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Toward a Healthy Future

With the slogan, “healthy future”, Nihon University has initiated a strategic research scheme, “N.
research project”, in 2009, aiming at contributing to society as the largest university in Japan. Our
project “Nanotechnology Excellence, Nihon University — Nanomaterial-based Photonic, Quantum
and Bio Technologies —” has been chosen as the first project in the scheme. This project aims at
helping to realize a “healthy future” for society through a collaborative scientific and technological
endeavor.

We face serious problems that might hinder the realization of a “healthy future”. While human health
should come first as the basis of a healthy society, it is a fact that a third of the Japanese population die
from cancer. While the oil shortage comes closer, the rapidly increasing CO, concentration in the
atmosphere may become a threat to human being. On the other hand, we will have to deal with rapidly
increasing amount of information in a secure way. We consider that part of the solutions to these
apparently diverse problems may be provided by nanoscience and nanotechnology. We have made a
plan to develop nanomaterial-based technologies to help find solutions for these problems, particularly
focusing on the use of light, that can carry energy and information.

We have made a team of researchers assembled from the fields of information, energy, and medical
technologies, together with scientists working in more basic nanoscience and nanotechnology.
Experimental and theoretical researchers will come together to study interactions between light and
matter at the nanoscale. We have envisaged that truly innovative technologies will emerge from the
interactions among researchers ranging from basic science to applied engineering and medicine.

I am pleased to say even in the first year some of our researches are getting appreciated. A work on
super high speed recording was highlighted in Physics published by the American Physical Society.
Analysis of genetic network was published in Nature. Both of these works are conducted in
international collaboration. Many other achievements are waiting to be published and encouraging
results are emerging.

The launching of this project appeared in news media Nikkan Kogyo Shinbun (Daily Industry
Newspaper) and Toyo Keizai (Eastern Economy). We are getting recognition from communities at
various levels through events including a symposium held in September and participation in scientific
exhibition Science Agora. We plan to make a renewal of our website.

Apart form scientific achievements and public recognition, we have a hope to be pioneers in a new
frontier emerging from our interdisciplinary project. We also put an emphasis on education through
research for young generations. We expect that young researchers get familiar not only with their own
area but different areas through this interdisciplinary project. We are doing our best to create a center
of excellence for the research community, academic and industrial, in five years when the project will
have been completed.

Joe Otsuki, the Principal Investigator, January 23, 2010.

I have added reviews from advisors and updated data on publications in page 20.
Joe Otsuki, February 9, 2010.
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Researchers

Yasuo ASADA CST Energy*

Tomohiko ASAI CST Nanomaterials and Nanodevices

Shigeru CHAEN CHS Nanomaterials and Nanodevices

Hideomi HASHIBA CST Information; Nanomaterials and Nanodevices
Kazuo FUJIKAWA CST Quantum Theory and Computation

Noboru FUKUDA SM Medicine

Takuya HASHIMOTO CHS Energy, Nanomaterials and Nanodevices*
Hiroki IKAKE CST Supramolecules and Self-Assembly*
Syuichiro INOUE CST Information*

Hiroshi ISHIDA CHS Quantum Theory and Computation
Akiyoshi ITOH CST Information; Supramolecules and Self-Assembly
Nobuyuki IWATA CST Energy, Nanomaterials and Nanodevices
Koichiro KANO CBS Medicine

Koshinaga TSUGUMICHI SM Medicine, Sep-09—

Takeshi KUSAFUKA SM Medicine, April-09—August-09

Takeshi KUWAMOTO CST Information

Yoshiaki MATSUMOTO Cp Medicine

Sachiko MATSUSHITA CHS Energy; Supramolecules and Self-Assembly
Shosuke MOCHIZUKI CHS Nanomaterials and Nanodevices

Hiroki NAGASE SM Medicine*

Katsuji NAKAGAWA CST Information*

Nobuyuki NISHIMIYA CST Energy

Shinichiro OHNUKI CST Quantum Theory and Computation

Joe OTSUKI CST Energy; Supramolecules and Self-Assembly
Tokuei SAKO CST Quantum Theory and Computation*

Kaoru SUZUKI CST Nanomaterials and Nanodevices*
Motoichiro TAKAHASHI SM Medicine

Satoru TAKAHASHI SM Medicine

Yoshiki TAKANO CST Nanomaterials and Nanodevices

Arata TSUKAMOTO CST Information

Tsuneki YAMASAKI CST Quantum Theory and Computation
Advisory Board

Katsuhiko ARIGA  NIMS Nano

Allan BALMAIN  University of California, San Francisco =~ Medicine

Masashi KIMURA  Nihon University Publicity

Isao SAITO Nihon University General, Medicine
Ikuo SUEMUNE Hokkaido University Information

Jun MIYAKE Osaka University Energy

The asterisks indicate the group leaders. CBS = College of Bioresource Sciences, CHS = College of
Humanities and Sciences, CP = College of Pharmacy, CST = College of Science and Technology, SM
= School of Medicine.
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Overview of the Project

This project addresses three major issues that needs technological innovations:

- 1. Information technology: Super high speed, super high density recording and quantum
information processing

- 2. Energy technology: Solar energy harvesting with nanostructures

- 3. Medical technology: Nanobio technologies for medical applications
on the basis of our photonic, quantum, and bio technologies through collaborative studies over
different departments of Nihon University.

To establish a common basis for the research on the three subjects, this project also explores sciences
and technologies in
- Photonics and quantum aspects of nanomaterials.

Nanomaterials will be fabricated both from bottom-up approaches and top-down approaches as well as
by reactions controlled at the nanometer level. The experimental approaches are complemented by
quantum theoretical and computational studies on the interaction of light with matter at the nanometer
scale. Nanomaterials will be developed through these approaches for the applications in the above
mentioned three areas.

Thus this project aims at providing innovative technologies to contribute to realize a highly-developed
sustainable society. We also put an emphasis on education for young generations through the
interdisciplinary cutting-edge research.

Research Groups

The members belong to one or more groups depending on the area of research. Application oriented
groups mutually collaborate around the groups for nanoscience and nanotechnology.
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Objectives of the Project

We conduct our research in groups for respective areas. The issues the groups will address are outlined
below. Specific goals are tabulated in Table 1 in the following page.

Information Technology Group

Super high speed, super high density recording and quantum information processing

This group attempts to make a breakthrough in writing and reading speed on the basis of the
photoinduced magnetization, a new physical phenomenon this group has found, in combination with
near-field optics and nanostructured magnetic materials prepared via self-assembly processes. The
group will also develop quantum information technologies aiming at super high capacity transmission
of information, super high speed computing, and super secure encryption. To be specific, the group
will develop (1) a single photon source, (2) a low-noise single photon detector, (3) a photon number
resolving detector, (4) a quantum memory, and (5) quantum bit devices. This group will also study
physical processes in light-plasmon interconversion for possible applications to plasmonic devices.

Energy Technology Group

Harnessing solar energy with nanostructures

This group will develop technologies based on nanostructures and nano processes to harness solar
energy as efficiently as possible. Specifically, (1) artificial photosynthesis through molecular
assemblies and the understanding and control of the processes involved, such as excitation, energy
transfer, electron transfer, and catalytic reactions, (2) light-assisted hydrogen storage, a new concept,
(3) high strength fuel cells, (4) inexpensive, high efficiency dye-sensitized solar cells on the basis of
light confinement effect with nanostructures, and (5) bioreactions in photosynthetic bacteria driven by
solar energy.

Medical Technology Group

Nanobiotechnology for medical applications

This group will develop nanobiotechnology for medical applications via approaches from nanobiology
and chemical biology, combined with newly developed nanomaterials. The four major objectives are:
(1) development of molecules for cancer diagnosis and therapy, (2) DNA binding molecules for
amplified oncogene detection and silencing, (3) development of a novel radiation dynamic therapy
against cancer cells in internal organs, and (4) peptide nucleic acid molecules for over-expressed genes
for disease diagnosis and therapy.

Nanoscience and Nanotechnology Groups: Supramolecules and Self-Assembly Group;
Nanomaterials and Nanotechnology Group; Quantum Theory and Computation Group

These groups will conduct basic scientific and technological studies on nanomaterials and
nanostructures as the basis for the above-mentioned application oriented developments. Bottom-up
approaches including self-assembly as well as top-down approaches including electron beam
lithography, combined with controlled reaction at the nanometer level, are exploited to prepare
nanomaterials and nanostructures. Photonic and quantum mechanical properties will be elucidated
with experimental approaches, together with theoretical and computational approaches. These studies
will lay the basis for the development of information, energy, and medical technologies being
developed by other groups as mentioned above. These groups will also provide a forum for the
interaction of researchers, facilitating the progress of this interdisciplinary project.
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Table 1. The goals set at the beginning of the project.
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Items

‘ Status quo

‘ Original technologies

Target

1. Information technology: super high speed/density recording and quantum information

writing speed

recording density

0.25 Gbits s™

0.2 Thits inch™

photoinduced
magnetization

nanomagnetic material

through self-assembly

25000 Gbits s™

2 Thbits inch™

writing density 0.6 wm?/bit near-field thermally | 0.003 wm?/bit
assisted recording
single photon source | emission quantum dots 30%
efficiency <10%
low-noise single | q. efficiency 1% superconducting thin wire 50%, 107
photon detector dark count~107%
photon number | resolution 0.2 ev | superconducting transition | 0.2 ev, ]| MHz
resolving detector repetition 100 | edge sensor
kHz
quantum memory 1 ms, low temp. | Bose condensates 10 ms
quantum bit device q. efficiency ~1% | THz plasmonic quantum bit | >5%, rtto 1.8 K
temp. <0.3 K
2. Energy: Harnessing solar energy with nanostructures
water photolysis | not exist self-assembly of sensitizer | to realize
with supramolecules and redox catalysts
light assisted | a new concept light triggered desorption | q. yield >0.1
hydrogen storage that we have found >6 Wt%

high strength fuel | strength 60 MPa | a new preparation process | 2-5 fold , 600 °C

cell temp 900 °C from micro/nano particles

DSSC with | energy efficiency | light confinement effect of | 5%

inexpensive dyes 3% nano structure

bioreaction of photo- | rate 34 nmol/h/mg | genetically engineered | an order of magnitude
synthetic organisms photosynthetic organisms increase

3. Medicine: Nanobio technologies for medical applications

probe  compounds | under cancer specific compounds | to realize

for cancer investigation identified

luminescent safety, sensitivity | safe, long  wavelength | detection of cancer marker
compounds luminescent compounds with compounds

ex vivo diagnosis

in vivo image

diagnosis
treatment of cancer
and other diseases

low diagnosis rate

early detection of
cancer is difficult

affecting normal

region

highly
specific diagnosis

sensitive and

improvement and low-cost
detection system

cancer-specific drugs and
new treatment

diagnosis rate >80%

small error <10%

candidate compounds for

in vivo use

preclinical trial
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Major Achievements in 2009

Information Technology Group

A significant progress has been made on the light-induced magnetization both in theoretical insight
and in experimental verification. Magnetic writing and reading were completed within 30 ps upon
irradiation of a circularly polarized laser pulse. This speed corresponds to 33 Gbits s™' and is the fastest
record in magnetic recording. The result was published in Phys. Rev. Lett., which was highlighted in
Physics — spotlighting exceptional research — published by the American Physical Society. The best
poster award was given to the presenters in MORIS 2009.

M /‘ M /.‘."

’
)

t " For faster magnetic switching. Physics 2009, 2, 73.

Technologies required in quantum communication are being developed at the highest standard. A high
rate single photon detector was used in an experiment that achieved entangled photon pairs 10.5 km
apart from each other through optical fiber. A highly efficient photon number resolving detector has
been developed with a quantum efficiency of 82%. Both of these are among the best in the world.

Energy Technology Group

Some encouraging results were obtained on hydrogen evolution from water photolysis. A
supramolecular complex, in which a sensitizer and a catalyst are self-assembled, produced hydrogen
with an efficiency better than a system without self-assembly. Our research on artificial
photosynthesis was highlighted in magazine someone. An increase by 40% was recorded for
hydrogen production from photosynthetic bacteria Spirulina in the presence of hydrogen absorbing
material specifically protected from water. Lanthanum-doped titanium oxide produced hydrogen
efficiently.

For fuel cell materials, an interconnector material with a high mechanical strength, a highly
homogeneous proton conductor, and a highly conductive air electrode material were prepared through
a newly developed nanoscale mixing procedure.

Medical Technology Group

This group applies basic research conducted by the nanoscience and nanotechnology groups
(supramolecules and self-assembly group, nanomaterials and nanodevices group, and quantum theory
and computation group) to the treatment of cancer.

In relation to the research on the diagnosis and therapy of cancer using synthetic organic compounds,
the group investigated genetic networks and modification of genomes in normal and tumor cells
exhaustively for human and animals. Part of the work has been published in Nature.

Progress is being made in (1) the development of molecules for cancer diagnosis and therapy, (2)
DNA binding molecules for amplified oncogene detection and silencing, (3) development of a novel
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radiation dynamic therapy against cancer cells in internal organs, (4) and peptide nucleic acid
molecules for over-expressed genes for disease diagnosis and therapy.

Gene expression network. Nature 2009, 458, 505.

Nanoscience and nanotechnology groups

Progress is being made in the development of nanomaterials, nanostructures, and theoretical analysis
on interactions between light and matter at nano scales. Emphasis was put on the development of
nanostructured materials for super high density recording, single photon generation, and solar cells
and compounds for DNA recognition.

A magnetized coaxial plasma gun tailored specifically for the deposition of hydrogen storage materials
has been developed. Discussion is started for the joint development of a deposition instrument for
commercialization with Plasmionique Inc, Canada. A low temperature plasma jet was used to
polymerize membrane for biological applications. The best poster award was given to the presenters
in the Meeting of the Institute of Engineers on Electrical Discharges in Japan 2009.

Intercollege Collaboration

A number of new collaborations are being born among researchers in different departments in this
project research. For example, super high density recording media being developed by Itoh and
Tsukamoto (College of Science and Technology) are fabricated using a self-assembly process, for
which a technique developed by Matsushita (College of Humanities and Sciences) is used. In the
development of the single photon emitter by Inoue (College of Science and Technology), single
photon observation techniques of Chaen (College of Humanities and Sciences) plays a pivotal role. A
part of the solar cell prototype developed by Matsushita (College of Humanities and Sciences) was
fabricated with electron beam lithography by Hashiba (College of Science and Technology). The
studies on the DNA targeted medicine, which are conducted chiefly by Nagase and Fukuda (School of
Medicine), involve synthetic compounds prepared by Otsuki (College of Science and Technology),
animal model experiments by Kano (College of Bioresource Sciences), and pharmacokinetics analysis
by Matsumoto (College of Pharmacy).

Education

This team for the project includes 7 members in their 30's or younger among the total of 30 members.
The project is providing them with an exciting interdisciplinary research environment. Among many
research associates, PDs, doctor course students, master course students, and undergraduate students, 4
research associates, 2 PDs, 3 RAs (doctor course students) are financially supported by this project.
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These research trainees of different colleges are having opportunities to interact with each other in the
course of researches, project meetings, the symposium held in September, the Young Researchers
Forum to be held in February, which should definitely helpful in education through cutting-edge
research, the mission which a university is meant to serve.

Collaboration with Academic and Industrial Institutions
Part of this project is collaborative research with institutions both in academic and industrial, and both
in Japan and oversees.

The studies on the light triggered magnetic reversal in the Information Technology Group is carried
out in collaboration with Radboud University, The Netherlands and York University, UK, among
others. The work on genetic network was conducted in Helen Diller Family Comprehensive Cancer
Center among other institutions. The studies by the Medical Technology Group on DNA binding
molecules for amplified oncogene detection and silencing are in collaboration with Kyowa Kirin Inc.,
the development of a novel radiation dynamic therapy against cancer cells in internal organs are in
collaboration with Utsunomiya University and Roswell Park Cancer Institute. An international travel
grant was obtained from the Royal Society on the research for DNA recognition. For magnetized
coaxial plasma guns developed by the Nanomaterials and Nanodevices Group, discussion is ongoing
toward commercialization with Plasmionique Inc., Canada.

Publications and Achievements in 2009

Papers 159
Patents 9
Invited Lectures 76
Presentation in scientific meetings 320
Other forms 57
Award 4

It is particularly noteworthy that work on genetic network was published in Nature. The fastest
reading/writing in magnetic recording published in Phys. Rev. Lett. was highlighted in Physics —
spotlighting exceptional research — published by the American Physical Society.

The project appeared in news media Nikkan Kogyo Shinbun (Daily Industry Newspaper) and Toyo
Keizai (Eastern Economy). A work toward artificial photosynthesis was highlighted in science
magazine someone.

Best poster/presentation awards were given to contributors from the project in MORIS (Magnetics and
Optics Research International Symposium) 2009 and in three domestic scientific meetings.
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Dr. Katsuhiko Ariga, the National Institute for Materials Science
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Prof. Ikuo Suemune, Hokkaido University

Prof. Allan Balmain UCSF Helen Diller Family Comprehensive Cancer Center and Department of
Biochemistry & Biophysics
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External review board comments
Nihon University Strategic Projects for Academic Research
Nanotechnology Excellence, Nihon University - Nanomaterial-based Photonic,
Quantum and Bio Technologies ~

Reviewer for Bio Technologies  Allan Balmaln

DESCRIPTION (provided by applicant):

The major purpose of this proposal is to establish a novel designable multi-targeted
approach in a tumor-specific manner by means of pre-transcriptional targets, such as
the double-stranded genomic DNA using nucleic acid binding chemicals. The object of
this research is, therefore, to develop and evaluate a novel target DNA recognition
approach using Pyrrole-Imidazole {Pl) polyamide molecules or its conjugates for safe
administration, diagnosis and therapy in cancer patients. In the last two years
discovery phase and drug candidate development have been successfully established
by this project. Four sub projects were proposed by the Bio Technologies Group,
which are:

1. Development of Molecules for Cancer Diagnosis and Therapy,

2. DNA Binding Molecules for Amplified Oncogene Detection and Silencing,

3. Development of a Novel Radiation Dynamic Therapy against Cancer Cells in
Internal Organs, and

4. Peptide Nucleic Acid Molecules for Over-expressed Genes for Disease
Diagnosis and Therapy.

CRITIQUE

Significance: It is well recognized that nucleotide recognition approaches are one of
the most promising “next generation” therapeutic approaches for human disease.
Many laboratories and funding agencies have invested heavily in this field, field
especially in applications of siRNA technologies. Nucleotide recognition approaches
have the unique property of targeting the source of the information that drives cancer
cells, which is encoded in the DNA sequence. Initially this project seeks to identify the
complex genetic and epigenetic components that drive tumor development, to
ultimately identify the genetic causes of tumorigenesis. This is done primarily by
exploiting mouse genetics to develop models of cancer that closely mimic the
processes that cause cancer in human populations. The goal is to identify genetic
targets in mouse models that will provide novel routes to therapeutic approaches in
humans. The research team has developed intriguing nano-technological approaches,
which emphasize the team’s ability to develop unique diagnostic and therapeutic
approaches for complex diseases, such as cancer. For instance their use of pyrrole-
imidazole polyamide based drug candidate molecules is an interesting approach that
may lead to the anticancer drugs and provide a viable altemative to more widely
studies approaches such as those based on small interfering RNAs (siRNAs). Those
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molecules may also have applications in cancer diagnosis, when targeting cancer-specific
genetic events such as gene amplifications. In addition to these specific targeted approaches,
the team has also developed a novel radiation mediated photo dynamic therapy (PDT)
approach to cancer treatment. Although the unique mixture of scientists and clinicians in the
team has allowed them to pursue these multiple strategies and make considerable progress, the
team may need to develop a more focused approach concentrated on the most promising
strategy, in the subsequent years of this funded project. Because each project needs a
substantial amount of effort, the team would be well advised to invest their efforts in one of the
most feasible approaches.

Approach: This is a competing continuation report from productive investigators. During the
previous funding period of two years, the applicants made significant progress toward
completion of all of the specific sub-projects.

More than10 peer-reviewed publications from the Pt and hundreds from collaborators are cited
as having been funded wholly or partly by this grant within a retatively short period. Many are
highly collaborative, multi-author endeavors; thus, it is difficult to ascertain what the actual
contributions were and how they directly related to the original publications. Nonetheless, this
level of productivity is extremely impressive.

The goals of this continuation report involve focusing on therapeutic target discovery using
mouse carcinogenesis models, pharmacokinetics of P! polyamides, development of preclinical
drug candidates and assessment of parametric X-ray for radiation induced PDT for cancers in
internal organs. In general, the application is primarily a technological tour de force to identify
anti-cancer drug candidates. The PI has proposed to utilize a genome-wide genetic and
epigenetic search in conjunction with multi-phenotypic detection in a mouse model of human
cancer. The orthologous regions of the human genome were analyzed for identification of
human cancer related genes. This is a densely writien proposal, that is difficuft to follow. The
presentation also includes several peripheral issues which, while interesting, are not clearty
connected with the main themes of this proposal. Nonetheless, the research directions are
important, cleverly designed and appropriately resourced. The greatest concerns, and questions
that should be addressed, are: (1) Is the scope of the project too excessive for a 5-yr proposal?
(2) How consistent will therapeutic effect of PI palyamides be? (3) Why drop the already-
identified (and sometimes successful) drug development approaches in favor of nucleotide
binding approaches? For the first, the P! has carefully outlined the costs of the analyses within
the proposal, but the “bottom line” is not readily apparent. In short, the costs in terms of
personnel, assay costs, chemical synthesis and animal husbandry would seem to exceed the
time and budget proposed. With regard to consistency of the polyamide therapeutic effects in
rodents, the theoretical considerations would seem to support the proposal; however, subtle
changes in species could profoundly affect the parameters of therapeutic and/or adverse effects
of P! polyamides. While the proposal is carefully presented, more detailed explanations for how
the PI polyamide will be able to become localized in certain tissues, remain sufficiently stable to
get into the nucteus, and then to target specific DNA sequences, would be required to assure
that “rivial’ parameters are not responsible for increased variance or false negative/positive
findings in animal models. The proposal to evaluate the parametric X-rays for PDT raises some
substantial concerns, This description is not all inclusive, but meant to provide some feedback
to justify the scoring. The results of in vitro treatment of human cancer cell cultures with
parametric X-rays are promising and led to cell growth inhibition in at least two cancer cell lines,
but the approach raises some significant concerns. Non tumorous cellular behavior upon
exposure to parametric X-rays is not described. Why ionizing radiation, which includes
substantial amount of 33.4Kev X-rays, may not show this effect using clinically used PDT drugs
or X-ray sensitive chemical conjugates. It is not clear why parameric X-rays show such effects
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while ionizing radiation does not. Consistency using more in vitro analysis and in vivo tumor
model studies compared with ionizing radiation would show its application more appropriately.
The analysis of PNAs is appropriate. However, important details regarding which type of PNA
used for RNA recognition wilt be needed.

Pl acknowledges that the team may have to “identify new key cancer regulators” to identify
novel targets for cancer therapy. This may be correct, but is rather open-ended and lacks
important details regarding molecules and prioritization. The Pl polyamide study is an
impressive and highly challenging study, with a good probability of providing a drug for
anticancer therapy. There are many challenging problems that need to be solved. The possible
adverse effects on the human body have not been studied at all. Chemical delivery to tissue,
cell type and nuclear localization is unclear. We also need an improved understanding of tissue
distribution, stability, metabolism and excretion of Pl polyamides.

Nonetheless, the research proposed by Dr. Nagase and colleagues in this continuation report is
extremely exciting and should be funded in full by the appropriate organization.

Investigators: Dr. Nagase (15% effort) received his MD (1987) and PhD (1999) degrees from
Kumamoto University in Japan. He has experience in academia and industry before joining the
Nihon University, where he holds full professor with the rank of Associate Professor at Roswell
Park Cancer Institute and SUNY-Buffalo. He has been involved in several large research efforts,
among which are included the analysis of the involvement of the Adenomatous Polyposis Coli
(APC) gene, Aurora-A and trefoil factor 3 in cancer development. He will be assisted by an
assistant professor, 3 trainees, 9 PhD candidates and three technicians. Dr. Nagase has
initiated coltaborations with 8 researchers in Nihon University including Drs. Motoichiro
Takahashi, Satoru Takahashi, Yoshiaki Matsumoto, Tsugumichi Koshinaga, Noboru Fukuda
and Koichiro Kano. Their involvement amplifies the likelihood of obtaining useful results.

Environment: The facitities at Nihon University School of Medicine, Research Cancer are
excellent, especially for performing the types of experiments proposed in this proposal. All of the
key molecular genetic assays and preclinical experimental approaches are available.

Innovation: Complex phenotypes involving contributions from multiple genes in cancer
development are not a newly described area of research, but they are not widely studied for
therapeutic targets because of the complexity. Dr. Nagase has proposed a clever twist on the
‘standard’ molecular target therapy by incorporating targets of key regulators for cancer
treatment. Again, this avenue of study is not common, but critically important. Research
involved in the designable molecule of Pl polyamide is intriguing. This study also has the
potential to lead to a new paradigm for drug discovery.

Protection of Human Subjects from Research Risks: The application refers to data
exchange and analysis of human samples at other institutions. IRB approval from his institution
and institutions for the collaborators are appropriately obtained.

Inclusion of Women Plan: Not applicable.

Inclusion of Minorities Plan: Not applicable.

Inclusion of Children Plan: Not applicable.

Vertebrate Animals: Acceptable, all 5 points are covered.
Biohazards: No concerns.

Mode! organism sharing plan: Acceptable

DATA SHARING PLAN: Acceptable.
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Overal! Evaluation: This is @ competing continuation report from a productive, highly
collaborative investigator. The application is densely written and challenging to follow, but the
nature of the proposed studies - to evaluate in a genome-wide manner the key genetic and
epigenetic targets that are correlated with multi-stage carcinogenesis model - are potentially
extremely informative and may provide unique information on DNA targets. Two issues may
need to be addressed in the next funding period: the consistency and magnitude of the
therapedutic effect of radiation induced PDT and Pl treatments may not be sufficiently high to
interpret the data obtained; and previously identified drug targets may not be sufficiently specific
to justify studying in detall. In addition, translation of the findings to human application may be
challenging. The Pt polyamide as a candidate drug is an outstanding, if challenging, research
area. The proposed project is well organized as a result of the PI's experience and deep
understanding of drug discovery, and the excellent team of collaborators assembled.

Budget: The budget of next year period with continuation plan of three more years is
requested; however, there are concerns that the budget may not be adequate to accomplish the
proposed studies.

Please feel free to contact me if there are any additional questions regarding this proposal.

Allan Balmain, PhD, FRSE
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Information Technology Group

Shuichiro Inoue, Katsuji Nakagawa, Akiyoshi Itho, Arata Tsukamoto, Takeshi Kuwamoto
and Hideomi Hasiba

Ultimate communication security and information storage Our information group is trying
to develop two ultimate technologies. One is the ultimate secure communication and another is the
ultimate information storage.

Quantum information group has developed high-efficiency entangled photon-pair sources at 1550 nm,
photon number resolving detectors with high quantum efficiency and high energy resolution at 1550
nm, 400 nm-wide Si waveguides, photonic crystals of Ti thin layer with square air gaps on a silicone
on an insulator substrate, polarization-entangled photon pair sources resonant with a transition in
rubidium atom, and surface plasmon-polariton waveguides and couplers. We will combine these
technologies to realize quantum repeaters.

On the other hand, a high-speed recording and huge capacity for storage are extremely precious to
our society. The phenomenon of a photo-induced magnetization applying a femto-second laser, which
was revealed by our members, suggested a possibility to dramatically improve the high-speed
recording of information technology. Besides, utilizing nano-technology fabrication for a near-field
antenna and recording materials, huge capacity will be achieved. Gd,(Feg; sC0;,5)100.. @S @ rare-earth
transition metal alloy film was studied. Optical Parametric Amplifier (OPA), which is supported by the
project, was installed to probe the phenomena from 0.5 to 5 eV in energy. Substrates with nano-
structured surface were fabricated to improve a high density recording prospects in active
collaboration with Supermolecules and Self-Assembly Group. We also analyzed the thermal inter-
diffusion of patterned recording media with thermally assisted. The particle structure of the recording
media is effective to enhance memory density for the thermally assisted recording. We began to study
analyzing the field which was close to electrode when a circular polarized light was exposed for the
purpose to effectively utilize the optical induced magnetization as high-speed recording in a local
region.
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Information Storage
huge capacity for storage are extremely precious to our

A high-speed recording and

society. The phenomenon of an photo-induced magnetization
applying a femto-second laser, which was revealed by our
members|[1], suggested a possibility to dramatically improve
the high-speed recording of information technology. Besides,
utilizing nano-technology fabrication for a near-field antenna
and recording materials, huge capacity will be achieved.

1) Ultra Fast Information Recording
search for highly susceptible materials to the photo-induced

To carry out a
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magnetization, all-optical pump-probe system employing an oo

amplified Ti:Sapphire laser was built. It was conformed that 1%

the ultra-fast dynamic behavior was measurable and can 102

extract the damping property by the system, as shown in Fig.

1. Gd(Feg;5C0,55)100.« @S a rare-earth transition metal alloy ,

film was fabricated. Optical Parametoric Amplifier (OPA), Fig. 2 nexmle of thermally

analysis heated by a near field
optical light.

which is supported by the project, was installed to probe the
phenomena from 0.5 to 5 eV in energy. Collaborated work
with Radboud univ. was awarded in international conference MORIS2009.
2) Ultra High Density Recording Media
fabricated to improve a high density recording prospects in active collaboration with

Substrates with nano-structured surface were

Supramolecules and Self-Assembly Group. A nano-structured substrate was fabricated by
self-assemble phenomena of silica nano-particles, on which FePt particles fabricated. The
results were presented as an invited talk in international conference MORIS2009. The magnetic
characteristics of fabricated magnetic materials on the nano-structured substrate will be
analyzed by the high sensitive magnetic force microscope which is supported by the project.

3) Thermally Assisted Recording
recording media with thermally assisted recording as shown in Fig. 2, which was presented in

We analyzed the thermal inter-diffusion of patterned

an international conference and would be published. The particle structure of the recording
media is effective to enhance memory density for the thermally assisted recording. The
preparation for surface plasmon antenna is in progress for the recording a tiny magnetic domain
on magnetic materials. We also begun to study analyzing the filed which was close to electrode
when a circular polarized light was exposed for the purpose to effectively utilize the optical
induced magnetization as high-speed recording in a local region.

Reference

[1] C. D. Stanciu, F. Hansteen, A. V. Kimel, A. Kirilyuk, A. Tsukamoto, A. Itoh, and Th. Rasing:
Phys. Rev. Lett., 99,047601 (2007).
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Energy Technology Group
Yasuo Asada, Joe Otsuki, Nobuyuki Nishimiya, Takuya Hashimoto, and Sachiko Matsushita

For the use of solar light energy, an encouraging progress is being made on each aspect. In addition,
new development is being made with combinations of respective aspects and collaboration with other
groups.

Hydrogen evolution was observed at a high rate of 10 uL h™" cm™ with a highly lanthanum-doped
titanium dioxide film, which was made possible by a new fabrication procedure (Suzuki,
Nanomaterials and Nanodevices Group). For hydrogen evolution by photosynthetic bacteria, the
amount of evolved hydrogen increased by 40% by using a water-proof hydrogen storage material. This
is a nice example of collaboration through the project.

For materials for fuel cells, newly employed solution-phase synthesis has made it possible to mix
ingredients at the nanoscale, which in turn produced better quality materials than conventional ones,
which includes high-strength interconnector materials, highly homogeneous proton conducting
materials, and highly conductive air electrode materials. For the air electrode material, the highest
conductivity for LaFe,_Ni,O; was recorded owing to the homogeneous mixing at nanoscale.

A prototype of a nanostructure designed to have a full photonic band gap was prepared with
electron beam lithography (Hashiba, Nanomaterials and Nanodevices Group) in the aim of revealing
the mechanism behind high efficiencies of dye-sensitized solar cells with photonic crystal structures.
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HAIZLLFD 4 DT —~ THIFE 2D T E77,

L. NBFRET 0 Y=y MO BAaHARICA &I L7 BBIT - W0 et (B -
TG - K - A - KT - RF - JEHS - B - EA - E - AR - )

ZOT ==, AR & T2 DALEWE ZAE D M RIDO AT v 7 LR D078 TT, Bl
?® DNA LA YEB L OZ DGR EZ AR L HHUL AW X DRI - o > —
AP BRI E LTWET, BIT 4 SOBLAN LG ERMICIR A TEY 97,

(7") DNA Bk AL AW X DHeiaiRIE, Wk O BB

TG B L O OBIB TN OREMELS OBRERE & A b O 21TV E 7,
(1) FM7 —7 L OILFRFFEIC L D Pyrrole 5512563 D Rk AT LA DA Rk

DNA i {bE D Pyrrole 5572 ENEERRSCATINIE A2 DT 28 A BT L TV E T,
(7)FRET fEFHDISHIC X W EEOR Y 7 2 RIZ X 54 7 23Rk o B %s

BN DN =D FE - THID T DAL T A RO DT A BRFE L £ 7,
() IRIRITHE OO < TR D & LG I 1T 5 KB RE - LMDt
EAWEARAI>TH, BETRWEEZ EHA, ROBE 20~ LeMi2R L7,

SRR, ERLEZE, ERLIEIE, ZOEHK:

7)) R E R DB E RO DT DB FREER O & B R DEMKEEIZ DWW TIER
AR & A3 AR CREFERIICEE N DI fiAZ b b« FEBREMW) CITV, 2 i sUE R B
Nature 458:505-8 2009. Genomics 93:130-9 2009. J Hum Genet 54:450-6 2009. Molec Carcin 45 H.

4 ) DNA FEAALEITAIINEZ 17, DNA [EAfi<cH G 7e & ORERE & £ - T8 RERI LA D
BEIZEY LA THET, b R N AERRER] & OEEIR, v r — VIO % B %,
Tetrahedron Letters. 50:7288-7292 2009. BBRC &Fa#fi 457 PCT/IP2009/62054

) DNA e b&Wid, Gty 8 ERE DD, t b7/ A TO &2 Z2 ik
T2 X0 ITEBDILAEWHFE CBET 2R L. £ 2T OLE T 2 8 2% H T,

T) BT O DNA Fiabamid, RIZICHEA L L TOFMEAITHATHRWMEEMTH Y |
T OREVE L FEYEEABRET L TS, B L~ TOERE - L aMERHER ST\ D,
Biopharm & Drug Dispos 30:81-9 2009. J Chromatogr B 877:1070-6 2009. Bio. Pharm. Bull. 32:921-7 2009.
Molecular Therapy advanced online 2009. Cancer Science in press 2009. %F#F PCT/JP2009/066108
PCT/JP2009/057801

2. BT NIBT L RRE IR Z R L2l JONER Okl - &6
() - W - BER - | (fF) - K - @ E - NP - KRAS - Rajeeve « £« f5R - #h
B IS - B - REF - Aff - /NG - T - R - JEED - GGS - R WA Y o

N ARG T DOEENE (BAEITT~DOT 72N LR DB MEZ 5 2 L) SBtELs 1O
KK (BDAET~OT L —F L D8 n PN 725 2 &) 1303 AABIIZ R 21 C IE & i
WX BN WEL T, DAY L EDZDOEbEEIEFD DNA %3Ri%d 2{bE5% %5
HALTRHEL, DAMIEZ EFEMENS R3T 5700w 3 (DBSAMIEE T - TR
25X 2T oERIE) 2AKRLET, S5ICZOREN FEELEFORBEEZME TS
JEEE TN T 50EM2 %) KHCTREMZTWET, FR/NEOBEFER TR
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BENE L, THRMRBZRMRIFMEETIE, MYCN & W9 B F2AIEFIZE~ 100 2L
X T HORHD, INZRMVOERE L CHREBEERICIRDHA TWET,

AR, ERLIEZE, ERLIEZ L, TOEFK: MYCN B 07 v ®—&iHliliEs
FRBEZFHE T HEETH Y . FREEEMIE THEIE L T\ k9, 2 OfEEIC DNA fEAa ks
Wa BEVE . HEOIEY T MYCN HEEMHEIFMEICIBS VTS, MYCN BB O3
BlazfH L, MYCN & FEAZ0T 2 2 EAMR S E Lz, £ & olEiEE
18 Her2 (Z%9° % Her2 B a1 RBMHELAE IERR L E LT,

The Journal of Antibiotics. 62:339-41 2009. %53 PCT/IP2009/066111 5 25 [al H A/NE B AFES T L UT
VU URY T A R 21411 A

3. MBIFEE L a~— LV b X BBHEROBEGIC X 287 BRIEORR (56
(JL) « AFE - 21 - mkE (1E) - B - JR - Bok - R - K - AR - B - e .
FitJE « KA - E - Rajeeve - 5K « )1 « AHEL « KBF - FHil - KA - JEHL - H{GH -
) (ERE - #E - B - B {ERF) - RIE {58 K5 }) Ravindra Pandey

(Roswell Park Cancer Institute)

BT 2 2R Lo B B2 0RIE, S5 POT 13, EMME TH L7+ b7
Uy (RV7 4 U B E) 25 —EEEOIS L S, Mgt 2R 3ia Tk
ReLEHHT LB IO DEWD D AMIBIZER Y A E-CF W EE 2RI LTS Afithg
I 2B LELIBFIETT, LavL, oL EXEEHEOEIZITAN TR, TREHOR
AAPEERB AL TN & E Ay AW TIZHARFZ TR L —EREOHEADa~—L
b X BREFIH L. RERAS A6 3 2 BB ) s e R T 2 Z L 2 B L LE T,

LAEE, HRELI-Z L, ERLEZ L, TOESE: BE, EEGZEER S UK S MR
Brh (N TOREVEDNHERFEL) DLW Z DS Al 5% . AbA&W T O ORI %
FHW T B BRI 24T 5 2 & C. DSAMIIEAEEMG 2 =9 2 E MR SN TV E
T AT, X BREGERLEE OB TRO BT 2 — BT RIS T 2 IRFEIEOBR O ]
BEME A2 RT B DO TREGIFSNTWET, £72. BARKRZEIEO BEIRS2REH O Fe s
Wb ARSI, [FEEOERICHEY LA THET,

4. BIEFREIMNZ PNA (NT7F FEER) (LAY Tlakd 2 2rEdh oY (FEH -
M- s () - B - ki)

~RTFF REERE (PNA : Peptide Nucleic Acid) (FFHEHICSTF FEEZEEFL7-, DNA =0
RNA (2L 7- 43 2 FFD 40 1 C, DNA <° RNA ZESIRF MR L ET, ZofbamE W5
T LT, BB LEEMLAD RNA 2382 2 E Nk E T, RARICERENELEFEEIT X
<HLNTVWAHHSET, BAITELEFREICLDEBZWIEOREEZBENE LTWET, &
HNZ, & I O JRIE C Ll fIAEFE 23 5 < W23 IR B 7 TR 77 L R AT v U 3 B B R B
BHRTHDZ LICHER L, [FEEBTRERIT S CYPLIB2 (2%f9 5 PNA Z2 & LEET L E7,

LARRE, R LI L, EELEZE, TOES: ~ U ARBREESR M THS VI
AR BN TIX CYPLIB2 OFEHLES X OVEBREMFORMREH TF, DNA ek E&mic L 22Wih
FITEFL 1206 3 TITo CVWETA RNA ZEMET5Z LIXRMEAM TIETEEH A, PNA
{EEMIZ DR ERM>S Z ENHRDATREEZ A L. A% SN D98,

HELTOEE RYVTIRI—FT 4227 H1-2[H, IERESZITo TWET,
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Medical Technology Group
Motoichiro Takahashi, Satoru Takahashi, Shigemichi Kosinaga, Yoshiaki Matsumoto, Noboru
Fukuda, Koichiro Kano and Hiroki Nagase

Molecular Therapy against Cancer
1. Development of Molecules for Cancer Diagnosis and Therapy

Our understanding of functional genetic research associated with cancer therapy used to be
based almost entirely on the analysis of random combinations of either multiple- or single-targeted
post-transcriptional products. Recent advances in developing a therapeutic strategy against cancer,
however, have allowed us to target a specific gene or multiple genes using an antibody and RNAi
strategy. It may also be possible to establish another designable multi-targeted approach in a tumor-
specific manner by means of pre-transcriptional targets, such as the double-stranded genomic DNA
using nucleic acid binding chemicals. The object of this research is, therefore, to develop and evaluate
a novel target DNA recognition approach using Pyrrole-Imidazole (PI) polyamide molecules or its
conjugates for safe administration, diagnosis and therapy in cancer patients.

2. DNA Binding Molecules for Amplified Oncogene Detection and Silencing

The automatic PI polyamide synthesis system has been established and is providing PI
polyamides identifying and down-regulating the target amplified oncogenes for cancer diagnosis and
therapy, respectively. For instance, we developed PI poliamide recognizing MYCN gene promoter,
where MYCN expression enhancer binding sites are located and frequently amplified in unfavorable
neurobalstomas. The molecules successfully downregulate MYCN expression and induce growth
inhibition in neuroblastoma cells. Molecules may also visualize MYCN amplified neuroblastoma cells
using the PI polyamide conjugated with a fluorescent dye.

3. Development of a Novel Radiation Dynamic Therapy against Cancer Cells in Internal Organs

Photodynamic therapy is a non-invasive therapy injecting a photosensitive drug to the patient,
which sensitizes cells to the effects of light and tends to stay specifically in cancer cells. A beam of
laser light is then focused on the tumor which kills the cancer cells. The therapeutic approach limits to
cancers located on skin or surface of a limited internal organs. Since PDT drug tends to stay only in
cancer cells, PDT drug can be used for cancer cell imaging. A PDT chemical, which is under clinical
phase II trials as a cancer cell imaging agent, has been tested for radiation induced non-invasive cancer
PDT therapy in internal or metastatic cancer cells. A mono-wave length coherent X-ray has induced
cell growth inhibition in PDT drug treated cancer cells. This is a promising approach for patients with
a metastatic progressive cancer.

4. Peptide Nucleic Acid Molecules for Over-expressed Genes for Disease Diagnosis and Therapy

Peptide Nucleic Acid (PNA) molecule is a nucleic acid analog in which the sugar phosphate
backbone of natural nucleic acid has been replaced by a synthetic peptide backbone. PNA molecules
have been considered as promising anti-gene and antisense agents for gene silencing and as stable
drug delivery molecules for molecular therapy. We will try using this molecule for detection of disease
specific mRNA expression and developing a new strategy for differential diagnosis of disease. We
focused on primary aldosteronism, which is a curable cause of hypertention and a condition usually
caused by adrenal tumors or hyperplasia. We try determining adrenal tumor cells which should express
a disease specific CYP11B2 mRNA by using PNA molecules.

Publications: Nature 458:505-8 2009. Genomics 93:130-9 2009. J Hum Genet 54:450-6 2009. Tetrahedron Letters.
50:7288-7292 2009. Biopharm & Drug Dispos 30:81-9 2009. J Chromatogr B 877:1070-6 2009. Bio. Pharm Bull 32:921-7
2009. The Journal of Antibiotics. 62:339-41 2009. Molecular Therapy advance online 2009. Cancer Science in press 2009.
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1. TR 21 £E FREHE

AWFE T 1Y =7 MZBWT, HEHRNLESITICH DBy - H ORI, A5
e LT, [ WER L - BT E ko REREB & Bl gl 27 —<Ig,
HENEHIICEREEZ TS ECTRMERVEERT —< IOV THRH L, S5IEATrn Y
=7 hOT U Ny N THD =ARKOHED TF#R), T=xrx—), [EFE] P LEEZEIC,
BBy« BHOHMPME oFH~T UV 7T LVoAflAZ s+ Z Lich b, LIFCKE I NA—70
IEENRZSIEET 5.

2. BON—TOREETBHME
R BRIIL—T

AR FESERIC R T D AR BIZ X 0, 1 Thit/inch? D &5 FE L ek OAFZE N EZIL LoD
HHN, TORBUIIS ETICENZ OREER D H. AL, ZNEMRkL, BRHE
BRERLER D EEL, 972D 2 Thit/inch® LLEORESFEICHIE T2 b0 TH 5. U4, KEUE
TEHEICBE T AR DI ICRB W TC, /S E AT 2RI AN TR Sh s, K
WFIECTlEF 7 A — VSR E 2 AT DREMEBA 245 5 TiEE LT, HOMB/ER LIS
ZRIM UK LT BEBER T ) S22 REICETHT o7 L— FEROFIHZEREL, &
HTAHHDThSD. ZORMEERTHT-D,

) BOFIEADHECHEBL 3 kTS ZRES]

2) T/ BEERMBEIERAT IV —F EROBZE
3) BEERSEAERABEERE A FER~DH
IZE 0 BEEEERGLEOFE R D HREEXD.

ZOWT, Rk 21 FEE, YA R EB(150m B
TOEEHEXET LT L— FOFERR] #BEBELE L,
JEEIRF 2 M A R iflZ A7 5 A (Nano Dent Array: NDA), . '
B A CEMT 2 v U ER ( Self-Assembled spherical small — Fig. SEM image of NDA (Nano
Silica Particles layer:SASP) 725722 2D 7 / fid&E Mz > Dent Array) surface.
TRRETLT.

- KATL—T

LW TOHCESREZREL, DLV TOHCEAEE, TOXAFI v Tz
EHOMNIT D ELE BT, NI ey =7 NOWFSEE L OHEEEICL > T, TRLF—,
R, BRSO ZRFIL TS, BRI,

1) " FOECEERBELHNEHDSFLANILTOREHR
2) BEESHARZAWERAIRILF—IZEDKIOLDKEHRE
3) DNA LDECEED FRET IC&2BRERBEDI-HDILEMERIZ OV THRF L TV 5.

R 21 FEEIL, TNV T o =R VNIRRT ) R
TEAYT =D LD BREFDT 4 AT RS T 2K —DD r*;f
BIRA T BIXEBRZAEIROILE D H CEAZFEICTON T
THEL, Fx 07— FUTeBRT, £ o RV
WEETHTNT v h—EDERE [R5 Z SlZksh Lz

F72, EREMATMNZ D OH LWNA U T AR E AR L
2. KEEGDWKRTTINLDOEEKE 2L A4y BIRA
THE, 4V A—aL hOMl G A2 GBS RN A
b, AU DT AEAITIEHEERA & LT, a0 MEREIE
IKEFEAEMIE & U CHERE L, KFBAERSIC KBBR8
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DNRELEZ D, WS ODPDOFERIZOWTIERFNERZITY, KEDEAET L LA
WiE L7z, F£7z, BEMIEHEEE someone (& [TYEEAR] MOAREINDH LWEI &
L TR &7z,

%12, DNA ZBESIBRIRAICEE# L THE TR — LA I 4V — AR 7 I NIZBFH
ZEALT, VGBS EELSBM LI EEEUMETHZ8I2K 5T, SIN AN
k&% 2 &% HA L LT FRET (fluorescence resonance energy transfer) |35 Z & %35 %
7o ERPEKI D IC L o TN ST BEVA EICHE 2 5 B3R E AN & 72 5 v r — Vg R
AR LTz,

-WTIIIL—T

M7 V—7TI1F, BB > TERENW216EaWE VT, GAFRERARYE
O m LA HEL TV 5.

Wepk 21 AREEIE, KEGEMOFEN BICnER, AFEEZACIADLZ a7 vz llan A
Nz stRIC LV B A LEETHREL, 72, ExbFEA A v —FX U RAUEICLY, Ht
PACIADIZ X 2208 m FICBE LT, 74 b=y 7 fdaONMmt RN TFE T 5 geME»H 5
ZEEHILMNTLT.

IS OWFFERE, ERNAMCBWTHER SNTER Y, EAk 21 FE T, KEGERD 4
HHY, 56 11X, BARFNRERS S F /77 ao—8 174 ZESE 31 BfES
MHT, F LFEHREON=y U RENDDIRETH -T2, 2O, [EEEYS 4 145, BN
TR AT A FEVNEL 2 BAEICLD DO THY, KPEFES~DHENRPIERIC
REWZIENHEZD.

BENOMIEAS T E LT, ARFEFEIE, WAKREIZIT 2 BIAIEDEB OBIRMEIIZ S\ T
PV —7 L OB ILFEEN T 0 Ay a v & ToTe. M7 A—7THRAL
feraaX Bl LD AREBOIEMLICH LT VERETHZ N TE, KT7—~
(2B L CITEBR SRR 2 1, ENTFRRBE 2 e R AHE LR P A & FHRAeEDMT O T
ETHY, REHCLLIBENEREZRADTICKDL I ENTELLDEEZD.

- FEIIL—T

X I AMEESFTH DAY (L-ILEL) (PLLA) 1E, BWERbEZAETLZ L TabhTn
%7, PLLAMGEE ORI LY 2 =— 7 BRI Z R T 2 & TROBRR LTS,

PLLA 7 7 A N—(ZHIEER ZFN$ %5 Z & T, PLLA

DIEBFENFEBL, 77 A =S ORE) LRIEAME B

Bloary he—L Tx 5191245 (Figl) . Lol /o _enlo” fiber
NE, BIEOE ZA, 1 Wikl 7 7 A4 N—0v b K& 73 AL motion
HFE A £ 2 WOTH 7R IS, Ll EomEkR L 72 5

Y MR ETIEMGEE LI S ERIE R, 22T, R Shear Strain

i, — . e . Fig.1 The piezoelectri ti f
nYxs hTH, 1 RITEHREEEN D, BT, i1 The piesoelectric motion o
P OBAEICHRGHIE S V72 PLLA BUBIRE(FRL, £ | (M tonde € Hovahs KMo 8 Koot ¥

JEEREZ A, SIEERN ToOfIFIRBIOHE 2, & 7122:7124 (2007).

I, ZOIGHERADL Z EEHET D,

Rk 21 AT, KERBEARMMEIORIRZ RIEX, T2 7 EOMEMIRIZE > T
BFond L-IgEE /) ~— &Y, Zhxik, BEFGKISSEDLZETERODTFEELE
PLLA O &R ZRA, BRI E T 25 PLLA O&RRICHEE L7z,

Supramolecules and Self-Assembly Group
Hiroki Ikake, Akiyoshi Itoh, Joe Otsuki, Arata Tsukamoto, and Sachiko Matsushita

The goal of the supramolecules and self-assembly group is to develop advanced technologies on
nanomaterials and nanostructures and to supply these technologies to the application-oriented groups,
i.e., the information, energy, and medical groups, thus strongly promoting networking among these
groups on diverse fields.
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WA, mEFRAC, BIFNE, AREs, PSR, BN, ZAES, KEK
HREN
1. HREH

FOMERELT, BT, 74 b=y ki), @y s, THERSFE—42—), T2
JLEIRME ), [ =R, TRV RE v v 78R, (AT o tEk), TETRKy ~,
RS H ST Faxtg s LT, (bFAM, B, -/ #ERE, 77 XA~ ntR, %
Ol A O TR X 2WEA KRS, EEEREEZRET L. o0 2 WERHCOWT, ST,
PIPERHRISEER & &7 VPRI K D BT UEL, HHE LD RE R TR - BT AMAT L. 2
DOF I WEFR L - BRGSO RH R 2 @ L U C, AR BEGGREE U CHEET D,
G, =X —, ERICHAT 27200, Wkt sHE, B, v Ialb—ra VEREET
L. EBIZ, FH T+ b=y 7B, mIRBEEME, e R (8RR, KFE) BRI,
U —=T L ARE, TTICEHWVRIALN S DA OME, 734 ABRIZINZ T, #HLWEZERE
WIS HM R Bl > — X & Ak T 5.

2. BAEETE

F/79E . OFFEYT, BEEXBREPNC X 2 @R - SFD A T CORESRE Ak ST 2 505 L,
W IN T2 B A 1 D B LCHH IR DN BB XU O AR RIS 5- 2 2 BRI L, [=x X —3E] OF
B IR BEEE AL 2 s & L 7oA D B REAL O 72 D OB IE R DO FaEE 2 B D 2T 5. Ot {rE
ERRON-T-, FHH-EBBER—FXL 7= %A FZR RITBIRWEICHOWT, BEZREMER
Bl L OSSR E 2B L, THREROCEF F—7I0L - T L dauVlBnEigiRE 42 igL, &
BRI 2 R 5. ZOWERIC OV CTERS, B, MiEoMmBEE2 M5, 351,
[BRIE] OB—N%FFAE BT A A~DIEAD T OO IEET — 2 215 5. Q& @it r
RIS RBIT DERIRICHHE S 7o RIBAERL - M LA - 7o B R ORBEN S - 26 BG4 e
BIFEC K- TR L, SehliimRIT - kT N1 22T 5.

T/ TNAR . OF LW BEEERVEZB L, T AMERA~DREBERSZ72H. /&
=T VAEROELBERMN & LT, h—RrF /) Fa—T7) /0y R FE-ex A4 5 5
Wizt 5. QFEL T /GRS E LTRIAESNE T 7 XA<IZo20T, X INET T 7 43k
\ZE BT T A~ OLERIEGEOBRIFER LA EBL, 77 XA~vAL - fliEE2 LT 5. O~
TAZIIBITHETRFRGEZFGEL (&8 - 5HRIE] L LT, B RF oMok ez it
3%, @~T o SR 2 O 72 B8R £ 72 B R R B T Ry b &2 AA AT THz #67
TARETE Y T, 2E2B L, [BFHRIE] OBTHERT A AUSHT D, @R
e, H—ermibiic o FWE] L oL, B0 FAA 2 Th ARG FT—F =)
— R FIER T 5852 — )/ FHNEIR TR 5.

3. MENEELERERVESE

BARDOIRE : H—AR 7R EDIENY R¥ Y v T EKE S ) Fa—T7°F /vy FE&EL L, #5
B2 R R — 7 XA BN A T2 = L IC L0 . it L — oS KA A Ve LT 81 %
BT 2 EMOMIZ BIE L TW5, &BENEASEEI—Ro T ) Fa—T7 2 EBA T 0 — 7 Wi
DOYESHERICEES Lic T/ kOB R ' o —1Eke, —Xto#tRIREMICU A YU v 7 Sl —
RyF )T 7 A NR— SRR AR E LT R—F LI EaMF ) RSV RZICE D e —
RFD OB —EAERT D2 HM AR LT D, SHEEXEHRIRER O —R T 77 A3 =D
AY VU ZICBWTHEDO R F—712 k> TERMEES A ERSH D L2 A LZ, £/
L—HPWHDORBREICE > T, I—RoF ) Fa—T700y ROEREFTEREDOTMEZHIETE S
ZEWNH LT, IR Fa—TIINAINEROFEHE LT, B 7T LM = v
FILE NS EBBEME bNEATE S Z L2 R LT, TS OBBEIESBNOT—RyF ) Fa—T
EIRTRENBEMEO o —7 L LTHWS Z L2k v, T/ SEIC AT 2 80w et - SOREMER
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K- DAL RZRETE D Z ENHIFRFS LD, BRLT & L (TiO,) D Yt filihi 2h F 13 28 44 & IR
T 52 LI X DRV I E CABM O 3 fEER 2 E 2 m3 2 e nmbnTingd, 2l
T (La)yk R—7925Z LI X0 A ORI X 0 KGFRIS % R d 2 L3R S22, La
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LK D Xe 727 (AML.S, 100mW) % BBEF L7z & & Do/KRFERAELZRIE L, La DNEGINEIZ 30K
FOREITEZ S22 728, La OFMED 70at% & 9 FEFIZEWESIEIZB VT 20 at% RN
D 10 [EFREDKFEFRE 10 wih + om® 2R L=, £7-7Z 0O pH HHIKLTHY . OH HOKFED
B BT,

BB OREE - 2008 4RI 7 v FE{EHL L 72 LaOFeAs 75K 26K OBREIBIEE T 2> Z LR E
ALTELR, Fe @ “WRICIEFKET % & DBBEARNPR AR INTETEY |, BIfE CIEgRBRER
& U CHIRR b @i BRI LT 2 ERE 2R L T D, mIFIX. 20 X5 BRIV T,
LaOFeAs & [Rl—D#s & Z > La, ,0FeP 36 LV (Sr, RF)FeAs (R=La, Nd)IZZ&FH L7z, 2006 4FiZ
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FHESINTELT, FHOMRTH D,
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Nanomaterials and Nonodevices Group

Kaoru Suzuki, Yoshiki Takano, Tomohiko Asai, Nobuyuki Iwata, Hideomi Hashiba,
Takuya Hashimoto, Shigeru Chaen and Shosuke Mochizuki

1. Summary
This group aims at fabrication of nanomaterials and nanodevices for high functional applications such as

electric circuits, biosensor, superconductors, EUV light source, field effect transistor, quantum dot terahertz
single photon detector, solid oxide fuel cells, new photo-memory, and bio-nanomotor by using fundamental
techniques of nano-process, fabrication of nano-materials, analysis of nano-level structure and analysis by
nano-technique.

2. Achievement

Prof. K. Suzuki: 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 non-sintered heavily La doped
TiO2 target. It was measured to yield about 10 u//h + cm* hydrogen gas form TiO:La(70 at%) film under
visible light (Xe lamp, AM1.5, 100 mW/cm?) irradiation.

Prof. Y. Takano: Since the discovery of high T, superconductivity in (LaO;,F,)FeAs in 2008, many
researches on the iron-based superconductors have been carried out. Before this second superconductivity fever,
it was reported that (LaO)FeP became superconducting at about 4 K. However, several research groups reported
different 7, in (LaO)FeP. Thus, the electrical properties of LaOFeP is still controversial. Takano has considered
that the stoichiometry of the sample is important to determine the electrical properties. Then, he has prepared
single phase samples of La; ,OFeP using the special heat treatment and measured their structural, electrical and
magnetic properties. These results indicated that the off-stoichiometry in (LaO)FeP is the origin of the scattering
of T.. Takano has succeeded to prepare almost single phase samples of (Sr;.,R,F)FeAs (R=La, Nd). The
superconducting transition temperature 7, of (Srqg¢Lag4F)FeAs is 26.1 K. The value of the temperature derivative
of the upper critical magnetic field (dH/dT) at T, is -1.4 T/K and the estimated value of H, at 0 K becomes 26
T. Takano has firstly succeeded to prepare superconducting (Sr;,Nd,F)FeAs. The superconducting transition
temperature 7., of (Sryclag4F)FeAs are about 30 K. The evaluation of its superconducting properties is under
progress.

F.T. Lec. T. Asai : 1. Development of high-speed film deposition technique by magnetized coaxial plasma
gun; MCPG has been applied for new metallic thin 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 deposition etc. The optimized design of MCPG for film deposition has been
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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 force-free
equilibrium called “spheromak” in the conductive metallic chamber. Counter injection of spheromaks is
followed by magnetic reconnection event which heats the plasma itself by dissipation of magnetic energy into
plasma energy. This new technique for light source has been tested by vacuum UV spectroscopy and possibility
for 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 of light source and reaction chamber. High efficiency technology by the application of
magnetic circuit has been developed and patent application has been prepared. (Collaboration with Dr. M.
Inomoto, University of Tokyo)

F.T. Lec. N. Iwata is studying : i) The SWNTs were grown by alcohol chemical vapor deposition (ACCVD)
method on quartz substrate with Co/Mo catalysts. In order to grow SWNTSs with specific chirality, free electron
laser (FEL) was irradiated during growth. From the results of Raman spectra, the irradiation of 800nm and
1400 nm FEL was effective. Possible chiral indices, that included both of metallic and semiconducting SWNTs
growth, of approximately 15 without FEL irradiation was reduced to 5, which was semiconducting (14,0), (10,6),
9,7), (11,4), (10,5) indices in the case of 800 nm-FEL, and to 3, which was also semiconducting (14,0), (10,6),
(9,7) indices in the case of 1400 nm-FEL. Those results revealed that the FEL irradiation was effective method
to control chirality of SWNTs. ii) Gold (source and drain electrodes) sputtered SiO2/Si substrate was dipped
with a speed of 1Imm/s from C60 saturated toluene solution. In advance of the dipping, the surface of the
substrate and Au electrodes was treated into hydrophilic or hydrophobic. Needle like C60 crystal grew on
substrate along the dipping direction, and C60 particle grew on Au electrode with the treatment of hydrophilic
substrate and hydrophobic Au electrode. In the case of hydrophobic substrate and hydrophilic Au, needle like
C60 crystal bridged the gap between Au electrodes. A combination of surface treatment and simple dipping
technique achieve the growth of the bridged needle like C60 crystal between Au electrodes. iii) A
ferromagnetic domain can be controlled by a spin direction of Cr ion at the interface in ferromagnetic metal /
Cr203 multilayer. Considering a magnetoelectric effect of Cr203, the ferromagnetic domain is controllable by
a electric field applied to the Cr203. Single crystal Cr203 thin film is required for the ferromagnetic domain
controllability. From the results of XRD, SPM, RHEED, Cr203 thin films epitaxialy grew on r-, a-, c-cut
sapphire substrate. iv) LaFeO3(LFO)/CaFeO3(CFO) superlattice was grown by pulsed laser deposition (PLD)
method. The superlattice was alternate growth of 7 units of CFO and LFO, and that was repeated for 14 times.
From the results of RHEED, XRD, reciprocal space mapping (RSM), superlattice was grown with good quality
and two-dimensional smooth surface. The RSM around STO(103) showed that in-plane lattice of the
superlattice was compressed to fit to that of substrate. The appearance of satellite peaks indicated that the
superlattice was also formed. From the results of RSM around STO(113), CFO grew with twin with the
relationship of CFO[100], CFO[010] // STO[110]. The twin started to grow after 4 layer growth, which was
confirmed by RHEED and XRD in the CFO monolayer. The full width at half maximum of 0.07° at (002)
Bragg reflection of superlattice revealed a good quality growth of the film.

Assis. H. Hashiba: Directed Single Photon Emission from CdSe Quantum Dots by TiO, Photonic Crystals
and Si Waveguides is studying. 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.
Prof. T. Hashimoto : For development of new solid oxide fuel cells (SOFC) operated below 600 °C,

development of new materials is investigated in this study. In order to develop new materials, preparation
method employing liquid phase mixing, which can be regarded as nano-scale mixing, has been examined. At
present, promising materials such as La,.,Ca,Sr,CrO; with mechanical high strength, uniform BaCe;.,Y,0;.;
and high electrical conducting LaFe; Ni,O; have been discovered.
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Prof. S. Mochizuki : 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 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.

Prof. S. Chaen : 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.
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Viewpoint

For faster magnetic switching—destroy and rebuild

Riccardo Hertel

Institute of Solid State Research, IFF-9, Forschungszentrum [iilich GmbH, D-52425 Jiilich, Germany

Published September 8, 2009

Magnetic switching is typically a continuous process, where a field pulse rotates a magnet from up to down,
but it is now possible to do this faster — and with all-optical methods — by first quenching the magnetization

to zero and then repolarizing it in the opposite direction.

Subject Areas: Optics, Magnetism

A Viewpoint on:

Ultrafast Path for Optical Magnetization Reversal via a Strongly Nonequilibrium State
K. Vahaplar, A. M. Kalashnikova, A. V. Kimel, D. Hinzke, U. Nowak, R. Chantrell, A. Tsukamoto, A. Itoh, A. Kirilyuk

and Th. Rasing

Phys. Rev. Lett. 103, 117201 (2009) — Published September 8, 2009

Magnetic data storage technology and the ever-
increasing speed of information processing have
brought enormous changes to our daily life. These de-
velopments naturally lead us to ask if there is a physi-
cal limit to the speed at which magnetic moments can
be switched [1]—a topic that has caused no shortage of
controversy in the scientific community. Exploring this
limit is complicated, partly because switching the mag-
netization from one direction to the other can occur in
multiple ways and along different paths. For example,
magnetic and electric fields, electric currents, and laser
pulses can all stimulate magnetic switching and the tra-
jectory of the magnetization vector from its initial to its
final state will vary with each of these switching mech-
anisms.

Kadir Vahaplar and colleagues at Radboud Univer-
sity Nijmegen in The Netherlands, in collaboration with
scientists in Germany, the UK, Japan, and Russia have
made a dramatic leap forward in exploring the limits
to magnetic switching. Writing in Physical Review Let-
ters, they demonstrate a magnetic write-read event that
occurs on times as short as 30 picoseconds (ps), which
is the fastest magnetic switching process observed so
far [2]. But the work by Vahaplar et al. is much more
than the demonstration of high-speed magnetic switch-
ing. By combining sophisticated experimental methods
with theoretical tools that fully account for the magneti-
zation on many length scales (from the continuum to the
atomic and electronic limit), their study leads to impor-
tant insight and detailed understanding of what funda-
mental processes allow ultrafast magnetic switching to
occur.

So far, groups have mainly looked at ways of turn-
ing and redirecting the magnetization continuously, typ-
ically by causing it to precess with magnetic field pulses
[3]. Using purely optical methods, Vahaplar et al. show

DOI: 10.1103/Physics.2.73
URL: http://link.aps.org/doi/10.1103/Physics.2.73

that a faster way to switch the magnetization is to tem-
porarily quench it [4], that is, reduce it to zero, and re-
store it immediately afterwards in the opposite direc-
tion, a scheme they aptly call a linear reversal (Fig. 1).

Their experiments are an ingenious combination of
the different effects by which light interacts with mag-
netic moments. These effects are usually categorized
as optomagnetic or magneto-optical, depending on
whether they describe the influence of the light pulse on
the magnetization or vice versa. In their setup, Vahap-
lar et al. first stimulate the magnetization of amorphous
20 nm ferromagnetic films made of GdyFejpp—»—yCoy
with a short and intense circularly polarized (pump)
laser pulse and then image the magnetization with a sec-
ond, equally short but linearly polarized (probe) laser
pulse.

The first laser pulse has two effects on the magneti-
zation. First, it rapidly pumps energy into the film, lo-
cally heating the material and demagnetizing it [5]. The
energy of the laser pulse is primarily absorbed by the
electrons, which reach a temperature of about 1200 K
within the first few hundred femtoseconds (fs) after the
pulse. Changes in the electronic temperature affect the
magnetic properties on sub-ps time scales. Most impor-
tantly, the magnitude of the magnetization M decreases
as the temperature of the electronic system approaches
the Curie temperature T¢ (the temperature at which the
material undergoes a phase transition from a ferromag-
net to a paramagnet, at equilibrium). Vahaplar et al.
show that the magnetization can in fact be temporarily
“destroyed” down to a value of zero about 500 fs after
applying a sufficiently strong laser pulse.

The first laser pulse also affects the magnetization via
the inverse Faraday effect [6]: as the circularly polarized
electromagnetic field pulse traverses the sample, it acts
as an effective magnetic field along the pulse’s propa-

(© 2009 American Physical Society
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The First Symposium of Nanotechnology Excellence, Nihon University 2009

A/ . . . .
(\.Jo —Nanomaterial-based Photonic, Quantum and Bio Technologies—

Nihon University “N.” Research Project “Nanotechnology Excellence, Nihon University
—Nanomaterial-based Photonic, Quantum and Bio Technologies—" has started this year 2009. The
“N.” Research Project, crowned with “N.” symbolizing Nihon University, aims at realizing healthy future
through interdisciplinary, intercollege collaboration in Nihon University, the largest private university in
Japan. This project will develop technologies in the areas of information, energy, and medicine on the
basis of nanoscience and nanotechnology to contribute to solving various problems the society faces.

Scope of the Symposium
In the symposium, the members of the project present their recent results to stimulate discussions in
the areas of:
* Information: Superhigh speed recording, superhigh density recording, quantum information, etc.
* Energy: Solar energy conversion, hydrogen storage, fuel cells, etc.
* Medicine: DNA recognition, photodynamic therapy, etc.
* Nanoscience and Nanotechnology: Self-assembly, nanomaterials and nanomanipulation,
quantum mechanics theory, etc.

Guest Speakers
* Prof. Hironori Arakawa (Tokyo University of Science)
* Prof. Ravindra K. Pandey (Roswell Park Cancer Institute)

Healthy Future Through Science and Technology

whidedaldl . TR

0-\ e

Medicine

Innovative
+ Technology

Frontier
Science

International Education through

Academic/Industry Research/Intercollege

Collaboration Collaboration
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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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Shinichiro Ohnuki Quantum Theory and Computation Group
Fast and High Precision Computation for Nanoelectromagnetic Simulation

Koichiro Kano Medical Technology Group
A Novel Model of Onset Breast Cancer by Implanting Mature Adipocyte-Derived
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

Arata Tsukamoto, AkiyOShi Itoh  Information Technology Group; Supramolecules and Self-Assembly Group
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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.

2009 FLARE D X#E
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1. H. Ishida, A. Liebsch, “Embedding approach for dynamical mean-field theory of strongly
correlated heterostructures”, Phys. Rev. B 2009, 79, 045130 (8 pages).

2. A. Liebsch, H. Ishida, J. Merino, “Mott transition in two-dimensional frustrated compounds”,
Phys. Rev. B 2009, 79, 195108 (4 pages).
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Fig. 1 Fabrication of SiO, thin films
having self-assembled nano-pores.

Fig. 2 SEM image of NDA (Nano
Dent Array) surface.
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and annealing

Silica particle

Substrate SiO,substrate

Fig. 3 Fabrication of SASP (Self-

Assembled spherical small Silica
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.
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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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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,
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directly participate, in the development of the mammary glands.
2009 £ LA D 3

2A
[3iii]

1. Nobusue H, Kano K, Establishment and Characteristics of Porcine Preadipocyte Cell Lines
Derived from Mature Adipocytes, Journal of Cellular Biochemistry, 2009, in press.

2. Kobayashi I, Ono H, Moritomo T, Kano K, Nakanishi T, Suda T, Comparative gene expression
analysis of zebrafish and mammals identifies common regulators in hematopoietic stem cells, Blood,
2009, in press.

3. Jumabay M, Matsumoto T, Yokoyama SI, Kano K, Kusumi Y, Masuko T, Mitsumata M, Saito S,
Hirayama A, Mugishima H, Fukuda N, Dedifferentiated fat cells convert to cardiomyocyte
phenotype and repair infarcted cardiac tissue in rats. J Mol Cell Cardiol, 2009, 47 (5): 565-575.

4. Matsubara Y, Kano K, Kondo D, Mugishima H, Matsumoto T, Differences in adipocytokines and
fatty acid composition between two adipocyte fractions of small and large cells in high-fat diet
induced obese mice. Annals of Nutrition and Metabolism, 2009, 54 (4): 258-267.

5. Sakuma T, Matsumoto T, Kano K, Fukuda N, Obinata D, Yamaguchi K, Yoshida T, Takahashi S,
Mugishima H, Mature adipocyte-derived dedifferentiated fat cells can differentiate into smooth

muscle-like cells and contribute to bladder tissue regeneration. Journal of Urology, 2009, 182 (1):
355-365.

6. Tomii R, Kurome M, Wako N, Ochiai T, Matsunari H, Kano K, Nagashima H, Production of
cloned pigs by nuclear transfer of preadipocytes following cell cycle synchronization by
differentiation induction. J Rprod Dev. 2009, 55 (2): 121-127.

FEREakIH

1. INEFE—BR, “pREIRRA AR 33 5 ZREMERIBAE DFAT O & Rk, &5 51 [A]
WRLREE RS RS - S, 2009 AE9 H 9-11 A, KEA v EHEa L X v
vk — HiE. SS2.

F7EE:

1. nEpE—BR . “RkAE GRS BT B 4R R IR O s (L R 38 KX OB AR IIZ BE 9 2 BF
787, 2007~2009 RV AR E MBI (C) (—#%). 4,700, 000 [

2. JNEPEE—ER. M Wi ki X B ASHNE oo AR & LR AR I B A RS, AR
KEFLA GBI R A (RREWFIE) . 7,930, 000 [

3. KMEIEE , NEPE AR, fh YRR MEB G TEREE , BEREMENT , FERUREMN , BrEliG
FEBR%E |, BRIRATER 2 —BRAVICHFIE T LS HERE 7 0 ¥ = 7 N 18~22 4EFESETf
Taryr47r7ay=s 8, 2,000,000 [

4. PUEREZZ | JNEREEBR. M, T ARVER T O r— I K D A L RR O s R B
fift & HIEVE~OISH” Fpk 19~23 FFENA T 7 U —F 7 e =2~ , 1,500,000
5]

5. ARAERE. INEREE B, L, “HER R 2 ED R WA IFER HEOBRE-— e Y
T RXT AT ANLOT I a—F=" Rk 21 FEAYERBIFHRM T e 2 7 M
Z2 . 1,200, 000 [



1.

1.

AARYENMET B Y=y b P2 RS SRl (FH0 12
RFRAZRAV-EF 8 A EYOERRICAIT-ERHARE

¥ NG
(GE:i$7

AMFFED HEY - 5

AFTEOHEE, FHr2FHALEET Of) ATV OENEZBIELZERIFIEZIT
ZEThD BTFAEIVIL AEFREAESOEDR - BEOLOICMO CTHEETH L &E
FIEWMAE - BE KN ERA R BRI TH D, AL TR, FEFITEERIER
DIREHE TH D%, TOETHEEZ LY BRMAREF L E R APICRTELEE (Y
W) 22 a2 BET. BRI BEZLIFIORT.

() JRFOIIEHER 2 b St St DA LTz i~ AF
Q) WUREJR 7B LR —R « T A v a Z A VEEE R~ RRFFSER AT

HZ R PICRFT 2 OICBHEAEREI L L VWO BREMV D, TG S
L EY Y ARbEFZ Y, T OIIHR & A CERT95 nm)Z2 b O 2 RAFT 5.

H21 FEE DM NE T L ORE
(1) BRGHEEEHILZRIE Lz 7 A /LR EE -~

A E BV LD RGO AT O 72OIZ, BT ABAHD S80°CRED
Rb JAF-ZEAHIZHE R 795 nm O L —HF — 2 RFT LD DO FEBRA LML L=, R
WD 2 KDL —%— (IRESNDI T —7HBLIOMRE - BEZH#ET 20 bo—
) ODE—LTa T AN, NU—EEZFEL, FREDORGER A T
HZ LTk, B&K 40 us BDEARGET D 2 LI Lz, RER (IRESHhTIET
B R AR A~DO AR TE) TR K45%ThHh -7

(2) Rb JiF DI R 2 b Ot b St DAL Y AT L DBR%E

Rb 2T Db >N Trt 2 AT 2 ZEBRAORBEZED . 7, FE
795 nm DR H OIS F R Z AR T D72 DITHTE L /25 E 397.5 nm O L—H—K%
ERT D 7 W I R R ] SR 40 4k LiNDO; (PPLN-WG) #iidh &2 FH W 2585 2 w84
AT 7. FEEREEZ 180CICLENT H Z & THRAR 2 mW OLZEH 5. =h
% Type 11 JA IS HE/7#6 KTiOPO, (PPKTP) fiffIC AGT &, /8T X MU v 7 FHAEH#IZ
EXDHWICEAZ LI REE b o0 EEITo 7. BE, @K 120000 # 0+
DIAEZHERTE TS, 5%IL, WLt ORIRFRAE DR L OMELE b v a4
ik UHeERR 9 5 EER 21T 9 .

B) A=A« TA v adAf  EBRERON ST v

- ONEABE (VX —HAL) 2R KBRIAT 72012, FTEMZ2 850
WZHHERTREZ2 Y b7 v T ORI E T o 1o, BE THRIEMEOS W N7 v 72 FEBRT 5H7-
DIZ, 2 KOV —HP—2REIEHREMEHRA L. ERELTHE 1064 nm O
YVO, L—HF—Z W, £100 ms OFEICHKI LTz, 4%, K ERBOMELZBREL,
IRENXIRSCERR N T A — X Dl 247> T <.

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.

2009 £E LI D R
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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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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,
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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

0.10 mg/one day after injection 0.15 mg/one day after injection 0.10 mg/three days after injection
24 hou . [24 hours | [72 hours]|
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2909 Wang et al.
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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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— X — O BB EITE TR A AR L o ILFEFECTH 5,

1. 74 b=y Z§Esh™H CdSe/ZnS &+ Ny FOBE—FFJR, >V o URGHERE KR, 0
HEJRR R BE EEH f ON THz Hr E— e tHes 7 + b= > 7 fb

1.1 W9 EHY:

ARFFEITE IR, > U 2> (Si) AT
B HER % 1| BBl r—Ufbs
7o, MUICHEE R W EIREME L B iR R & R
BT 5512, RO2HEZTEZHRTDH, 1 DDDFHET
IXEREERE- LR TH D, ZONREIT Si &
W EIZHCE L7z CdSe/ZnS M-EKE - Ky hvH oD
BB EOEE ~630 nm)Z v, I EE L
7L T Z 2 (TiO) 7 4 h=v ZHEIc L v 3%
HilE S 5 F T, B mEIE, BEO LA 1o
Pl b 2 FTRE & 4 A [Fig. 1], 2 D DHFEAIETT Y ‘ ol

2 HAR B ST GIIEE EE (400nm 18, 300nm F) g, 1 CdSe/znS BT F v k& RK T mER
ICE VRSN DN EFHREIK TH D[Fig. 2], (). TiO, 74 k= v 7 fififh &S FHEE(T),
INLEFOMBADHIINETFHSHEFORAGE TPy MVhSTIL0RLR,

LR BIENY T, BT O e B F B

Pz AEERY — T D, F AR K Inject Guida Modulate

BRI (Y THz H5H— % PRI D 7 o T - HE I' V7
-y &8O

T 27+ b=y 7 fE&IE, mREERE—
TiO, (Rutile) photonic crystal

Phonon
AN 7~25meV

2.75¢eV Emission
<0 vy _~250eV

KR ERBROMTH L%, Z ZIZICHET 5,
CdSe quantum dot
1.2 FR21FEE R |
« SOIEEM ETTiZ AW T E6mA 7+ h=v
7 fdh N H —  OVERRIC B LTz, @b & ,
HCdSe/ZnS #®1 Ny M &&AT L%, BRTHEE —
630nmITHED 7 + I XU AEZREL, 74 b

= Fig. 2: BH—3t TR & Si EiEEOBKK (k).
N A - NNl T -
= 7 flidh O B & Rl L7 YERE L7= Si (400 nm width and 100 nm

-BFREEZ AV 150nmER BN TERM (/77 highy (F)
/AY—)FREML, 400miFD 7L = A&

727 A NS KON 2 — U B SER ST, T OGN T3 th REFE R4 ER IC{R
SRHEIERT HDEMELTD,

1.3 SRR 224F B3|
- Si PHIE R R OVERYTREOMENL T 5, 20 dB/cm OFBIEBRE HAE L 5% Si A0 K 4 1E
B LM%, XIRE DD~ 7V v IV % 80nm R D Si HOHIE I I D/ERICE T3 5.
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- T b= 7RO S A SERR S, 630nm TED T AN RE ¥ v & CdSe/ZnS
B Ry M BORNZHOVEBRIIT 5, Si SRS B ~DO/MAA R Z BEHd 5,

2. o u— 2 —OEMmREE

2.1 WFEHEY

AAEIE, RABELED S —F —Z2E ML LEBRANEHTL2HLEBENET S, o Fu—
K —1% 2nm BREDOIBE L 20 RICHLI P X250 0 22 10nm~50um
DT Fx v TEMAE B AT FEBRAYZ T M 2 B E T S [Fig. 31, ZAUZ XV T K DR
PR RO T OIAMVEDRTET DY — N B 1G5 721 T, T 7 A XE S ER
AR A =R FE, LFHOISHREHIRFTE %,

2.2 FR21FEE AR

© T AFM T 50um DF 7 ¥ v v 7 Au BT A FEUE
DVERR, W sk 12 U 72 E % 58 T [Fig. 31,

- 100MHz HHAIE R OGS,

2.3 FRk224E HE AT -
© 100nm DF /Xy v TEMEABOIERE DT B —F =D gy 3. 70— 2 —BHEE L STM Fife

RC #7E (F2). Wk 5y + % T 127 A bt
- AL oRE O R SEE R E h)o H 7 AHHME LD Aulitfr (B)

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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BAAt
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1. BFEE /) - BFSEEE

ML ARKDAITE ] OT=DITIE, [ELABREIOBREESCIR T IC L5 RERITb 5, B8]
BB LS B R VX — LR 2 FORFOMRNMLERAR TH D, [HIRERLERE
TEHL(SOFC: Solid Oxide Fuel Cells)i% 27 V — o= L X —BHNR &2 FFoo r L F—4
HFEFE L CTHER SR TWD A, TEBHEREEA 800°CLL L & & < M Bt OEIUE S e v, £
LEM - AFHEMEICHEN D D Z ENFRE L /o TV D, FENEEZ 600°CREE IR CTE
X, REBNRZHER L oMt O 2 X M RF NN B FREE IR DA Z DI
TR EL R 2 R T D BRI . B, A X —ax s X —MBHIH T MBS LB
ThbH, AT N LB EZZER L 600°CLL T TIEEN ¢ 2 EHEM OB 2 BBy & 4
%o FlfpBkomEEREZRITICZ D, FE (A2 v 7)) LItz % &Moo BR
HEHLHEMET S,

INETIHMERER SN T o Bl & LTI, ARTFESBRILYCIRERE O
REREG L2 b OB T D EHNEC R > TV Z ENEX bND, BEERISEILHE
ETHL0, WHIEGOEBUIFEFITHL <. R0 RRIRG R LB 2B O ERIZ T
M2, Fox ITBRELERM B O GR T EZ RE L, 7/ A7 — /L TOIRGVEITE L%
TRiEE B RRITIECERA ., 16CRWE L0 LEERNER MRt O BRIk Lz, BB 2 LITF
T,

2. BMIREA v Z—aRy F—#F. La,CaSr,CrO; D& X

PREFEEMITHIN TIX 0.9V BEOEE LB RWon, EXERHOEMMANE L 72D,
ZHUEA v E—ax s =T, @i ST ARHKR T CRETH ) BRARE D E
MERRD TV 5, kI La,Ca,CrO; BMEH STV, ZHUT=IR~EHE
R CURREIUNR 2 £ 5 AR A B 0 . B EMEICRIE 2 7% L C\ e, ARBFZETIE La
YA MC Ca Ot Sr & “HEH L7 Lay,,Ca,SryCrOs ORFRTAIZ £ 2 B RICHY), AWE D
EWIREZRLRNOMEERE 7 U —Th b Z L2 60T Le, AFZEEEITZ MBI X
DB DO —HITH V. REFEMFET O -k b B 26N,

3. BBE I a FEBER, BaCe,Y.0:; DA

600°CLL T~ CIEENT 5 SOFC HEREMRE L LT, 7'u M HEERPNFER I TS,
BaCe .Y O35 1ZZD—2>THDHMN, Y & Ce VA MIH-ICEESELZ EMNIEFITEHL L,
RSB R SORE AR S AT RS M e T T B L TR BT, EALLTE 200G 0¥
HTEXRUVIRRETH o7, AW TITHR L ENEIZEN D CeO, ZilfE{b/KFEKE A= 5
FETHEBAET 2 2 LICk, Zhad AV CEKIEIC LY BAFICHRAEHIE L7 BaCe,.
Y055 ZERT HZ EITP LTz, FRARREHIMKRIESG B L OBEMEIGZ AW TAERK L2
AL 0 B WEMEICEND Z A ST L, ABFZEIL BaCe, Y 055 (2T 5 2 E TD
AT D L L BT, AWED SOFC BEREME & L THEHFEETH 202G 0O
DONT, KIRKAF = TA NN TZHTZLD EESITTE S,

4. FZEXMBIEE,  LaFe, Ni,O; D& B

600°CLL FIZ SOFC {EEHEHE 2K T SE 2720121, BRGECA 4 v EE ) & < EIRE
G & O S EPMENZE LA ENN LT & 72 D, BUEIX La,Srt,MnO; AMEH ST
DD, AMEILFRNEEDR ST ALY THESE TH D St 2 atelzd, EHIZLEMEICE
BNV S T, LaFe Ni,Os ITZEGMCEMELE L THEE SN TE Y, x=0.6 LLFOFET
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I Ni RN 705 L BRRENEL 2D Z EDNME SN TWD N, 0.6 L ETIIAH
FBAELBRBERTFTEZH EHEIN TV, RIFFETIE Ni OBLAE 2 N3 AE DI
K& T, Ni OZWHAL TIXEMAREB S RIITRESRAVETH L LN FEHE LD &
BT, SHICAMIEEZKEAT D E DT A U IBOEEME T, B UWIEEEE 23 %58 72 [E 41
FOE TITHEAREIA N EE L) & PR ENTZ720IC, B TOARIEZRATZ, TORE,
WRRE 2 AW RIE A RRIZ X 0 2R EVE L2 LaFe, ,Ni,O; DA RIZEE) L7z, F£7= Ni flk %
%< T 5 L BRUSERNME LT 508, ALFHICLETHHIRENMETTHZ L. LLARR
DZEEMBIEFE L CIE x=0.8 FEE E T Ni flkZm E LB ERRECH D 2 E 2L
M LT, ARERITH T2 72 KM B O L 72> TE Y . SOFC OEEhEEKEILIC K E
<EBTAbDEEZOND,

5. 5% DFE

VL ED X S ICAKREEITF ) A — VIR WA FEOERMIC LY .. #Hi7-72 SOFC #
BEOE AT LTz, REENSIT IO OB EfEfE L L THEEEIZ/ME SOFC 236 B,
KEFEZ BHEE T TETH 5,

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.
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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
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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 RRE

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]
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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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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).



AARFNMIET m =2 b P2V FERE TR (BoF - B OMREE, =X —3E)  3/4

2009 47 LARE 0D

i

1. “Full Photonic Band Gap of TiO, Photonic Crystals Filled with Electrolyte for Prospective Dye-Sensitized
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in presss.
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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,
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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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