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WFIER R OB (3530) : The purpose of this study is to elucidate the mechanisms of various
processes and phenomena at solid surfaces and interfaces by using various means
including newly developed sum-frequency generation microscopy, scanning tunneling
microscopy, theoretical simulations, and time-resolved second harmonic and sum-frequency
generation spectroscopy. This study mainly focused on reactions at oxidized silver surfaces,
photo-reduction at gold nanoclusters, carrier distributions at the interface between organic
semiconductor and dielectrics, coherent surface phonon excitation at alkali metal
adsorption systems, and vibrational energy transport in nanometer-thick layers on metal
surfaces.

AR RA
(BHHHAL - 1)
[ERES T A & &t
2005 28, 500, 000 8, 550, 000 37, 050, 000
2006 23, 600, 000 71,080, 000 30, 680, 000
2007 fFEE 10, 700, 000 3,210, 000 13,910, 000
2008 FEE 10, 100, 000 3, 030, 000 13, 130, 000
2009 R 8, 900, 000 2,670, 000 11,570, 000
ik 81, 800, 000 24, 540, 000 106, 340, 000
e 8 - LS

FHoR& 053 F - #1E - Ea s - B

F—U— N KA, Rl - Smwrt, ERBSE, EAM b VBEET, e
1. WHIERIAR YD 5 IR —FOSTH Y, WEHE L IEMEY A
(1) IR S5 ERFRE SOS I3 MIBFDRIGENFEE L, BOSICBEST 5



DT ROSAAITEMPNC AL —Th D 5E
N\, LIznoT, MITEEekkx Indk
1] - SRR O 2 B LS 5 72
DL, KEfEER o RRE &3, K
SRR 2 RTER T E D K ) ICH R Z RS
DMWEFRDLZEBRAREHNTHD, L,
RFF AR CORIEIZ BT, ZERINeRY
—MEICEB LTI ERAL I LR
b ThiRhotz,

(2) ZEMMR AR —EE2RIET D12, &
D= DD FHFEFROBPMLETH D, EE
VRIVEEEE A IX U0 & L TR fiRRE

OB 7o —7 "L H S Cidvniz
LoD, WEFRERET HZ & IXRNEET, 2
DEDA A —TBEGD T OITIXRER 23D
MY, RO MREEIX MR b TEY, —
HT, WAEMARIET D Z &SRR F)E I
FAERE L EoFRE - R TFE L
EENTBY, 2T VR L—F—%2HN
HledIZ e a ok afRieE A3 5, L
L, a2 EREy 57200
WS ITHET S 2 LTI A EIThNT
W o T,

2. WO EM
K TIE, AT L —T N EEE LT
T-HFMMER COXREHRREOF A F I v I X

g & 3L, Fa EOLFROREN FRET,

Z DZER A OREFEERZBET D200
BricZpdike LT, REMAEFREL (SFG)
BRSO CIE A BISE T D, AU CTHREE W
ZAEAM b o X OVEEE, FIREAEY 2L
—YarplaE v, T LenbERR
IRUAYVICDIE 53K « RSB T D ROG &
B kR 2 IR BB 2 W] - 22T~ v B
7L, ZNHORME - FEHBEDO A =X A
DABZRAT D L2 L T2,

3. WFgED Ik

e = e RV RAIEL =0 A ISP O N G SR SR A Y
FeHEERWT, LT OBR 7258
B kAT,

(1) EER N RVEABEIIC X DT 1
IV COFRME S O - 225 R OB,
(2) REISOFHERFEY I 2L —va v
2 &L DR,

(3) FnJE¥: (SFG) TEMMEEOBA% & Fim -
REBG~DIH,

(4) YA X@RLI=E&T ) 7 T RAZ—DH
Lok,

(5) B LRIk FEmMaEL—L N7
*+ ) DAL T DORE,

(6) &EEm o) ) A— FVEEHERT
DOIRE T VX — DItk

4. WFIERCR
(1) JFF LU TORMIBG ORI - 22

FIEOBE . Ag(110) EHAZRILT 5 & Ag
& O JRA- DA HAZEAR B 5 Ag0 — IR ITEH
NTEDH, ZOFRAE CO IIEETDHERY
(2 CO OFLIIGHEE X 5, AR TIE, &
A bR VEEBEE (ST BlElc kv, £9° Ag0
— I B W DREEEFE & & % JL WO E
FAPHCH B NC LTz, 2D BT, Agd —kIT
LB XL D CO BALEUS DOHETTT D hk
FaImEE, Ag0 SHOWFERDOBE L L CEHM
B LTz, ZO/RE, KR C—WkIcH O
ERES ENT & A EBEWEAIT, 0B i —
TEEH DB O DHEITT 508, W EFIZ
PEVEEE R S S L EIRO A2 5T HO
MIZBWTH KSBEITT 5 72O R0 2
HICIEINA Z LR R\ LT,

E 51T, RFHERTOKDOKFEG| Xk RIG
IR AR IS, 22T, RETEE
BN R OVEEEEIC LV, RUSHERTE
D & D ICEMPNZHETT D 0B Ry EI T~
BT LT, ZO%EE CO B bRIG & B
720, K 1UICRT LD IS ZEMMC RS
BT E D Z L 2D TRWE L, T74b
B, K 1A) - IR T X9 SRR BRI
EXDE7ay RBRHBLL, ZhnEdEo
IR HEEA BB L WD, 2O T7 1
VR M@ L2 1) o L S ICKikfE
WEIIRIGHTE RELS BT D, ZDO L IR
7 ay FPOHBREFDOMLEBELE VI —BHD
BORENRWVEGRIL, K7 T AKX —ERRIC LD
B Ol B (2 X 2 1R 38 00 70 FERRIE SOE 3
IGxm RIA T LTWAENWSEFTILTE
PERICRRBAT 5 Z E R TE T,

110]
1. AgO/Ag(110)Zifi T DK D IEMIE IS
ORR - Z2RRE, A5 EDNEIZKOEH
AN, GIXZnboigzERIZ SO, Ik
OB EDENSEITHEITT ARG 72 b D
Rl 2R LT %, MG FHEER, O
BRI N T L7215 O R miA .

(2) REAKGOFHERFE I 21— 3
v ERoOFERIZEIY, KIETIE o Bk
BOSDN AgO S5O R Bt & 5 Z & 3 5 )
2oz, ZORKNEHONIT HTZHIZ,
Ag0 BHIR D EREE DS —F R E 21T\,
e SIMBE DA T REERGEE D, 4



IR T ORI TnD EHEEL
oo EHIT, FJREHENS Ag0 BT AV
NEOEEWN, SHEEEERZRD, b %
AnwresrshiransIal—ya 217
S7=, STM BT, RE EFITEYY, AgO
SHITBH L BAST B M OEENE L 720,
FDEWT I T A L NIRETEZ ENRD
Mo TS, TZT, ZIZTRO-FAIEH
Zh EICHESMOEEKRFEZY I 2 L
— kL7~ (M2), ZORE, oIzl
— T a NIV IRIEEENICBIEREREH
BWIbZtmT&iz, 12120, TENR—K
RO, SR RO IMEER DK
TXETRCTIBEEINESLSTILERD
ST, TR, BRIV O M, & < DFT
HADKEENOLEZ TRYTHDLLEEZD
N5, ZOrkohhvIal—a UERND,
Ag0 SHOBGEE), I ONZ I ) #EEE
DH7-67 CO B LIUNMERE A 1 = X L%
RN TE T,

(a) 70
w 60F N

f =4

@ 501 o
o
4o}

t‘c_;ao-

[ ]
e L o
5 20 . .

o

§or sesssnsdor 0’

2 L8 e See
500 600 700 800 900 1000 1100

Temperature [K]

(b)4sg

o
o
T

o
o
T
o

Number of Fragments

[+]

000000°9° )

200 300 400 500
Temperature [K]

(=}

M 2. Ag0 BHESMOELTHNAEY I 2 L—
vay, (a) DFT #H&EICX v KD7-AgO
OB AEEROA (@) , FHEHEEIEM
bawle (O) B, (b) BEmRERLEL RN
— B &R LT3 A, G - R EREE R &
FTRT/3 IZLTH D,

(3) FnJEl¥ (SFG) BEMEEOBAY & FKif -
REBGEA~DIGH -
OFn &z BT D B 78

RS % B Tokk & 70 3R H BL G 0O IR 22 [#]
REREBERTHIZOOH - IFiEE LT,
SFG BAMU YEIEZ BT Lz, Ok, &=
RS Rfg 2 FoR & 92 O CTZE /M 0 fiFHE (X um
F—H—=ThHdN, {LFREOBERTH D
REN D2 N AHETH 5 72 DL FERLZ O
WA IRREZ A L, & W ERRISERE (B2 f)
TEDHHDOEALZBYT 52 LN TE 5D,
WEIIE O Ti: sapphire L —W—& F

3. SFGEMEEENROEY N7 v
DO AR Z AP E L, Z OR[N
VA ENFNT A MY v 7 HEiEg - 22N
FEBEINE DA SV A Z R L LT, BEiseE
DHFRITV T NVREDOA A — % B
B BIc—HESZ/HY, 04 A —=Vnb
OFEE S 7T rExpr o X k0 £k
LCHEBT2b0E L (K3BM), Zh
ZRAVWT Aul1DEHE Lic~v A 7mar 2y
NTV T4 v 7B ot — kL
7= F A — /v (2-mercaptometyl-5-n-
hexadecyl- thiophene) Hi/y1-fE?D SFG 14 %
CH i REIE— NIZHEH LRI L7z, 2D
FER, FTA—AGFORGNINE — %21 b
um FEEE DS REE TR T X 7=,
OFnE RSO K E - FEH G~
AR E W BT N A APRIEAFE
HEHENTWS, ZOENMEREZ2HfiE4 57

Electrodes

o 150 N
100 100\?&

&(f)?/ 50

K 4. Ry EmEEE W ERR ST
VURE D — NEBKEIZHIT D SFG B
e, (@) 7r— FEEAF T, (b) F—
NEEA VR, Ty 2 RV IEA S LT
BRI L DE LW SFG 12 SRR 7 &
"o,




DT B EARNTOEMEZHE I F v VU
T O, T8 ANTONAR, BENEE
EERWPLNIT HHERD D, FC, AE
RABE N T DR F TITA SR L 7 —
NEMSmICEMDEE SN2, ZOR
MBI DEMSMICET2MAITEET
BN, ZoOXo7BENTREE S n—T
TAHZEIIREETH - T-, F 2 TARBIFETIE,
N AerEROCTEAEERIRNT Y
A KN\ SFG BRI A TS Lz, = DOfE R,
K4 \ZmT Loy —NELEE ON 275 &
F v R VEEIC TRV SFG [ BRI X
HZ ERITILDTHWE L, ZuE, HEA
SNTEHR— KD BT BRI LY
B ~DOEBIBENMEEIND Z L2 ER
LTW5, ZOHEEEND T ¥ o R/VHEIRIC
BILZEMOMEHLNCTDHZENTE
Too BUE, 7SV ZAREEOEIN, 8 VAN
MFHZ XV EMEZERT 57281280, Kl
TOBEM AT OWE « 22 RN R X
HFTW5,

(4) FH=TRETOES ) 7T AX—E
B ESGEITTS - FH =T 7 E Ok
HICHEFEEINEZET /) 7T AX—[IN VY
WIT 2R ORIBERE 2 R B L, ITAEIERICIER &
nTnws, AT, &4/ 77324 —%
F a2 =7 HifEeE ECHIE L TR L, £2T
DO T2MmAEE L2 HIEL

r Y T -
e e a0 4

T T
S
R R X R
RN

[ S A A fakid | & S AN A R )
R A RE L, RIIRISEIC LV &F
7T AL —DRMENEE THL0, e
WiV —=NaF /) 7 728 —% AT D5 &
NTE D,

THFZE L7, Gel Permeation Chromatography
WLV YA XEIR LTV TFAH L — b
LTS ) 7T AL — R F X =T HfEE
HIZHEFL, BB T IR~z F 7LD
RERLEBRE L, K5I T X9 IciE%
WHLRWERISBWC L vEeT ) v T 2H
—IIEE T 50, REtEmAITHZ LickD
A BT HE YA X koo
JTGAN—HHFETE T,
METYTF U TORE, &1 )7 TAE—
(I et (Au0,) BNAER SN D &[RRI
REETHLIT NI TF I L — ST DR
BRTINE T ) 752 —IZBVIAEND
ZEE X BOEETORICE VIS MNT LT,
COMBETT TN E LTSS VT
AR NSRBI A LT 2 A, &7
T AL —ITIEFITNFE L GBIL SN, RFER
FTRIREIKBEENDIZEEZRWVE L,
TR, SR & IRFIRT DRI LY
Ot L, C0,%°C0 & LCHBEST 27L& %
bID, ABHFZE 7 — 7T IR SRELAE S 2%
i CRBR 72 LB S EITT 5 Z L 2
HLED, &5 /7 7 AX—TREERZ &N
EEDZ IR IT W o T,
ZOFEIL, & 7T AX—DEEICDH
JGHT 52 ENTE B,

(5) BE VAL ERaE—1L 2 b7
F ) DI L FOFER

AFFEDOH 5 —>D BT - =K E
WCTORBMBROBI E LTIE, A&7
EOHEEEZmmICWE LT VY &EIZ
BiFsrEHmRae—Lv o 73 UFEELF
OREFNOBI ZIT > T2, TV & RWER
WAL S O b IAIR & L TE DS < BF%E
ENT&EF, KISV —T1%, 7220
POV AN XY R SN AR O 3 e —
Ly MEBNE T e — T O F 2 w4 TR
EOEEBLE L TEHDT LI L T

{=pun -qae) i

c-l-l-l-l-l-l-u
19 20 21 22 23 24 25 28
Photon enengy {8V}

X6. Cul1DEEIZWAE LTz Na Dak—1L v
MMRBEIRIE O bk e = R L — A7, BRI T8
DWW ALY S vaE S EICFHE LRI T
DRy FIRET ORI,



7o o ABFZE T, I K/Pt(111) & Na/Cu(111)
WHEHE L, fRiC, gEICBWTCae—L b
RENRA D A B = X KO % H LIRS
7ol ZORITBWTIX2.7 & 5.5 THe
D-oDatbt—Lr MEEIT—REHEL
7oo T Na JR7 O EERRIT W OffEE —

RFTH DM, KEKOE— RIZTFHO Cu @
KE 7+ ERIFEELIEE—NERBE
L7z,

5.5 THz OFIMIRENMRIE LRIz & D
XTI GET DI NI OWTHIEER T2 &
A, K6 IZRT X ) ICHIIRENRIE L S L
7 DO A~ kL EAFIE R CAE o
W RGN Z R L, REIZRELZEHRE
M OERBIZHE S S LB R FITR 57
MDol—, LTNo T, ZORIZBWTIXED
d N R 7 2V IENE E~OER N E
PR REE RS- LTS, ZOERICEY d
N ROZEHAER, BIOEIICHES A—
=X A T DOBBIZLDWEMICHEL L
HREE (B 7HIREE) ~DZEFLAER Na
FroERFmOae —1Ly MEE 28| X
HZL, 2hdae—L> b 74/ &R
THEEZLND,

(6) &EFHE DT ) A— FVEHEREET
DOIRB =RV X —DEW © RS TIEE
[, BLOZFOIEDF ) A— FLEEETO
L= s IV B P NN A ko
BY, WEOYLE & Y FRET = R L ¥
—MMEDLIITEHL T ONTEET
b5, LnL, IV IWED XS BN
SEIICRT L C oD X D i E o
POV —Ek I BT AT E A EBIRN
R, FIZTC, AR TTIE, Pt(111) £ E
W2 LT= CO Dy 1-J8 EIZ/K A 10 JEg HE

L L L
1000 (a) Pt substrate’]

Temperature (K)

O.. 1 1 1

1 . 2
Delay time (ps)

X 7. Pt(111)#FE E HicEk L= D20/CO B
HELZ 3N TR Gy T )8 D EZE IR 2 H D OD
DT RE— FOIRE(Trco) 234 B FE A
LOZFRNFX—BENZ LY EF L 3ps BBET
HEEFIREBIZ /2 D,

S H - EEEICK T D0 FIRBMIES O
T VX —EEOMBE A Lz, EBIT,
Txh ML= =L RERDEF
IREESNE A2 #% 1 LT O o efdimldis « I R
FaEphi L, ZTOZ RN X —&HEO X A+
v 7 R Z R R ER A el L v Co,
BLOKGFOEE AT b L OREREZEAL
ELTEB R, TORE, N TROIKIES
¥t — Rl 3ps UNICRE NS KBOEZE
MR GRS D Z AL, (M7
ZHR)

5. BRI
(WFFERERE, IR 4R M ORISR |2

ERN )
CGERERm ) (BE 17 14)

(D"Molecular structure and carrier distributions at
semiconductor/dielectric interfaces in organic
field-effect transistors studied with sum
frequency generation microscopy”, 1. F. Nakai,
M. Tachioka, A. Ugawa, T. Ueda, K. Watanabe,
and Y. Matsumoto, Appl. Phys. Lett., 95, 243304
(3pages) (2009). ##iH

@ " Ultrafast Vibrational Energy Transfer in the
Layers of D,O and CO on Pt(111) Studied with
Time-Resolved Sum-Frequency-Generation
Spectroscopy”, M. Nagao, K. Watanabe, and Y.
Matsumoto, J. Phys. Chem. C, 113,
11712-11719 (2009). £ Ht

@  “Structure and thermal fluctuation of
one-dimensional AgO chains on Ag(110)
surfaces studied with density functional theory
and Monte Carlo simulations”, 1. Nakai, Y.
Matsumoto, N. Takagi, and S. Okazaki, J. Chem.
Phys, 129, 154709 (8 pages) (2008). &

@ "Explosive evolution of hydrogen abstraction
of water on oxidized Ag(110) surfaces studied
by scanning tunnelling microscopy”, O.
Nakagoe, N. Takagi, K. Watanabe, and Y.
Matsumoto, Phys. Chem. Chem. Phys., 9,
5274-5278 (2007). &t

(® "Electron-phonon coupling at an atomically
defined interface: Na quantum well on Cu(111)",
M. Fuyuki, K. Watanabe, D. Ino, H. Petek,
and Y. Matsumoto, Phys. Rev. B, 76, 115427 (4
pages) (2007). & #tA

® "Photochemistry and photo-induced ultrafast
dynamics at metal surfaces”, Y. Matsumoto, Bull.
Chem. Soc. Jpn. 80, 842-865 (2007). 75t

(@ "Deposition and fabrication of alkanethiolate
gold nanocluster films on TiO»(110) and the
effects of plasma etching ", T. Matsumoto, P.
Nickut, T. Sawada, H. Tsunoyama, K. Watanabe,
T. Tsukuda, K. Al-Shamery, and Y. Matsumoto,
Surf. Sci. 601, 5121-5126 (2007). &

"Thermal and Photochemical Reactivity of
Oxygen Atoms on Gold Nanocluster Surfaces",




T. Matsumoto, P. Nickut, H. Tsunoyama, K.
Watanabe, T. Tsukuda, K. Al-Shamery, and Y.
Matsumoto, Surf. Sci. 601, 5226-5231 (2007).
e

© "Coherent Surface Phonon Dynamics at
K-covered Pt(111) Surfaces Investigated by
Time-Resolved Second Harmonic Generation",
M. Fuyuki, K. Watanabe, and Y. Matsumoto,
Phys. Rev. B, 74, 195412 (6 pages) (2006). %
At

"Mode selective excitation of coherent surface
phonons on alkali-covered metal surfaces”, K.
Watanabe, N. Takagi and Y. Matsumoto, Phys
Chem. Chem. Phys., 7, 2697-2700 (2005). #5¢
A
(i) GE 1 1)

(D "Coherent Vibrations of Adsorbates Induced
by Femtosecond Laser Excitation”, Y.
Matsumoto and K. Watanabe, Chem. Rev., 106,
4234-4260 (2006). A HA
(=gER) G 481F)

LRI _THE, &2 W HOBERER

@ Y. Matsumoto, "Nonadiabatic coupling
promoted by lateral vibrational modes of CO on
Pt(111)", Symposium on "Physics and
Chemistry of Coherently Controlled Quantum
Systems", Inuyama (Japan), March 19, 2010.

@ WAHER, AR ) v 7 2AZBH
T 572D OB RIERIE 36, 5 29 BIFRE
Blpa i, B, 2009%10 H 27 H.

@ Y. Matsumoto, M. Tachiokal, I. F. Nakai, and K.
Watanabe, "Spatial distributions of injected
carriers at a buried interface in organic
field-effect transistors studied with
sum-frequency generation microscopy”,
Japan-Korea Symposium on Molecular Science 2009
"Chemical Dynamics in Materials and Biological
Molecular Sciences", Hyogo (Japan), July 14, 20009.

@ Y. Matsumoto, "Impulsive excitation of coherent
surface phonons at metal surfaces covered with
alkali-metal atoms", India-Japan Joint Workshop

Sponsored by DST-JSPS Frontiers in Spectroscopy
and Theory, Kolkata (India), March 8, 2009.

® Y. Mmatsumoto, "Excitation mechanism and
decay dynamics of coherent phonons at metal
surfaces adsorbed by alkali-metal atoms"”, The
6th Conference on Ultrafast Surface Dynamics,
Kloster Banz (Germany), July 23, 2008.

OaAEZ, [BEEIERIE DI L 2WE
FEIREN 2 A X 7 Z0BH, L—F—F
%5 28 MIFERRE, 4B, 2008 £F 1 A 30
H.

@ Y. Mmatsumoto, "Ultrafast dynamics of
coherent phonons at metal surfaces covered by
alkali metals”, DIET XI, Berlin (Germany),
March 13, 2007.

Y. Mmatsumoto, "Coherent excitation and
control of surface phonons", American Physical

Society March Meeting, Baltimore (USA),
March 15, 2006.

@ K. Watanabe and Y. Mmatsumoto, "Coherent
nuclear motions at alkali covered metal
surfaces”, 46th IUVSTA Workshop & 5th
International Symposium on Ultrafast Surface
Dynamics, Abashiri (Japan), May 23, 2006.

Y. Matsumoto, “Thermal and Photochemical
Reactivity of Oxygen Atoms on Gold
Nanocluster Surfaces", The University of Tokyo
International Symposium and The tenth ISSP
International ~ Symposium  (ISSP-10)  on
Nanoscience at Surfaces, Kashiwa (Japan),
October 11, 2006.

(EFE) Gt 140

(D "Photoinduced coherent nuclear motion at

surfaces: alkali overlayers on metals”, Y.

Matsumoto and K. Watanabe, in Dynamics at

Solid State Surfaces and Interfaces. Eds.:U.

Bovensiepen, H. Petek, and M. Wolf

(Willey-VCH), (23 pages). &t H
(Z fth)

MAER, BARMFRFINE,

R Bl A

http://kuchem.kyoto-u.ac.jp/molspec/

3 A (2006).

6. MFFERHRK

(D) BFFe A
MA #HZ8 (MATSUMOTO Yoshiyasu )
AR « KEFBEBRAAF TR - 2%
W9EE %5 - 70181790

(2) g sy
[ & (OKAZAKI  Susumu)
ZEBRE - RFEPL TR - Bz
WoEE %5 - 70194339
EA 4B (TAKAGI Noriaki)
WHUORS: « REEBERIRR A se R -
9EE %5« 50252416
5% —h (WATANABE Kazuya)
AR « RFGEE MR - R
W98 %5 : 30300718
i AR (NAKAL  Tkuyo)
FAHBRE: « REFBEPRFEAFER) -

(Hl%ﬁHZD
e T 0 30446257

$ A 2 (MATSUMOTO  Taketoshi)

HEZI%

Bh#

DT RYE T - A — T

#41/2k/5% BhZ
e 5 0 20390643

(H1%+H1w
) Wrgeth /1

kM 1E (UEDA Tadashi)

T BEERETERT - oy - L— T — B
et s & — - HilERE

(H17—H]18)



