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Surface Chemistry Laboratory studies chemical processes and physics of the low dimensional systems formed on semiconductor
surfaces, metal surfaces and oxide surfaces utilizing surface analysis methods. Special attention has been focused on the
functions of the materials in nano-meter scale, such as vibrational excitation, reaction and also the conductivity of individual
molecules at surfaces, properties of low dimensional metal systems formed using solid surfaces as a template. An attention is
also focused to the soft materials where the chemistry of hydrogen-bond at ice surface and to the reaction at surfaces.
Manipulation of electron spins in the materials, elucidation of its reaction mechanism is also carried out

1. Fundamental studies of chemical processes on solid surfaces

(1) Single molecule chemistry
Single molecule chemistry is one of our main topics. Using a low-temperature STM, atomically resolved images have revealed
detailed information on adsorption structure of single molecules. In this study, by injecting tunneling electrons into the
adsorbed molecules, we have achieved controlled manipulation of adsorbed molecules and vibrational spectroscopy of
individual molecules, e.g., 1) investigation of single water monomers and dimers on Pt(111) and elucidation of precise
adsorption structure of a water dimer by analyzing action spectra obtained from its lateral hopping motion by vibrational
excitation, 2) controlled manipulation of mtethylthiolate on a Cu(111) surfaces at a vibrationally excited state with the aid of
the electric field in an STM junction, and 3) elucidating microscopic mechanism of CO hopping on Cu(110) by means of
measuring hopping yield as a function of electron energy at various substrate temperatures. These results reveal how the
tunneling electrons from the STM tip can couple with the electronic/vibrational structure and how the nuclear motions of the
target molecules to induce and control surface dynamics.

(2) Conductivity of molecule systems
One of the objectives of this research is to make clear the electron transport through a single molecule junction n atomic scale
using scanning tunneling microscopy (STM) and scanning tunneling spectroscopy (STS). In this year, we have studied the
effect of modification of benzoate (CsHsCOO") molecule with various functional groups including aminobenzoate
(NH2CsH4COO), cyanobenzoate (NCCsH4COO") and halobenzoate (XCsH+COO"; X=F, C1,Br), on the local conductivity and
electronic structure of contact point between molecule and Cu(110) electrode. Especially, we started a combined study of
STM/STS investigation with core-level spectroscopy by use of synchrotron radiation at SPring-8 (BL17SU). In addition, We
have investigated the change in electronic structures of functionalized benzenethiolate (C¢HsS) and diphenyldisulfide
((C6H5)2S2) molecules with electron-donating amino group at the para position of the benzene ring on the Cu(110) surface.

(3) Electronic structures of single-walled carbon nanotubes on various metal surfaces
In order to investigate charge transfer between a SWCNT and metal electrode surface, we immobilized isolated SWCNT on the
Ag(100) surface, by use of the high cleanliness of the UHV deposition method. We observed a long-ranged periodic oscillating
electronic structure over the entire length of a tube longer than 300 nm. Spatially resolved STS revealed that the modulationof
the band structure is caused by different degrees of charge-transfer arising from an epitaxial relationship between the tube and
the substrate.

2. Surface chemistry of soft-materials

(1) High moisture sensitivity in conductivity of organic thin films
The organic field effect transistor (OFET) is the typical molecular device that controls of electric conductivity by injection of
carriers into the organic thin film under the applied electric field. In general, inactive molecules, such as acenes, are used as
the organic thin films, and realize stable performances. In the case of OFET by dihydrodiazapentacene, which makes hydrogen
bond at the imido group, the conductivity is extremely highly sensitive to the surrounding moisture. Since the water molecules
do not penetrate into the thin film, it is considered that the water molecules attached on the surface or grain boundaries of the
organic thin films reduce a local electric field and suppress the efficiency of charge migration.

(2) Nano-scale fablication of orgnic systems at Silicon surfaces

In 2007 fiscal year, the organic monolayers on Si wafers developed by the previous year were dealt in collaboration with
industry, and a commercial production process was established. Furthermore, the chemical reactivity of Si wafer surfaces was
found to vary depending on the dopant polarity (n-type/p-type). It was recognized that the electronic structure of substrate is
expressed as a novel physical phenomenon. The precursor molecules for adsorption, such as bromomethane and so on, were
recognized to coordinate on the dangling bonds, which is the reactive site on Si surfaces, by means of structural optimization
simulation by molecular-orbital calculation. A synchrotron radiation X-ray sources was utilized to perform photoemission
spectroscopy and near-edge absorption spectroscopy of the hydrocarbon adsorbates. For methyl adsorbate, the symmetry and
the lifetimes of unocuppied molecular orbitals were estimated orbital by orbital. The methyl adsorbate was actually a special
case to be recognized by surface chemists. From this fiscal year, another project of utilizing metallic aluminum substrate in
place of silicon for hydrocarbon adsorption, for which the experimental setups are being prepared.

(3) Surface Chemistry of bio-materials
This project was started under our motivation to seek for novel quantitative knowledge on biochemically interesting entities by
applying the modern physical techniques of observation. We specifically used nanometer-scale techniques of observation, such
as STM, AFM or tunneling light emission to detect the microscopic structure of cell membranes and single protein molecules.
The examples of attempts have been rare, and also as for ourselves, intense efforts were needed from obtaining the apparatus
and materials to the actual process of observation. 1) STM imaging of model cell membranes and proteins: Continued from the
last fiscal year, phospholipid membranes were examined by STM in aqueous media. Composite membranes of phosphatidyl
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acetyl choline and phospatidyl ethanolamine were constructed on Au substrate, and according to the mixing ratio, the structure
of membranes varied characteristically. Furthermore, “duramicin”, a protein that specifically binds with phosphatidy
ethanolamine, was added to the mixed membranes to obtain molecular images as well as the effects for the phospholipids.
The vescicles (cellular particles usually formed in mixed lipids, with a minimum diameter of 40 nm) were rapidly decomposed
by the effect of duramicin. It is extraordinary that an apparent nanometer-scale observation was realized for the effect of
duramicin, similar molecules of which are known as toxic proteins to erode cellular surfaces. 2) Attempts to observe
tunnel-current-induced light emission by STM: It was recently recognized that a fluorescent light emission was promoted by
excitation of molecular electronic states by tunneling current fro the STM tip. On the other hand, Green fluorescent protein
(GFP) is an excellent kind of molecules used in biochemical research. GFP maintains strong fluorescence even in aqueous
solutions in which rapid de-excitation usually takes place. We recognized that solution-cast GFP layers dried in air maintain
fluorescence activity. Moreover, the layers were fluorescence active even after evacuation in a vacuum chamber. It is
possible to detect fluorescence from protein not only in aqueous media but also in vacuum, leading to the detailed studies of
energy transfer. In addition to GFP, we developed methods to fix photoactive yellow protein (PYP) and azurin firmly on the
substrate surfaces. For the unprecedented challenge of fluorescence excitation by STM, we are preparing highly sensitive
spectrometers and so on. 3) Observation of molecular forces generated on charged adsorbates by means of atomic force
mocroscopy (AFM): It is anticipated that phospholipids and proteins adsorbed on metallic substrates within aqueous solutions
are ionized depending on the environment with various charging states. The charging state can be controlled by applying
electrochemical potential by redox reactions. This year we performed an unprecedented force-curve measurement for mixed
thiol self-assembled monolayers (alkane thiol + ferrocenyl thiol), of which oxidation state was controlled electrochemically, on
the substrate as well as the AFM tip surface. The force curve greatly changed according to the oxidation state of substrate
and tip, indicating that AFM is sensitive to the oxidation state of adsrobate. This method is expected to be applied on
phospholipid membranes and proteins close to the real biochemical entities.

3. Physical properties of low dimensional systems

(1) Formation and properties of 1D Molecular lines on Silicon
Recently, dangling bond (BD) initiated radical chain reactions of alkene molecules, such as styrene, on the Si(100)-(2x1)-H
surface has drawn much attention to fabricate one-dimensional molecular line on the surface. Although we reported that
allylmercaptan forms a single molecular line perpendicular to the styrene molecular lines in the same reaction manner, the two
molecular lines did not grow continuously, each other. By the high reactivity of carbonyl, especially acetone, at the chain
reaction, in contrast, the continuous growth from an end of the allylmercaptan line to the acetone line was observed. This
clearly shows that the mutually perpendicular line growth of single molecular lines is available by only reactant gas exchange
in the radical chain reactions.
Because the styrene molecular lines formed by radical chain reaction on the Si(100)-(2x1)-H surface have a [I-stacking
structure of phenyl end groups, it is expected to be conductive along the lines and to utilize them as nano-wires on silicon
substrates. While formation of functionalized styrene lines by substitution of groups is also anticipated, influence of the
substituent on single molecular line growth has not been understood. We therefore performed the study of molecular line
growth using several types of styrene derivatives that are substituted hydrogen for methyl group. Consequently, it has been
made clear that the substitution at vinyl group, that is the anchor part in the reaction, strongly affect on the arrangement in a
molecular line structure, whereas the substitution at phenyl group affects a little. In particular, the substitution at the [ site of
vinyl group influence over the reaction scheme of molecular line growth and forms a zigzag line.

(2) Property Control over Organic Thin layers by Charge Injection
In order to extend new functionality of electronic devices, elucidation of property control over thin molecular layers by charge
injection is important for future molecular devices. In this study, the charge injection and consequent electronic state change in
organic field effect transistor (OFET) have been investigated. OFET is an electronic device that controls of electric conductivity
by injection of carriers into the organic molecular thin-film under the applied electric field. Based on the knowledge of inorganic
semiconductor transistors, the conductive mechanism have been generally understood with a scheme of band bending of
electronic states. However, the energy diagram may not be the same between inorganic and organic materials, because of more
localized orbital of the molecules. It is, therefore, important to elucidate the difference of electronic states for using the peculiar
functionality of organic molecular materials for the future advanced devices. In this study, we have exerted ourselves to
establish an experimental method, i.e., Fluorescence-yield X-ray absorption spectroscopy (XAS), that can directly observe the
electronic state change at deep part of organic thin films in OFET. As a result, we succeed to observe the electronic states of
inner organic thin films, even though the organic film is fully covered by a gold electrode with the electric field applied.

(3) Physical properties of low dimensional metal systems
We investigate the crystallographic features and magnetism of one-dimensional (1D) structures of Mn fabricated by the
step-decoration method on Au(788) surfaces, where parallel steps are arranged periodically. STM observations reveal that the
1D Mn adlayers exhibit 1x1 or 2x1 structures in the vicinity of the steps, while V3xV3-R30° structure appears on the terraces.
The x-ray magnetic circular dichroism (XMCD) measurements indicate that the Mn on Au(788) is in a high spin state, which
yields magnetic moment showing out-of-plane anisotropy, and that the magnetic behavior of the system at low temperature
varies from superparamagnetism to paramagnetism as the Mn coverage is increased. These results are well understood if we
assume that the 1D Mn structures near the steps are superparamagnetic while those on the terraces are paramagnetic. The
shapes of obtained M-H curves suggest that the interaction between Mn atoms and the Au substrate and the ferromagnetic



coupling between Mn atoms are both relatively weak. The conclusions of the observations on Mn/Au(788) are completely
different from those on Fe/Au(788) and Ni/Au(788), which implies that the electron configuration of the 3d orbital plays a
dominant role for the magnetism of the low dimensional system at the surface. It should be also noted that the magnetism of
Mn nanostructures on the same substrate depends on the crystallographic feature. Further investigations are necessary to
reveal the mechanism.

4. Reaction control by spin manipulation

To elucidate the reaction dynamics of radical ion pairs (RIPs) in solid, we investigated the magnetic field effect and the
resonant microwave irradiation effect on the electroluminescent (EL) process of organic semiconductor. This year, we
investigated the aging process of polymer EL material, polyphenylenevinylene. Under a pulsed constant voltage drive after its
preparation, the emission intensity increases with time and its enhancement by the external magnetic field (MFE) also
increases. The emission intensity attains a plateau within tens of hours but the MFE requires more maturation time. The
enhancement of MFE is often attributed to the elongation of lifetime of RIPs in liquid phase reaction. It is contradictory,
however, to the EL emission process because it means the retardation of the charge recombination process resulting the
emission by the magnetic field. The observation of the enhancement of the microwave irradiation effect on the EL intensity at
the turn-off process leads us the conclusion that the distance of the charge recombination increases in the aging process.
Because this process contributes both the chance of charge recombination and the reduction of exchange interaction in RIPs,
the latter of which enhances the MFE. We write up the results in liquid phase reactions, concerning the MFE in the
photochemical electron transfer and the magnetic isotope effects in the hydrogen abstraction.
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