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

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 
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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 
�I�R�U���³�6�F�L�H�Q�F�H���R�I���������'���0�D�W�H�U�L�D�O�V�³ 

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

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

Prof. Sofer, UCHT Prague:  
���'���0�D�W�H�U�L�D�O�V���I�U�R�P���;�H�Q�H�V���W�R���Q�R�Y�H�O�����'���P�D�J�Q�H�W�L�F���D�Q�G���G�L�H�O�H�F�W�U�L�F��
�P�D�W�H�U�L�D�O�V

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:  
�3�U�R�[�L�P�L�W�\���(�I�I�H�F�W�V���L�Q���0�R�6�����P�R�Q�R�O�D�\�H�U���R�Q���-�D�Q�X�V�����'���P�D�J�Q�H�W���&�U�6�%�U 

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

Friday 27.9.2024 

9:30 Invited 

9:50 Invited 

10:10 Invited 

10:30 Invited 

10:50 Invited 

11:10 Break 

11:20 

11:40 Invited 

12:00 Invited 

12:20 Invited 

12:40 Invited 

13:00 Closing 

Dr. ýervenka, Institute of Physics CAS:
�6�W�U�D�L�Q�W�U�R�Q�L�F�V���Z�L�W�K�����'���&�H�O�O�X�O�D�U���*�U�D�S�K�H�Q�H���$�H�U�R�J�H�O�V

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:  
MoirŽ Multilayers �²  Towards Topological Quasicrystals 

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

Profs. Kalbič & Vejpravovi

Saturday 28.9.2024 

9:00 �± 12:00 Round Table �± free discussion 

ϱ

Invited 
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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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>/&2*1#"$&3<<3-*2F!W$(2(#.&7+"1V&=#**31$&2(-0&#2&13-*#$%.3B&#$4&D8B."I3&
=#**31$&-#$&>3&#--+14"$%./&,+4(.#*34&>/&-+$*"$(+(2&2*1#"$&*($"$%F&

CDE!F&'(&#$4&6F&6#I3$+>(&B;L<%F4),5<&NX?&DYXYOKY&5KXDZ:F
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<%&9+;8*=6*!>!*!?1&%@8#*>6*-A#52*B#$8C945*

>"#$%&'(#)'*+,*D9#5'&+52#(45%9*0%'#&4%9/6*EF*G#3&+;/H3*I)/'4'8'#*+,*123/45%9*-2#(4/'&36*"+9#JKH+;%*
>!==LM6*!N>*>M*1&%@8#*N6*-A#52*B#$8C945*

M"#$%&'(#)'*+,*O+PQ"4(#)/4+)%9*R3/'#(/6*EF*G#3&+;/H3*I)/'4'8'#*+,*123/45%9*-2#(4/'&36*"+9#JKH+;%*
>!==LM6*!N>*>M*1&%@8#*N6*-A#52*B#$8C945*

;%4C2%;F;%&%.#S(%',3AF58)4F5A6*J%)%F;#J$&%;+;%S(%',3AF58)4F5A*

+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 "6)'
phRtRluPinescence �PL� and tiPe8resRlved' �75�' PL PeasurePents, we e[plRre the prR[iPit\8induced 
spin8phRnR6'cRuplinJ and valle\ pRlarizatiRn.'

2ur 5aPan PeasurePents reveal that bRth the ' "6)' 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 spin8phRnRn'cRuplinJ. '

PrR[iPit\ eIIects are Iurther evidenced b\ the dependence RI the e[citRn8tR8triRn 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'�9".1(*' NanRtechnRlRJ\, 
QR, 2020, +:; �, 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. QS, 2022, 4�45�. $nal\zinJ the valle\ =eePan 
eIIect, we Iind an e[citRn J8IactRr RI apprR[iPatel\ 4.4, sliJhtl\ enhanced cRPpared tR .%*'pristine 
0RS2, while the triRn J8IactRr is anRPalRusl\ hiJh at arRund 66.6. 7his siJniIicant enhancePent can be 
attributed tR .%*'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 Iield8dependent 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.'51(.%*(,'.%*'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'*nhancePent RI 0RS2'can be PRdulated b\ the thicNness RI &rSBr. 
7his PRdulatiRn is attributed tR the n8'tR p8t\pe dRpinJ transitiRn RI 1L80RS2'upRn cRntact with &rSBr, 
resultinJ IrRP the t\pe8,, 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 phRtR8
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 
PaJnetR8Rptical devices, and nRvelties' in spin8based TuantuP inIRrPatiRn prRcessinJ, hiJhliJhtinJ their 
pRtential in ne[t8JeneratiRn technRlRJical applicatiRns.'
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!"#"$%&'()*%+( &
!"#$%$&$'()*(!"+&#$,%-.(/0%'"0'1(2"%3',#%$4()*(5)64)(

7898:(;)<-=-1(5)64)(:>? 8@>A>1(B-C-"
$<-0D%+-E%%#F&8$)64)F-0FGC(

!*,&#"- .&+%-.%/).&0,(.12,&"0&3(/&+,2&4((5-&63+47&81/).%"/-&"0&9:&#(.,2%(5-&%-&)"/.2"55(;%5%.<&"0&.=%-.&
(/>5,& ;,.=,,/& .*,& )2<-.(5-?& =*%)*& #"+15(.,-& .*,&;(/+& -.21).12,&(/+& #(.,2%(5& @2"@,2.%,-A&B,2,?& =,&
+,#"/-.2(.,& .*(.& .*,& -@(.%(5& %/3,2-%"/& -<##,.2<& (/+& *,/),& .*,& -@%/& -@5%..%/>& %/& ;(/+& -.21).12,& )(/& ;,&
)"/.2"55,+&;<&3+4&(--,#;5<A&!=%-.,+&;%5(<,2&4!,9&=%.*&.=%-.&(/>5,&ș .=%-.&C&DE&(/+&FGDE&(2,&%/3,-.%>(.,+A&
!*,&%/.,/-%.<&"0&-,)"/+&*(2#"/%)&>,/,2(.%"/& )*(/>,-& ;<& .="& "2+,2-&"0&#(>/%.1+,&+,@,/+%/>&"/&ș .=%-.?&
%/+%)(.%/>& .*(.&FH&4!, 9&IFH&4!, 9&6DE7&@"--,--,-& .*,& -@(.%(5&%/3,2-%"/& -<##,.2<?&=*,2,(-&FH&4!,9&
IFH&4!, 9&6FGDE7&5()$-&.*,&%/3,2-%"/&-<##,.2<A&!*,&,5,).2"/%)&-.21).12,&"0&.*,&FH&4!,9&IFH&4!, 9&(2,
-%>/%0%)(/.5<& #"+15(.,+& ;<&ș.=%-.A& !*,& -@%/& -@5%..%/>& ,#,2>,-& =*,/&ș .=%-.&C& FGDE&+1,& ."&.*,& ;2"$,/
%/3,2-%"/&-<##,.2<A

J,= K5(<,2&.2(/-%.%"/&#,.(5&+%)*(5)">,/%+,-&6!':-7&,L*%;%.&-1;;(/+&M1(/.%N(.%"/&%/+1),+&;<&.*,&"1.K
"0K@5(/,& M1(/.1#& )"/0%/,#,/.& "0& .*,& =(3,01/).%"/-?& %A,A?& (& 0,=K5(<,2& !':-& %-&(&/(.12(55<K0"2#,+&
M1(/.1#&=,55&6O47A&P-%/>&#"#,/.1#K)"/-,23,+&2,-"/(/.& .1//,5%/>?&=,&%/3,-.%>(.,& .*,&O4&-.(.,-&%/&
QHK4R, 9S*KTUSQHK4R, 9&3+4& .1//,5& 81/).%"/-& =%.*&.1//,5& .=%-.& (/>5,-&ș .1//,5 A& V122,/.W3"5.(>,&
)*(2().,2%-.%)-&,L*%;%.&#15.%@5,&2,-"/(/.&.1//,5%/>&@,($-&=*"-,&@"-%.%"/-&-*%0.&(-&ș .1//,5 &=(-&3(2%,+&"3,2&
.*,&DWXDE&2(/>,?&=*%)*&%/+%)(.,+&.*,&@2,-,/),&"0&(&-@%/K@"5(2%N,+&-1;;(/+&)2"--%/>&(/+&(&-(++5,&@"%/.A&
Y12&.=%-.K)"/.2"55,+&2,-"/(/.&.1//,5%/>&(@@2"()*&"3,2)"#,-&.*,&+%00%)15.%,-&(--")%(.,+&=%.*&#"#,/.1#K
2,-"53,+& ,5,).2"/%)& -.21).12,& #,(-12,#,/.-& (/+& 2,3,(5-& .*,& 1/%M1,& 3+4KO4& -.(.,-& %/& .*,& )"/+1).%"/&
;(/+&"0&#15.%K5(<,2&4R,9A&

J%/(55<?&=,&+,#"/-.2(.,&Z:&#(/%@15(.%"/&.,)*/%M1,&"0&9:&#(.,2%(5&05($,-?&-1)*&(-&-5%+%/>?&2".(.%/>?&
(/+& 0"5+%/>A& [& \]VS\:'R& #%)2"K+"#,& -.21).12,& 01/).%"/-& (-& (& @"%/.K"0K)"/.().& #(/%@15(."2& 0"2& 9:&
#(.,2%(5&05($,-A&!*,&(+*,-%"/&;,.=,,/&.*,&\]V&@"5<#,2&(/+&9:&#(.,2%(5&%-&.1/(;5,&=%.*&.,#@,2(.12,A&Y12&
#,.*"+& )"15+& 0()%5%.(.,& .*,& ,L@(/-%"/& "0&3+4 &*,.,2"-.21).12,& 0(;2%)(.%"/& .,)*/"5"><& 0"2& )"/-.21).%/>&
#"2,&)"#@5,L&3+4&-.21).12,-A&

^F_ `A&a*(/>?&bA&b(#%<(?&!A&`(#(#"."?&'A&R($(/"?&cA&`(/>?&RA&'(-1;1)*%?&RA&Y$(N($%?&bA&R*%/"$%.(?&!A
V*,/?&bA&[-"?&`A&`AK!($(#12(?&`A&Y-*%#(?&bA&4(.(/(;,?&!A&!(/%>1)*%?&bA&'(.-1+(?&!A&R(-(>(=(?&bA
d-*%N($(?&(/+&!A&'()*%+(?&U(/"&H,..A&<R?&e9GD&69D9Z7

^9_bA& !($,<(#(?& fA& '"2%<(?& RA& Y$(N($%?& `A& a*(/>?& RA& '(-1;1)*%?& bA& 4(.(/(;,?& !A& !(/%>1)*%?& !A
R(-(>(=(?&(/+&!A&'()*%+(?&U(/"&H,..A&<S?&Ze9e&69D9F7A

^Z_ bA& b%/"-*%.(?& fA& '"2%<(?& RA& Y$(N($%?& `A& a*(/>?& RA& '(-1;1)*%?& bA& 4(.(/(;,?& !A& !(/%>1)*%?& !A
R(-(>(=(?&(/+&!A&'()*%+(?&U(/"&H,..A&<<?&QXQD&69D997A

^Q_ bA& b%/"-*%.(?& fA& '"2%<(?& RA& Y$(N($%?& `A& a*(/>?& RA& '(-1;1)*%?& bA& 4(.(/(;,?& !A& !(/%>1)*%?& !A
R(-(>(=(?&(/+&!A&'()*%+(&\*<-A&f,3A&f,-,(2)*&T?&DQZ9e9&69D9Z7A

^g_RA&b(=(-($%?& bA&b%/"-*%.(?& fA&'"2%<(?& 'A&Y/"+,2(?& `A&a*(/>?& bA&4(.(/(;,?& ! A&!(/%>1)*%?& !A
R(-(>(=(?&(/+&!A&'()*%+( ?&\*<-A&f,3A&f,-,(2)*&=?&DZZDFF&69D9Q7A

^X_bA&b%/"-*%.(?&ÀKVA&H%/?&fA&'"2%<(?&RA&Y$(N($%?&'A&Y/"+,2(?&`A&a*(/>?&fA&R,/>(?&bA&4(.(/(;,?&! A
!(/%>1)*%?&!A&R(-(>(=(?&bA&R1,/(>(?&(/+&!A&'()*%+( ?&U(/"-)(5,&69D9Q7A

^h_ `A&4($(018%?&fA&'"2%<(?&RA&'(-1;1)*%?&bA&4(.(/(;,?&!A&!(/%>1)*%?&(/+&!A&'()*%+(?&U(/"&H,..A&<@?
9QGX&69D9D7A
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423.6%$5'45"425/%27)'7.3@'$7'7.4254$5$#$1&2/%7#H'I&>257/$&>%&1'@"J' /@2'#$35"73"4%3'3@$5$3/25%7/%37'"<'
09:7'$&>' /@2%5'2&72#D627'3"&&23/' /"' /@2%5'7/5.3/.5$6'$&>'#$1&2/%3'45"425/%27'%7'35%/%3$6' /"' $3@%2E2'/"4'
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/23@&%K.27H' L"J2E25)' /@2' #$1&2/%3' 7#$66M$&162' &2./5"&' 73$//25%&1' /23@&%K.2' J%/@' %&3%>2&/' D2$#'
4"6$5%N$/%"&'8OP9O:QR;'%7'$' 4"J25<.6' /""6' <"5' 2=$#%&%&1'#$1&2/%N$/%"&'>%7/5%D./%"&'$/' /@2'&$&"#2/25'
73$62)'.&5$E266%&1' /@2'%#4$3/'"<'/@2'74%&'>%7"5>25'AS)'TC'"5'#$1&2/%N$/%"&'<5"#'/@2'3"52'$&>'7@266'4$5/7'"<'
3"52M7@266'&$&"4$5/%3627'AUCH'

V&'/@%7'7/.>?)'J2'$%#'/"'>2#"&7/5$/2'@"J'/@2'3@2#%3$6'3"#4"7%/%"&'%&<6.2&327'/@2'#$1&2/%3'7/5.3/.52'"<'
#$&1$&272' 80&;M>"42>' <255%/2' 09:7H'I7%&1' /@2' /@25#$6' >23"#4"7%/%"&' #2/@">)' J 2' @$E2' $3@%2E2>'
>%7/%&3/'>"4%&1'3"&32&/5$/%"&7'D?'4523%726?'3"&/5"66%&1' /@2'E$5?%&1'0&'>"4%&1'62E267'%&'3.D%3$66?'7@$42>'
("W2FQT'9:7'"<'.&%<"5#'4$5/%362'7%N2'J%/@'&$55"J'7%N2'>%7/5%D./%"&'�ı6"1'X'BY'Z;H'[#46"?%&1'OP9O:QR'
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ASC *H',-+./&-'"&)$7H)':@?7H'!2EH'_'P@)'YSBYB`'8FYFY;H

ATC 0H'a25%&$)'*H',-+./&-'"&)$7H)'9$&"73$62'P>EH'Q)'TUbSMTUcY'8FYFS;H

AUC *H',-+./&-'"&)$7H)'(@2#%7/5?'"<'0$/25%$67'RQ)'FSYFMFSBB'8FYFS;H
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C@&J7(0:&/0$)3$L1)J5'+16+;$95&:1678$7/>$M76():)8&6287($45'+16+;$N76280'$)3$M705&:7016+$7/>$45'+16+;$
957(8&+$O/1*&(+10';$P&$P7(8)*2$F;$!C!$!Q$4(7H2&;$9<&65$I&J2K816$

F@&J7(0:&/0$)3$9)/>&/+&>$M700&($45'+16+;$N76280'$)3$M705&:7016+$7/>$45'+16+;$957(8&+$O/1*&(+10';$P&$
P7(8)*2$D;$!C!$!Q$4(7H2&;$9<&65$I&J2K816

R@&J7(0:&/0$)3$./)(H7/16$95&:1+0(';$O/1*&(+10'$)3$95&:1+0('$7/>$S&65/)8)H'$4(7H2&;$S&65/16,7$D;$!QQ$
CG$4(7H2&;$9<&65$I&J2K816$

+70'7:#+752TA5U1/+0#67+#6<$

,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 airC7$#.52!
PaJnetic sePicRnductRr, e[hibits intriJuinJ Ie#$(027! 5-62! :0%7$#55-82! #8-79$09A%! #81! 5#%20C12A28128$!
antiIerrRPaJnetisP. :e investiJate its 5aPan prRperties, particularl\ in the antiCStRNes reJiPe, revealinJ 
a hiJh antiCStRNes tR StRNes ratiR at rRRP tePperature. $dditiRnall\, we e[aPine the phRtRluPi827:28:2!
�PL� RI 1LC0RSၷ when inteJrated with &rSBr in van der :aals heterRstructures. 8nliNe t\pical TuenchinJ 
in PL due tR nRnradiative recRPbinatiRn, &rSBr la\ers up tR 1� nP enhance the PL RI 1LC0RSၷ, while 
thicNer la\ers cause TuenchinJ. 7his enhanceP28$!-7!1(2!$9!8C!$9!AC!dRpinJ transitiRn in 1LC0RSၷ 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[tCJeneratiRn 
9A$9252:$09nic devices.!
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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 anti1cancer 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 İ14#2N. ,n its bulN IRrP, it RutperIRrPs the irRn R[ides. 7hus, we present 
\Ru with a thRrRuJh investiJatiRn RI a passivated İ14#2N 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 �Q S '§'35'ePu/PJ�'>2@. 7hus, the vRluPe1weiJhted, 
PacrRscRpic PeasurePents turned Rut tR prRvide an incRPplete picture RI the passivated İ14#2N 0NPs¶ 
PaJnetic nature. ,nstead, we needed tR e[aPine the 0NPs at the PicrRscRpic scale. 7R achieve this, 
sPall1anJle 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 İ14#2N 0NPs with a detailed descriptiRn RI 0NP¶s cRre and shell PaJnetizatiRns.'

>1@ 0. L. Bauer, et al., NanRscale, 24, 12162 6'12169 �2016�.

>2@ *.''irba'#'*%8F/'-. Ph\s. ': $ppl. Ph\s/'56/'50755.'80502�.

>2@ +ricRv S., #'*%8F/' 8nPasNinJ the &RPple[ &Rre10ultishell 0RrphRlRJ\ RI 0aJnetic NanRparticles.
,nstitut Laue1LanJevin, prRpRsal NR. 9*) 129�'�2023�.
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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. 
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#$4%"65(#24$62$45#(59562436+5&'6"99>('0("(#$-&'643#6"95(#C"2'"9(45#39$2'30B()+5("8A"02"15#(3%(@EJJ?("45(
2+"2( '2( '#( "( 45C438$6'-95( "08( 459'"-95( 256+0'I$5( %34( %"-4'6"2'01( 0"03C43-5#( 23152+54( /'2+( %"#2(
59562436+5&'6"9(6+"4"6254'G"2'30(3/'01(23( '2#(#&"99(6"C"6'2'A5(6$44502( "08( '2#( "-'9'2>(23(C45A502(#"&C95(
6302"&'0"2'30(8$4'01(#6"00'01B((

K 5( +"A5( A'#$"9'G58( '0+3&315053$#( DEF( "62'A'2>( 30( "( 24'"01$9"4( LD7?3@; ( &3039">54(
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0$&-54("08(DEF("62'A'2>,("08("1'01(5%%562B(M$42+54&345,(/5(#$6655858('0(A'#$"9'G'01(DEF(6"2"9>2'6"99>(
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6"2"9>2'6(&"254'"9#B(

"=Q99$#24"2'30(3%(@EJJ?(&5"#$45&502#(3%(?3@; (0"03#+552#B(R87D; ($#58("#("(I$"#'745%545065(595624385B
NanRpipette Iilled with 0.5ௗP + ; @.SB( -=T8=(@EJJ?( -=(6$44502,( 6=(3A54C32502'"9( :PU(P$ௗcPí; =,( "08( 8=
)"%59(#93C5('&"15#(3%(LD(?3@; (0"03#+552#(30(D.RV(#$-#24"25B(@6"0(#'G5#(/545(LWXLW(ȝP2. Scan rate is
LPU(Vௗsí1. Sweep vRltaJe í1.3(N( A#B( FDEB( 5=(?3@; (0"03#+552#( 5815:458=,( 2544"65:14550=,( "08( D.RV
5815(:14">=(24'63934('&"15#B(%=,1=(V4"C+#(#+3/'01(2+5(%=(3A54C32502'"9("08(1=()"%59(#93C5B

:LB=()"*"+"#+',(! B,(52("9B,(T12(K!1%'()U,(P3()D1'($1!'3-1!.)0%3'3-1)<@<@?(QL(:Y=,(PZUL7PZU[B(
:;B=(\"058",(?B,(52("9B,(T+9)5!1-)<@<A?(N=(:S=,(;]]; 7;][LB (
:PB=(\"/"-5,(!B ,(52("9B,(T+9)5!1-)<@<R?(NV(:L;=,(LLPL[7LLP;ZB(

! "

#$

#!"

#
!"#$%&'(
)*+,-#".+

!

"!

#!

!$# !$% &$'

()
**

+
,-.

/+
,0

1-
2.

34
56

74
' 8

9:+*;<-+,-1=>.3?.:0$.@AB8

C'$D!
;5

E 7 /

+ F

!$G

!$%

&$&

! & ' "

9:
+

*;
<

-+
,-1

=>
.3

?.
:0

$.
@

A
B

8

H<I3J()**+,-./+,01-2.345674 ' 8K8

/+##0,+(123(456 .+,
).'+(123(456 .+,

&$L!$G !$&D!
?6/+7?.:0$.@AB

I

!"##$%& '%($&)*+&%&,- . /-0$. 1(.+2$

&D.7 &D.�P4

=

�,��������

ϰϱ

mailto:takahashi.yasufumi.v5@f.mail.nagoya-u.ac.jp


INTERNATIONAL CZEC H �± JAPANESE SYMPOSIUM 
ON ADVANCED MULTISCALE MATERIALS 
September 26-28, 2024, Prague, Czech Republic

ϰϲ



!"#$%"&#!'"&( )*+ $*, )-).&/&"$0$ )012 /'0!32 )
'")&45&"*$4)23(#!0*&($ )2&#$%!&(0)
067869:6; )<=><8?)<@<A?)/;BCD6?)*E6FG)%67D:HIF!

#6J8IKC)8G6)7;6FIJILK)LM)7J6DNL7L86K8IBHJ)BKN);6HB86N)968GLNJ)

-iĜt .liPeã, SirRus <RurdNhani, .\r\lR PrRNRIiev!
"#$%&'(#)'!*+!,-#(./%0!1-23./3!%)4!5$'./36!7%/80'2!*+!9%'-#(%'./3!%)4!1-23./36!,-%&0#3!:).;#&3.'2!

<#!<%&0*;8!=6!>?>!>@!1&%A8#6!,B#/-!C#$8D0./!!
E.&.FG0.(#3H(%'+2BF/8).F/B!

&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, IF!,-#(F!J-#*&2!,*($8'F !OP, ���1 �2023�

7.A8&#!>F!K0#/'&*)!4#)3.'2!#&&*&!+*&!
8&%/.0!(*0#/80#!L-#)!3*M/%00#4!3'%)4%&4!
1NO!4%'%3#'3!.)!PNQ1!%&#!83#4F!!
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!"#$%&"'()$čiãeN*+(LeR Sala*, Viclav 2lãansNê*+,(
!" #$%&'()*+,-.)/0/1/$,'2,34%)0567,84$90)/&%,'2,/4$,8:;<,='7$>?*'(6,@<,ABCC@,3&6D1$<,8E$5406

F157$6&,34%)05),-.)/0/1/$,'2,/4$,8:;<,ěeå 1�0, 2�0�� ěeå, 8E$5406,
*'50)$*G>4H0.)/"56)"5E,

-./ 0based(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*2(+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$0based 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 lRnJ0terP data preservatiRn.(

,n Rur JrRup, we are e[plRrinJ details RI 'N$ daPaJe b\ iRnizinJ radiatiRn IrRP ver\ 
IundaPental Jas phase e[periPents( 1,2(up tR e[periPents with 'N$ seTuences Rn 'N$ RriJaPi 
tePplates.132(,n a present cRntributiRn, we will repRrt Rn e[periPents with 'N$ RriJaPi nanRstructures 
that are nRvel candidates IRr the practical realizatiRn RI -./ 0based(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 
lRnJ0terP 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�, &R0Iunded b\ the EurRpean 8niRn.((

1*2/ .('Rricchi,(:8;,F6.' (,4,,(*5+(*677, , '2,: 10.1021/acsnanR.2c06�4�
>2@ -.(.RčiãeN,(! ",34%)",84$9",I (201� 122, 5212+('2,: 10.1021/acs.Mpcb.�b03033
>3@ L. Sala,(!",34%)",84$9",J$//$&)(,4,,(*3+(38,, +('2,: 10.1021/acs.Mpclett.2c005�4

!"#$%#

$tRPic IRrce PicrRscRp\ iPaJes RI 'N$ 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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2%;12"C1$"%*& 1$& $)0& 6%9*.13"0(& 60$,00*& (9803/%"34& .%/1"*(<& 1*.& $)0=& 130& ".0*$":"0.& 1(& 1& $%8%2%7";12&
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