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PROGRAM OF THE CONFERENCE

MoONDAY, 16 SEPTEMBER 2024
REGISTRATION

Opening of the Conference — The Henryk Niewodniczanski
Institute of Nuclear Phisics Polish Academy of Sciences

Opening lecture — Max Wolff (Uppsala, Sweden)
Materials on the meso-scale
WELCOME PARTY

TUESDAY, 17 SEPTEMBER 2024

Session: Soft matter and glass formers

Silvina Cerveny (San Sebastian, Spain)
New findings of the glass transition of confined water

Mario Rosado (Coimbra, Portugal)

Understanding intermolecular interactions in multicomponent solid
phases with electronic structure calculations

Hal Suzuki (Osaka, Japan)

Calorimetric studies on phase transitions under shear flow for liquid
crystal and colloidal system

Aleksandra Pajzderska (Poznaii, Poland)

Computational  insights on  dynamics  of  1-butyl-3-
methylimidazolium tetrafluoroborate ionic liquid with different
water concentration

Taoufik Lamrani (Chorzéw, Poland)

Modification of the liquid-crystalline order in itraconazole using
mechanical stress, temperature variation, and solvation

COFFEE BREAK

Session: Spectroscopic and diffraction methods

Serguei Molodtsov (Schenefeld, Germany)
European XFEL: how does it work and fascinating applications

Pawel Korecki (Krakow, Poland)

Updates from SOLARIS national synchrotron radiation centre
Cristian Svetina (Madrid, Spain)

X-rays transient gratings at the european X-ray free electron laser
Sebastiao Antunes ( Hamburg, German)

Reconciliation of theoretical predictions and volume integrated ex-
perimental data in ultrafast X-ray science through calculation of
effective fluence

Sara El Houbbadi (Krakow, Poland)

Revealing the molecular structure of copper phosphonate groups
anchored inside SBA-15 silica channels: theoretical and experi-
mental study

LuNcH

Session: Multifunctional materials

p.5

p.- 10

p- 15
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Neven Zitomir Barii¢ (Wien, Austria)
High-T, cuprates — story of two electronic subsystems
Yuki Utsumi Boucher (Zagreb, Croatia)
15:05 Electronic and crystal structures of EuT'Ges (7" transition metal) p. 20
under extreme conditions
Alessandro Surrente (Wroctaw, Poland)
15:35 Spin polarization dynamics in WSes monolayer and in p. 21
WSes /BAPbDI, heterostructure
Priyanka Reddy (Zagreb, Croatia)

14:30

16: . : . .22
6:05 Murunskite: a bridge between cuprates and pnictides P
16:20 Serena Nasrallah (Fribourg, Switzerland) 93

' FuC'dyXs: semimetal illusion versus semiconductor reality p-
16:35 COFFEE BREAK

Session: Multifunctional materials

Petar Popcevié¢ (Zagreb, Croatia)

17:05 Electronic transport in magnetically intercalated 2H-NbSs: what p. 24
can we learn from the electronic structure
Wojciech Tabis (Krakow, Poland)

17:35 Correlation between magnetism and the Verwey transition in mag- p. 25
netite

Session: Flash talks

Liliia Kotvytska (Kosice, Slovakia)
18:05 Analysis of the physical properties of the ZIF-67 and its diamag- p. 27
netic analogue ZIF-8
Anna Janowska (Chorzow, Poland)
18:09 Molecular dynamics simulations of the structure of amorphous p. 28
pharmaceutical — probucol
Sebastian Lalik (Krakow, Poland)
18:13 An effect of small Au nanoparticle concentrations onto chosen prop- p. 29
erties in liquid crystal exhibits SmC4* phase
Arkadiusz Zarzycki (Krakow, Poland)
18:17 Unusual phase transformation kinetics in FePd thin films — inter- p. 30
mediated phases and its magnetic properties
Marcin Perzanowski (Krakow, Poland)
18:21 Asymmetric magnetization reversal tailored by different oxidation p. 31
procedures in Co/CoO exchange-biased thin films
Katarzyna Chat (Krakow, Poland)
18:25 The interplay between thermal history and pressure and volume p. 32
changes on the non-equilibrium behavior of polymers
Mohammad S. Shakeri (Krakow, Poland)
Pulsed laser induced solvent-nanoparticle chemo-physical inter-

18:29 action; an effective approach toward creation of submicron het- p- 33
erostructures
Aleksandra Deptuch (Krakow, Poland)

18:33 Liquid crystalline glassformer forming hexatic smectic X o* glass b. 34

— DFT calculations for interpretation of X-ray diffraction and IR
spectroscopy data
Anna Drzewicz (Krakow, Poland)

18:37 Self-assembly behavior of difluoroterphenyl derivatives differing p. 35
with the linking bridge type
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14:30

Marcin Piwowarczyk (Krakow, Poland)
Investigation of phase behaviour and selective light reflection in
mixtures with azo compounds

POSTER SESSION

WEDNESDAY, 18 SEPTEMBER 2024

Session: Molecular magnets and nanomagnets

Mark Johnson (Grenoble, France)

New opportunities for studying multiscale phenomena with neu-
trons

Mengmeng Wang (Louvain-la-Neuve, Belgium)

Towards structural eegulation and stimuli eesponsiveness of single-
molecule magnets and spin crossover complexes

Marcin Sikora (Krakow, Poland)

Insight into nucleation and growth processes with X-ray spec-
troscopy

Illia Kozin (Kosice, Slovakia)

The field-induced Berezinskii—-Kosterlitz—Thouless tran-
sition in a  quasi 2D Heisenberg  antiferromagnet
Cu|CsH2(COO)4]|C2H5NHsl2 on  spatially anisotropic square
lattice

Bartosz Klebowski (Krakow, Poland)

The effect of cubic palladium nanoparticles (Pd NCs) surface mod-
ification on their cytotoxicity and radiosensitizing properties — in
vitro studies

COFFEE BREAK

Session: Computational physics

Pascal Simon (Orsay, France)

Hund’s assisted multi-channel quantum phase transition in the
Fe(Se,Te) superconductor

Dominik Legut (Ostrava, Czech Republic)

Magnetostriction of polycrystalline terfenol-D — effect of grain mor-
phology and orientation

Natalia Osiecka-Drewniak (Krakow, Poland)

Using neural networks to study liquid crystal textures
Athanasios Koliogirgos (Prague, Czech Republic)

An ab-initio theory of inelastic electron tunneling spectrum of vi-
brating magnetic molecules adsorbed on superconductors

Ha Nguyen (Krakow, Poland)

DFT study of optical properties and pressure dependence of elec-
tronic density of state in double perovskite BasTiMnOg

LuNncH

EXCURSION & CONFERENCE DINNER

p- 36

p. 44

p. 48
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THURSDAY, 19 SEPTEMBER 2024

Session: Molecular magnets and nanomagnets

Javier Campo Ruiz (Zaragoza, Spain)

08:30 SANS and SR studies on the new state at low temperatures, "B-  p. 50
Phase”, in MnSi
Jan van Leusen (Aachen, Germany)

09:05 About the magnetism of coordination compounds — from 3d to 5f p. 51
metals
Jan Titis (Trnava, Slovakia)

09:35 Advances in single-molecule magnets: investigating slow magnetic p. 52

relaxation and its mechanisms
Wiktor Wolanski (Krakow, Poland)

10:05 The new family of photomagnetic coordination frameworks based p. 53
on [Mo(CN)7]*~ building blocks
Oliwia Polit (Krakow, Poland)

10:20 Magnetic Ni@Au and Co@Au nanocomposite particles synthesised p. 54
by laser ablation in liquid

10:35 COFFEE BREAK

Session: Miscellany

Ubirajara van Kolck (Trento, Italy)
The discrete charm of scale invariance

Oleksandr Tomchuk (Didcot, UK)

12:00 Structural organization of confined liquid crystals revealed by scat- p. 57
tering techniques
Adam Sieradzki (Wroctaw, Poland)

11:00

12:30 Hybrid Perovskites: exploring the thin line between order and dis- p. 58
order
Grzegorz Dziembaj (Krakow, Poland)

13:00 Few-body electron-hole photoluminescence spectra under the off- p. 59

resonant THz-frequency laser beam irradiation
Svitlana Pastukh (Krakow, Poland)

13:15 First-principles analysis of anharmonic effects on thermal transport  p. 60
in graphene and h-BN
13:30 LuNcH

Session: Soft matter and glass formers

Beata Nowicka (Krakow, Poland)

14:50 Composites of a multistable and multiswitchable coordination p. 62
chain
Sebastian Pawlus (Chorzow, Poland)

15:25 Supramolecular structures in monohydroxy alcohols: new group of p. 63

halogen alcohols
Yasuhiro Nakazawa (Toyonaka/Osaka, Japan)

15: R . . . 64
5:59 Hole-doped quantum spin liquid in Dimer-Mott organic compounds p- 6
16:25 Daniele Sonaglioni (Pisa, Italy) 65
' PLX4720: new perspectives in an anticancer drug p-

16:40 CLOSING REMARKS
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Opening lecture M. Wolff

OPENING LECTURE, MON./16:50

Materials on the meso-scale

M. Wolff

Department for Physics and Astronomy, Uppsala University, Box 516, 75120 Uppsala, Swe-
den

email: max.wolff@physics.uu.se

In soft and hybride materials the macroscopic properties are related to the structure and dynamics
on the nano- and meso-scale. This provides large flexibility in the design of materials but is challenging
for theory to describe, as a wide range of time and length scales are relevant. In materials physics at
Uppsala University we focus on meta- and functional materials with an emphasis on non-equilibrium
and finite size effects in amongst others magnetic materials, metal hydrides and soft matter. Samples
are synthesised as well as studied in-house with e.g. x-rays, ions, optical methods and transport mea-
surements. These characterisation tools are complemented by advanced x-ray and neutron scattering
methods at large scale facilities. In this presentation I will highlight material systems, which can be
well studied with neutron scattering methods.

The first example are polymer systems which are characterised by viscoelastic properties, which make
them very interesting for applications in many areas of technology. The strong non-linearities in the
response functions are related to the length and times scales on the molecular level and determined by
the weak binding energies, which are close to ambient thermal energies. I will show results relating self-
assembly as well as topological interactions in polymer systems to their viscoelastic properties. Apart
from the changes in bulk properties, which are related to the molecular scale strong non-linearities
may lead to macroscopic instabilities, such as shear banding or surface slip. In my presentation I will
highlight surface scattering methods [1], which are address a wide range of length scales and show that
local ordering at interfaces is closely related to the topology and energy of interfaces as well as to shear.

As a second example I will present magnetic liquids, which provide large flexibility for tuning the
interaction between the constituents. This allows to control self-assembly and the formation of de-
fined structures in a bottom-up approach. Depending on the shape, size and moment of the magnetic
particles the self-assembly process may result in ordered crystalline or defect rich open network struc-
tures [2|. In this presentation I will summarise results on the phase formation in a two-dimensional
binary magnetic liquid and discuss possibilities for layer-by-layer deposition on solid substrates [3].

[1] M. Wolff, EPJ Web of Conferences, 188, (2018), 04002.
[2] H. Carstensen et al., Soft Matter, (2022), 18, 6222.
[3] A. Saini et al., Langmuir. 37, (2021), 4064.
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SOFT MATTER AND GLASS-FORMERS

Chair: Pascal Simon

Silvina Cerveny (San Sebastian, Spain)

08:30 New findings of the glass transition of confined water

Mario Rosado (Coimbra, Portugal)

09:05 Understanding intermolecular interactions in multicomponent solid p. 8
phases with electronic structure calculations
Hal Suzuki (Osaka, Japan)

09:35 Calorimetric studies on phase transitions under shear flow for liquid p. 9

crystal and colloidal system

Aleksandra Pajzderska (Poznari, Poland)

10:05 Computational  insights on  dynamics  of  1-butyl-3-
methylimidazolium tetrafluoroborate ionic liquid with different
water concentration
Taoufik Lamrani (Chorzéw, Poland)

10:20 Modification of the liquid-crystalline order in itraconazole using p. 11
mechanical stress, temperature variation, and solvation
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Soft matter and glass-formers S. Cerveny

KEYNOTE, TUE./08:30

New findings of the glass transition of confined water

S. Cerveny!?

LCentro de Fisica de Materiales (CSIC-UPV /EHU)-Material Physics Centre (MPC), Paseo
Manuel de Lardizabal 5 (20018), San Sebastian, Spain.

2Donostia International Physics Center (DIPC), Paseo Manuel de Lardizabal 4 (20018), San
Sebastian, Spain.

email: silvina.cerveny@ehu.es

Understanding the properties of strongly confined water (2-3 nm) is essential for various applications,
such as desalination devices or voltage generation. In addition, confined water also plays a critical role
in biological processes, such as flow through ion channels. Moreover, water under confinement can be
supercooled without crystallization. Therefore, experiments at low temperatures on confined water in
slits of 2-3 nm can shed light on properties such as the glass transition temperature (7,), which has
been the subject of intense scientific debate over the last twenty years.

Early adiabatic calorimetric experiments of water confined in nanopores of silica glass found a glass
transition temperature () of 170 K, results questioned by Johari et al. [2]. These observations have
not been generalized to other types of confinements, resulting in minimal experimental evidence of the
glass transition of confined water.

This talk will first review the glass transition and the dynamics of bulk and confined water at super-
cooled temperatures. Then, using standard (DSC) and fast scanning calorimetry (FSC) measurements,
we will reveal that water confined in MCM-41 and molecular sieves (MS) of different pore sizes shows
a complex heat capacity behavior [3]. Through annealing experiments in the glassy state, we provide
clear evidence that Ty of confined water is located at temperatures between 170 and 200 K, depend-
ing on the confinement. In addition, we show the presence of an extra low-temperature endotherm,
identified with a sub-T; thermal event, also addressed as a shadow glass transition in the temperature
range 120-130 K. Finally, a high-temperature step in the heat capacity is also observed at temperatures
above Ty, insensitive to annealing and, therefore, attributed to a proper thermodynamic transition.
Finally, we will discuss the implications of these findings on the dynamics of confined and bulk water.

1]

[1] A. Nagoe et al., J. of Phys. Chem. B, 114, (2010) 13940-13943
[2] E. Tombari & GP Johari. J. Chem. Phys. 139,(2013), 064507
[3] J. H. Melillo et al., submitted (2024)
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Soft matter and glass-formers M. T. S. Rosado

[INVAITED TALK, TUE./09:05]

Understanding intermolecular interactions in multicomponent solid
phases with electronic structure calculations
M. T. S. Rosado , J. F. C. Silva , and M. E. S. Eusébio

CQC-IMS, Departamento de Quimica, Universidade de Coimbra, 3004-535 Coimbra, Por-
tugal

email: mario.rosado@qui.uc.pt

Multicomponent solid phases have broad application in the fields of pharmaceutics and materials,
enhancing or tune the properties of crystalline (cocrystals) or amorphous solid phases (co-amorphous).
Most frequently, the aggregates of different compounds are stabilized by hydrogen bonding, but some-
times by halogen bonding, m-stacking, and other kinds of intermolecular interactions. Their analysis
and characterization are usually performed by spectroscopic, calorimetric and X-ray diffraction tech-
niques. Nevertheless, computational chemistry methods based on electronic structure calculations can
provide a more fundamental insight.

Most, if not all, interactions among different molecules in solid phases have a fundamentally electro-
static nature. Therefore, the calculation of the electrostatic potential of isolated molecules of each
component can provide insights into the possible interactions, often with predictive capabilities. A
modification of previously proposed methods based on H-bond donor/acceptor strengths, enhanced
with the use of available experimental data, is proposed and demonstrated for select systems.

The interactions in the aggregates of different molecules that are the fundamental structural units in
the solid phases can be studied by electronic structure methods like Non-Covalent Interactions (NCI),
the Independent Gradient Model (IGM-dg) and Natural Bond Orbitals (NBO). Even lacking complete
structural resolution by diffraction methods, available experimental results can guide the calculations
for the analysis of selected molecular aggregates.

Acknowledgements: CQC-IMS is funded by Fundacao para a Ciéncia e Tecnologia (FCT) projects
with DOI identifiers 10.54499/UIDB /04564 /2020, 10.54499/UIDP /04564 /2020.
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Soft matter and glass-formers H. Suzuki

[INVAITED TALK, TUE./09:35]

Calorimetric studies on phase transitions under shear flow for liquid
crystal and colloidal system

H. Suzuki
Department of Chemistry, Kindai University, Higashiosaka, Osaka 577-8502, Japan.
email: h_suzuki@chem.kindai.ac.jp

Liquid crystals and colloidal systems are known to exhibit shear induced transitions (SITs), indicating
that the thermodynamic stabilities are affected by the shearing. In this study, for the purpose of
evaluating those effects experimentally, we have developed a differential scanning calorimeter equipped
with a shearing system (Shear-DSC) [Fig. 1(a)|, and investigated a thermotropic liquid crystal 8CB,
and a cationic surfactant CTAB aqueous solution [1, 2|.

For 8CB, the heat flow curves intrinsic to the transitions were successfully obtained by subtracting
the contribution of shearing heat [Fig. 1(b) and (c)|. It was revealed that the onset temperature of
SmA-N transition slightly shifts to lower temperatures with increasing shear rate. For CTAB aqueous
solution, temperature of the transition from CTAB crystal to the rod-like micellar phase was found to
change with shearing rate, which was attributed to the orientational ordering of micelles as well as the
fracturing of crystallites. For both systems, the changes of transition entropies were found to be very
small.

Heating

7=2945" 5 (b)
|

Measured Heat Flow

Heat Flow / mW
O

.'0.._ Shearing Heat Flow

j=2945" (c)

8 Heating
—
Scan rate = 0.4 K min"' l

PR SR TR TR (NN TN TR T T NN SN ST ST S Y S N N1

300 305 310 315 320
/'K

baseline

Excess Heat Flow

Endo.

2+

Excess Heat Flow / mW

Figure 1: (a) Schematic of Shear-DSC. (b), (c¢) Results of Shear-DSC measurement for 8CB.

[1] T. Yamamoto, H. Suzuki et al., Soft Matter, 19 (2023) 1492-1498.
[2] T. Yamamoto, H. Suzuki et al., Thermochim. Acta, 730 (2023) 179629.
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Soft matter and glass-formers A. Pajzderska

CONTRIBUTED TALK, TUE./10:05

Computational insights on dynamics of 1-butyl-3-methylimidazolium
tetrafluoroborate ionic liquid with different water concentration

A. Pajzderska! and M. A. Gonzalez?

! Faculty of Physcis, A. Mickiewicz University, Poznaii, Poland
2Institut Laue-Langevin, 71 Avenue des Martyrs, CS 20156, 38042 Grenoble Cedex 9, France

email: apajzder@amu.edu.pl

Tonic liquids (ILs) are well-known compounds consisting of organic cations and inorganic or organic
anions with a melting point below 100 °C. Due to their physicochemical properties (negligible vapor
pressure, high ionic conductivity, nonflammability, wide range of solubility, etc.), they are considered
for use in a variety of applications, such as potential solvents for synthesis, sensors, fuel cells, and
energy storage systems.

We present a molecular dynamics simulation study of 1-butyl-3-methylimidazolium tetrafluorobo-
rate [Cymim][BFy] with different water concentrations (up to 70%, for light and heavy water). This
system is fully water-miscible, which makes it possible to study the influence of water on the struc-
tural and dynamical properties of ILs. In particular, we compare the pair distribution function and
static structure factor with experimental diffraction data. We focus on the analysis of the dynamics
of tetrafluoroborate anions, imidazolium cations, and water molecules by analyzing their diffusion co-
efficients. Additionally, comparing the neutron dynamic total structure factor with recent quasielastic
neutron scattering research will provide insight into the dynamics of the imidazolium cation and better
understand the origin of different water species detected experimentally |[1]

[1] M. D. Ruiz-Martin et al., J. Chem. Phys., 156 (2022) 084505
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Soft matter and glass-formers T. Lamrani

CONTRIBUTED TALK, TUE./10:20

Modification of the liquid-crystalline order in itraconazole using
mechanical stress, temperature variation, and solvation

T. Lamrani!, P. Jesionek??3, M. Tarnacka!, B. Hachuta?, D. Zakowiecki*, E. Ozimina-
Kaminska?, K. Kaminski!, and K. Jurkiewicz!

Unstitute of Physics, University of Silesia in Katowice, 75 Pulku Piechoty 1, 41-506 Chorzéw,
Poland

2Institute of Chemistry, University of Silesia in Katowice, ul. Szkolna 9, 40-007 Katowice,
Poland

3Department of Pharmacognosy and Phytochemistry, Medical University of Silesia in Ka-
towice, ul. Jagielloriska 4, 41-200 Sosnowiec, Poland

4 Author of abstract did not provide affiliation

email: taoufik.lamrani@us.edu.pl

Liquid crystals (LCs) with molecular organisation between crystalline and amorphous states have
gained significant attention in pharmaceutical research due to their properties [1]. These partially
ordered systems can form two basic mesophase arrangements, i.e., nematic and smectic, through ther-
motropic or lyotropic transitions. The ability to modulate and control these transitions is crucial, as
they significantly impact the physicochemical characteristics and performance of LC compounds in
drug delivery applications.

This study investigates the structural properties of a famous small-molecular active pharmaceutical
ingredient able to form LC phases — itraconazole. We demonstrate that, besides temperature variation
and solvation, mechanical stress introduced by cryo-milling may also generate the liquid-crystalline
transition in itraconazole. Moreover, by variation in the milling time and frequency, the nearest-
neighbour order may be tuned, which affects the important properties from the pharmacy point of
view, and physical stability and solubility.

By using X-ray diffraction and dielectric spectroscopy, we reveal that, compared to smectic itra-
conazole phase trapped in the glass via vitrification, the nematic phases obtained by cryo-milling are
characterised by increased intermolecular distances and enhanced structural relaxation above the glass
transition temperature. Moreover, we show that by selecting an appropriate solvent and its concentra-
tion, as well as by pressure densification and cooling rate, we are able to tune the degree of the smectic
order in itraconazole.

This work provides valuable insights for formulating stable liquid crystalline phases of pharmaceu-
ticals, thereby paving the way for improved drug delivery strategies.

Acknowledgements: The authors acknowledge financial support from the National Science Centre,
grant number 2021/41/B/NZ7/01654

[1] C. L. Stevenson et al., J. Pharm. Sci., 94 (2005) 1861

Multiscale Phenomena in Condensed Matter 2024 11


taoufik.lamrani@us.edu.pl
https://indico.ifj.edu.pl/event/1146/

SPECTROSCOPIC AND DIFFRACTION METHODS

Chair: Max Wolff

Serguei Molodtsov (Schenefeld, Germany)

1105 European XFEL: how does it work and fascinating applications p- 13
11:40 Pawel Korecki (Krakow, Poland) 14
' Updates from SOLARIS national synchrotron radiation centre p-
12:10 Cristian Svetina (Madrid, Spain) 15
' X-rays transient gratings at the european X-ray free electron laser P

Sebastiao Antunes ( Hamburg, German)
12:40 Reconciliation of theoretical predictions and volume integrated ex- 16
' perimental data in ultrafast X-ray science through calculation of p-
effective fluence
Sara El Houbbadi (Krakow, Poland)
12:55 Revealing the molecular structure of copper phosphonate groups b 17

anchored inside SBA-15 silica channels: theoretical and experi-
mental study
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Spectroscopic and diffraction methods S. Molodtsov

[KEYNOTE, TUE./11:05J

European XFEL: how does it work and fascinating applications

S. Molodtsov!
! European XFEL, Holzkoppel 4, 22869 Schenefeld, Germany

email: serguei.molodtsov@xfel.eu

The European X-ray Free Electron Laser (XFEL) is a new international research installation that is
in operation in the Hamburg area in Germany. The facility generates new knowledge in almost all the
technical and scientific disciplines that are shaping our daily life - including nanotechnology, medicine,
pharmaceutics, chemistry, materials science, power engineering and electronics. The ultra-high bril-
liance femtosecond X-ray flashes of coherent radiation are produced in a 3.4-kilometre long European
XFEL facility. Most of it is housed in tunnels deep below ground. In its start-up configuration, the
European XFEL comprises 3 self-amplified spontaneous emission (SASE) light sources — undulators
operating in energy ranges 3 - 25 keV (SASE 1 and SASE 2) and 0.2 - 3 keV (SASE 3), respectively.
The world-unique feature of this XFEL is the possibility to provide up to 27.000 ultra-short flashes (1 -
100 fs) that makes the facility particular suitable for time-resolved photoemission, (resonance) inelastic
X-ray scattering, diffraction and imaging studies in the range of moderate and hard X-ray photons.

Figure 1: European XFEL beamline

In this lecture, basics of XFEL’s operation as well as an overview of the European XFEL project
will be provided and a review of various applications including time-resolved studies will be given.
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Spectroscopic and diffraction methods P. Korecki

[INVAITED TALK, TUE./11 :40]

Updates from SOLARIS national synchrotron radiation centre

P. Korecki

SOLARIS National Synchrotron Radiation Centre, Jagiellonian University, Krakow, Poland

email:

The SOLARIS synchrotron in Krakow is a third-generation synchrotron radiation source operat-
ing in the medium electron energy range. The first synchrotron light in SOLARIS was observed in
2016, while the first user experiments were performed in 2018. SOLARIS is expanding its activities,
constantly developing experimental beamlines and complementary infrastructure such as cryo-electron
microscopes. Research opportunities offered by SOLARIS, the only synchrotron in Central-Eastern
Europe, allow for conducting unique scientific projects in fundamental research and applied sciences.
In the presentation, we will present the SOLARIS synchrotron project and available infrastructure,
provide practical information on access to the infrastructure, and show examples of the research results
obtained at the Centre by the Users.

Acknowledgements: We acknowledge the Polish Ministry and Higher Education project Support
for research and development with the use of the research infrastructure of the National Synchrotron
Radiation Centre SOLARIS’ under contract nr 1/SOL/2021/2.
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Spectroscopic and diffraction methods C. Svetina

[INVAITED TALK, TUE./IQ:IO]

X-rays transient gratings at the european X-ray free electron laser

. *
C. Svetina 12

“on behalf of the Long Term Proposal Team

LIMDEA Nanociencia, Calle Faraday 9, Ciudad Universitaria de Cantoblanco, Madrid,
28049, Spain

2European XFEL, Holzkoppel 4, 22869 Schenefeld, Germany

email: cristian.svetina@imdea.org

Transient Grating (TG) spectroscopy, a special case of wave-mixing [1], employs two crossed laser
beams interacting at the sample generating an interference pattern while a third time-delayed probe
beam is used to monitor the time evolution of the induced dynamics in the sample revealing information
on transport and diffusion processes and quasi-particle dyamics.|2] Optical wavelengths inherently limit
the reachable spatial and temporal resolutions while extension to higher photon energies - i.e. extreme
ultraviolet and X-rays - allows to potentially reach nanometer and atto-femtosecond scales adding
element and chemical specificity being able to access to K, L and M resonances.[3| In the last years a
large international community has formed to study extension of TG in the X-rays.[4, 5] In the talk I
will describe and advances and status of the Long Term Proposal “Dynamics of nanoscale phenomena
in solids and liquids studied with X-ray Transient Gratings at European XFEL” [6] showing the latest
results and look at the future activities. I will conclude introducing the COST Action NEXT for
the development and application of nonlinear wave-mixing methods in the extreme ultraviolet and
X-rays.[7]

[1] R.L. Sutherland, Handbook of Nonlinear Optics, 2nd Edition, CRC Press (2003)

[2] H.J. Eichler et al., Laser-Induced Dynamic Gratings, Springer (1986)

[3] M. Chergui et al., Nat. Rev. Phys., 5 (2023) 578

[4] C. Svetina et al., Opt. Lett., 44 (2019) 574

[5] J. R. Rouxel et al., Nat. Photon., 15 (2021) 499

[6] https://www.nanociencia.imdea.org/home-en/news/item/mixing-x-rays-the-future-of-ultrafast-science
[7] https://www.cost.eu/actions/CA22148/
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Spectroscopic and diffraction methods S. Antunes

[CONTRIBUTED TALK, TUE./12:40J

Reconciliation of theoretical predictions and volume integrated
experimental data in ultrafast X-ray science through calculation of
effective fluence

S. Antunes’?, K. J. Kapcia®, M. Stransky>*°, V. Tkachenko'?*°, and B. Ziaja-
Motykal!-?

LCenter for Free-Electron Science CFEL, Deutsches FElektronen-Synchrotron DESY,
Notkestr. 85, 22607 Hamburg, Germany

2Institute of Nuclear Physics, Polish Academy of Sciences, Radzikowskiego 152, 31-342
Krakow, Poland

3Institute of Spintronics and Quantum Information, Faculty of Physics, Adam Mickiewicz
University in Poznan, Uniwersytetu Poznastikiego 2, 61614 Poznan, Poland

4Institute of Physics, Czech Academy of Sciences, Na Slovance 2, 182 21 Prague 8, Czech
Republic

® Buropean XFEL GmbH, Holzkoppel 4, 22869 Schenefeld, Germany

email: sebastiao.antunes@desy.de

In pump-probe experiments within ultrafast X-ray science, an X-ray pump pulse deposits energy in
a solid sample with a non-uniform spatial distribution. This results in different parts of the sample
being exposed to different pulse fluences. The following X-ray probe pulse then measures a volume
integrated average of contributions from the differently irradiated regions of the sample.|1]

Starkly contrasting with the experimental scheme, computational simulations of the X-ray irradiated
samples typically use periodic boundary conditions which implies an assumption of a uniform X-
ray irradiation.[2| Obtaining a prediction on a volume integrated observable requires a significant
computational effort , as it is necessary to perform multiple simulations for the different exposure
conditions and then perform their volume integration.

Here we propose an analytical scheme to calculate an effective fluence such that the observable of
interest calculated with the effective fluence would “mimic” the volume- integrated observable. This
calculation is based on how the observable in question depends on X-ray fluence.

We demonstrate the effectiveness of the method with XTANT simulations [2] performed for silicon
crystal pumped with 50 eV photons. We obtain volume-integrated time series for average atomic
displacements and intensities of different Bragg diffraction peaks. After applying a dedicated analytical
scheme, a comparison of volume integrated results with the effective fluence results is made, with very
satisfactory results.

[1] V. Tkachenko et al., Appl. Sci., 11 (2021) 5157
[2] N. Medvedev et al., New. J. Phys., 15 (2013) 015016
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Spectroscopic and diffraction methods S. El Houbbadi

CONTRIBUTED TALK, TUE./12:55

Revealing the molecular structure of copper phosphonate groups
anchored inside SBA-15 silica channels: theoretical and experimental
study

S. El Houbbadi'?, M. Laskowska!, and ¥.. Laskowski'

Unstitute of Nuclear Physics Polish Academy of Sciences, Krakow 31-342, Poland
2Université de Lorraine, CNRS, LCPME, Nancy F-54000, France

email: sara.elhoubbadi@ifj.edu.pl

This work used X-ray absorption spectroscopy to examine copper sites’ geometric environment and
valence states in mesoporous silica containing copper phosphonate. The main goal was to verify
the actual geometry of the copper functional groups. Quantitative analysis of the EXAFS data was
challenging due to the amorphous nature of the sample, which prevented the fulfilment of the Nyquist
criterion in Artemis software used to fit the EXAFS equation.

To address these challenges, we employed numerical methods to analyse the XANES spectrum,
which provides information about the oxidation state and local electronic structure of the absorb-
ing atom. Thousands of theoretical spectra were calculated using geometrically optimized copper
molecular groups with various structural characteristics. By employing linear combination fitting to
the experimental spectrum, we identified a combination of models: 62% BAO06, 27% BA09, and 21%
BAO05. These models represent slightly different configurations of a copper atom intricately coordinated
by two phosphonate groups, forming a pseudo-bi-trigonal pyramid environment composed of oxygen
atoms [1].

These findings are critical to understanding the antibacterial and nonlinear optical (NLO) properties
of the hybrid material |2, 3].

— Exp
14 — BAG
—— E2% BAOE, 27% BADS. 11% BACS

8980 9000 9020 9040 9060
Energy (V)

Figure 1: The experimental XANES spectrum (EXP) and the closest simulated XANES spectra

Acknowledgements: Financial support for this investigation has been provided by the National
Centre of Science (2020/37/B/ST8/03637, and 2021/43/D/ST8/00737).

[1] S. El Houbbadi et al., Appl. Surf. Sci., 669 (2024) 160425
[2] M. Laskowska et al., Nanoscale, 33 (2017) 12110
[3] L. Laskowski et al., J. Nanomater., 2017. (2017) 1287698
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Multifunctional materials N. Barisi¢

KEYNOTE, TUE./14:30

High-T. cuprates — story of two electronic subsystems

N. Barisic! 2

Unstitute of Solid State Physics, TU Wien, Wiedner Hauptstrafe 8, 1040 Wien Austria
2Department of Physics, University of Zagreb, Bijenicka c. 32, 10000 Zagreb, Croatia

email: nbarisic@phy.hr

Materials science and high technologies are the driving force of any advanced society. The phe-
nomenon of high-temperature superconductivity, found in cuprates, is of undisputable technological
importance. It also presents one of the most exciting, thoroughly investigated yet still unresolved
problems in physics. A major difficulty in understanding high-7, systems lies in the complexity of the
materials and phase diagram, where the delicate balance between material specific properties, disorder
and the number of electronic phases superimpose makes it hard to identify the leading interactions.
Despite the complexity, we have identified a series of surprisingly simple and universal behaviors [1-7].
Based on them we show that the phenomenology of cuprates across the phase diagram is fully captured
by the simple charge conservation relation:

1 + P = Nioc + Nefr-

Here, p is the doping while neg is the carrier density and njec is the density of localized charge within
a CuO2 plaquette. The corresponding superfluid density is related to both components:

ps = Negr - (Osnioe),

where all terms can be experimentally determined directly. The charge nj. is responsible for all the
strangeness of these compounds, which includes the pseudogap phenomenon and the superconducting
glue [7-9]. The compound-dependent constant, Og, is fine-tuned by the local crystal structure. It
arises from the p”d”p fluctuation by the Cu-localized holes visiting the neighboring planar—oxygen
atoms and can be determined from NMR [9].

[1] N. Barisi¢ et al., New J. Phys. 21, (2019), 113007 (see also arXiv:1507.07885 (2015))
[2] Y. Li et al., Sci. Adv. 5, (2019), eaap7349

[3] N. Barisi¢ et al., Proc. Natl. Acad. Sci. U.S.A. 110, (2013), 12235

[4] S. I. Mirzaei et al., Proc. Natl. Acad. Sci. U.S.A.110, (2013), 5774

[5] M. K. Chan et al., Phys. Rev. Lett. 113, (2014), 177005

[6] P. Popcevi¢ et al., npj Quantum Mater. 3, (2018), 42

[7] C. M. N. Kumar et al., Phys. Rev. B 107, (2023), 144515

[8] D. Pelc et al., Sci. Adv. 5, (2019), eaaud538

[9] N. Barisi¢ & D. K. Sunko, J Supercond. Nov. Magn. 35, (2022), 1781
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Multifunctional materials Y. Utsumi Boucher

[INVAITED TALK, TUE./15:05]

Electronic and crystal structures of EuT'Ge; (7: transition metal)
under extreme conditions
N. S. Dhami', V. Balédent?, C. M. N. Kumar?, O. Bednarchuk*, D. Kaczorowski?,
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Poland.
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ern Ontario, N6A-5B7, Canada.
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email: yutsumi@ifs.hr

Non-centrosymmetric EuT'Ges (BaNiSng-type structure, I4mm) has been attracting considerable
attention due to complex magnetic structures [1, 2]. The magnetism arises from Eu?t (47, J = 7/2)
ions while transition metal is non-magnetic. The moments’ ordering direction varies depending on
transition metal, temperature, and external magnetic field. Although temperature- and field-induced
magnetic phase transitions have been reported among the EuT'Ges series, their electronic and crystal
structures under pressure remain to be studied. Since the Eu oxidation state is directly related to
the magnetic behavior and provides complementary information to understand the pressure phase
diagram, we studied the pressure evolution of the Eu oxidation state of EuT'Ges (T'=Co, Rh, Ir) by
near-edge x-ray absorption spectroscopy (XAS). The Eu L3 near-edge XAS spectra showed an increase
(decrease) of Eu?t (Eu?t) peak intensity by applying pressure. In all three compounds, the average
oxidation state of Eu strongly deviated from the integer under pressure showing a valence fluctuation
behavior. We also performed powder x-ray diffraction in EuT'Ges (T'=Co, Rh, Ir) under pressure to
study pressure-induced structural evolution concerning changes in the Eu oxidation state. Our results
showed a smooth contraction of the lattice volume without symmetry changes by increasing pressure,
though an anisotropic compressibility between the a— and c—axis was revealed [3].

Acknowledgements: The Croatian Science Foundation has partly supported this work under the
project numbers UIP 2019-04-2154, IP 2020-02-9666, and by the project Cryogenic Centre at the
Institute of Physics -KaCIF co-financed by the Croatian Government and the European Union through
the European Regional Development Fund-Competitiveness and Cohesion Operational Programme
(Grant No. KK.01.1.1.02.0012).

[1] O. Bednarchuk et al., J. Alloys Comp., 622 (2015) 432-439.
[2] D. Singh et al., Nat. Commun., 14 (2023) 8050.
[3] N. S. Dhami et al., Phys. Rev. B, 107 (2023) 155119.
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Multifunctional materials A. Surrente

[INVAITED TALK, TUE./15:35]

Spin polarization dynamics in WSe,; monolayer and in WSe, /BAPbI,
heterostructure

A. Surrente
Wroclaw University of Science and Technology, Wroclaw, Poland.

email: alessandro.surrente@pwr.edu.pl

In the first part of this talk, I will show how it is possible to optically inject an exciton spin
polarization in a monolayer WSes with a helicity opposite with respect to that of the excitation laser.
This result, shown as negative degree of circular polarization in the photoluminescence (PL) and PL
excitation (PLE) of Fig. 1(a,b), is rationalized by accounting for a Dexter-type intervalley scattering
mechanism |[1].
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Figure 1: PL spectrum of monolayer WSey with detection of the light co-polarized (67 ¢™) and cross-
polarized (c707) to excitation. (b) Excitation energy dependent PL intensity of the co- and cross-
polarized emission and calculated degree of circular polarization (DCP). (¢) PL spectrum resolved in
circular polarization of a WSea/BAPbDI, heterostructure. (d) Excitation energy dependence of the
intensity and DCP of the interlayer exciton (IX) in this heterostructure.

In the remaining part of the talk, I will focus on the optical properties of the (spatially indirect)
interlayer exciton formed in a WSey /BAPDbI heterostructure. Our pump-probe measurements demon-
strate that this complex is formed upon ultrafast hole transfer from WSes to the BAPbI, perovskite
compound. Polarization resolved PL and PLE measurements shown in Fig. 1(c,d) demonstrate that
this species exhibits circular dichroism when the luminescence is excited by circularly polarization
light. This suggests that the charge transfer preserves the spin optically injected in WSes, which is a
very convenient manner of “sensitizing” the circular dichroism in a two-dimensional perovskite material
without making use of cumbersome chiral organic spacers.

[1] J. Jasinski, et al., 2D Materials 11 (2024) 025007.
[2] J. Jasinksi, et al., in preparation.
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Multifunctional materials P. Reddy

[CONTRIBUTED TALK, TUE./16:05}

Murunskite: a bridge between cuprates and pnictides
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% Department of Physics, University of Fribourg, Switzerland
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email: preddy@pmf . hr

Despite exceptional scientific efforts over several decades, there is almost no universal agreement
about the superconducting state of cuprate compounds. A constructive way to improve understanding
would be to synthesize and investigate a new system, which displays superior chemical flexibility
and tunability of the valence of the transition metal ions. One could then manipulate its various
electronic, metallic, and mechanical properties. We study murunskite, which interpolates between
cuprates and pnictides [1]. This presentation will report the successful growth and characterisation
of the first-ever high-quality Murunskite single crystals. These crystals show semiconductors like the
parent compounds of cuprates, yet isostructural to the metallic iron-pnictides. Moreover, like both
families, it has an antiferromagnetic response with an ordered phase below 100 K.Spectroscopy (XPS)
and Density Functional Theory (DFT) calculations concur that the sulfur 3p orbitals are partially
open, making them accessible for charge manipulation, which is a prerequisite for superconductivity in
analogous layered structures. Furthermore, DFT indicates that the valence band is more cuprate-like,
while the conduction band is more pnictide-like. We also managed to substitute Fe with Co in the
parent compound, leading to superconductivity in this family for the first time.

a) I-‘Ig1201 b) K,FeCu,S, ¢) Ba, K, ,Fe,As,
Cuprate Murunskite Pnictide

Figure 1: Comparison of murunskite structure b) with a cuprate a) and pnictide c)

[1] D. Tolj et al., Appl. Mater. Today, 24 (2021) 101096

22 Multiscale Phenomena in Condensed Matter 2024


preddy@pmf.hr
https://indico.ifj.edu.pl/event/1146/

Multifunctional materials S. Nasrallah

CONTRIBUTED TALK, TUE./16:20

EuCd,;X,: semimetal illusion versus semiconductor reality
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The search for intrinsic magnetic topological materials has captured the interest of numerous scien-
tists in recent years due to their potential spintronic application. EuCdy Xy (X = Sb, As, P) family
was predicted by Density Functional Theory (DFT) to be a topological, Weyl semimental. |1, 2| This
claim was further supported by transport measurements and Angle-Resolved Photoemission Spec-
troscopy (ARPES), which exhibited metallic-like resistivity and the conical shape of the valence band,
respectively. |3, 4]

However, our recent infrared- and magneto-optics measurements revealed that EuCds X5 is a mag-
netic semiconductor rather than a topological Weyl semimetal. We obtained energy gaps of 0.5 eV, 0.77
eV, and 1.2 eV for X = Sb, As, and P, respectively.|5, 6] These band gaps are notably influenced by the
application of a magnetic field, undergoing redshifts of 45 meV, 125 meV, and 150 meV, respectively.
Despite these shifts, magneto-optics shows that the band gaps do not close even under the application
of a high field of 35T, indicating that the compounds remain semiconductors and thus excluding a
magnetic Weyl semimetal scenario.

Additionally, ARPES and pump-probe ARPES on EuCdsAssy confirmed the band gap of 0.7 eV. The
resistivity measurements revealed activation behavior for EuCdsAss and EuCdyPs, while EuCd2Sh2
exhibited metallic-like resistivity, implying that the system is doped.

In conclusion, our study provides valuable insights into the effects of element substitution on the
electronic band structure of EuCds X5 semiconductors.

[1] S. Hua et al., Phys. Rev. B, 98 (2018) 201116
. Su et al., APL Materials, 8 (2020) 011109
[3] Y. Shi et al., Phys. Rev. B, 109 (2024) 125202
Ma et al., Adv. Materials, 32 (2020) 1907565
antos-Cottin et al., Phys. Rev. lett., 132 (2023) 186704

S
Nasrallah et al., unpublished
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Multifunctional materials P. Popcevié
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Electronic transport in magnetically intercalated 2H-NbS,: what can
we learn from the electronic structure
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Transition-metal dichalcogenides (TMDs) are quasi-2D compounds with a layered structure that
allows for intercalation by various atomic and molecular species. Intercalating transition metal ions
introduces magnetic sublayers with diverse interactions, leading to complex magnetic and potentially
topological ground states. This makes them promising candidates for new electronic devices and
applications.

In this study, we present Co;/3NbSy and Nij3NbSs, both of which order antiferromagnetically.
Despite having the same crystal structure, their magnetic and electronic transport properties reveal
differences between the roles that Co and Ni ions play in the structure. To understand these differences,
we explore the electronic structure of two compounds using angle-resolved photoemission spectroscopy
(ARPES), ab-initio electronic structure calculations, and modeling [1-3].

Our findings show that intercalated ions dominate the interlayer coupling, highlighting the role
of hybridization between intercalated orbitals and conducting layers. In Coy/3NbS2, we propose a
“spin-valve” mechanism where the intercalated Co ions act as spin-selective electrical transport bridges
between the host layers. In contrast, Ni ions in Nij;3NbSy effectively reduce electronic interlayer
transport.

[1] P. Popcevié et al., Phys. Rev. B, 105 (2022) 155114.
[2] P. Popcevié et al., Phys. Rev. B, 107 (2023) 235149.
[3] Y. Utsumi Boucher et al., Phys. Rev. B, 109 (2024) 085135.
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[INVAITED TALK, TUE./17:35]

Correlation between magnetism and the Verwey transition in
magnetite

W. Tabis

AGH University of Krakow, Faculty of Physics and Applied Computer Science, Aleja Mick-
iewicza 30, 30-059 Krakéw, Poland

email: wtabis@agh.edu.pl

Seeking to unravel the enigmatic Verwey transition and its interplay with magnetism, we conducted
comprehensive measurements on the temperature-dependent electrical resistivity and magnetic mo-
ment of stoichiometric and doped-magnetite single crystals at temperatures reaching 1000 K. These
investigations allowed us to identify the Curie temperature T, and other characteristic temperatures
of the electrical resistivity. Remarkably, we identified correlations between these temperatures and
the Verwey temperature 73, indicating that the electrical transport properties and the mechanism of
the Verwey transition are closely related to the magnetic properties. During the presentation, this
connection will be discussed in the context of the most recent work on magnetite.

Acknowledgements: The work was supported by the National Science Centre, Poland, Grant No.
2021/41/B/ST3/03454, and the “Excellence Initiative-Research University” program for AGH Univer-
sity of Krakow.
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Liquid crystalline glassformer forming hexatic smectic X o* glass
— DFT calculations for interpretation of X-ray diffraction and IR
spectroscopy data

Anna Drzewicz (Krakow, Poland)

Self-assembly behavior of difluoroterphenyl derivatives differing
with the linking bridge type

Marcin Piwowarczyk (Krakow, Poland)

Investigation of phase behaviour and selective light reflection in
mixtures with azo compounds
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Flash talks L. Kotvytska

[FLASH TALK, TUE./18:05j

Analysis of the physical properties of the ZIF-67 and its diamagnetic
analogue ZIF-8

L. Kotvytska!, R. Tarasenko!, O. Lyutakov?, M. Erzina?, M. Orendac¢!, and A.
Orendacoval

Unstitute of Physics P. J. Saférik University, Kosice, Slovakia
2University Chem & Technol., Dept. Solid State Engn, Prague, Czech Republic

email: 1iliia.kotvytska@student.upjs.sk

Zeolitic imidazolate framework (ZIF) materials represent metal-organic frameworks with three-
dimensional porous structure formed by metal ions linked via imidazole linkers. This work is devoted
to the study of [Co(mIm)acx|, abbreviated as ZIF-67 and its diamagnetic analogue [Zn(mIm)aoc| known
as ZIF-8 (HmIm = 2-methylimidazole = C4HgN3). The rapid synthesis in water produced nanocrystal-
lites. XRD, infrared and Raman measurements confirmed that both compounds have identical crystal
structure and vibration spectra with the only difference that Co atoms in ZIF-67 occupy the positions
of Zn in ZIF-8.

The heat capacity of the powder samples was measured from 0.4 to 300 K in zero magnetic field.
Magnetic specific heat of ZIF-67 was obtained by subtraction of ZIF-8 specific heat which can be treated
as lattice contribution. The magnetic contribution C,,,4 is characterized by a round maximum at 11
K, typical for low-dimensional systems. Corresponding magnetic entropy agrees with the prediction
for spin 3/2. The application of magnetic field had negligible effect on the round maximum. The
magnetic susceptibility in 10 mT shows bifurcation of field cooling (FC) and zero field cooling (ZFC)
data at 14 K but in 100 mT the splitting shifts to 5 K and finally it disappears completely in fields
above 1 T. The application of Curie-Weiss law provides g = 2.2 and 6 = -44 K, reflecting moderate
antiferromagnetic interactions. The isothermal magnetization M(B) of ZIF-67 was measured at 0.46
K. At fields up to 1T, the M(B) deviates from the linear dependence, which corresponds with the
appearance of bifurcation of ZFC and FC data below 1 T. The character of magnetism in ZIF-67 is
discussed.

Acknowledgements: The work was supported by the projects APVV-22-0172, VEGA 1/0132/22 and
VVGS-2023-3040.
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Flash talks A. Janowska

[FLASH TALK, TUE./lS:OQj

Molecular dynamics simulations of the structure of amorphous
pharmaceutical — probucol

A. Janowskal!, J. Grelska!, T. Lamrani!, and K. Jurkiewicz!

Institute of Physics, University of Silesia in Katowice, 75 Putku Piechoty 1, 41-506 Chorzéw,
Poland

email: anna. janowskaQus.edu.pl

Amorphous-like pharmaceuticals have recently gained a lot of interest since they exhibit better sol-
ubility and bio-availability compared to their crystalline counterparts commonly used in tablet forms.
Usually, such amorphous forms of active pharmaceutical ingredients (APIs) are produced by vitrifi-
cation of melt. However, the variation in the melting temperature, cooling rate as well as applying
mechanical milling or compression may affect their atomic-scale structure and related properties impor-
tant from the application point of view [1, 2|. Therefore, understanding of basic correlations between
the preparation process, structure, and properties is a prerequisite for further development of the
amorphous pharmaceutical technology and their commercialization.

Due to very limited possibility of interpretation of subtle differences in the structure of various
amorphous-like phases using standard characterization methods such as X-ray diffraction, usage of
computer simulations is highly desired for verification of experimental data and obtaining of structural
features difficult to extract based on solely of experimental data.

Here, Gromacs software was used to perform molecular dynamics simulations of the system of probu-
col API — is an anti-hyperlipidemic drug, at various temperature and pressure conditions in order to
understand the changes into the intra- and inter-molecular structure induced by cooling and compres-
sion. The analysis of the total and partial structure factors, radial distribution functions, hydrogen
bonds and molecular conformations allowed us to recognize differences in the structure between glasses
produced by standard vitrification and the so-called “pressure-densification” method.

Acknowledgements: The authors acknowledge financial support from the National Science Centre,
grant number 2021/41/B/NZ7/01654

[1] D. Heczko et al., J. Mol. Liq., 351 (2022) 118666
[2] M. Rams-Baron et al., Appl. Phys. Lett., 111 (2017) 121902
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Flash talks S. Lalik

[FLASH TALK, TUE./lS:lSj

An effect of small Au nanoparticle concentrations onto chosen
properties in liquid crystal exhibits SmC 4* phase

S. Lalik!, O. Stefariczyk?, D. Dardas®, A. Deptuch?, T. Yevchenko?, S.-i. Ohkoshi?,
N. Gorska®, and M. Marzec!

Unstitute of Physics, Jagiellonian University, 30-348 Krakéw, Poland

2Faculty of Chemistry, School of Science, Tokyo University, 113-0033 Tokyo, Japan
3 Institute of Molecular Physics, Polish Academy of Science, 60-179 Poznani, Poland
4nstitute of Nuclear Physics, Polish Academy of Science, 31-342 Krakéw, Poland
®Faculty of Chemistry, Jagiellonian University, 30-387 Krakéw, Poland

email: sebastian.lalik@uj.edu.pl

A very simple and cheap way to obtain new liquid crystalline materials is to introduce nanoparticles
(NPs) into the liquid crystal matrix. In our studies we used well-known liquid crystal (S)-MHPOBC
as a matrix and Au nanoparticles (0.2 and 0.5wt.%) as dopant to check how the nanomaterial affects
the properties of the matrix [1]. (S)-MHPOBC exhibits rich polymorphism and antiferroelectric phase
SmC4* in a wide temperature range, therefore the research focused on the SmC4* phase. It was found
that NPs do not influence liquid crystalline phases, however they are responsible for new crystal phases
at concentration 0.5wt.%. The molecular reorientation time 7 depends on the NPs concentration, which
is related to the modified local electric field very close to the nanoparticle surface. In turn, the tilt angle
6 is bigger only for concentration 0.5 wt.% Au NPs. The spontaneous polarization Pg is higher for both
concentration which is associated to localized surface plasmonic resonance. The mentioned resonance
is responsible for the induction of an electric dipole moment in the nanoparticle in the visible range,
which in turn generates a strong electric field in its vicinity. The induced additional dipole moment
contributes to the macroscopic polarization and the organic molecules surrounding the NPs experience
a stronger electric field. The smectic layer distance D as well as the correlation length £ is not affected
by Au NPs. In the same time, the helical pitch p is increased in comparison to pure matrix and
it decreases with decreasing temperature. Additionally, the influence of Au NPs on localization of
absorption bands, electric permittivity, specific electric conductivity and relaxation processes will be
presented.

[1] S. Lalik et al., Molecules, 27 (2022) 3663
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Flash talks A. Zarzycki

[FLASH TALK, TUE./lS:l?j

Unusual phase transformation kinetics in FePd thin
films — intermediated phases and its magnetic properties

A. Zarzyckil, M. Perzanowski!, M. Krupinski!, and M. Marszalek!
Institute of Nuclear Physics Polish Academy of Sciences, Krakow, Poland

email: arkadiusz.zarzycki@ifj.edu.pl

In this study, we investigate the phase transformation process between Fe/Pd multilayer and L1g
FePd alloy. The transformation is studied at different stages of post-deposition annealing to track
the progress of chemical ordering and phase transformation. For that purpose, we combined SEM,
XRD and Mossbauer spectroscopy techniques. It allowed to identify an unusual way of transformation
through two parallel and competitive paths. The first one includes the stoichiometric route of Al and
A6 phases, and the second off-stoichiometric route with L1y and L1’ phases. The process ends with
the formation of the L1y phase. We found that one of the most important factors determining the type
of phase transformation is solid state dewetting. When the dewetting progresses rapidly the change in
the kinetic growth is observed from a low-dimensional to a three-dimensional growth mechanism that
primarily affects the L1y phase formation [1].

Parallel to structural research, we study the changes in magnetism properties with the evolution of
film morphology and phase composition. We found that the major changes are observed when the
dewetting progresses and the film loses its continuity. Then the fast growth of the L1y phase happens
influencing the magnetization reversal mechanism and yielding the magnetic spring-like behavior [2].
Since the solid state dewetting process influences the type of phase transformation and intermediated
phases contribution, it creates new opportunities for using this phenomenon to tailor the magnetic
properties of thin alloy films.

[1] A. Zarzycki et al., J. Phys. Chem. C, 128 (2024) 3907
[2] A. Zarzycki et al., Materials, 16 (2023) 16
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