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Struktura 2025 is organized again in South Bohemia but for the first time in Jindfichtiv Hradec. After two years it includes
sessions on neutron scatering, that were prepared by recently established Czech Neutron Association. We can welcome
guests from three European facilities. In addition, there are three short courses - again on the Mstruct software for fitting
of some parameters of real structure; for biocrystallographers - Moorhen - web based application that brings the power of
the COOT model-building software to the browser;and mace-md-gui that run basic molecular dynamic/static simulations
in an interactive interface with a machine learning MACE MP interatomic potential. Nearly 70 registered participants are
also invited to the excursion in museum of old American cars and brewery in Nova Bystfice, followed by raut in
questhouse in Cim& that is owned by our former colleague - Anita Zup&anova.
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L1

MINERALS WITHIN THE Pd-Ni-As SYSTEM: CRYSTAL STRUCTURES

F. Laufek', A. Vymazalova', D.A. Chareev?, T.L. Grokhovskaya®, V.V. Kozlov®, J. Plasil*

"Czech Geological Survey, Geologicka 6, Prague 5, Czech Republic
2Institute of Experimental Mineralogy, RAS, Chernogolovka, Moscow, Russia
3Institute of Geology of Ore Deposits, Petrology, Mineralogy and Geochemistry RAS, Moscow, Russia
*Institute of Physics ASCR, v.v.i., Na Slovance 2, 128 21 Prague 8, Czech Republic
frantisek.laufek@geology.cz

There are three ternary phases in the Pd-Ni-As system de-
scribed as minerals, nipalarsite NigPd;As,, menshikovite
Pd;Ni,As; and majakite, PdNiAs. Majakite and menshi-
kovite were described as new minerals by Genkin [1] and
Barkov [2], respectively. Their crystal structures have been
hitherto unknown. Nipalarsite was described together with
its crystal structure determination by Grokhovskaya et al.
[3]. Majakite was found in intergrowths with other plati-
num minerals in chalcopyrite and thalnakhite ores of the
Mayak mine (Talnakh deposit), menshikovite was discov-
ered in mafic-ultramafic layered complexes Lukkulais-
vaara and Chiney, Russia. A fragment of menshikovite
extracted from a sample from Lukkulaisvaara intrusion,
Russia, was used for a structure analysis of this mineral. As
the natural majakite proved to be unsuitable for a structural
analysis, crystal structure analysis was carried out on a syn-
thetic analogue PdNiAs.

The synthetic analogues of minerals in the system and
phases on a Pd,As-Ni,As join were prepared using the
Kullerud’s evacuated silica-glass tube method. Pure ele-
ments were used as starting materials for synthesis. The
evacuated tube with charges were heated at 400 °C for sev-
eral weeks. In order to study the extent of the (Pd,Ni)s,As
solid solution, selected experiments at the Pd,As-NiyAs
join were prepared at 450, 500, 520 and 540 °C. The exper-
imental products were rapidly quenched in cold water and
analysed by powder or single crystal X-ray diffraction and
electron microprobe analysis.

The performed experiments revealed three structurally
different phases (solid solutions) along the Pd,As-Ni,As
join system at 450 °C: a-Pd,As (Cmc2,), B-(Pd,Ni)s,As
(P-62m) and Pd;Ni;xAs (Pnma). The low-temperature
orthorhombic phase a-Pd,As transforms at 484 °C to a
hexagonal phase and belongs to the to the high-temperature
B-(Pd,Ni)s,As solid solution.

The phase PdNiAs is at 450 °C part of the Pd; \Ni;. As
solid solution showing Pnma symmetry. Its crystal struc-
ture contains a mackinawite-like blocks of edge sharing
[NiAsy] tetrahedra parallel to (001). Palladium shows un-
usual five-fold coordination resembling a tetragonal pyra-
mid by As atoms. The coordination of Pd is further
completed by close contacts with Ni and Pd atoms. Palla-
dium atoms are located in voids between blocks of [NiAs,]
tetrahedra. A phase transition from low-temperature
orthorhombic phase to the high-temperature hexagonal
phase was observed. The hexagonal phase PdNiAs was
also described by Evstigneeva [4]. Menshikovite
Pd;Ni,As; crystal structure contains deformed [NiAs,] tet-
rahedra. Each [NiAs,] tetrahedra shares one edge with one
adjacent tetrahedra along the a-axis and two opposing
edges with adjacent tetrahedra along the c-axis forming
chains of edge-shared [NiAs,] tetrahedra running in 001 di-
rection. Nickel atoms have three close contacts with adja-
cent Ni atoms across the shared tetrahedral edges.
Palladium atoms show trigonal bipyramidal coordination
by As atoms.

1. A.D. Genkin, T.L. Evstigneeva, N.V. Troneva, L.N.
Valsov, Int. Geol. Rev., 20, (1976), 96.

2. A.Y.Barkov, R.F. Martin, Y.A. Pakhomovsky, N.D.
Tolstykh, A.P. Krivenko, Can Mineral., 40, (2002), 679.

3. T. L. Grokhovskaya, O.V. Karimova, A. Vymazalova, F.
Laufek, D.A. Chaarev, E.V. Kovalchuk, L.O. Magazina, V.
A. Rassulov. Min. Mag., 83, (2019), 837.

4. T. Evstigneeva, Y. Kabalov, J. Schneider. Material Science
Forum, 321-324, (2000), 700.

This research was supported by the by the Strategic Re-
search Plan of the Czech Geological Survey (DKRVO/CGS
2023-2027).
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PHASE ANALYSIS OF SOIL SEDIMENTS WITH REGARD TO THE PRESENCE OF
ASBESTOS MINERALS

Zdenék Jansa, Stépanka Jansova, Jan Minar

New Technologies Research Centre, University of West Bohemia in Pilsen, Pilsen

The aim of this work is to summarize current knowledge on
the extensive issue of asbestos occurrence in general and in
the Pilsen Region of the Czech Republic, to establish a suit-
able methodology for detecting the presence of naturally
occurring asbestos in soil deposits in a given location based
on experimental analyses motivated by analyses in other
countries, and to accurately identify individual types of as-
bestos from a series of samples. Twelve samples were eval-
vated as part of this work, and this paper presents a
summary of them. [1, 2]

The morphology and eclemental composition of the
studied samples were evaluated using scanning electron
microscopy with an energy dispersive spectrum detector.
Figure 1 shows examples of fibers resembling needles with
very sharp ends, which morphologically corresponded to
the amphibole group, and long, wavy fibers, which corre-
sponded to the serpentine group.

The basic building block of the silicate structure of as-
bestos is the silicon-oxygen tetrahedron [SiO4]*. Chryso-
tile, as a representative of the first group of asbestos -
serpentines, is hydrated magnesium silicate and its
stoichiometric chemical composition can be given as
Mg;Si,05(OH),. However, it has been observed that the
chemical composition of the fibrous phase is closely re-
lated to the composition of the surrounding rock matrix and
can be highly variable, as can be seen in the overview of the
summary formulas of asbestos compounds in Table 1. [3, 4,
5]

The chemical composition of minerals that make up the
second group of asbestos—amphiboles—reflects the com-
plexity of the environment in which they were formed and
can vary considerably in terms of major and trace elements
and other influences that contributed to their formation.
Amphibole fibers can be considered a series of minerals in
which one cation is gradually replaced by another. [6, 7]

The second method used was X-ray phase analysis. The
samples were measured under identical conditions. The
measurements were performed on a Panalytical X Pert Pro
powder diffractometer with a copper X-ray tube (K, =
0.154 nm). An ultra-fast Pixcel semiconductor detector
was used with evaluation in the High Score program. Stan-
dard symmetrical geometry with a Bragg-Brentano ar-
rangement was used for the measurements.

The measurement range for all samples was set identi-
cally between 20 and 85° [20]. When evaluating the sam-
ples, it was found that the main diffraction lines are located
within an angle of 40° [260], while other diffraction lines be-
yond this angle belong to the SiO, phase. Therefore, a sec-
tion ranging from 20° to a maximum of 40° [20] was
selected on all diffractograms.

Figure 2 shows the diffraction patterns of samples 1 and
2, before and after annealing, with the identified phases

Figure 1. Images of samples 3 and 5.

marked in the range from 20 to a maximum of 40°[26]. The
numerical designation of these phases corresponds to the
numerical designation of the identified phases in Table 2.

Since the evaluation of the diffraction patterns of the
unprocessed samples revealed a significant presence of or-
ganic components in the samples, all samples were an-
nealed before further measurement. The samples were
annealed at 530 °C for 4 hours and then cooled naturally.
The temperature of 530 °C is below the thermal decompo-
sition temperature of asbestiform minerals, so there was no
loss of native information from the samples.

Scanning electron microscopy confirmed the presence
of fibers that, from a morphological point of view, corre-

© Krystalograficka spole¢nost



&

Materials Structure, vol. 31, no. 2 (2025) 77
Table 1. Summarized formulas of asbestos compounds. Table 3. Summary table of identified asbestos types
Chrysotile Mg_Si_ O_(OH) Sample ID Chrysotile | Anthophyllite | Actinolite
) 37075 Ty
AmO_SIte . (Fe2, Mg)7818022(QH)2 S1:sample
Crocidolite Naz(Fe Mg)}Fe2818022(OH)2 1-2 X X X
Antophylite (Mg, F 62)7Si8022(OH)2
Tremolite Ca Mg Si O_ (OH) S1:sample
. 27555 8 T X X X
Aktinolite Ca_ (Mg, Fe ) _Si O__(OH) 3-4
2 2’578 722 2
?,2_ és;ample X x (except 6”) X

125000
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Figures 2. Evaluated diffractograms of sample 1 and 2 with
identification of phases.

sponded to both main groups of asbestos minerals, namely
the serpentine and amphibole groups. X-ray diffraction
identified individual phases in the samples and determined
the exact type of asbestos minerals found.

Table 2. Table of identified phases in soil sediment samples.

After compiling the data from all analyses, we can say
with certainty that chrysotile from the serpentine group is
present in all evaluated samples. This is the least dangerous
form of asbestos. Furthermore, we can say that the pres-
ence of anthophyllite from the amphibole group has been
confirmed in all samples. Based on the morphology of the
fibers, it is highly likely that crocidolite is also present in
one sample, but this has not been confirmed by X-ray dif-
fraction. The results of the asbestos found are shown in
Table 3.

The combination of SEM analysis and X-ray diffrac-
tion provides a good set of tools for identifying asbestos.
By gradually refining the measured diffraction pattern of
the sample under investigation, it is possible to accurately
determine the phases present, despite the complexity of the
process.

1. F. Skacel, Z. Guschlova a V. Tekac¢: Azbestova a mineralni
vlakna ve vnitinim ovzdusi, Ustav plynarenstvi,
koksochemie a ochrany ovzdusi VSCHT v Praze,
Chemické listy 106, 961-970, 201.

2. Lajcikova, M. Hornychova: Azbest v ovzdusi a legislativni
zajisténi ochrany zdravi, Statni zdravotni ustav Praha,
55(3), 99-101, 2010.

3. M. Novak: Mineralogicky systém, prezentace [online — cit.
2021-12-06], Masarykova univerzita, available from:
https://is.muni.cz/el/sci/podzim2011/G1061/Minera-I-syste
m3a.pdf.

4. C. E. Housecroft, A. G. Sharpe: Anorganicka chemie,
ISBN 978-80-7080-872-6.

5. U.S. DEPARTMENT OF THE INTERIOR U.S.
GEOLOGICAL SURVEY Asbestos: Geology, Mineralogy,
Mining, and Uses by Robert L. Virtal, Open-File Report
02-149.

6. O.C. Wells: Scanning Electron Microscopy, McGraw-Hill,
New York (1974).

7. M.Kuzvart, Z. Weiss, Jilové materialy,

jejich nanostruktura a vyuziti, Praha

No | Mineral Name of compound Reference code | Chemical formula | Cerven 2005, ISBN 80-246-0868-5
1 quartz silicon oxide 01-089-8935 SiO,

2 - magnesium silicate 01-086-0433 Mg»(Si,06)

3 antofylit antofylite 96-901-6382 MgsSiz006

4 chryzotil chryzotile 96-101-0961 Si;6Mgr4O07,

5 wollastonit | calcium silicate 01-072-2297 CaSiO;

6 - hydrogen silicate 00-031-0581 H,S1,05

© Krystalograficka spole¢nost
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L3

PROPERTIES OF SCHWERTMANNITE: THE CRITICAL ROLE OF PHASE PURITY

C. Pilloni', V. Mameli®, T. Kmjeé&?, V. Gajdosova*, C. Cannas? D. Zakutna'*

! Department of Inorganic Chemistry, Charles University, Hlavova 2030, Prague 2 128 40, Czech Republic
’Department of Chemical and Geological Sciences, University of Cagliari, Cittadella Universitaria S.P.
Monserrato Sestu Km 0.700, 09042 Monserrato, Italy

3Department of Low-Temperature Physics, Faculty of Mathematics and Physics, Charles University, V
HoleSovickach 2, 180 00 Prague, Czech Republic

*Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, 162 06 Prague 6,
Czech Republic

valentina.mameli@unica.it, zakutnad@ill.fr

Schwertmannite, a poorly crystalline iron oxyhydroxy-
sulphate, is an iron-bearing mineral that plays a pivotal role
in various environmental processes, particularly in the
treatment of acidic mine drainage [1]. Due to its ability to
adsorb metal ions, anions, and its high surface area-to-vol-
ume ratio, schwertmannite has drawn significant attention
as a potential medium for mitigating environmental con-

tamination [2]. However, its poorly crystalline structure
presents significant challenges in characterising its compo-
sition, making it difficult to detect and to quantify trace im-
purities. One such impurity is goethite, another iron
mineral that can form under similar conditions due to
higher thermodynamic stability [3]. Differentiating be-
tween schwertmannite and goethite in environmental or

1.2
la ® scH4
212 # S0H3
1.0 - (200 1oy Ly ; I (111 O sHE
1 ® SCHY
J \ 1 Erhwertmannite
w;i 0‘3”: woveweens | LSrIRERELE
- 040}
gos AR
& X
= pad
. 1 o | 1 |
0.0 ] & o . . %iii_ﬁﬁ S 4 - .%; " As 'y
26 30 a4t 50 (24 T
b 26 "y {0yl C

Intensity (a.u.}

Goethite

e ds - NP

i Hematite

\ [ N I

= T % > 3 LN s L et aann 2
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20 5y [Cud

Intensity {a.u.}

28 ) {Cu}

Figure 1. a) room temperature powder x-ray diffraction pattern of all the samples, high-temperature powder x-ray diffraction pat-
tern of: b) SCH4, sample richer in goethite, and ¢) SCH7, purest sample.
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synthetic samples is crucial, as the presence of goethite af-
fects the chemical reactivity and stability of schwert-
mannite, thereby altering its efficiency in ecological
applications. The aim of this study is to characterise four
synthetic samples of schwertmannite with different levels
of goethite impurity. The presence was detected using a
combination of Room-Temperature Powder X-ray Diffrac-
tion (RT-PXRD) and High-Temperature Powder X-ray
Diffraction (HT-PXRD), Fourier Transform Infrared spec-
troscopy in Attenuated Total Reflectance mode (ATR-
FTIR), and Thermogravimetric Analysis (TGA), with
characteristic features in all the techniques. Notably, in-
creasing precursor concentration led to decreased goethite
content in the samples, as evidenced by the progressive dis-
appearance of diffraction maxima observed from
RT-PXRD (Fig. 1a). This is further confirmed by the pres-
ence of the hematite diffraction maxima after 400 °C in the
samples richer in goethite (Fig. 1b, ¢). Interestingly, only
magnetisation measurements provide information on the
presence of goethite in the purest sample, demonstrating it
as a powerful probe for this poorly crystalline system.
These findings confirm that magnetic characterization

based on Vibrating Sample Magnetometer (VSM) can
serve as an effective tool for identifying goethite impurities
in schwertmannite, thereby contributing to the knowledge
of poorly crystalline iron materials, and highlighting the
potential of magnetic techniques for enhancing our com-
prehension of these materials in both natural and
engineered systems.

1. J. M. Bigham, U. Schwertmann, S. J. Traina, R. L.
Winland, and M. Wolf, ‘Schwertmannite and the chemical
modeling of iron in acid sulfate waters’, Geochim.
Cosmochim. Acta, vol. 60, no. 12, pp. 2111-2121, Jun.
1996, doi: 10.1016/0016-7037(96)00091-9.

2. B. Marouane et al., ‘The potential of granulated
schwertmannite adsorbents to remove oxyanions (SeO32-,
Se042-, Mo042-, PO43-, Sb(OH)6-) from contaminated
water’, J. Geochem. Explor., vol. 223, p. 106708, Apr.
2021, doi: 10.1016/j.gexplo.2020.106708.

3. P. Acero, C. Ayora, C. Torrento, and J.-M. Nieto, ‘The be-
havior of trace elements during schwertmannite precipita-
tion and subsequent transformation into goethite and
jarosite’, Geochim. Cosmochim. Acta, vol. 70, no. 16, pp.
4130-4139, Aug. 2006, doi: 10.1016/j.gca.2006.06.1367.
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IMPROVING THERMOELECTRIC EFFICIENCY OF MULTILAYER ScN/Sc4.xNbxN
HETEROSTRUCTURES BY Nb DOPING

Joris More-ChevaIi1er1’, Urszula. D.1Wdowik2’, Jiri Mal1'tan3, Xavier Pc1>rtier4, Stanislav1 g:ichor'\1,
Esthe1r5de Prado', Petr Levinsky , Ladislav Fekete ', Jan Pokorny ', Dejan Prokop ", Petr
Hruska ", Markéta JaroSova', Jan Kejzlar', Dominik Legut™”, Michal Novotny ', Jan Lancok

'Institute of Physics of the Czech Academy of Sciences, Na Slovance 2, 18221 Praha 8, Czech Republic
?IT4Innovations, VSB - Technical University of Ostrava, 17. listopadu 2172/15, CZ 708 00 Ostrava-Poruba,
Czech Republic

3New Technologies Research Centre (NTC), University of West Bohemia, Univerzitni 8, 301 00 Pizer,
Czech Republic
*CIMAP Normandie Université, ENSICAEN, UNICAEN, CEA, UMR CNRS 6252, 6 Boulevard Maréchal Juin,
14050 Caen Cedex 4, France
®Faculty of Mathematics and Physics, Charles University, Ke Karlovu 3, 121 16 Prague 2, Czech Republic

The thermoelectric properties of ScN/Sci NbN multi-
layers deposited on MgO (001) substrates were investi-
gated using a combined experimental and theoretical
approach based on the density functional theory. Four
multilayers were prepared, exhibiting total Nb percentages
0f 0.4 %, 1.2 %, 1.8 %, and 4.8 % atomic ratio in the sam-
ples. Structural characterization confirmed the epitaxial

growth of multilayers with sharp interfaces. Thermoelec-
tric measurements showed an enhancement of the Seebeck
coefficient and a reduction in thermal conductivity with
Nb-doped ScN interlayers. The figure of merit (Z7) was
potentially increased to over 0.3. This improvement high-
lights the promise of this approach for enhancing the ther-
moelectric performance of scandium nitride.

L] T T L] L _I_‘: rl'.. Rl II
a ' 0698 Sch-Nb4.8% ScN -Nb 1.8% 111
@) 8 200 0.503° ScN-Nb1.8% o (b) o
== B 0.510°| ScN-Nb1.2% 3 T ey ¥ {deg)
=1 S “l ScN-Nb 0.4% ‘.)(’ 1105
S | T . - 60 '
~ § 135, “45 " &ideg)
rll i o 13 N 21 = f . r. 545 3
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Figure 1. In (a), the 26/ scans of each ScN-Nb film in the 20 range from 30° to 100°. The inserts include the 002 rocking curves of
each film, including the FWHM, which are equal to 0.576°, 0.510°, 0.593°, and 0.698° for the multilayer films containing 0.4%,
1.2%, 1.8%, and 4.8% of Nb, respectively. In (b), 111 pole figure of the ScN-Nb 1.8%.
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L5

TENKE VRSTVY BaTiO;/LaNiO;: OD DIFRAKCE K POCITACOVYM SIMULACIM

J. Drahokoupil"*?, M. Lebeda

1’2’3, J. Remsa'

1Fyziké/ni ustav, Akademie véd Ceské Republiky, Na Slovance 2, 182 21 Praha 8, Ceska Republika

®Katedra inzenyrstvi pevnych latek, Fakulta jaderna a fyzikainé inZenyrska v Praze, Ceské vysoké udeni
technické v Praze, Technicka 4, 166 07 Praha 6 - Dejvice, Ceska Republika

3Ustav fyziky, Fakulta strojni, Ceské vysoké uceni technické v Praze, Technicka 4, 166 07 Praha 6 - Dejvice,
Ceskéa Republika
draho@fzu.cz

Barium titanat, BaTiO; (BTO) je klicovy material v
moderni elektronice, kde ma velmi Siroké uplatnéni diky
svym feroelektrickym, dielektrickym a piezoelektrickym
vlastnostem. Dalsi zajimavou latkou je LaNiO; (LNO),
ktery je jako jeden z mala perovskitt vodivy i pii pokojové
teploté, a proto nachazi uplatnéni napt. v tenkych vrstvach
v kombinaci s ostanimi perovskitovymi materialy. Tento
prispévek se bude vénovat charakterizaci a teoretickym
pfedpovédim smésného perovskitu BTO/LNO, ktery byl
piipraven ve form¢ tenkych vrstev na kiemikovém subs-
tratu. Pro pfipravu téchto vrstev byl pouzit unikatni systém
skladajici se s klasického PLD (pulzni laserova depozice)
systému obohaceného o druhy ter¢ v tzv. “off-axis” poloze.
Snaha o ptipravu objemovych vzorkli vede vétsinou ke
vzniku vice fazi. A¢ se na prvnipohled tyto dva krystalické
systémy lisi, viz obr. 1 — BTO byva pii pokojové teploté v
pseuduokubické struktuie s malou tetragonalni vychylkou
a LNO ma pfi pokojové teploté rhobohedrickou strukturu
jsou difrakéni zdznamy téchto dvou perovskitl podobné.
Pfi vhodné volbé miizovych parametri dokonce tézko
rozliSitelné — viz obr. 2.
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Obrazek 1. Krystalova struktura BaTiO; (vlevo) a LaNiOs
(vpravo).

—BaTio3
LaNiO3
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26 ()
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Obrazek 2. Teoretické difrakéni zdznamy pro BaTiO; (P4mm - a = 3,943, b=3,958) a LaNiO; (R-3cH-a=
5,578, ¢ = 13,677). (Nagenerovano pomoci programu XRDlicious)
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Obrazek 3. Nékolik beéhi genetického algoritmu s cilem najit energeticky nejvyhodnéjsi obsazeni atomovych pozic —

vystup z programu MACE GUIL

Piipravené vrstvy s riznou koncentraci BTO ¢i LNO
vykazuji krystalickou formu a difrakéni zdznam ukazuje,
v ramci svého rozliSeni, na jednu krystalickou miizku.
Vzhledem k pozorovanému rozsifeni dikrakénich pika
rozliSit nelze velmi podobné mifizky rozlisit a nelze
vyloucit separaci na ¢asti bohatsi na Ba resp. La.

Kromé rtznych experimentalni technik byl tento
systém studovani také pomoci DFT vypoctii a pomoci
strojové nauceného (na DFT data) meziatomové potencialu
MACE a jeho implementaci do nami vytvofené¢ho (ne-
jenom) grafického rozhrani MACE GUI. Kromé vypoctu
miizkovych parametri jsme se zajimali i o energetickou
vyhodnost obsazovani konkrétnich atomovych pozice
riznymi prvky.

Na obr. 3 je zobrazeno nékolik béhia genetického algo-
ritmu s cilem najit vhodné rozmisténi Ba/La a Ti/Ni
v superbunce obsahujici 320 atomu. Superbuiika vychazela
z tetragonalni struktury BTO a piedpokladali jsme, ze La
obsazuje stejnou atomovou pozici jako Ba a Ni stejnou
atomovou pozici jako Ti. Mfizkové parametry pro studo-
vanou koncentraci 50:50 byli pievzaté z experimentalni dat
a geometrickd optimalizace pozic atomul ¢i velikosti
superbuiikky nebyla provadéna. Je patrné, ze pro takto
velkou superbuiiku nebylo velmi pravdépodobné nalezeno
globalni minimum, protoze kazdy béh dopadl jinak.
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LIGHT INDUCED HALIDE SEGREGATION IN MIXED-HALIDE PEROVSKITES

P. Machovec', L. Horak', M. Dopita’, V. Holy"?

1Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Prague 2, Czech Republic,
%Institute of Condensed Matter Physics, Masaryk University, Kotlarska 2, 611 37 Brno, Czech Republic,
petr.machovec@matfyz.cuni.cz

Mixed-halide perovskites (MHPs) exhibit tunable band
gaps, making them attractive for tandem photovoltaic ap-
plications. However, under illumination, halide ions mi-
grate and segregate into iodine- and bromine-rich regions,
reducing device efficiency. Here, we present a quantitative
X-ray diffraction (XRD) approach for resolving the spatial
distribution of halide ions during and after illumination.
We present a model linking local composition fluctuations
to strain fields, atom displacements, and diffuse scattering,
enabling fitting of measured diffraction profiles from
polycrystalline FAgs3;Csg.17Pb(Ip¢Bro4); thin films and
FAO.83CSO'|7Pb(lo‘g5Br0‘15)3 single crystals.

[llumination experiments were conducted using a solar
simulator at 1 Sun equivalent, with diffraction patterns
measured before and after 10 min and 30 min light expo-
sures, followed by relaxation in darkness for up to two
days. The concentration of Br within the sample was mod-
elled by a random function with a correlation function

7 =7
c’ exp[— 5 |J and the experimental data were fitted us-

ing model of X-ray scattering, with parameters including
the root mean square (rms) Br concentration deviation o,
correlation length & grain radius R, and asymmetry factor
a.

In pristine polycrystalline samples, diffraction peaks
were symmetric, consistent with a cubic perovskite lattice
with mean grain radius of 50 nm. Illumination induced
asymmetric broadening toward higher diffraction angles,
increasing with scattering angle, and accompanied by

slight peak shifts to lower 20. The fits revealed a significant
rise in o during illumination, indicating enhanced fluctua-
tions in local composition, followed by slow partial relax-
ation in darkness within tens of hours. The asymmetry
factor a remained consistently > 5, which is the limit of sen-
sitivity of our model to this parameter, indicating the for-
mation of highly bromide-rich regions embedded in a
slightly iodine-rich matrix—an observation not previously
observed by optical probes such as photoluminescence,
which reported I-rich domains. The correlation length was
found to be > 15 nm and unaffected by illumination cycles.

For the single crystal samples reciprocal space maps
were measured before and after 30 minutes of light soak-
ing. We attempted fitting the data with the same correlation
function as the polycrystalline samples, but the shape of the
diffraction maxima can’t be properly fitted. A distribution
of the Br concentration consisting of Br-rich spheres in
slightly I-rich volume was used to achieve good fit.

The results suggest that illumination drives preferential
outward migration of I" ions from nucleation sites such as
grain boundaries or defects, leading to the observed
microstructure. The method provides quantitative,
bulk-sensitive insight into light-induced halide segrega-
tion, complementing surface-sensitive optical techniques.
It also highlights the incomplete reversibility of segrega-
tion. This quantitative diffraction-based approach offers a
new pathway to investigate ionic migration and
microstructural evolution in perovskite optoelectronic ma-
terials.
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THIOPHENE-BASED CONDUCTIVE POLYMERS: STRUCTURAL ORDER VS.
CONDUCTIVITY

Dominik Farka

Faculty of Science, University of South Bohemia in Ceské Budéjovice, Czech Republic
farka@prf.jcu.cz

Polythiophenes dominate the field of conductive polymers.
This is in particularly true for the renowned PEDOT, where
particularly outstanding charge-transport properties were
observed. In this talk, three, state-of-the-art conductive
polymers synthesized via tube-furnace oxidative chemical
vapour deposition (0CVD) are presented. We will focus on
the role of substitution-effects, the role of the counter-ion
in achieving large crystallites in thin-films and related
charge transport. Alternative emerging methods will be
discussed in terms of an outlook.

1. Farka, D.; Coskun, H.; Gasiorowski, J.; Cobet, C.; Hingerl,
K.; Uiberlacker, L. M.; Hild, S.; Greunz, T.; Stifter, D.;
Sariciftei, N. S.; Menon, R.; Schoefberger, W.; Mardare, C.
C.; Hassel, A. W.; Schwarzinger, C.; Scharber, M. C.;
Stadler, P. Anderson-Localization and the Mott-loffe-Regel
Limit in Glassy-Metallic PEDOT. AEM 2017, 3 (7),
1700050.

2. Farka, D.; Greunz, T.; Yumusak, C.; Cobet, C.; Mardare, C.
C.; Stifter, D.; Hassel, A. W.; Scharber, M. C.; Sariciftci,
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N. S. Overcoming Intra-Molecular Repulsions in PEDTT
by Sulphate Counter-lon. Science and Technology of Ad-
vanced Materials 2021, 22 (1), 985-997.
https://doi.org/10.1080/14686996.2021.1961311.

3. Farka, D.; Ktiz, K.; Fanftlik, J. Strategies for the Design of
PEDOT Analogues Unraveled: The Use of Chalcogen
Bonds and o-Holes. J. Phys. Chem. A 2023, 127 (17),
3779-3787. https://doi.org/10.1021/acs.jpca.2c08965.

4. Farka, D.; Moreda, O. I.; Greunz, T.; Ktiz, K.; Leeb, E.;
Ulbricht, C.; Duchoslav, J.; Vacek, J.; Fanfrlik, J.;
Yumusak, C.; Drnec, J.; Krajcovic, J.; Stifter, D.;
Sariciftci, N. S. Polythieno[3,4-b]Pyrazine: Pathways to
Metallic Charge-Transport. J. Mater. Chem. A 2025.
https://doi.org/10.1039/d5ta01145k.

5. Farka, D.; Ciganek, M.; Vesely, D.; Kalina, L.; Kraj¢ovic,
J. Epitaxial Guidance of Adamantyl-Substituted
Polythiophenes by Self-Assembled Monolayers. ACS
Omega 2024, 9, 38733-38742.
https://doi.org/10.1021/acsomega.4c04616.

POLYMORPHS OF Zn,Cu,.x(OH)sCl, AND THEIR PHYSICAL PROPERTIES

P. Doleial1’2, V. Starosta1, C. KreIIner3, P. Puphal4, A. Pustogow2

1Department of Condensed Matter Physics, Charles University, Czech Republic
2Institute of Solid State Physics, TU Wien, Austria
3Physikalisches Institut, Goethe-Universitét Frankfurt, Germany
*Max Planck Institute for Solid State Research, Stuttgart, Germany
petr.dolezal@matfyz.cuni.cz

Quantum spin liquid (QSL) is a theoretical model of spins
with antiferromagnetic interactions. These spins fluctuate
down to the absolute zero temperature without any
long-range magnetic order but exhibit quantum entangle-
ment [1]. A key aspect for realization of such theoretical
concept is a geometrical frustration of these spins. In theory
various QSL states have been identified, but much harder is
to find a material, where this concept can be tested. Today
only few materials are considered as QSL candidates. One
of them is the mineral herbertsmithite, ZnCu;(OH)¢Cl, [2].
The Cu®* (S = 1/2) ions in this compound form a quasi-2D
layered structure with kagome lattice [3]. Such a lattice ex-
hibits high degree of frustration which is ideal for QSL.
The rhombohedral crystal lattice (ideal kagome lattice) is
stabilized by the Zn ions. The mineral clinoatacamite with-
out Zn ions, Cuy(OH)¢Cl,, is then monoclinic and conse-
quently antiferromagnetic order is stabilized at low
temperatures [4]. The investigation of the ground state
properties in the Zn-substituted series, Zn,Cuy(OH)sCl,,

has therefore motivated numerous studies over the past two
decades, usually on powder samples. In addition to their in-
triguing magnetic properties these compounds are also in-
teresting from structural point of view. It is demonstrated
by high amount of structural polymorphs. The presented
study of single-crystalline samples is focused on the rela-
tion among these polymorphs and their ground-state prop-
erties, studied by low-temperature X-ray diffraction and
specific heat measurements.

1. L. Balents, Nature, 464, (2010), 7286.
2. M. R. Norman, Rev. Mod. Phys., 88, (2016) 041002.

3. S. W. Braithwaite, R., Mereiter, K., Paar, W., Clark, A.,
Mineral. Mag., 68, (2004), 527-539.

4. S.-H. Lee, H. Kikuchi, Y. Qiu, B. Lake, Q. Huang, K.
Habicht, K. Kiefer, Nat. Mater., 6, (2007), 853-857.

This work was supported by the Czech Science Foundation
via research project GACR 23-068100.
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DIFFUSE SCATTERING IN (K,Na)NbO; SOLID SOLUTIONS

J. E. Flores Gonzales1’2, N. Zhang3, Z. An3, M. Pasciak’

'FZU - Institute of Physics of the Czech Academy of Sciences, Czech Republic
2Faculty of Mathematics and Physics, Charles University, Czech Republic
3Electronic Materials Research Laboratory, Key Laboratory of the Ministry of Education & International Cen-
ter for Dielectric Research, School of Electronic Science and Engineering, Xi'an Jiaotong University, Xi’an,
China.
floresgon@fzu.cz

In KNbOs;, the spontaneous polarization originates from
displacements of Nb ions relative to the surrounding oxy-
gen octahedra. In the rhombohedral phase, all Nb displace-
ments are aligned along the same [111] direction, whereas
in higher-symmetry phases this alignment becomes pro-
gressively less restricted due to a stepwise increase in the
number of allowed Nb-displacement directions along
(111). The orthorhombic phase allows two equivalent di-
rections, the tetragonal phase four, and the cubic phase
eight. This progressive increase in allowed displacement
orientations introduces correlated disorder manifested by
the stepwise appearance of diffuse scattering sheets in re-
ciprocal space, evolving from (010) in the rhombohedral
phase, to (010) and (100) in the tetragonal phase, and fi-
nally to {001} in the cubic phase [1].

(K,Na)NbO; solid solutions (KNN) are one of the lead-
ing Pb-free substitutes for (Pb,Zr)TiO; (PZT) with tunable
piezoelectric coefficients [2]. Studies show the existence of
apolymorphic phase boundary that might lead to extremely
increased piezoelectric coefficients [3]. While it is ac-
cepted that the chemical disorder has a decisive role in pro-

ducing this enhanced behavior, the exact short-range
structure-property mechanisms are not well understood.

In this work we are interested in how addition of
NaNbOs is affecting the correlation structure across the
phase transitions. In particular, it is known that pure so-
dium niobate displays a complex behavior with at least six
phase transitions between the high-temperature cubic
phase and low-temperature rhombohedral one [4]. Some of
the intermediate phases are incommensurate reflecting a
complex interplay between polar order parameter and octa-
hedral tilting. Tracking the changes in the single-crystal
diffuse scattering we should be able to assess to which ex-
tent this interplay is also present in KNN with Na content <
50 %.

1. R.Comes, M. Lambert, and A. Guinier, Solid State
Commun. 6, 715 (1968).

2. X. Gao, Z. Cheng, Z. Chen, et al., Nat. Commun. 12, 881
(2021).

J. Fuand R. Zuo, Acta Mater. 195, 446 (2020).

4. E.Ringgaard and T. Wurlitzer, J. Eur. Ceram. Soc. 25,
2701 (2005).
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Data and what to do with it
DATA A CO S NIMI

Stanislav Danis

Matematicko-fyzikaini fakulta, Univerzita Karlova, Ke Karlovu 5, 121 16 Praha 2

Uméla inteligence (Al) rozproudila od svého vzniku fadu
diskusi na témata "k ¢emu mi to bude?" az po otazky
etického charakteru. Jeji pfitomnost rozhodné zménila
zpisob védecké prace. Avsak jiz diive se pouzivaly "ucici
se algoritmy", pfichod Al jejich uplatnéni podstatné

L11

zrychlil. V pfednasce ukdzeme nékolik uplatnéni "chytrych
algoritmt" ve vyzkumu kondenzovanych latek
publikovanych v ¢asopisech Nature a Science. Naleznou
své misto i v oblasti rozptylu rtg zafeni?

NUCLEAR MAGNETIC RESONANCE IN SOLIDS

Vojtéch Chlan
Faculty of Mathematics and Physics, Charles University, Prague

Nuclear Magnetic Resonance (NMR) provides unique in-
formation on the local structure and dynamics of con-
densed matter and serves as a versatile technique in physics
and material science, as well as a valuable tool in chemis-
try, biochemistry, molecular biology, and medicine.
Solid-state NMR spectroscopy allows investigation of a
wide range of materials, including crystalline and disor-
dered solids, with unique capabilities for probing both
structural and magnetic properties. Local crystal symme-
try, valence state. In magnetic solids, though often chal-

lenging, NMR spectroscopy yields additional information
about the magnetic state of atoms, can study individual
magnetic sublattices, or reveal the direction of magnetic
moments.

In the talk, the basic principle of NMR and related spec-
troscopy will be introduced, its application to solids and
magnetic solids will be covered — with a focus on areas
where NMR spectroscopy can serve as a complementary
method to diffraction techniques.

1 Li ferrite

Intensity (arb. u.)

71 715 72 72.5 73 73.5 74
Frequency (MHz)

74.5 75

Figure 1. *’Fe NMR spectrum of ferrimagnetic Li spinel ferrite with individual Fe sites distinguished in the unit cell. Five spectral lines
appear both because of crystallographic and magnetic non-equivalence of Fe atoms.
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SELECTED EXAMPLES IN X-RAY REFLECTOMETRY
Lukas Horak

Charles University, Faculty of Mathematics and Physics, Prague, Czech Republic
lukas.horak@matfyz.cuni.cz

X-ray reflectivity (XRR) is a well-established and, in prin-
ciple, straightforward technique for determining the depth
profile of electron density in thin films [1]. The presence of
interference fringes (Kiessig fringes) in the reflectivity
curve typically allows for a direct and accurate estimation
of layer thickness. However, in many practical cases, these
fringes are weak, distorted, or even completely absent (Fig-
ure 1); yet meaningful structural information can still be
extracted.

Even when sample imperfections such as surface cur-
vature or thickness inhomogeneity suppress or smear the
interference fringes, the absorption contrast can still be ex-
ploited to reliably estimate the average layer thickness.

For each sample, one must carefully consider the ap-
propriate level of model complexity for data fitting. Should
the model be kept as simple as possible, even if it fails to
adequately reproduce the measured data? In cases where
the fit is as poor as for some samples shown in Figure 2,
how trustworthy are the extracted parameters? Further-
more, is it feasible to fit the electron density depth-profile
directly, and if so, can such an approach yield a unique and
physically meaningful solution?

This presentation will explore several such cases,
where the absence of clear fringes or the use of oversimpli-
fied models did not prevent the retrieval of reliable density
profiles. Surprisingly, even models that poorly fit the ex-
perimental data can yield results comparable to those ob-
tained using significantly more complex and computa-
tionally demanding approaches. This raises important
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Figure 1. XRR curves measured on Hydrogenated U layers. As it is
visible in the inset with the zoomed part, no thickness fringes are
present for the sample SO;. Is it still possible to determine/estimate
the layer thickness by XRR?

questions about the trade-off between model fidelity and
interpretability, especially in the context of peer review and
publication.

1. L. G. Parratt, Phys. Rev. 95, 359-369 (1954). DOI:
10.1103/PhysRev.95.359.

The work was supported by the project GA CR, reg. No.
24-127108.
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Figure 2. (left) XRR curves of BIO/DTO bilayers on YSZ substrate fitted by the most simple model of two layers with rough inter-
faces; (right) density depth-profiles visualized for the refined parameters of the model. How reliable are the fitting results when the ex-

perimental data are evidently not fully fitted?
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First experience with single crystal diffractometer Synergy Rs

PRVNi ZKUSENOSTI S MONOKRYSTALOVYM DIFRAKTOMETREM SYNERGY
VYBAVENYM ROTACNi ANODOU A ZAKRIVENYM HYBRIDNE PIXELOVYM
DETEKTOREM

M. Dusek, V. Petricek

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

Novy monokrystalovy difraktometr s rotaéni anodou a
velkym zakfivenym detektorem od firmy Rigaku Oxford
Diffraction je ve Fyzikalnim tstavu v provozu od bfezna
2025. Duvodem nakupu byla potfeba doplnit stavajici,
zcela pretizeny, difraktometr SuperNova pfistrojem, ktery
by dosahoval ftadoveé vysSsi intenzity pii zachovani
podobného priméru primarniho svazku. Primér svazku je
v podminkach nasSi laboratofe dilezitym parametrem
vzhledem k castym experimentiim s vysoce adsorbujicimi
krystaly. Piistroj je navic vybaven programové ovlada-
telnou divergenc¢ni clonou a moznosti nastavit energetické
okénko pro potlaceni luminiscence.

Po né¢kolika mésicich trvalého provozu jsme dosahli
efektu, ktery se projevil u vsech dfive zakoupenych
difraktometrti: od pocate¢niho zdéSeni, co si pocneme
s tolika vysledky, jsme opét v situaci, kdy typické méfeni

Cel search
Refine cel

B & x el =

jednoho vzorku trva jeden az dva dny. Rozdil je pouze
v tom, ze diive bychom tyto vzorky vytadili jako neméfi-
telné. V Cem je tedy skutecné zlepsSeni, kdyz pomineme
vyhodu pro chemiky, ktefi mohou stale vic odbyvat pfipra-
vu kvalitnich monokrystalti? V piednasce ukazujeme, ze
skutecné zlepSeni spociva v tom, ze z krystalu dobré
kvality mizeme vydobyt podstatné vic informaci.

Jako priklad jsme pouzili krystal YP;O, jehoz
struktura byla publikovana v roce 2003 [1] jako standartni
struktura. Pozd¢ji byla latka zmétena jako (3+1)d modulo-
vand, tedy s jednim modula¢nim vektorem, a dlouhd 1éta
pouzivéna v tzv. Kuchafce programu Jana2020 [2] jako
priklad jednoduché modulované struktury. Ve finalni
feSeni ale pro nékteré fezy superprostorem vychazely
nesmyslIné ,teplotni* parametry (ADP — atomic displace-
ment parameters), coz nas vedlo k pfeméfeni vzorku na

Wl 07708 0.0007 1.2626

Obrazek 1. Indexaéni nastroj programu Jana2020 ukazujici projekci nahledanych pikd do jedné zakladni bunky. Na delsi hrané
zobrazené bunky vidime prvni, druh¢ a tieti satelity popsané g-vektorem (0, 0.375,0). Nejintenzivnéjsi reflexe uvniti butiky jsou prvni
satelity popsané g-vektorem (0.307, 0.375, 0.509). VSechny ostatni stopy 1ze popsat kombinaci obou g-vektort, ¢imz je indexovan cely

difrakéni obraz (cca 98% nahledanych pik).
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difraktometru Supernova. Zde se ukézalo, ze existuje dalsi
set mnohem slabsich satelitnich reflexi, a ze tedy strukturu
1ze popsat pouze s dvéma modulaénimi vektory. Data ale
byla prili§ slaba, nez aby to stilo za vynalozené usili.
Konecné, v tomto roce, byl ten samy krystal pfeméfen na
nasem novém difraktometru. Nékolikadenni méteni uka-
zalo, ze kromé druhého modula¢niho vektoru existuji i
satelitni reflexe vzniklé kombinaci obou modulac¢nich
vektorti, coz je dikazem, ze se jednd o (3+2)d modulo-
vanou strukturu. Ziskany difrakéni obraz ukazuje obr. 1.
Difraktometr s takto intenzivnim zdrojem vraci do hry
starou otazku, jestli je lepsi méfit vzorek deset minut na
synchrotronu, anebo tyden v domaci laboratofi. NasSe

L14

zkuSenosti ukazuji, ze pokud nemame dlouholeté zkusSe-
nosti se synchrotronovym experimentem a dobré kontakty
na tamé&j$i experimentatory, je lepsi vénovat na to experi-
mentalni ¢as a méfit doma.

V zavéru prednasky ukazeme, jakou strategii sdileji
vyrobei difraktometrtt a vyrobci mikrovinnych trub a
rychlovarnych konvic.

1. M. Graia, A. Driss, T. Jouini, Solid State Sciences, 5,
(2003), 393.

2. V. Petiicek, L. Palatinus, J. P1asil, M. Dusek, , Z.
Kristallog. — Cryst. Mater-., 238, (2023), 271.

INTERPRETATION OF ELECTRON DENSITY MAPS USING NEURAL NETWORKS

Jifi Zelenka, Jan Rohlicek

Institute of Physics of the Czech Academy of Sciences, Prague

The interpretation of Fourier maps is an important process
in X-ray diffraction analysis. Their quality and resolution
can be limited by a number of factors, including the disor-
der of atoms in the crystal and poorly measured diffraction
data, which can be caused, for example, by crystal instabil-
ity during the experiment, twinning, small crystal size, or
otherwise poor quality of the measured crystals. These im-
perfections often lead to blurred or difficult-to-interpret
maps, which complicate the determination of the crystal
structure and cause headaches for many crystallographers.
In this work, we present a possible approach that could
help interpret low-resolution maps. This approach uses

deep learning capabilities to recognize and reconstruct rel-
evant features in maps. In the reconstructed maps, noise is
removed and blurred parts of the map, which appear to be
meaningless blobs, are interpreted. This approach can be
applied at various stages of structural analysis. For exam-
ple, when interpreting maps after solving a phase problem
or interpreting differential Fourier maps. This approach is
also applicable to various groups of substances and materi-
als, regardless of whether they are inorganic, organic, or
even protein structures, thus opening up new possibilities
for streamlining the entire structural analysis process.
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USE OF INTERMOLECULAR DISTANCES IN SOLVING STRUCTURES FROM
POWDERS

J. Rohligek’, J. Brus? V. Eigner®

'Institute of Physics of the Czech Academy of Sciences, Na Slovance 2, Prague 8, 182 21, Czech Republic

?Institute of Macromolecular Chemistry, Czech Academy of Sciences, Heyrovsky Square 2, Prague, 16206,
Czech Republic

3Department of Solid State Chemistry, University of Chemical Technology Prague, Prague 6, 166 28,
Czech Republic

rohlicek@fzu.cz

This study introduces a methodology that incorporates sup-
plementary structural information about intermolecular
distances obtained from solid-state NMR (ssNMR) mea-
surements into direct-space approach for crystal structure
determination from powder diffraction (PD) data [1]. In
these methods, such intermolecular distances are applied as
restraints within the global optimization process. Direct-
space techniques are highly effective for solving structures
from PD data, particularly when only a laboratory
diffractometer is available. They employ global optimiza-
tion algorithms which, iteratively test candidate structural
models for agreement with experimental diffraction pat-
terns.

For structurally simple, well-diffracting compounds,
the probability of identifying the correct model is high.
However, the success rate decreases rapidly with the num-
ber of degrees of freedom (DOF). A compound with six
DOF can often be solved within seconds, whereas those
with around 40 DOF are frequently unsolvable using PD
data alone, except in rare cases [2]. The problem becomes
even worst for poorly crystalline materials, where peak
broadening reduces the resolution of diffraction data.

In this work, selected intermolecular distances deter-
mined from ssNMR experiments were used as additional

restraints in the structure determination process. The FOX
software [3] was modified to include a new term in the cost
function that enforces agreement with experimentally de-
rived interatomic distances between specific atoms of dif-
ferent molecules. These restraints, assigned tolerances
based on NMR measurement precision, were tested on a se-
ries of relatively simple isothiouronium salts. To simulate
challenging experimental conditions, diffraction peak pro-
files were artificially broadened. The results demonstrate
that including ssNMR-based restraints significantly im-
proves the likelihood of obtaining the correct structural so-
lution, even from low-quality PD data.

1. J. Rohli¢ek, V. Eigner, J. Czernek, J. Brus, J. Appl.
Crystallogr. 58 (2025) 321-332.

2 M. Husak, A. Jegorov, J. Czernek, J. Rohlicek, S. Zizkova,
P. Vraspir, P. Kolesa, A. Fitch, J. Brus, Cryst. Growth Des.
19 (2019) 4625-4631.

3. V.Favre-Nicolin, R. Cerny, Z. Fiir Krist. - Cryst. Mater.
219 (2004) 847-856.

This work was supported by the Grant Agency of the Czech
Republic, project no. 23-052938S.
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PROTEIN CRYSTALLIZATION

J. Hasek

Institute of Biotechnology, Czech Academy of Sciences, Prumyslova 595, Vestec,252 50
hasekjh@seznam.cz

Introduction

Protein crystallization has been used for decades for struc-
ture determination of detailed molecular structure of pro-
teins in atomic resolution. Millions of successfully
performed crystallization experiments by the trial and error
method have shown that the presence of other substances is
practically always necessary for the regular ordering of
protein molecules into the crystal. The very laborious de-
velopment of crystallization screens has led to the massive
deployment of large crystallization robots that control the
precise setting of the composition and the change of the
chemical parameters. Currently, the successful crystalliza-
tion is expected in about one quarter of new proteins.

However, the fundamental problem is that almost ev-
erything is based on practical experience and there is no
trustful and logical explanation of the principle on which
crystallization agents work. Neither is clear when to use
which crystallization agents nor whether it is appropriate to
combine them with each other.

Dynamic Theory of Protein Crystallization

Our Dynamic Theory of Protein Crystallization (DTPC)
hopefully explains all the uncountable crystallization ex-
periments that have been described during the last decades
of experience with protein crystallization [1].

A practice of the last decades clearly showed that the
successful protein crystallization requires a presence of ad-
ditives directly influencing regular stacking of protein mol-
ecules in the crystal. We call them Protein Crystallization
agents (PCA). By definition these special crystallization
additives control amounts of miss-placed and miss-ori-
ented molecules in the growing solid. Thus, they practi-
cally control the difference between the crystalline and
amorphous solid state. Do not misinterpret them with an-
other crystallization additives added for different reasons.
Imagine also that some chemicals can play several impor-
tant roles in the crystallization solution.

Another important point is that the protein in the
oversaturated crystalline solution are highly influenced by
the specially added PCA. It is well proved that in the mo-
lecularly overcrowded crystallization solution, there is
high concentration of temporary protein-PCA adducts
(P-PCA adducts). Properties of the adhesion patches on
protein surface and also the orientation of the P-PCA
adduct with respect to its motion in solution will change
significantly in comparison with the naked protein.
Non-covalent bonds between protein and PCA should be

weak to allow fluent release of PCA molecules from the
growing crystal back to solution.

It is obvious that very large surface of protein mole-
cules always has many adhesion patches that compete with
each other when depositing the protein molecule into the
crystal. It is also evident, that if protein join to the crystal
surface in an incorrect way, it will definitely stay as a stack-
ing fault. It is improbable, that the molecule will dissolve
again, turns to the correct orientation and join the surface
again. Thus, the classical thermodynamics is not sufficient.
The physical laws of rigid body motion in liquids play an
important role here.

This presentation will show some examples of how the
experimenter influences the way in which protein mole-
cules stack in the growing crystal and also how the crystal
seeds grow from the beginnings.

We will show the function on examples of experimen-
tally best confirmed crystallization agents :

* how the experimenter influences the kinetics of
molecules, the correct orientation and the position of
the protein molecules depositing on the surface of the
growing crystal,

* how low-molecular crystallization agents work (for
example malonates [2]),

* how high-molecular crystallization agents work (for
example polyethylene glycol (PEG-2000) [3]),

+ on what principle artificial and natural porous crys-
tallization catalysts work.

In the Appendix, there is a list of definitions useful in

the Dynamic Theory of Protein Crystallization (DTPC).

The work was supported by the Czech Science Foundation
25-175468.

1. Hasek, J., (2011) Principle of the unique adhesion
mode in protein crystallization, Acta Cryst. A67,
C537;

2. McPherson, A. (2001) Comparison of salts for the
crystallization of macromolecules, Protein Science,
10418-10422.

3. Kimber,M.S. et al, (2003) Crystal screen optimiza-
tion. Data mining crystallization databases: Knowl-
edge-based approaches to optimize protein crystal
screens, Proteins, 51, 562-568.
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Appendix

Definition of terms — Glossary
Glossary summarizing some terms important for the
dynamic theory of protein crystallization and their ab-
breviations used in this work

Aditives  Different compounds utilized for preparation
of crystallization solution called additives. Some additives
have more functions in the crystallization solution. Their
reported purposes are:

* to control stacking the protein molecules in the grow-

ing crystal

* to increase solubility of the protein, prevent its ag-

gregation,

* to control nucleation,

* to modulate crystal habit,

* to optimize buffer conditions,

* to modulate pH and ionic strength,

* to stabilize the protein,

* to protect denaturation

* to protect formation of ice during flesh freezing

* to control of viscosity of solution to slow down flows

and diffusion, etc.
PCA
Protein crystallization agents directly influencing the
stacking of protein molecules in the growing crystalline
phase
VA
Viscosity agents - added to increase viscosity of the solu-
tion to slow diffusion
Protein-PCA aduct
Protein molecule temporarily linked to (non-covalently
clustered) the molecules of protein crystallization agents
(PCA)
Precipitant
Precipitation agents — the compound with high affinity to
water molecules reducing thus amount of free water mole-
cules in solution
CTPC
Classical theory of protein crystallization considers crystal
growth as a regular sedimentation of ideally dissolved
(uncomplexed) protein molecules into the crystalline phase
in some pre-defined environment. A regular stacking of
protein molecules is derived from thermodynamic parame-
ters.
DTPC
Dynamic theory of protein crystallization takes into ac-
count formation of temporary molecular aggregates in the
crystallization solution. The activities of the temporary ag-
gregates are important particularly during the crystal initia-
tion phase. It recognizes the non-equilibrium nature of
protein crystallization and analyses the kinetics of interme-
diate states during crystallization process and explains why
the correct setting of the crystallization experiment leads to
regular crystals instead of irregular sediment during the so-
lidification process..

Direct observations of the temporary nano-scaled
molecular processes in the highly concentrated solu-
tions are usually difficult. The proof of intermediate pro-
cesses is validated usually by indirect macroscopic
observations.

&

Adhesive patch is the region on the surface of a protein
molecule responsible for adhesion to the adjacent mole-
cule. Protein have usually many adhesive patches on its
surface — but, only some of them can form intermolecular
contacts in a given configuration of molecules in the solid
state.

PPAM

Protein-protein adhesion mode. It is an abstract term de-
scribing a tendency to some specific adhesion between two
or more protein molecules. It does not describe an exact ge-
ometry of the molecular adduct. The particular spatial real-
ization of the contacts depends always on the molecular
environment (the composition of the crystallization solu-
tion, the phase, etc.). It means that the complementary
patches on surfaces of the adhering proteins differ in differ-
ent environments. Despite these differences, it is usually
easy to identify any particular adhesion mode in different
molecular environments such as dilute solution, concen-
trated solution, amorphous, crystalline phase, in living tis-
sue, etc.

DAM

Dominant adhesion mode is the PPAM leading to the
highest decrease of free energy of system ina given  en-
vironment. It depends on the molecular environment and
thus can be changed by experimenter, e.g. by composition
of crystallization solution. Thus, DAM is not a property of
a given protein compound only. It can be changed by ex-
perimenter.

PDAM

Principle of the Dominant Adhesion Mode. It is the evident
principle saying that only one PPAM must dominate crys-
tallization to get a regular crystalline phase. It must be re-
spected by any crystallization method.

SAM

Subsidiary adhesion modes are the PPAM compatible with
the dominant DAM in a given space group. The free
energies of the DAM and SAMs are decisive for the crys-
tallization rates in the respective crystal directions.

IAM

Incompatible adhesion mode. The protein-protein adhe-
sion mode (PPAM) which is incompatible (cannot coexist)
with the dominant adhesion mode (DAM) in a given crys-
talline form.

MPPI

Modulators of Protein-Protein Interaction. The compounds
temporarily modifying the adhesion properties between the
target protein molecules. There are several important sub-
classes of these compounds described bellow.

PSAM

Protein Surface Active Molecules. The molecules forming
temporary adducts with the target protein molecules and
changing thus the adhesive properties of the protein-PSAM
adduct envelope with respect to the envelope of the naked
protein. Temporary covering the specific patches on the
protein surface influences the stacking of protein mole-
cules into the growing crystal. Many efficient PSAMs are
already used in crystallization experiments as precipitants
or as additives.
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PSSA

Protein Surface Shielding agents the molecules designed to
bind the protein surface patches important for crystalliza-
tion in an unwanted crystal form.

PPLM

Protein-Protein Linking Molecules are the molecules de-
signed to bind surfaces of two protein molecules forming
thus a temporary molecular adduct in solution. The PPLM
molecules are sometimes observed in structures deposited
in the PDB.

CSAM

Compatible Set of Adhesion Modes. The set of cooperative
adhesion modes which are mutually compatible within a
given crystal form.

PXAM

Protein-PSAM Adhesion Mode. Due to the large variabil-
ity of protein surface, small molecules have usually many
adhesion patches on the protein surface.

TPA

Temporary protein adducts are semi-stable complexes of
the protein molecules with some other molecules. If the ad-
ducts are stable enough, the adjoining molecules can effec-
tively block an access to some areas on the surface of the
target protein molecule.

Initiation of protein crystallization

CI Crystallization initiator (catalyst) is a heterogeneous
object inducing protein crystallization. It acts as a catalyst
for the formation of stable and regular crystal nuclei. Stable
nuclei can separate and continue to grow far from the sur-
face of the CIL.

PIC

Porous initiator of crystallization is the CI, where its mor-
phology has dominant effect on crystallization.

CN

Crystallization nucleus (crystal seed) is a crystalline aggre-
gate of molecules that has potential to grow under suitable
conditions into a stable crystal.

Substrate

is material used to prepare the CI. It need not show any nu-
cleation properties itself.

Nucleant

is a particle or some specific surface element that triggers
the nucleation of the target material.

MIP

Molecularly imprinted polymer — polymer with pre-
formated cavities imprinted by some molecular objects.
Cognate MIP

The MIP imprinted by the target protein molecule.

NIP

Corresponding Not Imprinted Polymer as a negative evi-
dence in the MIP activity tests.

CNM

Carbon Nano-Material is characterized by a large ratio
surface to volume -— for example carbon nanotubes, or car-
bon “fractal” nanoparticles (e.g. carbon black).

Ordering in solution

Kosmotropic agents

the molecules or ions supporting ordering of the neighbor
solvent molecules and stabilizing thus the protein structure.
They support formation of well-ordered 3D sets of
intermolecular interactions.

Chaotropic agents

the molecules or ions exerting chaotropic effect in solution
and generally destabilizing protein conformation. Their
presence brakes formation of a regular net of hydrogen
bonds between water molecules in solution.

Malonates

the compounds forming malonate anion in solution
(OOC-CH,-COO")

Polymers

Polyether

Class of polymers with the repeating pattern R-O-R’. Smile
notation OROROR...ORO.

Crown ether

Cyclic oligomers of polyether with outstanding and tunable
chelating ability to cations and to the hydrogen-bond-do-
nor molecules.

PEG = Poly(ethyleneglycol) = poly(oxyethylene) =
poly(ethyleneoxide) = macrogol.

Polymers with chemical formula H-(O-CH,-CH,),-OH
(Smile notation OCCOCCOCC...OCCO). High flexibility
of the PEG chain allows formation of loops where the loan
electron pairs of successive ether oxygens orient to the a
single center binding thus selectively some cations. They
act also as eficient hydrogen-bond-acceptors forming rela-
tively stable adducts with hydrogen bond donor. PEG be-
longs also to the class of polyethers.

Database of protein-polymer interactions (DPPI)

set of protein structures selected from the PDB (Protein
Data Bank), containing polymer fragments. It involves also
the imaging tools allowing easy viewing and the serial
analysis of intermolecular contacts of individual polymer
fragments to the protein surface. It greatly simplifies analy-
sis of the protein-PSAM adhesion modes.

LB films - Langmuir-Blodget films

Well-ordered films composed of monomolecular layers of
macromolecules used by Pechcova and Nicollini for the
preparation of protein crystal initiators.

PDMS - PolyDiMethylSiloxane

The polymer used by Ghatak et al for preparation of
roughly waved surface by an incision of the stretched
folies.

NHMA - N-hydroxymethylacrylamide

The polymer used as a matrix for molecular imprints by
Saridakis et al.
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INFORMATION ON PROTONATON IN BIOMOLECULAR STRUCTURES

J. Dohnalek’, K. Adamkova', M. Trun3dové1, B. Hu1$t’ékové1, J. Duskova', P. Kolenko'?,
L. Gajdos”, T. Skalova', T. Koval

'Institute of B/otechnology, Czech Academy of Sciences, Prumyslova 595, 25250 Vestec
Czech Technical University in Prague, Bfehova 7, 115 19, Prague
3Institut Laue-Langevin, 71 avenue des Martyrs, 38042 Grenoble

dohnalek@ibt.cas.cz

Hydrogen plays a key role in structure and function of
biomolecules. Intermolecular interactions rely amongst
others on a finely tuned concert of hydrogen bonds forma-
tion and typical protonation patterns. Structural informa-
tion on hydrogen/proton presence and localization in
structural biology is not easily accessible.

S1-P1 nucleases are coded for by fungi, trypanosoma-
tids, plants and some pathogenic bacteria [1]. The active
site relies on the metal cluster (typically containing zinc)
and the nucleobase-binding site 1 stabilizing the —1 nucleo-
tide with respect to the cleaved O3’-P3’ bond. The en-
zymes cleave DNA, RNA, single strands, double strands,
viroids, some modified nucleotides, oligonucleotides and
genomic DNA [1]. While their fold does not change across
the species, their activity profiles differ dramatically.

Our structure-function studies of S1-P1 nucleases from
plants, fungus, and two bacterium species [2-5], including
crystal structures, mutagenesis, numerous product/ligand
complexes helped us better understand the structure-func-
tion questions, such as active site remodelling and key mo-
bility elements in the active site. In a recent study we have
identified SmNucl from opportunistic pathogen Stenotro-
phomonas maltophilia with unusually high catalytic rates
for this enzyme class. We could identify the key region for
RNA/DNA preference and discovered its high activity to-
wards cyclic-di-GMP, the bacterial second messenger [6].
Our crystallographic studies answered key questions re-
garding non-specificity of S1-P1 nucleases and brought us

L18

closer to understanding protonation details of the pro-
tein-nucleic acid interactions.

The excellent diffraction properties of S1 and SmNucl
nuclease crystals enable atomic resolution studies with the
promise of mapping of important protonation patterns with
the use of neutron radiation and sub-Angstrom resolution
X-ray crystallography.

1. T.Koval, J. Dohnalek Biotechnol. Adv. (2017) Epub 2017
Dec 14, 10.1016/j.biotechadv.2017.12.007.

2. T.Koval' T, L.H. Qstergaard, J. Lehmbeck, ef al. PLOS
One 11, (2016), e0168832.

3. M. Trundova, T. Koval’, R.J. Owens, et al. Int J Biol
Macromol 114, (2018), 776.

4. K. Adamkova, T. Koval’, L.H. Ostergaard, et al. Acta
Crystallogr D78, (2022), 1194.

5. B. Hustakova, M. Trundova, K. Adamkova, et al. FEBS
Lett 597, (2023), 2103.

6. K. Adamkova, M. Trundova, T. Koval’, B. Hust'akova, et
al. FEBS J., 292, (2025), 129.

This work was supported by the Czech Science Foundation
(25-17546S), and by the Czech Academy of Sciences
(86652036). CIISB, Instruct-CZ Centre of Instruct-ERIC
EU consortium, funded by MEYS CR infrastructure project
LM2023042 and European Regional Development
Fund-Project No. CZ.02.01.01/00/23_015/0008175 is ac-
knowledged for providing access to all facilities at CMS in
BIOCEY for this project.

ADVANCES IN ANNOTATION AND VALIDATION OF NUCLEIC ACIDS

Bohdan Schneider, Lada Biedermannova, Paulina Bozikova, Michal Maly,
Terezie Prchalova, Jakub Svoboda & Jifi Cerny

Institute of Biotechnology of the Czech Academy of Sciences, 252 50 Vestec, Czech Republic
bohdan.schneider@ibt.cas.cz

Structural biology operates robust tools and data for pro-
teins; the field of nucleic acid (NA) structure analysis and
prediction lags behind. This is serious for RNA structures
in the context of the ability to predict their variable 3D
structures and for DNA for understanding of their mutual
recognition with proteins. More reliable prediction of RNA
3D structures is primarily hindered by a scarcity of se-
quence alignments of functionally wide spectrum of
RNAs. A better understanding of both RNA and DNA
could be much more profound if more high-quality struc-

tures were available, and the quality of the existing struc-
tures was gauged more reliably [1]. Our work addresses the
latter, improving the quality of the existing NA structures
and methods of their analysis. Current challenges in NA
structure quality include: (A) Inconsistent application of
valence geometry restraints. (B) Poorly refined backbone
conformations. (C) Incomplete or incorrect base pairing as-
signments. This presentation will introduce key features of
fully  redesigned DNATCO  version 5.0 at
dnatco.datmos.org [2], a suite of web-based tools designed
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to enhance NA structure annotation and validation.
DNATCO includes:

An Annotation TAB for clear structural overviews.
Quite significantly, the new DNATCO provides full anno-
tation of base pairs in the Leontis-Westhof classification
schema [3] both in tabular form and - to the best of our
knowledge - for the first time as an integrated part of mo-
lecular graphics.

A Validation TAB offering detailed analysis, including
dinucleotide conformation analysis (based on our NtC
classification [4]), novel RMSD/RSCC scatterplots, and
detailed valence geometry evaluation.

A Browse TAB for multi-view structure visualization.

Our ongoing development aims to provide tools for di-
rect structure modification during the refinement process,
further contributing to higher-quality NA structural data.

1. Schneider, B., Sweeney, B.A., Bateman, A., Cerny, J.,
Zok, T. and Szachniuk, M. (2023). When will RNA get its
AlphaFold moment? Nucleic Acids Res, 51, 9522-9532.
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2. Jifi Cemy, Michal Maly, Paulina Bozikova, Terezie
Prchalova, Jakub Svoboda, Lada Biedermannova &
Bohdan Schneider: DNATCO v5.0: Integrated Web Plat-
form for 3D Nucleic Acid Structure Analysis. submitted to
Nucleic Acids Research (2025).

3. Leontis, N.B. and Westhof, E. (2001) Geometric nomen-
clature and classification of RNA base pairs. RNA, 7,
499-512.

4. Jifi Cem}'/, Paulina Bozikova, Jakub Svoboda & Bohdan
Schneider: A unified dinucleotide alphabet describing both
RNA and DNA structures. Nucleic Acids Research. 48:
6367-6381 (2020). doi: 10.1093/nar/gkaa383.

This research was funded by Czech Academy of Sciences,
grant RVO 86652036 and by grant LM2023055 to ELIXIR
CZ from MEYS Czech Republic.

CRYSTAL STRUCTURE OF BLUE LACCASE BP76, A UNIQUE TERMITE SUICIDAL
DEFENSE WEAPON

Jifi Brynda', Jana Skerlova', Jan Sobotnik>®, Marek Zakopéanik®, Petr Novak®,
Thomas Bourguignon®, David Sillam-Dusses” & Pavlina Rezacova
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Czech Republic
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%Institute of Entomology, Biology Centre, Czech Academy of Sciences, Ceské Budéjovice, 370 05, Czech
Republic
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Aging workers of the termite Neocapritermes taracua can
defend their colony by sacrificing themselves by body rup-
ture, mixing the externally stored blue laccase BP76 with
hydroquinones to produce a sticky liquid rich in toxic
benzoquinones. Here, we describe the crystal structure of
BP76 isolated from N. taracua in its native form (Figure 1)
[1]. The structure reveals several stabilization strategies,
including compact folding, glycosylation, and flexible
loops with disulfide bridges and tight dimer interface. The
remarkable stability of BP76 maintains its catalytic activity
in solid state during the lifespan of N. taracua workers,
providing old workers with an efficient defensive weapon
to protect their colony.

1. Skerlova, J. et al. 2024. Structure 32, 1-5.
https://doi.org/10.1016/j.str.2024.07.015
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Figure 1. Crystal structure of blue laccase BP76 from
Neocapritermes taracua.
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PROTEIN ENGINEERING OF INTERLEUKIN 24 TARGETING HIGHER THERMAL
STABILITY AND STRUCTURE:FUNCTION STUDIES

P. Kolenko"?, L. Kolafova?, Y. Peleg®, B. Schneider?, J. Zahradnik®

"Czech Technical University in Prague, Bfehova 7, Prague 115 19, Czechia
?Institute of Biotechnology, Czech Academy of Sciences, Primyslova 595, 252 50 Vestec, Czechia
SWeizmann Institute of Science, Rehovot, Israel
4qst Faculty of Medicine, Charles University, BIOCEV, Prague 252 50, Czechia
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Evolution has optimized protein variants with respect to
the life of an organism in its surroundings. For example,
protein variants in bacteria living in high temperatures
have usually higher thermal stability than those of bacteria
living in arctic environments. Higher thermal stability is
frequently required in biotechnologies as this usually goes
hand in hand with increased stability in various denaturing
agents, natural environment, and with higher expression
yields.

Human interleukin 24 has a potential in treatment for
autoimmune diseases and cancer [1]. It is a relatively
instable protein, and its expression usually provides low
yields. We designed optimized variants using the PROSS
algorithm [2], performed various biophysical and function
studies, and successfully crystallized more stable variant
having 30 point mutations (~ 20 % of all amino acids). We
determined the crystal structure at 1.3-A resolution.

L21

Unfortunately, this protein variant lost some of its func-
tions that are related to binding its biological interaction
partners IL-20R 1 and IL-22R 1. However, the function was
restored to 80 % of its wild-type variant with a single re-
verse mutation to the wild-type residue Thr198. Such pro-
tein variant can be used for further optimization and
subsequent application in clinical studies.

1. J. Zahradnik, L. Kolafova, Y. Peleg, P. Kolenko, S.
Svidenska, T. Charnavets, T. Unger, J.L. Sussman, B.
Schneider, FEBS Journal, 286, (2019), 3858-3873.

2. A. Goldenyweig, M. Goldsmith, S.E. Hill, O. Gertman, P.
Laurino, Z Ashani, O. Dym, T. Unger, S. Albeck, J.
Prilusky, R.L. Lieberman, A. Aharoni, I. Silman, J.L.
Sussman, D.S. Tawfik, S.J. Fleishman, Mol. Cell, 63,
(2016), 337-346.

CHARACTERIZATION OF PROTAC-580: A CEREBLON-RECRUITING DEGRADER OF
ENTEROVIRAL 2A PROTEASE

B. Kas&akova', H. Durmaz®, R. Kumar Akula®, K. Rox’, H. El Kilani®, R. Hilgenfeld” and I.
Kuta Smatanova

"Department of Chemistry, University of South Bohemia, Brani§ovska 1645/31a, 370 05 Ceske Budejovice,
Czech Republic

2Institute for Molecular Medicine, University of Liibeck, Ratzeburger Allee 160, 23538 Liibeck, Germany

3Depan‘ment of Chemical Biology, Helmholtz Centre for Infection Research, Inhoffenstr. 7, Braunschweig
38124, Germany

karafbO0@jcu.cz

Enteroviruses (EV) such as EV-A71 and EV-D68 are in-
creasingly recognized as serious public health threats, par-
ticularly among children [1], due to their association with
severe neurological and respiratory illnesses including
hand, foot, and mouth disease (HFMD) [2] and acute flac-
cid myelitis (AFM) [3]. Despite their impact, no targeted
antiviral therapies are currently available. To address this
gap, we have developed PROTAC-580, a first-in-class
cereblon-recruiting proteolysis-targeting chimera
(PROTAC) designed to degrade the enteroviral 2A prote-

ase (2A"), a viral enzyme essential for replication and
immune evasion.

2AP* mediates polyprotein processing, inhibits host
protein synthesis via e[F4G cleavage, and disrupts type I
interferon signaling by degrading IFNAR1 and cleaving
MAVS and MDAS, making it indispensable for viral
pathogenesis [4]. Unlike conventional inhibitors that block
activity only transiently, PROTAC-580 should catalyti-
cally direct 2A" to CRBN-mediated ubiquitination and
proteasomal degradation, enabling complete removal of

© Krystalograficka spole¢nost



&

Materials Structure, vol. 31, no. 2 (2025)

97

the target protein, potentially lowering resistance risk, and
expanding the range of druggable viral proteins [5, 6].
Using integrative structural biology, including X-ray
crystallography, molecular docking, and crosslinking mass
spectrometry, we rationally designed PROTAC-580 to
achieve high selectivity and sustained degradation of 2AP™.
To support these efforts, we established an optimized re-
combinant expression system in E. coli, incorporating solu-
bility-enhancing fusion tags, buffer screening, and refined
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purification workflows to obtain milligram-scale quantities
of active, monodisperse protein for structural analysis and
degradation assays.

Aligned with the PANVIPREP consortium’s vision for
broad-spectrum antiviral development, PROTAC-580
marks a paradigm shift from inhibition to targeted protein
degradation, offering a promising therapeutic strategy not
only against enteroviruses but also as a platform for
combating other RNA.

BEYOND ONCOGENES: HOW RAS-MAPK VARIANTS INFLUENCE
NEURODEVELOPMENT

P. Havlickova, A. Koutska, I. Kuta Smatanova, M. Fenckova

Faculty of Science, University of South Bohemia in Ceske Budejovice, Branisovska 1760, Ceske Budejovice,
37005, Czech Republic

fenckm00@prf.jcu.cz

The Ras—-MAPK pathway, best known for its role in
oncogenesis, is also critical for brain development.
Germline mutations in pathway components cause
RASopathies—the most common monogenic cause of in-
tellectual disability (ID) and autism spectrum disorder
(ASD)—and large-scale sequencing studies continue to
uncover numerous additional variants in individuals with
neurodevelopmental disorders (NDDs). Most are missense
substitutions with uncharacterized functional effects, yet
they often cluster within structural “hotspots” that control
nucleotide binding, GTP hydrolysis, dimerization, or
autoinhibitory regulation [1-3].

Here, large-scale genomic datasets are combined with
high-resolution structures of Ras, B-Raf, MEK, and ERK
to map these variants and infer their mechanistic conse-
quences. Structural patterns reveal recurrent modes of
dysregulation and show parallels with oncogenic muta-
tions, indicating potential opportunities for targeted drug
repurposing.

This structural—functional perspective refines pathoge-
nicity assessment, explains phenotypic variability, and
identifies priorities for functional validation. By shifting
from purely statistical classification to mechanism-based

interpretation, it establishes a framework for developing
mutation-specific therapeutic strategies in Ras—-MAPK-re-
lated neurodevelopmental disease.

1. Rauen K. A. (2013). The RASopathies. Annual review of
genomics and human genetics, 14, 355-369.
https://doi.org/10.1146/annurev-genom-091212-153523

2. Geoffray, M. M., Falissard, B., Green, J., Kerr, B., Evans,
D. G., Huson, S., Burkitt-Wright, E., & Garg, S. (2021).
Autism Spectrum Disorder Symptom Profile Across the
RASopathies. Frontiers in psychiatry, 11, 585700.
https://doi.org/10.3389/fpsyt.2020.585700

3. Wang, T., Kim, C. N., Bakken, T. E., Gillentine, M. A.,
Henning, B., Mao, Y., Gilissen, C., SPARK Consortium,
Nowakowski, T. J., & Eichler, E. E. (2022). Integrated
gene analyses of de novo variants from 46,612 trios with
autism and developmental disorders. Proceedings of the
National Academy of Sciences of the United States of
America, 119(46), €2203491119.
https://doi.org/10.1073/pnas.2203491119.

This work is supported by by a grant from the Czech Sci-
ence Foundation (rant no. 23-07810S) and an EMBO In-
stallation grant (grant no. IG-5310-2023) to M. Fenckova.
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HARD X-RAYS WITH ORBITAL MOMENTUM, PROPERTIES AND DYNAMICAL
DIFFRACTION

Vaclav Holy1, Juraj Krempaskyz, Ondfrej Caha®, Jan Minar*

"Faculty of Mathematics and Physics, Charles University, Prague
2Paul Scherrer Institute PSI, Switzerland
3Faculty of Science, Masaryk University, Brno
4University of West Bohemia, Pilsen, Czech Republic

Hard X-ray beams with non-zero angular momentum are
generated by diffraction on a specially designed spiral-like
zone plate. In the talk the simulations of the wavefield be-
hind the zone plate will be presented based on a rigorous
evaluation of the exact Huygens-Fresnel diffraction inte-
gral beyond the paraxial approximation. Unlike conven-
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tional vortex light in visible or IR range, vortex X-rays
diffract in a crystal lattice showing peculiar diffraction ef-
fects demonstrated both theoretically and experimentally.
Possible effect of an X-ray vortex beam on static poling of
ferroelectric GeTe will be discussed.

Study of local atomic structure of disordered materials with the aid of in-situ synchrotron
experiments

$TUDIUM LOKALNEJ ATOMARNEJ STRUKTURY NEUSPORIADANYCH
MATERIALOV POMOCOU IN-SITU SYNCHROTRONOVYCH EXPERIMENTOV

Jozef Bednarcik

Univerzita Pavla Jozefa Safarika v Ko$iciach, Prirodovedecké fakulta

V tejto prednaske budu demonstrované moznosti vysoko-
energetickych foténovych zvizkov, produkovanych na
zdroji synchrotrénového ziarenia 3. generacie PETRA Il v
DESY Hamburg, pri stadiu Struktirnych zmien vyvola-
nych tepelnym spracovanim tesne pod teplotou
krystalizacie amorfnej zliatiny na baze Fe. Budu prezento-
vané vysledky Struktrnej relaxacie amorfnej zliatiny pri
jej cyklickom tepelnom namahani. Ziskané vysledky bud

analyzované pomocou dvoch pristupov: 1) v recipronom
priestore na zaklade pozorovania zmien tvaru prvého
vyrazného difuzneho maxima a nasledne 2) pomocou
parovej distribucnej funkcie. Hlavny doraz v prispevku
bude kladeny na uvedenie konceptu parovej distribucne;j
funkcie a jej vyuzitia pri Studiu silne neusporiadanych
systémov.
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LIGHT-INDUCED PHASE SEGREGATION AND STRUCTURAL RELAXATION
IN MIXED-HALIDE PEROVSKITES
M. Dopita, V. Holy, L. Hordk and P. Machovec

Department of Condensed Matter Physics, Faculty of Mathematics and Physics, Charles University, Ke
Karlovu 5, 121 16 Prague 2, Czech Republic

milan.dopita@matfyz.cuni.cz

Mixed-halide perovskites are promising for high-effi-
ciency multi-junction solar cells but are prone to light-in-
duced halide segregation (Hoke effect), which alters their
absorption spectrum and degrades optoelectronic perfor-
mance. In this study we combined in operando and in situ
X-ray scattering methods with complementary optical and
electrical measurements to track structural changes, strain
evolution, and domain morphology during illumination.
Kinetic modelling using the Cahn-Hilliard formalism
linked halide migration to observed diffraction peak broad-
ening, indicating formation of Br-rich and Br-poor do-

mains. Even after prolonged relaxation, residual strain and
lattice parameter heterogeneity persist, underscoring the
complex interplay between illumination, composition, and
structural stability in these materials. Our results highlight
the complex interplay between illumination, compositional
changes, residual strain, and other factors such as humidity,
single-crystal quality, or thin-film properties, emphasizing
the need to fully understand all influences on the phase seg-
regation effect and to mitigate them for the production of
operationally stable devices.

CL1
ANTON PAAR, SAXSPOINT 500/700 - NEW EQIPMENT FRO SMALL-ANGLE
SCATTERING
Jifi Springer
Anton Paar

Anton Paar introduces SAXSpoint 500 and SAXSpoint
700, state-of-the-art laboratory beamlines offering unpar-
alleled capabilities in SAXS/WAXS/GISAXS/USAXS/
RheoSAXS analysis. Engineered for versatility, the
SAXSpoint 500 is optimized for high-throughput and rou-
tine measurements, offering robust performance for quality
control and standard research tasks. The SAXSpoint 700
extends capabilities with an ultra-low background design,
enabling the characterization of weakly scattering and

CL2

highly dilute samples at the highest scientific standards.
SAXSpoint 700 features a spacious and innovative mea-
surement chamber, allowing users to conduct experiments
under ambient, non-ambient, and air conditions. The
RheoSAXS integration in SAXSpoint 700 allows users to
study structural and rheological properties simultaneously,
combining the capabilities of SAXS with DSR 502
rheometer.

ENABLING NANOSCALE INSIGHT: ADVANCED X-RAY SCATTERING SOLUTIONS
FROM XENOCS

Szymon Stolarek
Xenocs SAS, 1-3 Allée du Nanometre 38000 Grenoble France

Understanding structure at the nanoscale is critical to inno-
vation across fields ranging from biotechnology to materi-
als science. Founded with the mission to make advanced
characterization tools accessible to researchers worldwide,
Xenocs develops state-of-the-art laboratory solutions
based on small- and wide-angle X-ray scattering
(SAXS/WAXS) and X-ray imaging, enabling high-quality,

multiscale structural analysis for both research and indus-
trial applications.

This presentation will introduce two of Xenocs' flag-
ship solutions: the Xeuss Pro and the Nano-inXider. De-
signed for maximum versatility, the Xeuss Pro is a modular
SAXS/WAXS/GISAXS/USAXS/Imaging platform offer-
ing synchrotron-grade performance in the laboratory. It
supports a range of X-ray sources—including microfocus
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sources with various target materials, MetalJet, and rotat-
ing anode (RAG) options—as well as a focused AuX
source for small-spot or high-resolution applications. With
integrated USAXS and motorized SWAXS it enables fully
automated and continuous measurements from atomic to
micron scales. In addition, the InXight X-ray imaging
module with dark-field and phase-contrast option further
extends capabilities by revealing orientation, heterogene-
ity, and interfaces in complex materials. All these capabili-
ties are seamlessly managed through the Xenocs Xplore
control software, which provides an ergonomic interface
for experiment planning, scriptable control (e.g. Python),
and real-time equipment monitoring to track system perfor-
mance remotely.

The Nano-inXider, by contrast, offers a compact,
easy-to-use SAXS/WAXS system for routine nano-
structural analysis. It combines a small footprint and intu-

Figure 1.
SAXS/WAXS/GISAXS/USAXS and

horizontal

platform  for
imaging alongside the

Xeuss Pro

itive operation with high-quality, reproducible data — Nano-inXider compact vertical system.

making it ideally suited for quality control, process moni-
toring, and material development in both academic and
industrial laboratories.

To complement these instruments, Xenocs provides
XSACT Pro, an all-in-one SAXS/WAXS data analysis
platform. It supports a wide range of analytical workflows
including two advanced modules: one for Al-assisted
shape classification and another for automated model fit-

ting, helping researchers extract structural insights from
complex scattering patterns quickly and reliably.

Trusted by leading academic institutions and compa-
nies across diverse sectors, Xenocs instruments accelerate
material development and process optimization. Through
high-performance, scalable, and user-focused solutions,
Xenocs advances its mission: enabling nanoscale insight
through continuous innovation.
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XRDLICIOUS: AN ONLINE TOOL FOR POWDER DIFFRACTION PATTERNS AND
(P)RDF SIMULATIONS

M. Lebeda"?3, J. Drahokoupil*?, P. Vertat', P. Vi¢ak®

"Institute of Physics of the Czech Academy of Sciences, Na Slovance 2, 18200 Prague 8, Czech Republic
2Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Trojanova
339/13, 12000 Prague 2, Czech Republic
3Facu/ty of Mechanical Engineering, Czech Technical University in Prague, Technicka 4, 16607 Prague 6,
Czech Republic
lebedmi2@cvut.cz

XRDlicious [1] is an online browser-based platform for
computing powder X-ray diffraction (XRD) and neutron
diffraction (ND) patterns, as well as partial and total radial
distribution functions ((P)RDF), directly from crystal
structure files. It supports common formats (CIF,
POSCAR, XYZ, LMP) and can import data via file upload
or integrated search in the Crystallography Open Database
(COD), Materials Project (MP), and AFLOW. Multiple
structures can be uploaded simultaneously, enabling direct
comparison of computed diffractograms. Structures can be
edited within the interface and exported in various formats.
The tool also converts experimental diffraction data be-
tween wavelengths, d-space/q-space, fixed or automatic di-
vergence slits, and supports conversion between XRDML

(PANalytical) and RAS (Rigaku) formats into standard XY
files and vice versa. Requiring no installation, XRDlicious
runs on any device (computers, tablets, mobile phones) and
across operating systems. Its intuitive interface and ease of
use makes it promising for both research and teaching. The
platform is freely available at xrdlicious.com, hosted on
Streamlit community free cloud server, with source code
and instructions for optional local installation at
github.com/bracerino/xrdlicious.

1. (PREPRINT) Lebeda, M. et al. (2025). Journal of Applied
Crystallography 58,
https://doi.org/10.1107/S1600576725005370.

continues on next page
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¢ XRDlicious
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| =
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- =
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Upload Your Experimental . . " .
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D d di file h
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Status Completed
Measurement Type Scan
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Author Drahe
Anode Material Co
X-ray Tube Tension 50 kW
X-ray Tube Current 30 mA f
K-Alphal Wavelength (A) 1.7890100
Detector X'Celerator
Scan Axis Gonio

Include header in xy file
Enter filename for download:

NMG_powder_1-4.xy

¥ Download as .xy File

& Enable database search (MP, AFLOW, COD) (&)

Figure 1. Example of XRDlicious output: calculated XRD patterns for multiple structures compared with experimental data, and dem-
onstration of XRDML to XY file conversion.
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BASIC CRYSTALLOGRAPHIC ALGORITHMS IN THE ML LANGUAGE

Z. Matgj

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

Machine learning (ML) is increasingly finding applications
in crystallography and materials science, enabling
data-driven discovery of structural patterns, accelerating
phase identification, and predicting material properties
from complex diffraction and imaging datasets. In addition
to these novel applications, traditional algorithms - used in
crystallography for decades - are now being reimplemented
using ML-based methods or simply executed within
high-performance ML frameworks to benefit from their
computing capabilities.

Among the next generation of scientists it is common a
crystallography problem - that would be traditionally re-
solved by progressive analysis, followed by application of
tailored numerical methods - is tackled by data-driven ML
approach. While generic, unoptimized ML solutions often
require more computational resources than traditional
methods, the availability of optimized ML hardware and
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advanced software frameworks, built on robust mathemati-
cal libraries and developed by both the research community
and industrial partners, can offer efficient alternatives.

This contribution aims to provide a gentle introduction
to implementing several computational algorithms com-
monly used in the analysis of diffraction data in materials
science and crystallography. The selected examples focus
on well-understood, foundational algorithms that will be
reformulated as neural networks. The process of solving
these problems using data-driven approaches will be illus-
trated, including the full workflow and a discussion of its
limitations, strengths, and potential ML-based extensions.
Demonstrations will include peak parameter refinement
using the least squares method, electron density map
calculation, and a basic iterative algorithm for phase
problem solving.

MACE-INTERACTIVE: A BROWSER-BASED GUI FOR ATOMISTIC SIMULATIONS
WITH MACE FOUNDATION MODELS

J. Drahokoupil®?, M. Lebeda'?*?

"Institute of Physics of the Czech Academy of Sciences, Na Slovance 2, 18200 Prague 8, Czech Republic
2Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Trojanova
339/13, 12000 Prague 2, Czech Republic
3Faculty of Mechanical Engineering, Czech Technical University in Prague, Technické 4, 16607 Prague 6,
Czech Republic
lebedmi2@cvut.cz

Pre-trained foundation models in machine-learning inter-
atomic potentials (MLIPs) allow researchers to perform ac-
curate and efficient atomistic simulations without the need
to search for or fit a potential for each studied system.
These universal models approach the accuracy of density
functional theory (DFT) while being orders of magnitude
faster, making it feasible to study systems with even more
than thousands of atoms, well beyond the practical size
limits of DFT.

We have developed MACE-Interactive, a browser-
based graphical interface designed to streamline calcula-
tions with the MACE MLIP foundation models [1]. The ap-
plication supports multiple simultaneous structure uploads
(POSCAR, CIF, LMP, XYZ with lattice), and presents cal-
culated results in an easily readable way, allowing direct
comparison between structures. Currently, the MACE-In-

teractive provides single-point energies, geometry optimi-
zations, elastic properties, and phonon calculations, as well
as genetic algorithm for identifying the energetically most
favourable arrangements of substitutions or vacancies. The
tool can also generate fully configured Python scripts
based on the parameters set by the user in the interface for
external console execution. The source code and installa-
tion instructions are provided at
github.com/bracerino/mace-md-gui, with a video tutorial
illustrating the application use and capabilities at:
https://youtu.be/xh98fQqKXal.

1. BATATIA, llyes, et al. A foundation model for atomistic
materials chemistry. arXiv preprint arXiv:2401.00096,
2023.

continues on next page
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Figure 1. Example of MACE-Interactive: Calculation setup, computed elastic properties, and differences in lattice parameters before
and after geometry optimization.
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INSTITUTE LAUE-LANGEVIN - INSTRUMENT AND INFRASTRUCTURE UPGRADES,
THE SCIENCE STRATEGY AND NEW RESEARCH OPPORTUNITIES

M. Johnson

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

The comprehensive Endurance upgrade programme was
completed in 2024. With a budget of 50+ M€, about 30 pro-
jects have been delivered, including neutron guide sys-
tems, new and upgraded instruments, sample environment
and data and software services. More intense neutron
beams combined with more efficient detector systems pro-
vide major new capability for measuring ever smaller sam-
ples, including in extreme sample environments, and
weaker signals. In addition, significantly shorter measuring
times facilitate parametric studies and increase throughput
and, therefore, overall capacity. Thus the upgrade
programme as a whole, supported by ongoing and new pro-
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jects, ensures that research capability at the ILL will con-
tinue to be world leading for the next decade, offering new
opportunities for cutting-edge science. In this context, the
ILL has elaborated a science strategy to optimise the use of
its state-of-the-art scientific infrastructure over the next de-
cade and enhance the delivery of societal impact with neu-
trons.

The Endurance programme, ongoing and new projects,
and the science strategy will be presented, including recent
science highlights, and set in the context of future reactor
operation, given the recent, excellent decision that ILL will
now operate at least until the end of 2033.

DIFFRACTION AT MLZ

M. Hofmann

Heinz Maier-Leibnitz Zentrum (MLZ), Technical University of Munich (TUM), Garching, Germany

The Heinz Maier-Leibnitz Zentrum or in short, the MLZ, is
a cooperation between the Technical University of Munich
(TUM), the Jiilich Centre for Neutron Scatterring (JCNS)
and the Helmholtz-Zentrum hereon. This cooperation is the
scientific umbrella for the exploitation of Germany’s sole
neutron source FRM II in Garching close to Munich. As
such it is responsible for the installation and operation of all
the positron and neutron scattering instruments installed at
FRM II [1].

Besides a brief introduction of the facility at large, this
presentation will focus primarily on the diffraction suite of

instruments of MLZ. In particular I will highlight recent
developments and upgrades in the existing instrumentation
as well as new diffractometers, which will be part of the
user program once the FRM II restarts after a longer shut-
down period in early 2026. In addition, I will also show
some scientific highlights from experiments in energy ma-
terials, the life sciences as as well as alloy development, of
which many were also done in close cooperation with sci-
entific groups from the Czech Republic.

1. https://mlz-garching.de/englisch/about-mlz.html .
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ESS NEWS AND FIRST SCIENCE OPPORTUNITIES

Premysl Beran'?

"Czech Academy of Sciences, Nuclear Physics Institute, Hiavni 130, Rez, 25068, Czech Republic
2European Spallation Source, ERIC, PO Box 176, Lund, 22100, Sweden
premysl.beran@ess.eu

The European Spallation Source (ESS) [1], located in
Lund, Sweden, is nearing completion and represents a sig-
nificant advancement in neutron science research. De-
signed to be the world’s most powerful neutron source, the
ESS has achieved several significant milestones in its con-
struction. The high-energy proton linac, responsible for
driving the spallation process, has been successfully tested,
and critical components such as the neutron target station
and instrument infrastructure are now close to hot commis-
sioning. The facility’s technical complexity and scale, in-
corporating cutting-edge technologies in accelerator
physics, neutron optics, and detection systems, reflect its
ambition to transform the way neutrons are harnessed for
scientific exploration. As construction progresses, ESS has
transitioned into a new operational phase, focusing on the
commissioning of its first suite of instruments and prepar-
ing them for experimental research and the users. An up-
date on the status and the near prospects will be presented.
The “first science” opportunities at the ESS will vali-
date the performance of the initial instruments, including
LOKI, ODIN, DREAM, and others, marking the beginning
of scientific operations and the user program. Each of these
instruments is tailored to address specific scientific chal-

lenges. For instance, LOKI, a small-angle neutron scatter-
ing instrument, will provide insights into nanoscale
structures and dynamics, enabling research into soft matter,
polymers, and biological systems. ODIN is designed to
perform high-resolution neutron imaging, making it ideal
for investigating structural properties in engineering mate-
rials and complex natural systems. DREAM leverages neu-
tron diffraction techniques to study atomic arrangements
and phase transitions in materials critical to energy and
quantum technologies. By conducting the first experi-
ments, the ESS will establish baseline operations for its in-
struments and demonstrate the unprecedented capacity of
its neutron beamlines. Here, it is equally important to un-
derline the contributions of early users and the broader user
communities, whose expertise, feedback, and collaborative
research will be vital to refining the ESS’s capabilities and
ensuring its impact on scientific advancement across vari-
ous fields. The way to get involved will be depicted.

1. K.H. Andersen, et al., The instrument suite of the European
Spallation Source, Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment, 957, (2020) 163402.
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NEUTRON DIFFRACTION LABORATORY IN REZ AND ITS USER PROGRAM

G. Farkas, V. Ryukhtin, P. Milkula, Ch. Hervoches, O. Levytska, P. Strunz and
J. Saroun

Nuclear Physics Institute, v.v.i., Czech Academy of Sciences, Husinec—Rez, &p. 130, 250 68 Rez
saroun@uijf.cas.cz

The neutron diffraction laboratory in Rez is part of the Cen-
tre of Accelerators and Nuclear Analytical Methods
(CANAM) — a large research infrastructure hosted by the
Nuclear Physics Institute of the CAS. It is one of the few
European facilities providing the scientific community
with neutron scattering methods and thus helping to fill the
current gap in the availability of neutron beams. The labo-
ratory equipment consists of five neutron diffractometers
in the thermal neutron channels of the 10 MW research re-
actor LVR-15 (operated by Research Centre Rez, Ltd.),
four of which are used for experiments mainly in the field
of materials research and offered to external users within
an open access programme. The TKSN-400 instrument is
dedicated to in situ thermomechanical loading experiments
for studying deformation mechanisms in metallic materi-
als. For this purpose, it has been equipped with a 20 kN uni-
axial stress rig designed in-house, with current heating, as
well as a small stress rig in an Eulerian cradle for analysing
the evolution of lattice strain components in highly tex-
tured materials. Another instrument, TKSN-100, is used
for non-destructive mapping of residual stresses in bulky
samples, with precise positioning enabled by a robotic arm.
The powder diffractometer MEREDIT helps to solve vari-
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ous problems of structure analysis were neutrons provide
valuable complementary information, in particular on evo-
lution of magnetic ordering or site occupation by atoms of
similar proton numbers. Phase transformations can be ob-
served in situ within a wide thermal range of about 10 to
1300 K using a closed-cycle He cryostat or vacuum fur-
nace. This suite of instruments is complemented by the
high-resolution small-angle scattering diffractometer
MAUD, which is particularly well suited to studying
microstructural features such as porosity or precipitation
within the size range of approximately 50-2000 nm. Al-
though there is no dedicated instrument available for neu-
tron imaging, it is possible to perform neutron tomography
with a monochromatic beam at the MEREDIT instrument,
with a field of view of up to 4x4 cm, and a resolution of <
0.2 mm.

In recent years, the facility has offered around 300 in-
strument days per year as part of its open access
programme, most of which have been allocated to experi-
ments proposed by external users. Applications for experi-
ments are welcome at any time, provided they are feasible
and scientifically relevant. These are evaluated by a selec-
tion panel comprising internal and external experts.

CZECH NEUTRON ASSOCIATION - ESTABLISHMENT, MISSION, AND OBJECTIVES

Milan KIicpera1, Jan éarounz, Petr Cermék1, Pavel Strunzz, Dominika Zakutna®

1Faculty of Mathematics and Physics, Charles University, Prague
?Institute of Nuclear Physics, Czech Academy of Sciences, Rez
3Faculty of Mathematics and Physics, Charles University, Prague

We are reaching out to inform you about the establishment
of a new professional association - the Czech Neutron As-
sociation (Ceska neutronova asociace, z. s.), founded to
unite, support, and represent the community of Czech users
of neutron radiation.
The Association’s mission is to:
* Bring together researchers and institutions using
neutron radiation across disciplines.
* Promote the potential and results of research based
on neutron methods.
 Facilitate dialogue between the scientific commu-
nity, the public, and government authorities.
» Represent the interests of the Czech neutron commu-
nity in European and other international institutions
and structures with relevant thematic focus.

We believe that the Czech Neutron Association will
significantly contribute to the coordination of national neu-
tron infrastructure, strengthen international cooperation,
and facilitate access for Czech researchers to world-class
experimental facilities and expertise.

Membership in the Association offers the opportunity
to participate in the development of neutron research in the
Czech Republic, engage in joint scientific initiatives, and
become part of a representative platform for neutron-based
science at both national and international levels. More in-
formation about the Association’s activities, its statutes,
and the membership application will be presented during
Struktura 2025; and can be found at neutrons.cz.

Committee of the Czech Neutron Association.
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RESIDUAL-STRESS DISTRIBUTION IN COMPONENTS FABRICATED WITH
INVOLVEMENT OF ADDITIVE MANUFACTURING

Pavel Str1unz1’*, Josef Iza’kz, Stépan Jedlans, Olena Levytska1, Josef Hodek4, Gergg!}y
Németh ", Jan Saroun’, Radim Kocich™", Marek Paga¢’ and Kostyantyn Tuharin”

"Nuclear Physics Institute of the Czech Academy of Sciences, Husinec—Rez 130, 250 68 Rez, Czech Re-
public; levytska@uijf.cas.cz (O.L.); nemeth@ujf.cas.cz (G.N.); saroun@ujf.cas.cz (J.S.); tuharin@ujf.cas.cz
(K.T.)

2Faculty of Mechanical Engineering, Brno University of Technology, Technicka 2896,
616 00 Brno, Czech Republic; 183119@vutbr.cz

3Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague,
Czech Republic

*COMTES FHT a.s., Dobrany, Czech Republic
SPaul Scherrer Institute—PSI, 5232 Villigen, Switzerland

®Faculty of Materials Science and Technology, VSB-Technical University of Ostrava, 17. Listopadu 2172/15,
708 00 Ostrava, Czech Republic; radim.kocich@vsb.cz

"Faculty of Mechanical Engineering, VSB-Technical University of Ostrava, 17. Listopadu 2172/15, 708 00
Ostrava, Czech Republic; marek.pagac@vsb.cz

8Faculty of Mathematics and Physics, Charles University, Ke Karlovu 2027/3, 121 16 Prague,
Czech Republic

*strunz@uijf.cas.cz

Additive manufacturing opened new possibilities in fabri-
cation of components. However, at the same time, it intro-
duced new tasks for metalurgists and materials engineers as
the microstructure of the components prepared by additive
manuffacturing is significantly different than the micro-
structure of the conventionally fabricated components.
One of the characteristics largely influenced by additive
manufacturing is the residual stress distribution. Residual
stresses play a crucial role in determining the performance
and lifetime of engineered components.

Some examples taken from the field of materials fabri-
cated by additive manufacturing are shown. Residual
stresses were measured using neutron diffraction in these
demonstrations. The use of neutron diffraction is indis-
pensable for the measurement of residual stresses in the
bulk of the material. It is a non-destructive method; there-
fore, the sample can be later used for other examinations.

The impact of manufacturing strategies on the develop-
ment of residual stresses in Dievar steel is presented. Two
fabrication methods were investigated: conventional ingot
casting and selective laser melting (SLM) as an additive
manufacturing process. Subsequently, plastic deformation
in the form of hot rotary swaging at 900°C was applied.
Microstructural and phase analysis, precipitate character-
ization, and hardness measurement—carried out to com-
plement the investigation by neutron diffraction—showed
the microstructure improvement by rotary swaging. The
study reveals that the manufacturing method has a signifi-
cant effect on the distribution of residual stresses in the
bars. The results showed that conventional ingot casting re-
sulted in low levels of residual stresses (up to £200 MPa),
with an increase in hardness after rotary swaging from 172
HV1 to 613 HV1. The SLM-manufactured bars developed
tensile hoop and axial residual stresses in the vicinity of the
surface and large compressive axial stresses (-600 MPa) in
the core due to rapid cooling. The subsequent thermo-

mechanical treatment via rotary swaging effectively re-
duced both the surface tensile (to approximately +200
MPa) and the core compressive residual stresses (to -300
MPa). Moreover, it resulted in a predominantly hydrostatic
stress character and a reduction in von Mises stresses, of-
fering relatively favorable residual stress characteristics
and, therefore, a reduction in the risk of material failure. In
addition to the significantly improved stress profile, rotary
swaging contributed to a fine grain (3—5 um instead of
10—15 pum for the conventional sample) and increased the
hardness of the SLM samples from 560 HV1 to 606 HV1.
These insights confirm the utility of rotary swaging as a
post-processing technique that not only reduces residual
stresses but also improves the microstructural and mechan-
ical properties of additively manufactured components.

Residual stresses were also measured in samples manu-
factured by two different AM technologies within one
component: the bottom half prepared using either Laser
Powder Bed Fusion (L-PBF) or Direct Energy Deposition
(L-DED), and the second half of the component vice versa,
i.e. using L-DED or L-PBF, respectivelly. A combination
of fabrication by different additive technologies is not a
commonly used procedure in practice. Cubic regions
(25mm x 25mm x 25mm) of 316L steel were printed either
by L-PBF or by L-DED on the steel substrate and after-
wards finished to a height of 50 mm by the second technol-
ogy. The aim was to determine the residual stresses that
each technology introduces into the samples and a compar-
ison with FEM prediction: the stresses measured by neu-
tron diffraction are to be used for validation of the FEM
model, which will be applieded as an optimization tool in
the combination of AM production methods.
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VALIDATION OF CONTOUR CUT MODEL FOR RESIDUAL STRESSES IN
AM-REPAIRED SIMULATED DEFECT BY NEUTRON DIFFRACTION

Josef Hodek, Stépan Jedlan, Martin Seveéek, Jan Saroun, Olena Levytska,
Michal Brazda, Antonin Prantl, Pavel Strunz

Institute of Physics, Czech Academy of Sciences, Rez

This study validates the accuracy and reliability of the Con-
tour Cut Method (CCM) for residual stress assessment us-
ing neutron diffraction (ND) in a critical case — the repair
of a simulated defect in a 316L component by Laser-Di-
rected Energy Deposition (L-DED). CCM combines finite
element modeling (FEM) with a series of precision cuts to
recover residual stress data.

A strong agreement was observed between ND and
CCM results. Neutron diffraction measurements along the
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sample’s central line revealed local stress maxima and min-
ima, with the highest tensile stresses located in the L-DED
region and the central part of the substrate.

The demonstrated correlation supports the applicability
of CCM as a reliable technique for residual stress evalua-
tion in various industrial contexts.

PUMP-PROBE NEUTRON INELASTIC SCATTERING EXPERIMENTS.

J. Kulda

Institute Laue-Langevin, CS 20156,38042 Grenoble Cedex 9, France
kulda@ill.fr

The neutron and, more recently, X-ray spectroscopy have
been standard workhorses for investigations of condensed
matter dynamics at atomic resolution. Nevertheless, the in-
herently weak interaction of both probes with matter, ac-
companied by the tiny flux densities of neutron beams and
by the huge X-ray photon energy as compared to the energy
scale of elementary excitations in condensed matter, have
limited their implementation to simple scattering, leaving
no options for analogies to optical experiments with coher-
ently split beams.

Experiments using synchronized pulsed X-ray and la-
ser beams to investigate the time evolution of non-equilib-
rium states of condensed matter, both in the structural and
in the magnetic domains, are quickly becoming routine at
XFEL (X-ray Free Electron Lasers) beams exhibiting pico-
second time-structures, accompanied by extreme
transversal coherence (e.g. [1]). With neutrons the progress
is slower, but reports on successful attempts of time-re-
solved work have appeared recently as well [2,3] and, after
all, a dedicated pump-probe setup has been developed and
tested at the SNS Hyspec spectrometer at the ORNL [4].

In this presentation we shall recall the basic principles
of scattering theory based on timedependent correlation

functions and review the present state of neutron experi-
mental techniques addressing transient processes in matter,
their principal limitations and development opportunities.

1. Y.Lee, K. Y. Oang, D. Kim, and H. lhee, "A comparative
review of time-resolved x-ray and electron scattering to
probe structural dynamics," Structural Dynamics, vol. 11,
no. 3. AIP Publishing, May 01, 2024.
doi: 10.1063/4.0000249.

2. M. Wang et al., [1"Optically Induced Static Magnetization
in Metal Halide Perovskite for Spin[J]Related
Optoelectronics," Advanced Science, vol. 8, no. 11. Wiley,
May 02, 2021."
doi: 10.1002/advs.202004488.

3. Y. Wang et al., [1"Monopolar and dipolar relaxation in spin
ice Ho,Ti,07," Science Advances, vol. 7, no. 25. American
Association for the Advancement of Science (AAAS), Jun.
18, 2021. doi: 10.1126/sciadv.abg0908.

4. C.Hua, D. A. Tennant, A. T. Savici, V. Sedov, G. Sala,
and B. Winn, [1"Implementation of a laser.neutron
pump.probe capability for inelastic neutron scattering,"
Review of Scientific Instruments, vol. 95, no. 3. AIP Pub-
lishing, Mar. 01, 2024. doi: 10.1063/5.0181310.
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EXPERIMENTAL DETERMINATION OF CRITICAL RESOLVED SHEAR STRESSES BY
NEUTRON DIFFRACTION

G. Farkas', A. Ludwik?, M. Wronski?, P. Kot’, A. Baczmanski’

"Nuclear Physics Institute ASCR v.v.i., Czech Academy of Sciences, Rez
2AGH University of Science and Technology, Faculty of Physics and Applied Computer Science, al.
Mickiewicza 30, 30-059 Krakow, Poland
SNOMATEN Centre of Excellence, National Centre of Nuclear Research, A. Softana 7, 05-400
Otwock-Swierk, Poland

This study investigates the plastic deformation mecha-
nisms of AZ31 magnesium alloy using in-sifu neutron dif-
fraction and Crystallite Group Method (CGM). In-situ
neutron diffraction enables measurement of the stress ten-
sor for specific grain families within a policrystal by deter-
mining lattice strains from diffraction peaks associated
with the same grain family, observed from multiple orien-
tations and hkl reflections. Tracking the evolution of the
stress tensor makes it possible to experimentally determine
the Critical Resolved Shear Stresses (CRSS) and to charac-
terise the hardening behaviour of different slip and
twinning systems.

Tensile tests were performed along the rolling direction
(RD), while compression tests were conducted along the
normal direction (ND), and at 30° (ND30) to the ND, al-
lowing assessment of the anisotropic mechanical response.
The CGM allowed direct determination of grain-level

L38

stresses for preferred crystallographic orientations, leading
to unambiguous CRSS values and, notably, an improved
estimate for the basal slip system from the ND30 test, com-
pared to previous findings [1]. These experimentally de-
rived CRSS values, along with the evolution of Resolved
Shear Stresses (RSS), were used to validate and calibrate
the Elastic-Plastic Self-Consistent (EPSC) model adapted
for hexagonal crystal structures. The combined experimen-
tal-modelling approach enhances understanding of plastic
anisotropy in AZ31 alloy and improves the predictive ca-
pability of the EPSC framework for magnesium alloys sub-
jected to complex loading conditions.

1. Kot, P., Wronski, M., Baczmanski, A., Ludwik, A.,
Wronski, S., Wierzbanowski, K., Scheffziik, C., Pilch, J.,
Farkas, G., 2023. A novel method of experimental determi-
nation of grain stresses and critical resolved shear stresses
for slip and twin systems in a magnesium alloy. Measure-
ment 221, 113469.

INVESTIGATIONS OF MAGNETIC VORTEX LATTICES AND SKYRMIONS USING
NEUTRON SCATTERING

V. Ryukhtin
Nuclear Physics Institute ASCR v.v.i., Czech Academy of Sciences, Rez"

Neutron scattering can be very efficiently used for studying
of magnetic vortex lattices (VL) (or flux-line lattices
(FLL)) in unconventional superconductors. Actually, very
first experimental evidence of VL existence after their the-
oretical prediction by Abrikosov [1] was conducted by
means of neutron scattering [2] in Nb. Exploring of small
angle neutron scattering (SANS) for direct observation of
FLL [3] got “second - breath” with discovering of high-Tc
superconductors (HTSC), which are all of type-II and with
higher upper critical field He,. SANS is exceptional tool for
establishing the values of HTSC.

Sr,RuO,4, an isostructural of the high-Tc material
La, <SrCuOQy, is the first 2D perovskite oxide that exhibits
superconductivity without copper [3]. Unlike La, Sty
CuOy, however, it exhibits Fermi liquid behavior in its nor-
mal state. Sr,RuQ, then became an attractive material to

probe the mechanism of high-Tc superconductivity, and
also to study p-wave superconductivity since it has a sim-
ple band structure compared to Uranium based systems,
another p-wave superconducting family. To this date, how-
ever, some groups still claim that there is no credible evi-
dence of p-wave superconductivity of Sr,RuO,4. Here,
some first results of FLL in Sr,RuO, measurements con-
ducted at KWS-3 SANS facility are reported.

The measurements of dynamics of skyrmion lattice us-
ing neutron spin-echo technique is reported as well.
Skyrmions are vortex-like magnetics structures, created in
helimagnet (here was used single crystal MnSi). According
to recent theoretical studies the lowest-energy excitations
of the system are the so-called ‘phason’ modes of the
skyrmion lattice. Their dispersion curves for the propaga-
tion vector (q,) parallel to the magnetic field are expected
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to be asymmetric along the strings of the skyrmions, indi-
cating that the magnetic excitations have different q de-
pendencies along +q, and —q,. This prediction was tested
by a Spin-Echo technique that is sensitive to these low-en-
ergy excitations and to their momentum and it was showed
that an asymmetric magnetic dispersion is present in the
skyrmion state [4].

1. A. A. Abrikosov, Zh. Eksp. Teor. Fiz. (1957) 32 1442.
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2. D. Cribier, et al. in Progress in Low Temperature Physics,
(1967), 5 161.

T. M. Riseman, et al. Nature (London) 396, 242 (1998).

4. Soda, M., et al. Asymmetric slow dynamics of the
skyrmion lattice in MnSi. Nat. Phys. 19, 1476-1481
(2023).

NOVEL PYROCHLORE-LIKE STRUCTURE IN RARE-EARTH IRIDATE SINGLE
CRYSTALS

F. Hajek', D. Stasko', K. Vlagkova', J. Kastil>, M. Henriques?, M. Klicpera'

"Charles University, Faculty of Mathematics and Physics, Department of Condensed Matter Physics, Ke
Karlovu 5, 121 16 Prague 2, Czech Republic
2Institute of Physics of the Czech Academy of Sciences, Na Slovance 2, 182 21 Prague 8, Czech Republic
filip.hajek@matfyz.cuni.cz

The rare-earth A,Ir,0; pyrochlore iridates (4 =Y, Pr-Lu)
constitute a family of materials revealing a plethora of
novel and exotic properties. The geometrically frustrated
pyrochlore lattice hosts Ir*" ions displaying strong spin-or-
bit coupling comparable to electron correlations. In combi-
nation with crystal field effects and important f-d exchange
between the rare-earth and iridium sites, various magnetic
and topological phases emerge. Among others, the topo-
logical phases include the topological Mott insulator [1],
axion insulator [2] or Weyl semimetal [2,3] and the mag-
netic phases include the fragmented spin ice state with
monopole-like excitations [4] and spin liquid states [5, 6].

The following work is focussed on the magnetic and
structural properties of the 4 = Nd single crystal analogue.
In contrast to previous works, e.g. [7], where Nd,Ir,0;
adopts the pyrochlore structure, the present single crystals
display a different, unusual crystal structure, attributed to a
new Pb-based synthesis method. Magnetic properties, in-
cluding two magnetic transitions at 41 K and 8 K, demon-
strate notable similarities for the two crystal structures. The
non-pyrochlore structure found using X-ray diffraction is
analysed and compared to the pyrochlore structure, with a
focus on the Ir pyrochlore-type tetrahedral sublattice with
octahedral O* crystal fields found in both crystal lattices.
The full crystal structure contains two Ir sublattices, three
Nd sublattices and one Pb sublattice with a high degree of
disorder in the form of vacancies. The magnetic structure,

fundamentally tied to the tetrahedral lattice in the
pyrochlore case, is examined in the non-pyrochlore sam-
ples employing neutron diffraction.

1. Y. Otsuka, T. Yoshida, K. Kudo, S. Yunoki, Y. Hatsugai,
Sci. Rep., 11, (2021), 20270.

2. X.Wan, A. M. Turner, A. Vishwanath, S. Y. Savrasov,
Phys. Rev. B, 83, (2011), 205101.

3. X Liu, S. Fang, Y. Fu, W. Ge, M. Kareev, J.-W. Kim, Y.
Choi, E. Karapetrova, Q. Zhang, L. Gu, E.-S. Choi, F.
Wen, J. H.-Wilson, G. Fabbris, P. J. Ryan, J. W. Freeland,
D. Haskel, W. Wu, J. H. Pixley, J. Chakhalian, Phys. Rev.
Lett., 127, (2021), 277204.

4. E. Lefrangois, V. Cathelin, E. Lhotel, J. Robert, P. Lejay,
C. V. Colin, B. Canals, F. Damay, J. Ollivier, B. Fik, L. C.
Chapon, R. Ballou, V. Simonet, Nat. Commun., 8, (2017),
209.

5. M. Kavai, J. Friedman, K. Sherman, M. Gong, .
Giannakis, S. Hajinazar, H. Hu, S. E. Grefe, J. Leshen, Q.
Yang, S. Nakatsuji, A. N. Kolmogorov, Q. Si, M. Lawler,
P. Aynajian, Nat. Commun. 12, (2021), 1377.

6. Y. Machida, S. Nakatsuji, S. Onoda, T. Tayama, T.
Sakakibara, Nature 463, (2010), 210.

7. H. Takatsu, K. Watanabe, K. Goto, H. Kadowaki, Phys.
Rev. B 90, (2014), 235110.
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MAGNETIC STRUCTURE AND EXCITATIONS IN THE ANTIFERROMAGNET
NazBaMn(P04)2

David Svitak1, Nikolaos Biniskgs1, Michal Stekielz, Bruce N:?rmand3, Karin Schmalzl4,
Andreas M. Lauchli’, Flaviano Jose dos Santos”, Petr Cermak

"Charles University, Faculty of Mathematics and Physics, Department of Condensed Matter Physics
2Julich Centre for Neutron Science (JCNS) at Heinz Maier-Leibnitz Zentrum (MLZ)
3PSI Center for Scientific Computing, Theory, and Data
“Juilich Centre for Neutron Science (JCNS) at Institut Laue Langeving (ILL).

The investigation of geometrically frustrated systems with
antiferromagnetically (AFM) ordered spins attracts atten-
tion due to their potential to stabilize exotic quantum states,
such as a spin liquid state, which holds promise for applica-
tions in quantum computing. Here we present our study of
the triangular AFM compound Na,BaMn(POy), [1,2],
which has an unusually high spin S = 5/2. In contrast, the
isostructural compound with Co (S = 1/2) [3] has been
studied extensively, as lower spin systems are typically
more favorable for the formation of quantum spin liquids.
We use single crystal neutron diffraction and inelastic neu-
tron scattering to determine the magnetic structures and
spin excitations for magnetic fields applied in the basal
plane and along the c-axis of the trigonal symmetry. At
zero magnetic field, the system undergoes two magnetic
transitions at around 1.25 K (AFM2) and 1.1 K (AFM1).
The out-of-plane incommensurate component k of the
magnetic propagation vector (1/3, 1/3, k) changes signifi-
cantly in these two AFM phases, which suggests non- neg-
ligible interlayer couplings.

Depending on the direction of the magnetic field,
Na,BaMn(PO,), shows several field-induced transitions.
These transitions cause changes in the magnetic propaga-
tion vector before the system reaches the spin-polarized
state. By combining neutron diffraction, low-temperature
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specific heat, and dc magnetization, we establish tempera-
ture—magnetic field phase diagrams for both field direc-
tions. Using ab-initio calculations and Monte Carlo
simulations, we determine the exchange interactions, ani-
sotropy parameters, and the phase diagrams. Our combined
experimental and theoretical study shows that
Na,BaMn(POy), is mainly a 2D system, with very weak 3D
coupling that only acts as a “witness”to what happens in
two dimensions. The separation between the two zero-field
transitions (AFM1 and AFM2) depends on the XXZ nature
of the anisotropy and the 3D coupling. The gap in the dis-
persion of the fully polarized phase is influenced by the
XXZ anisotropy, single-ion anisotropies, and the magnetic
field. Finally, we compare our results with the Co (S = 1/2)
and Ni (S = 1) [4] counterparts and discuss their similarities
and differences.

1. J. Kim, et. al., Journal of Physics: Condensed Matter, 34, p.
475803 (2022).

2. C.Zhang, et. al., Phys. Rev. B, 110, p. 214405 (2024).

3. N. Li, Q. Huang, et. al. Nature Communications, 11, p.
4216 (2020).

4. N.Li, Q. Huang, et. al. Phys. Rev. B, 104, p. 104403
(2021).

INFLUENCE OF METAL OXIDE DEPOSITION ON MAGNETIC DISTRIBUTION AND
COMPOSITION OF SUPRAPARTICLES

R. Conan1’2, V. Ml'jllerz, S. Mﬁssigz, K. Mandelz, D. Zakutna®

'Department of Inorganic Chemistry, Charles University, Prague, Czechia

Department of Chemistry and Pharmacy, Friedrich-Alexander University Erlangen Niirnberg (FAU),
Erlangen, Germany

romain.conan@natur.cuni.cz

The development of multifunctional materials, which inte-
grate multiple functional components, is a rapidly evolving
field with significant implications across various technolo-
gies [1-2]. Colloidal nanocrystals are exceptional building
blocks for constructing complex architectures in random or
controlled assemblies [3-4]. By co-assembling different
types of nanocrystals into larger colloidal particles, partic-
ularly at the mesoscale, novel supraparticles can be engi-
neered. These supraparticles, typically micrometers in size
and composed of functionalized nanoparticles and molecu-

lar building blocks [5], combine the properties of their con-
stituent nanocrystals while maintaining their colloidal sta-
bility [6]. Recent interest in these materials stems from
their versatility and broad applicability. For example, in-
corporating magnetic nanoparticles into supraparticles of-
fers diverse applications, including magnetic separation,
hyperthermia, drug delivery, and magnetic imaging. Fur-
thermore, the inclusion of non-magnetic functional metal
oxide ligands (e.g. ALLO; for catalysis, ZnO for semicon-
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ductors, TiO, for photocatalysis) can further epand the po-
tential of these innovative supraparticle systems [7-9].

Thus, our contribution aims to comprehensively ex-
plore the impact of the Atomic Layer Deposition (ALD)
process of metal oxides on the magnetic signal, structure,
and composition of iron oxide supraparticles. Through de-
tailed Mossbauer analysis, we will demonstrate the oxida-
tion-shielding properties afforded by specific metal oxides.
Finally, using the Small-Angle Neutron Scattering with in-
cident beam Polarization (SANSPOL) we will reveal the
absence of intra-supraparticle structural displacement dur-
ing the ALD process, along with increased internal order-
ing and a significant reduction in the magnetic “dead layer”
size.
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1. J. E. Lee et al. Accounts Chem. Res. 44 893-902 (2011).
N. C. Bigall et al. Nano Today 7 282-296 (2012).

A. G. Dong et al. Nature 466 474-477 (2010).

T. Wang et al. Science 338 358-363 (2012).

J. Guo et al. Advanced Materials 25 5196-5214 (2013).
Z.D. Lu et al. Chem. Soc. Rev. 41 6874—-6887 (2012).

S. Miissig, V. B. Koch et al. Small Methods 6, 2101296,
(2022).

8. P. Groppe, et. al. Chemistry of Materials 2025 37 (8),
2815-2826 (2025).

9. S. Mussig et al. doi:10.5291/ILL-DATA.5-61-48.
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MAGNETIC MORPHOLOGY OF MULTISHELL NANOPARTICLES

$. Hricov', 0. Kaman?, I. Dirba®, N. J. Steinke®, D. Zakutna*®
"Department of Condensed Matter Physics, Faculty of Mathematics and Physics, Charles University, Ke
Karlovu 5, 121 16 Prague 2, Czechia
?Institute of Physics of the Czech Academy of Sciences, Cukrovarnicka 10, 162 00 Prague 6, Czechia
3Technical University of Darmstadt, Karolinenplatz 5, 64289 Darmstadt, Germany
*Institut Laue-Langevin, 71 Avenue des Martyrs CS 20156, 38042 Grenoble, France

5Depan‘ment of Inorganic Chemistry, Faculty of Science, Charles University, Hlavova 8, 128 00 Prague 2,
Czechia

Magnetic nanoparticles (MNPs) are of high research inter-
est due to their unique physical properties, which lay the
foundation for various applications, ranging from biomedi-
cal diagnostics and therapeutic interventions to high-den-
sity data storage systems and environmental remediation
processes. Broadly known and well-studied materials of
this class are iron oxides MNPs. Among other research in-
terests, they have been heavily exploited for their heating
abilities via magnetic fluid hyperthermia. This process is a
cornerstone for innovative cancer treatment therapies,

which aim to localise tumour elimination. However, we
propose a novel candidate material, the e-Fe;N. It pos-
sesses unprecedented magnetic properties, essentially sur-
passing the well-established iron oxide MNPs [1], having
larger saturation magnetization, leading to better heating
performance in hyperthermia. As a result, the required
therapeutic temperatures for tumour ablation can be
achieved with a less concentrated MNP dispersion, thereby
reducing the dose needed. Nevertheless, due to the

Figure 1. A TEM micrograph of passivated e-Fe;N MNP, B SAXS curve recorded on dispersion of passivated e-FesN MNP.
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sults in massive oxidation. Thus, a robust surface protec-
tion must be realised. While considering the potential
biomedical applications, we propose a silica encapsulation
procedure to hinder e-Fe;N oxidation and to establish
biocompatibility, together with possibility to form aqueous
dispersions. To successfully grow a silica layer, we have
chosen a route of e-Fe;N surface passivation, which we
present in this contribution, together with insight into mag-
netic behaviour of complex core@shell MNPs. The
bright-field transmission electron microscope micrographs
(Figure 1: A) and small-angle X-ray scattering (Figure 1:
B) show well-defined core@shell MNP morphology of the
passivated nanoparticles with a mean particle diameter of
17.2(2) nm. Nevertheless, the macroscopic magnetization
measurements revealed unexpected behaviour leading to a
decrease in saturation magnetization and the presence of
exchange bias at 5 K. To further explore, the complex mag-
netic nature of this material was disentangled by probing
magnetic scattering fluctuations using the magnetic

small-angle neutron scattering with incident beam polar-
ization at the D33 instrument at ILL [2]. Finally, we will
disentangle the magnetic morphology contributions from
the magnetic core and shell part of passivated e-FesN MNPs
and discuss the resulting magnetic response of the pre-
sented MNPs in detail.

1. I Dirbaetal., J. Phys. D: Appl. Phys, 56, 025001 (2023).
doi: 10.1088/1361-6463/aca0a9.

2. S. Hricov et al., Unmasking the Complex Core-Multishell
Morphology of Magnetic Nanoparticles. Institut
Laue-Langevin, proposal No. DIR-297 (2023). doi:
10.5291/ILL-DATA.DIR-297

This work was supported by the Czech Science Foundation
(22-10035K) and the AMULET project, co-funded by
MSMT and the EU (CZ. 02.01.01/00/22_008/0004558).
We also acknowledge the Institut Laue-Langevin for
beamtime and financial support.
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LAUEDB: A DATASET FOR LAUE PATTERNS

Stépan Venclik, Tomas Cerven, Jan Kiiz, David Svitak, Petr Cermak

Charles University, Prague, Czech Republic

Laue diffraction is a widely used technique for orienting
single crystals and a routine procedure during sample prep-
aration for many scientists. Over the years, a variety
ofsoftware tools have been developed to assist in interpret-
ing Laue patterns [1, 2]. Despite significant progress in im-
age processing and pattern recognition, a robust and fully
automated solution for indexing Laue patterns has yet to be
achieved.

In recent years, machine learning has emerged as a
promising approach to tackle this challenge [3]. However,
the development and validation of more advanced algo-
rithms are currently hindered by the lack of annotated ex-
perimental datasets. As a result, all training and testing are
still conducted exclusively on synthetic data.

LaueDB aims to bridge this gap by creating a dataset
of oriented X-ray and neutron Laue patterns that could

serve as a training and evaluation dataset for both classical
and machine learning approaches.

We plan to utilise the Automatic Laue Sample Aligner
(ALSA) [4] to create the initial dataset, capturing a large
number of patterns for each sample crystal, as well as col-
laborate with research infrastructures to develop a submis-
sion pipeline for patterns created during routine sample
orientation. In addition, existing tools and algorithms for
peak finding and Laue indexing will be compared.

1. Esmeralda Laue Suite (https://code.ill.fr/scientific-soft-
ware/esmeralda).

2. Clip4 (https://clip4.sourceforge.net/)

3. Purushottam Raj Purohit, R. R. P., Tardif, S., Castelnau,
0., Eymery, J., Guinebretiere, R., Robach, O., Ors, T. &
Micha, J.-S. (2022). J. Appl. Cryst. 55, 737-750.

4. ALSA (https://charlesautomata.cz/alsa).
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PSB_GUI - MATLAB ROUTINE FOR THE REFINEMENT OF RESIDUAL STRESSES,
MICROSTRAIN AND CRYSTALLITE SHAPE IN CUBIC MATERIALS

Petr Cejpek1’2

, David Rafaja2

'Institute of Physics, Czech Academy of Sciences, Na Slovance 1999/2, 182 00 Praha 8, Czech Republic
?Institute of Materials Science, TU Bergakademie Freiberg, Gustav-Zeuner-Str. 5, 09599 Freiberg, Germany

Residual stress is commonly determined from the shift of
X-ray diffraction (XRD) lines using the of sin“y method.
Microstrain and grain sizes are typically evaluated from the
line broadening and Williamson-Hall plot. This standard
procedure is mainly applied to polycrystalline materials or
thin films. Regarding grain or crystallite shapes, the spheri-
cal shape is usually sufficient enough.

However, in many cases, more complex theoretical
models are required to achieve a reasonable fit of the exper-
imental data. Moreover, such situations can occur even in
relatively simple systems like thin Mo film deposited on
single-crystalline MgO(100) substrate [1]. As the result of
the minimisation of deformation energy, Mo forms a het-
ero-epitaxially grown matrix along with the twins that are
specifically oriented with respect the Mo matrix. There-
fore, the approach related to the family of crystallites
method [2] needs to be applied during the refinement. This
requires the experimental data correctly separated into
groups and the diffraction peaks need to be precisely in-
dexed. Each group is then assigned to different theoretical
models for XRD line shift and broadening refinement,
since the different families of crystallites can exhibit differ-
ent properties. For example, different components of the
residual stress or asymmetric shapes of crystallites grown
in the specific crystallographic directions.

For this purpose, the Matlab routine PSB_GUI (with
a graphical user interface) has been developed. It enables a
complex refinement of XRD line shift and broadening for
cubic materials. The routine allows the separation of the
datapoints into groups and each of these groups can be as-

| Wpsa.Gun

sociated with its own unique combination of theoretical
models for residual stress, microstrain and grain sizes. For
XRD line shift refinement, the following models are sup-
ported: Voigt, Reuss, Vook-Witt, stress factors for tex-
tured polycrystals or the possibility to refine individual
stress components. [3] For the line broadening, models in-
clude spherical crystallites, cylindrical and ellipsoidal crys-
tallites grown in specific crystallographic directions,
stacking faults, isotropic microstrain, and anisotropic
microstrain connected to dislocations [4] or specific direc-
tions of Burgers vectors.

To run PSB_GUI properly, Matlab along with the
Optimalisation toolbox is required. The entire routine is
currently available on GitHub at the following link:
https.//github.com/PetrCejpek/PSB_GUI.

1. Cejpek, P., et al. Lattice strain relaxation in thin Mo films
grown heteroepitaxially on MgO single crystals, Journal of
Applied Crystallography, under review.

2. Kuzel, R, et al. Complex XRD microstructural studies of
hard coatings applied to PVD-deposited TiN films. Part I:
Problems and methods, Thin Solid Films 247 (1994),
64-78, https://doi.org/10.1016/0040-6090(94)90477-4.

3. Welzel, U, et al. Stress analysis of polycrystalline thin
films and surface regions by X-ray diffraction, Journal of
Applied Crystallography 38 (2005), 1-29,
https://doi.org/10.1107/S0021889804029516.

4. Ungar, T., et al. The contrast factors of dislocations in cu-
bic crystals: the dislocation model of strain anisotropy in
practice, Journal of Applied Crystallography 32(5) (1999),
992-1002, https://doi.org/10.1107/S0021889899009334.
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Figure 1. Overview of the PSB_GUI main window.
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EFFECTS OF HEAT TREATMENT ON MICROSTRUCTURE, PORE MORPHOLOGY,
AND MICROMECHANICAL PROPERTIES OF AM-PRODUCED TI6AL4V ALLOY

Ubaid Ahmed"? A. Bhardwaj', Miroslav Lebeda’, J. Kopeéek', Daniel Simek’

'FZU, Institute of Physics of the Czech Academy of Sciences, Na Slovance 2, Prague 8, 182 21,
Czech Republic

’Department of Condensed Matter Physics, Charles University, Prague, Czech Republic

Ti6Al4V, a grade 5 titanium alloy, is widely utilized in
aerospace, biomedical, marine, and energy sectors due to
its high strength-to-weight ratio, superior corrosion resis-
tance, and excellent biocompatibility. With the advent of
advanced manufacturing techniques such as Additive
Manufacturing (AM), the production of intricate geome-
tries has become more efficient compared to traditional
methods. However, the localized thermal gradients gener-
ated during AM processes significantly influence the
microstructure, pore morphology, and mechanical proper-
ties of the material. This study investigates the effects of
heat treatment on the microstructure, pore morphology,
and micromechanical  properties of AM-produced
Ti6Al4V specimens.

Using Micro-Computed Tomography (Micro CT) and
X-ray Diffraction (XRD), pore defect volumes, distribu-
tions, equivalent spherical diameters, and sphericity co-
efficients were analysed under three heat treatment

L46

conditions (550 °C, 750 °C, and 1150 °C). The average
pore volumes were found to be 1.975 x 10™* mm’, 1.2838 x
10 mm?® , and 4.347 x 10° mm’ for the as-cast and
heat-treated samples at 550 °C, 750 °C, respectively. The
mean sphericity values were 0.747, 0.749, and 0.921, indi-
cating improved pore uniformity and shape at 750°C.

Hardness measurements revealed values up to 7.17
GPa, while the reduced modulus values up to 139.57 GPa.
The results demonstrate that annealing at 750 °C achieved
the most favourable balance between reduced pore volume
and uniformity, attributed to stabilization of the alpha
phase and atomic diffusion minimizing surface energy.
Additionally, at this temperature, the mechanical proper-
ties were improved, providing a balance between strength
and elasticity. These findings highlight the potential of heat
treatment optimization to enhance the performance of AM-
produced Ti6Al4V for demanding applications.

Microstructure of rotary swaged copper bars with carbon admission

MIKROSTRUKTURA MEDENYCH, ROTACNE KOVANYCH TYCi S PRIMESI
UHLIKATE FRAKCE

J. Kopeéek", L. Kunéicka?, T. Kmje&', J. Walek?, D. Simek', U. Ahmed', J. Duchoii’,
A. Bhardwaj' and R. Kocich?

'FZU - Institute of Physics of the Czech Academy of Sciences, Praha, Czech Republic,

2Faculty of Materials Science and Technology, VSB—Technical University of Ostrava, Ostrava-Poruba,
Czech Republic

Jednou z hlavnich aplikacnich oblasti médi jsou elektrické
vodice, coz je odrazem jejich vybornych vodivostnich
vlastnosti [ 1]. Nalezité ¢ista a vyzihand méd’ ma excelentni
vodivost, kterd vSak klesd vlivem pifimésovych atomd,
stejné jako vlivem plastické deformace. Pfesto byla
pozorovana vybornd vodivost materidlli piipravenych
nékterymi metodami znacné plastické deformace, které
vedou k tvorbé nanodvojcat [2]. Jednou z metod, kterou je
mozné piipravit takovou mikrostrukturu je rotaéni kovani
[3].

V prezentované praci se vénujeme materialim pfipra-
venym kompaktizaci prasku se sférickymi zrnicky a
pfimési uhlikaté faze deponované na povrch prasku.
Koncept vychazi z ptedchozich experimentd s kovanim
kompaktni cisté médi [4,5] a materidli pfipravenych
kompaktizaci praskt s ptfimési oxidd [6]. Elektrické
vodivost takto pfipravenych materidld v ose kovani

presahuje vodivost konvencné zihané médi IACS (Interna-
tional Annealed Copper Standard).

Vykované ty&e piipravené na VSB — TU Ostrava byly
pouzity pro piipravu metalografickych vzorkt, piipadné
dale zihany a vSechny stavy byly standardné zkoumany
pomoci SEM (Tescan FERA 3), EDS a EBSD (EDAX Oc-
tane super 60 mm” a Digiview IV), TEM (Jeol JEOL 2000
FX) a XRD (Panalytical X'Pert). Pro vyhodnoceni
mikrostruktury pomoci EBSD byl pouzit software OIM 9
vyuzivajici sférickych harmonickych funkci pro uréeni
orientace krystalové mfize.

Potvrdili jsme, Ze rotacni kovani praski s obsahem
uhlikaté faze vede ke vzniku textury s komponentami (100)
a (111) v ose kovani, coz je podobné chovani jaké bylo
pozorovano u kovani pii teploté¢ kapalného dusiku, které
vytvati silnou texturu ve sméru (111) v ose kovani, slozka
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ve sméru (100) je oproti ¢istému materialu vyrazné slabsi.
Zrna jsou ve sméru osy tyCe protazena, ale jsou vyznamné
kratsi nez v kovaném materidlu. Pomoci TEM byly
pozorovany dislokace v kovaném materialu, avSak nikoli
precipitaty. Zaméfili jsme se také na smérovou zavislost
elektrické vodivosti vzhledem k osam kovani.

1. J.R. Davies (Ed), ASM Specialty Handbook, Copper and
Copper Alloys, Materials Park, ASM International, 2001.

2. L.Lu, Y.F. Shen, X.H. Chen, L.H. Qian, K. Lu, Ultrahigh
strength and high electrical conductivity in copper, Sci-
ence, 304 (2004), 422-426.

3. X.Ke,J. Ye, Z. Pan, J. Geng, M.F. Besser, D. Qu, A. Caro,
J. Marian, R.T. Ott, Y.M. Wang, F. Sansoz, Ideal maxi-
mum strengths and defect-induced softening in
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nanocrystalline-nanotwinned metals, Nature Materials, 18
(2019), 1207-1214.

4. J. Kopecek, L. Bajtosova, P. Veitat, D. Simek, (Sub)struc-
ture Development in Gradually Swaged Electroconductive
Bars, Materials, 16 (2023) 5324-1 —5324-12.

5. R.Kocich, L. Kun¢icka, Crossing the limits of electric con-
ductivity of copper by inducing nanotwinning via extreme
plastic deformation at cryogenic conditions, Mat. Char. 207
(2024) 113513.

6. L. Kunc¢icka, J. Walek, R. Kocich, Deformation Behavior
of La,0s-Doped Copper during Equal Channel Angular
Pressing, Adv. Eng. Mater. (2024) 2402412.

We acknowledge Czech Science Foundation project
25-16860S and CzechNanoLab Research Infrastructure
(LM2023051) by MEYS CR support.

Y-HEXAFERRITE THIN FILMS DEPOSITED BY CHEMICAL SOLUTION DEPOSITION
ON DIFFERENT SUBSTRATES STUDIED BY XRD

Radomir Kuiel1, Milan Dopita1, Lukas Horék1, Josef Bursik®

"Charles University, Faculty of Mathematics and Physics, Ke Karlovu 5, Praha 2 121 1 6, Czech Republic,
%Institute of Inorganic Chemistry of the Czech Academy of Sciences, v.v.i., Husinec-Rez 1001, 250 68,
Czech Republic

radomir.kuzel@matfyz.cuni.cz

Thin films of several phases of hexagonal ferrites with a
potential of magnetoelectric effect (ME) were prepared by
a chemical solution deposition method, and the number of
processing parameters was tested and optimized with the of
minimizing the amount of impurities that could spoil the
magnetic properties of the final material. With the aim of
preparation of highly oriented ferrite films, several sub-
strates were used, and different substrate/seeding layer/fer-
rite layer architectures were proposed. [1-5].

The mechanism of ME in Y-type hexaferrite films ap-
pears to be significantly influenced by lattice parameters.

New Y-ferrite phases were prepared with the composition
Ba,Sr, \CosFe;; 1Al 9022, and it was found that the mag-
netic structure is non-colinear ferrimagnetic type. These
films could be prepared with good out-of-plane and
in-plane orientation directly on STO - SrTiO (111) sub-
strate, but the M-phase seeding layer usually leads to better
results. The ME effect was identified to be maximum for
equal content of barium and strontium but the dependence
on x is now studied in more detail. In the project, we inves-
tigate the influence of the degree and type of preferred ori-
entation of the films as well as their real structure on the

Figure 1. Illustrations of preferred orientation of Y-films. Partial pole figures (119) for the film grown on MgAl,O4 (111) substrate

(left), and (024) for the film grown on Al,O; a-cut.
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ME effect. By using different substrates, different pre-
ferred orientations and strains can be obtained.

Symmetrical 6-0 scans often indicated a strong pre-
ferred orientation (000/) on STO (111). This is the
so-called out-of-plane orientation. In case of fiber texture,
its degree can be well characterized by the o scans (rocking
curves). For the estimation of the alignment of planes per-
pendicular to the substrate, measurement of additional
asymmetric Bragg reflections is necessary, simply by the @
scans (rotation on the axis perpendicular to the film plane).
The lattice parameters of the films were obtained by evalu-
ating the maxima positions of about 30 diffraction profiles
measured at different sample inclinations and O angles cor-
responding to the maxima, i.e., by creating a powder-like
pattern [6].

Several sets of Y-films were investigated. Films with
different thicknesses were deposited on the STO substrate
with orientations (111), (110), (100), and ceramics. In all
cases, (00/) textures of Y-phases of different degrees were
observed but only for (111) also a strong (111) texture was
detected, as it can be expected. Then other substrates were
used - MgO (111), LaAlO; (111) - LAO, stabilized cubic
zirconia (ZrO;) and MgAL,Oy4 (111). In this case, signifi-
cant out-of-plane and in-plane orientations of Y-films were
observed for LAO substrates with FWHMSs of both ® and &
scans of approximately 0.4°. For MgO substrates both ori-
entations were also indicated with a slightly wider FWHMs
(over 1°). On zirconia, the preferred orientations are rela-
tively poor with clear domains in in-plane orientations. An-

other set of substrates used were differently oriented
sapphire substrates (thombohedral Al,0;) — c-cut (000/),
a-cut (11-20), m-cut(10-10), r-cut (1-120). It seems that
different pronounced textures of Y-hexaferrites can grow
there including the (%00) orientation on a-cut of substrate,
or (hh0) on m-cut of substrate. Some illustrations of pre-
ferred orientation with a few domains are shown in Fig. 1.

1. Shin, KW; Soroka, M.; Shahee, A; Kim, KH; Bursik, J.;
Kuzel, R; Vronka, M; Aguirre, MH: Advanced Electronic
Materials. v. 8 (2022).

2101294.

2. J. Bursik, R. Uhrecky, D. Kas¢akova, M. Slusna, M.
Dopita, R. Kuzel, Journal of the European Ceramic Society
36 (2016) 3173-3183.

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

4. M. Soroka, J. Bursik, R. Kuzel, J. Prokleska, M.H. Aquirre,
Thin Solid Films, 726 (2021) 138670.

5. M. Soroka, J. Burik, R. Kuzel, L. Horak, J. Prokleska, M.
Vronka & V. Laguta. Journal of European Ceramic Soci-
ety. 43, (2023) 6916-6924.

6. R.Kuzel, J. Bursik, M. Dopita, L. Horak, M. Soroka, Ma-
terials Structure 30 (2024) 328-331.

The authors appreciate the support by the grant of the
Czech Grant Agency, no. 24-12710S.
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XRDlicious: An online tool for powder diffraction pattern and RDF
simulation from crystal structures

12:15
Zdenék Matéj (Max IV Laboratory, Lund, Sweden)
Basic crystallographic algorithms in the ML language

12:45

Jan Drahokoupil, Miroslav Lebeda (Institute of Physics, CAS,
Praha)

Introduction to Mace course

13:15 Lunch

14:30 CSCA assembly

15:30 Departure to Nova Bystrice
16:00 Excursion in museum of old American cars and brewery

18:30 Raut in Cimé¥, guesthouse Life




Thursday, September 11

Thursday, September 11

7:00-8:30 Breakfast

8:30-10:30 Session IX - Large European Neutron Facilities
Chair: Milan Klicpera

8:30

Mark Johnson (ILL Grenoble, France)

Institute Laue-Langevin - instrument and infrastructure upgrades,
the science strategy and new research opportunities

9:10
Michael Hofmann (MLZ Munich, Germany)
Diffraction at MLZ

9:50
Pfemysl Beran (ESS), Lund, Sweden
ESS News and first science oportunities

15:00

David Svitak (Faculty of Mathematics and Physics, CU, Praha)
Magnetic structure and excitations in the antiferromagnet
NazBaMn(PO4)2

15:20
Romain Conan (Faculty of Science, CU, Praha)
Magnetic correlation in functionalized supraparticles

15:40
Stefan Hricov (Faculty of Mathematics and Physics, CU, Praha)
Magnetic morphology of multishell nanoparticles

10:30 Break, refreshment

16:00 Break, refreshment

11:00-12:30 Session X - Neutron Science in Czech Republic 1
Chair: Premysl| Beran

16:20-17:40 Session XII
Chairs: Pavla Roupcovd, Zdenék Matej

11:00
Jan Saroun (Institute of Nuclear Physics, CAS, ReZ)
Neutron diffraction laboratory in ReZ and its user program

11:20
Milan Klicpera (Faculty of Mathematics and Physics, CU, Praha)
Czech neutron association - establishment, mission, and objectives

11:30

Pavel Strunz (Institute of Nuclear Physics, CAS, Re3)
Residual-stress distribution in components fabricated with
involvement of additive manufacturing

Olena Levytska, Pavel Strunz (Institute of Nuclear Physics, CAS, ReZ)
Validation of contour cut model for residual stresses in AM-repaired
simulated defect by neutron diffraction

12:00
Ji¥i Kulda (ILL Grenoble, France)
Pump-probe inelastic neutron scattering experiments

16:20
Stépan Venclik (Faculty of Mathematics and Physics, CU, Praha)
LaueDB: A dataset for Laue patterns

16:40

Petr Cejpek (Institute of Physics, CAS, Praha)

PSB_GUI — Matlab routine for the refinement of residual stresses,
microstrain and crystallite shape in cubic materials

17:00

Ubaid Ahmed (Institute of Physics, CAS, Praha)
Effect of Heat Treatment on Ti6Al4V porosity and
micromechanical behavior

17:20

Jaromir Kopecek (Institute of Physics, CAS, Praha)
Microstructure of rotary swaged copper bars with carbon
admission

12:30 Lunch

17:40-19:30 Course Mace (Miroslav Lebeda, Jan Drahokoupil)

14:00-16:00 Session XI - Neutron Science in Czech Republic 2
Chairs: Pavel Strunz, Jan Saroun

19:30 Dinner

14:00

Gergely Farkas (Institute of Nuclear Physics, CAS, ReZ)
Experimental determination of critical resolved shear stresses by
neutron diffraction

14:20

Vasyl Ryukhtin (Institute of Nuclear Physics, CAS, Rez)
Investigations of vortex lattices and skyrmions using neutron
scattering

14:40

Filip Hajek (Faculty of Mathematics and Physics, CU, Praha)
Novel pyrochlore-derived structure in rare-earth iridate single
crystals

Friday, September 12

7:00-8:30 Breakfast

9:00-9:30 Session XIII

Chair: Milan Dopita
9:00
Radomir Kuzel (Faculty of Mathematics and Physics, CU, Praha)
Hexaferrite thin films prepared on different and differently
oriented substrates studied by XRD

9:30 Closing

9:40 Possible continuation of courses
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D6 PHASER &

X-RAY DIFFRACTION

D6 PHASER - The Benchtop Platform

Powerful. Versatile. Accessible.

= Upto 1.2 kW with internal cooling + LYNXEYE XE-T detector + Motorized beam optics
* Reflection and transmission powder XRD + Non-ambient powder diffraction + GID, XRR, Stress, Texture

*  Dynamic Beam Optimization + Touch panel operation + Stage and optics exchange

Discover more at bruker.com/d6phaser

Innovation with Integrity
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Next-Level Sample Handling
for BEvery XKD Challenge

XRDynamic Autosampler
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sample capacity, seamlessintegration).
and flexible performance. Combined

with XRDynamic 500, it enables efficient,
automated measurements for all sample
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types with consistently reliable results.



Discover Xenocs
SAXS/WAXS solutions.

Our mission : to provide solutions for

nanoscale characterization of materials
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Xeuss Pro Nano-inXider

Xenocs provides advanced X-ray solutions (SAXS/WAXS, Imaging) for
nanoscale characterization of materials. With 25 years of innovation,
we support academic and industrial R&D labs worldwide with high-
performance instruments, powerful software, and dedicated customer
service. Headquartered in France, Xenocs operates globally through
subsidiaries and local partners.

www.xenocs.com

¥ xenocs

Exploring the very small
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EMPYREAN
THE INTELLIGENT DIFFRACTOMETER

With the 3rd generation Empyrean, we have now
redefined the concept of a multipurpose
diffractometer: our newly designed MultiCore Optics
enable the largest variety of measurements without
any manual intervention.

Empyrean has the unique ability to measure all sample
types - from powders to thin films, from
nanomaterials to solid objects - on a single
instrument.

The world of materials science is constantly changing
and the life of a high performance diffractometer is
much longer than the typical horizon of any research
project.

With Empyrean, you are ready for anything the
future holds.

\\\// Malvern

W Panalytical
www.malvernpanalytical.com/empyrean \\\\\\\«\\\\\\ a spectyns company
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@ Rigalcw

POWERING NEW PERSPECTIVES

www.rigaku.com
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@) Anton Paar
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www.anton-paar.com

X xenocs

Exploring the very small

WWWw.Xenocs.com

DECTRIS”

www.dectris.com
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