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Research Field | Nano—photoelectronics
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Name Satoshi Katano (August 2006 -)
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Research Field | Nano—photomolecular electronics
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C. 12 B # / Research Purpose

T 74 h v hua =7 AGEEONICEREEIT T 2 A — FVEEIR Tl Z 2B, (LBl
DOWfFELF ) 7 b7 b=y 7 T ZA~DIEHICH 5, EE b o R/VEEREE (STM)
TELND BRI NIZE T B — LRI T 2 IS EFHI 28 L T/ & oR>%
MOWREIT>T\ND, ZOX 7 BIICHWAF AT i HANEOBRSRIC L EE N H 5,

Our main interest lies in studying the physical and chemical phenomena that take place in nanometer—
scale regions and their applications in nanophotoelectronic devices. We investigate materials
properties of nano-structures through their optical response to local excitations that is generated by
well — focused electrons emitted from the tip of a scanning tunneling microscope (STM). We are also
interested in developing novel probing methods for nano—science.

D. ¥ WHZET—< / Research Topics

L ZEM, oL X— R T OE & D iEE O RO T
v af ORI S FREED STM F8 645 e iE DB

J ZEREIHR T O & T BRI HIIR & 2 o TS0 H

. DR TINFIROFN - RO

L TS ERER L L CRHT AL fr=s R
H—J5 1 - 73O hhi

Uk W N =

1. Exploration of material properties of individual nano—structures in spatial, energy and time axes.
2. Development of STM light emission spectroscopy with ps time resolution.

3. Investigation of various electromagnetic phenomena in nanometer—scale spaces, and their
engineering applications.

4. Development of efficient and broad—band light sources and detectors.

5. Molecular electronics based on the nano molecular assembly.

6. Optical excitation of a single atom and molecule




E. MR XZEDHHE / The Number of Research Papers

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | Total

Refereed journal papers
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Full papers in refereed conference
proceedings equivalent to journal papers
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Papers in refereed conference proceedings
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Papers in conference proceedings
(5) AR - fiFan 0 0 0 0 0 0 0

Review articles

(6) EdEktE N2k

Refereed proceedings in domestic conferences 4 10 5 7 6 6 38

(7) &Ft7e LEINHES - GRS

Proceedings in domestic conferences 5 3 3 3 4 5 23

2=k
© B%O:lks 0 0 0 0 0 0 0
©) itgeits 0 1 0 0 0 0 0
(10) 4R1FafTE
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F BHEIXEMEME / Significant Research Achievements (FY.2013-2018)
See Ref. 1. “#” mark indicates research carried out at a former organization.
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In order to make clear relationships between Significant Aesearch Achivements and the research topics
shown on p. 1, they are classified according to the research topics.  In each category, there is a Japanese
description first, followed by an English description.

BRT—<: 1. ZM, IXRLF—, BHEMTOELZOT / BEOFOVERR
2. EaPORESREED STM RAESHEDFRE
[2013-2015]
[1] Y. Uehara, M. Kuwahara, and S. Katano, "Measurement of Phonon Energy of Sh,Te; by Scanning
Tunneling Microscope Light—emission Spectroscopy,” Solid State Commun., 177, 29-32 (2014). [IF:
1.897], [Times Cited: 3]

B EE MRVEAMEL (STM) 02 B X v v S~ v afb L —F —M4 (o
WUEWNEE : 80 MHz) LHAEDEDLZEICED . ShTes®D A 7 4 / o F— ROT R LE
—ZRGE LTz, SboTes D STM 38)61% 1.6 eV I DFETERIC LV il &, £ 1.6eV O
FTZRNAF—OH—E—7 L LTEIESN D D, - X v v T ~ovaph L —y—
FTFCBRSND STM BT, e —2rn38n, B &5 8 —27 Moz x ¥ —
ENANT 4 ) = RO R X —L —F LT,

2HE COERMA /80 FBEUVHEMEE STM 1TE W ZER 72 5 N RV X — S fRE 2 A
L3, LUFIZRE T Bl CRER 0 FRE I3 m PRI £ 5, T720bbH, STM ZHlH4 5 7-
DIZFHAIT R & bR VERL & b R VERZ T 5 72D ORI O N RigOfEIL—
EMELL ETCHLMERD D, ZOZ b, MU RAEBRPAN RiEZHIFR L. STM Ok
M MREIE ms MZEN LV ELS 25, UL, KEHINCEWTEZ O X 5 efilfRiEev, 2
ORI EIN D L @O S BRREZ A5 STM J864 62 52 L C & 7= 12, Z ORFFE Tl
ol —HF—RIC L VRSN 74 /v ORI F—N STM KL VR ESn5 o
EERLIZ, 7%/ OFMEGRITIE a o EERICH S DT, STM oI XD ps
OFHGER OB R OBBPNFREIZ /2D Z L 2R TR TH 5, - T, AFITITFIOICH
WA R T NEAT D,

1-1) Y. Uehara, M. Kuwahara, S. Katano, and S. Ushioda, "Scanning tunneling microscope light emission
spectra of polycrystalline Ge,Sh,Tes and Sh,Tes," Solid State Commun. 149, 3 (2009).

1-2) Y. Uehara, A. Yagami, K.J. Ito, and S. Ushioda, "Scanning tunneling microscope light emission
spectroscopy with picosecond time resolution,” Applied Physics Letters, 76, 2487 (2000).
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[2016-2018]

[2] J. Sakai, S. Katano, M. Kuwahara, and Y. Uehara, "Pump-probe STM Light Emission Spectroscopy
for Detection of Photo—induced Semiconductor-metal Phase Transition of VO,," J. Phys.: Condens.
Matter., 29, 405001_1-7 (2017). [IF: 2.617], [Times Cited: 1]

BH: vaPoRC T ZIEORIPRIC X MR LA B a7 e — T 0 2R L
T SIMFENETHIZE LT (Ko7 -7'm—7 SIMFE0) . #UBHZL 7 LAY Tioo(001) Ktk
IZAER L 72 VO, IR Th > 7o, BRI FERN 2T, 7V =y 7 (M) tHE®ERZL
Fv (R) #HDOF/ « RAAL TEDLIL TS, STM FNIIHEs %2 R fHF/ KA A v kT
BE LIz ZDAELND 7Y, ZOFAITIIESEZ MM R AL > BICEEL T, A7k
IV A LT —T SV A DM OBRIERFE] © OB E LT STM I ART MLV OBLIIAZ1T
ST, 1t <30 ps DEFMERFF X CIX, STM BXGIFBHI S /e o7, BEEEZ MA R A A
Y EICEELTWEDOT, ZOFRITY —XF TV Thb, 30< © <50 ps DIEEREH XM
TiX, RHEFFAD STM HIEART ML 2OREIHI S e, 2D Z LIRS 7L 2o S
#30ps CM-RAIEENEZ > TND Z AR T . FVHANT, ZOR S 7-7'm—7 STM
FEICA NI ps DR R TRl Z 2 LI EAHERE O ReEHR 2 BV OBHNI I L TV 5,

PHE CTOEBRMA VY FEEUVHEMNEE: ERD VO I2 oW TER SN R Yy F—Tn—7
STM FE355Y61% ShoTes 12 B S 4L, AR 7 H UL R KV il SN D -7 B/ 7 7 A
FHERRE ORFRIIR D BV OSBRSS CWN D 29, Z D L9z, Ry 7-7r—7 STM %m0t
IFE IO UL ZTHITY S - BPEHPE D S R % 2 B O R A ERE & STM D7
2B RRE CRHAIT 2 Z L 2 FREIC L T D, 2D Z LXK X 722 A >80 VBT 5,
T A AR ORI DIL NENTEET H AT —RAL v T O L) 7@k 72358 <
KOOENTEY, HHEEBZFM LI-EFIZRVERME 25, 2, REZHERT 57200
BIEVEL LWL THD, DILbiLE VO, & ShyTes NN BE L D A A v T H
EERTDHI EER LT, o T, ARIIRE RASNEELET 5,

2-1) J. Sakai, M. Kuwahara, M. Hotsuki, S. Katano, and Y. Uehara, "Selective Scanning Tunneling
Microscope Light Emission from Rutile Phase of VO2", J. Phys.: Condens. Matter., 28, 385002-1_5
(2016). (Selected as an 10Pselect. Highlighted in LabTalk.)

2-2) Y. Uehara, M. Kuwahara, S. Katano, T. Tanno, and J. Sakai, "Pump-probe scanning—tunneling—
microscope light—emission spectroscopy of ShoTes," J. Appl. Phys., 124, 075104 _1-7 (2018).

Research Topics: 1. Exploration of material properties of individual nano-structures in spatial,
energy and time axes.
2. Development of STM light emission spectroscopy with ps time resolution.
[2013-2015]

[1] Y. Uehara, M. Kuwahara, and S. Katano, "Measurement of Phonon Energy of Sh,Tes; by Scanning
Tunneling Microscope Light—emission Spectroscopy", Solid State Commun., 177, 29-32 (2014). [IF:
1.897], [Times Cited: 3]

Abstract: We have measured the energy of the Az, phonon mode of Sh,Tes by scanning tunneling
microscope (STM) light-emission spectroscopy combined with ps—pulsed laser irradiation
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(repetition rate: 80 MHz) of the STM tip—sample gap. It is known that the STM light emission
from Sh,Tes is excited by electronic transitions at a photon energy of around 1.6 eV, i.e, a single peak
with a narrow spectral width appears at the photon energy in the STM light-emission spectrum®™.
For STM light emission occurring with the STM tip—sample gap irradiated by ps laser pulses, several
supplementary peaks appear in the STM light—emission spectra (in addition to the single original
peak). The difference in energy between adjacent peaks gives the phonon energy of the Az, mode
of szTEs.

International impact on both academic and social aspects: While STM has high spatial and energy
resolutions, its temporal resolution is limited to a few ms. This is because the ratio of tunnel
current to be maesured for controlling the STM to the bandwidth of amplifire for measuring the
tunnel current has to be larger than a specific value. That is to say, the tunnel current limits the
bandwidth so that the temporal resolution of STM has to be ms or worse. However, such a
limitation does not appear in optical measurements. From such a background, we have been
investigating STM light—emission spectroscopy with high temporal resolution *2. In this rearch,
we demonstrated that the energy of phonons excited by ps laser—pulse irradiation can be determined
from the STM light-emission spectra. ~ Since the lifetime of the phonon is in the time range of ps,
this result indicates that one can observe phenomena of ps duration by use of STM light—emission
spectroscopy. Hence, this study must have a high impact.

1-1) Y. Uehara, M. Kuwahara, S. Katano, and S. Ushioda, "Scanning tunneling microscope light emission
spectra of polycrystalline Ge,Sh,Tes and Sh.Tes," Solid State Commun. 149, 3 (2009).

1-2) Y. Uehara, A. Yagami, K.J. Ito, and S. Ushioda, "Scanning tunneling microscope light emission
spectroscopy with picosecond time resolution,” Applied Physics Letters 76, 2487 (2000).

[2016-2018]

[2]. J. Sakai, S. Katano, M. Kuwahara, and Y. Uehara, "Pump-probe STM Light Emission Spectroscopy
for Detection of Photo-induced Semiconductor-metal Phase Transition of VO,," J. Phys.: Condens.
Matter., 29, 405001_1-7 (2017). [IF: 2.617], [Times Cited: 1]

Abstract: Variations in material properties that are induced by stimuli of ps pump light pulses were observed
through STM light emission synchronized with ps probe light pulses (pump-probe STM light
emission spectroscopy). The sample was the VO. thin film deposited on a rutile TiO, (001)
substrate. The sample surface was covered by a mixture of semiconducting monoclinic (M) and
metallic rutile (R) phase nanometer—scale domains (nanodomains). It was known that STM light
emission is obtained only when the tip is located over a R phase nanodomain >7%. In this
measurement, the tip was fixed over a M phase nanodomain. We observed STM light emission
synchronized with the probe light pulses as a function of delay time t between the pump and
probe light pulses. No STM light was observed for t < 30 ps. This is reasonable because the
tip is fixed over the M phase nanodomain. In the delay time span 30 < t < 50 ps, the STM light
emission spectra 2V of the R phase domains were observed. This result clearly shows that a M-R
phase transition occurs 30 ps after the irradaition of the pump pulse. That is to say, the pump—probe
STM light emission spectroscopy succeeds to trace temporal behavios of the light induced phase
transition occuring in the ps temporal range.



International impact on both academic and social aspects: Pump-probe STM light emission
spectroscopy abstracted for VO, just above was also applied to Sb,Tes 22; temporal behavios of the
crystalline—amorphous phase transition induced by ps pump light pulses was successfully traced. In
this manner, pump-probe STM light emission spectroscopy makes it possible to measure time
evolutions of properties of materials stimulated by ps light pulses with picosecond temporal
resolution togethor with atomic spatial resolution of STM, which has a great academic impact.
From a view point of device development, high speed devices such as memories and switches that
operate with small power are strongly required, and devices that use phase changes are good
candidates because they do not require power to maintain thier states. We demonstrated that both
VO, and Sh,Te; have enough switching speed required by such devices. Hence, the present results
have also high social impact.

2-1) J. Sakai, M. Kuwahara, M. Hotsuki, S. Katano, and Y. Uehara, "Selective Scanning Tunneling
Microscope Light Emission from Rutile Phase of VO,," J. Phys.: Condens. Matter., 28, 385002-1_5
(2016). (Selected as an 10Pselect. Highlighted in LabTalk.)

2-2) Y. Uehara, M. Kuwahara, S. Katano, T. Tanno, and J. Sakai, "Pump-probe scanning—tunneling—
microscope light—emission spectroscopy of Sb2Te3," J. Appl. Phys., 124, 075104 _1-7 (2018).



MERT—7: 3. 7/ EMPTORLKLGERIFHHNE L ZOIFHIEH
4. BENETLHFEORN - LARFORRE

[2013-2015]

[3] Y. Uehara, S. Katano, M. Kuwahara, and T. Suzuki, "Electromagnetic Properties of Scanning
Tunneling Microscope Tip—sample Gap in the Terahertz Frequency Range,” Jpn. J. Appl. Phys., 54,
08LB06-1_3 (2015). [IF: 1.452], [Times Cited: 0]

B STM FOEITaBI RS = v » T ICE NI B0 D DB TH 0 | 3BTRS v »
TIXZ OBGHERRIZENTT 7 T o&FIEZ RT3, ZOMETIE, THzECTo T 7
FTRNRAER ST, TR 2 b5 Z LIk 0, THZ T STM J8 623 ml fillsk o
I EFRRRE L)L E TSN D Z RSN,

HHITE COEMRMA /80 FELUVHESMELE  THz i CONSEITMOMBHE A E 2R/, fE-
T, THz IRV BL AR Tnbd, LiavL, BUEFIH I TWD THz 50D ZER 4y
FRBEIT L < 72V, STM FE 03 Y D ZE R A RE IZFHAI T R E W DWW RATITK S 720, fE» T,
THz 3k T STM Z& Y53 613D THLBRZE Y, BHGR B 3B D 4 el el 35729,
nA fEI D & o R VENE CHIE 315 THZ-STM R GIE, Al SN2 WEFIW E PRI LD,
ZOFPRICK L, ZOMEIE, HEEHEEIEIR O sEkIZ L0 | BUISFTREZ: L~V E T THz
WO STM BN END Z L2 /R LTz, ZOMBIIRERA VI VEET D,

3-1) Y. Uehara, Y. Kimura, S. Ushioda, and K. Takeuchi, " Theory of Visible-Light Emission From
Scanning Tunneling,” Jpn. J. Appl. Phys. 1 31, 2465 (1992).

[2016-2018]

[4] T. Inaoka, and Y. Uehara, "Classical electricity analysis of the coupling mechanisms between
admolecule vibrations and localized surface plasmons in STM for vibration detectability”, J. Appl.
Phys., 122, 085306 (2017). [IF: 2.328], [Times Cited: 3]

B - bRx RFEEOREWRAE ST 2B O STM FHART MVHIZIREEFEMKEDBI ST D
FOR D XD I EIC R BRI R e STV o e, [B]TTlLE K 91T,
STM ZITE T b o x U > 7 K0 bl S IRENRUG -7 5 O T 5, k& BREt
DB IFICEBOGE . Z OPBRFITFB-ERE T v v 7RICACIAD b T T XE
(REZ 7 XEV) ICL VBRI D, ZOMRETIL, IREFEMSEIIRES 7 X &N
- OB O ASERIZ LV ARSI D Z & 2R LTz, S EES OB E | B b
XV T ORRD LITKRAER>TWD ORI AW > T\ 5, BEGRAENT DRSS, B
FIEMF OIREN Y STM R KIETRRITBD TV Z &, B bV 7 OfAY
L<IFHR &R o TV D0 T OIREND AT T2 R ITBIRI ATRE 2 L~V ICRIET 5 2 & 36
A S AT, FEBR, EMHERRHEE b oEEIMENS RS T 7 7 A N EORT  Bki 7D STM 3§
WA MR ZOHERICE D FER I,

FHE TOERIA /30 FE L UHSHEE KRBT B O REIRFE DU E 2D TH 2N
RFETHD, 77U HREFZRNAX—HRG IO L ITBIHEML STV D IREN 8
DZEMIMEREIL~ 7 R A Ay Z e LAVIZR E > T D, — 7, b DB Xk
% < ORFHEAR O FEREIR T T/ A — MBI H 5, Fex 1L STM I AT M ALOBLH



FERICIEEFEMSENBND Z L 2R L TE 4D, 20 Z L1k STM O ZER S REE T OHRE)
IINMFREIC 2D Z L &ord, LovL, IREISEMEEZ 72 O M3 L < B Qe
MNolz, ZOXIFIHND CTHGIZHE 525D ThD, ZDZ L%, KRERA /"7
NeBTDHESZD,

4-1) S. Katano, S. Ushioda, and Y. Uehara, "Vibrational Excitation of a Single Benzene Molecule
Adsorbed on Cu(110) Studied by Scanning Tunneling Microscope Light Emission Spectroscopy,” J
Phys Chem Lett 1, 2763 (2010).

Y. Uehara, T. Inaoka, T. Nishio, and S. Katano, "Vibration-induced Structures in Scanning Tunneling
Microscope Light Emission Spectra of Ni(110)—(2 x 1) O", J. Appl. Phys., 123, 224302_1-8 (2018).
(Times downloaded from June, 2018 to June, 2019: 101)

4-2) Y. Uehara, J. Michimata, S. Watanabe, S. Katano, and T. Inaoka, "Determining the phonon energy of
highly oriented pyrolytic graphite by scanning tunneling microscope light emission spectroscopy"”, J.
Appl. Phys., 123, 104306_1-9 (2018). Selected as an Editor’s pick airticle.

Research Topics: 3. Investigation of various electromagnetic phenomena in nanometer—scale spaces,

and their engineering applications.
4. Development of efficient and broad—band light sources and detectors.

[2013-2015]

[3]

Y. Uehara, S. Katano, M. Kuwahara, and T. Suzuki, "Electromagnetic Properties of Scanning
Tunneling Microscope Tip—sample Gap in the Terahertz Frequency Range,” Jpn. J. Appl. Phys., 54,
08LB06-1_3 (2015). [IF: 1.452], [Times Cited: 0]

Abstract: STM light emission is considered as a kind of electromagnetic radiation from a dipole placed in

the tip—sample gap of STM, which functions as an antenna®?®. In this study, the antenna effects
were treated in the THz spectral range. It was concluded that by optimizing the front shape of tip,
STM light emission in the THz spectral range can be enhanced to the same level as that in the visible
spectral range.

International impact on both academic and social aspects: Optical responses in the THz spectral range

show strong material dependence. Thus, THz spectroscopy attracts much attension. However, the
spatial resolution of THz spectroscopy available at present is moderate. The spatial resolution of
STM light-emission spectroscopy does not depend on the wavelength of light to be detected.
Therefore, STM emission spectroscopy in the THz spectral range is very interesting. It should be
noted that since the dipole radiation is proportional to the fourth power of frequency, THz-STM
emission excited by tunneling current in the nA range is expected to be undetectably weak.
Contrary to this expectation, this study has shown that STM emission is enhanced to a level at which
STM light emission spectroscopy will be possible by optimization of the front shape of tip. This
result must has a great impact.

3-1) Y. Uehara, Y. Kimura, S. Ushioda, and K. Takeuchi, " Theory of Visible-Light Emission From
Scanning Tunneling," Jpn. J. Appl. Phys. 1 31, 2465 (1992).



[2016-2018]

[4] T. Inaoka, and Y. Uehara, "Classical electricity analysis of the coupling mechanisms between
admolecule vibrations and localized surface plasmons in STM for vibration detectability," J. Appl.
Phys., 122, 085306 (2017). [IF: 2.328], [Times Cited: 3]

Abstract: Vibration—induced structures have been observed in STM emission spectra of various kinds of
surface adsorbed molecules 4, but no theoretical explanation had been provided for such structures.
As mentioned in [3], STM light emission is radiated by a dipole excited by electron tunneling; when
both sample and tip materials are metallic, this dipole is enhanced by plasmons localized in the tip—
sample gap (localized surface plasmon, LSP). In this work, we showed that the vibration-induced
structures are created through interactions of LSP and vibrations of the dipoles. The presented
theory examines vibrations of dipolar active molecules and ones of molecules that are the starting
point or the end point of electron tunneling. It was found that effects of the vibrations on the STM
light emission from the dipolar active molecules are moderate, but those of the molecules serving as
the origin or end point of electron tunneling reach observable levels. Such theoretical conclusions
are consistent with the experimental knowledge. In fact, the presented theory succeeded to
reproduce the STM light emission spectra of Ag nano—particles on highly oriented pyrolytic graphite
(HOPG), which show complex features +2.

International impact on both academic and social aspects: Vibrational spectroscopy is an extremely
effective method for identifying materials and determining their states. The spatial resolution of
vibrational spectroscopy established at present, e.g., Raman spectroscopy and electron energy loss
spectroscopy etc., remains at a macroscopic level. On the other hand, material sizes to be handled
are in the nanometer scale range in many scientific and technological research fields. We have
experimentally shown that vibration—induced structures appear in STM emission spectra “™%),
showing that vibrational spectroscopy is possible at the spatial resolution of STM. However, the
mechanisms that are responsible for the vibration-induced structures had not been well understood.
This work provided the theoretical explanation for the first time. This must have a great impact.

4-1) S. Katano, S. Ushioda, and Y. Uehara, "Vibrational Excitation of a Single Benzene Molecule
Adsorbed on Cu(110) Studied by Scanning Tunneling Microscope Light Emission Spectroscopy,” J
Phys Chem Lett 1, 2763 (2010).

Y. Uehara, T. Inaoka, T. Nishio, and S. Katano, "Vibration-induced Structures in Scanning Tunneling
Microscope Light Emission Spectra of Ni(110)—(2 x 1) O," J. Appl. Phys., 123, 224302_1-8 (2018).
(Times downloaded from June, 2018 to June, 2019: 101)

4-2) Y. Uehara, J. Michimata, S. Watanabe, S. Katano, and T. Inaoka, "Determining the phonon energy of
highly oriented pyrolytic graphite by scanning tunneling microscope light emission spectroscopy,” J.
Appl. Phys., 123, 104306_1-9 (2018). (Selected as an Editor's pick article)




BRT—<: 5. T/ BEZHERTELTIRATSSFILI 0= X
6. E—RF - 7 FDirEE
[2013-2015]
[5] S. Katano, Y. Kim, T. Kitagawa, and M. Kawai, "Tailoring Electronic States of a Single Molecule

Using Adamantane—based Molecular Tripods", Phys. Chem. Chem. Phys., 15, 14229-14233 (2013).
[IF: 3.906], [Times Cited: 13]

B AR E 229 2 B b B FIRZFH LT 2 S mOBREENE S+ 2 Z5RIC
XL TENESITEDZ L AR LT, SHITSTM 2 W E—FOEFIREBIZEN D,
7 x vk i EORENE R BRI IR O 53 - IR AR &2 52 1 9IS m WIS 2 fERF LT
IRRETHMRCEESND Z EZWLNIT LI,

FMETOERNA VY FELUHIMEE:  KRUL, »FEE=L 2 ha=27 ZDWF%EH
S aAHHE LD DI HT-» THMBAN L 720 LI SN A EERRETH D, BALITHE L
S A AT A 0 T EME A AT 5 A Oy TR A T D 2 & & DAATIC
Wik U7z 5152 ) RGRSCTIE, 2> S mEVERENE B RERL 2 ZIHIBESIC A T 500 1 C b E A
DHERF S, TOEREOBTFRENSSBERICL > TERHI NN L EZR LT, O ED
DT EREIMFET L LCHAT DT 3, A2 EET 5701213, B OENES) 2 5] H
THWRDT NA R L IR | i x DT, 57, BFERBEICHIET L 2 L BAARENIC
BETHD, AEEE, LNV THESNED T L E&REMMORTEEAR 2R LTS
IZBWTH, FICENA 7 FER LTS,

5-1) S.Katano, Y. Kim, H. Matsubara, T. Kitagawa, and M. Kawai, "Hierarchical Chiral Framework Based
on a Rigid Adamantane Tripod on Au(111)", J. Am. Chem. Soc. 129 (2007) 2511. [IF: 12.113]

5-2) S. Katano, Y. Kim, T. Kitagawa, and M. Kawai, "Self Assembly and STM Tip—induced Motion of
Ferrocene Adamantane Trithiolate Adsorbed on Au(111)", Jpn. J. Appl. Phys. 47 (2008) 6156. [IF:
1.452]

[2016-2018]

[6] S. Katano, M. Hotsuki, and Y. Uehara, "Creation and Luminescence of a Single Silver Nanoparticle
on Si(111) Investigated by Scanning Tunneling Microscopy", J. Phys. Chem. C, 120, 28575-28582
(2016). [IF: 4.309], [Times Cited: 3]

B8 STMESEZ W CTEAE nm O T/ KL 2 EEOGATIC/ER L, & 5122 08T /1%
B FONETF WL STMELIC L VB ONITE D Z Lo m Lz, SR D DB R
WX VERT ki 1% Si AR EICOE DU ESER L, N0 ZTREICEE T 5 Z &1k
LTz, S5, TORIART bUd, R O RS SOREICEETH D Z L2 50
(2 U7e, 8B 7 Bk T DR R IC I W T RTERTE 7 7 X VAR G L TnWh Z &
SRR L HERE A DR LT,

FMECTOERNA VN FELXUHIFEE: KRSUT, BB 12 X 27/ SeE)
HEWIFHLNWT T XE =7 AFFEFIRO B IZHE O < EIRIIC @V A X7 N 2R T
%o DLRMC, Frex 1388 T 2 ki FEEA R D STM LA mF28 L. $R7 ok 23 IR T Hs b
&2 TR L2358 O B A BTy STM 3Ot & D FOIEBIFESFHR SN Z L %
FEBRANR LTz Y, BERIE T 7 AT 2 L B EBHHRITH 7 DO RK & S0 ET D
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[7]

By

BIOBRLT-F CORBHIE KT T D LEZX DN TWDN, ENDHEF ) A— MLVATF—)L

THEICHE L7Z0IL 2 E Thrhrolo, RBFFETIE, STM R TH~v=t a2l —

a UEINEFRIHT % 2 & CH—EBIRL T O M 2 FEBRIVITRRGE L 72 238 L, Bz i

JRET 7 X Uk 2R L CH—5 T ORENRIEMAT A TX 5 Z & % STM HLfENT 2> 5

R LTz 9, F ki & W TSR ESG I X - THEERE A A& o — K5 EMO
mhEA bR E O FEBLIDIIRF S AL, AT E VSR X7 NERT D,

6-1) S. Katano, K. Toma, M. Toma, K. Tamada, and Y. Uehara, "Nanoscale Coupling of Photons to
Vibrational Excitation of Ag Nanoparticle 2D Array Studied by Scanning Tunneling Microscope Light
Emission Spectroscopy", Phys. Chem. Chem. Phys. 12 (2010) 14749. [IF: 3.906]

6-2) S. Katano, S. Ushioda, and Y. Uehara, "Vibrational Excitation of a Single Benzene Molecule
Adsorbed on Cu(110) Studied by Scanning Tunneling Microscope Light Emission Spectroscopy”, J.
Phys. Chem. Lett. 1 (2010) 2763. [IF: 8.709]

S. Katano, H. Fujita, and Y. Uehara, "Investigation of local modification and luminescence of a
carbon nanotube by scanning tunneling microscopy", Appl. Phys. Lett., 112, 011601_1-5 (2018).
[IF: 3.495], [Times Cited: 0] (Times downloaded from Jan., 2018 to Jan., 2019: 347)

RREFEFAELE L THERENTND =R T ) F 2 —7 OWERZRtE % STM
FEHICK VLN TEDLZ LR LTc, W—ARF ) Fa—T7DRFEMEELE STM %
ﬁWT@AL/ﬁ R T ) Fa—=T DNy NREBIICICED LB UM LT/ A r—L
ZERIRGE CHE LTz, EHIZ, STM ZHOWTIER SN EERESIC L > Th—AR 7
/%n~7@%ﬁ#%%%’Wﬁéﬂé_k%ﬁmbto

FHMECTOERKMA /0 FELUHEHEE:  STM 1T U —R RO eit =

WRICRET D ENTELWRANRTETHD Z L 2L LEEFINMICE WA X
NEHRT AWML THDH, STM BEEHEZRWZF /) rI AN =TV —RoF ) Fa—TC
WHL. =R ) ) F2—THNORN &2 @S OMLERE CHERNICHIE cCE 2 2 L 2R L
Too 77 =R DF ) A — LWk % O ZERRS B TRl L= BE o E TIE ST
W2, S BITARFRSCRREZIC, 7T 7 = VIREROKE U2 EAINRGET 5 Z &1
B Lz A, T OMEREN D, T EERSON T N AR T ORI EF ) h—R
VEFIH USSR T OB RERGHE S 2R T 2 LR TE e, UL EORERIZ, A~— b
IR RV HN RO B D FRE AT RE et 2 O RBUCH T > THEERBR TH L LB X
b,

7-1) S. Katano, Y. Kim, M. Hori, M. Trenary, and M. Kawai, "Reversible Control of Hydrogenation of a
Single Molecule", Science 316 (2007) 1883. [IF: 41.058]

7-2) S. Katano, T. Wei, T. Sasajima, R. Kasama, and Y. Uehara, "Localized Electronic Structures of
Graphene Oxide Studied by Scanning Tunneling Microscopy and Spectroscopy", Phys. Chem. Chem.
Phys. 20 (2018) 17977. [IF: 3.906]
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Research Topics: 5. Molecular electronics based on the nano molecular assembly.
6. Optical excitation of a single atom and molecule
[2013-2015]
[5] S. Katano, Y. Kim, T. Kitagawa, and M. Kawai, "Tailoring Electronic States of a Single Molecule

Using Adamantane—based Molecular Tripods", Phys. Chem. Chem. Phys., 15, 14229-14233 (2013).
[IF: 3.906], [Times Cited: 13]

Abstract: Adsorption structures and electronic states of molecular tripods, having a Br atom (BATT) and a
ferrocene derivative (Ferrocene—ATT) at the head part of the adamantane—based trithiolate, adsorbed
on Au(111) have been investigated using low temperature scanning tunneling microscopy (STM) and
scanning tunneling spectroscopy (STS). We found that BATT and Ferrocene-ATT form self—
assembled monolayers (SAMSs), and their orderings are identical to one another, which suggests that
the adsorption structure of adamantane—based molecular tripod is independent of the type of
functional substituent attached to the head part. The electronic states originated from the ferrocene
group were confirmed in the STS spectrum of Ferrocene—ATT whereas those are absent in the BATT
spectrum. We note that the ferrocene part has few interactions with the Au substrate owing not only
to the upright geometry of Ferrocene—ATT but also to the insulative property of the adamantane base.
The STS mapping revealed the spatial distribution of the electronic state of Ferrocene—ATT.

International impact on both academic and social aspects: This work is scientifically important
achievement, which provides a fundamental technology in the development of molecular integrated
electronics.  Previous our studies have shown that an upright adsorption structure can be
accomplished by using the molecules having a tripod structure 552, In this paper, we further
demonstrated that an upright adsorption structure can be maintained even if we use a molecule
having a bulky functional group on the tripod head. This enables us to achieve the preservation of
the electronic states of the functional group owing to the electronic isolation from the metal substrate.
To realize a molecular device that uses one molecule as an active electronic element, precise controls
of individual atoms, molecules and electrons are significantly important. Moreover, the present
result has a great impact on the academic field in terms of achieving stable bonding between the
molecule and metal electrode, which are defined at the atomic scale level.

5-1) S. Katano, Y. Kim, H. Matsubara, T. Kitagawa, and M. Kawai, "Hierarchical Chiral Framework Based
on a Rigid Adamantane Tripod on Au(111)", J. Am. Chem. Soc. 129 (2007) 2511. [IF: 12.113]

5-2) S. Katano, Y. Kim, T. Kitagawa, and M. Kawai, "Self Assembly and STM Tip—induced Motion of
Ferrocene Adamantane Trithiolate Adsorbed on Au(111)", Jpn. J. Appl. Phys. 47 (2008) 6156. [IF:
1.452]

[2016-2018]

[6] S. Katano, M. Hotsuki, and Y. Uehara, "Creation and Luminescence of a Single Silver Nanoparticle
on Si(111) Investigated by Scanning Tunneling Microscopy", J. Phys. Chem. C, 120, 28575-28582
(2016). [IF: 4.309], [Times Cited: 3]

Abstract: We have investigated the fabrication of a single silver nanoparticle (AgNP) on Si(111) at room
temperature using scanning tunnelling microscopy (STM), and the luminescence of individual AgNP
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has been studied by means of STM light emission (STM-LE) spectroscopy. Using the field
evaporation method, we succeeded in creating two types of nanostructures, i.e., AgNP and the nano-
hole formed by the elimination of Si atoms, on the Si substrate. It was found that two different
nanostructures can be created selectively by using the appropriate electric field. STM-LE spectra
of AgNP and the Si substrate exhibit the broad peak appearing in the visible light region. The peak
intensity increases as increasing the AgNP size, accompanying a slight shift of the peak position.
Furthermore, the theoretical calculation based on the finite—difference time-domain (FDTD) method
has been used to get an insight into the STM-LE from a single AgNP on the Si substrate.

International impact on both academic and social aspects: This paper has an academically high impact
on the development of plasmonics regarding the precise control of a single metal nanoparticle.
Previously, we have studied the STM light emission from the silver nanoparticle array and have
demonstrated that strong STM light emission can be induced only if the silver nanoparticles form a
two-dimensional crystal structure . Although so far theoretical studies have presented that the
electric field enhancement by localized surface plasmon (LSP) obviously depends on the size of the
nanoparticle and the distance between nanoparticles, there has little report on the precise control of
them experimentally. In this research, we have demonstrated that a single metal nanoparticle can be
formed at the desired place using the STM manipulation technique, and have further shown that
optical properties of nanoparticles can be verified experimentally by the STM light emission
spectroscopy. Our previous study demonstrated that vibrational analysis of a single molecule can
be achieved by utilizing the LSP excitation 2.  Our findings will be important for the realization of
high—sensitive biosensors and high—efficient solar cells.

6-1) S. Katano, K. Toma, M. Toma, K. Tamada, and Y. Uehara, "Nanoscale Coupling of Photons to
Vibrational Excitation of Ag Nanoparticle 2D Array Studied by Scanning Tunneling Microscope Light
Emission Spectroscopy”, Phys. Chem. Chem. Phys. 12 (2010) 14749. [IF: 3.906]

6-2) S. Katano, S. Ushioda, and Y. Uehara, "Vibrational Excitation of a Single Benzene Molecule
Adsorbed on Cu(110) Studied by Scanning Tunneling Microscope Light Emission Spectroscopy”, J.
Phys. Chem. Lett. 1 (2010) 2763. [IF: 8.709]

[7] S. Katano, H. Fujita, and Y. Uehara, "Investigation of local modification and luminescence of a
carbon nanotube by scanning tunneling microscopy”, Appl. Phys. Lett.,, 112, 011601 1-5 (2018).
[IF: 3.495], [Times Cited: 0] (Times downloaded from Jan., 2018 to Jan., 2019: 347)

Abstract: We have studied the nanoscale luminescence from a carbon nanotube (CNT) adsorbed on Au(111)

using a scanning tunneling microscope (STM). By injecting tunneling electrons from the STM tip
to the CNT, we observed STM light emission (STM-LE) from the CNT in the visible-light range,
showing electronic transitions between the bands associated with the van Hove singularity in the
density of states of the CNT. The STM-LE spectrum was obviously changed after introducing the
local defect created by the STM tip, indicating the controllability of the nanoscale luminescence
within a single chain of a CNT.

International impact on both academic and social aspects: This is a scientifically high—impact article,
which revealed the nanoscale optical properties of carbon materials using STM light emission
spectroscopy. Previously we have demonstrated that the injection of tunneling electrons from the
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STM tip to the molecule can induce a chemical reaction in atomic scale Y. In this research we
have utilized this technique to change the chemical state of carbon nanotube. This enables us to
control the luminescence from the carbon nanotube chain in atomic scale, which has not been
reported so far. After the publication of this paper, we further succeeded in verifying the
photoelectronic properties of graphene derivatives using STM ™2, From these achievements, we
have proposed a guideline for the realization of nano—opto devices, such as nanoscale waveguides,
using nano carbons.

7-1) S. Katano, Y. Kim, M. Hori, M. Trenary, and M. Kawai, "Reversible Control of Hydrogenation of a
Single Molecule", Science 316 (2007) 1883. [IF: 41.058]

7-2) S. Katano, T. Wei, T. Sasajima, R. Kasama, and Y. Uehara, "Localized Electronic Structures of
Graphene Oxide Studied by Scanning Tunneling Microscopy and Spectroscopy”, Phys. Chem. Chem.
Phys. 20 (2018) 17977. [IF: 3.906]
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G. BHEIRE;EF / Significant Activities (FY.2013-2018)

See Ref. 2-9.  “#” mark indicates research carried out at a former organization.

WA FNZ E R D 2 LI A SR L7 5, 2013-2018 LD 72 EOIFEI O LRFETRE L 02 L, #if: (2018-
2015 ) L (2016-2018 4E[E) (20 THIBICHRN 95, Rt A, b L IFFIST & st Trrdk.

3. #t&&# / Contributions to society
(3) E - #hABAREK - AEFKRIZEFSEE / Activities for national and local governments, and
public organizations
1. Bt D54 | Screening of Grants—in—Aid for Scientific Research

[2013-2015]
1. 2015 FF IR S 1 Be bR Ay (EmsRd) SoA%(S) « FA) (%) . FEB) ().
FF(A)

Screening member for 2015FY Grants—in—Aid for Scientific Research (Y. Uehara).

[2016-2018]
2. 2016 FFERMFE B 1 ERpERAT (GEEERA) H(S) : A(A) (—fi%) . FEB) (—i%) .
EF(A)

Screening member for 2016FY Grants—in—Aid for Scientific Research (Y. Uehara).
3. 2018 FFERMIF SR - FUBRIFZE(B)  (—%)

Screening member for Grants—in—Aid for Scientific Research (Y. Uehara).

PP I3 A AR BB FE RO T TH Y . SRR - AR W9~ 2 FEITERBE OREDFE
JBIZE > THEETH D, THUTEBIZIV AT, OV MADFM S NEE S,

B BRI TR 28 4RE TRMIPE ) FAEZE (OF 1 Bafd) R, T
2811 H1H

Grants—in—Aid for Scientific Research is one of the core of Japan's basic research supports, and
screening to judge adoption or rejection is important for Japan's scientific developments. We worked
hard on this. The above mentioned efforts were evaluated and commended :

Y. Uehara, Commendation for 2016FY Screening for Grants—in—Aid for Scientific Research,

Nov. 2016.
5. EffH£RIHR - EERR - EEZBFEEFDERE / International joint research, collaborative

research, and collaborative education

[2013-2015]
1. SRR (h v —/L K%, 77 A) [ Dr. Joe Sakai (University of Tours, France)

WHELOHE XL —F—T 7L — g N L ABLEHETHY . EiE e VO, 3/
BEORMEN TE %, VO, DERETHERN 2T/ 7 )V =7 (M) HE &R TF L
(R) fHDF ) KA AL o THEDLILTWD, FxiL, STM EXIZ R AHDT /) KA AL D
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B UDVBRI SN2 W E 2R A LT-, R/ RAAL U BIE STM BEIFERI S
720N, STM HaHEI T R A A OYBINRTE 5 2 Lid, STM OZERIREE T, misE DA
B D R EHA A FTREIZ 72 B Z & ZoRniBd A id T2 MR CTh 5,

I SCER ¢ 1 (AR AR SC 15)

One of specialties of Dr. Sakai is oxide film depositions by use of laser ablation; he can provide
a high quality of VO thin film.  The surface of VO, is covered by a mixture of semiconducting
monoclinic (M) and metallic rutile (R) phase nanometer—scale domains (hanodomains). It was
discovered that STM emission can be observed only from the R phase. No STM light is
emitted from the R nanodomains. The ability to distinguish domains by STM light—emission
spectroscopy is a very attractive finding because it indicates that real-time measurement of fast
phase transition is possible with spatial resolution of STM.

Number of published papers: 1 (15 in Refereed Journal Papers)

[2016-2018]
1. SRR (h v —/L K%, 77 &) [ Dr. Joe Sakai (University of Tours, France)

Ferx DIRE LR 77 v —7 STM FH I L0~ D VO, DF/ Ar—)L K A
A DI 2 D OB MEE CIRE LT-, BHEINIREHERTH S,

BT : 1 (B HAT L 18)

The phase transition time of individual nanometer—scale domains of VO, was determined with
ps temporal resolution by use of pump—probe STM emission spectroscopy, which was proposed
by us. This achievement should be noted.

Number of published papers: 1 (18 in Refereed Journal Papers)

6. HEFA - LEFEUSFEIOER / Achievements of work done under the framework of Joint
Usage/Research Center

[2013-2015]

1 T2 TF A ROBAREEROWISEE KO AE Y —IGH OfEr 1 Study for nano-scale
structure of chalcogenide and its application to memory devices

TR ILEMIIERE  RIFIESRE L PEEBINR A HITERT

BN EBBIITE'NT 7 AR EFERAED 2 ODOREMEA L, M TTHEFA - EA
PIPEE N RE S B 5, AT, BRI E 202 L0 EWEEIRICH 5,
LENS, 2nbOMEHT, @D AT —RAAL v F~DISHRHFEIN TV, =
OILFFFARFFE TlE, BEEEFMTREIIZR NI O L a7 o Ae 24 L, bR
T STM R0 & G dekk & ZRaHll A 72 & hu7z, STM FE0 Tl e a it v 2 BE
THE SN 7+ /) COWENE SN, T2, IV aZ 5480 RV EEND
D THz b ESNT GRREER), F2TELNTERIT. hrar 540 THz
WCORN - ZHFFOMEE LTHIRFSND Z EE2RB LTV, 20X 9IT, R
SN _EEFEFIHEETH -7,

RO« 3 (EFEMEAITHC 8, 10, 11)

Major collaborator: Dr. M. Kuwahara, National Institute of Advanced Industrial Science and
Technology

Chalcogen alloys have two stable phases, amorphous and crystalline phases, and optical and
electrical properties differ greatly between these phases. In addition, the phase transition time
is in the picosecond or shorter time range. Hence, applications of these materials to high—
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[2016-2018]
1.

speed memories and switches attract much attention. In the joint usage research activities,
National Institute of Advanced Industrial Science and Technology provided chalcogen alloys as
samples, and various measurements including STM emission spectroscopy were made at
Tohoku University; in STM light emission spectroscopy, properties of phonons excited by
picosecond light pulse irradiation have been explored. THz emission from chalcogen-alloy
tunnel junctions was also studied (unpublished); the obtained results suggested that chalcogen
alloys are expected as effective materials for light emitting and receiving devices in the THz
spectral range.  In this way, the joint usage activities should be noted ones.

Number of published papers: 3 (8, 10, 11 in Refereed Journal Papers)

T A= VM BEO LB R DT L LE T N1 XIS H | Exploration of phase
change phenomena of nanometer-scale materials and their applications to opto-electronic
devices

THE R ILRNIIEE « BRI PEREA S IFTET

AN AT EaD—FE TS ShoTes (PERLANMAMTEH L V2l OFR 77—
7 STM FN5 e 2 FEfi L, v afh L —F—RENZ LV FR S D /E-T EL 7 7 A4
AR DRFHIR 2 2B\ & & a B O RFE /3 REE TIRE LTz, T DL ETII ANy FHEB T X
NF—L T g AR ORFRIIR D BN DNRIE TE 5O T A OWELOFEMAA 5
PZIR%, ZOX I, FFEShLI S EFNAFEH THL -T2,

BT : 1 (B HTR L 22)

Major collaborator: Dr. M. Kuwahara, National Institute of Advanced Industrial Science and
Technology

We carried out pump—probe STM light-emission spectroscopy of Sh,Tes (provided by National
Institute of Advanced Industrial Science and Technology), a kind of chalcogen alloy, and
determined temporal behaviors of the crystal-amorphous phase transition induced by
picosecond laser irradiation with picosecond time resolution. In this method, the temporal
behavior of the interband-transition energy and phonon frequency can be determined, so that
the physical details of the phase transition become much more clear in comparison with
previous methods. In this way, this joint usage activity should be noted one.

Number of published papers: 1 (22 in Refereed Journal Papers)

GRS X 2 —T7 OIEWIME | Photoelectronic properties of a metal nanocube
FEA LRI - N EEER  FRIM R EE T LR

REESHAFT I A—FVOHET ) Fa—T2EBICERT L L E2BE LT 55K
FO/NE T N—T L OILFEFTEE 2017 HEEN LD TS, SLHIKOIRZH T 541
T F 2 —T7(AgNC) 1L, ERIED T /7 #ki 1 L 0 & @O R LI 0 @ OV EE S IR A
HTHHLNWT T XE= 7 MEHE LTHB SN TWD, B2, Foxr OfFE £ 92 STM
BILORBESNEHNEESSE Li=F ) 27— BT L0 . 2 E CBUIINKEECH - 7=
AgNC OF ) WBEAYMEZH LN T HZ ENTE 5 LSS, RGNS 14
9 & F 2R EAFZE O FARITE A,

1) AgNC Otk IE S X ORL R iR A L@ a1 o FiRE
2) AgNC 7 L A B2 250 FDICRIE & B
BT DR E T TIZHET TV 5D, BUEE LT LEOERKIE, Fix O 7 L — 712/
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B LTl AFEAEND ZOWET — < I JIBNCE D flA, 23V E TIZ 303K
ZITHoTW5B, 1) OREIZHOWTIX, @XICE EDAEXITBRICETLTEY, fTH
HIZERRRTETH D,

FEFR LI 1 0

Major collaborator: Associate Prof. Atsushi Ono, Research Institute of Electronics, Shizuoka
University (Japan)

We have been collaborating with Ono Group at Shizuoka University from FY2017, which
specializes in precise synthesis of silver nanocubes (AgNC) with the size of several tens
nanometers. AgNC having a cubic shape attracts many attentions as a new plasmonic material
owing to the narrow wavelength resonance and higher electric field enhancement. In particular,
we expect that nano—photoelectronic properties of AgNC, which were difficult to observe by
conventional spectroscopic methods, can be clarified by using STM and surface spectroscopies.
Although the joint research has been just started, we already obtained the following results.

1) Surface nanostructures of AGNC and the chemical state of polymers adsorbed on AgNC.
2) Photoreaction and thermal reaction of molecules on AgNC array.

Mr. Iwabori, who is currently first-year master course student, has been intensely working on
this topic since he assigned to our research group. He has made three conference presentations
so far. About the result of 1), we have started to write a paper, which will be submitted soon.

Number of published papers: 0

N—=RF =T VT NOF ) 27— G & OCEF PO MRIREIFE / Nanoscale
optical measurement and ultimate photoelectronic control of carbon nanomaterials

TR ILFEMIEE ¢ Rzeznicka % 20 LE KT, i@ —1E 1t NIMS

H—RF =T VT IVONEFYIEERA A7 — VO ZEMSREETH L NI T 5
WFZe 2 2 T2 RS0 Rzeznicka Zid% & NIMS OFft FAEHIZEE & H[FE THEH T 5,
FrEPHEZIR OB T 5 STM 365645 %, Rzeznicka #i% DB Tdh HIESHIR T ~ v %y
Y. M EEMEEOEMTHDL L—Y— BN EHARDOEDL ZEICL-T, &
—RF =TV T ILOIRIETEET D5 nm I JRE LI - IRECHE 0 & A T 2
J AERALICT D ENRARERFIEO BIETH D, Tz, HFRFIEE DB EN T
BRI S 2 @A CRME L7, FAEICOREBIICT 4 Ay a VIZBMLTH B0,
HL72 2 HREIFZEICE £ 5 R WA 21T > TV 5,

1) lzabela I. Rzeznicka “Scanning tunneling microscope tip-aided luminescence from ultrathin
organic thin films” 2019 4- 3 H 6 H

2) FfEE— “SERENEIREED A B WLEMA BAER - maOMERE 2 B GICK AE
BB 2018 422 H 23 H

3) lzabela I. Rzeznicka “Tip—enhanced Raman spectroscopy in characterization of two-
dimensional growth of inorganic—organic thin films” 2018 42 4 9 H

INET, I—RoF /) Fa—00 77 /BT 5T 7 % STM THH 5 M2
LTcim & 2 1F3R Lo, A% ILFEIEE &L O S 672 282 5RO TRUNERIZB T 5
=R F =T VT NONE YO RRFZH BT DRI HD fHe,

FEAR A S 2 (BRI ER L 19, 20)

Major collaborator: Prof. Izabela I. Rzeznicka, Department of Chemistry, Shibaura Institute of

Technology (Japan) and Dr. Ryuichi Arafune, National Institute of Materials Science (Japan)

We have been collaborating a research on the photoelectronic properties of carbon
18



8.

nanomaterials together with Prof. Rzeznicka of Shibaura Institute of Technology and Dr.
Ryuichi Arafune of senior researcher at NIMS. Objective of our collaboration is to elucidate
the luminescence behaviors of carbon nanomaterials, including the electron—phonon interaction
and exiton dynamics, by the combination analysis of STM emission spectroscopy (Associate
Professor Katano), tip—enhanced Raman spectroscopy (Prof. Rzeznicka) and laser photoelectron
spectroscopy (Dr. Arafune). In addition, we also held seminars when the collaborators visited
RIEC. This enables us not only to facilitate collaborations but also to exchange the latest
topics with students.

The titles of seminar are shown as follows.

1) lzabela 1. Rzeznicka “Scanning tunneling microscope tip—aided luminescence from ultrathin
organic thin films” March 6, 2019.

2) Ryuichi Arafune “Spin—orbit interaction of photoexcited states: Direct observation by high—
resolution two—photon photoelectron spectroscopy” February 23, 2018.

3) lzabela I. Rzeznicka “Tip—enhanced Raman spectroscopy in characterization of two-
dimensional growth of inorganic—organic thin films” February 9, 2018.

So far, we have published two papers regarding the nano—optical properties of carbon nanotubes
and graphene. We will work on collaboration continuously to get a full picture of
luminescence of carbon nanomaterials in the nanoscale.

Number of published papers: 1 (19 and 20 in Refereed Journal Papers)

B - ZE - XE | Honors, awards, and prizes

[2016-2018]
1.

B AARTINIRBLS TRk 28 R TRMPE ) RAEZE (F 1 BalFd) RE. Tk
284F 11 H 1 H

Grants—in—Aid for Scientific Research is one of the core of Japan's basic research supports, and
screening to judge adoption or rejection is important for Japan's scientific developments. We
worked hard on this. The above mentioned efforts were evaluated and commended :

Y. Uehara, Commendation for 2016FY Screening for Grants—in—Aid for Scientific Research,
Nov. 2016.

S. Katano, Research Prize, Ishida Minoru Memorial Foundation 2018, Nov. 2018
JrEpE, — M EE AN A BERLEME Pk 30 (RSN E, OB b o R VERIGERE &
MW= ) 20— VIEE - MERR & AR PRI 2 BE 3 AF9E”, Rk 30 4F 11 H

FEPUEHZ 1L, R b pVEEMEE (STM) ZFW7=2E (STM 38%) OEFHHIFE
ZMBICHELEE D Z LIk, 2 E THENKE L ST EFLLONE T
Wk % B 3 2 AN Ze i R & 2506 T T2,

STM BEAMNSELND AT MVOSESE 2T 5 Z L2k, STM BREHE T
IZHAET DR E SHOTD 1 nm BRE O EFEOIRENRAE A2 5 W R S fRE TR TE %
ZEEWILMNC LT, BENISEE £ & O fiFi eSS AR R E O R E L TR A
Eh. R ENENSA TE LTSN TWAS, X512, STM BIEDOWHEETHE LT
% 2 T SO E M B DT ) R A — VRIS TE T A 30 & U CREEME L. T Eu@ E 0 B
~DOFMBERC & RMAICE Y A 72, £, WO IAFS@EEOMELE L THEZER
H—RoF ) F2—TICSTM AT L, STM BT 7 I —R B e 2 R
BINCIRETCTEX DR NRFERTHDLZ AR LT, S 5T, @Y E RO T #EERD
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LWV T LT T AE =2 ZARFEOFRIRIZ SR B DB IR 2 2T T,

VLb G BB(EEROMESIE R 5 7 /34 ZAMEIOBIFEIZ W THE R ER &2 20T
7o Z L DSEHl S TR B R A M T E R E 2 2 E LT,

Associate Professor Katano developed STM light emission technique and published many
distinct papers regarding the elucidation of nanoscale photo—electronic properties of materials.
By analyzing the fine structures appearing on the STM light emission spectrum, he
demonstrated that the vibrational states of a single adsorbed molecule can be detected by STM
with high spatial resolution. The corresponding review paper has been adopted as the cover of
Journal of the Japan Society of Applied Physics, which is regarded as outstanding research over
the world. Furthermore, he also patented above results, which can be applicable in the industries.
In addition, he applied STM light emission to a carbon nanotube which is expected to be used in
the next—generation optical communication. The result strongly indicated that STM is a
powerful tool to reveal the nanoscale optical properties of nanocarbon materials. Furthermore,
he also applied this technique to metal and semiconductor nanostructures, demonstrating that
optical properties can be controlled by tuning the nano structure.

As a result, he received the Minoru Ishida Memorial Foundation Award for his outstanding
achievement in the research on the nanoscale analysis, which must be indispensable in the
development of the information and communication industries.
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