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Vítejte! - いらっしゃいませ！- 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 Čapek 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 Heyrovský, 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 

ϯ



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

PROGRAM 

Thursday 26.09.2024 

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

12:30 Welcome 

12:40 Plenary 

13:15 Invited 

13:35 Invited 

13:55 Invited 

14:15 Invited 

14:35 Break 

14:55 Invited 

15:15 Invited 

15:35 Invited 

15:55 Invited 

Profs. Vejpravova (MFF UK) & doc. Kalbac (HIPC CAS) 

Prof. Ago, Kyushu University:  
Large-Scale Growth and Integration of High-Quality 2D Materials 
for “Science of 2.5D Materials“ 

Prof. Miyata, Department of Physics, Tokyo Metropolitan University: 
Growth, structures, and properties of  transition metal chalcogenide 
nanostructures 

Dr. Maltnskê, ÚJF CAS:
Ion beam micro-structuring of graphene allotropes for sensors 

Prof. Sofer, UCHT Prague:  
2D Materials from Xenes to novel 2D magnetic and dielectric 
materials

Prof. Matsumoto, Tokyo Polytechnic University:  
Intercalations into graphite and multilayer and bilayer graphene 
using a vapor-phase method 

Dr. Frank, HIPC CAS:  
Impact of Defects on Mechanical and Electronic Properties of 2D 
Materials 

Dr. Pu, Tokyo Institute of Technology:  
Functional optoelectronic devices based on strained monolayers and 
heterostructures 

Dr. Varade, MFF UK:  
3ro[imit\ (ffects in Mo62 monola\er on -anXs 2D magnet &r6%r 

Prof. Machida, Institute of Industrial Science, University of Tokyo: 
Symmetry engineering and subband electronics using van der Waals 
assembly of transition metal dichalcogenides 

16:15 

16:35 

17:15 

19:30 

Break 

Junior session (5 talks): 5. &Rnan, S. Sahu, S. Nadupalli, +. L\shchuN, S. +ricRv 

End of Day 1, tour Heyrovsky institute 

Conference Dinner at Vila Lanna 
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11:10 Break 

11:20 

11:40 Invited 
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12:20 Invited 

12:40 Invited 

13:00 Closing 

Dr. ýervenka, Institute of Physics CAS:
6traintronics ZitK �D &ellXlar *raSKene $erogels

Prof. Nagashio, The University of Tokyo:  
2D layered semiconductors: Challenge & Perspective 

Prof. Yamada-Takamura, Japan Advanced Institute of Science 
and Technology:  
Epitaxially-Stabilized Novel 2D Materials on Substrates 

Dr. Ctgler, IOCB CAS:
Designing Nanoparticles for Biological Environments 

Dr. Zikutni, Department of Inorganic Chemistry, Faculty of 
Science, Charles University:  
Magnetization distribution in core/shell magnetic 
nanoparticles 

Prof. Takahashi, Nagoya University:  
Real-space electrochemical imaging of catalytically active sites 
of  two-dimensional materials 

Dr. Klimeã, Charles University:
Testing the precision of pseudopotentials and related methods 

Dr. Koþiãek, HIPC CAS:
Ionizing Radiation and DNA-Based Digital Data Storage 

Prof. Koshino, Osaka University:  
Moiré Multilayers — Towards Topological Quasicrystals 

Prof. Matsuda, Institute of Advanced Energy, Kyoto 
University:  
Optical Physics and Quantum Science using Moiré Excitonic 
States in van der Waals Heterobilayer 

Profs. Kalbič & Vejpravovi

Saturday 28.9.2024 

9:00 – 12:00 Round Table – free discussion 
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Large-Scale Growth and Integration of High-Quality 2D Materials for 
“Science of 2.5D Materials“ 

Hiroki Ago 
Faculty of Engineering Science, Kyushu University 

Kasuga, Fukuoka 816-8580, Japan 
ago.hiroki.974@m.kyushu-u.ac.jp 

Two-dimensional (2D) materials have attracted great interest because of their unique physical 
properties and various applications. The control of van der Waals (vdW) interaction and utilization of 
vdW nanospace are expected to extend the field of materials science, and such research direction can be 
expressed with a new concept of “Science of 2.5D materials”, as illustrated in Figure 1 [1,2]. 

In this presentation, our recent research is introduced based on this 2.5D concept. I will show our 
recent development of CVD growth of high-quality and large-area multilayer hBN, which can be used as 
a building block of various 2.5D materials, such as graphene field-effect transistors (FETs) [3]. The 
CVD-grown multilayer hBN improved the carrier mobility of monolayer graphene, especially when it is 
sandwiched with the hBN. In addition, few-layer hBN layers has been synthesized and applied to 
magnetic tunneling junction devices (MTJs), obtaining a high magnetoresistance (MR) ratio of ~10% [4]. 

I will also introduce our new result of the tape transfer of 2D materials, which is expected to accelerate 
the 2D/2.5D materials research and applications (Figure 2) [5]. We achieved clean and user-friendly 
transfer of graphene, MoS2, WS2, and hBN using the UV tapes whose adhesive force can be decreased 
about 1/10 by UV light illumination. We do not need to use organic solvent so that we can transfer them 
onto plastics, and the robust tape allows “cut-and-transfer” for site-selective transfer, which saves 2D 
materials and production cost. 

Our recent result of the synthesis and applications of MoS2 nanoribbons will be also introduced [6]. 
Dense and self-aligned MoS2 nanoribbons grown by CVD showed high catalytic activity towards 
hydrogen evolution reaction (HER). 

Finally, I will introduce our group research project named, “Science of 2.5 Dimensional Materials: 
Paradigm Shift of Materials Science Toward Future Social Innovation (Sept., 2021 to March, 2026)” 
which is supported by MEXT, Japan [7]. 

References 
[1] H. Ago et al., Sci. Tech. Adv. Mater. (STAM), 23, 275 (2022).
[2] H. Ago et al., NPG Asia Mater., 16, 31, (2024).
[3] S. Fukamachi et al., Nat. Electron., 6, 126 (2023).
[4] S. Emoto et al., ACS Appl. Mater. Interfaces, 16, 31457 (2024).
[5] M. Nakatani et al., Nat. Electron., 7, 119 (2024).
[6] Z. Ma et al., submitted.
[7] https://25d-materials.jp/en/

Figure 2: Tape transfer of 2D materials 
[5]. This photograph shows transfer of 4-
inch monolayer graphene on a SiO2 
substrate [6]. 

Figure 1: Concept of 2.5D materials [1,2]. 
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Growth, structures, and properties of  
transition metal chalcogenide nanostructures 

Yasumitsu Miyata 
Affiliation 
Address 

e-mail address

Transition metal chalcogenides (TMCs) are attractive materials with a wide variety of nanostructures 
and physical properties. Recent advances in growth techniques have enabled the preparation of various 
low-dimensional configurations of transition metal monochalcogenides (TMMs) and dichalcogenides 
(TMDs). In this talk, I will review on our recent progress in the fabrication and characterization of such 
nanostructures, including nanowires, nanotubes, nanoscrolls, nanoribbons, and in-plane/vertical 
heterostructures. For example, we have developed the controlled growth of TMD in-plane 
heterostructures with 1D interfaces [1-6]. These heterostructures have demonstrated functions such as the 
circularly-polarized and wavelength-tunable light-emitting diodes [2,3], directional exciton-energy 
transport [4], and tunneling field-effect transistors (TFETs) [5,6]. We have also used Janus TMDs to 
fabricate nanoscrolls and moiré superlattices. Built-in strain in Janus TMD monolayers allows the 
formation of nanoscrolls with small diameters [7]. The chalcogen substitution process can convert bilayer 
MoSe2 into Janus MoSSe/MoSe2 moiré superlattices 
by controlling the lattice constant [8]. Isolated boron 
nitride (BN) nanotubes have enabled the templated 
synthesis of single-wall TMD nanotubes [9,10]. In 
addition to TMDs, we have recently achieved the 
wafer-scale growth of atomically-thin TMM wires 
[11]. The bundles of TMM wires can be tailored into 
a thin, nanoribbon-like structure, where a 2D carrier 
gas is formed [12]. Such ribbon-shaped bundles have 
been further used for a conversion to layered TMD 
nanoribbons [13] and for synthesis of metal-
intercalated ternary TMMs [14]. These developments 
pave the way for exploring the low-dimensional 
physics and potential applications of TMC 
nanostructures. 

References 
[1] Y. Kobayashi, et al., ACS Nano, 13 (2019) 7527.
[2] N. Wada, et al., Adv. Func. Mater., 32 (2022) 2203602.
[3] J. Pu, et al., Adv. Mater. 34 (2022) 2203250.
[4] M. Shimasaki, et al., ACS Nano, 16 (2022) 8205.
[5] H. Ogura, et al., ACS Nano 17 (2023) 6545.
[6] S. Toida et al., Appl. Phys. Lett. 124 (2024) 263101.
[7] M. Kaneda et al., ACS Nano 18 (2024) 2772.
[8] W. Zhang et al., Small Structures 5 (2024) 2300514.
[9] S. Furusawa, et al., ACS Nano, 16 (2022) 16636.
[10] Y. Nakanishi et al., Adv. Mater. 35 (2023) 2306631.
[11] H.E. Lim, et al., Nano Lett., 21 (2021) 243.
[12] H. Shimizu, et al., ACS Appl. Nano Mater. 5 (2022) 6277.
[13] H.E. Lim, et al., ACS Appl. Nano Mater., 5 (2022) 1775.
[14] R. Natsui et al., ACS Nano 17 (2023) 5561.

Figure 1.  Examples of TMC-based 
nanostructures. (a) monolayer TMD, (b) TMM 
nanowires, (c) in-plane TMD heterostructures, 
and (d) Janus TMD nanoscroll. 
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Ion beam micro-structuring of graphene allotropes for sensors 

P. Malinský1,2, A. Romanenko1, V. Havránek1, M. Cutroneo1, J. Novák1,2, J. Luxa4, V. Mazánek4, Z.
Sofer4, A. Macková1,2 

1) Nuclear Physics Institute of the Czech Academy of Sciences, v. v. i., 250 68 Rez, CZ
2) Department of Physics, Faculty of Science, J.E. Purkinje University, 400 96 Usti nad Labem, CZ

3) Department of Solid State Engineering, University of Chemistry and Technology, 166 28 Prague, CZ
4) Department of Inorganic Chemistry, University of Chemistry and Technology, 166 28 Prague, CZ

Malinsky@ujf.cas.cz 

The boom of miniaturized electronics has popularized research on microscale devices, such as microsensors 
for health monitoring. Organic solids based on graphene derivatives, especially graphene oxide (GO), are 
excellent candidates for the fabrication of chemo-resistive sensors due to their ability to detect at room 
temperature, excellent sensitivity, mechanical stability, short reaction time, low cost, commercial 
availability, easy processing, and flexibility. Furthermore, doping the GO with metals or metal oxides leads 
to a further improvement of its sensory properties. Ion-beam lithography is a highly localized and precise 
technique for modifying chemical and functional properties (patterning), which, in the case of organic 
compounds, allows for tailoring the desired properties (degree of reduction, modification of sp2/sp3 ratio of 
carbon hybridization, sensory/catalytic properties, and dielectric properties). Additionally, ion irradiation 
has several advantages, such as the absence of chemical agents, the absence of unwanted oxide formation, 
less formation of residual impurities, and potentially scalable and cost-competitive production. 
Unfortunately, direct ion-beam lithography (without a mask) with heavy metal ions remains a challenge 
due to the difficulty of focusing a MeV heavy ion beam into a micrometer-size spot. This promotes the 
dominance of mask-based ion beam lithography to micropattern the material with heavy ions.   

    For this reason, we attempted to prepare micro-scale capacitor-like structures (900x900 µm) in graphene 
oxide (GO) using energetic carbon and copper ion beams in two ways. One approach involved ion beam 
writing, while the second utilized ion beam implantation through a polymeric mask. The polymeric mask 
was prepared directly on the surface of the substrates by spin coating of PMMA, followed by proton beam 
writing and development in isopropyl alcohol. After the ion beam implantation, the mask was removed 
using acetone. The GO foils were irradiated by 2.5-5 MeV ion beams with an ion fluence of 1800 and 3600 
nC.mm-2. Subsequently, the shape of the created micro-structures and compositional changes of the 
irradiated materials were studied using Scanning Electron Microscopy (SEM)/Energy-Dispersive X-ray 
spectroscopy (EDS) methods, respectively. Complementary structure and compositional changes in the 
irradiated area were characterized by micro-Raman spectroscopy, X-ray Photoelectron Spectroscopy 
(XPS), Rutherford Back-scattering Spectroscopy (RBS), and Elastic Recoil Detection Analysis (ERDA) 
spectroscopy. The irradiation of non-conductive materials leads to deoxygenation, carbonization, and 
creation of new carbon bonds, resulting in increased electrical conductivity. The electrical and humidity 
sensing properties of the prepared microstructures were also tested and compared to the commercial sensor 
Bosch BME2820 and to each other. We can conclude that the structures prepared by carbon implantation 
through the PMMA mask show very similar properties to those prepared by carbon microbeam writing.    
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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 
halogen-chalcogenides will be introduced. The dominantly explored material, chromium sulfo-bromide 
adopt FeOCl 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 and non-covalent 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 novel high-k 2D dielectric 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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Intercalations into Graphite and Multilayer and Bilayer Graphene 
using a Vapor-phase method 

Rika Matsumoto 
Tokyo Polytechnic University 

5-45-1 Iiyamaminami, Atsugi, Kanagawa, 243-0297, Japan
mrika@eng.t-kougei.ac.jp 

Graphite can intercalate various chemical species, leading to the formation of graphite intercalation 
compounds (GICs). GICs have been studied extensively for almost a century. In addition to graphite, 
bilayer and multilayer graphene are widely used to produce intercalated graphene compounds. Numerous 
studies have focused on investigating the intercalated forms of graphene. Intercalation plays an important 
role in controlling specific properties of graphite, particularly its electrical properties. This indicates that 
the intercalation technique can potentially be used in various graphene applications. We are currently 
investigating intercalation of graphene and similar materials using a vapor-phase method that produces 
isolated, pure intercalation compounds. In this study, we found that most of the intercalated species for 
graphite are also capable of intercalating into graphene; however, the reverse is not true. Thus, graphene 
appears to be more suitable than bulk graphite as an intercalation host material. I am currently exploring 
intercalations of graphene and similar materials.  

One of the two-dimensional materials we have studied is graphene-like graphite (GLG). GLG is a 
material very similar to graphite, but contains oxygen and many defects, with interlayer distances greater 
than those of graphite. We found that GLG is easier to intercalate than graphite. Figure 1 shows the XRD 
patterns and Raman spectra for the intercalated products of GLG. Although Na is difficult to intercalate in 
graphite, stage 1 compounds were formed with GLG. Similarly, while Mg doesn't intercalate into 
graphite, the stage 1 peak appeared in the XRD pattern when GLG was used. 

In this presentation, we introduce various intercalated compounds whose hosts include graphite, 
multilayer and bilayer graphene, and other similar two-dimensional materials. 

Acknowledge 
This work was supported by JSPS KAKENHI Grant Number JP21H05234. 

References 
1) J. Inamoto, S. Komiyama, Y. Matsuo, Carbon Reports, 1, 142–146 (2022).
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Impact of Defects on Mechanical and Electronic Properties of 2D 
Materials 

Otakar Frank 
J. Heyrovský Institute of Physical Chemistry, Czech Academy of Sciences

Dolejškova 2155/3, 182 23 Prague 8, Czech Republic 
otakar.frank@jh-inst.cas.cz 

Defects are ubiquitous in any crystalline material, the 2D materials being no exception. There are many 
different kinds of structural defects and their presence can be both advantageous and adverse, depending 
on the particular application. In 2D materials, all defects will impact the properties at scales ranging from 
nano- to macro-, as they are both in the material's “interior” and at the surface at the same time. 
Therefore, it is essential to control their formation and spatial distribution, and to study the influence each 
type of defect has on the local and global behavior of the material. 

The role of defects induced by oxygen plasma and ion irradiation will be discussed in relation to, e.g., 
contact resistance of 2D materials, charge-transfer processes at the interface between the 2D material and 
an electrolyte [1], and mechanical properties [2]. Special emphasis will be given to highlighting the 
advantages of using in-situ Raman spectroscopy in both mentioned cases. In [1], the utilization of 
localized in-situ Raman spectroscopy within a microdroplet electrochemical cell enables to address only 
the basal-plane defects and not the edge-defects, which commonly obscure the effects of the basal-plane 
ones. In [2], in-situ Raman spectroscopy is essential for providing an independent method able to quantify 
the real strain attained in graphene during force-distance measurements.   

[1] -indra, 0.� VelicNê, 0.� BRuãa, 0.� $bbas, G.� .albič, 0.� )ranN, 2. LRcalized
Spectroelectrochemical Identification of Basal Plane and Defect-Related Charge-Transfer Processes in
Graphene. J. Phys. Chem. Lett. 2022, 13, 642-648.

[2] Varillas, -.� LuNeã, -.� 0aniNas, $.� 0aĖiN, -.� 'luhRã, -.� 0elntNRvi, =.� .albič, 0.� GaliRtis, &.�
Frank, O. Mechanical Response of Monolayer Graphene Via a Multi-Probe Approach. Int. J. Mech. Sci.
2024, 273, 109208.
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Functional optoelectronic devices based on strained monolayers and 
heterostructures 

Jiang Pu 
Tokyo Institute of Technology 

Department of Physics, South Bldg. 5 Room 104A, Ookayama 2-12-1, Meguro, Tokyo 152-8551, JAPAN 
pu@phys.titech.ac.jp 

Atomically thin transition metal dichalcogenides (TMDCs) and their heterostructures are attractive for 
functional optoelectronic applications because of their diverse bandgaps and band offsets, robust exitonic 
emission and absorption, and unique quantum (spin-valley) properties [1]. In particular, recent 
demonstrations of symmetry control/engineering in TMDCs provide an interesting approach to invoke 
new optoelectronic functionalities such as bulk photovoltaic effects [2]. Here, to directly control the 
crystal structure/symmetry of TMDCs, we focus on the strain effects because of excellent mechanical 
flexibility of monolayers. We can directly modulate band structures and band alignments in TMDCs and 
their heterostructures by the strain-induced lattice structure/symmetry modulation, which yields 
distinctive device functionalities, including in anomalous photovoltaic effects, robust chiral light 
emission, and wide-range optical modulation [3-6].  

In this talk, we mainly focus on three functional devices which 
utilize the strain effects. First one is the room-temperature electrical 
tunable chiral light-emitting devices using strained monolayer TMDCs 
(Fig. 1, top) [3]. We can effectively control circularly polarized light 
emission by strain-induced band structure evolution. Second is the in-
plane heterostructure devices, which also create room-temperature 
chiral light emission via strain effects at junction interfaces (Fig. 1, 
middle) [4]. Third is the alloy devices with composition gradient 
(Fig.1, bottom). We can realize continuous color-tunable light 
emission and anomalous photovoltaic effects accordingly to the spatial 
composition distribution [5,6]. Moreover, we also introduce recent 
advances of direct control of Moiré pattern in TMDC heterostructures 
by strain effects. Unusual Moiré pattern such as rectangle- and 1D-like 
pattern can be accordingly modulated by continuous strain tuning. 

[1] J. Pu and T. Takenobu Adv. Mater. 30, 1707627 (2018).
[2] A. Akamatsu et al., Science 372, 68 (2021)
[3] J. Pu, et al., Adv. Mater. 33, 2100601 (2021).
[4] N. Wada, J. Pu et al., Adv. Funct. Mater., 32, 2203602 (2022
[5] J. Pu, et al. Adv. Mater. 34, 2203250 (2022).
[6] H. Ou, J. Pu et al. ACS Nano 15, 12911 (2021)
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Proximity Effects in MoS2 monolayer on Janus 2D magnet CrSBr 

Vaibhav Varade1, Satyam Sahu2, Otakar Frank2, 0atČM VelicNê2, 0artin .albac3, -ana VeMpravRva1 

1Department of Condensed Matter Physics, Faculty of Mathematics and Physics, Charles University, Ke 
Karlovu 5, 121 16Prague 2, Czech Republic 

2Department of Electrochemical Materials, J. Heyrovsky Institute of Physical Chemistry, Dolejškova 
2155/3, 182 23 Prague 8, Czech Republic 

3Department of Low-Dimensional Systems, J. Heyrovsky Institute of Physical Chemistry, Dolejškova 
2155/3, 182 23 Prague 8, Czech Republic 

vaibhav.varade@matfyz.cuni.cz, jana.vejpravova@matfyz.cuni.cz 

+eterRstructure enJineerinJ and the stud\ RI 2' PaJnets are at the IRreIrRnt RI cRntePpRrar\ Paterials 
science, RIIerinJ uniTue RppRrtunities tR e[plRre nRvel ph\sical phenRPena. ,n this stud\, we investiJate 
the intriJuinJ prRperties RI a heterRstructure cRPpRsed RI a 0RS2 PRnRla\er e[IRliated RntR a Iew la\ers 
RI 2' -anus PaJnet &rSBr. 8sinJ cr\RJenic PaJnetic circularl\ pRlarized 5aPan and 
phRtRluPinescence �PL� and tiPe-resRlved �75� PL PeasurePents, we e[plRre the prR[iPit\-induced 
spin-phRnRn cRuplinJ and valle\ pRlarizatiRn. 

2ur 5aPan PeasurePents reveal that bRth the  and 5aPan PRdes RI 0RS2 are inIluenced b\ the 
PaJnetic RrderinJ RI &rSBr, shRwinJ a blue shiIt as the tePperature decreases. 7his shiIt saturates arRund 
the Npel tePperature RI apprR[iPatel\ 140 ., indicatinJ prR[iPit\ induced strRnJ spin-phRnRn cRuplinJ.  

PrR[iPit\ eIIects are Iurther evidenced b\ the dependence RI the e[citRn-tR-triRn ratiR in 0RSၷ Rn the 
PaJnetic RrderinJ RI &rSBr, with a nRtable transitiRn Rbserved near the Npel tePperature. 7he deJree RI 
circular pRlarizatiRn �'&P�, a crucial paraPeter IRr PeasurinJ prR[iPit\ eIIects �Nature NanRtechnRlRJ\, 
15, 2020, 187�, shRws that the e[citRn and triRn '&P curves IRllRw the PaJnetizatiRn curve RI, with a 
saturatiRn Iield arRund 1.� 7 at 10 . �Nature &RPPn. 13, 2022, 4�45�. $nal\zinJ the valle\ =eePan 
eIIect, we Iind an e[citRn J-IactRr RI apprR[iPatel\ 4.4, sliJhtl\ enhanced cRPpared tR the pristine 
0RS2, while the triRn J-IactRr is anRPalRusl\ hiJh at arRund 66.6. 7his siJniIicant enhancePent can be 
attributed tR the strRnJ prR[iPit\ eIIects. 7he lRcal PaJnetic Iield IrRP &rSBr interact with charJed 
triRns in 0RS2, causinJ additiRnal spin splittinJ in triRns due tR prR[iPit\ eIIects. 0aJnetic e[chanJe 
interactiRns between &rSBr's PaJnetic PRPents and 0RS2 triRns siJniIicantl\ PRdiI\ the triRn enerJ\ 
levels. $dditiRnall\, the Iield-dependent PL peaN RI &rSBr arRund 1.�3 eV can inIluence triRn ePissiRn 
in 0RS2, hiJhliJhtinJ the d\naPic interactiRn and iPpRrtance RI PaJnetic Iields in PRdulatinJ the 
heterRstructure's electrRnic prRperties. Further, the tePperature and PaJnetic Iield dependence RI e[citRn 
liIe is estiPated usinJ 75PL tR distinJuish prR[iPit\ eIIect Rn 0RS2.  

$dditiRnall\, we Rbserve that the PL enhancePent RI 0RS2 can be PRdulated b\ the thicNness RI &rSBr. 
7his PRdulatiRn is attributed tR the n- tR p-t\pe dRpinJ transitiRn RI 1L-0RS2 upRn cRntact with &rSBr, 
resultinJ IrRP the t\pe-,, band aliJnPent, which IundaPentall\ alters the electrRnic prRperties RI the 
heterRstructure. 

2ur IindinJs dePRnstrate strRnJ prR[iPit\ eIIects in 0RS2/&rSBr heterRstructures, RIIerinJ new avenues 
IRr e[plRrinJ nRvel ph\sics as well as pavinJ the wa\ IRr innRvative technRlRJies in the realP RI phRtR-
spintrRnics and lRJic device IunctiRnalities. 7he inteJratiRn RI e[citRnic and PaJnetic Paterial 
heterRstructures intR devices cRuld lead tR advancePents in tunable phRtRnic elePents, develRpPent RI 
PaJnetR-Rptical devices, and nRvelties in spin-based TuantuP inIRrPatiRn prRcessinJ, hiJhliJhtinJ their 
pRtential in ne[t-JeneratiRn technRlRJical applicatiRns. 
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Symmetry engineering and subband electronics using van der Waals 
assembly of transition metal dichalcogenides 

Tomoki Machida 
Institute of Industrial Science, University of Tokyo 

4-6-1 Komaba, Tokyo 153-8505, Japan
tmachida@iis.u-tokyo.ac.jp 

The most distinct feature of van der Waals (vdW) junctions of 2D materials is controllability of twist 
angle between the crystals, which modulates the band structure and material properties. Here, we 
demonstrate that the spatial inversion symmetry and hence the spin splitting in band structure can be 
controlled by vdW assembly. Twisted bilayer WTe2 with twist angle ș twist = 0° and 180° are investigated. 
The intensity of second harmonic generation changes by two orders of magnitude depending on ș twist, 
indicating that 1L WTe2 +1L WTe2 (0°) possesses the spatial inversion symmetry, whereas 1L WTe2 
+1L WTe2 (180°) lacks the inversion symmetry. The electronic structure of the 1L WTe2 +1L WTe2 are
significantly modulated by ștwist. The spin splitting emerges when ș twist = 180° due to the broken
inversion symmetry.

Few-layer transition metal dichalcogenides (TMDs) exhibit subband quantization induced by the out-
of-plane quantum confinement of the wavefunctions, i.e., a few-layer TMDs is a naturally-formed 
quantum well (QW). Using momentum-conserved resonant tunneling, we investigate the QW states in 
4L-WSe2/h-BN/4L-WSe2 vdW tunnel junctions with tunnel twist angles ș tunnel. Current–voltage 
characteristics exhibit multiple resonant tunneling peaks whose positions shift as ș tunnel was varied over 
the 0–60° range, which indicated the presence of a spin-polarized subband crossing and a saddle point. 
Our twist-controlled resonant tunneling approach overcomes the difficulties associated with momentum-
resolved electronic structure measurements and reveals the unique vdW-QW states in the conduction 
band of multi-layer WSe2. 

Finally, we demonstrate 3D manipulation technique of 2D material flakes, such as sliding, rotating, 
and folding. A PVC/PDMS micro-dome structure functions as a point-of-contact manipulator for 2D 
material flakes. The adhesion between the PVC polymer and 2D material is tunable with temperature. Our 
method could facilitate the expansion of vdW heterostructure fabrication technology for constructing 
more complex vdW structures. 

[1] Y. Zhang, K. Kamiya, T. Yamamoto, M. Sakano, X. Yang, S. Masubuchi, S. Okazaki, K. Shinokita, T.
Chen, K. Aso, Y. Y.-Takamura, Y. Oshima, K. Watanabe, T. Taniguchi, K. Matsuda, T. Sasagawa, K.
Ishizaka, and T. Machida, Nano Lett. 23, 9280 (2023)

[2] K. Takeyama, R. Moriya, S. Okazaki, Y. Zhang, S. Masubuchi, K. Watanabe, T. Taniguchi, T.
Sasagawa, and T. Machida, Nano Lett. 21, 3929 (2021).

[3] K. Kinoshita, R. Moriya, S. Okazaki, Y. Zhang, S. Masubuchi, K. Watanabe, T. Taniguchi, T.
Sasagawa, and T. Machida, Nano Lett. 22, 4640 (2022).

[4] K. Kinoshita, R. Moriya, S. Okazaki, Y. Zhang, S. Masubuchi, K. Watanabe, T. Taniguchi, T.
Sasagawa, and T. Machida Phys. Rev. Research 5, 043292 (2023).

[5] S. Kawasaki, K. Kinoshita, R. Moriya, M. Onodera, Y. Zhang, K. Watanabe, T. Taniguchi, T.
Sasagawa, and T. Machida, Phys. Rev. Research 6, 033011 (2024).

[6] K. Kinoshita, Y.-C. Lin, R. Moriya, S. Okazaki, M. Onodera, Y. Zhang, R. Senga, K. Watanabe, T.
Taniguchi, T. Sasagawa, K. Suenaga, and T. Machida, Nanoscale (2024).

[7] Y. Wakafuji, R. Moriya, S. Masubuchi, K. Watanabe, T. Taniguchi, and T. Machida, Nano Lett. 20,
2486 (2020).
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Correlation of the Structural and Magnetic Morphology of 
Nanoparticles 

Romain Conan, Dominika Zákutná 
Department of Inorganic Chemistry, Faculty of Science, Charles University 

Hlavova 2030/8, 128 00 Prague 2, Czech Republic 
rconan@insa-toulouse.fr 

Magnetic nanoparticles (NPs) are of extraordinary interest due to their application in technology (data 
storage, spintronics) [1] and biomedicine (hyperthermia, drug delivery) [2], and that’s thanks to their 
peculiar properties, such as superparamagnetism. Understanding how the macroscopic characteristics of 
MNPs and their ensembles connect to their structural and magnetic properties is critical to achieve top 
performance in a specific application. Despite the widespread interest in MNPs, the magnetic morphology 
and spin structure present significant challenges due to the limitations of traditional macroscopic 
techniques. However, the magnetic small-angle neutron scattering technique with incident beam 
polarization (SANSPOL) is a powerful tool for examining magnetization distribution at the nanometer 
scale, unravelling the impact of the spin disorder [3, 4] or magnetization from the core and shell parts of 
core-shell nanoparticles [5]. 

In this study, we aim to demonstrate how the chemical composition influences the magnetic structure of 
manganese (Mn)-doped ferrite MNPs. Using the thermal decomposition method, we have achieved 
distinct doping concentrations by precisely controlling the varying Mn doping levels in cubically shaped 
CoFe2O4 NPs of uniform particle size with narrow size distribution �ı log < 10 %). Employing SANSPOL 
experiments, we have examined the chemical consistency and magnetic configuration of the resultant 
NPs, highlighting the correlation between surface spin disorder and the chemical composition of 
nanoparticles. 

[1] P. Bender et al., J. Phys. Chem. C 122 (2018)

[2] A. Lak, S. Disch, P. Bender, Adv. Science 8 (2021).

[3] D. Zákutná et al., Phys. Rev. X 10, 031019 (2020).

[4] M. Gerina, D. Zákutná et al., Nanoscale Adv. 5, 4563-4570 (2023).

[5] D. Zákutná et al., Chemistry of Materials 35, 2302-2311 (2023).
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Optical behavior of CrSBr and its heterostructures with TMDCs 

Satyam Sahu1,2, Vaibhav Varade3, Oleksandr Volochanskyi1, Luka Pirker1, =denČN SRIer4, Otakar Frank1, 
0artin .albič1,  Jana Vejpravová3, and 0atČM VelicNê1

1J. Heyrovský Institute of Physical Chemistry, Czech Academy of Sciences, Dolejškova 2155/3, 182 23 
Prague, Czech Republic 

2Department of Biophysics, Chemical and Macromolecular Physics, Faculty of Mathematics and Physics, 
Charles University, Ke Karlovu 3, 121 16 Prague, Czech Republic 

3Department of Condensed Matter Physics, Faculty of Mathematics and Physics, Charles University, Ke 
Karlovu 5, 121 16 Prague, Czech Republic

4Department of Inorganic Chemistry, University of Chemistry and Technology Prague, Technicka 5, 166 
28 Prague, Czech Republic 

satyam.sahu@jh-inst.cas.cz 

,n this talN, , will discuss the uniTue prRperties and applicatiRns RI van der :aals Paterials, IRcusinJ Rn 
&rSBr and its interactiRns with PRnRla\er �1L� transitiRn Petal dichalcRJenides. &rSBr, an air-stable 
PaJnetic sePicRnductRr, e[hibits intriJuinJ Ieatures like crystalline anisotropy and layer-dependent 
antiIerrRPaJnetisP. :e investiJate its 5aPan prRperties, particularl\ in the anti-StRNes reJiPe, revealinJ 
a hiJh anti-StRNes tR StRNes ratiR at rRRP tePperature. $dditiRnall\, we e[aPine the phRtRluPinescence 
�PL� RI 1L-0RSၷ when inteJrated with &rSBr in van der :aals heterRstructures. 8nliNe t\pical TuenchinJ 
in PL due tR nRnradiative recRPbinatiRn, &rSBr la\ers up tR 1� nP enhance the PL RI 1L-0RSၷ, while 
thicNer la\ers cause TuenchinJ. 7his enhancePent is due to n- to p- dRpinJ transitiRn in 1L-0RSၷ upRn 
cRntact with &rSBr, cRnIirPed b\ .elvin prRbe IRrce PicrRscRp\ and transpRrt PeasurePents. 7hese 
IindinJs hiJhliJht new strateJies IRr RptiPizinJ PL in 70'&s and advancinJ ne[t-JeneratiRn 
optoelectronic devices. 
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Topological ferromagnetism in low-dimensional BiFeO3 - 
Possible/impossible? 

Nadupalli Shankari, Emre Erdem†, Jana Vejpravova 
Department of Condensed Matter Physics, Faculty of Mathematics and Physics, Charles University 

 Ke Karlovu 5, 121 16 Prague 2, Czech Republic 
†Faculty of Engineering and Natural Sciences, Sabanci University, Tuzla 34956, 

Istanbul, Turkey 
shankari.nadupalli@matfyz.cuni.cz 

The coupling between the electric and magnetic ordering in BiFeO3 (BFO) (structure with displacements 
and tilts depicted in Figure a) is mediated by a spin orbit (see cartoon in Figure b) based on the 
Dzyaloshinskii-Moriya (DM) interaction (depicted in Figure c). DM phenomenon describes the interaction 
between neighboring ions in the crystal, that arise through partial electron transfer from the Fe3+ to 
neighboring O2- ions.1-3 

Recently, researchers discovered that the “skin” layer (top 5 nm) of BFO is under 0.7% strain, which results 
in an elongated out-of-plane lattice parameter and exhibits a unique electronic structure different from that 
of bulk rendering it ferro electrically/elastically dead. Additionally, theoretical investigations indicate the 
presence of microscopic elastic effects due to mono and di vacancies.4 

The reports on skin layers and their disorder suggest a possibility of detecting topological ferromagnetism 
when the thickness of BFO film is lower than its period of the spin cycloid. Furthermore, the topological 
spin distortion due to the skin layer might compete with the spin-exchange phenomenon in doped BFO. 
Such phenomena points towards a milestone, meaning, it could significantly reduce the voltage required to 
switch the spin in BFO, potentially achieving an attojoule switching device.5-6 This talk will present a brief 
overview of the above hypothesis along with a design of experiments.  

[1] Nadupalli, Shankari, et al., The Journal of Physical Chemistry C 125.44 (2021): 24596-24604.
[2] Dzyaloshinskii, I. E., Sov. Phys. JETP 19.4 (1964): 960-971
[3] Moriya, Tôru., Physical review 120.1 (1960): 91.
[4] Martí, Xavi, et al., Physical review letters 106.23 (2011): 236101 & Domingo, Neus, et al., Journal of
Applied Physics 113.18 (2013):187220 & Geneste, Grégory, et al., Physical Review B 99.2 (2019): 024104. 
[5] Tian, Guo, et al., National Science Review 6.4 (2019): 684-702.
[6] Seidel, Janet al., Advanced Electronic Materials 2.1 (2016): 1500292.

Figure 1: (a) Structure of BFO (b) Spin-orbit interaction and, (c) DM interaction 
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Electron-induced ligand release of the FEBID precursor 

Hlib Lyshchuk1, 2, A. V. Verkhovtsev3, -. .RčiãeN1, A. V. Solov’yov3 and J. Fedor1

1J. Heyrovský Institute of Physical Chemistry, The Czech Academy of Sciences, Dolejškova 3, 18223 
Prague, Czech Republic 

2Department of Physical Chemistry, University of Chemistry and Technology, Technická 5, 16628 
Prague, Czech Republic  

3MBN Research Center, Altenhöferallee 3, 60438 Frankfurt am Main, Germany 
hlib.lyshchuk@jh-inst.cas.cz 

This study aims to understand the chemical reactions fundamental to the dissociative ionization of 
trimethyl(methylcyclopentadienyl)platinum(IV) (MeCpPtMe3), a common precursor of platinum in 
nanofabrication using focused electron beam. Previous studies probing the electron-driven chemistry of 
this precursor with surface-science techniques [1, 2] revealed a surprising phenomenon: the primary 
product released upon electron irradiation is not the methyl radical but rather the methane molecule. The 
gas-phase study by Engman et al. [3] provided a wealth of interesting data but did not address this 
specific question. 
In the present work, gas-phase MeCpPtMe3 was irradiated with electrons of controlled energy, and the 
positive product ions were analyzed using a reflectron time-of-flight mass spectrometer (RTOF). By 
studying the electron-impact dissociative ionization of MeCpPtMe3 under single-collision conditions, we 
found that the removal of two methyl radicals is energetically more favorable than the removal of one 
radical and even energetically comparable to the non-dissociative ionization of MeCpPtMe3. Quantum 
chemical calculations suggest that this effect can be explained by the rearrangement of the MeCpPtMe3

+ 
ion prior to dissociation, resulting in the removal of ethane instead of two methyl groups. 
This fragmentation pathway is computationally confirmed by irradiation-driven molecular dynamics 
(IDMD) simulations using the advanced software package MBN Explorer [4]. The results of the 
simulations are in good agreement with experimental data and pave the way for the widespread 
application of this approach to the description of radiation-induced chemical transformations in various 
molecular systems. 

Figure 1: Trimethyl(methylcyclopentadienyl)platinum(IV) (MeCpPtMe3) 
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Magnetic mRUSKRORJ\�RI�D�İ-Fe3N multishell nanoparticles 

Štefan HRICOV1, 2ndĜeM .$0$N2, Nina--uliane S7E,N.E3, 'RPiniNa =È.87NÈ4 
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hricovs@natur.cuni.cz 
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4Department of Inorganic Chemistry, Faculty of Science, Charles University,  
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0an\ eIIRrts have been Pade tR investiJate nanRscale PaJnetisP shRwcased b\ PaJnetic nanRparticles 
�0NPs�. 7he reasRninJ IRr such intensive research Pust be sRuJht in the prRpRsed applicatiRns RI 0NPs. 
:ithin biRPedicine, Rne can pRint Rut a pRssibilit\ RI utilizinJ the 0NPs as a cRntrast aJent in 
diaJnRstical iPaJinJ Rr as a nRvel anti-cancer aJent, where heat release via h\pertherPia is suJJested >1@. 
$ t\pical e[aPple RI nanRPaterial with such applicabilit\ is irRn R[ide 0NPs. +Rwever, in this wRrN, we 
are prRpRsinJ an alternative, the İ-Fe3N. ,n its bulN IRrP, it RutperIRrPs the irRn R[ides. 7hus, we present 
\Ru with a thRrRuJh investiJatiRn RI a passivated İ-Fe3N 0NPs, aiPinJ tR disentanJle its PaJnetic 
prRperties. 7he Pean particle diaPeter was 1�.2�2� nP, and the cRre#shell PRrphRlRJ\ was Rbserved. 
Nevertheless, while cRPparinJ the bulN saturatiRn PaJnetizatiRn with the PaJnetizatiRn PeasurePent, 
we uncRvered lRw saturatiRn PaJnetizatiRn �MS § 40 ePu/PJ� >2@. 7hus, the vRluPe-weiJhted, 
PacrRscRpic PeasurePents turned Rut tR prRvide an incRPplete picture RI the passivated İ-Fe3N 0NPs¶ 
PaJnetic nature. ,nstead, we needed tR e[aPine the 0NPs at the PicrRscRpic scale. 7R achieve this, 
sPall-anJle neutrRn scatterinJ e[periPents with incident beaP pRlarizatiRn and the applied PaJnetic 
Iield were perIRrPed Rn the '33 instruPent at ,LL >3@. $s a cRnclusiRn RI Rur research, we unveiled the 
PaJnetic nature RI İ-Fe3N 0NPs with a detailed descriptiRn RI 0NP¶s cRre and shell PaJnetizatiRns. 

>1@ 0. L. Bauer, et al., NanRscale, 24, 12162 – 12169 �2016�.

>2@ I. 'irba et al., -. Ph\s. ': $ppl. Ph\s, 56, 025001 (2023�.

>3@ +ricRv S., et al., 8nPasNinJ the &RPple[ &Rre-0ultishell 0RrphRlRJ\ RI 0aJnetic NanRparticles.
,nstitut Laue-LanJevin, prRpRsal NR. DIR-29� �2023�.
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Straintronics with 3D Cellular Graphene Aerogels 
Jiří Červenka 

FZU – Institute of Physics of the Czech Academy of Sciences 
Cukrovarnická 10/112, 162 00 Prague 6, Czechia 

cervenka@fzu.cz 

Graphene, a two-dimensional (2D) carbon variant, has emerged as one of the most 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 creating large-scale three-
dimensional monoliths. In this work, it is shown that free-standing 3D graphene aerogels made of 
covalently cross-linked graphene sheets can demonstrate very different properties compared to 2D 
graphene. Graphene aerogels have ultra-low density, 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, fire-retardant, and self-extinguishing properties [2,3]. Free-standing graphene layers assembled 
into a 3D cellular structure have 1000 °C higher flame resistance than 2D graphene on a substrate [2]. The 
cellular graphene aerogels resist flames at a temperature of 1500 °C 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 avenues for leveraging 2D materials in their 3D porous 
form, where strain-induced changes in interlayer interactions enable unique control over the properties of 
these materials. 

References 

[1] M. Šilhavík, P. Kumar, P. Levinský, Z. A. Zafar, J. Hejtmánek, J. Červenka, Small Methods
2301536 (2024).
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Červenka, ACS Nano 16, 11 (2022) 19403-19411.
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Communications Physics 5 (2022) 27.

[4] P. Kumar, M. Šilhavík, Z. A. Zafar, J. Červenka, Nanoscale 14 (2022) 1440-1451.
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2D layered semiconductors: Challenge & Perspective 

Kosuke Nagashio 
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This talk will present the present status and future perspective of 2D layered semiconductors based 
on the advantage of 2D systems. The distinct advantages are their ultrathin nature and lack of dangling 
bonds. These properties are suitable for ultra-short channel FETs with ideal interface properties [1] 
because of the gate controllability. Moreover, tunneling FET with SS < 60 mV/dec is also demonstrated 
because superior interface properties prevent from generation current at the heterointerface [2], which is 
difficult to be achieved with the conventional semiconductors. As one of other electron devices, ultrafast 
Flash memory operation of 50 ns is successfully achieved because of extremely high dielectric 
breakdown field of h-BN under short voltage pulses [3]. I will also describe the current injection into h-
BN for power device applications [4]. If times allow, unique optical device using bulk photovoltaic effect 
will be introduced [5]. Through these studies, fundamental advantages and limits are discussed for future 
development. 

Refs 
[1] ACS appl. mater. interfaces, 2023, 15, 26977. Small, 2023, 19, 2207394. Nature electronics, 2019, 2,
563–571. Adv. func. mater. 2019, 29, 1904465.
[2] ACS ami, 2024, 16, 8993. ACS nano, 2023, 17, 7, 6545. ACS ami, 2020, 12, 51598.
[3] ACS ami, 2022, 14, 25659. ACS nano, 2021, 15, 6658. Small, 2020, 16, 2004907.
[4] Adv. electronic mater., 2023, 2300083. ACS ami, 2022, 14, 22, 25731.
[5] Adv. mater., 2023, 35, 2301172. Nature commun., 2020, 11, 2428.
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Epitaxially-Stabilized Novel 2D Materials on Substrates 

Yukiko Yamada-Takamura 
School of Materials Science, Japan Advanced Institute of Science and Technology 

1-1 Asahidai, Nomi, Ishikawa 923-1292 Japan
yukikoyt@jaist.ac.jp 

One way to realize novel two-dimensional (2D) materials which lack “layered host materials” is to 
grow them epitaxially on single-crystalline substrates. Such materials must be characterized by 
complementary methods, and first-principles calculation is necessary to understand their crystal and 
electronic structures. Our group has been working on a variety of such materials by collaborating with 
other groups in the world. 

“Silicene” is a Si-version graphene, having a buckled honeycomb structure. We have demonstrated, 
in 2012, by a combination of scanning tunnelling spectroscopy (STM), core-level and angle-resolved 
photoelectron spectroscopy (ARPES), and first-principles electronic structure calculations, that on 
epitaxial ZrB2(0001) films grown on Si(111) substrates, Si atoms segregate to the film surface and 
crystallize in a honeycomb structure having stripe domains [1,2]. Although this silicene sheet is reactive 
against oxygen in air, it can be protected by “white graphene”. Through nitridation of ZrB2(0001) film 
surface in ultrahigh vacuum, it is possible to form a hBN monolayer on film surface, and by exposing this 
surface to Si vapor, Si atoms intercalate in between hBN monolayer and ZrB2(0001) film surface forming 
silicene protected by an insulating atom-thick layer [3].  

When the substrate of ZrB2(0001) film growth is changed to Ge(111) wafer, we found that a 2D Ge 
lattice having a “bitriangular” structure form instead of germanene. We have grown epitaxial, single-
crystalline ZrB2(0001) thin films on Ge(111) substrates, and by combing STM, total reflection high 
energy positron diffraction, photoelectron spectroscopy, and first-principles calculations, we found that 
Ge atoms segregate and crystallize into a bitriangular structure on the ZrB2 film surface [4]. Our 
theoretical study on freestanding bitriangular lattice demonstrated that the flat band of a kagome lattice 
can be embedded in this very different structure [5]. The electronic structure measured by ARPES reveals 
“nearly” flat band at room temperature. 

We have also found a new polymorph of monolayer GaSe when GaSe thin film is grown on Ge(111) 
substrate. Bulk GaSe is a semiconducting monochalcogenide and is known to crystallize in four 
“polytypes” which differ in how layers are stacked via van der Waals interaction, but no “polymorph” has 
been reported based on experimental study, including other layered monochalcogenides with the same 
crystal structure, such as GaS and InSe. Through detailed cross-sectional scanning transmission electron 
microscopy of GaSe thin films grown on Ge(111) substrates, we found that monolayer GaSe with 
“trigonal anti-prismatic structure”, which is a new polymorph, exist near the film-substrate interface [6]. 
Our first-principles study implies that the new phase is a metastable phase and can be stabilized under 
tensile strain [7]. 

All these new 2D materials were stabilized on substrates, and were recognized for the first time 
through our careful investigations. 

References: 
[1] A. Fleurence, R. Friedlein, T. Ozaki, H. Kawai, Y. Wang, and Y. Yamada-Takamura, Phys. Rev. Lett.
108, 245501 (2012).
[2] Y. Yamada-Takamura and R. Friedlein, Sci. Technol. Adv. Mater. 15, 064404 (2014).
[3] F. B. Wiggers, et al., 2D Materials 6, 035001 (2019).
[4] A. Fleurence et al., Phys. Rev. B 95, 201102(R) (2020).
[5] C.-C. Lee, A. Fleurence, Y. Yamada-Takamura, and T. Ozaki, Phys. Rev. B 100, 045150 (2019).
[6] T. Yonezawa, T. Murakami, K. Higashimine, A. Fleurence, Y. Oshima, and Y. Yamada-Takamura,
Surf. Interface Anal. 51, 95-99 (2019).
[7] H. Nitta, T. Yonezawa, A. Fleurence, Y. Yamada-Takamura, and T. Ozaki, Phys. Rev. B 102, 235407
(2020).
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Designing Nanoparticles for Biological Environments 

Petr Cígler 
Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences 

Flemingovo nam. 2, 166 10 Prague, Czechia 
cigler@uochb.cas.cz 

The use of nanoparticles in diagnostics, therapeutics and imaging has revolutionized these fields with new 
properties not available with small molecules. Nanoparticle interface provide possibilities for polyvalent 
and independent attachment of different molecules serving as recognition/targeting structures, optical 
probes, spin probes or catalysts. However, nanoparticles operating in biological environments require 
precise control of multiple factors related to surface chemistry and their composition. To avoid for 
example aggregation, off-target interactions, and protein corona formation, appropriate interface design is 
essential. This talk will present general nanoparticle design strategies and specific examples including 
nanodiamonds and lipid nanoparticles. 
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Magnetization distribution in core/shell magnetic nanoparticles 

Dominika Zákutná 
Department of Inorganic Chemistry, Faculty of Science, Charles University 

Hlavova 2030/8, 128 00 Prague 2, Czech Republic 
zakutnad@natur.cuni.cz 

Tailoring magnetic nanoparticles (NPs) by choosing a suitable combination of size, shape, and material is 
the basis for realizing various technological (data storage, spintronics)[1], biomedical (magnetic 
hyperthermia, drug delivery)[2], or environmental applications. Success in designing systems to fulfill 
these applications requires a fine tune in the magnetic properties of the NPs, which is directly related to 
the control of the composition and morphology of the system[3,4]. In particular, the development of 
fabrication techniques of systems with complex architecture, such as core/shell or even onion-like 
multiphase NPs, gives new degrees of freedom to tune specific physical-chemical properties by 
combining materials with different compositions and magnetic characteristics and providing new 
perspectives for their potential applications. Despite the significant fundamental interest and 
technological importance of core/shell NPs, the magnetic morphology and spin structure are the key 
challenges to resolve, which are not accessible by conventional macroscopic techniques.  

However, the characterization with traditional and affordable techniques is challenging, and the spatial 
probe is necessary to unveil nuclear and magnetization fluctuation at the nm length scale. In this 
contribution, I will present the advantages of magnetic small-angle neutron scattering (SANS) for 
investigating the nanoscale distribution of spin disorder in the relevant mesoscopic size range from 1 to a 
few hundred nanometres and with nanometre resolution[5]. Combining the scattering technique with 
complementary methods allows us to obtain a comprehensive multiscale characterization of the chemical 
morphology and magnetization distribution of magnetic core/shell NPs[6,7]. Specifically, by analyzing 
the magnetic scattering contributions, we can obtain a highly detailed internal magnetization profile of the 
core/shell nanoparticles. Firstly, I will present the changes in magnetization within the 2 nm ferrimagnetic 
shell in the FeO/Fe3O4, CoO/CoFe2O4 core/shell NPs and explore the influence of the core's magnetic 
state below and above the Néel temperature on the shell's magnetization response. Ultimately, I will show 
that magnetic SANS can disentangle the magnetization contribution from the core and shell to the total 
magnetization of core/shell NPs and uncover the presence of the coupling between core and shell. 

[1] P. Bender et al. J. Phys. Chem. C 122 3068 (2018).
[2] A. Lak, S. Disch, P. Bender Adv. Science 8 2002682 (2021).
[3] D. Zákutná et al. Nanoscale 11 7149-7456 (2019).
[4] M. S. Angotzi et al. J. Phys. Chem. C 125 20626-20638 (2021).
[5] D. Zákutná et al., Phys. Rev. X 10, 031019 (2020).
[6] M. Gerina, D. Zákutná et al., Nanoscale Adv. 5, 4563-4570 (2023).
[7] D. Zákutná et al. Chem. Mater. 35, 2302í2311 (2023).
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Real-space electrochemical imaging of catalytically active sites of 
two-dimensional materials 

Yasufumi Takahashia,b 
a. Graduate School of Engineering, Nagoya University, Nagoya 464-8603, Japan

b. Nano Life Science Institute (WPI-NanoLSI), Kanazawa University, Kanazawa 920-1192, Japan
takahashi.yasufumi.v5@f.mail.nagoya-u.ac.jp 

Owing to a recent increase in interest of two-dimensional (2D) layered transition-metal 
dichalcogenides, molybdenum disulfide (MoS2) has received a great amount of research attention. MoS2 
is one of the most promising precious rare-metal-free catalysts for the hydrogen evolution reaction (HER). 
To improve the catalytic activity of MoS2, significant efforts have been made in terms of conductivity 
improvement, chemical doping, phase transition, strain, and defect engineering. However, most of the 
research characterizes the macroscopic catalytic activity of a large number of MoS2 nanosheets; 
quantitatively identifying and characterizing catalytically active sites in MoS2 are critically important for 
understanding the catalysis of MoS2. Scanning electrochemical cell microscopy (SECCM), which uses a 
nanopipette as a probe in a local and movable electrochemical cell, is an effective tool for characterizing 
surface structures electrochemically in a submicroscale spatial resolution. The advantages of SECCM are 
that it is a reproducible and reliable technique for fabricating nanoprobes together with fast 
electrochemical characterization owing to its small capacitive current and its ability to prevent sample 
contamination during scanning.  

We have visualized inhomogeneous HER activity on a triangular 1H-MoS2 monolayer 
nanosheet, heterostructures of MoS2 and WS2 nanosheet using SECCM(Figure 1).1 Our data provides 
information about the local catalytic properties as well as electrochemical images of the HER current, 
Tafel slope, and overpotential by measuring the cyclic voltammograms (CVs) at all measurement points 
during the imaging. These SECCM measurement unveiled heterogeneous reactivity, relationship of layer 
number and HER activity, and aging effect. Furthermore, we succeeded in visualizing HER catalytically 
active sites of the Janus scroll structure MoSSe nanoscroll2 and CO2 reduction reaction active sites of the 
SnS2 nanosheet3. SECCM is a powerful tool for evaluating the local catalytic activity for designing the 
suitable catalytic active structure and phase and can be widely applied for the characterization of 2D 
catalytic materials. 

a) Illustration of SECCM measurements of MoS2 nanosheets. Pd-H2 used as a quasi-reference electrode.
NanRpipette Iilled with 0.5ௗP +2SO4. b)–d) SECCM b) current, c) overpotential (30 P$ௗcPí2), and d)
Tafel slope images of 1H MoS2 nanosheets on HOPG substrate. Scan sizes were 15×15 ȝP2. Scan rate is
130 Vௗsí1. Sweep vRltaJe í1.3 V vs. RHE. e) MoS2 nanosheets edge(red), terrace(green), and HOPG
edge (gray) tricolor images. f),g) Graphs showing the f) overpotential and g) Tafel slope.

(1.) Takahashi, Y., et al., Angewandte Chemie International Edition 2020, 59 (9), 3601-3608. 
(2.) Kaneda, M., et al., Acs Nano 2024, 18 (4), 2772-2781. 
(3.) Kawabe, Y., et al., Acs Nano 2023, 17 (12), 11318-11326. 
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Testing the precision of pseudopotentials and related methods 

-iĜt .liPeã, SirRus <RurdNhani, .\r\lR PrRNRIiev 
Department of Chemical Physics and Optics, Faculty of Mathematics and Physics, Charles University 

Ke Karlovu 3, 121 16 Prague, Czech Republic  
jiri.klimes@matfyz.cuni.cz 

&RPputer siPulatiRns at the level RI TuantuP Pechanics are nRwada\s widel\ used tR understand a ranJe 
RI prRperties RI Paterials Rr PRlecules and their clusters. :hen develRpinJ theRretical PethRds IRr 
siPulatiRns RI Paterials we RIten IRcus Rn their accurac\. )Rr e[aPple, PRre accurate densit\ IunctiRnal 
theRr\ e[chanJe-cRrrelatiRn IunctiRnals are beinJ develRped. +Rwever, errRrs due tR the Tualit\ RI and 
apprR[iPatiRns ePplR\ed in nuPerical set-up can be eTuall\ iPpRrtant. 2ne such apprR[iPatiRn is the 
use RI pseudRpRtentials �PPs� Rr related PethRds, such as the prRMectRr-auJPented-wave �P$:� schePe. 
:ithin these apprRaches cRre electrRns are treated apprR[iPatel\ which can substantiall\ increase the 
speed RI the calculatiRns. )Rr a wide ranJe RI prRperties this beneIicial speed-up RutweiJhs the lRss RI 
precisiRn due tR the apprR[iPate treatPent RI cRre electrRns. Nevertheless, it is iPpRrtant tR understand 
and TuantiI\ the lRss RI precisiRn IRr diIIerent prRperties. 0RreRver, testinJ RI PPs and P$:s allRws Rne 
tR cRPpare diIIerent apprRaches that have been develRped. SR Iar, testinJ RI PPs and P$:s IRcused Rn 
prRperties RI atRPic sRlids, such as eTuilibriuP vRluPes Rr bindinJ curves. +Rwever, it is diIIicult tR 
e[tract understandinJ IrRP these tests, e.J., as the nuPber RI data per elePent is sPall. +ere we will shRw 
that interPRlecular bindinJ enerJies are ver\ sensitive tR the chRice RI PP Rr P$: dataset. 7his can cause 
substantial errRrs, Rn the Rrder RI several percent, but it can alsR be used tR understand the errRrs in detail. 
:e IRund that the rRRt RI the errRrs RI bindinJ enerJies due tR the use RI PPs Rr P$:s are Painl\ errRrs 
in the electrRn densit\. $n e[aPple densit\ errRr IRr uracil is shRwn in )iJ. 1. :e were able tR devise a 
cRrrectiRn IRr the leadinJ terP RI the errRr RI the bindinJ enerJ\ >1@. 7his cRrrectiRn cRuld be used tR 
cRrrect calculatiRns dRne with cRPputatiRnall\ cheap "sRIt" PPs Rr P$:s which wRuld allRw tR reduce 
the cRPputatiRnal dePands Rr increase the s\steP size. 0RreRver, we will discuss Rur wRrN Rn e[tendinJ 
the schePe tR PRre elePents, such as halides, and Rn usinJ it IRr adsRrptiRn enerJies. 

>1@ S. <RurdNhani, -. .liPes, J. Chem. Theory Comput. 19, ���1 �2023�

Figure 1. Electron density error for 
uracil molecule when so-called standard 
PAW datasets in VASP are used.  
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Ionizing Radiation and DNA-Based Digital Data Storage 

Jaroslav KočiãeN1, LeR Sala1, Viclav 2lãansNê1,2 
J. Heyrovský Institute of Physical Chemistry of the CAS, Dolejškova 3, 18223 Prague, Czechia

Nuclear Physics Institute of the CAS, ěeå 1�0, 2�0�� ěeå, Czechia 
kocisek@jh-inst.cas.cz 

DNA-based diJital data stRraJe represents an ideal sRlutiRn tR data stRraJe prRblePs. 'N$ 
enables hiJh data writinJ densities and it is stable IRr hundreds RI \ears. [1] +Rwever, 'N$ is Tuite 
sensitive tR iRnizinJ radiatiRn, which is NnRwn tR induce 'N$ PutatiRns Rr breaNs that cRuld be 
irreparable. Natural radiatiRn sRurces such as radRn Rr cRsPic ra\s can thereIRre represent a siJniIicant 
cRPplicatiRn in 'N$-based PePRr\ develRpPent. $t hiJh data writinJ densities, the sinJle iRnizinJ 
radiatiRn particle can cause daPaJe tR thRusands RI neiJhbRrinJ bits PaNinJ the data unreadable b\ 
e[istinJ data readinJ alJRrithPs. ,t is thereIRre iPpRrtant tR test the radiatiRn hardness RI the structures 
that will be used IRr the diJital data stRraJe and develRp prRtRcRls IRr saIe lRnJ-terP data preservatiRn. 

,n Rur JrRup, we are e[plRrinJ details RI 'N$ daPaJe b\ iRnizinJ radiatiRn IrRP ver\ 
IundaPental Jas phase e[periPents [2] up tR e[periPents with 'N$ seTuences Rn 'N$ RriJaPi 
tePplates.[3] ,n a present cRntributiRn, we will repRrt Rn e[periPents with 'N$ RriJaPi nanRstructures 
that are nRvel candidates IRr the practical realizatiRn RI DNA-based PePRr\. :e test their stabilit\ upRn 
irradiatiRn with cRPPRn natural iRnizinJ particles such as electrRns, carbRn, and irRn iRns at 0eV 
enerJies. 7he selected 'N$ nanRstructures shRw hiJh radiatiRn resistance, cRnIirPinJ their suitabilit\ IRr 
lRnJ-terP data preservatiRn applicatiRns. 

$cNnRwledJPent: 7he cRntributiRn is based Rn the cRllabRratiRn RI the NE2 cRnsRrtiuP neRdna.eu 
Iunded b\ the EurRpean 8niRn prRMect nuPber 10111531�. :e Iurther acNnRwledJe the assistance 
prRvided b\ the $dvanced 0ultiscale 0aterials IRr .e\ EnablinJ 7echnRlRJies prRMect, suppRrted b\ the 
0inistr\ RI EducatiRn, <Ruth, and SpRrts RI the &zech 5epublic. PrRMect NR. 
&=.02.01.01/00/22B00�/000455�, &R-Iunded b\ the EurRpean 8niRn.  

[1] A. 'Rricchi, ACS Nano 2022 16, 17552, '2,: 10.1021/acsnanR.2c06�4�
>2@ -. .RčiãeN, J. Phys. Chem. B 201� 122, 5212, '2,: 10.1021/acs.Mpcb.�b03033
>3@ L. Sala, J. Phys. Chem. Letters 2022 13, 3922, '2,: 10.1021/acs.Mpclett.2c005�4

90 nm 

$tRPic IRrce PicrRscRp\ iPaJes RI 'N$ RriJaPi nanRstructures in the shape RI sinJle la\er 
'N$ rectanJles with diPensiRns RI 90[�0 nP that will be used as a tePplate IRr the data 
carr\inJ nanRstructures. LeIt iPaJe represents cRntrRl saPple RI Ireshl\ s\nthetized 'N$ 
RriJaPi, the riJht iPaJe represents the saPple upRn irradiatiRn with hiJh dRse ��.G\� RI 
160eV electrRns, where the structural distRrtiRns cRuld be Rbserved. 
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Moiré Multilayers — Towards Topological Quasicrystals 

Mikito Koshino 
Department of Physics, Osaka University 

Toyonaka, Osaka 560-0043, Japan 
koshino@phys.sci.osaka-u.ac.jp 

Two-dimensional moiré materials exhibit a long-range moiré pattern resulting from lattice mismatch, 
which profoundly influences their electronic properties. In addition to the extensive study of twisted 
moiré bilayers in the past decade, the scope of investigation has extended to encompass multilayer 
systems including three or more layers. Particular attention has recently been directed toward twisted 
trilayer which consists of three layers arranged in a specific rotational configuration. A twisted trilayer is 
characterized by two distinct twist angles between adjacent layers, where the resulting multiple moiré 
patterns generate a quasiperiodic structure that lacks conventional periodicity.  

After a brief introduction of the conventional moiré bilayer systems, we will present systematic 
theoretical studies on the lattice relaxation and the electronic structures in general twisted trilayer 
graphenes [1]. We show that the relaxed lattice structure forms a patchwork of moiré-of-moiré domains, 
where a moiré pattern given by layer 1 and 2 and another pattern given by layer 2 and 3 become locally 
commensurate (Fig. 1). The electronic band calculation reveals a wide energy window featuring sparsely 
distributed highly one-dimensional electron bands. These one-dimensional states exhibit a sharp 
localization at the boundaries between supermoiré domains, and they are identified as a topological 
boundary state between distinct Chern insulators. Our theoretical scheme serves as a fundamental tool and 
guiding principle for topological band engineering in twisted multilayers beyond graphene trilayers. 
Studying supermoiré multilayer systems, which offer numerous configuration possibilities, presents an 
opportunity to explore a new realm beyond traditional moiré bilayers. 

[1] N. Nakatsuji, T. Kawakami, Phys. Rev. X 13, 041007 (2023).

Figure 1. Moiré-of-moiré domain fomation in twisted tilayer graphene. The left and right panels 
illustrate the moiré pattern in the rigid and relaxed lattices, respectively.  
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Optical Physics and Quantum Science using Moiré Excitonic States 
in van der Waals Heterobilayer 

Kazunari Matsuda 
Institute of Advanced Energy, Kyoto University 

Gokasho, Uji, Kyoto 611-0011, Japan 
matsuda@iae.kyoto-u.ac.jp 

Atomically thin low-dimensional semiconductors, such as two-dimensional (2D) transition metal 
dichalogenides, and nano-carbon materials have intensively studied from viewpoint of fundamental 
physics and potential applications [1-5,8]. The optically excitonic states with valley degree of freedom 
(valley exciton) and in the moiré potential (moirés exciton) provide the platform for studying novel 
optical physics of 2D materials. Here, I will talk about the selected topics of intriguing optical physics 
toward quantum science and applications arising from these novel exciton systems including moiré 
excitons in artificial van der Waals heterostructures [6,7,9-12].  

[1] Y. Miyauchi, K. Matsuda, et al., Nat. Photo. 7, 715 (2013).
[2] S. Mouri, K. Matsuda, et al., Nano Lett. 13, 594 (2013).
[3] D. Kozawa, K. Matsuda, G. Eda, et al., Nat. Commun. 5, 4543 (2014).
[4] Y. Miyauchi, S. Konabe, K. Matsuda, et al., Nat. Commun. 9, 2598 (2018).
[5] K. Tanaka, K. Matsuda, Y. Miyauchi, et al., ACS Nano 13, 12687 (2019).
[6] Z. Zhang, K. Matsuda, et al., Adv. Mater. 32, 2003501 (2020).
[7] K. Shinokita, K. Matsuda, et al., Nano Lett. 21, 5938 (2021).
[8] M. Shimazaki, K. Matsuda, Y. Miyauchi, et al., ACS Nano 16, 8205 (2022).
[9] Y. Zhang, K. Matsuda, et al., Adv. Mater. 34, 2200301 (2022).
[10] K. Shinokita, K. Matsuda, et al., ACS Nano 16, 16862 (2022).
[11] H. Kim, K. Matsuda, et al., ACS Nano 17, 13715 (2023).
[12] H. Wang, K. Matsuda, et al., Nat. Commun. 15, 4905 (2024).
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Charles University and the Faculty of Mathematics and Physics 

Founded in 1348 by Emperor Charles IV, Charles University (CU) in Prague is one of Europe’s oldest 
and most prestigious universities. Over its long history, it has played a central role in the advancement of 
knowledge and education, becoming a global leader in various academic disciplines. Today, Charles 
University continues to be a prominent research institution, fostering an environment that integrates 
cutting-edge science, research, and education. It actively participates in knowledge transfer and 
commercialization through its Centre for Knowledge and Technology Transfer (CPPT), ensuring practical 
applications of university innovations and research through partnerships with external organizations. 
The Faculty of Mathematics and Physics (MFF), established in 1952, stands at the forefront of Charles 
University’s scientific mission. It is renowned for its rigorous academic programs and exceptional 
research output in a wide range of fields, including theoretical and experimental physics, fundamental and 
applied mathematics, and computer science. MFF's faculty members and students contribute significantly 
to both national and international research initiatives, positioning the faculty as a hub for scientific 
excellence in the Czech Republic and beyond.  
MFF CU’s research output accounts for approximately a quarter of Charles University’s total scientific 
contributions. The faculty’s success is underscored by its receipt of ten prestigious European Research 
Council (ERC) grants as of 2023, a globally recognized measure of academic and research excellence. In 
2022, the faculty was involved in 46 projects within the European Union’s Horizon 2020 and Horizon 
Europe frameworks, collectively contributing to 509 research and development projects with a budget 
exceeding 1 billion CZK. 
MFF CU has been a crucial partner in major international projects such as the Large Hadron Collider at 
CERN and numerous missions with the European Space Agency. MFF CU also hosts several centers of 
excellence, including the Albert Einstein Center for Gravitation and Astrophysics and the 
Multidisciplinary Research Center for Advanced Materials (AdMat), among others. These centers, along 
with key national infrastructures like the Materials Growth and Measurement Laboratory (MGML), 
enable world-class research while fostering collaboration with industries and global research institutions. 
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The Heyrovský Institute of Physical Chemistry promotes the 
scientific legacy of the Nobel laureate, Professor Jaroslav 
Heyrovský, in fields related to physical chemistry. Over two 
hundred scientists, from promising young researchers to 
world-renowned experts, are engaged in groundbreaking 
fundamental and applied research, as well as education. 
Theoretically and experimentally acquired insights into 
physical and chemical processes are important for energy 
production and storage, industrial catalytic processes, 
healthcare and protection of the environment. 

J. Heyrovský Institute of Physical Chemistry of the CAS, a public
research institution, develops the scientifi c legacy of the Nobel Prize
winner, Professor Jaroslav Heyrovský, in the fi elds related to physical
chemistry. Over 200 scientists, ranging from promising young
researchers to world-renowned top experts, are engaged in systematic
basic and applied research. The theoretical knowledge and
experimentally acquired knowledge of the physical chemical processes
occurring in molecules and atoms are of importance for industrial
catalysis, energy production and storage, health care and the
environment.

The Institute operates the Heyrovský Technology Transfer Centre, 
which promotes cooperation between the Institute and the commercial 
sector in order to link the research and technological potential of the 
Institute with the needs of the commercial sphere. 
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https://www.jh-inst.cas.cz/
https://www.jh-inst.cas.cz/
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https://www.jh-inst.cas.cz/department/department-of-low-dimensional-systems#department
https://www.jh-inst.cas.cz/
https://www.jh-inst.cas.cz/press-release/beauty-of-physical-equations-prague-third-european-city-paint-equation-public-place
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