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Surface Chemistry Laboratory studies chemical pro-
cesses and physics of the low dimensional systems formed
on semiconductor surfaces, metal surfaces and oxide sur-
faces 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. Manipula-
tion of electron spins in the materials, elucidation of its
reaction mechanism is also carried out.

1. Fundamental studies of chemical processes on
solid surfaces

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. By injecting tunneling electrons into
the adsorbed molecules, we have achieved controlled ma-
nipulation of adsorbed molecules, e. g., 1) selective con-
trol of lateral hopping and rotational motions of acety-
lene on Pd(111), 2) S-S bond dissociation of dimethyld-
isulfides on Cu(111) and lateral hopping of the reaction
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product (methylthiolates; CH3S), and 3) adsorption site
dependence of surface motions and energy dependence
of subsequent chemical reaction of formate on Ni(110).
We have succeeded in controlling reversible reaction be-
tween methylisocyanide (CH3NC) and methylaminocar-
byne (HCH3NC) on Pt(111). These results imply that the
tunneling electron from the STM tip can couple with the
electronic/vibrational structure and the nuclear motions of
the target molecules to induce and control surf ace dynam-
ics. The local electronic structure of TiO2(110) surface was
investigated by STM and STS. Generally believed localiza-
tion model for the oxygen vacancy site was denied, rather
the Ti 3d electrons are found to delocalize among the five-
coordinated Ti sites. The existence of negatively charged
Au cluster generated by the electron transfer from the de-
fects on the TiO2(110) surface was shown. The catalytic
activity of Au clusters on TiO2 was revealed to correlate
with the electron transfer to Au clusters.

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 STM and STS. We have studied the ef-
fect of modification of benzoate (C¢H5; COO) molecule with
various functional groups on the local conductivity and
electronic structure of contact point between molecule and
Cu(110) electrode. The main experimental results revealed
that the electron donation from NHy functional group to
carboxylate (OCO) in benzoate molecular frame influence
the formation of metal-molecule contact. We have char-
acterized the electronic structure of DNA polynucleotides
using photoelectron spectroscopy (PES), X-ray absorp-
tion spectroscopy (XAS), resonance Raman spectroscopy,
and resonant photoelectron spectroscopy (RPES). Possi-
ble conduction mechanism is considered as “small-polaron
hopping”, in which the charges induced by doping tend
to localize on the site of each DNA base molecule, and
therefore, they cannot easily move through the DNA he-
lices without any perturbations such as thermal activation
and electrical fields.

3. Surface chemistry of soft-materials

Dissociative adsorption of water molecules and the H/D
exchange reaction between surface hydroxyl on Si(001) and
deposited water molecules are promoted by the water con-
densation. It is considered that these phenomena are due
to a high mobility of H" via the Grotthuss mechanism in
hydrogen-bonding network.

Based on the measurements of thermal energy He atom
scattering (TEAS) and Infrared reflection adsorption spec-
troscopy (IRAS), adsorption of D2O on Ru(0001) at 111 K
is found to proceed by a Stranski-Krastanov mechanism
without dissociation of D20O. The pre-adsorbed oxygen is
found to exert a large influence on the crystallization pro-
cess and crystal structure of DoO on Ru(0001).

Pentacene films are fabricated by MBE method on
Si(111), the surface of which is modified with methyl group
by the use of Grignard reaction in solution. The obtained
films were highly oriented (c-axis oriented) with the grain
size between 400 and 800 nm in diameter showing elliptic
or plate-like shape. Photo-adsorption and Grignard de-
position of alkyls, unsaturated hydrocarbons and amines
on Si(111) were studied by STM, HREELS and infrared
spectroscopy. Unsaturated hydrocarbons and allylamine
was deposited on Si(111) by C-Si covalent bonds. An ide-
ally CHs-terminated Si(111) surface was successfully pre-
pared. Electrochemical STM was utilized to study the
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atomic structure of the model surface of lipid-bilayer. As
for the model surface, a self-assemble octanethiol (OT) on
Au(111) surface was prepared as a substrate for the STM
measurements.

4. Physical properties of low dimensional sys-
tems

We have investigated the growth of Ni on Au(111)
and its vicinal Au(788) surfaces by STM. On Au(111),
Ni adatoms are substituted with surface Au atoms, then
they nucleate to form periodically arranged islands. On
Au(788), Ni atoms are adsorbed at lower corners of Au
steps and form 1D wires. By increasing the coverage, the
1D Ni adlayers grow in a step-flow growth mode, exhibit-
ing smoother forms compared to Fe. Magnetic behavior
of Fe nanostructures on a vicinal Au(111) surface have
been investigated by x-ray magnetic circular dichroism
(XMCD) measurements. It is found that one-dimensional
(1D) “monatomic” Fe chains exhibit a ferromagnetic long-
range order, and have a larger orbital moment in compari-
son with stripes and two-dimensional (2D) nanostructures.
1D chains are found to exhibit two phase transitions, quali-
tatively ascribed to a ferromagnetic-to-superparamagnetic
and a superparamagnetic-to-paramagnetic phase tran-
sions. These results suggest that the magnetism of the
1D chains behaves superparamagnetically.

5. Reaction control by spin manipulation

To separate the contribution of magnetic and electric
portion of the microwave field for the photo-induced elec-
tron transfer reactions, we have designed and constructed
a new microwave cavity which can concentrate each of
them to the sample. Test measurements for a radical
pair without electrical charge showed the magnetic effect
which induces the spin conversion, but almost no elec-
tric effect. To investigate the radical ion pair reaction,
we have optimized the conditions of the photoreaction be-
tween carbazole (or its polymer) and dicyanobenzenes by
time-resolved ESR. To measure the singlet yield of the or-
ganic electro-luminescent materials (OLED), its magnetic
field dependence of emission intensity was measured. The
sensitivity was improved for future monochromatic mea-
surements. The singlet yields of some OLEDs are smaller
than 25% which is expected by spin statistics. This may
be originated from the faster charge recombination toward
the triplet state because its energy level is lower than that
of singlet.
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