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Data and what to do with it
DATA A CO S NIMI

Stanislav Danis

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

Umeéla inteligence (Al) rozproudila od svého vzniku fadu
diskusi na témata "k ¢emu mi to bude?" az po otazky
etického charakteru. Jeji pfitomnost rozhodné zménila
zpusob védecké prace. Avsak jiz diive se pouzivaly "ucici
se algoritmy", pfichod Al jejich uplatnéni podstatné
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zrychlil. V pfednasce ukazeme nékolik uplatnéni "chytrych
algoritmi" ve vyzkumu kondenzovanych latek
publikovanych v ¢asopisech Nature a Science. Naleznou
sveé 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.
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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). DOLI:
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 zaktivenym detektorem od firmy Rigaku Oxford
Diffraction je ve Fyzikalnim tstavu v provozu od bfezna
2025. Dtvodem nadkupu byla potieba doplnit stavajici,
zcela pietizeny, difraktometr SuperNova pfistrojem, ktery
by dosahoval fadové wvyS$i intenzity pii zachovani
podobného priméru primarniho svazku. Primér svazku je
v podminkach na$i laboratoie dulezitym parametrem
vzhledem k ¢astym experimentiim s vysoce adsorbujicimi
krystaly. Pfistroj je navic vybaven programové ovlada-
telnou divergencni 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
difraktometrii: od pocatecniho zdéSeni, co si pocneme
s tolika vysledky, jsme opét v situaci, kdy typické méteni
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jednoho vzorku trva jeden az dva dny. Rozdil je pouze
v tom, ze dfive bychom tyto vzorky vyfadili jako neméfi-
telné. V ¢em je tedy skute¢né zlepSeni, kdyz pomineme
vyhodu pro chemiky, ktefi mohou stéale vic odbyvat pfipra-
vu kvalitnich monokrystali? V pfednaSce ukazujeme, ze
skute¢né zlepSeni spociva v tom, ze z krystalu dobré
kvality miizeme vydobyt podstatné vic informaci.

Jako priklad jsme pouzili krystal YP;0y, jehoz
struktura byla publikovana v roce 2003 [1] jako standartni
struktura. Pozdéji byla latka zmétena jako (3+1)d modulo-
vana, tedy s jednim modula¢nim vektorem, a dlouha léta
pouzivana v tzv. Kuchafce programu Jana2020 [2] jako
priklad jednoduché modulované struktury. Ve finalni
feSeni ale pro nckteré fezy superprostorem vychazely
nesmyslné ,teplotni“ parametry (ADP — atomic displace-
ment parameters), coz nas vedlo k pfeméteni vzorku na
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Obrazek 1. Indexacni nastroj programu Jana2020 ukazujici projekci nahledanych pikd do jedné zakladni bunky. Na del$i hrané
zobrazené bunky vidime prvni, druhé a tfeti satelity popsané q-vektorem (0, 0.375,0). Nejintenzivnéjsi reflexe uvnitf buiiky 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 ukazalo, ze existuje dalsi
set mnohem slabsich satelitnich reflexi, a ze tedy strukturu
lze popsat pouze s dvéma modula¢nimi vektory. Data ale
byla prilis slaba, nez aby to stidlo za vynalozené usili.
Konecné, v tomto roce, byl ten samy krystal pieméfen na
nasem novém difraktometru. Nékolikadenni méfeni uka-
zalo, ze kromé druhého modula¢niho vektoru existuji i
satelitni reflexe vzniklé kombinaci obou modulac¢nich
vektort, 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 lep$i méftit vzorek deset minut na
synchrotronu, anebo tyden v domaci laboratofi. Nase
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zkuSenosti ukazuji, ze pokud nemame dlouholeté zkuse-
nosti se synchrotronovym experimentem a dobré kontakty
na tamgj$i experimentatory, je lepsi vénovat na to experi-
mentalni as a méfit doma.

V zavéru piednasky ukazeme, jakou strategii sdileji
vyrobci difraktometrit 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, 162086,
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 ssSNMR 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. Rohlicek, V. Eigner, J. Czernek, J. Brus, J. App!.
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. 23-05293S.

© Krystalograficka spole¢nost



