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On the organic semiconductor films where the size and thickness are well-defined,
we tried to measure carrier dynamics in real time with femto second time resolution. As compared to
static information (ex. superstructures), dynamic information is important for understanding the
mechanism of carrier transport, this leads to the guiding principle for manufacturing the materials for
organic electronic devices.

In this study, we tried to measure electronic states as well as superstructures of organic molecules.
PEEM (Photo electron emission microscope) was used to observe surface structures in the micrometer scale.
Light source of PEEM is pulsed laser, different from discharge lamp used for normal studies. Two-photon
excited PEEM enable us to observe 2ML island of rubrene/HOPG, in which photoemission intensity was
strongly enhanced due to the intra molecular resonant transition occurred at specific photon energy.




2 (2PPE)
(STM)
(p m)
2PPE
(u m)
2PPE
2PPE

2PPE

(nm2)
g m2
2PPE
2PPE
STM
(LEED)
STM  2PPE
pom
STM
2PPE
(PEEM) 2
STM
zV 2PPE
STM
2PPE

2PPE



2PPE
(HOPG)
2PPE
60
3
100
(STM) (LEED)
1 2
1
2PPE
/ (
nm LUMO
HOPG
(1nm )
2PPE
STM
2
T .
Thole _Texciton T %"_
M [T e | X

—0— e Ground
Af=0fs Exciton State

o
The model can j—
fit the result! . e
7; = 184 fs... exciton formation -

. 1, =1780fs... exciton relaxation

LO Intensity

n
2000

n T
0 1000
delay/fs

1 /HOPG STM

(PEEM) 2
( 2) 2PPE-PEEM

2
(LUMO)
1 2
2PPE
2PPE-PEEM
HIBFENIEZS
KFIRILE—
PEEMIR ZREE 16ML ¥
4.43 eV 433eV 4.23eV 413 eV 4.09 eV
2 /HOPG PEEM (1.6 ML)

Microspot two-photon photoemission
spectroscopy for CuPc film on HOPG
T. Yamada, R. Yamamoto, T. Munakata
Journal of Electron Spectroscopy and
Related Phenomena ( )
DO1:10.1016/j -elspec.2015.04.020

Decay of the Exciton in

Quaterthiophene-Terminated
Alkanethiolate Self-Assembled Monolayers
on Au(111)
Hiroyuki S. Kato, Yoshinari Murakami,
Yoshiaki Kiriyama, Riyo Saitoh, Takahiro
Ueba, Takashi Yamada, Yutaka le, Yoshio
Aso, and Toshiaki Munakata
J. Phys. Chem. C, 119, 7400 (2015).
DOI: 10.1021/acs.-jpcc.5b02105

The  Complex  Polymorphism  and
Thermodynamic Behavior of a Seemingly
Simple System: Naphthalene on Cu(111)

R. Forker, J. Peuker, M. Meissner, F. Sojka,
T. Ueba, T. Yamada, H. S. Kato, T. Munakata,
and T. Fritz,



Langmuir, 30, 14163 (2014).
DOI: 10.1021/1a503146w

Spectroscopic Investigation of
Unoccupied States in Nano- and Macroscopic
Scale: Naphthalene Overlayers on Highly
Oriented Pyrolytic Graphite Studied by
Combination of Scanning  Tunneling
Microscopy and Two-Photon Photoemission
T. Yamada, M. Isobe, M. Shibuta ,H. S. Kato
and T. Munakata
J. Phys. Chem. C 118, 1035 (2014).
DOl: 10.1021/jp4097875

Diffuse Unoccupied Molecular Orbital of
Rubrene Causing Image-Potential State
Mediated Excitation
T. Ueba, R. Terawaki, T. Morikawa, Y.
Kitagawa, M. Okumura, T. Yamada, H. S. Kato
and T. Munakata
J. Phys. Chem. C 117, 20098 (2013).

DOI: 10.1021/jp407933m

Growth and Adsorption Geometry of
Naphthalene Overlayers on HOPG Studied by
Low-Temperature Scanning Tunneling
Microscopy
T. Yamada, Y. Takano, M. Isobe, K. Miyakubo
and T. Munakata
Chem. Phys. Lett. 546, 136 (2012).
DO1:10.1016/j -cplett.2012.08.011

Dispersions of image potential states on
surfaces of clean graphite and lead
phthalocyanine film
Ryota Yamamoto, Takashi Yamada, Masataka
Taguchi, Keisuke Miyakubo, Hiroyuki Kato
and Toshiaki Munakata
Phys. Chem. Chem. Phys,14,9601 (2012).
DOI: 10.1039/C2CP40922D

Image Potential State Mediated
Excitation at Rubrene/Graphite Interface
J. Park, T. Ueba, R. Terawaki, T. Yamada,
H. S. Kato, and T. Munakata
J. Phys. Chem. C 116, 5821 (2012).

DOI: 10.1021/jp211938h

37

70

2015 3 22 22aAB-3

2 Rubrene/Au(111)

95
2015 3 26  1H3-42
Spectroscopic Investigation of

Unoccupied States in Nano- and Macroscopic
Scale:

A Combined STM and 2PPE study

Takashi Yamada, Mio Isobe, Masahiro
Shibuta, Hiroyuki S. Kato, and Toshiaki
Munakata

The 7th International Symposium on Surface
Science (1SSS-7),06 November 2014
Matsue, Shimane(Oral)

Electron Dynamics at Rubrene/Graphite
Interface
Studied by Two-Photon
Spectroscopy
Taka UEBA, Rie TERAWAKI, Takashi YAMADA,
Hiroyuki S. KATO and Toshiaki MUNAKATA
2. Sep. 2014, EC0SS30, Antalya, Turkey
(Oral)

Photoemission

2
2014 12
5 -6
2 Rubrene/Au(111)
34 2014 11
8 « )
8 2014 9 22
« )
PbPc/HOPG

2014 6 18 6 20 ( )



2 PbPc/HOPG

94 2014
3 29 3D2-32
/ 2

Udhardt Christian

94 2014
3 29  3D2-33
2 /
94 2014
3 29 3D2-35
STM  2PPE
69
2014 3 28  28pPSA-44

RESONANT 2PPE-PEEM FOR ORGANIC FILMS
C. Uderhardt, T. Ueba. R. Terawaki, T.
Yamada, H. S. Kato, o T. Munakata
19th  International Vacuum Congress
(1vC-19)

12 September,Paris, France (Oral)

Electronic Structure and Relaxation
Dynamics at the Interface between Rubrene
and Graphite
T. Ueba, T. Morikawa, R. Terawaki,
T.Yamada, H. S. Kato and T. Munakata
The 8th Conference on Ultrafast Surface
Dynamics,

28-31, May 2013, Estes Park, Colorado,
USA. (Poster)

Spectroscopic Investigation of
Unoccupied States Studied by the
Combination of 2PPE and STM
T.Yamada, M. Isobe, M. Shibuta, H. S. Kato
and T. Munakata
The 8th Conference on Ultrafast Surface
Dynamics,

28-31, May 2013, Estes Park, Colorado,
USA. (Poster)

Lead-phthalocyanine on graphite(0001)
- structural analysis via low-energy
electron diffraction (LEED)

M. Meissner, R. Forker, T. Fritz, Y.

Watanabe, N. Kawakita, T.Yamada, H.S. Kato,
T. Munakata

2013 7
2013 12
6
2013 11 29
PbPc/HOPG
33 2013 11
26 26Gp06S
/
2PPE-PEEM
Udhardt Christian
7 2013 9
26 ( )3P063
@) 'sTM /HOPG
7 . 2013 9
25 ( )2P064
@ THFR] 53R 2
2013 9 10
@ [EEZFRmEIC
2
2013 8
21 ( )
@ 177774 MER ELVT LU ZEEICE
/
Park Juyeon
8
2013 6

19 21 ()

@ PbPc/HOPG



2013 6
19 21 ( )
[PbPc / HOPG
93 2013

3 22 166-31
@ 2
PARK Juyeon
93 2013

3 22 1G6-32

@ T¢n~7 % v 7 = /HOPG

68

2013 3 26  26pPSA-36

@r2 /
68

2013 3 26  27pXZA-1

@Vibrationally resolved 2PPE for organic
ultrathin films

T. Yamada, T. Ueba, R. Terawaki, J. Park,
M. Shibuta, H. S. Kato, T. Munakata
14th International Conference on
Vibrations at Surfaces (VAS14)

24-28, September, Kobe, japan (Poster)

7

http://www._ch._wani.osaka-u.ac.jp/lab/mu
nakata/index-jp.html

@
YAMADA, Takashi
90432468
@
A



