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Progress Reports from Individual Researchers

Tomohiko Asai  Nanomaterials and Nanodevices Group
Control and Application of Self-Organized Magnetized Plasmoid

Hiroki Ikake Supramolecules and Self-Assembly Group
Synthesis of Poly(L-lactide) Exhibiting the Piezoelectricity

Hiroshi Ishida Quantum Theory and Computation Group
Electronic Structure of Strongly Correlated Heterostructures

AkiyOShi ItOh, Arata Tsukamoto Information Technology Group; Supramolecules and Self-Assembly Group
Ultra High Density Information Recording Materials on Self-Assembled Nano-Structured
Substrates

Shuichiro Inoue Information Technology Group
Development of Long Distance Quantum Key Distribution System Based on BBM92
Protocol

Nobuyuki Iwata Nanomaterials and Nanodevices Group

Joe Otsuki Supramolecules and Self-Assembly Group; Energy Technology Group
Self-Assembled Supramolecules and Their Applications to Energy, Medical, and
Information Technologies
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Dedifferentiated Fat Cells (DFAT)

Tsuyoshi Kuwamoto Information Technology Group
Experimental Studies for Quantum Memory with Neutral Atoms

Tokuei Sako Quantum Theory and Computation Group
Exploration of Electronic Properties of Artificial Atoms

Kaoru Suzuki Nanomaterials and Nanodevices Group
Synthesis of Nano-Rod Devices with Wide Band Gap Semiconductor Effect

Yoshiki Takano Nanomaterials and Nanodevices Group
Mechanism of Superconductivity in Layered Iron-Arsenide Superconductors and Search
of New Superconducting Compounds

Tadashi TOjO and Shigeru Chaen Nanomaterials and Nanodevices Group
Analysis on the Working Mechanism of Membrane Receptors by Single Molecule
Imaging Techniques
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Directed Single Photon Emission from CdSe Quantum Dots by TiO, Photonic Crystals
and Si Waveguides

Takuya Hashimoto Nanomaterials and Nanodevices Group; Energy Technology Group
Development and Application of New Materials for Solid Oxide Fuel Cells Employing
Nano-scale Mixing Method

Sachiko Matsushita Supramolecules and Self-Assembly Group; Energy Technology Group
Self-assembly and Self-organization from the viewpoint of Device-fabrication Methods

Yoshiaki Matsumoto, Takahiko Aoyama Medical Technology Group
Optimization and Validation of High-Performance Liquid Chromatographic Assay with
UV Detection for Determination of Pyrrole-Imidazole Polyamides and Tumor-localizing
Photosensitizing Compounds in Plasma

Shosuke Mochizuki Nanomaterials and Nanodevices Group
UV-Light-Induced Phenomena of the Metal-Oxide and Metal Hydride Nanoparticles and
their Applications to Device Materials
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Control and application of self-organized magnetized plasmoid

1. Development of high-speed film deposition technique by magnetized coaxial plasma gun

MCPG has been applied for new alloy film deposition technique using a magnetized coaxial plasma
gun (MCPG). This method enables application of high-melting-point metals (e.g., Ti, Zr ...) which
had been a limited method of ion beam assisted vacuum deposition etc. The optimized design of
MCPG for film deposition has been developed and initial experiments have been performed in this
fiscal year. Commercialization of the developed technique has also been analyzed with Plasmionique
Inc., Canada.

2. Repetitive operation and merging of Spheromak for VUV light source
An ionized plasmoid generated by MCPG tends to be relaxed into a force-free equilibrium called
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“spheromak” in a conductive metallic chamber which roles as a flux conserver. Counter injection of
spheromaks into the flux conserver is followed by a magnetic reconnection event which heats the
plasma itself by the dissipation of magnetic energy into plasma energy. This realizes compact high-
temperature plasma source which can be applied as a short wavelength light source with the intense
line spectrum ionized metallic elements from inner electrode of MCPG. This new technique for light
source has been tested by vacuum UV spectroscopy and the feasibility as a VUV light source has been
confirmed. (Patent Pending)

3. Electrodeless plasma source using rotating magnetic field

Steadily operated plasma source using rotating magnetic field (RMF) technique has been studied
aiming to the applications for a light source and a reaction chamber. High efficiency technology by the
application of magnetic circuit has been developed and its patent application has been prepared.
(Collaboration with Dr. M. Inomoto, University of Tokyo)

Steadily generated magnetized plasmoid by rotating magnetic field.
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Scheme 1. Synthesis of poly (L-lactid) through the direct condensation polymerization of L-lactid.
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Synthesis of Poly (L-lactide) Exhibiting the Piezoelectricity
Hiroki IKAKE
Supramolecular and Self-Assembly

It is well known that poly(L-lactide) (PLLA) fibers exhibit the piezoelectricity, in which their
piezoelectric constant increases with increasing degree of crystallinity and uniformity of the
orientation of the crystallites. In this study, the PLLA has been produced by condensation
polymerization of L-lactide. We investigated the crystallization behavior and morphology of PLLA,
using X-ray diffraction and differential scanning calorimetry. We successfully synthesized PLLA
homopolymer using condensation polymerization.
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Elctronic Structure of Strongly Correlated Heterostructures

1. Purpose

Recent progress in thin-film technology has enabled the synthesis of nanostructures. In particular,
heterostructures made by stacking ultrathin films of perovskite-type transition-metal compounds are
targets of intense study as a promising candidate for future electronic devices. The purpose of this
research project is to investigate theoretically the electronic structure of strongly correlated
heterostructures. Single-electron approximation such as density-functional theory cannot describe
many-body phenomena like Mott metal-insulator transition. We adopt the dynamical mean-field
theory (DMFT) to treat correlation effects due to Coulomb interactions among localized d electrons.

2. Research Results of 2009

Previous DMFT studies of layered systems employed the single-site approximation, where the off-
diagonal components of the correlation-induced electron self-energy between neighboring layers were
assumed to vanish. In order to explore the effects of interlayer electron correlations, we have applied
the cellular DMFT to layered systems. In doing so, we adopted a one-dimensional atomic chain, which
is oriented in the surface normal direction and includes one atomic site from all the layers, as a unit of
cluster for solving the many-body impurity problem. As example, we studied tunnel junctions where N
layers of strongly correlated materials are sandwiched between semi-infinite free-electron-like
metallic leads. It has been found that electronic properties such as single-electron excitation spectra in
the correlated layers and the ballistic conductance through the junction change qualitatively when the
interlayer correlation effects are taken into consideration.
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Fig. 3 Fabrication of SASP (Self-
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Particles) layer.

Fig.4 SEM planer view of SASP
(Self-Assembled spherical small
Silica Particles) surface.
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Ultra High Density Information Recording Materials
on Self Assembled Nano-structured Substrates

Akiyoshi Itoh, Arata Tsukamoto
Information Storage Group and Supramolecules and Self-Assembly Group

In recent years, much attention has been focused on nano-structured magnetic media for achieving
ultra high density recording. Combining self-assembly nano-structured substrates with defined
magnetic properties provided by a magnetic film deposited onto the surface, enable a noble approach
to create magnetic nanostructure arrays. We tried to prepare and utilize nano-structured substrates such
as Si0, thin film having self-assembled nano-pores and self-assembled silica particle substrate.

Here, methods are presented for preparing the two different kinds of nano-structured substrates. One
of them is a Nano-Dent Array (NDA) at the surface of SiO, layer which is including closed packed
nano-pores prepared by the polymer micelles technique and the other is Self-Assembled spherical
small Silica Particles (SASP) fabricated on Si substrates by the dip coating method. FePt particles
fabricated by the rapid thermal annealing (RTA) method on the nano-dent array and the silica particles
array are showing the higher density of the number of grains Np than the cases fabricated on flat
Si0,/Si substrates. Fig. 5 (a),(b) show the in-plane SEM images of FePt particles annealed by RTA
after deposition of Pt(2.02 nm)/Fe(1.73 nm) bi-layer on (a) SASP and (b)flat thermally oxidized
SiO,/Si substrate, respectively. It is clear that SASP is effective to reduce the average diameter D,,
the standard deviation (StD) of D, and increase Np. D,, StD and Np of FePt particles prepared on SASP
were 14.8 nm, 4.02 nm and 0.74 T particles/inch? respectively. FePt grains prepared onto flat SiO,/Si
substrate have D, = 29.6 nm, SD = 6.9 nm and N, = 0.16 T particles/inch’.
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Development of long distance quantum key distribution system based on BBM92 protocol

1. Generation of the cross-polarization entangled photon pairs

Entangled photon pair at a telecommunication wavelength offers the possibility to realize quantum
key distribution (QKD) over a long distance. A spontaneous parametric down conversion process in
a Type-0 periodically poled lithium niobate waveguide (PPLN-WG) has been widely used for the
generation of entangled photon-pairs at a telecommunication wavelength. However, a broad
spectrum of photon pairs generated by the PPLN-WG is not suitable to transmit the photon pair over
a long optical fiber that exhibits finite chromatic dispersion. We have demonstrated that the photon
pairs generated by a Type-II PPLN adhered-ridge-waveguide (ARW) have a narrow spectrum, and
the photon pair source has a high brightness. Then, generation of polarization-entangled photon
pairs at a telecommunication wavelength has been realized with the photon pair source and
dispersion compensators. To evaluate the purity of entangled photon pairs, the polarization
correlation was measured using the polarization analyzers. The coincidence count rates were shown
as a function of polarization rotation angle in Fig. 1(a). The coincidence fringes with visibilities of
higher than 83 % were observed without correcting the accidental coincidence counts.

. Entangled photon pair distribution over a long optical fiber

In the BBM92 quantum key distribution system, the high-purity entangled photon pair must be
shared between distant parties. We have estimated the purity of the entangled photon pairs after long
optical fiber transmission. In this experiment, the 10.5 km long dispersion shifted fiber (DSF) was
used as the quantum communication channel. As shown in Fig.1 (b), the two photon interference
fringes with visibilities of higher than 89 % was observed, which indicates that purity of the
entangled photon pair is scarcely degraded by the long fiber transmission.
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The purpose of our research is classified into two categories mentioned below. 1) Realization
of nano-scale devices with carbon materials. 2) Appearance of multiferroic phenomena at room
temperature in multilayered structure. Those two categories, respectively, include two major subjects
as follows, 1-1) Selective growth of single-walled carbon nanotubes (SWNTs) with specific chirality,
1-2) Realization of simple fabrication method of nano-scale Cg, transistor, and 2-1) Growth of
ferromagnetic metals / Cr,O; multilayer and appearance of giant-magentoelectric (G-ME) effect at
room temperature, 2-2) Fabrication of REFeO,;/AFeO; superlattices for realization of room
temperature multiferroic phenomenon, where RE=Bi, La, A=Ca, Sr.

The aim of the subject 1-1) is to control the chirality of SWNTs during growth. In order to
apply SWNTs to nano-scale devices, a diameter, a growth position, and the chirality must be
controllable. No one has not achieved the chirality control. Simple fabrication method of nano-
scale Cg, transistor will be demonstrated in subject 1-2). C4, nano-whisker can grow by simply
evaporating solvent from Cg, saturation solution. Growth of the whisker directly between source-
drain electrodes is important technique. The subject 2-1) can bring a novel spin-electronics. DC-
electric and DC-magnetic field are coupled, indicating that a requirement to obtain magnetic field is
not electric current but electric field. The purpose of the 2-2) subject is same to that of 2-1), but a
method is different. Almost all of the multiferroic materials are ferroelectric but antiferromagnetic
ordering as well. The representative is BiFeO;. Since electrons in Fe4+ ions in AFeO3 is unstable,
electron transfer occur between REFeO;/AFeO; interface, and then antiferromagnetic ordering is
expected to be re-ordering to ferromagnetic as a function of electron density in REFeO; layer.

2. W—RUFZMEE =T ) TS ZVERE AT O REST
2. 1 SWNTDHA T VT 1l

TR 1T Co/Mo 8RI 15T 4 » B0 ZIETEAT L 400°C, 5 07 =— 1 &{T-o72,
—ARFEHZ =& ) — a2 HWT, {LFRMAKE(CVD)EIZ T SWNT EZ1T-> 72,
ArH, R f%ﬁ%ﬁ%%ﬁib@ﬂ%ﬁﬁﬁﬁuwwcifﬁﬁb i&/~w%%
A LT SWNT ZpkE SH, Ar FIHKHF CRIRSE 72, Eio-pE-BEiR o TR BE -
—F—(FEL) % & L 7=,

X 1 |2 Raman B(ELA X7 ML ZaRd, e — 271X SWNT OB 7 [ ~DIE#jE— R T
& % Radial Breathing Mode (RBM)% 7~ L, SWNTs DEZRIZIKGFT 5, KT TFD DDA
kb(a-1,2)1% FEL B 722 L. MH ED =50 2227 kL(b-1,-2)I% 800nm-FEL % M4 L7~
BTh D, ERIT 5320m FhEEE . R 785nm B E CHIE L7~ Raman A< kLT
D, KPR LT M2 13480 SWNTs IZEKT 5 B —7 . S2,83 1T =& (K1) SWNTs |2
N4+ 25 —27Thb, FEL ZMRE L2 WIEA(a-1,-2). &ER., Y-EKR) SWNTs 2EEL T
R LT e ny, 800nm-FEL FREF(b-1,2)12 LV 8K SWNTs DA E L TWAH I &
Domol, B—7AESWNTs OER)ESEH, & LXK, PFEERMREREENS, I
VDA TMAREIZ ISFEE TH - 7= DAY, FEL BEHC X - T, (14.0), (10,6), (9,7), (11 4),
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AR LTRGBS CIARIC B 2 L D Z LN TE ) o 7-, Raman A7 h/L K& @
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Co FEREZRE LT W E¥bhoTz, bz Lianho BV BKIME S E & £ 4 B
X, < OBAERETBRAE LIRR, P RKRESEEET. 2D Cy b2 E
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XD, Cr DA UVEFNC L > THIEITE 5, £72. CnOs ITERMKIREZRT 20, ER
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Self-Assembled Supramolecules and Their Applications to Energy, Medical, and Information
Technologies

Joe OTSUKI
Supramolecular and Self-Assembly; Energy Technology

Self-assembly of appropriately designed molecules will afford a bottom-up method for producing
nanostructures. This work aims at developing new molecular self-assembling systems, revealing self-
assembled structures and dynamic behaviors at the molecular level, and searching for applications of
self-assembly to energy, medical, and information technologies through the collaboration with
researchers of the N. research project.

1. Structures and dynamic behaviors of molecular self-assemblies at the molecular level

Self-assembly of new double-decker complexes, in which two planar disk-like moieties such as
porphyrin and phthalocyanine sandwich a metal ion, have been investigated. Spectroscopic techniques
among others have revealed that the disks rotate with respect to each other. However, no one has ever
'seen' the intramolecular rotation. We have prepared a double-decker complex with a substituent at its
periphery in such a way that we can know the orientation of the complex. We were able to visualize
the orientation of the double-decker complex adsorbed and organized via self-assembly on a surface
by means of scanning tunneling microscopy. We have succeeded in capturing images that show the
orientation changes over time, which afford the first solid demonstration of the rotation libration of a
double-decker complex (revised manuscript submitted).

We have found, through molecular level investigations with scanning tunneling microscopy, that a
class of porphyrin molecules stack to form extremely ordered columns on a surface in a motif like
cards in a card box (Fig. in the first page, publication 2).

We have reported systems in which self-assembly with a porphyrin molecule can be controlled by
light irradiation by using newly synthesized molecules that change their shape on irradiation
(publication 1, 3).

2. Light-driven hydrogen evolution from water with self-assembled complexes

New iridium complexes have been prepared that have an additional coordination site. Upon mixing
of one of these complexes and cobalt ion, the complex coordinates to the cobalt ion to form a
supramolecular complex that contains both iridium and cobalt centers. It was expected that an electron
transfer process occurs efficiently through the bonding between the iridium center, the
photosensitizing site, and the cobalt center, the catalytic site. Hydrogen evolution was experimentally
verified with some derivatives subjected to light irradiation experiments. Some of them showed
increased efficiencies as compared to a case in which an iridium complex and a cobalt complex are not
bound together.

This line of research has been reported in magazine someone in an article entitled "New technology

ot

produced from "photosynthesis"".

3. Preparation of a compound for the detection of DNA based on self-assembly and FRET
Utilization of pyrrole-imidazole polyamides incorporating chromophores effecting FRET
(fluorescence resonance energy transfer) is being considered to improve the S/N ratio in sequence-
selective detection of DNA fragments. A pyrrole derivative, which will be tethered with a
chromophore later on, was prepared to be introduced into an automated synthesizer established by
Nagase and co-workers.
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Fast and High Precision Computation for Nanoelectromagnetic Simulation

1. Time Domain Analysis of Near Field Optics

Conventionally, time domain analysis of near-field lights generated by nanoparticles has been
performed by using the finite-difference time-domain (FDTD) method. We have applied the numerical
inversion of the Laplace transform to analyze the time domain responses of specific plasmon modes in
nanoparticles. In our method, plasmon modes are obtained in the complex frequency domain and they
are numerically transformed into the time domain. The proposed method is error controllable and
reliable simulation can be performed.

Figure 1 shows the time domain response of a plasmon mode when the laser pulse is incident on a
metallic sphere for the case of the Drude model. The computational result obtained by our method is in
complete agreement with the exact solution. A surface plasmon mode is shown in Figure 2.

2. Fast Electromagnetic Simulations using Ultra High-Speed Parallel Processors

We have studied potential capabilities of hardware acceleration for electromagnetic simulations
using ultra high-speed parallel processors, such as a Cell Broadband Engine (Cell/B.E.) processor and
a Graphics Processing Unit (GPU). The Cell/B.E. is one of the many-core CPUs. It consists of one
power processing element and eight synergistic processing elements. This architecture is suitable for
wide variety of programming models. GPUs are specialized processors to deal with 3D graphics
rendering substituted for conventional CPUs. They have many computing cores which can run
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simultaneously.

Figure 3 shows the hardware acceleration of the method of moments (MoM) using the Cell/B.E.
processor. The operation can be about 150 times faster than that using a conventional CPU. Figure 4
shows the computational time of an electromagnetic simulation performed by the finite-difference
time-domain (FDTD) method using a GPU. To distribute computational processes into many cores,
the operation can be about 10 times faster than that using a CPU.

3. Highly Accurate Simulation for Electromagnetic Problems

When a target has a cavity or a bump, the electromagnetic phenomena become more complicated
due to the multiple scattering and resonance inside the cavity. Hence, development of a highly reliable
computational technique is important. We have developed a mode matching technique to perform
highly accurate simulation for conducting polygons which consist of conducting edges. The
computational error can be estimated and controlled under the desired digits of accuracy. We also
propose novel methods to predict the computational error and to optimize the computational time.
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Figure 1: Time domain response of a plasmon Figure 2: Surface plasmon mode for a
mode. nanosphere.
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Figure3: Speedup rate of the MoM. Figure 4: Computational time of the FDTD method.
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A novel model of onset breast cancer by implanting mature adipocyte-derived dedifferentiated
fat cells (DFAT)

1) Close relationship between stromal adipocytes and parenchymaat development of the mammary
gland

After birth, the mammary gland is primary composed of adipocytes and a limited the epithelial
ductal network. But during pregnancy, the epithelium expands and invades the surrounding fat pad,
whereas apparent reduction of cell number and diminution of the cell size is observed on adipocytes.
After weaning, the decrease of mammary epithelium takes place concomitant with the repopulation
of the mammary fat pad with adipocytes. The mechanism of interacting capacity between epithelial
cells and adipocytes is not clear. Here we show that stromal adipocytes in the mammary gland are
necessary to the formation of mammary gland. We transplanted wild-type mammary gland into the
fad pad of GFP transgenic mouse. The end buds of expanded mammary glands were expressed GFP.
In contrast, less expression were detected at GFP mammary glands in wild-type fat pad. Sectioning
demonstrated that transplanted and normally formed mammary gland from the wild-type in the
cleared fat pad of the GFP transgenic female mouse, alveoli were composed of transplanted
epithelial cells and stromal cells, surrounding epithelium. At the pregnancy and lactation,
transplanted stromal adipocytes formed functional alveoli-like structures with expressing the
epithelial markers and secreted abundant intracellular lipids into the lumen. Our studies indicate that
stromal adipocytes of the mammary gland are important not only as a stroma, but as a composition,



AARRENMIET Y =7 b SRR 21 RS NS —EE (%P0 3/3

directly participate, in the development of the mammary glands.
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Experimental Studies for Quantum Memory with Neutral Atoms

Overview or Our Research

(I) Purpose of Research

Our purpose in this project is fundamental and experimental studies for developing the quantum
memory using neutral atoms. The quantum memory is elemental component in the quantum
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information technology and computing.

(I) Details of Studies

(1) Storage of polarization-entangled photons in neutral atoms.
(2) Long-term light storage in ultracold atoms and Bose-Einstein condensates.

We employ the electromagnetically induced transparency (EIT) effect, which dramatically
changes the optical properties of an atom such as absorption and refraction at the resonant
frequency of a transition, for storing photons in atoms.

2. Progresses and Results in 2009

(D Storage and retrieval of light using atomic vapor by means of EIT effect
We developed the experimental system for storing light into a rubidium vapor. The light with
wavelength of 795 nm was stored for up to 45 us in rubidium atoms. Storage efficiency (stored
photon number / radiated photon number to atoms) of approximately 45% was achieved. We
found that optical phase lock between two lasers was important for the long-term photon storage.

(IT) Development of experimental system for generating the polarization-entangled photon pair
resonant with a transition in rubidium atom
We developed a system for second-harmonic generation (SHG) of a 795-nm wavelength laser as
a light source for generating the polarization-entangled photon pair with the wavelength of 795
nm. We generated the SH light with 397.5-nm wavelength by pumping the pepiodically poled
LiNbO; (PPLN) waveguide. The SH light power of approximately 2 mW was obtained by highly
stabilizing the crystal temperature to be 180 °‘C. We also performed the generation of photon pair
by using a spontaneous parametric down-conversion with pepiodically poled KTiOPO, (PPKTP)
crystal. The rate of photon generation was 120,000/s. As a next step, we will perform the
experiment for confirming the coincidence of photon pair, and generating the entangled states.
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Exploration of electronic properties of artificial atoms

Tokuei Sako
Quantum theory and computation group

1. Aim and method

Recent advances in semiconductor technology allow construction of nanostructures on
semiconductor surfaces in which a finite number of electrons are confined in the low-dimensional
nano-scale potential wall. These confined electron systems are often called quantum dots or artificial
atoms and have drawn increasing attention as a new promising device for single-photon detection or
quantum computation. In this study, the electronic structure of artificial atoms and its dependence on
the size and shape of the dot as well as their optical properties will be clarified relying on the recently
developed anisotropic Gaussian basis sets and a powerful multi-reference CI method based on the
symmetric group graphical approach.

2. Achievement in 2009

Hund's rules initially derived empirically in atomic spectroscopy of pre-quantum-mechanics era
that predict the ordering of the energy levels possessing different spin and orbital angular momentum
quantum numbers proved to be almost universally valid not only for atomic systems, but for molecules
as well. Yet, the reasons for their validity have been the subject of a long standing debate concerning
essentially the role played by the two-body interelectronic interaction vs the one-body contribution.
The present study explores the origin of Hund's multiplicity rule for quasi-two-dimensional, two-
electron quantum dots or artificial atoms, providing new insight into the just mentioned controversy.
The key ingredient for this insight turned out to be the separation of the wave function into the center-
of-mass and internal components and the realization that the singlet and triplet states involve
excitations into the corresponding degrees of freedom. Moreover, varying the degree of confinement
of the quantum dot allows to proceed from the regime where the two-electron contribution dominates
to the one dominated by the one-electron component. It is essential to recognize that the angular nodal
line in the internal space allows the triplet to avoid the singularity in the electron-electron interaction
potential, resulting in the energy lowering causing the triplet to lie below the singlet.
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Synthesis of Nano-rod Devices with Wide Band Gap Semiconductor Effect

2.1 Purpose

My research aims at fabrication of nano-materials and nano-devices for high functional
applications such as nano-tube sensor, nano-rod transistor and wide band gap semiconductor nano-film
for water-splitting by using fundamental techniques of nano-process and fabrication of nano-materials.
Using the achievement of the investigation, progress of energy conversion system, information
technology and biotechnology can be expected.
2.2  Achievement

Carbon nanotubes (CNTs) and nanofibers (CNFs) have attracted great interest due to their novel
electrical, optical, and mechanical properties. These materials are promising candidates for a large
variety of nanodevices, such as electric circuits, biosensors, and optical components by wide band gap,
Eg(carbon)>5.6 eV, semiconductor effect. In our research, we discovered CNF wiring between one
pair of needle-shaped carbons (NSCs) border on carbon nanorods (CNRs), and metal included CNTs.
CNF-wired NSCs and metal included CNTs are now sometimes grown on a silicon substrate with
metal catalyst through thermal decomposition in ethanol at temperatures from 973 K to 1273 K by
joule-heat with a DC power supply. As such, they can easily be used for the doping of impurities
such as phosphorus of the Group 15 and sulfur of Group 16 by addition in ethanol. However, one of
the problems in the development of practical applications is controlling the position of CNFs on the
substrate. In order to irradiate the Ar-ion laser and contain the sulfur in ethanol, we realized to
encourage and position restrict the position growth of CNFs and NSCs. Metal encapsulated carbon
nano-tube has been synthesized at a meshes for transmission electron microscopy or foils of metal by
thermal decomposition method in ethanol. We approached synthesis of carbon nano-tube include in
several types of metal, e.g. iron, nickel, and molybdenum. When the silicon substrate was heated up
about 1150 — 1300 K, the metal encapsulated carbon nano-tube were synthesized on mesh of
molybdenum, foil of iron, and foil of nickel.

The hydrogen yield on water decomposition with the lanthanum doped titanium dioxide thin films
on quartz substrate that apply the photo catalytic reaction have been studied for fuel cell. However,
there were number of problems to the improvement. Therefore, we improved highly efficient
hydrogen evolution under controlled condition of plasma assisted pulsed laser deposition method with
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non-sintered heavily La doped TiO2 target. It was measured to yield about 10 w//h - cm’ hydrogen
gas form TiO:La(70 at%) film under visible light (Xe lamp, AM1.5, 100 mW/cm?®) irradiation.
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Mechanism of Superconductivity in Layered Iron-Arsenide Superconductors and Search of New
Superconducting Compounds

Yoshiki Takano
Nanomaterials and Nanodevices Group

1. Introduction
Since the discovery of high T, superconductivity in (LaO, F,)FeAs, many researches on the iron-
based superconductors have been carried out.

2. Experimental Results and Discussions

2.1 Electrical and Magnetic Properties of LaOCoPn (Pn=P, As)

2.2 Superconductivity of La Deficient La, ,OFeP

2.3 Superconductivity in (Sr, R ,F)FeAs (R=La, Nd)

The new superconducting compound (Sr,_ La F)FeAs with x=0.4 is reported, and its superconducting
transition temperature 7, is 29 K. The crystal structure of the parent compound (SrF)FeAs is as same
as that of (LaO)FeP. It belongs to the space group P4/nmm. The SrF and FeAs layers are stacked along
the c axis, and Fe and F atoms are surrounded tetrahedrally by As and Sr atoms, respectively. Recently,
it is reported that (Sr,sSm,sF)FeAs is a superconductor with 7, of 56 K. However, superconducting
properties of them have not been clarified now. Then, in this study, we have prepared (Sr, R F)FeAs
(R=La, Nd) and investigated their electric and magnetic properties.

Figure 1 shows the temperature dependence of the electrical resistivity (p-T curve) of (Sr,.
LaF)FeAs. The anomaly due to the SDW transition is observed at 170 K in (SrF)FeAs. This anomaly
decreases with x. The absolute value of the electrical resistivity firstly decreases and then increases
with x. The superconducting transition temperature 7, and the transition width AT, of (Sr,¢La, ,F)FeAs
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are 26.1 K and 2.1 K, respectively. The value of the temperature derivative of the upper critical
magnetic field (dH,,/dT) at T, which is determined from the p-T curves under the various magnetic
fields, is -1.4 T/K and the estimated value of H, at 0 K becomes 26 T, assuming the parabolic
approximation. The superconducting volume fraction estimated from the temperature dependence of
the ZFC magnetic susceptibility measured at H= 0.01 T is ~25%. This volume fraction is rather large
compared with the previous report.
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Kinesin-calmodulin fusion protein as a molecular shuttle
Shishido H., Nakazato K., Katayama E., Chaen S. and Maruta S.
J. Biochem. (2009) in press

Analysis on the working mechanism of membrane receptors by single molecule imaging

techniques

Tadashi Tojo and Shigeru Chaen

Research Aim

Receptors, expressed in cytoplasm, membrane or nuclei, are proteins which bind to their
specific ligands such as neurotransmitters, hormones and growth factors. They convert
extracellular signals derived from their ligand into intracellular ones. Receptors are
fundamental players to maintain homeostasis, so that malfunction of receptors often causes
diseases. In this study, we intend to examine the working mechanism of membrane receptors
using single molecule imaging techniques, which have a potential ability to found a

qualitatively and essentially novel sphere in biology, pharmaceutical sciences and medicine.
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Research Plan

In case of intracellular single molecule imaging in a living cell, it is effective to measure
fluorescence derived from each single molecule of monomeric fluorescent proteins which
constitute a chimera protein with a receptor molecule. Monomeric enhanced green fluorescent
protein (mEGFP) is the most popular probe on single molecule imaging, but it has common
fluorescent wavelengths with cellular auto-fluorescence. The nature of this protein deteriorates
signal-to-noise ratio (SNR) of intracellular single molecule images. To ameliorate SNR in
intracellular single molecule imaging, we adopt long-wavelength shifted fluorescent proteins

and manage to optimize our optical microscopy system.

Results

We have constructed expression vectors for 4 kinds of long-wavelength shifted fluorescent
proteins. In vitro single molecule imaging of these proteins fixed on a cover glass has been
conducted. Each protein exhibits distinctive characteristics upon fluorescence intensity and

photo-breaching resistant properties.

Publication

Kinesin-calmodulin fusion protein as a molecular shuttle
Shishido H., Nakazato K., Katayama E., Chaen S. and Maruta S.
J. Biochem. (2009) in press
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7 H : Ultrafast Visualization of All-Optical Magnetization Reversal in GdFeCo-Films

3-2. H21 29 A 11 BAHT T B8R, fHI KON 474 Radboud K%, AFYA York K77, FA
Y Konstanz K%, a7 ORVFET B I —loffe WERFATAFZEFT & D [FE BE 3 [ EE R SO,
H21 49 A 11 A7 T, PHYSICAL REVIEW LETTERS & (Vol. 103, P. 117201) (ZER&k&[A]
IKELZ. [Selected for a Viewpoint in Physics | (238 & 72, £, Afm CIZ-D Riccardo Hertel
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Ultra Fast Information Recording and Ultra Fast Photo Magnetic Switching

Arata Tsukamoto, Akiyoshi Itoh
Information Storage Group and Supramolecules and Self-Assembly Group

The ever increasing the capacity of storing information motivates the search for faster approaches to
process and magnetically record information. Most computers store data on magnetic hard disk drives,
in which the direction — “up” or “down” — of the magnetic moments in a small region of the disk
corresponds to a binary bit. However, it was faced to unavoidable fundamental problem for faster
operation in conventional way. We have experimentally demonstrated controlled magnetization
reversal induced by a single 40 femtosecond (40 x 10s) circularly polarized laser pulse in the
magnetic GdFeCo thin film, a material relevant for data storage. No external magnetic field is required
for this photo-magnetic switching, and the stable final state of the magnetization is unambiguously
determined by the helicity of the laser pulse. This finding, previously believed to be fundamentally
impossible, reveals an ultrafast and efficient pathway for writing magnetic bits at 100000 times faster
speeds compared with the conventional Hard Disk Drive. Based on these new discoveries, we are
striving to establish the fundamental techniques of researching and developing ultrafast spin
manipulation.

Here we demonstrate a compositional dependence of dynamic response in ferromagnetic GdFeCo
across its compensation composition ratio. We reported the dynamic behavior of GdFeCo in vicinity of
the angular momentum compensation point, where the dynamics of the system is highly accelerated
owing to the divergence of the gyromagnetic ratio and damping constant [PRB 73, 220402(R) 2006].
As an advantage of amorphous alloy systems, we can select composition ratio continuously and can
make angular momentum compensation composition ratio C, appearing at room temperature. To
initiate and investigate the precessional motion of magnetization, we have used an all-optical pump-
probe technique employing an amplified Ti:Sapphire laser system with 100 fs pulses at a central
wavelength of 800 nm and a repetition rate of 1 kHz. Fig. 1 shows the compositional dependence
(Gdx(Fe87.5C012.5)100-x : x = 20.5 ~ 28.0 at. %) of the precession frequency f and effective Gilbert
damping factor o, derived from measured results. Clearly f and o.; was affected by the composition
ratio. The observed high-speed and strongly damped (Gilbert damping factor: ~0.3) magnetization
dynamics near C, is ideal for an ultrafast ringing-free precessional switching that can be triggered
with short pulse laser irradiation.
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Thermally Assisted Recording with Optical Near Field Antenna

Both ultra high recording density and ultra high-speed recoding are urgently demanded for future
storage devices. Thermally assisted recording technique is a candidate to achieve ultra high recording
density. A photo-induced magnetization is also a key phenomenon of ultra high-speed recording. An
important thing to record small mark is to control temperature change in a local area utilizing with a
plasmon antenna. In our research, spatial and temporal temperature distributions were investigated
from viewpoints of recording media structures and the antenna shape. Furthermore, the antenna
structure for the photo-induced magnetization was studied.

Temperature of a bit-patterned medium (BPM) was able to achieve ~140°C, which was more than
10 times higher than that of the continuous medium (CM) as shown Fig. 1. Furthermore, highest
temperature area of the BPM was extremely narrow as 15 nm which was correspond to the diameter of
grain in Figs. 1 and 2. In addition, it was cleared to avoid overlapping the plasmon antenna edge with
the adjacent grains was useful for not to heat the adjacent grains of centered one. The shape of
plasmon antenna, arrangement of grains, relative position between the antenna and grains were
investigated to avoid heating adjacent grains. The rectangular arrangement of grain, for example, can
also make a large temperature difference between centered grain and adjacent one as shown Fig. 3.
Moreover, we proposed four-fold plasmon antennas to generate circular polarized light for ultra high-
speed recording.

We will continue to study plasmon antennas which are able to generate a circular polarized light in
an extremely local region for ultra high recording density and ultra high-speed recording.
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In vivo Distribution of FITC-labeled-Pl Polyamides in Mouse Organs
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Unknown Characteristics of Hydrogen Occluding Alloys
and Composite Materials Based upon Them

1. Photo-Stimulated Hydrogen Desorption from Hydrogen Occluding Alloys

Hydrogen absorbing and desorbing reactions are reversible, and exothermic and endothermic
processes respectively follow. In a two component system consisting a hydrogen occluding alloy and
hydrogen, the degree of freedom goes to 1 when a hydrogen-saturated phase and a hydride phase
coexist in the solid phase. An equilibrium hydrogen pressure is thus automatically attained when the
system is held at an arbitrary temperature. Using this relationship we can construct compressors,
actuators and so on. In other words, hydrogen occluding alloys act as energy converters from heats
to pressures. We can also make coolers, heat pumps and so on.

Although the hydrogen absorbing and desorbing reactions have many practical aspects, there are no
reports on photo-emission or photo-stimulated phenomena that accompany the reactions. Since only
a few photons were emitted on our earlier hydrogen absorbing experiments, photo-stimulated events,
particularly photo-stimulated desorbing reactions were extensively studied in the present work.

Gaseous species desorbed on ultra-violet irradiation in vacuo were detected by a quadrupole mass
spectrometer.  Photo-stimulated desorption of hydrogen was clearly evidenced for lithium
borohydride and was enhanced in the presence of a hydrogen occluding alloy, TiZrFe,. On a
hypothesis that some natural oxide of the alloy would react as a photo-catalyst, titanium oxide was
added to lithium borohydride, but no catalytic effects were detected. On the contrary, tungsten oxide
strongly assisted the photo-stimulated hydrogen desorption from lithium borohydride, and the rise of
the intensity of the m/e = 2 signal was enhanced by a factor of 4.

Hydrides of magnesium and Mg-Ni alloys did not show the photo-stimulated desorption phenomena.
However, titanium oxide had some catalytic activity and desorbed hydrogen was observed on
irradiation of each of hydrides. Whether the hydrogen desorbing temperature can be lowered by
irradiation is now under investigation.

2. Recovery of Bio-Hydrogen Using Composite Hydrogen Occluding Alloys

A water-resistant hydrogen occluding alloy was prepared through encapsulating ZrVFe powders by
dimethoxydimethyl silane-derived gel. A colony of Spirulina that produced 8.48 mL of hydrogen at
30 °C for 4 days was comparatively cultivated in the presence of 1.87 g of ZrVFe. The quantity of
hydrogen in the gas phase was 8.64 mL and that occluded in the alloy was 3.36 mL. The total
amount of produced hydrogen was thus increased by 40 % and this suggested a preferable recovery of
bio-hydrogen through hydrogen-permeable membranes.
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1. Directed Single Photon Emission from CdSe Quantum Dots by TiO, Photonic Crystals and Si
Waveguides

1.1 Aims

An ideal single photon emitter as a fundamental device of optical communication applications is
necessary to operate at room temperature, and to control of direction of photon emission by
engineering the electromagnetic environment. Here we report our study of a single photon emitter
using cadmium chalcogenide (CdSe) quantum dots (QDs) incorporated with two dimensional titanium
oxide (TiO,) phonic crystals (PCs) to meet the needs [Fig. 1]. Single photon emission from the QD
follows emission process of a standard semiconductor quantum dot, and features room temperature
operation, fixed wavelength determined by dot size and band-gap energy, and strong phonon coupling.
Intensity of the emitted photons is modulated by photonic band gap of the two dimensional PCs to
decrease or enhance intensities of the emission in directions, and to narrow line-width of an emission
spectrum. We also studied fabrication technique of silicone waveguides to build up logical circuits
incorporated with a single photon emitter on a same chip [Fig. 2].

1.2 Achievements in 2009 college year

+ We successfully developed concrete fabrication technique of 150 nm wide metal wires with e-beam
lithography. This enables us to fabricate 400 nm-wide lines for Si waveguides. The fine line proves
competitiveness of our fabrication technique against many other competitors.

+ PCs of Ti thin layer with square air gaps on a “silicone on an insulator” (SOI) substrate are
successfully fabricated. The PC was then oxidized and spun with CdSe Quantum Dots in toluene.
Photoluminescence of the sample does not show unidirectional band-gap around 630 nm of
wavelength of light in plane direction of the PC.

1.3 Plan in 2010 college year or later

By brushing up the fabrication technique for Si waveguides with a new substrate having better
definition of a Si layer on the top of a SiO, base, we aim that a Si waveguide has transmission of 20
dB/cm, and start to fabricate 80 nm wide Si waveguides. For PC, we will start to try different
fabrication processes for better TiO, concentration and shape.
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Development and Application of New Materials for Solid Oxide Fuel Cells Employing Nano-
scale Mixing Method

Takuya Hashimoto
Nanomaterial and Nanodevice Group, Energy Group

1. Purpose of This Study

For development of new solid oxide fuel cells (SOFC) with high voltage operating below 600 °C,
development of new materials and their applications are investigated in this study. In order to develop
new materials, which are composed of multi elements or require low temperature process for
preparation, preparation method employing liquid phase mixing, which can be regarded as nano-scale
mixing, has been examined. At present, promising materials listed below have been discovered.

2. La;.,CaSr,CrO; -new material for interconnector

By using mixing in liquid phase, uniform La,_,.,Ca,Sr,CrO; with no structural phase transition and
high sintering property has been successfully prepared. Since La,..,Ca,Sr,CrO; possesses high
electrical conductivity and chemical stability at high temperature under various gas atmospheres, it
can be suitable as a material for interconnector of SOFC.

3. BaCe,, Y03 -proton conducting material for electrolyte of SOFC

The BaCe,,Y,0;s with uniform Y distribution can be successfully prepared via liquid phase
mixing. The crystal structure and proton conducting property of BaCe;,Y,0s.5, consensus of which
has not been developed, have been established.

4. LaFe,Ni,O; —new cathode material for SOFC

Solid solution of LaFe;,Ni,O; for whole range of Ni content could be successfully prepared
employing mixing in liquid phase. Since LaFe(,NiysO; showed the highest electrical conductivity and
relative high chemical stability, it was proposed as new superior cathode material for SOFC.

5. Future Plan
Development of SOFC employing new materials discovered in this study is planned. The target of
operating temperature is below 600 °C.



ARRENMRET 0T =7 b PR FERSE BAHR (/7 WHE - )/ 731 2%, =xL¥—8F) 313

2009 4F LA D 248
R 3

1. A. Aoto, N. Hasumi, A. Kikuchi, Y. Sasaki, F. Fujishiro. T. Hashimoto, “Development of Superior
Preparation Process for Highly Functional and Homogeneous Cerium Containing Oxides.-Analysis of
Solid State Reaction Process and Development of New Process via Liquid Phase.” Proc. Inst. Natural
Sci., Nihon Univ., 45 (2010) in press.

2. T. Ohzeki, S. Hasegawa, M. Shimizu, T. Hashimoto, “Analysis of Phase Transition Behavior of
BaCeO; with Thermal Analysis and High Temperature X-ray Diffraction.” Solid State Ionics, 180,
(2009) 1034-1039.

%%%ﬁ
. BEEWOE, b WA HEEEE, HAKED, AN NEEEEHWZESHE 2 b
/éﬁwmAmJ%4MJt7 v 7 AR FEERS . 2010421 H 13 B, 8
2. BERIIEAM, 7EKRED, KBRS, BAEH NEMER L OEMEIZ L S Ba,SrCeO; O
BR—E T EDOHEER - 2UREE~ORE ] 5§ 48 At 7 I v 7 AR ERER S
2010 4FE 1 A 13 A, 1l
3. B A0 e, KEERES, BAH [ RF—=1EIc X5 H Y — FiE LaNiFe,0; @ HAHR
BHE R 25 18 [B] SOFC #fF7EF8 &K<, 2009 4 12 A 17 B, HIT
4, KBGHESR, BTz 07, AN [LaNiFe,0; DGR L OWA - MEMHIRB 28
DOFFENT ] 5 35 [BIEIRA =27 A5ma. 2009 412 A 9 A, KBk
sﬁm%w\imﬁﬁ A H [BaCe,., Y055 DIRARIEIC & DA HE L OFHERRE DT |
55 35 [EEIAA A =27 AFFEme. 2009412 A 7 B, KBk
6. KEAMESL, A [LaNi_ Fe, O3 DR « MG EE OMEHT ) 2009 FEXALFEKTE
2. 200949 A 11 H, I
7. TEKRED, FEWIE, ER)INEM, KEIRESL ., AN [KFEA 4 EER BaCe M,0;.
sSM=Y, Yb, Nd)DAREFE OfiET | AARYE T I v 7 AHEE 22 [AIRKET AR 7 AL 2009 49
A 16 B, &%
8. BN, THAKEY ., HEEEM., HHbdiHh, FHAHNL NEHECL2EWEET e b
VBTN OER) AARET I v 7 AHAE 22 BIKFE AR T T A 2009 49 H 16
H., 2%



HAKRZENNET v = b ER 2V EERE RES (BRI 15

1. 7 LE2IZ&E DL PI RY 72 FOBIZERH
2. BEMETILRRATFAOVEDRFAA— U TRHE

*EHEE :'Hu AﬂEEE‘fETﬁs 7-.K1§E1n=-
[ R B

QEE:)

1) ERICIBT DDA A=V THFEMRICBIT D, 77 MMEFEIHESLS PL AT
2 NIEFREE R, Bar e —7 L LCOEREDS, BEYERpEIRE, &IfEH
B RO R A BGET 5,

2) BIMJERED 72 DN, JRFEPET )L R AT 1 HED 6 %FEEE N TWHR, CT 7e EOEBZ
Wi CIEFRE AR EE LV, RS TIR, DA A=V T2 W RRET L RAT 0 URED
PWNEOHEEZ BRI E T 5,

(WF7EE ]

2. 1. PIARY T I ORISR

HMENRE : FITC 7~V L7=F7 v R TGF-1 ® PI RY 7 F& T v MIEFHRE L, L
EEBCTOmY AR ZRGEET 2,

L e . KERGLEMRBRE LTPIARY 7 2 FE#IkIC KEEREERE L, %
FERAPGE, MMTFHIMAZIT O, MERGEERRTIE, REOPIRIY T I Fa~v U (T
b L, RE, B, HJOKE, Mk Fama, JREE, Ml rma s ety 2,

2. JFREMETIVRAT O IEDNFA A=V T T v F A PNA ZHWT0FA A—
DI AT e ha—L

~ U AR BB ES M TH D Y1 MIEIZIS VTR CYPLIB2 DFEELAFED Hiv, ACTH
RPRIZ K0 BB FRS D, CYPLIB2 (ZXF9 % antisense PNA [d, CYP11B2 mRNA 73388 L
Y1 HIIC M E E £ 25 2 LN P EIL, antisense PNA IfL2ESi A2 LT Z Lick
¥ CYP11B2 mRNA FEEBLAHNL Z Bt 95 Z L N TE 5,

b FDJFEFRMET L R AT v AR DEGZW A E 2 GG ERREIEILT R A
V&ﬁﬁi@AﬂH%WﬂTé:kT(%é%i?yvﬁTVVVHWWIM@%##%ﬁ%
LD RA ZHLIHITSHZET) CYPLIB2 mRNA ORBANBK T2 Z ENFHREINDN,
ACTH-cortisol &% RAA R & (IHAZ L7 GBI IRIE S U < (ZEIBF &AL Tk CYP11B2 mRNA D
HMNMET LARWZ &N TR END, antisense PNA ZHWVAUE, TR, BT

HIENARETHD EEZBND,

7 F A PNA UL DNA IZHEL L 72 fi&E 2 & D7 T, DNA X° RNA ORZfRIZ Al A1)
BRI ANA 7V » RHK D, dsDNA LTI triple helix #iEA 2 L, 1 AR RNAZIXT v F
T A DNA LRIBR, MMRICHE BT 2D, MROMERICEESNTLETH DN, Mlafks



HAKRZENNET v D= b ER 2V EERYE RES (BRI 2/5

B L OB WREBD D,

1. CYP11B2 (Zx}9 % antisense PNA DFXF
Tk hA~DINHZEE L, v~V AL b NOFHEIMEEEF- 2EYIC % LikEHT D,
AEE TH IV, FERBAIGENLC~T B b—7 (—AREH) HEEOENICEETT 5,

t b (Query) &~ 7 A (Sbjct) ZFHFEIMED & 5 11
Query 963  GTTTCCCTTGCTGATGACGCTCTTTGAGCTGGCTCGGAACCCCGACGTGCAGCAGATCCT
1022

IR e R R AR R RN RN N R N I A
Sbjet 1053 AATCCCCTTGGTAATGACCCTTTTTGAGCTGGCTCGGAACCCAGATGTTCAGAAGGCCCT
1112

2. <A CYP1IB2 ® PCR 7T A ~—H k&Rt

antisense PNA OFERHEFF & LC. DNA 705 mRNA ~D#R G| TBIE43", mRNA 725 & > X
I ~OFREENRBEZ NS, 32 & mRNA BIROFEBUL LU LR T LARWATREMERH 5,
F72. mRNA BBEE SN BICBN TS, ZOWHR 2D cDNA 23MERL ST PCR OFFIZ 72
D 9 %M, antisense PNA OFEGIEN CIXWHRENAF IN D 5, ERROANDHE X T, PCR
TIA < —DREFEBALE L TIL, antisense PNA DFESEAL S L <I1ETE Z 2 Hed o N Tk
LIc D, ZRHeTneEE2 b,

antisense PNA 7% CYP11B2 mRNA [ZHFEAICHES L TWD Z L DR kL LTiE, Eido
PCR {EDIENT, BBIEKTOT NV RAT o VREOHETHAIEEE Bbihvd, DE D,
antisense PNA TIEXT /L RAT 1 U WA IIH S5 728 sense PNA Tidfifil S22 & T
REFTE %,

3. antisense PNA 7% CYP11B2 mRNA [ZHFEMIZHES LT D 2 & OffEsR
Y1 #Bfe 10-7/cm2, ACTH #]#4 (10-6 M, 10-7 M or none), PNA s/l (antisense, sense or
none) DHMET, BT OT /L FAT m AREIER LU mRNA O 217 5,
ACTH HI[4 1% 30 DRREETT IV RAT 0 U EAIT Y — 7 1Z#ET 573, PNA I O 365 %
TR 2 D E BN D DT, PNARIO X A X 7B LTI ERE,

4. antisense PNA (2 J % CYP11B2 mRNA & BLAMAE O i AL
FITC 7 ~/L antisense PNA DHIfAN ~DEL Y iAZr % con—focal BAMMEE TRFFAYICEIZE T 2,
Y1 AT ACTH B o> A #E 2 1 » CYP11B2 mRNA F8EINHIH T 5, DR LB FTRE) &
S, YLAEN, ACTHHI ( + or — ) DO&METHET S,
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F7-. CYP11B2 mRNA Z8HLOEFMEIZ LV wash out OIBFEICEENHH0E 9 0>, Y1 HifL &
<~ 7 A EHFHN E O Clistastd 5,

PLE, B#EM TOMFIO®E, in vivo TOMRF~E S

[#ER]
1. &7 2MEFIZHE S PILARY 7 2 ROASKBF

1) PLARY T IR OAE(N vitro) 3 L OME#R(in vivo) TO XY B fE
AT VY AT PL AU TIRIEARZ 2 —72 LI TOMM, FHIIZIC 96 R ETHREAL TV, In
vivo TIEZY MIPIARY T IR ZHRED G- L7 H % ECTEICIIRME | SRERIBOZITIIAL R BB,
KENIRTITN RSO TIB 7 8 (B IA B BIZR S AL, PL AR T IR IR 1 DR O A~DFE S BEDHIL

7 (1) o AT, s EXDIA ZR 28 OIS D, BT ZEDIA Z 858D Bgnao Tz,
1 day 7 day 14 day

2) TGE-B1 @ PLARVTIROZFEET Y hA~DL TP 512X A% 5

1) TGF- 81D PIARYT7IROEIERZBETTA7-0T7y N EE~D4AB MO EMER A BRL-L2
A, MERR BB T, FRESCEAEICEET T, BIERAZRD 207 (X),

Nuclei

FITC

Body weight (g) Food consumption (g/day)

Day Day

3) TGF-B1® PIARYT NSO RE

Dhal BIRESZMET v M B, B REOEED M 28 B H ., BHEZEEICH T EEL | Total RNA 2
PEHIL, CRNA IR L, 20927 L% DNA 7L A(GeneChip) (T 7, JERERIE B RE QT 57 LA %=
r— L &L7z, TGF-B 1 @ PIARYT IR 245958 TGF- B 1 13 54% il S 2 LA BTl S 7= B FIA]



HAKRZENNET v = b ER 2V EERE RES (BRI 45

FIE 160 25D 12 THY, NFRIZT7FE L 7HVAXF U728 D TGF- 1 BhETHY, MfnsEEH 1T 108 43
D 12 DI EN AT TGF- 8 1 BE#ETHY, PLARYT7IRORRME N BEES T,

2. JFEREMET IV RFRAT O U EDyFA A —T 0 TERF
D Y1 MO « SR ORE E TV R AT v R ERE

7 RRFOVEEE(pg/mL)

ACTH (M)
() 1079 5x10°9 108 5x10-8 107

DOC 5| 1390| 1830| 1960| 1200| 1220| 2220
(ng)

10 | 3040| 3080| 3310| 3090| 3460| 3820

50 |18600|18700|17600|21400| 18400| 17900

100 | 45200/ 48000|43100|52300|43700| 51200

Y1 A% 24well 7L — NIZ 5x10%cells/well MRJE T inoculation L, ACTH 48 IR¢f]Hil
Wiz, DOC Zihn L, 24 KyfElREE L7z,

TV RAT \ AR ACTH RAFMEITRR O H LT, DOC OIRIIEIZKAT L CHI L 7=,
A E OREFPETIE, Y1 AR OMIEEIZH LT DOC DIRMENDIRTE DD, TV RAT
7 EA RN DOC OWIEIKFET HERICR T eEZEZBND, LML —FT, 7/ ERA
T UREILT A RORNEHAEZ KEBR TWDH2D, DOC OIRINEZ 0T O Tl
72 YUMo Mas A ) b7 L TR ERGT A2 L LT 5,

2. PCR & DIRE & mRNA ZHL O R E
2. PCR &k E & mRNA FHLO M E

639bp 642bp
CyP11B1 < 5 CYP11B2
. -
- -
25 30 35 (Cycles) 25 30 35 (Cycles)
o e b
+ ' GAPDH i o~ «*312bp
- . ¥ . .- 3 18S
' »
25 30 35 (Cycles) 25 30 35 (Cycles)

94°C 5min, (94C 30sec, 70°C 30sec, 72°C 30sec) x 40cycles, 72°C Tmin
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TGF-B1 @ PI RU 7 I Rz~ a AuziTv, EREREMRIT 2170, 7V 7 &
VIial—varOFECLY EEEEE, REMBEZHEE, REET 5, & R T6F-81 O PI
RYT I FOReMRE, BERBREZIT 5. AR COEMB R ARG L, [FRpZ S
& IEFBIFE 21TV AR BR & BT,

2. JFRMET NV RAT 0 PEDGFA A —T 2 TBi%
HIfE, antisense PNA O Y1 i ~DORRABEAFEERFTHTH 5,
HMAFEEZRELZ LT, 2RETHRFF L TEESLAEToRNA BEIEE 7L RAT 1 U
FEHIE ATV, antisense PNA 3 CYP11B2 mRNA (ZHFEANICHEA LTS Z L 2RI 5,
Zihk & biZ, FITC 79V antisense PNA @ Y1 HIfRN~DHEL Y iAFx% con—focal FAMEE T
TRIFRICBIZS 5 Z LI L W, CYP11B2 mRNA MO EEIL 21T 5,
INHOZEDN in vivo TOMRFTHEIFETEIUX, FRMET LV KATa U JED 5y 1A A
— VUL TED LEZ DD,
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1. BEFIPICBIT 2 8RR A O T

RFRNZARAET DNV b =7 THE D BRI WBGEEITIE TR 2R 2R 0LF] ) &
FEXN D REB il 2 T 2 e b T, ZOBG %2, L0 —ROWEur Ll %2 e
WIEBIZHILRTE 2 2 & ZBRINTLANZHER L T\, fabZDlsH e LT, BEE &
L RICBIT DAL R D T ZAT 272 T DK D IR, FRRIVIC S LA 72
NAHZBEOEFHERO DT OFR T L L TEZD EXIIMNAIIRDLZLOTH D,

£, ZOX D RBMIFRIRMAEO Z N E TOBNIDOMFEDERKL L2 H D%, Asia-
Pacific Center for Theoretical Physics ® Bulletin [Zf#iisi S & L CTEU,

1. K. Fujikawa and M=G. Hu, “Geometric Phase of a Two—Level System in a
Dissipative Environment”, Phys. Rev. A 79 (2009) 052107.
2. K. Fujikawa,” Geometric phases and hidden gauge symmetry”, to be published in

the Bulletin of Asia—Pacific Center for Theoretical Physics (APCTP).

2. HHBAEBDORIIBIT DT Z TN A s OHESM:

B B IEROOIICHT 5 L XITiE, AV UELLL TWbWw 5kl R A5 %
WHZLlchd, ZOBREOT U H TR FOHESMET., BECBWTELLDALDL
IZE VRSN TN, RYICEEMRFEA & W b7z, BINTRIIE, Z0H
TE SN D W T T 72 R OAERIZ RED LTz, FE 72, AEEMRRICEK S X mEIcmbh
TWekkx R EREOMARE (T7hbb, EO &) RHESRGENLVBNEHEEL 525
M) EfR LT,

1. K. Fujikawa, “Analytic solution of the separability criterion for continuous variable
systems”, Phys. Rev. A 79 (2009) 032334.

2. K. Fujikawa, “Separability criteria for continuous—variable systems”, Phys. Rev. A

80 (2009) 012315.

3. FREEMRROIEF /NI VR TOFERIEIN  (RA OFEX—RE & OELRBFR)
R EMERRITE T O RBBICH D EERMME TH DN, L7 WEE O [RIREHE
“CCWONEERBIED D, EEARYICHERERILE WS DIFFELRVY, £72, B
T ORE EBMRLT” EEN & FRERR “L v BEERMEICEWTE, Z2< DA
VI FET D EENE L OFEFEICL VBEIIThbNTE, BB LIORZED RA OFEIX
BT, ZORBEOMROFERE L TCABERFRE O EZERT 5 & SICE TR E N
IMEERLIAD I R B LT, Thbb, I AMENIEFIT/NI VL D 2L fHZEM O
ORI E 2 HIFR L 7235812 1E, RHEEMEBMRIFIfEICHENATHL L n o FETH
Lo ZOBLEND AT, IBEICEBT D RHEMERROSHTIIMESE 1 TEZ 2 FRICRE S
NTWEZ LlZd, ZOZ 20T < T57012, FEMAREE o8 2 M 2 Hic
BT L., e A OMAE CTOMIERES THHEERNR AL —3E421To72, £ TOMmCEH
ERmTTh 5,

1. K. Fujikawa and K. Umetsu, “Clear evasion of the uncertainty relation with very small
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£7R)53R—=2,

3. BB, "THFYER". TIL—\voRTEHHYEFEM | (K4, 2009 4 6
A) 1—=715 R—=T (#3E),

4. BRINFB."oal—T10A—AERK;; DFLULR". THERIF] 2009 4 6 A
B 19 R=V(H AT R$),

5 BRINFIB. "HELLIFEE". T#%$12009 F£1 A8 81 R—U (BKEE),

5. RA A —BRROHFE

5-a. FURNAGWELT T v 7 R—ILnD OEES

7Ty I R—= VI E R IATL L DL L TERINDMN, INSWHERTTIEH 2038
T 2 ERNHERICH LN TWS, Z OB OB (bAWIEHE) & LTnANS
DAH=ALPHSILTWDD, MR N AR S HBHEMZE L, Z ORI
A OASFERICEH SN D LM OEELZARE LTER NS,
Fro, ROV =L LTUTOTY FY U FERELTEY ., ZOEMITIER AR e
LTS IR T 5 TETH D,

K. Umetsu, Hawking radiation from Kerr-Newman balck hole abd tunneling mechanism,
e-Print: arXiv:0907.1420 [hep-th]

5-b. T/ — NeEhEE) EEE 7 & WKB Tl

BRI T E 3 IRITEDIR S THMOWITCITRATE S 2 L—F ¢ » H—FBRRA L £ D WKB
FRUIWANA L ISHARH Y HETH S, Z OREZRERE TEW- & X121, B Fmo
HEIEFEE 742 L 0BENE V) HTIHEEERSH 5, WEIIBTH2HANTIEH, =I—F
TRWHEREFPAHAWLONTE e, ZOMBEORKESICE 2HNICE N T, =/ — MER
FOEENENFRINC X0 R S s, L%mﬁﬁ%ﬁﬁf@meﬁuf% mw\—b
TeEE S NERERLZE 52D 2 E MR X VIR STz, ZoRERGIER FIZERT
LCELDLENDLTETH D,
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ABFFETIE, B O - A OSBRI X 206 - &1 RE SO RESE 2B & BTl
fiTBlHAZ B L L, =207 —~Z1ToTW5, BEMIZIZL) 7+ b=y /fMmIc k56
ALK R = f oM (B - Eﬂﬁ%ﬂ TFAF—H) . 2) Wk HC
ERRIC L D05 - 9T A ZER (B5+ - B OMMIE . 3) H/AKREIZR T 2 H3E
HISR N AB OBGMEY] (#5+ - BHOMREED) Tbh o,

2. WFgEEtmE

1) 7+ b= 7 ;5éfﬁmﬂkﬁﬁmm4ﬁL®M%

Rk 2 OIS 7 v—T ;D%Eéht&k%&/HQMM7w7wb:yﬁﬂyF
X v v ISR OE %t LYY T TT7 40— K DERERA D (B PIEEFE A L

DOILFETE) ., F7o. BT N—T I KD RENT-H O ERE T ]\%/73"*55 £5
KFE%@@fﬁéﬁi@ﬁl% %\@ﬁ@@/f VN AR L DA FERESALEIEIC LY B
K5,

2) ok - B CEEREIRIC KX D05 - AT A A{ERL

H OEREIC X0 ERIRBR 7 2RI ES L 7SR 2R T T A~y T 7E T T
L, AZ~=T7 U 7B MIR T ~DIGH 2 A5,
3) /KR I T 5 H R H5E F1258h 0 B 5 i

T F A MR A & G e KR T = ﬁ/@%ﬁ/%a@ﬂ@%ﬁ??é&ﬁ%@%¢
HEBEBIZBWT, YIS N—TTlX, 7oy « : :
BRI L0 EBBNIER LT 52 2R L
TW5, AFEEXZOIEELBIROMIAEZ, 5t
R SIE 2 & NS MEERIEIC L 0179 (B
TR GHEEAE & O FEFRIAESE) .

3. SEEOER
1) Tx b= 7 AEEIC XD IR :
E'ﬂ:ﬂf‘mxﬁﬁmi@ﬁgﬁ 5,500x me ¥D: 6.8mm 2.2kVY 2008/07/11 00:57:31 S
WA FRELY BB LT ELERAE LD . woR0r
R EAFEOREEZMET S 457 nm B OB woxe
FH A NR—=AFRN—LITBNT, B 1 R
mol &7V DONEEWNENEDMEEZ R LT
(Fig. 1), Z#uiE. AFENOREEF 1IN
ZAEH S TSR L B b T & B8R 1~
?%waéT EMEARIET D, L LARRS g
_@4/A—Xﬁ7VﬂV:WNTi\TﬁE# o
DA ERFFEICB T DR D REVERTH S o
— clj\ fcﬁ%U\ *ﬁn#bfli%%ﬁ@*ﬁ@@quﬂi %*ﬁ?% j’ééﬁlmol 3?371@ @ﬁa;yr
457 nm DA U N—=ZF /=L’ 5 L BRI Jﬁﬁﬁmwmu
PUEZ > E LN o7z, AT 0% . .
RO FHRITE 2 b, BAE(To T o o e o,
W< @7 b, FREBEICBITSEE 1 mol
RBAEEIIAT —<ICB L, #[E Hanvang  » 720 OXREBEBEESE (b),

om0
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50 & Folch, A., 2005, Anal

N { Chem., 77, 5628 -5634.)
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= E4L)
i 30 { || welpBEARYLN? !
17 50 = -

10

0 J
2 22 24 2.6 2.8

well size/ um

Fig. 2. BCEBIC LWl hie~A 70U = VT LA OBTFBEMEG RO CICEMRLHT
® O R,

KPP OEEHIKIEA W o720 21E, EERTPEEER 2 4, ERNFERER 2 Ha21To70, i
BEERIIVITNEARZOZAICLSZEOTHY . K2 Washington TiTho=T7 A U A1k
A THUMIEEE LIRS 2 O N R ZIT o722 L id, AFE~DOER E 2 5N
HENERYTBTHLDTHD, AT —~IZEL L, PSR PIsedetl L
DILFEFH UM Electrochimica ActallT 7 v 7 NEHTH D,

2) ki B ORI X D06 - AT o A ERL

PR B CERBRO AW FRISH O #2v0 & LT, BOERIC X 28T v~
L— hOfERIZIT 57, Fig. 2 IFACERETIERINZ~A 2708y = VT LA IZ K% Hil
IR TH D, BERETIXY V777 0 —TIERIENZ~A 78y = LT LA Lo
OEERIZIT R0, B OEBOERTEORELICE Y SERM ERRIAD D, KT
—IIHE R FHANEA & OILFEIFIETH Y . ERNFEOHER | FE2iTo7, ZHbHHA
FEHEAENALERELEZLOTHY, HRICK2BENERL2 K DIRET 5, AHCERIC
B L CIE 3 OIR BRI 21T - 7,

3) KSR IS 3T 5 BAHR 1 £ 8h O BL G iR ]

BTG E O 7V —T L OB R IETER D NCT A A v g ild v, 7nm
AR KDIEME ISR LT A ERBT 5 2 LR HRe, AT — I L CITEEE
PRI 2 ENEAEF 2 A ARAE LR AE T D NS AN T Y FETH Y, B
L DBENERE R TITTET 5,

Self-assembly and Self-organization from the viewpoint of Device-fabrication Methods
Sachiko Matsushita (CHS, Nihon Univ.)

Three subjects related with self-assembly and self-organization were studied with perspective of the
developments of unexplored scientific fields and new technology: 1) Dye-sensitized photonic crystal
electrodes (Fig. 1), 2) Fabrication of optical and diagnostic devices via self-assembly (Fig. 2), and 3)
Elucidation of mechanism of spontaneous tension change at oil/water interface. These researches
were the collaboration with the Institute of Quantum Science and College of Science and Technology,
Nihon University (One collaborated paper was accepted in Electrochimica Acta). Five presentations
at domestic societies and 4 presentations at international societies were carried out by bachelor
students and master-course students in our university (including 2 international oral presentations at
American Chemical Society, Washington, USA).
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1. “Full Photonic Band Gap of TiO, Photonic Crystals Filled with Electrolyte for Prospective Dye-Sensitized
Solar-Cell Application,” Sachiko Matsushita, Ondine Suavet, and Hideomi Hashiba, Electrochimica Acta,
in presss.

2. “Electric current generation by camphor boats,” Yohei Shibuya and Sachiko Matsushita, Mol. Cryst., Ligq.
Cryst. 2009, 504, 27 — 34.

3. “Induced-Current Generated System Using the Chemomechanical Transduction at the Nitrobenzene/Water
Interface”, Sachiko Matsushita*, Kaori Yoshida, Tetsuya Sato, and Yoshihiro Suga, Chem. Lett. 2009, 38,
110-111.

4. “Calculation of photonic energy bands of TiO, hollow spherical arrays,” Amandine Buffaz, Eri Oikawa,
Takuya Hashimoto, and Sachiko Matsushita, J. Nanosci. Nanotech, 2009, 9, 185-189.
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3. M TFHET “Dye-sensitized photonic—crystal electrodes” Aug. 28, 2009 (Center for Next
Generation Dye-sensitized Solar Cells, Hanyang Univ.)
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1. Chie Nishiyama, George Kato, and Sachiko Mastushita, “Comparison of
the Electrochemical Impedance of Dye-Sensitized Inverse-Opal Electrodes Prepared by Various Liquid-
Phase Methods,” Fall 2009 American Chemical Society, Washington, USA (Aug. 16-20, 2009)

2.  Kaori Yoshida, Yohei Shibuya, and Sachiko Matsushita, “Spontancous Interface-tension change at
nitrobenzene, chlorobenzene/water interface,” Fall 2009 American Chemical Society, Washington, USA
(Aug. 16-20, 2009)

3. Takuro Unno, Kaori Yoshida, and Sachiko Matsushita, “Spontaneous interface-tension change depended on
the liquid-phases temperatures,” Fall 2009 American Chemical Society, Washington, USA (Aug. 16-20,
2009)

4. Ryota Watanabe, Ondine Suavet, Hideomi Hashiba, Takashi Isoshima, and Sachiko Matsushita, “Full
photonic band gap of TiO, photonic crystals filled with electrolyte in the perspective of dye-sensitized solar
cells application”, Fall 2009 American Chemical Society, Washington, USA (Aug. 16-20, 2009)
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3. A FE DRI

F7ER ClIkkx e+ EBEORKE LAY (1000 LLE) OEEEOHES Z#RATND, B
— LA 2 EZ Y —)LAR YT 2 KWW, 1000-1700) DENEREREAT 21T 5 721, midiRiEk s o
<~ 7T 74— HPLOIC L DI Er — A I XY —LAR U 7 X RRBEREEZMHES LT,
HPLC 1%, B LC-20A > U —XZ M\, 7 AL FHO Luna 5u C18(2) 100A(phenomenex)
(4.60 mm x 150 mm, 5 pm)%& V72, BEIFIX 0. 1I%EHRE T2 b= R U LD T TV = MR
HE Lz, 77 2MEEF 40CE Lz, HEREIX 310 nm & L7z, MAEIZA S 2 — L TlR¥
VORI E AT o2, BRA LR AR CNAEYERE O 10 s 7 = F U a2 THRIE L
7o TNOHDOHEIZLIVER—L A IZS =R T I ROSFBEDRE 2{LE O i
FEHER DSBS & 70 0 | RpEhRE /ST N T L B 2 DD, e ke & LT,
FFHIIKD Photofrin % HV T HPLC(UV)IEZRA TV D, HEHFIEOHRE ERFICET Y V7 &Y
R a2 l—3 g VATV, BEREYEIEETT L TS AAERL TS, X512 LCMSMS ¥ %
T LD X HPEEDOKRFT BIT> TN D,

Optimization and Validation of High-Performance Liquid Chromatographic Assay with UV Detection
for Determination of Pyrrole-Imidazole Polyamides and Tumour-localizing Photosensitizing

Compounds in Plasma

Yoshiaki Matsumoto, Takahiko Aoyama
College of Pharmacy
Medical Group

A sensitive and specific high-performance liquid chromatographic (HPLC) assay was developed for
the quantification of Pyrrole-Imidazole polyamides in rat plasma and for application to a
pharmacokinetic/pharmacodynamic modeling. Pyrrole-Imidazole polyamides were analyzed using a
Shimadzu LC-20A HPLC system (Tokyo Japan) with a reverse-phase Luna 5u C18(2) 100A
(phenomenex) (4.60 mm x 150 mm, 5 pm) column maintained at 40 °C. The mobile phase solvent A
was 0.1% acetic acid and the solvent B was acetonitrile (0 to 10 min, A: 100 to 20%, B: 0 to 80%
linear gradient; 10 to 15 min, A: 20%, B; 80%). Detection wavelength was set at 310 nm. Methanol
was used for deproteination of rat plasma with 10 mM phenacetin. 10 mM phenacetin was used as
internal standard substance. The newly HPLC assay was developed as internal standard method. A
tumour-localizing photosensitizing compounds were analyzed using a Shimadzu LC-20A HPLC
system. This developed HPLC assay for determining the concentration of plasma these compounds
were found to be simple, sensitive and specific. The assay was successfully applied to a
pharmacokinetic/pharmacodynamic modeling.
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2 . Summary: UV-light-induced phenomena of the metal-oxide and metal hydride nanoparticles and
their applications to device materials

For the present research project, we planed to control optically the oxygen (hydrogen) storage and
release with metal oxides (metal hydrides) nanoparticles. Also, we planed to find new color-
photomemory material. On these research subjects, we studied the photoluminescence properties of
oxygen storage materials (CeO, and CeO,-based solid solutions) and new highly-photoluminescent
material (NiO-ZrO; solid solutions) in 2009 as follows.

The photoluminescence properties of different pristine CeO, specimens (bulk crystal, film and
nanocrystals) have been firstly studied at different temperatures between 7 K and room temperature.
The photo-induced luminescence spectral change has been observed at room temperature for the first

time. The phenomenon observed in a vacuum is explained as a photo-induced associative detachment
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of O, on the specimen surface, while that observed in O, gas is explained as a photo-induced
dissociative adsorption of O, on the specimen surface. The photoreduction is accompanied both by a
valence number change of cerium ions (Ce**>Ce’") and by oxygen defect formation. Such reversible
photo-induced phenomena of CeO, can be applied to light control of the oxygen-storage and oxygen-
release processes at metal oxide surfaces. The photoluminescence and photo-induced effect have been
also investigated for oxygen storage material (x)CeO,(/-x)ZrO,. The observed photoluminescence
properties and ultra-violet-laser-light-induced spectral change are explained in terms of both the
oxygen defects arising from the deviation from stoichiometry and photo-induced oxygen defects.

The photoluminescence properties of pristine NiO and pristine ZrO, have been clarified in detail

for bulk, ceramics and nanocrystal specimens.
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