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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
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

D Novel Kondo effect in a single molecule emerging from the combination of adsorption and

molecular symmetry (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. A single molecule on a
metallic surface is one of intriguing materials in which the Kondo effect occurs. Recently, we found that
the novel type of Kondo effect origintes from both spin and orbital degrees of freedom emerges in
Fe-phthalocyanine molecule on Au(111). The origin of this Kondo effect is local symmetry arising from
the combination between molecular framework and adsorption geometry. These results indicate the
possibility to construct unique many-body electronic and spin states at surface by utilizing molecular
characteristic.

@ Nitrogen atom superstructure and hydrogenation on the Pt(111) (Liang Zhu, Michael Trenary,
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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 well- ordered
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.
@ Ligand field effect at oxide-metal interface on the chemical reactivity of ultrathin oxide film
surface (Jaehoon Jung, Yousoo Kim)
Ultrathin oxide film is currently one of the paramount candidates for a heterogeneous catalyst, because it
provides an additional dimension, i.e., film thickness, to control chemical reactivity. We demonstrate that the
chemical reactivity of ultrathin MgO film grown on Ag(100) substrate for the dissociation of individual water
molecules can be systematically controlled by interface dopants over the film thickness. Density functional
theory calculations revealed that adhesion at the oxide-metal interface can be addressed by the ligand field effect
and is linearly correlated with the chemical reactivity of the oxide film. In addition, our results indicate that the
concentration of dopant at the interface can be controlled by tuning the “drawing effect” of oxide film. Our study
provides not only profound insight into chemical reactivity control of ultrathin oxide film supported by a metal
substrate but also an impetus for investigating ultrathin oxide films for a wider range of applications.
@ Tunneling electron-induced hopping motion of CO (Junepyo Oh, Kan Ueji, Yousoo Kim)
We have investigate that the energy distribution process of vibrational excited CO molecule by the tunneling
electrons from the tip of scanning tunneling microscopy (STM) on the silver surface. Generally, the hopping
phenomenon that CO molecules move to neighboring metal atoms in a vibrational energy relaxation process
shows a remarkable probability change near the energy of its internal stretching mode. However, we found that
the hopping barrier of CO from the silver surface is positioned near 70 meV which were much lower than the
energy of internal stretching mode (260 meV). This result suggests that the energy distribution mechanism of CO
on the silver surface different from other metal.
® Interaction between Au(111) and a = -conjugated molecule (Ju-hyung Kim, Jaehoon Jung,
Yousoo Kim)
A detailed study of DBA/Au(111) by combining STM with DFT successfully proved a decisive contribution of
the orbital interaction to weak adsorption of a m-conjugated molecule on the noblest Au surface. When the
molecule comes to the Au(111) surface, local pinning of molecular n-states to Au d states occurs at the initial
adsorption process. The weak orbital interaction being accompanied by the n-state pinning strongly affects not
only the adsorption geometry but also charge transfer at the interface between m-conjugated molecule and the
noblest Au surface. Such orbital interaction promises to play a significant role in the determination of adsorption
geometry, which is effective enough to form highly ordered 2D molecular network combined with lateral
interaction and symmetric stability.

2. Fabrication of low-dimensional molecular structure
D Formation mechanism of monolayer diarylethene superstructure (Tomoko Shimizu, Jaechoon
Jung, Hiroshi Imada, Yousoo Kim)
Diarylethene shows a switching phenomenon based on its photo-isomerization reaction, and thus it is considered to be
applicable to single molecular devices. We have found a way to fabricate a homogeneous monolayer film on a metal
surface, and investigated the mechanism of superstructure formation. Scanning tunneling microscopy (STM) has
revealed that the superstructure is formed on Cu(111) only when the diarylethene is co-deposited with NaCl. X-ray
photoelectron spectroscopy and density functional theory (DFT) based calculations suggest incorporation of Na+ ions
in the superstructure. Interaction between slightly negatively charged portions of the molecule and cation could be a
key to stabilize the molecular packing structure. This result indicates that introduction of species that is expected to
bind molecules is one way to fabricate ultra-thin film of a molecule of interest.
@ Hybrid interface state at interface between graphene and metal surface (Seiji Takemoto, Emi
Minamitani, Hyo Won Kim, Yousoo Kim)
Due to high carrier mobility, graphene are counted on channel material for semiconductor devices. But,
ideal electronic structures of graphene are modulated by the contact with electrodes or substrates in
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the devices. To understand behavior of electrons in grahene grown on metallic electrodes, we have
calculated the electronic structures of graphene on metallic electrodes by DFT calculation. As a result,
wave functions of graphene immediately decay than it of metallic electrodes in the vacuum region.
These results give understanding against experimental results which are local density of state of
electron in graphene grown on metallic electrodes using STM/STS.
@ 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. Energy conversion study by use of a photon-STM-NCAFM system

@ 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 energy dissipation at GaAs(110) surface
from atomic level light emission measurements using a technique, scanning tunneling luminescence. Photon intensity
maps simultaneously measured with STM topographic images show atomically fine distributions. A reduced
luminescence intensity was observed when the electrons were injected mainly into C3 surface state of GaAs(110). It is
48 % 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
48 %. Moreover it is clearly shown that electrons are captured by doped Zn atoms which locate in a near surface
region, and the capture rate is depend strongly on the applied bias voltage and the depth where the dopant atom
locates.

@ Single-molecule electroluminescence of an H2Pc (Hiroshi Imada, Miyabi Imai, Tomoko Shimizu,

Yousoo Kim)

In order to investigate intra-molecular energy conversion or inter-molecular energy transfer, we started scanning
tunneling luminescence (STL) spectroscopy study of a single organic molecule. We succeeded in observing STL from
a single H2Pc molecule using NaCl ultrathin insulating films grown on a Ag(11l) surface as substrates.
Electroluminescence was induced by carrier injection into molecular orbitals, and the luminescence spectra show
many sharp peaks which should originate from molecular vibrations. In addition, it was found that luminescence
property of a single molecule can be controlled by selective desorption of H atoms from H2Pc.
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