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On the ﬁhotochemical reactions occurring on the solid surfaces, charge
injection from the surface to the molecule can be a trigger to start the reaction. When the
electrons are excited into unoccupied states, a transient state can be formed as a tentative moment,
which finally decayed with photoluminescence, phosphorescence, or non-radiative decay. In this
study, we focus on transient state formation and decay with photoluminescence. To achieve the
subject, we constructed a time-resolved two-photon photoemission system with a femtosecond time
resolution. We adopted polyaromatic hydrocarbons as a model system. By controlling the surface
structure by adsorbates, we have successfully shown that we can regulate the transient state and

photoluminescence from the film.



X C—19,. F—19—1, Z2—19 (@)
1. WFFEBRME S P D 5

KA T OG0B 5-3 2 WFST RO FE T BT IE RIS S 2072 v | AR . FERmRE
HRS, FHERT v X BEBIRR L, BEEITWEERR0, 20 HAAHICITEE R
TR RS, BRERE OB ORI P MEL, A - 50 L-L TR RSB O fig B
IR LRI N S SN D K HIcm-C& Tz, 20 H b, BEIRRE - EENRE -
W kD REEERE TR BRICOVWTENRVBELLGOND LIk
D, BRI E O CAZHBHEICEY 5obh D, —FH T, LI RORREIE R GE
BREA OB R EREE X T2 & W ORI 70 <. RE(LFRISEBIRIBIZET 5
RNV Z LV, REDORIGHEZI W72 E 2N BAEN D D0 2 {LFFEE DUk
ARIEED L ITHATT 50002 Lol REL PG SISEBIRIBIZ 1T 2 AEH
WA 2D Z LIXEERFFEO 2> TH D,

ERIRREAPIREIC T D 72000, ERREICR T %K EEHI-HBFALERG
HYEALFASOSICER T 2, K 1IRT & 512, Jehhii LA .
i . e T

(Z Lo TRAED DO EAHEND B EAEMICAD Z

LCEFMBREND & IR EBRIRIEICBAT o S1®L  ATMO
F5, SEY . HEEHEAICEFBAL D L THT-IE N
RIS A 3L ¥ —BARRREICAR Y | KliLERR

BDE ST LD, hEBEfEE LT, o FHN - HA-
N H OB BB, R D F~OETB _

K 1 £ T DIALFELOED A T =
REZ LTS, N Z DR, R OE X b, Gy N EE A & OB
BRERG TS, BERED DI A~OETE Lo Pt P
BT L o TH TR A RRIE L 72V | i
TOIERIESHETT D o L2V 5 5,

I EHEMICETNEAS N &, BBRELR T, D TBLOEEREL, NS
BB, B4y TREIC /B S N D Rl i & | BELERISASHEIT LT <, L &
o RRIE, ATHRES TR AR — L AP R A = R X —D RNTER SRS
T, FUHERICOWTHEINCH LD UER DS, S 5HIC, BTEIRIED b Bk S
LB D E CICHE - 0 A X 2 BRI M TG 2 2 5 2 & b D, AR T,
RGBT H L CHFE&AT o 72, JHEIREE N BB A B 2 5 £ TAEH L, FHIcE
% E CORSEFRC. FERAECEMT 2MAE55 = L% HIgT,

molecular
excitation

Metal Organic

2. OB/

— R E L TR, 77 T AT — L A S CREIC RS L5 T O8A T I
BEAESMC IR &, TRV PR E CWE Lo+ CIIMBEN £ 5 2 L %0, [ 230
THITIE, FEROEFREEL GO0 FRER T COEFIREBIHALE L 70 D, AR
Tt D FREFHIBVC, EHEEN OB TIREZFIL. FEEFUEMICHRE S
B ORFRBZFEMICHHIT 2 L2 HMET D, ZHUTLY, EREREEZNS DS T
Bl OZEALS, RIS T HFREE OUIE & AR E 18 5 (LEOSEBIREO R T v ¥
A, BURIERF ORI O 1% 7 = & MR A 7 — L CHEx 5 Z & # HiET,



3. WHEDTTIE

5y T K O I EHERFHANCIE 2PPE (K 2) 2 iV %, 2PPE
OHPRNNTI R ATE « 7 = & NPEL SV A L—F— D gl &
A%, 2PPE Tld, SHEUE DD D 2 YA RIERIIC X - Thit
HENTNEBEFOEH T R — LB EEZ2Eh T+ 5 =
Lok, EAEEMAEFHTLZ LN TES, £, K7k
THEFZIEHAENIIE L, B ER RS Ak S iz
%, 7'a— T Y THEZEEN FIZRhE L7 E T OEB) = kL
— &5 2 & T IREAEMICA S TZEF O R F—{
EHFRICGRETE 5, BEPCHRININILEFILSHE - I
SHEEA O RE T T, WREEREZITV, BRI L

Erac
(RZaEf)

~._LUMO
S
(ZTILZHE) s AL AL—F—
igsa%‘ N/ HOMO
e

Substrate Molecul

Hybridization
(HFRERIEELER)

X 2 UPSCRAGEE T/
IR (2 X D 5 A YEQT
(/) & 2PPE (L—H—HJK) 12
BT DI EREE ().

B OEH =R VX —% T 1y N5 T & THHE OB A
BETH D,

Fo, R 7 - 7 u—T 9L AR CRIERRE %
T D & BRI 2PPE ~ERBITE ., FEL
HHENIZ L S =B ORFMFE R Z M5 =
EMTEB (X3, AT —VRIEREE S EE
TRV — Sy M e A (A AR L S EIREE] &
[ZAY MVERASGT 2 X0, ki - WIEEE
L AT B,

B R ZR 1 DWW AE 51 RICBT DSOS B N T, RN R - THEENIIEFICREVWES 2
HiLD, ZOZWREMIET H72DIT, HoFREIERE O FIRIZI W T % OEBIR
REAFHAIT 5, RBFETIX, RO L —F—NEERIZETH 5720, 0O HA M5
RICE T2 EEME T 5 2 L3RS, B OE HIREORFFEIFEZRE L, ks
5 E TOEBIRIE (O FRMOZA L, FCITHE O B HIRBA(LSE) & HFMBLINT 2, 0T
BLlaI DZAL - B RTECIZEE S B HIREEOR 2L, (o2, ELHFEMLO
TR —ZA(ZEAL) . AESRREICS T 2B OEMMIERYICH bR TL 57
B, ZND AT DR - AR 2PPE O FEEZ AV D

TR2PPE setup

I Ti:Sa laser ]—| 3 harmonics (3 «) generation |

3
Pum
sample P
mechanical stage
e

X3 BFRfi# 2PPE (21T D KK, FE S A RIS
i S B OFEMBPFHITE D, AT —VBH)
FREE 0. 15 um 23 JEIRFERFH] 1fs ITAHY T 2,

Ia'—‘u
ks
* A3
H
a
= @
V2

4. WFFERE

(1) BRI 7 TR R T d B2 LT DWW T, EIEORES & el B3 A F98 24T
Sley 77774 MEWREIZRY VOB PIEAERIL | WL B b o R VERMEE

(STM) THIZE L7z (1 4), STMIZSURI 74 B PRST & B 1 FRHE O BB (B A) & TRz
S, R bEZ2koTERE SO0, D N R VERE RLER - ) A — )L THEE
ETB2FETHDL, ZHUICEY, B0 LIV CESEEBIETE 5, [, (KEE

#RIE14T (LEED) % D CTHE &2 374M L 72, LEEDIZH @G L SN =B a v, mrgn s %
T RS O A IE 2 R IS HET 2 FIETH D, STMIEFEZEMICB W THS 1 L~ULTO
WBEBRE L T2, AR 7 hOEEHA Y =Y H T OERTERN T 5 R
R CE RV L ITAEIE T D0 KB REEMIAT O 7o OITITBAMERE (STM) DA% AV 5 2



ETEATITHY . BRI AE G TebliTis
(LEED) & #lAA ¥ 5 = & TRFTORSE N SN
ol

REEBIZR OFE R, KR (80 K) TIIA 13 2 BiRZ Tk
L. Fics Loy Rl S C O+ 25 2 & avH
L7z, TOHSGFREEZEIETRIET S &, B 6K
610 nm) OHEIEHHHB LS AL, b 2 Bk (=% >~<)
BOFKITHKT D Z LNy hoTz, HETHRETE
DE TR FEEND OEEPBESND Z TN
FTCIIFEAEREN 2L, ERBIMET 2, b, =
RAHE T 2 EFREEIIRONT, BorIchkdT 5
TREDE P BIER ST, WERE DOIR RN
A AN DI R D 2 LI1C X 0 SOe A E & o
BIMSHA B NS e o T2,

(2) IRE R 43 fR 2PPEJIE (2 331 B 7L A ARIE N 00 B A %
1TW(K3), R 7« Fo—T7BERR] Z & I22PPE A
N7 MAPELND LI ITEEOLBEIToT, R
53 fR2PPEZ Y L BRI L 2R R A X 5 12
7R, LUMO, HOMOYERZ ODIFE A2 3 m#E g HaNr (IPS) D FF
MEWRZDZ ENHKZ, WINLFMIT50~60 7 =
L NREEE L ROAE N, Fan a2l T & 5 FRIZITW
& 7eote, WO E L~V T, FESAYER (LUMO,
LUMO+1) (2 JAhit S 7= 7B+ D LI IR IR IS R A 4
—NV TR D, ZHUIRAE S FOEFIRED B DE

iv}
+-

PL intensity

-
\ . - ,_\J_LLLU_[J_IJJ_LLU_I_LLLLLLU_U_I_LLLLIJ_LLL
7400 500 600 700

Wavelength / nm

K4 ()Y Loy EREIC BT
7% STM4% (10 nm X 10 nm) & LEED /3%
— Y, OF) B 1o 3O tsRE o iR E
IRTEE 2 S U7 5, S 1% 266
nm, M5, J. Phys. Chem. C (2020).

T T T
1ML hv=477ev
90K p-pol.

L1
(LUMO+1)

SR

Lo
(LUMO)

2 PPE Intensity (arb. unit)

1.‘5 2.‘0 2‘.5 3‘.0 3‘.5 4I.0
Intermediate Energy (E-E¢) (eV)

5 AU L HA TN IS B I

5yfif 2PPE OFER, 1A D

(R BeRts )

TRELELVH-oTNDHT®D, HERICEREHN LG L T ET - EAOHFMOBEEE X
MLl CTW5, —J5 T, LIM0L Y H & 5120, TeVEEER W R L F— A7 # 2BV TH100 B =
BRELL EO R\ 2RO A ER BRI 230 o 7o, RIRFICEH S L st ot o
FREHETERD L, 2BIRICK DNEEN TH D 2 L BFE S iz, bR O F:
BS54 2 5a - IEEAMEMAZRET D Z LR HREL oo T,

(3) (1) THEE A BLE L7=_Y LU Elc oW T, AR
SIFR2PPEZAT 5 Z & ThorFRin & IE S A EL OB &
RET LTz, =il - B U FOREICB W T, &
FITEMUTK L TETRAET D, AR R2PPEDRE R
D, RIMBHGIERL & IE H A YERL & OFLETRIC X

0. FREOIEEFUEN (Lx) D E— 7 BENFEIZKRE
B8R ERH L, KETIXQ) THRELZLD
W2, TS TR D72, Hefl & DORREED BN
5T DIZEAIRAE & ORLETRA D IREEITR G720 o
7oo BMUREEZHIET 5 Z &I X > THF DR A Hl

(a) (B vy
L1 HO A4, T3
wwwww
° * PSea
: ° s T
o o o 1 3
& 452 - 1
z |
g | Liss
g ! s
% w\ _uz|
0\“"~»|\_~zr
NS
02 5 30 35 40 45 50
ey (A7) Intermediate energy (eV)
(8) R (b) gt LT
80K 1m0k
RT
0 trang
hybridization
g8ed B8 o J\f\/\/\,‘.

6 XU L UHESTEICIT S M
Srfi# 2PPE OFER, LA 5, J. Chem
Phys. (2019).



MWHAEL 720 . FERIE A EREBICBT 2WERRE LR T2 Z LR THDL Z L %
T~ LT,

4 RY L X0 EIRN/NE,

% TIHRNE—F1TT50
I ORTENAFET DORTH TR 2 RAGRC  (Gmer)
AR THDEL T LB 2 ‘“*i‘” o
DEBEITO, S - BTRE %
SEOMB % B L, SMGER 3
b > A BED SLEED (LA T o e oo YL

I/t ié%Lﬁ%Ti B

TP ERIFEATR, WhWwHE WS, R

TeBm AR5, EARIREIC L > TH

%ﬁﬁWﬁﬁT%E%%L ZORGERMIENED S Z E b L., — /T, NU L
B EIFERY | BB ORNITBHNZ Do To, S NEZRE -

TWD T2, EROBIREBLEDRMNPKE L, MEZROSGFORIENRNZDTHL &

Ezohb, — CRBWARICBO IS0 BERE 2 D, BEREIC L — —Hhik

ATH & SAMEIRICIE VR CHER PR Z > T D Z L 2R L (K 6 AKX D

FH), 2 @D~V LrDREET D &, 285112 K 2 KR 7R EEERE 7Y 7] Fisk

TORNEOFEIZEFELIH DD EEDID,

(D-(@) TRLEBIO L ST, MEEHIET D 2 & TRRMEROEBRRERL, Bt o
DI AEETH D Z L%, W OO WAER TR Z LB H¥R,



11 11 2 2

Okaue D. Hayashi R. Wakayama K. I1to N. Munakata T. Yamada T.

709

Lateral Distribution of Optical Excitation at Boundaries around Rubrene Islands Visualized by
Microspot Two-Photon Photoemission Spectroscopy

2021

Surface Science

121847 121847

DOl
10.1016/j .susc.2021.121847

Kirchhuebel Tino Kera Satoshi Munakata Toshiaki Ueno Nobuo Shiraishi Ryo Yamaguchi 124
Takuma Yonezawa Keiichirou Ueba Takahiro Bussolotti Fabio Yang Jinpeng Yamada Takashi

Mori Ryosuke Kunieda Shogo Huempfner Tobias Gruenewald Marco Forker Roman Fritz Torsten

Role of Initial and Final States in Molecular Spectroscopies: Example of 2020

Tetraphenyldibenzoperiflanthene (DBP) on Graphite

The Journal of Physical Chemistry C

19622 19638

DOl
10.1021/acs. jpcc.0c05448

Yamada Takashi Araragi Kento Kato Hiroyuki S. Munakata Toshiaki

124

Structural Characterization and Photoluminescence Properties of Monolayer Perylene on a
Graphite Surface

2020

The Journal of Physical Chemistry C

12485 12491

DOl
10.1021/acs. jpcc.0c02419

Yamada Takashi 1to Natsumi Kawakita Noriaki Kato Hiroyuki S. Munakata Toshiaki

151

Formation and regulation of unoccupied hybridized band with image potential states at
perylene/graphite interface

2019

The Journal of Chemical Physics

224703 224703

DOl
10.1063/1.5126373




Osumi Yuji Yamada Takashi le Yutaka Kato Hiroyuki S.

123

Deviation from Point Dipole Analysis for Exciton Quenching in Quaterthiophene-Terminated Self-
Assembled Monolayers on Au(111)

2019

The Journal of Physical Chemistry C

16127 16136

DOl
10.1021/acs. jpcc.9b01801

Yamada Takashi Kawakita Noriaki Okui Chiaki Munakata Toshiaki

31

Hybridization of an unoccupied molecular orbital with an image potential state at a lead
phthalocyanine/graphite interface

2018

Journal of Physics: Condensed Matter

044004 044004

DOl
10.1088/1361-648X/aaf08e

Yamada Takashi Munakata Toshiaki 93

Spectroscopic and microscopic investigations of organic ultrathin films: Correlation between 2018

geometrical structures and unoccupied electronic states

Progress in Surface Science 108 130
DOl

10.1016/j -progsurf.2018.09.003

Yamada Takashi 12

Unoccupied States Measurements, Spatial Mapping, and Nanoscale Structures of Organic Ultrathin 2018

Films

Molecular Science

A0098 A0098

DOl
10.3175/molsci.12.A0098




Yamada Takashi Kinoshita Mariko Araragi Kento Watanabe Yu Ueba Takahiro Kato Hiroyuki S. 20
Munakata Toshiaki

Direct visualization of diffuse unoccupied molecular orbitals at a rubrene/graphite interface 2018
Physical Chemistry Chemical Physics 17415 17422
DOl

10.1039/C8CP01796D

Kato Hiroyuki S. Murakami Yoshinari Saitoh Riyo Osumi Yuji Okaue Daijiro Kiriyama 669
Yoshiaki Ueba Takahiro Yamada Takashi le Yutaka Aso Yoshio Munakata Toshiaki

Influence of molecular distortion on the exciton quenching for quaterthiophene-terminated self- 2018
assembled monolayers on Au(11l)

Surface Science 160 168

DOl
10.1016/j .susc.2017.11.014

N. Kawakita, T. Yamada, M. Meissner, R. Forker, T. Fritz, and T. Munakata 95

Metastable phase of lead phthalocyanine films on graphite: Correlation between geometrical and 2017
electronic structures

Physical Review B 45419

DOl
10.1103/PhysRevB.95.045419

29 4 8

T. Yamada and H. S. Kato,

Photoluminescence Properties and Excited-State Dynamics of Ultrathin Molecular Films on Graphite

Joint Symposium of JSPS-DST Bilateral Research Project* Charge-and Spin-Blockade in Ultrathin-Layers of Single Molecule

2021




Riku Muneyasu, Takashi Yamada, Hiroyuki S. Kato

Stratified by Covalent and Hydrogen bonds on Au(11l) surfaces

Joint Symposium of JSPS-DST Bilateral Research Project* Charge-and Spin-Blockade in Ultrathin-Layers of Single Molecule

2021

2020

2020

Au-S

2020

2020

2020




2020

2020

Au-S

13

2020

MUNEYASU, Riku; YAMADA, Takashi; KATO, Hiroyuki

Study on Assembly of the Heterogeneous Bilayer Based on a Thiolate Self-assembled Monolayer on Au(111l) Substrates

100

2020

Takashi Yamada, Natsumi Ito, Noriaki Kawakita, Kento Araragi, Hiroyuki S. Kato and Toshiaki Munakata

Structural Characterization and Photoluminescence Properties of Cofacial Perylene Dimer on Graphite,

2019

2019




12

2019

12

2019

Takashi Yamada, Natsumi Ito, Noriaki Kawakita,Kento Araragi, Hiroyuki S. Kato and Toshiaki Munakata

Structural Characterization and Photoluminescence Properties of Cofacial Perylene Dimer on Graphite

Okazaki Conference

2019

11

2018




Takashi Yamada, Natsumi Ito, Noriaki Kawakita, Kento Araragi, Hiroyuki S. Kato, Toshiaki Munakata

Unoccupied electronic states and excited dimer formation at the perylene/graphite interface

9th Workshop on Advanced Spectroscopy of Organic Materials for Electronic Applications (ASOMEA-1X)

2018

Takashi Yamada

Spectroscopic and microscopic investigations of unoccupied states at the organic/substrate interface

SFB1083, Special Seminar, Philipps-Universitat Marburg, Marburg, Germany

2018

2018

2018

40

2018




73 2018

2018

2017

DBP/HOPG

10

2017

10

2017




10

2017

10

2017

DBP/HOPG

12

2017

12

2017




12

2017

Takashi Yamada, Natsumi Ito, Noriaki Kawakita, Kento Araragi, Hiroyuki Kato, Toshiaki Munakata

Unoccupied Electronic States at the Perylene/Graphite Interface Investigated by 2PPE

5th Ito International Research Conference, RIKEN Centennial Anniversary & Surface and Interface Spectroscopy 2017 (11RC5)

2017

Daijiro Okaue, Ryosuke Hayashi, Takashi Yamada, and Toshiaki Munakata

Lateral Distribution of Unoccupied Levels on Rubrene Thin Films Measured by Micro-Spot Two-Photon Photoemission

Interdisciplinary Symposium for Up-and-coming Materials Scientists (ISUMS) 2017

2017

T. Yamada, M. Kinoshita, K. Araragi, T. Ueba, H. S. Kato and T. Munakata

Direct visualization of localized/delocalized nature of unoccupied states at the rubrene/graphite interface

"Symposium on Surface Science & Nanotechnology -25th Anniversary of SSSJ Kansai-" (SSSN-Kansai)

2017




http://www.chem.sci.osaka-u.ac.jp/lab/akai/member/yamada/yamada.html
http://www.chem.sci.osaka-u.ac.jp/lab/akai/
https://researchmap. jp/tks-ymd

https://rd.iai.osaka-u.ac.jp/en/dc874508ccdce898. html

International Symposium on Spectroscopy and Dynamics at Surface and Interface

2018

2018




