we report its crystallization and X-ray diffraction
data analysis. DpaA was crystallized using the sitting drop
vapor diffusion method. Two independent crystallization
and data collection experiments resulted in several data sets
with the resolution ranging from 2.2 to 3.0 A and from 2.5
to 3.17 A, respectively. During structure solution DpaA
shows interesting structural properties of its tetramer con-
formation and its interactions between individual chains.
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The difficulties during initial data processing and the right
space group determination reveal the presence of
pseudotranslation at every collected data set, which re-
quired further investigation and improvements of the exist-
ing model. Finally, merohedral twinning and subsequent
structure modeling and refinement resulted in a tetrameric
model of DpaA, highlighting an uncommon multimeric na-
ture for a protein belonging to the HLD-I subfamily.

This research is supported by the Grant Agency of the
Czech Republic (grant No. 17-24321S); DAAD mobility
grant (grant No. DAAD-16-09); European Regional De-
velopment Fund-Project (grant No. CZ.02.1.01/0.0/
0.0/15_003/0000441; grant No. CZ.02.1.01/0.0/0.0/16_
019/0000778; grant No. LM2015047; grant No.
LM2018121); GAJU (grant No. 017/2019/P); Czech Min-
istry of Education (grant No. CZ.02.1.01/0.0/0.0/
16 _026/0008451).
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Small angle X-ray scattering (SAXS) serves as one of the
complementary methods of structural biology. SAXS al-
lows both characterization and low resolution structural
studies of macromolecules, with advantage of liquid sam-
ples. Several such complementary methods can be directly
coupled with SAXS. Thanks to the high flux X-ray sources
like MetalJet (Excillum), these applications are now possi-
ble not only at sunchrotrons, but also in-house. Here, in situ
UV-Vis absorbtion spectroscopy and size exclusion liquid
chromatography coupled with SAXS, as available in Cen-
tre of Molecular Structure, will be presented.

Centre of Molecular Structure is equipped with
SAXSPoint 2.0 (Anton Paar) instrument with MetalJet
C2+ X-ray source and Eiger 2M detector. Samples can be

loaded to variety of the capillaries using an autosampler.
The set of temperature controlled sample stages include
low noise cell and capillary capable of in situ UV/Vis ab-
sorption spectrometry. Recently, a dedicated liquid chro-
matography system AktaGo (GE Healthcare) was
introduced.

The Centre of Molecular Structure is supported by: MEYS
CR (LM2018127); project Czech Infrastructure for Inte-
grative Structural Biology for Human Health (CZ.02.1.01/
0.0/0.0/16_013/0001776) from the ERDF; UP CIISB
(CZ.02.1.01/0.0/0.0/18_046/0015974), a ELIBIO (CZ.02.
1.01/0.0/0.0/15_003/0000447).
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INTRODUCTION TO NANOTOXICOLOGY

Anna Fucéikova
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Karlovu 5, 121 16 Praha 2

The nanoparticles are widely used not only in laboratories
but also in our households. They are just everywhere we
look. We add them to the food, medical products, cosme-
tics etc. We are actually making so much nanoparticles that
they become significant pollutant of our natural environ-
ment. This stands in contrast with nature made
nanoparticles - their quantity is 9x higher but they are natu-
ral part of environment and are not causing significant
problems.

In this talk I would like to concentrate on the tools and
methods of studying the nanotoxicity of nanomaterials and
interaction of nanomaterials with the biological environ-
ment. Especially I would like to speak about protein corona
formation and its influence on the nanoparticle destiny in
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the biological environment. I would like to address the key
properties of nanoparticles which are influencing their tox-
icity. For example: size, shape, surface charge, surface
groups and composition.

STRUCTURE AND MICROSTRUCTURE OF ROTARY-SWAGED W-Ni-Co
PSEUDOALLOY STUDIED BY NEUTRON DIFFRACTION

P. Strunz1, R. Kocichz, P. Beran1’3, L. Kunéicka®

"Nuclear Physics Institute of the CAS, Rez 130, 25068 Rez, Czech Republic
2\/8B-Technical University of Ostrava, Faculty of Materials Science and Technology, Czech Republic
’ESS (European Spallation Source ERIC), Lund, Sweden
strunz@uijf.cas.cz

Tungsten heavy alloys (THAs) are two-phase composites
consisting of tungsten particles/agglomerates surrounded
by a ductile matrix [1]. Due to their superb mechanical
properties and high specific mass, tungsten heavy alloys
are used in demanding applications, such as kinetic
penetrators, gyroscope rotors, or radiation shielding. Effec-
tive structure refinement can be introduced via methods of
severe plastic deformation. However, their structure, con-
sisting of hard tungsten particles embedded in a soft matrix,
makes the deformation processing a challenging task.

This study focused on the characterization of deforma-
tion behaviour during thermomechanical processing of a
W-Ni-Co tungsten heavy alloy (THA) via the method of
rotary swaging at various temperatures. Rotary swaging is
an intensive plastic deformation method advantageously
used in the industry to gradually reduce cross-sections and
increase lengths of axisymmetric workpieces [2].

The primary aim was to determine microstrain and
characterize the dislocations and active slip system in the
original sintered THA as well as in the rotary swaged bars,
in order to characterize the effects of thermomechanical
treatment on the microstructure. Emphasis was given on

the investigation by neutron diffraction. Characterization
of advanced materials by neutron powder diffraction pro-
vides information not accessible by other techniques.
Thanks to the low absorption of neutrons, the bulk of the
material and large-grain samples can be investigated,
moreover - in many cases - in situ at elevated temperatures.

The sintered bars were processed by rotary swaging ei-
ther at room temperature or at 900 °C into circular swaged
bars with a diameter of 10 mm. The neutron diffraction pat-
terns for structure and microstrain determination were col-
lected at ambient temperature on the MEREDIT
diffractometer of CANAM infrastructure at NPI ReZ near
Prague [3].

Two phases were identified in all samples of W-Ni-Co
alloy. The main phase (denoted W-B2) had o-W (B2)
structure and was formed by the original tungsten powder
grains. The second phase (denoted NiCo,W in what fol-
lows) with a weight fraction of 6%—7% and Ni-like struc-
ture (fcc) was present as well.

The analysis [4, 5] showed that the grains of the
NiCo, W matrix refined significantly after the deformation
treatments. The microstrain was higher in the cold swaged
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sample (44.2 x 10™) than in the hot swaged sample (41.2 x
10*). The evaluation of the modified Williamson-Hall
plots showed that both the samples swaged at 20°C and
900°C exhibited the activation of edge dislocations with o
{110} orn {111} slip systems, and/or screw dislocations
with n slip system in the NiCo, W matrix.

Dislocation densities in NiCo,W phase were estimated
from the diffraction peaks broadening. It was seen that the
dislocation densities increased approximately 5 times after
rotary swaging, and that it is 15 % higher for the sample
swaged at room temperature than for the sample deformed
at 900°C. It was concluded from the comparison with the
stress-strain test that the increased dislocation density due
to swaging is responsible for the observed substantial me-
chanical strengthening (larger for the cold swaged bar).

1. N.Durlu, N.K. Caliskan, B. Sakir, Int. J. Refract. Met.
Hard Mater., 42, (2014), 126—-131.
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D.D. Sarma, S. Ray, R. Mathieu, Solid State Sci., 50,
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4. P. Strunz, L. Kuncicka, P. Beran, R. Kocich, Ch.
Hervoches, Materials, 13, (2020), 208,
DOI:10.3390/ma13010208.

5. P. Strunz, R. Kocich, D. Canelo-Yubero, A. Machackova,
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The study was supported by the Czech Science Foundation
(project no. 19-15479S). Measurements were carried out
at the CANAM infrastructure of the NPI CAS Rez, and at
the infrastructure Reactors LVR-15 and LR-0.

ON OPTIMIZATION OF MAGNETIC NANOPARTICLES ARRANGEMENT IN PS-b-P4VP
BLOCK COPOLYMER THIN FILMS

Alexander Zhigunov, Magdalena Konefat, Peter Cernoch, Vitalii Patsula, Ewa Pavlova

Institute of Macromolecular Chemistry of the Czech Academy of Sciences, Prague, Czech Republic
zhigunov@imc.cas.cz

The arrangement of inorganic nanoparticles in a polymer
matrix or domains in block copolymer thin films has at-
tached much attention due to their potential applications in
diverse fields such as block copolymer lithography,
nanostructured solar cells or advanced catalysts [1]. The
key issue in all of these systems, which is to precisely con-
trol the spatial distribution of the nanoparticles, maintain-
ing the thin film characteristics and polymeric domain’s
parameters, still remains a significant challenge [2].

In this work we demonstrate the effect of incorporating
magnetite nanoparticles into polystyrene-poly-4-vinyl-
pyridine (PS-b-P4VP) block copolymer thin films. The
synthesized nanoparticles had a Fe;O4 core diameter of 7.2
nm and were coated by polyacrylic acid to improve affinity
to P4VP block, giving overall hydrodynamic radius of 23
nm as measured by DLS. Solutions of the PS-5-P4VP were
prepared in THF or THF/methanol mixture, where 2 wt. %
of nanoparticles were mixed in. The films were prepared by
dip-coating method with withdrawal speed varied in the
range of 2 to 100 mm/min. The properties of the obtained
films were characterized by the means of X-Ray Reflec-
tivity, Grazing Incidence Small Angle X-ray Scattering,
Atomic Force Microscopy and Transmission Electron
Microscopy.

Thin films with thicknesses 9-70 nm were obtained.
The V-shaped thickness dependence on withdrawal speed
was validated for each system. For the films obtained from
solvents mixture we have observed curve shift to lower
dip-coating rates, but leading to possibility to achieve
lower film thicknesses. Additionally, much better domain
organization was obtained in the case of the films prepared
from solvent mixture, especially in the capillarity regime
(slow withdrawal speeds), while films prepared from THF

film thickness [nm]

p

THF+CH,OH

T
| 10 100
withdrawal speed [mm/min]

Figure 1. Film thickness as a function of the dip-coating rate. Red
curve corresponds to the films, prepared from THF/methanol mix-
ture; blue curve corresponds to the films, prepared from THF.

solution showed an occurrence of particles aggregates on
the surface. The addition of Fe;04@PAA nanoparticles has
been shown to induce the orientation of P4VP cylindrical
nanodomains perpendicular to the surface. Domains of size
in the range of 15 to 32 nm and spacing from 45 to 105 nm
were obtained depending on the withdrawal speed. The op-
timal processing conditions have been found to fabricate
long-range ordered hybrid organic-inorganic material
without the need for further annealing or post-processing.

1. Park S. et al., Macromolecules 2007, 40, 22, 8119-8124.
2. Gao K. et al., Langmuir, 2020, 36, 1, 194-203.

This work was supported by Czech Science Foundation
(GACR) (Grant no. 19-109828).
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SPUTTERING ONTO LIQUIDS: THE BEHAVIOUR OF NANOPARTICLES UNDER
THERMAL ANNEALING
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J. Cornil”, M. Dopita’ and S. Konstantinidis
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Metal nanoparticles (NPs) are extensively studied due to
their unique physical and chemical properties rising from
their high surface area and nanoscale size. NPs are suitable
candidates for various fields, including catalysis, imaging,
medicine, energy production and storage, and environmen-
tal applications [1].

The synthesis of metal NPs is divided into two main
groups, i.e., physical and chemical. Each of these methods
has pros and cons; the physical approach allows the pro-
duction of pure NPs while the chemical one allows the fine
control of the size, dispersion, and shape [2]. In order to im-
prove the synthesis of NPs, the combination of methods is
of interest. The sputtering onto liquid is an approach com-
bining both the physical and chemical ways. In this ap-
proach, the solid substrate conventionally used during the
sputter deposition of a thin film is replaced by a liquid with-
standing low pressure. Thus, the metallic target is sputtered
in a vacuum chamber. The sputtered elements reach the
surface of the liquid. Then, the nucleation and the coales-
cence of the species occur, and ultimately, NPs are formed
[3]-

Since the first reported use of this approach in 1974,
more than 125 scientific papers have been published based
on this process. Most of them highlight the sputtering of
monometallic NPs and the influence of parameters on the
resulting morphology of the NPs. One of the most used lig-
uid host for sputtering process are ionic liquids due to the
higher control of the NPs size and dispersion compared to
oil. Moreover, ionic liquid interacts weakly with the sput-
tered species, so the purity of the obtained NPs is very high.
However, ionic liquids are quite expensive and often hy-
groscopic. Thus, the replacement of ionic liquids by stable
organic oils is favourable. The use of such oils raises inter-
rogation concerning the interaction between the metal sur-
faces of NPs and the oil molecules.

In this context, we report on the synthesis of
monometallic NPs (Cu and Au) and alloy NPs (Au/Cu)
onto an organic oil, pentaerythritol ethoxylate (PEEL).
Moreover, we reveal the behaviour of these NPs under
thermal annealing. The synthesis of NPs has been per-
formed by magnetron co-sputtering of a copper and a gold
target onto PEEL; these two targets can be simultaneously
sputtered to synthesize alloy NPs. Five samples were syn-
thesized: one using only the copper target, one with only
the gold target, and three samples with both targets while
varying the sputter power on the gold target to achieve dif-
ferent gold concentrations within each sample. The result-

ing dispersions of NPs in PEEL were analysed using
UV-vis spectroscopy, Transmission Electron Microscopy
(TEM), and Small Angle X-ray scattering (SAXS). The hy-
potheses drawn during this study were supported by quan-
tum chemistry-based calculations carried out at the DFT
level [4].

The study reveals the successful synthesis of Au/Cu al-
loy NPs when using both targets. Moreover, the oxidation
of the Cu NPs, obtained by sputtering only the Cu target, is
reported. As highlighted in previous work [5], the mean di-
ameters of alloy NPs appear to be smaller than the one of
the monometallic NPs, i.e., 2 nm for Au/Cu NPs against 6
and 4 nm for Au and Cu NPs, respectively. We explain this
behaviour by the interaction energy between each metal
(and alloy) with the PEEL molecules.

Following the synthesis of the NPs by magnetron sput-
tering, solutions containing the NPs were further annealed
at 200 °C for Sh with aim to increase the mean NP size. By
selecting different intermediate annealing temperatures,
we were able to follow the behaviour of each metal and al-
loy NPs during the thermal treatment in PEEL solutions.
First, the gold NPs, which are initially 6 nm-in-diameter
spherical NPs evolve to an interconnected ligament struc-
ture with a ligament size around 140 nm. Then, for NPs ob-
tained by sputtering a copper target, the diameter evolves
from 4 to 80 nm with almost no change in shape. Finally,
the diameter of the spherical Au/Cu NPs grows, without
change of shape, from 2 to 16 nm. Moreover, the alloy NPs
are still composed of homogeneous Au/Cu alloy after an-
nealing.

This study provides an essential insight into the sputter-
ing onto liquids process to synthesize NPs and their devel-
opment. One of the main issues raised here is the
significant growth of the NPs when dispersed in PEEL and
further annealed. However, the difference in affinity be-
tween the crystallographic facets of a metal NP leads to
non-spherical structures after heating treatments.

1. P. Alivisatos et al., Nanoparticles, edited by G. Schmid
(Weinheim: Wiley-VCH Verlag GmbH & Co. KGaA),
2005.

2. C.Dhand, N. Dwivedi, X. Jun Loh, A. Ng Jie Ying, N.
Kumar Verma, R. W. Beuerman, R. Lakshminarayanan
and S. Ramakrishna, RSC A4dv., 5, (2015), 105003.

3. H. Wender, P. Migowski, A. F. Feil, S. R. Teixeira and J.
Dupont, Coordination Chemistry Reviews, 257, (2013)
2468.
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MICROSTRUCTURE ANALYSIS IN AIMnCu SAMPLES
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Due to the versatility, easy processing, and the multi-
tude of applications of metals, an important number of re-
search centres join their efforts seeking to improve the
properties of this type of materials. Among the different
mechanisms for improving mechanical properties, grain re-
finement achieved using severe plastic deformation (SPD)
methods has been shown to be effective in increasing si-
multaneously the strength and toughness of the materials.
A new method capable to produce ultra-fine grained tubu-
lar samples from bulk billets in one single step [1] has been
employed to produce Alyog(Cu, Mn), cylinders.

X-Ray measurements were performed on the lateral
surface of the cylinder (see Fig.1a) carried out using Co Ka
radiation with a point focus and Bragg-Brentano
(theta/2theta) geometry. Following Rietveld refinement
analysis was made providing a mean volume-weighted
crystallite size Lvol-IB=248 nm with a microstrain of about
2%.

Then the sample was cut in order to make residual stress
measurements on both outer and inner surfaces of the cyl-
inder (see Fig. 1b). The sin” y plot method has been used to
evaluate the macroscopic residual strain of the sample
which value is proportional to the observed slope. The

Top outside

Inside

a) b)

Figure 1. Setup for the X-ray measurements with the employed
nomenclature .
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Figure 2.: sin’ ; plot for the interplanar distance of planes (133).

measurements have been taken using Co Ka radiation and
a graded multilayer mirror (Gobel mirror). The reflection
from the plane (133) found at 2theta=148.65 degrees was
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Figure 3. sin  plot for the interplanar distance of planes (133)
measured in all the 3 different conditions.

© Krystalograficka spole¢nost



Materials Structure, vol. 27 ,no. 2 (2020)

95

selected for this study. The measurements have been per-
formed using a geometry in pseudo inclination mode (mea-
suring at different o angles) at two different phi positions:
with the diffraction plane placed along the axis of the cylin-
der (Fig 1a) and perpendicular to it. The measured diffrac-
tion peaks were fitted with asymmetric pseudo-Voigth
functions in order to determine the position of the intensity
maximum. In Fig.2 is shown one of the sin” y plot used in
this study where can be appreciated the small slope from
which a compressive stress in the order of tens of MPa has
been calculated. This is a small value compared with other
metals as steals which have values one order of magnitude
higher.

Figure 3 shows the results obtained from the 3 different
measurement conditions considered in this study.

It is noticeable that the cutting induce some relaxation
of the residual stress while very small difference was ob-
served between the outer and inner surfaces being the stress
slightly smaller in the inner part.
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Further investigations will be performed in order to de-
termine the stress gradient along the wall of the cylinder.

1. O. Molnarova, S. Habr, P. Malek, and P. Lejc, "Complex
shearing of extruded tube ( CSET ) method for production
of tubes with ultra-fine-grained structure," Mater. Lett.,
vol. 278, 2020.

2. U. Welzel, J. Ligot, P. Lamparter, A. C. Vermeulen, and E.
J. Mittemeijer, "Stress analysis of polycrystalline thin films
and surface regions by X-ray diffraction," Appl.
Crystallogr., vol. 38, pp. 1-29, 2005.

3. V. Hauk, Structural and Residual Stress Analysis by Non-
destructive Methods. 1997.

This study occurred in frame of Project No.
SOLID21-CZ.02.1.0 1/0.0/0.0/16_019/0000760 and was

financially supported by the Czech Science Foundation un-

der grant No. 20-05903S.

X-RAY DIFFRACTION STUDY OF THE PREFERRED ORIENTATION OF
SINANODONTA WOODIANA SHELLS

M. Kucerakova, J. Rohlicek and P. Machek

Oddéleni strukturni analyzy, FZU AV CR, v.v.i. Na Slovance 1999/2, 182 21 Praha 8
kucerakova@fzu.cz

Bivalve mollusks shells are of interest to leading experts in
many areas of human activity, such as ecology, biology,
paleontology, but also materials engineering. In recent
years, much attention has been paid to studying the pre-
ferred orientation of biological tissues such as mollusks
shells [1-4]. These polycrystalline materials are character-
ized by anisotropy of physical and mechanical properties,
which are closely related to the preferred orientation (tex-
ture) of their grains. The above biological objects can serve
as a bioinspiration for material scientists, because nature it-
self can create entities that are characterized by incredible
mechanical properties using relatively small amounts of
material. Therefore, the characterization of texture and its
correlation with the above-mentioned properties is a cor-
nerstone for understanding the properties of biological
polycrystalline materials.

Preferred orientation and exact phase composition of
two samples of freshwater shells of the species
Sinanodonta woodiana collected from Czech freshwater
steams were measured — (i) an adult shell and (ii) a young
individual.

Pole figures were measured for planes (111), (021),
(002), (211), (220) and (221). Texture data processing was
done by MTEX (Matlab) [5]. All diffraction experiments
were performed on the SmartLab Rigaku X-ray
diffractometer (Cu Ka). Complete pole figures were calcu-
lated for planes (100), (010), (001), (101) and (110).

From the phase analysis it is clear that the Sinanodonta
woodiana shells consist only of the aragonite phase. The
c-axis of aragonite is perpendicular to the inner surface of
the shell and crystallographic texture in all studied shells is
strongly uniaxial. The sharpness of the texture is higher for
young shells.

The authors expresses gratitude for the support provided
by Project NPU I—LO1603 of the Ministry of Education of
the Czech Republic to the Institute of Physics of the Acad-
emy of Sciences of the Czech Republic.
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Structure of aluminothermy reduced deep-sea nodules

STRUKTURA HLUBOKOMORSKYCH KONKRECi ZPRACOVANYCH
ALUMINOTERMICKOU REDUKCI

J. Kopeéek1, F. Laufekz, L. éulcové3, Hong N. Vu3, P. Novak®

"Department of Materials Analysis, Institute of Physics of the CAS, Prague, Czech Republic
2Czech Geological Survey, Prague, Czech Republic

3Department of Metals and Corrosion Engineering, University of Chemistry and Technology Prague, Prague,
Czech Republic, kopecek@fzu.cz

Hlubokomofské konkrece se zdaji byt zajimavym zdrojem  pfiprava piimo ,,pfirodni slitiny*, nikoliv redukce konkreci
barevnych kovt, jejichz konvencni tézba je zavadna nebo  na Cisté kovy. Konkrece ze zony Clarion-Clipperton (Tichy
probihd v nedostupnych teritoriich. Novou myslenkou je  ocean) byly aluminotermicky redukovany s 0, 10 a 20 %

110 3-MngNi,.Si,, (P2,3 space group) _ -96.5 wt.%
100 Mn,AIC (anti-perovskite structure, Pm3m space group) - 1.5 wt.%
Z 90 Mn,P (P62m space group) - 3.0wt%
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Obrazek 1. Praskovy difraktogram slitiny bez piebytku hliniku.

Mno.seNio.2Sio 14

o011
111
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c)
MnsAIC
111
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MnzP
1070
0001 27110
e)
Total
Phase Fraction
B n0.66NI0.25i0.14-P213  0.791
1 wn3aic 0125
f) ] wnzp 0.084

b)

Obrazek 2. Slitina bez ptebytku hliniku mapovand metodou EBSD, a) barevna orienta¢ni mapa (IPF) prolozena ¢ernobilym
signalem image quality (IQ); b) barevna fazova mapa prolozena ¢ernobilym signalem confidence index (CI); barevna orienta¢ni
skala pro jednotlivé faze (IPF) je zobrazena v ¢) — e); f) barevné kédovani fazi a obsah.
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prebytku hliniku. Struktura takto ziskanych slitin byla
nasledné studovana kombinaci XRD a SEM.

Struktura takto ziskanych slitin je slozita, pozorované
faze jsou nestechiometrické, pripadné jsou prvky ve
strukturach substituovany. Slitina bez piebytku hliniku pfi
aluminotermii obsahuje majoritni fazi - Mny ¢sNi»Sig.16 @
tfi minoritni faze; slitina s 10 % ptebytku obsahuje sedm
fazi, z nichz tfi maji pres 10 hm. %; slitina s 10 % piebytku
obsahuje 9 fazi, z nichz pét je minoritnich. Je zajimave, ze
majoritni faze ve vSech vzorcich je odlisna. Odhad
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fazového slozeni byl proveden pomoci XRD a nasledné
jsme se snazili faze potvrdit pozorovan Kikuchiho obrazct
metodou EBSD a zjistit jejich prvkové slozeni. Separace
krystalograficky podobnych nebo shodnych fazi byla
mozna jen kombinovanym méfenim EDS/EBSD. Zcela
minoritni faze, napi. MnS, byly pozorovany pouze pomoci
EBSD.

Vyzkum je podporovin GA CR z projektu 20-152178.

COUPLING BETWEEN MAGNETISM AND CRYSTAL STRUCTURE IN THE
ANTIFERROMAGNETIC UO;

E.A. Tereshina Chitrova', L.V. Pgurovskii2'3,ss. Khmelevsg(yi", Z. Bao®, S. Danis®,
L. Horak", T. Gouder”, R. Caciuffo

'Institute of Physics ASCR, Na Slovance 2, 18221 Prague, Czech Republic
2CPHT, Ecole Polytechnique, CNRS, Université Paris-Saclay, Route de Saclay, 91128 Palaiseau, France
3Collége de France, 11 place Marcelin Berthelot, 75005 Paris, France
*Center for Computational Materials Science, IAP, Vienna University of Technology, Vienna, Austria
°European Commission, Joint Research Centre (JRC), Institute for Transuranium Elements (ITU),
Postfach 2340, DE-76125 Karlsruhe, Germany
6Facu/ty of Mathematics and Physics, Charles University, Ke Karlovu 5, 12116 Prague, Czech Republic

Uranium dioxide is a major nuclear fuel and is an
antiferromagnet with the Néel temperature Ty of 30.8 K
[1]. The transition at Ty is accompanied by a static
Jahn-Teller distortion of the oxygen cage, and strong
magnetoelastic interactions that emerge from the face-cen-
tered cubic (fcc) structure. Very recent high field
magnetostriction measurements showed that UO, is a
piezomagnet and exhibits the abrupt appearance of positive
linear magnetostriction, leading to a trigonal distortion [2].
In this work we observe peculiar behavior of sound veloc-
ity variation along the crystallographic axes of UO; at vari-
ous temperatures. We employ first-principles calculations
to prove a strong coupling between magnetism and crystal

L27

structure variations in UO,. The results are compared with
the thin films study where induce a tetragonal distortion in
UO, by using different substrates [3].

1. G.H. Lander and R. Caciuffo, The fifty years it has taken to
understand the dynamics of UQO; in its ordered state, J.
Phys.: Condens. Matter 32 (2020) 374001.

2. Jaime, M., Saul, A., Salamon, M. et al. Piezomagnetism
and magnetoelastic memory in uranium dioxide. Nat
Commun &, 99 (2017).

3. E. A. Tereshina, Z. Bao, L. Havela, S. Danis, C. Kuebel, T.
Gouder, R. Caciuffo, “Exchange bias in UO,/Fe;0,4 thin
films above the Néel temperature of UO,”, Appl. Phys.
Lett., 105 122405 (2014).

XRD STUDY OF STRONGLY ORIENTED THIN FILMS OF HEXAGONAL FERRITES
WITH POTENTIAL MAGNETOELECTRIC EFFECT

J. Bursik', M. Soroka', R. Kuzel?, J. Prokleska®

"Institute of Inorganic Chemistry of the Czech Academy of Sciences, Husinec-Rez,
Czech Republic
2Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic,
kuzel@karlov.mff.cuni.cz

X-ray diffraction and reflectivity techniques for analysis of
thin polycrystalline thin films have been well-developed
and they are routinely used when often low-angle inci-
dence setup is applied instead or in addition to symmetrical
0—-0 scan. However, for strongly oriented films more dif-
ferent asymmetric scans and/or reciprocal space mapping

are required. During study of nanocrystalline ZnO films [1]
we have applied a combination of different scans to charac-
terize both the so-called out-of-plane orientation and
in-plane orientation. Strong out-of-plane orientations were
found, and only basal (001) reflections were available in
symmetric scans. Therefore, the lattice parameters, profile
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analysis (crystallite size and strains) and residual stresses
were studied by combination of several asymmetric reflec-
tions scanned at specific suitable angles of inclinations ¢
and v (i.e. on the axis perpendicular to the film surface and
axis perpendicular to the goniometer axis, respectively).
For comparison of measured lattice parameters there was
often a problem of either no data in the PDF-4+ database
for specific phase or multiple but different data.

The methods were also used in later extensive study of
M, Y, Z and W hexagonal ferrites with a potential of
magnetoelectric effect. The films were prepared by chemi-
cal solution deposition (CSD) method and metalorganic
precursor solutions prepared using the modified Pechini
method. Number of processing parameters were tested and
optimized with the aim to minimize the amount of impuri-
ties that could spoil the magnetic properties of final mate-
rial. For preparation of highly oriented ferrite films, several
substrates were used, and different substrate/seeding
layer/ferrite layer architectures were proposed. From seven
M phases with different chemical composition, magnetic
character and lattice misfit values investigated in their use
as template and buffer layers for Y ferrite growth, the best
results were achieved when the misfit values between seed
layer and substrate, and between seed layer and top Y-layer
are approximately equal and when the surface of seed lay-
ers are formed by hexagons for which the surface area
formed by top surface of hexagons is much larger than sur-
face area formed by side walls of hexagons [2, 3].

New Y-ferrite phases were prepared with the composi-
tion BaSrZnCoFe;;(Me)O,, (Me = Al, Ga, In, Sc). and it
was found that for Me = Al, Ga the magnetic structure is of
non-colinear ferrimagnetic type with unspecified helical
magnetic structure. For Me = Ga this is a new system with
potential ME effect. Moreover, these films could be pre-
pared as well-oriented both out-of-plane and in-plane on
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STO - SrTiO;(111) substrates directly without any seeding
layers.

ME Z—lypeferrite Sr;Co,Fe 04, and
Ba,Sr; <Co,Fe 404 thin films were prepared and charac-
terized for the first time [4]. According to the XRD tex-
ture analysis the orientation relationship between Z ferrite
and substrate can be expressed as (001)Z || (111)STO ||
and Z || STO. However, in these films the analysis was
complicated by the presence of M and S (spinel) phases
that were also oriented (aligned with the substrate) and
therefore also many asymmetric reflections were over-
lapped and many of them were weak. Therefore, a careful
selection of reflections suitable for the analysis had to be
made.

Composition series of W-type SrCo,ZnsFe ;40,7
hexaferrite thin films and powders were also successfully
synthetized by CSD method. For successful growth of W
hexaferrite films on SrTiO3(111) substrate, annealing tem-
perature and time falls into a very narrow interval of 1225
to 1250°C and 60 to 120 minutes, respectively, depending
on the amount of substituting Zn>" ion. The strong aniso-
tropy of magnetic properties was confirmed. Currently, ori-
ented Y-Z composites are studied that is another challenge
for the analysis.

1. Z.Matéj, R. Kuzel, L. Nichtova. Metallurgical and Materi-
als Transactions A42 (2011) 3323-3332.

2. J. Bursik, R. Uhrecky, D. Kas¢akova, M. Slusna, M.
Dopita, R. Kuzel, Journal of the European Ceramic
Society, 26 (2016) 3173-3183.

3. R. Uhrecky, J. Bursik, M. Soroka, R. Kuzel, J. Prokleska,
Thin Solid Films, 622 (2017) 104-110.

4. J. Bursik, R. Uhrecky, M. Soroka, R. Kuzel, J. Prokleska,
Journal of Magnetism and Magnetic Materials, 469 (2019)
245-252.

TEXTURE ANALYSIS OF STRONGLY ORIENTED LAYERS UTILIZING FAST
RECIPROCAL SPACE MAPPING

L. Horak

Department of Condensed Matter Physics, Charles University, Ke Karlovu 5, 121 16 Prague,
Czech Republic
horak@karlov.mff.cuni.cz

Polycrystalline layers of organic perovskites such as
CH;NH;Pbl; (MAPDI;) are intensively studied in order to
achieve high performance of solar cells. The final effi-
ciency correlates with the defect density, size and morphol-
ogy of the crystallites. These materials exhibit tendency to
form strongly oriented layers with sharp fibre multi-com-
ponent texture. In order to correlate the relevant physical
properties of the layers with their crystallographic orienta-
tion, it is highly desirable to easily measure and describe
the present texture.

As a classical and well-established approach, one can
use pole figure measurement to fully determine the texture
of the layers, however here the task is complicated by the
fact that the low-symmetry unit cell of such materials is

rather large. Consequently, the number of observable
peaks is quite high and their diffraction angles are partially
overlapping. Therefore it is necessary to increase the reso-
lution in diffraction angle in order to discriminate different
diffraction maxima during the pole figure measurement.
As usual, it is at the expense of the collected signal making
the pole figure measurement to be a time consuming. An-
other specific problem can be a presence of some strain in-
fluencing the peak positions.

Fortunately, fast 2D detectors are more and more avail-
able also in standard laboratory diffractometers that makes
it possible to measure reciprocal-space maps very quickly.
In this presentation, the measurements with 2D detector
placed closely behind the sample are presented. Using the
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Figure 1. Wide Reciprocal Space Maps for the MAPbI3 thin layers grown with the presence of MACl additive. The concentration of
MACI during the growth determines the final texture of the layer. A low concentration results in a multi-component texture whereas
a high concentration enhances just one preferential orientation. Transparent spots represent simulated peak positions for the same
MAPDI3 structure, the texture components are resolved by different colours.

shorter sample-detector distance, the resolution is partially
sacrificed while the reciprocal space area observed by the
detector is dramatically extended. In this configuration, the
continuous theta-2theta scan fully probes a long stripe in a
reciprocal space. By measuring several such stripes, it is
easy to reveal the full planar cut of the reciprocal space, and
surprisingly the total acquisition time can be only tens of
minutes for strongly oriented layers. Moreover, such mea-
surement can be performed for different sample azimuth in
order to obtain different planar cuts. This is desirable for

single-crystal substrates, for which the surface symmetry
can be followed.

The obvious advantage of this approach is a possibility
to quickly visualise the intensity in reciprocal space and to
compare the obtained images with the simulations based on
some expected phase/texture model giving semi-quantita-
tive results. Therefore it is very suitable for the first-try
characterization of the unknown samples.

The work was supported by the project NanoCent financed
by European Regional Development Fund (ERDF, project
No. CZ.02.1.01/0.0/0.0/15.003/00004835).
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