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INTERNATIONAL CZECH - JAPANESE SYMPOSIUM
ON ADVANCED MULTISCALE MATERIALS
September 26-28, 2024, Prague, Czech Republic

Vitejte! - V)6 o L UV FH ! — Welcome!

Dear Colleagues and Honored Guests,

It is a great pleasure to welcome you to the Czech-Japanese Symposium on Advanced Multiscale
Materials. This gathering is a testament to the long-standing and fruitful scientific collaboration between
the Czech Republic and Japan, two nations that share a deep commitment to innovation, research, and
the advancement of technology.

Our collaboration in science and technology has a rich history. One of the remarkable connections
between our countries lies in the field of robotics. The Czech Republic gave the world the word "robot,"
introduced by writer Karel Capek in 1920, while Japan has elevated robotics to an art form, becoming a
global leader in perfecting robotic technologies and their applications. This symbolic link between our
two nations highlights our shared contribution to the future of automation and advanced materials
science.

We also recall the notable collaboration of Czech Nobel laureate Jaroslav Heyrovsky, the inventor of
polarography, with Japanese scientists, which paved the way for advancements in electrochemistry. This
spirit of partnership continues today, as Czech and Japanese researchers work together on cutting-edge
projects in materials science, nanotechnology, and beyond.

This symposium offers an invaluable opportunity for researchers and experts from both countries to
exchange ideas, explore new frontiers in advanced materials research, and build on our existing
collaborations. The progress will not only contribute to the scientific community but also have a profound
impact on industry and society at large.

I extend my warmest wishes for a productive and inspiring symposium. May our discussions lay the
foundation for future breakthroughs and strengthen the scientific bond between the Czech Republic and
Japan.

Thank you, and I look forward to the exciting developments this collaboration will bring.

Jana K Vejpravova

Chair of the symposium

Co-funded by | K %
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INTERNATIONAL CZECH - JAPANESE SYMPOSIUM
ON ADVANCED MULTISCALE MATERIALS
September 26-28, 2024, Prague, Czech Republic

Thursday 26.09.2024

PROGRAM

9:00- 12:15 visit of MatFyz (UK)

12:30

12:40

13:15

13:35

13:55

14:15

14:35

14:55

15:15

15:35

15:55

16:15

16:35

17:15

19:30

Welcome Profs. Vejpraeva(MFF UK) & doc. Kalbac(HIPC CAS)

Plenary

Invited

Invited

Invited

Invited

Break

Invited

Invited

Invited

Invited

Break

Prof. Ago, Kyushu University
Large-Scale Growt and Integration ofHigh-Quality 2D Materials
IRU S6FIRHQ' ODWHULDOV?:3

Prof. Miyata, Departmenof Physcs, Tokyo Metropolitan University
Growth, structures, and properties of transition metdacogenide
nanostructures

Dr. Malinsky, 0JF CAS:
lon beam micro-structuring of grapheneallotropes for sensors

Prof. Sofer, UCHT Prague:
" ODWHULDOV IURP ;HQHV WR QRYHO ' PDJQH!
PDWHULDOV

Prof. Matsumoto, TokyoPolytechnicUniversity:
Intercalationsinto graphite and multilayer and bilayegraphene
using avapor-phasemethod

Dr. Frank, HIPCCAS:
Impact of Defects orMechanicaland Electronic Propertiesf 2D
Materials

Dr. Pu, Tokyo Institute of Technology:
Functional optoelectroniadeviceshasedon strainedmonolayersand
heterostructures

Dr. Varade, MFF UK:
SUR[LPLW\ (ITHFMROQR@DRBU RQ -DQXV ' PDJQH

Prof. Machida, Instituteof IndustrialScience, University of okyo:
Symmetryengineering and subband electronicsingvan derWaals
assembly ofransition metaldichalcogenides

Juniorsessior(5 talks} R. Conan, S. Sahu, S. Nadupalli, H. Lyshchuk, S. Hricov

End of Day 1tour Heyrovskyinstitute

ConferenceDinner at Vila Lanna

RN Co-funded by ~
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INTERNATIONAL CZECH - JAPANESE SYMPOSIUM
ON ADVANCED MULTISCALE MATERIALS
September 26-28, 2024, Prague, Czech Republic

Friday 27.9.2024
9:30 Invited Dr. Cervenka, Institute of Physics CAS:
6WUDLQWURQLFV ZLWK ' &HOOXODU *UDS!
950 Invited Prof. Nagashio, The University 6 Tokyo:

2D layeral semiconductos: Challenge & Perspective

Prof. Yamada-Takamura, Jgpan Advanced Institetof Science
10:10 Invited and Technology
Epitaxially-Stabilized NovePD Materials on Substrates

Dr. Cigler, IOCB CAS:

10:30 Invited Designing Nanopatrticles for BiologicaEnvironments
Dr. Zakutna, Departmentf InorganicChemistry, Faculty of
) . Science, ChaglsUniversity:.
10:50 Invited Magnetization distributbnin core/shel magnetic
nanoparticles
11:10 Break

Prof. Takahashi, NagoyaUniversity.
11:20 Invited Real-spae electrochemichimaging d catalytically actve sites
of two-dimensional materials

Dr. Klime§, Charles University:

11:40 Invited Testing the precision of pseudopotentials arefatedmethods
] . Dr. Kocisek, HIPC CAS:
12:00 Invited lonizing Radiation and DNA-Based Dig#l Data Storage
) . Prof. Koshino, OsakaUniversity:.
12:20 Invited MoirZ Multilayers 2 Towards Topologicd Quasicrystals
Prof. Matsuda, Institue of Advan@dEnegy, Kyoto
] . University:.
12:40 Invited Opticd Physicsand Quantum Science using MoirZ Excitonic
Statesin van derWaals Heterobilayer
13:00 Closing Profs. Kalla¢ & Vejpravova
Saturday 28.9.2024

9:00 +12:00 Round Tabletfreediscussion

RN Co-funded by | F 5 ’
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2D Materials from Xenes to novel 2D magnetic and dielectric materials

Prof. Zdenek Sofer
University of Chemistry and Technology Prague
Prague, Czech Republic
Zdenek.Sofer@vscht.cz

The recent progress in methods of high quality and low defect 2D magnetic materials will be discussed.
Beside the group of transition metal halides and chalcogens also the rapidly growth family of mixed
halogenchalcogenides will be introduced. The dominantly explored material, chromiumbsaolitide

adopt FeOCI structure and possess A type antiferromagnetic ordering at low temperature. By various
methods of exfoliation or defect formation, this material can be converted to ferromagnetic state. The
chemistry of CrSBr including doping and possible covalent andcowalent functionalization and its
effect on magnetic and optical properties will be presented together with possible applications in
electronic devices. Beside the two dimensional magnets, the 2D dielectric exhibit important group of
materials with crucial rule in device fabrication. The broad spectra of novektghdielectric materials
growth and applications will be presented together with large scale crystal growth of hexagonal boron
nitride at atmospheric pressure using various metal flux.
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Heterostructure engineering and the study of 2D magnets are at the forefront of contemporary materials
science, offering unique opportunities to explore novel physical phenomena. In this study, we investigate
the intriguing properties of a heterostructure composed of a MoS>'monolayer exfoliated onto a few layers
of 2D Janus magnet CrSBr. Using cryogenic magnetic circularly polarized Raman "6)'
photoluminescence (PL) and time&esolved' (TR)' PL measurements, we explore the proximity8@nduced
spin&hono6'coupling and valley polarization.'

Our Raman measurements reveal that both the 41’ "6)' E'Raman modes of MoSz are influenced by the
magnetic ordering of CrSBr, showing a blue shift as the temperature decreases. This shift saturates around
the Néel temperature of approximately 140 K, indicating proximity induced strong spin&honon'coupling. '

Proximity effects are further evidenced by the dependence of the exciton&o8rion ratio in MoS: on the
magnetic ordering of CrSBr, with a notable transition observed near the Néel temperature. The degree of
circular polarization'(DCP), a crucial parameter for measuring proximity effects'(9".1(*' Nanotechnology,
QR2020, +:; ), shows that the exciton and trion DCP curves follow the magnetization curve' of, with a
saturation field around 1.8 T'at 10 K'(Nature Commn. QS 2022, 4745). Analyzing the valley Zeeman
effect, we find an exciton g&actor of approximately 4.4, slightly enhanced compared to .%*pristine
MoS,, while the trion g&actor is anomalously high at around 66.6. This significant enhancement can be
attributed to .%*'strong proximity effects. The local magnetic field from CrSBr interact with charged
trions' in MoS>, causing additional spin splitting in trions due to proximity effects. Magnetic exchange
interactions between CrSBr's magnetic moments and MoS'trions significantly modify the trion energy
levels. Additionally, the field&lependent PL peak of CrSBr around 1.73 eV can influence'trion emission
in MoS», highlighting the dynamic interaction and importance of magnetic fields in modulating the
heterostructure's electronic properties.'51(.%*(,'.%témperature and magnetic field dependence of exciton
life'is estimated using TRPL to distinguish proximity effect on MoS». '

Additionally, we observe that the'PL"* nhancement of MoS>'can be modulated by the thickness of CrSBr.
This modulation is attributed to the n8to p&ype doping transition of 1L8MoS,'upon contact with CrSBr,
resulting from the type8I band alignment, which fundamentally alters the electronic properties of the
heterostructure.'

Our findings demonstrate strong proximity effects in MoS2/CrSBr heterostructures, offering new avenues
for exploring novel physics as well as paving the way for innovative technologies in the realm of photo8
spintronics' and logic' device functionalities." The integration of excitonic and magnetic material
heterostructures into devices could lead to advancements in tunable photonic elements, development of
magneto®ptical devices, and novelties'in spin®ased quantum information processing, highlighting their
potential in next&eneration technological applications.’
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In this talk, I will discuss the unique properties and applications of van der Waals materials, focusing on
CrSBr and its interactions with monolayer (1L) transition metal dichalcogenides. CrSBr, an airG$#.52!
magnetic semiconductor, exhibits intriguing fe#$(027! 5-62! :0%7$#55-82! #8-79$09A% 2312 HEPBRD
antiferromagnetism. We investigate its Raman properties, particularly in the antiGtokes regime, revealing

a high antiGtokes to Stokes ratio at room temperature. Additionally, we examine the photolumi827:28:2!
(PL) of 1L@V0S2 when integrated with CrSBr in van der Waals heterostructures. Unlike typical quenching
in PL due to nonradiative recombination, CrSBr layers up to 18 nm enhance the PL of 1LMMoS:, while
thicker layers cause quenching. This enhancem28$!-7!1(2! $IT89! Bdoping transition in 1LMMoS: upon
contact with CrSBr, confirmed by Kelvin probe force microscopy and transport measurements. These
findings highlight new strategies for optimizing PL in TMDCs and advancing next(generation
9A$9252:$0@devices.!
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Many efforts have been made to investigate nanoscale magnetism showcased by magnetic nanoparticles
(MNPs). The reasoning for such intensive research must be sought in the proposed applications of MNPs.
Within biomedicine, one can point out a possibility of utilizing the MNPs as a contrast agent in
diagnostical imaging or as a novel antilcancer agent, where heat release via hyperthermia is suggested [1].
A typical example of nanomaterial with such applicability is iron oxide MNPs. However, in this work, we
are proposing an alternative, the e14#,N. In its bulk form, it outperforms the iron oxides. Thus, we present
you with a thorough investigation of a passivated £¢J4#N MNPs, aiming to disentangle its magnetic
properties. The mean particle diameter was 17.2(2) nm, and the core@shell morphology was observed.
Nevertheless, while comparing the bulk saturation magnetization with the magnetization measurement,
we uncovered low saturation magnetization (Qs'~'35emu/mg)’[2]. Thus, the volumelweighted,
macroscopic measurements turned out to provide an incomplete picture of the passivated e14#N MNPs’
magnetic nature. Instead, we needed to examine the MNPs at the microscopic scale. To achieve this,
smalllangle neutron scattering experiments with incident beam polarization and the applied magnetic
field were performed on the D33 instrument at ILL'[3]. As a conclusion of our research, we unveiled the
magnetic nature of eJ4# N MNPs with a detailed description of MNP’s core and shell magnetizations.'

1] M. L. Bauer, et al., Nanoscale, 24, 12162 6'12169 (2016).
2] *'Dirba'#*%8F. Phys. D: Appl. Phys/'56/'50755.'80502).
]
S

[
[
[2] Hricov S., #*%BBPnmasking the Complex CoreIMultishell Morphology of Magnetic Nanoparticles.
Institut LauelLangevin, proposal No. 9%) 1297'(2023).
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Graphene, a twdimensional (2D) carbon variant, has emerged as btieeanost researched materials

due to its remarkable electronic, thermal, mechanical, and chemical properties. These intriguing
properties give it significant potential as a novel molecular building block for creatingseatge three
dimensional monoliths. In this work, it is shown that fstending 3D graphene aerogels made of
covalently crosdinked graphene sheets can demonstrate very different properties compared to 2D
graphene. Graphene aerogels have ditnadensity, large specific surface area, and adjustable pore size.
While 2D graphene is the best thermal conductor, 3D graphene aerogel exhibits the lowest thermal
conductivity but very high electrical conductivity [1]. Moreover, 3D graphene exhibits exceptional
elasticity, fireretardant, and selxtinguishing properties [2,3]. Fretanding graphene layers assembled

into a 3D cellular structure have 1000 jC higher flame resistance than 2D graphene on a substrate [2]. The
cellular graphene aerogels resist flames at a temperature of 1500 jC for a minute without degrading their
structure or properties. 3D graphene aerogels also feature innovative functions in energy storage, tactile
sensors [4], and terahertz (THz) applications [5]. 3D graphene aerogels, unlike 2D graphene, exhibit high
absorption over a broad range of THz frequencies, which can be modulated by strain, enabling dynamic
THz modulation [5]. The graphene aerogel modulator can be tuned to exhibit either shielding capability
or stealth characteristics. These findings open new avenuleséoaging 2D materials in their 3D porous

form, where straiinduced changes in interlayer interactions enable unique control over the properties of
these materials.
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Computer simulations at the level of quantum mechanics are nowadays widely used to understand a range
of properties of materials or molecules and their clusters. When developing theoretical methods for
simulations of materials we often focus on their accuracy. For example, more accurate density functional
theory exchange'correlation functionals are being developed. However, errors due to the quality of and
approximations employed in numerical set"up can be equally important. One such approximation is the
use of pseudopotentials (PPs) or related methods, such as the projector"augmented"wave (PAW) scheme.
Within these approaches core electrons are treated approximately which can substantially increase the
speed of the calculations. For a wide range of properties this beneficial speed"up outweighs the loss of
precision due to the approximate treatment of core electrons. Nevertheless, it is important to understand
and quantify the loss of precision for different properties. Moreover, testing of PPs and PAWs allows one
to compare different approaches that have been developed. So far, testing of PPs and PAWs focused on
properties of atomic solids, such as equilibrium volumes or binding curves. However, it is difficult to
extract understanding from these tests, e.g., as the number of data per element is small. Here we will show
that intermolecular binding energies are very sensitive to the choice of PP or PAW dataset. This can cause
substantial errors, on the order of several percent, but it can also be used to understand the errors in detail.
We found that the root of the errors of binding energies due to the use of PPs or PAWs are mainly errors
in the electron density. An example density error for uracil is shown in Fig. 1. We were able to devise a
correction for the leading term of the error of the binding energy [1]. This correction could be used to
correct calculations done with computationally cheap "soft" PPs or PAWs which would allow to reduce
the computational demands or increase the system size. Moreover, we will discuss our work on extending
the scheme to more elements, such as halides, and on using it for adsorption energies.!

[1]S. Yourdkhani, J. Klimes, IF!,-#(F1J-#*&2!,*($8'F 10OP8871 (2023)
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-/ (based(digital data storage represents(an ideal solution to(data storage problems. DNA
enables high data writing densities and it(is stable(for hundreds of years.(1*4However, DNA is quite
sensitive to ionizing radiation, which is known to induce DNA mutations or breaks that could be
irreparable. Natural(radiation sources such as radon or cosmic rays can therefore(represent a significant
complication in DNAGased memory development. At high data writing(densities, the single ionizing
radiation particle can cause damage to thousands of neighboring bits making the data unreadable by
existing data reading algorithms. It is therefore important to test the radiation hardness of the structures
that will be used for the digital data storage and develop protocols for safe longQerm data preservation.(

In our group, we are exploring details of DNA damage by ionizing radiation from very
fundamental gas phase experiments( 1,2(up to experiments with DNA sequences on DNA origami
templates.132f a present contribution, we will report on experiments with DNA origami nanostructures
that are novel candidates for the practical realization of -./  (based(memory.(We test their stability upon
irradiation with common natural ionizing particles such as electrons, carbon+@nd(iron ions at MeV
energies. The selected DNA nanostructures show high radiation resistance, confirming their suitability for
longQerm data preservation applications.(

Atomic force microscopy images of DNA origami nanostructures in the shape of single layer
DNA rectangles with dimensions of 90x70 nm that will be used as a template for the data
carrying nanostructures. Left image represents control sample of freshly synthetized DNA
origami, the right image represents the sample upon irradiation with high dose (8KGy) of
16MeV electrons, where the structural distortions could be observed.(

Acknowledgment: The contribution is based on the collaboration of the NEO consortium neodna.eu(
funded by the European Union project number(101115317.(We further acknowledge the assistance
provided by the Advanced Multiscale Materials for Key Enabling Technologies project, supported by the
Ministry of Education, Youth, and Sports of the Czech Republic. Project No.
CZ.02.01.01/00/22_008/0004558, CoQunded by the European Union.((

1*2/ .(Doricchi,(:8;,F6." (,4,,(*5+(*677, , DOI: 10.1021/acsnano.2c06748
[2] 7.(Kogisek,( " 349", 84$9", (2018 122, 5212+DOT: 10.1021/acs.jpcb.8503033
[3] L. Sala,(",34%),84%$9" J$//$&),4,,(*3+(38,, +DOI: 10.1021/acs.jpclett.2c00584
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