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i We explored quantum properties caused by the interplay of molecular spins
and conduction electrons in hetero-systems consisting of magnetic molecules and metal electrodes. We

controlled the quantum phase transition between Kondo resonance state and an anisotorpic spin state
derived from the spin-orbit interaction in an iron phthalocyanine molecule on a Au(11l) electrode
surface. We elucidated the geometric and electronic structures for silicene, MoTe2 and WTe2 which
are topologically unique materials; silicene is a strong candidate of two-dimensional topological
insulator and MoTe2 and WTe2 are candidates of Weyl semimetal. In addition, we determined by using

laser photoemission spectroscopy the spin texture of unoccupied image potential surface state on Au
and graphene-covered Ir electrodes.



LT-SM-STM
»)
(A-1)
(Pb)
STM  (\b)

(STS)

Ag

STM  STS

®)

€60

ST™

C60 LUMO
20
2
Ag(111)
(FePc)
26
13
(A-2) —ERIZE T D A it
ST™M Cu(110)
FePc
14
Au(111) FePc
NO Co Fe
22 STM
Fe
Fe
5
®
(B-1)
Ag(111 Si
STM
Si
23,29
STS Ag
Ag
18,28
11,12,27
19 1,3
(B-2)
MoTe2  WTe2

2



(8-3)

ST™

1,3,6
Rashba

7,9,10

40
C. -L. Lin, R. Arafune, E. Minamitani, M.
Kawai, N. Takagi, “Quasiparticle Scattering
in Type-Il Weyl semimetal MoTe,", J. Phys.
Condensed Matters 30, 105703 (7pages)
(2018).
N. Kawakami, C.-L. Lin, K. Kawahara, M.
Kawail, R. Arafune, *N. Takagi, “Structural
Evolution of Bi Thin Films on Au(11l)
Revealed by  Scanning  Tunneling
Microscopy”, Phys. Rev. B 96, 205402 (9
pages) (2017).
C.-L. Lin, R. Arafune, R.-Y. Liu, M.
Yoshimura, B. Feng, K. Kawahara, Z. Ni, E.
Minamitani, S. Watanabe, Y. Shi, M. Kawal,
T.-C. Chiang, |. Matsuda and N. Takagi,
“Visualizing Type-ll Weyl Points in
Tungsten Ditelluride by Quasiparticle
Interference”, ACS Nano 11, pp.
11459-11465 (2017).
R. Hiraoka, C.-L. Lin, K. Nakamura, R.
Nagao, M. Kawai, R. Arafune, and N.
Takagi, “Transport Characteristics of a
Silicene Nanoribbon on Ag(110)”, Bellstein
J. Nanotechnol. 8, pp.1699-1704 (2017).

R. Hiraoka, E. Minamitani, R. Arafune, N.
Tsukahara, S. Watanabe, M. Kawai and N.
Takagi, “Single Molecule Quantum Dot as a
Kondo Simulator”, Nat. Commun. 8, 16012
(7 pages) (2017).

K. Kawahara, Z. Ni, R. Arafune, T.
Shirasawa, C.-L. Lin, E. Minamitani, S.
Watanabe, M. Kawai and N. Takagi,
“Surface Structure of Novel Semimetal
WTey”, Appl. Phys. Express 10, 045702 (4
pages) (2017).

R. Arafune, T. Nakazawa, N. Takagi, M.
Kawai, and H. Ishida, Comment on “Rashba
Spin-Orbit Coupling in Image Potential
States”, Phys. Rev. Lett. 117, 239701 (2
pages) (2016).

E. Minamitani, N. Takagi, S. Watanabe,
“Model Hamiltonian Approach to Magnetic
Anisotropy of Iron Phthalocyanine on Solid

10.

11.

12.

13.

14.

15.

16.

17.

18.

Surface”, Phys. Rev. B 94, 205402 (15
pages) (2016).

T. Nakazawa, N. Takagi, M. Kawai, H.
Ishida, R. Arafune, “Rashba Splitting in
Image Potential State Investigated Using
Circular Dichroism Two-Photon
Photoemission Spectroscopy”, Phys. Rev. B
94, 115412 (9 pages) (2016).

T. Nakazawa, R. Arafune, N. Takagi, M.
Kawai, “Linewidth Analysis of Image
Potential States on Noble Metal Surfaces
with High-Energy Resolved Two-Photon
Photoemission Spectroscopy”, Surf. Inter.
Anal. 48, pp.1194-1198 (2016).

K. Kawahara, T. Shirasawa, C.-L. Lin, R.
Nagao, N. Tsukahara, T. Takahashi, R.
Arafune, M. Kawa, N. Takagi,
“Determination of the Geometric Structure
of “Multilayer Silicene” Grown on Ag(111)
by Dynamical Low Energy Electron

Diffraction and Scanning Tunneling
Microscopy”, Surf. Sci. 651, pp.70-75
(2016).

C.-L. Lin, T. Hagino, Y. Ito, K. Kawahara, R.
Nagao, M. Aoki, S. Masuda, R. Arafune, M.
Kawai, N. Takagi, “Spectroscopic
Identification of Ag-Terminated ‘“Multilayer
Silicene” Grown on Ag(111)”, J. Phys.
Chem. C 120, pp.6689-6693 (2016).

E. Minamitani, R. Arafune, N. Tsukahara, Y.
Ohda, S. Watanabe, M. Kawai, H. Ueba and
N. Takagi, “Surface Phonon Excitation on
Clean Metal Surfaces in  Scanning
Tunneling Microscopy”, Phys. Rev. B 93,
085411 (7 pages) (2016).

N. Tsukahara, M. Kawai, N. Takagi,
“Impact of Reduced Symmetry on Magnetic
Anisotropy of a Single Iron Phthalocyanine
Molecule on a Cu Substrate”, J. Chem. Phys.
144, 044701 (6 pages) (2016). (selected asa
2016 Editors’ Choice article)

N. Kawakami, C.-L. Lin, M. Kawai, R.
Arafune and N. Takagi, “One-Dimensional
Edge State of Bi Thin Film Grown on
Si(111)”, Appl. Phys. Lett. 107, 031602 (4
pages) (2015).

K. Kawahara, R. Arafune, M. Kawai and *N.
Takagi, “Pragmatic Application of Abstract
Algebra to Two-Dimensional Lattice
Matching”, e-J. Surf. Sci. Nanotech. 13,
pp.361-365 (2015).

C.-L. Lin, R. Arafune, M. Kawai and N.
Takagi, “Comparison between Electronic
Structures of Monolayer Silicenes on
Ag(111)” (invited article), Chin. Phys. B 24,
087307 (5 pages) (2015).

H. Ishida, Y. Hamamoto, Y. Morikawa, E.
Minamitani, R. Arafune and N. Takagi,
“Electronic Structure of the 4x4 Silicene




19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Monolayer on Semi-Infinite Ag(111)”, New
J. Phys. 17, 015013 (8 pages) (2015).

N. Takagi, C.-L. Lin, K. Kawahara, E.
Minamitani, N. Tsukahara, M. Kawai and R.
Arafune, “Silicene on Ag(111): Geometric
and Electronic Structures of a New
Honeycomb Material of Si”, Prog. Surf. Sci.
90, pp.1-20 (2015).

R. Hiraoka, R. Arafune, N. Tsukahara, M.
Kawai and N. Tekagi, “Transport
Characteristics of a Single Cso-Molecule
Junction Revealed by Multiple Andreev
Reflections™, Phys. Rev. B 90, 241405(R) (5
pages) (2014). (selected as Editor’s
Suggestion).

M. Kanno, R. Arafune, C. -L. Lin, E.
Minamitani, M. Kawa and N. Takagi,
“Electronic Decoupling by h-BN Layer
between Silicene and Cu(11l): A DFT
Based Analysis”, New J. Phys. 16, 105019
(10 pages) (2014).

N. Tsukahara, E. Minamitani, Y. Kim, M.
Kawai and N. Takagi, “Controlling
Orbital-Selective Kondo Effects in a Single
Molecule through Coordination Chemistry”,
J. Chem. Phys. 141, 054702 (9 pages)
(2014).

K. Kawahara, T. Shirasawa, R. Arafune, C.
-L. Lin, T. Takahashi, M. Kawai and N.
Takagi, “Determination of Atomic Positions
in Silicene on Ag(111l) by Low-Energy
Electron Diffraction”, Surf. Sci. 623,
pp.25-28 (2014).

N. Ohta, R. Arafune, N. Tsukahara, N.
Takagi and M. Kawai, “Adsorbed States of
Iron(l) Phthalocyanine on Ag(111) Studied
by High-Resolution Electron Energy Loss
Spectroscopy”, Surf. Inter. Anal. 46,
pp.1253-1256 (2013).

E. Minamitani, R. Arafune, M. Q.
Yamamoto, N. Takagi and M. Kawai, Y.
Kim, “Mode-Selective Electron-Phonon
Coupling in Laser Photoemission on
Cu(110)”, Phys. Rev. B 88, 224301 (7
pages) (2013).

N. Ohta, R. Arafune, N. Tsukahara, M.
Kawai and N. Takagi, “Enhancement of
Inelastic Electron Tunneling Conductance
Caused by Electronic Decoupling in Iron
Phthalocyanine Bilayer on Ag(111)”, J.

Phys. Chem. C 117, pp.21832-21837 (2013).

R. Arafune, C.-L. Lin, R. Nagao, M. Kawai
and N. Takagi, Comment on “Evidence for
Dirac Fermions in a Honeycomb Lattice
Based on Silicon”, Phys. Rev. Lett. 110,
229701 (1 page) (2013).

C.-L. Lin, R. Arafune, K. Kawahara, M.
Kanno, N. Tsukahara, E. Minamitani, Y.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

Kim, M. Kawa and N. Takagi,
“Substrate-Induced Symmetry Breaking in
Silicene”, Phys. Rev. Lett. 110, 076801 (5
pages) (2013). (selected as Editor’s
Suggestion).
R. Arafune, C.-L. Lin, K. Kawahara, M.
Kanno, N. Tsukahara, E. Minamitani, Y.
Kim, N. Takagi and M. Kawai, “Structural
Transition of Silicene on Ag(111)”, Surf. .
608, pp.297-300 (2013).
” , 2
No. 563 pp. 26-31 (2018).
, C-L. Lin, , “Ag(111)

7, 86, pp.658-661 (2017).

113
1 1 £}

/ 2
, 59, pp.56-62 (2017).
, C-L Lin, , “Ag

7, 51, pp.357-369 (2016).

113
1 1 )

25, pp.35-39
(2014).
, C.-L Lin, ,
”. Journal of
Surface Analysis 21, pp.63-70 (2014).

113
1 1 )

» 69, pp.777-782

Cu

35, pp.409-414 (2014).

, C-L Lin, , “Ag
”, 57’
pp.428-433 (2014).
“ 1 341
pp.421-425 (2013).

1 1 1 1
113

68, pp.162-166 (2013).

112
21
N. Takagi, “Quantum transition in a single
molecule by STM manipulation”,



German-Japanese Symposium “Molecular
Architectonics for Advanced Information
Processing”, Institute of Nanotechnology
(INT), Karlsruhe Institute of Technology
(KIT), Germany, March 14 (2018).

N. Takagi, “Exploring of 2D materials from
silicene to  Weyl semimetal”, 6th
International Meeting on Silicene, SOLEIL,
Paris, France, December 13-15 (2017).

N. Takagi, “Manipulation of Kondo effect in
single magnetic molecule on Au(111)”,
Tsinghua-University of Tokyo Joint
Workshop on Recent Topics in Materias
Physics, Science and Engineering, Tokyo,
Japan, March 9-11 (2016).

N. Takagi, “Exploring Nano World with
Scanning Tunneling Microscopy”, World
Congress on  Microscopy: Instrumentation,
Techniques and Applications in Life
Sciences and Materials Sciences (WCM
2015), Kottayam, India, October 9-11
(2015).

N. Takagi, “Structural evolution of silicene
on  Ag(111)”’,  Workshop  “Silicene,
Germanene, Stanene, Phosphorene: Novel

Elemental 2D  Materials” in  4th
International Conference on Mathematical
Modeling in Physical Sciences
(IC-MSQUARE), Mykonos, Greece, June
5-8 (2015).

N. Takagi, “Silicene Grown on Ag
Substrates”, The 17th  International
Symposium  on the Physics of

Semiconductors and Applications (ISPSA
2014), Jgu, Korea, Dec. 7-11 (2014).

N. Takagi, “Single Molecule Magnetism”,
HAYASHI Conference : Next Decades of
Surface Science, Hayama, Japan, July 16-20
(2013).

N. Takagi, “Struggle to Realize Dirac
Fermion Silicene on Ag(111)”,
Euro-Mediterranean Conference on
Materials and Renewable Energies, Third
International Meeting of Silicene (IMS-3),
Istres, France, June 10-14 (2013).

2

2018 3 17
2017 7 18
SPring-8
2017 3 2—~3

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

1.

“STM-IETS
” 2016
2016 11 29 H~
12 1
2016 10 31 11 1
(13 2 35

2015 12 1 3
”Single magnetic molecule in

STM junction as a Kondo simulator*

2015
2015 3 2
2014 11 27—29

”Structural transition of silicene
on Ag(l11)”

2013 12 19~20
2014 11 27~29
kEl 3
2013 10 1 .
"Ag(111)
> 2013
46,7
2013 9 27
2013 5 13
167 70
2013 4 18
91 58
33
3

N. Takagi, C.-L. Lin and R. Arafune,
“Silicene on Ag(111)”, in Encyclopedia of
Interfacial Chemistry - Surface Science and
Electrochemistry, Ed. F. Netzer, Elsevier,
312-317 (2017).



@

@

N. Takagi and R. Hiraoka, “Electron
Transport through a Single Molecule in
Scanning Tunneling Microscopy Junction”,
in Molecular Architectonics The Third Sage
of Sngle Molecule Electronics, Ed. T.
Ogawa, Springer, pp.355-379 (2017).

N. Takagi, C.-L. Lin, R. Arafune, “Silicene
on Ag(111): Structure Evolution and
Electronic Structure”, in Slicene - Sructure,
Properties and Applications, Eds. M. J. S.
Spencer, T. Morishita, Springer, pp.143-165
(2016).

(TAKAGI NORIAKI)

150252416

ARAFUNE RYUICHI

50360483



