Kim# H A2 5=

Surface and Interface Science Laboratory

WEEAMEE & Ak (L)
KIM, Yousoo (Dr. Eng.)

F—kBUTUR:

1. GREmCS BRI REICE T 2 B0 ORISR TN 2 6l 5
2. HOMMB L AR S TIHEOBER NE 2R~

3. T/ A —VFEKME - REIZEBT DT Rk X — A 2 R4 5

F—U—F:
Ho7, RETAXZ huRxav—, ;2 #Eb5, -/ #Em - filil, ZRmiEm. @Bk, —xv
X—LHa ) h—RpE £im - Fam, EE Y o — 7 BN

WS H RY

T AN X —=DOBECLRBOBIEZE % O3 F LA 3 L CREIICREIER 92 Z i, HuhT 31 R
BTz X —FIHOGEFEL - mEkGek, &5 W ITAEEERmIC BT 2WEEBOFEm AKX 5 BT
ROEERERDO 1 DTHDH, YWEETIE, Kb LOREIRIT 21X —BH) - Ao i
ZYRT LA L. BITEREY v — T HAMEBEIC & 5 EH & B ENEIEIEIC K 2 B R O M T,
SF R LR AT o TV D, SRR, BUFICZES 72 SHTZEEE 2 b i gE 2 et L7z, (1)
&R HERE AR IR L EORE—5FIRT 2B BEHG O &AL BROS OB 5 b
78, (2) ACMEMBABGERIZ T 2R MEEFYERS K ORm COBEMBE, @EEmRLEOST /777«
SNZBT D FRPTE G ORI I X OMESAEMC K 2 WPEdliEc B3 20158, (3) (&kITT/ #PEHZ 1T
o DE—FEF] =R/ — LB O MBI 17 72 3T BLAE & O B

1. €RRECERB LRI IZIIT 5 B—40F OILFER)IER ORI o Hil 4

O €MNEEHEOSH T F a7 =0 BFICBT 2SR GEREE, &%)
TN FINTREA Y L& B OIGEEFOMAERIZL > TELLIRENRLZEIETHY | Fixlpy
AT L TEDFIEPHER SN TN D, ITF, BMED 2 SRR MEICERE ST RITEBWD T HITHED RN
L D D2 EDNER N RNV LN DR I N TWD, HicBi 2 E IR, B350
RIFEIC R E S B IND O, BN F 52 BET 22 Lick v, IResa he—LTEx5H2 L
DIFEE D, Au(1DiE EOgk” ¥ o> 7 =43 11% ontop 4 b & bridge 4 MIWaE L, FWE
P A N TOFEILIB AT MUNRKRE S EARDZ LV L, Z OO Y1 MEFEMI.,
ontop YA k & bridge YA NMIBIT WA EDE LA LD BN A FREDE W Z K L TH
D . FZ ontop VA b TIXENL 5D 4 [EIRFRED S . SUDITHES R LIS, B LWX A 7O
FESHRE N EH L TND Z ERALMNI T,

® Pt(111) LD ZBRFEF@BEE L 2 DAkFE{L (Liang Zhu, Michael Trenary, &%1&, &8
HeREICBIT D EERFOME 1T, BEHHMMEE o 0 X — % — 2 X 5 NOy DALELL T U = 7 O fil il
fbic X DEeibaEsE O T3AE K7 & EE Al SOSBRR S B B 5 720 . BEFEHEODEICE W TIERIC
BLRES HE T —~Th b, HTEBROKFELERINGIEE, XBEE TG, FRBEEE TR~
FERICED &L JRPERBUL S LoKFLINTE LT, 728 p(@2x2)-N 2A57ERIT p(2x2)-NH ~Z 1L
LARWDM, LW BEPRRS N NVEETH D, &2 THA I, LowED X 912 Pt(111) EIZJR 1
R L, KIRER b o VIEMSE 2 VT p(2x2)-N & ZDkFE L EHE LI,

® &XKmLOT R UVHEEEROEERIZHNT 504 MNERE (&FE, HMAE, S8%)
ST L M ORESREEE T A 2 LT Y RO UFHERS T ORESERE AL v F T B
TR EERE Lz, EE b RVBMEIIC K 28I D AuI)FEmICWE LT Y R_RUBUiE
KT Au(LID) DA T —H oA M2 3ODEEEHL (2507 == )LEE 1 DDOERHE-ZEHZER) MME L
LEDOREINEZ 7002 EBRHLNE o, FO0TICR LT rHNOEET— N335 &
Ry B TR VEETA NMIEDD Z L CTRESENEE D, ZOFRIL., i Loy 1 EERR

WFFEEE



2.

LB HETHECE A Z L 2R L TWD,

REREBO 2 bo— I & BB EIEO(LRRSMERE (BFEE, HMBE, &7

& EFm BT U 7o R b X~ T a2 filifE~ D S FTREME S S BLER 2 428 0 TV D, Fix 13 STM
& DFT (2 HS < BIRRERE 2 VW T L Ag(100) i _E > MgO BRI BT 5 K4+ DfiFEER & H MgO
BIEDOE S\KFETHZ L2 LMT Lz, 2 ORERIT MgO B & 48 AR OB AR IEM LRI
JEMEICEES B L TWDA Z L EZRLTWD, T2 THEAIRBOREL L VML =D, T LR E
L T MgO/Ag(100) i 3B 2 BEFR KM% D KGR KD 1 OB IC 5 2 5 8% DFT 5HEIC XK Y
A LT, TORE. RGBHFIEL, BB - SRS AELT D Z &1L - T MgO/Ag(100) E
TOMBEESSED ) E9 25 2 EAHBA LT, ZORISEDEIL, Bb®) - 2B K i OE IRIEDZEL
ICHELTWD,

BRI EEREICR T 2 E—CORFOIBEE O  (WEHE, HMEE BEARE, £&F/IK)

Ag(100)F 1w FERL L7 MgO —Eii#Em Lo CO 5y Fa2 % —7 v b & UCIEMME b o LB FDIE
N X DIHCEIS EZFHL L. B IREI A7 ML ZHIE Lz, MgO #iKIicL v, CO N+ & Ag#
I & OEFEH L FHEGIC LA IRE =R X — OB IME v, S FREBIOFGBEL R, 51N
TRILF—BEIRHE K LTV D AJREMEDN R S T,

BREBBRLMOBIBREBORIE (GBXLHE, &84

B RBIEIL, M, TS AR LIRS AMEITH L, ZOWMEIL, BEXREREDK
falo Lo CHII S ND Z EDRMBNTWD, AWFETIE, STM &2 HW TR L~V TO KFEOED
FIHIE 24T > 7=, STM NS DBEE SNV AZTEATHZ EI2L 0, BRIy A b b B —fFER
TEBBESES Z LIZPIL, BT LV TORBRBEANCYD TRHRII LIz, EOICBRRL5M40E
JESNVAZMA D Z & T, BALBERBOMEOHIBNIZ HKZ L, BIEICKIMGESZHET2 2 &
MNARRTHDHZ L E R LT,

GaAs(110)REIZBIF A= RXNAX—H#k (SHB, BAETF, £8%)

FHCHRE TOZ RN X —HRIL, FHET A 2 (FETSOKGEMZ: &) ORBRESCEER R E RS
THEERBFRTHD, AFFTEOHIT, AL~V TORIEN DS, REICBIT 5T RV X —8GROH
LWHRZSSD ZEThD, RToffies b OFEREFIETH D, STMFE N 5% HVT, p-type
GaAs(I1OIZEFEZEALTZBEOR N ZWE LT, STMEHXARS LD E—7 TR F—731.47 eV
ThHHZ END, p-type GaAs(I1IOIZIEA S NTZE TV NI CHR— LV EHRES L TREER 2
T2 ENy ooz, STMBIE & RIFFAE U723 BRI, T LUV ORI 2305855 (10 %
DIRFEFE) DN ST, GaAs(110) D C3RMENIRIEIZE T A2 EAT D ERENFTHRDEVNI Z &b,
C3WRBITIEASNIZEIL, 10 % EOMECTIHER MRS ZRZ LER ETor X —%2Kk95 2
ERHA B MR ST,

LixCoO:DJR T L~ )L COETFIREMNT  (Eamt, BXE8, 8%

LixCoO2lt. VF U LA A “REMOEMmMMEE L THWOND &R TH DN, Lif 4D
EENZOWTIE, BEEHEOKETZ L, RHAZENZ D, ARIFZE T, LixCoO2d HifEh FTSTM
BT HZ LT, LA A VDR LV TOEBERLE, EREELZAREETHZEEZHMNE LT
%o AL, LixCoO2 (x=0.66) OHfEEZ M (BRK=4HR O & oFEPFE) L, STMIZ X
HREBEZIT -T2, TORE, MBEBENEOREOIBR SN AN EE L, LiA 4 BNEFL
NN THIOTBETELEBEZEZ TS, SbIZ, LM AV EEBEZOLNDHEDE T L)L TOEFIK
TN D, A ML DB HIREO R —MERBI S, B OFDEAITHOI TV D AREME R E
Nic, 5%, BENBEEHE R ENLSTMEBOREZHED, Lif 4 EEBEXLNAFEOREEZED 5,

H CARBC A BB S T IR DG K OB F Mt DiF5R

O TYRNUBUFEEOLRTTHRE2RTBEDOEKL  (&F% HHE, SFK)

NA TP =R F L7 ha=d A EORkA ISR FTREO ) ) ERY — 2155 2 &
IIMHTH Y . ZOTOIZERREICIEKR SN0 FREEICOWTE S ORI TV 5, e
DOF ) EEEGEDH DI, BEMBILT 20 TIEOY A XERREHET 26BN’ H D, LL,

BITEE TIZZ 9 W o 7o H ML DA XK 2 il U 7 ZEs Rl 2372, RmicBiT 597
FHEE XY - AR E AAFEEASC T 7 o T AT — VAR FE SN D R OFE AAEH O

SRk 23 AR BE



WIpRT VAL > THRIET D, T2 TEXIIT VY RUBUVBERICBER-2E8ANTLHZ L THF

%WEW%%ﬁw(mfﬁM BB TNAVXNEE AND L TT 7 T INVT— VAT 5 L
DTETYA L Lz, £LTENDLOLRIE E2RITED /1O H CHER S 2 4 b o VB
otbﬁﬁﬁbto

® 7vi{b7 77—V UVESTROBEEER & ETIREMFIT (BEAKET, B, kﬁﬁ& EH)
Tt 77—V (CeoFse) ITHAEDTFOFRTHLEFERMAONDKELS, AT A ZTHBIT HnfaE
RE L COBRENIIFFIN D, Au(l1D)FE I — 72 2 H S Hy A2 2 LSTM# 2 DFTH &
EWEST D 2 & T WOERETE BRI D D - BRI OBRBEI O ERRE X, B Oy
FHOEESNORIEEZFRET D Z LTS Lic, £72 it (STS) 1Tk v, FFEFIZTREWN
TRALF—F ¥ v T2 b B EAENIT T =L I MRSV LAV L, BT A 2 0B
L U CHERET D TREME D RIR S T,

@ 2RFTHSTEABICBITHERFMEEET ¥ XAOERL (T, @B, €FK)
MERIRSTMZ FH W CER(111), A(111) 2R EOA - EABTDA-TCNQH .7y - J8 DffiE, K UVE 1-IKEE
ZBI L7, STMOREESBIZRIC L0 | Wi - CBTDA-TCNQIT A B B E 2 T 25 = & N5y
Mol ZOREIISFRIEST - BRI IORFICIVERENLTWS, £, D FRICERY
ZHLOBIRENHER SN, ZHUL, O TENICBIT 268 T v o VO EZFSE LR T
H5, ZOXD 7 FORAIES], K MEIET ¥ RAVOIFLEIIAT A ZA~DIEHDRKVITHIFEC
x5,

@ PUIDEBEDT /7T 7 2 OBEFREBOBEEBER LREMIC L DHE (&FE MTARET,
AW
NAKRTEZES T RTWETHDL7 T 7 =%, 72 I 2R —(HED ﬁ% PHUIZ 3R U 7= FF1
7B IREEERrD, 72, 79 72V B PEERT AL R E LTHATLDIET 4 T v a—r
FHTIZE=R LT —F ¥ v T 2o TRDH 2 &#i%f%éo%@kbwﬁ&kbf\&771/@%
A RXHRIZE D ET TR T 7 = VB LHEMT D5 2 e oD, £2T, BAITHRBEY A X
DFZF7 2 rPPHAIDFEEICIEHR LR ZSTMIC L VBTS2 LT, 797 =2 FOTELER 2R
L7, EEFRORZBFEKE LT, EAALTATOREERNBHNS Z L. PtRIEOKN T T 7 <
VETHENEND Z EDOPERERENPRKRESTFELTWDLZ B ghole, o, BxlZT 77
T VDEBFREEZ T b — LT 7 0ICKBNT T 7 = BB LT, STMIZ L B8NS, kFE

DOREYA SDOREIZRE LT,

3. XEASTM/NCAFMEE DS EiF (5 HE, BAEF, 81K
iﬁby*w@ﬁﬁ(ﬂM)k#%%ﬁ%%ﬁ@%ﬁ(N&WM)ﬁﬁ%@ﬁf%é%ﬁK\&—E
v h R BARME EDOSFITHERE, FRIIZNONLRELNDINEINET IV AT LAEBHEE LT,
F9. $MkNQWM@k;U YT —E MR BLOY T FEECAliE/R 2 L%, Au(l1DR°
Cu(111), NaCl(100), = 5iZAu(111)_k} ﬂbﬁjzu‘_ceo X C60F36 7y 1z I iEsd L7, BifE,
&JB LT U T i BRI W S B2 ioxh L, TS OB IR IE D 22 L% O YR Bt D
BHIZE Y fLA TV D,

Key Sentence :

1. Investigate electronic properties of materials at nano-scale
2. Explore single molecule chemistry

3. Develop local spectroscopy of biomolecular systems

Key Word :
Scanning probe microscopy, single-molecule chemistry, surface and interface, ultrathin metal oxide
films, energy conversion, nanocarbon materials, molecular assembly

Purpose of Research :
Our research focuses on describing details of the energy transport and conversion at solid surfaces and
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interfaces in the nanoscale regime. In order to understand their basic mechanisms at the individual
molecule/atom level, we carry out combined study of density functional theory calculation and scanning
probe microscopy/spectroscopy on the well-defined solid surfaces under ultra-high vacuum conditions.
Part of our research is directed toward investigation of single-molecule chemistry by the use of
vibrational and electronic quantum states on metal or metal oxide thin-film surfaces. Another
important part of our research focuses on self-assembled organic thin films aiming at understanding
their microscopic structure and electronic properties, and their use as templates for the development of
molecular-based functional materials. In addition, we have investigated local electronic structures of
carbon nanotubes and nano graphenes on metal electrode surfaces and tuning their electronic
properties by chemical modification. Recently, we have also started working on photon detection from a
single molecule and on atomic scale investigation of energy conversion between electrons and photons
of nanometer scale materials.

1. Single molecule chemistry at the surfaces of metals and metal oxides

@ Kondo effect in Fe-phthalocyanine molecule on Au(111) (Emi Minamitani, Yousoo Kim)
The Kondo effect is one of the universal many-body effects arising from the interaction between the
localized spin and itinerant electrons. The existence of the Kondo effect has been observed in various
systems. Recently, scanning tunneling spectroscopy observations have revealed that the magnetic
molecules placed on metal surfaces are also the candidate of the Kondo system. The electronic states in
molecules are strongly affected by the ligand-field symmetry. Thus, it is expected that we can control
the Kondo effect by tuning the ligand-field in molecular Kondo system. We found that FePc adsorbs at
ontop or bridge site on Au(111) and Kondo resonances in FePc molecule differs in each adsorption sites.
This site specificity of the Kondo resonance originates in the discrepancy of ligand-field symmetry in
ontop and bridge configuration. In particular, the novel type of Kondo effect, SU(4) Kondo effect is
realized in ontop configuration.

@ Nitrogen atom superstructure and hydrogenation on the Pt(111) (Liang Zhu, Michael Trenary,

Hyo Won Kim, Yousoo Kim)

The properties of nitrogen atom on a platinum surface are of great interest and importance in surface science as they
are relevant to several important catalytic processes, such as NOy reduction by automotive catalytic converters and
industrial synthesis of nitric oxide through the catalytic oxidation of ammonia. Studies on the hydrogenation
properties of atomic nitrogen using RAIRS, XPS and TPD indicate that only a fraction of the nitrogen layer can be
hydrogenated. The puzzle that the p(2X2)-N overlayer cannot be completely converted to a p(2X2)-NH overlayer
remains unsolved. Therefore with the procedures provided by previous studies, we produced a wellJordered
overlayer of atomic nitrogen on Pt(111) and investigated the surface structure of p(2X2)-N and hydrogenation of it
with low temperature scanning tunneling microscopy.

@ Site-selective rotation of azobenzene derivatives (Hyo Won Kim, Hyung-Joon Shin, Yousoo Kim)
We demonstrated a new method to switch on and off the rotational motion of an azobenzene derivative molecule by
controlling the bonding geometry between the molecule and a substrate. An azobenzene derivative molecule adsorbed
on a Au(11l) surface is immobile only when its three rotation centers, comprised of two phenyl rings and a
nitrogen-nitrogen bond, are located at hollow sites of the Au(111) surface, as observed by scanning tunneling
microscopy. Rotational motion can be activated by inducing hopping motion away from the immobile site by exciting
vibrational modes within a molecule. Our results suggest that this is the simplest way to control a single molecular
rotor on a surface.

@ Controlling chemical reactivity of ultrathin oxide film by interface manipulation (Jaehoon Jung,

Hyung-Joon Shin, Yousoo Kim)

Ultrathin oxide films grown on metal substrate are of great interest as heterogeneous catalyst. Using scanning
tunneling microscopy (STM) and density functional theory (DFT) calculations, we have demonstrated that the
chemical reactivity for water dissociation on an ultrathin MgO film grown on Ag(100) substrate depends on film
thickness and is enhanced as compared to that achieved with their bulk counterpart.’ Because the change of
chemical reactivity of ultrathin MgO film strongly depends on the adhesion at oxide-metal interface, we have
examined water dissociation on model systems with defects at the oxide-metal interface of the MgO/Ag(100),
such as O vacancy, using DFT calculations.? Our results clearly show that such structural imperfections at the
interface can improve the chemical reactivity of ultrathin MgO film supported by Ag(100) substrate. This is
closely correlated with the change in electronic structure at the oxide-metal interface. Our study suggests new
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concept to control the chemical reactivity of an ultrathin oxide film as a catalyst.

® Single-molecule dynamics of ultrathin oxide film (Jaehoon Jung, Hyung-Joon Shin, Emi

Minamitani, Yousoo Kim)

By injecting tunneling electrons into the adsorbed molecules, we have achieved controlled
manipulation and measurement of vibrational spectroscopy of individual CO molecules on ultrathin
MgO film formed on Ag(100). Our results clearly show that molecular vibration excited by tunneling electrons
can effectively couple with phonon modes of MgO film surface due to the long vibrational lifetime comparing
with metal surface making vibrationally excited state dissipated very rapidly by creating electron-hole pair.

® Atomic control of defect on transition metal oxide (Taketoshi Minato, Yousoo Kim)

Physical and chemical properties of transition metal oxides are controlled by the aliments of the atomic
defects (oxygen vacancy, hydroxyls and interstitial metals etc.). However, the control of the aliment in
atomic scale is not achieved yet. In this work, we have succeeded to create a single oxygen vacancy,
most common defect in metal oxides, on titanium dioxide surface by applying a voltage pulse from an
STM tip for the first time. Also, we have manipulated position of the oxygen vacancy by applying
voltage pulse in different condition. This clearly shows that atomic control of the aliment of the atomic
defect on transition metal oxide is possible and will be developed to create new physical and chemical
properties.

@ Investigation of electronic structure of LixCoO, (Katsuya Iwaya, Taketoshi Minato, Yousoo

Kim)
LixCoOs is widely used as a anode material of lithium second batteries, however the physical properties
of lithium ions in LixCoOz2 are not well understood because the direct observation of lithium ions are not
successful so far. In this work, we have prepared a single crystal of LixCoOz (by the collaboration with
Prof. Miyoshi of Shimane Univ.) and applied STM to observe the electronic structure. This year, we
have succeed to obtain atomically resolved STM images on a single crystal of LixCoOz and found that
there are bright features in the STM image which is only observed in positive sample bias. We think
they are the lithium ions and found the redistribution of charges in lithium ions by the studying of the
electronic structure of the lithium ions.

Energy dissipation on GaAs(110) surface (Hiroshi Imada, Tomoko Shimizu, Yousoo Kim)
Energy dissipation on surfaces or at interfaces degrades the performance of devices such as solar cell,
field effect transistor and so on. The purpose of this study is to obtain novel insights into the energy
dissipation on GaAs(110) surface from atomic level light emission measurements using a technique,
scanning tunneling luminescence. Intense light emission whose peak energy being 1.47 eV was
observed upon electron injection from an STM tip to p-type GaAs(110). It indicates that the light
emission occurs by the recombination of the injected electron with the hole inside the p-type sample
(bulk band edge transition). Photon intensity maps which were measured simultaneously with STM
topographic images show atomically fine distributions. A reduced intensity was observed when the
electrons were injected mainly into C3 surface state of GaAs(110). It is 10 % weaker than that of the
most intensive spot where the electrons were injected mainly into the bulk conduction band. This
means that the electrons in C3 surface state lose their energy on the surface with a probability of more
than 10 %.

2. Fabrication of low-dimensional molecular structure
@ 1-D chain and 2-D layer formation of azobenzene derivatives (Hyo Won Kim, Jaehoon Jung,
Yousoo Kim)
Due to its high electron affinity, fluorinated fullerene (CgoF36) is expected to behave as an n-type semiconductor in
organic devices. We have successfully fabricate its monolayer on Au(111) with a homogeneous superstructure.
Comparison of STM images with DFT calculations, we determined adsorption structure and interactions that are
involved in the superstructure formation, including direction and degree of charge transfer between molecule and
substrate, and origin of electrostatic intermolecular interaction. In addition, spectroscopic investigation revealed that
the monolayer possessed a wide band-gap with the lowest unoccupied state close to the Fermi level, which implies
potential application to the electron transport layer in organic optoelectronic devices.
®@ Superstructure formation and electronic states of fluorinated fullerene monolayer (Tomoko
Shimizu, Jaehoon Jung, Tetsuya Otani, Yousoo Kim)
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Due to its high electron affinity, fluorinated fullerene (CgoF36) is expected to behave as an n-type semiconductor in
organic devices. We have successfully fabricate its monolayer on Au(111) with a homogeneous superstructure.
Comparison of STM images with DFT calculations, we determined adsorption structure and interactions that are
involved in the superstructure formation, including direction and degree of charge transfer between molecule and
substrate, and origin of electrostatic intermolecular interaction. In addition, spectroscopic investigation revealed that
the monolayer possessed a wide band-gap with the lowest unoccupied state close to the Fermi level, which implies
potential application to the electron transport layer in organic optoelectronic devices.

@ Anisotropic conducting channel in a 2D monolayer of BTDA-TCNQ (Ju-Hyung Kim, Miyabi Imai,

Jaehoon Jung, Yousoo Kim)

Using STM measurement and DFT calculation, we found that the BTDA-TCNQ constructs a well-ordered monolayer
film on Ag(111) and Au(11l1). The single crystal is constructed by both intermolecular interaction and
molecule-substrate interaction. In addition, using dI/dV mapping, we found evidence of intermolecular connection
between electron states in a particular energy range, which may represent a key to realize a conduction channel for
charge carriers in the film. Well-ordered molecular alignment and the existence of conducting channel are expected to
be applied for organic devices.

@ Investigating and controlling electronic structure of nano graphene on Pt(111) (Hyo Won Kim,

Seiji Takemoto, Yousoo Kim)

Graphene, a single atomic layer of graphite with an sp2 bond structure, is fascinating two-dimensional
(2D) material because its electron transport characteristics differ from other 2D electronic systems due
to the linear energy dispersion relation around the charge neutral point in the electronic band
structure. An important issue in the use of graphene as a channel material for electronic devices is
increasing the band gap. Although graphene is a gapless semiconductor, there are methods for
controlling band gap, such as size effect and chemical modification. We observed the standing wave in
nano-graphene adsorbed on a Pt (111) surface using Scanning Tunneling Microscopy (STM). The Pt
surface state affects to origin of standing wave, because of, the wave is observed at positive sample bias
and defects of Pt surface are observed on graphene. Also, we made hydrogenated Grphene adsorbed on
Pt(111) for controlling electronic structure of graphene. We succeeded at confirming the adsorption site
of hydrogen on graphene.

3. Setup of an STM-NCAFM combined with photon in/our system (Hiroshi Imada, Tomoko
Shimizu, Yousoo Kim)

We have setup a microscope that is capable of simultaneously conducting scanning tunneling
microscopy (STM) and non-contact atomic force microscopy (NCAFM) while irradiating photons to or
collecting photons from the targeted molecules on the surface. We first showed STM and NCAFM
images and spectroscopic data at the atomic and sub-molecular resolution using various samples
including Au(111), Cu(111), NaCl(100), Ceo and CeoF36 layers on Au(111). We are currently working on
detection of photon-induced phenomena such as change in structure and/or electronic states for
molecules deposited on ultra-thin insulating film on metals.
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