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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 CO2 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. 

Items Status quo Original technologies Target 

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

writing speed 0.25 Gbits s–1 photoinduced 

magnetization 

25000 Gbits s–1 

recording density 0.2 Tbits inch–2 nanomagnetic material 

through self-assembly 

2 Tbits inch–2 

writing density 0.6 µm2/bit near-field thermally 

assisted recording  

0.003 µm2/bit 

single photon source emission 

efficiency310% 

quantum dots 30% 

low-noise single 

photon detector 

q. efficiency 1% 

dark count~10–8 

superconducting thin wire  50%, 10–8 

photon number 

resolving detector  

resolution 0.2 ev 

repetition 100 

kHz 

superconducting transition 

edge sensor  

0.2 ev, 1 MHz 

quantum memory 1 ms4low temp. Bose condensates 10 ms 

quantum bit device q. efficiency ~1% 

temp. <0.3 K 

THz plasmonic quantum bit >5%4rt to 1.8 K 

2. Energy: Harnessing solar energy with nanostructures 

water photolysis 

with supramolecules  

not exist self-assembly of sensitizer 

and redox catalysts  

to realize 

light assisted 

hydrogen storage  

a new concept light triggered desorption 

that we have found 

q. yield >0.1 

>6 wt% 

high strength fuel 

cell  

strength 60 MPa 

temp 900 5 

a new preparation process 

from micro/nano particles 

2–5 fold , 600 °C 

DSSC with 

inexpensive dyes  

energy efficiency 

3% 

light confinement effect of 

nano structure  

5% 

bioreaction of photo-

synthetic organisms  

rate 34 nmol/h/mg genetically engineered 

photosynthetic organisms  

an order of magnitude 

increase 

3. Medicine: Nanobio technologies for medical applications 

probe compounds 

for cancer 

under 

investigation 

cancer specific compounds 

identified 

to realize 

luminescent 

compounds  

safety, sensitivity  safe, long wavelength 

luminescent compounds  

detection of cancer marker 

with compounds 

ex vivo diagnosis low diagnosis rate  highly sensitive and 

specific diagnosis  

diagnosis rate >80%  

small error <10%  

in vivo image 

diagnosis 

early detection of 

cancer is difficult 

improvement and low-cost 

detection system 

candidate compounds for 

in vivo use  

treatment of cancer 

and other diseases 

affecting normal 

region 

cancer-specific drugs and 

new treatment  

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–1 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. 

 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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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. Gdx(Fe87.5Co12.5)100-x as a 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    A high-speed recording and 

huge capacity for storage are extremely precious to our 

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   To carry out a 

search for highly susceptible materials to the photo-induced 

magnetization, all-optical pump-probe system employing an 

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

the ultra-fast dynamic behavior was measurable and can 

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

1. Gdx(Fe87.5Co12.5)100-x as a rare-earth transition metal alloy 

film was fabricated. Optical Parametoric Amplifier (OPA), 

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    Substrates with nano-structured surface were 

fabricated to improve a high density recording prospects in active collaboration with 

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    We analyzed the thermal inter-diffusion of patterned 

recording media with thermally assisted recording as shown in Fig. 2, which was presented in 

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). 
 

 

 
Fig. 1 Compositional depend- 

ence of damping parameter 

and precession frequency f. 

 

 

 

 

 

 

 

 

Fig. 2 An example of thermally 

analysis heated by a near field 

optical light. 
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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 µL h–1 cm–1 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 LaFe1–xNixO3 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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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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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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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 µl/h7cm2 hydrogen gas form TiO:La(70 at%) film under 

visible light (Xe lamp, AM1.5, 100 mW/cm2) irradiation. 

Prof. Y. Takano:  Since the discovery of high Tc superconductivity in (LaO1-xFx)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 Tc 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 La1-xOFeP 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 Tc. Takano has succeeded to prepare almost single phase samples of (Sr1-xRxF)FeAs (R=La, Nd). The 

superconducting transition temperature Tc of (Sr0.6La0.4F)FeAs is 26.1 K. The value of the temperature derivative 

of the upper critical magnetic field (dHc2/dT) at Tc is -1.4 T/K and the estimated value of Hc2 at 0 K becomes 26 

T. Takano has firstly succeeded to prepare superconducting (Sr1-xNdxF)FeAs. The superconducting transition 

temperature Tc of (Sr0.6La0.4F)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 SWNTs 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 1mm/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 / 

Cr2O3 multilayer.  Considering a magnetoelectric effect of Cr2O3, the ferromagnetic domain is controllable by 

a electric field applied to the Cr2O3.  Single crystal Cr2O3 thin film is required for the ferromagnetic domain 

controllability.  From the results of XRD, SPM, RHEED, Cr2O3 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 0.07º 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 TiO2 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 La1-x-yCaxSryCrO3 with mechanical high strength, uniform BaCe1-xYxO3-! 

and high electrical conducting LaFe1-xNixO3 have been discovered. 
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Prof. S. Mochizuki : The photoluminescence properties of different pristine CeO2 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 O2 on the 

specimen surface, while that observed in O2 gas is explained as a photo-induced dissociative adsorption of O2 on 

the specimen surface. The photoreduction is accompanied both by a valence number change of cerium ions 

(Ce4+
!Ce3+) and by oxygen defect formation. Such reversible photo-induced phenomena of CeO2 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)CeO2(1-

x)ZrO2. 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 ZrO2 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 Jülich GmbH, D-52425 Jülich, 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

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 GdxFe100�x�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 TC (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-

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

c⇥ 2009 American Physical Society
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金曜日年)4 月 1 7 日

我
が
国
のよ
う
に成熟
し

た
社
会
では
､
安
全
･安
心

(  平成2 1
に
対
す
る
細
心
が
非
即
に
筒

く､
安
全
珊
保
のた
め
の対

額
が
数
多
く
な
さ
れ
て
い

る
｡
し
か
し爽
際
に
は
'
人

命を
行
か
す
印
故
や
蓬
が

9年 

桁発しており､拡大な人 

的
損
失
を
も
た
ら
し
て
い

る
o
こ
の間
超
に
対
処
す
る

た
め
には
､安
全
に欄
す
る

専
門
職
の存
在
が
不可
欠
で

2 00o g yY e l=h n o l
あ
る
｡
安
全
の噂
門脇
に
は

工
学
的
知
識
を
ベ
ー
スと
し

つ
つ､
国
内
外
の安
全
規
格

･法規
に餌
す
る
体系
的
な

知
悦
と央
坊
偶
力
お
よ
び
安

O o

全技
術
の統
合
的
マネ
ジ
メ

れ
る 
修
了
者は
前
座
か
つ

O

ク
トを
始
め
た 
学
内を
対
象
に
公
野して採
択
し
た
指
定
研
究 -

国
際
化
､少
子
化
な
ど
に
よ
る大盤面

も
必
要
と
判
断 
イ
ンパ
ク
トあ
る大
学
発
イ
ノ
ベ
ー
シ
ョンを
目
指
す
｡

日
大
が
始
めた
｢N.釈

究
プ
ロジ
ェク
ト
｣
の統

ss 良e  sin  B u  

Q

聞節莱工 
来
の創
造
｣ 
村
数
学
部
に

‖一千 

一

ス
ロー
ガンは
｢縦
や
か
未

よ
る
連
携
を
条
件
に幅
広
く

研
究
計
画
を
訂
り 
'
学
際

性
､尭
見
性
､
社
会
貢
献
､

早
稲
田
大
学
は
近
年
､
袈

医
科
大
学
と
の共
同
研
究
繁 
界女
子

u施
設

｢T
W
I 
n
S｣
の開
設
や
北
京
大

学
などと共同大学
院
の榊
想 '
研 

†一TlII)⊥ノ.)まヒE廿tJ一生blL]くF 
'⊃丁ゝ

フ ラ ッ シ ュ- コ
はか '
山
西弁
明
イ
ズ
ミ
社
損
ら
企韻
ト
ップ o
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な
し
｣
の
合留
柴
を
胸
に
し

た
節 -

5
人
が
社

期
修
了
生 1

会
へ羽
ば
た
い
て
い
る
｡彼

ら
の大
いな
る
括
弧
が
期
待

さ
れ
て
いる
｡

q
::I,鍋 

巨
我
封 1 
オ
六
ヨ
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,-載
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地域密着型人間力育成
経産省の事業に採択 

新潟工科大が県内初 

【新
約
】新船
工科
大
学

｢地
域
砥
耶
型
人 Ⅷ
力守

は
､
シ
ス
テ
ム安
全
噂
門
職

専
門
職
大
学
院
の今 

を
荘
成す
る
た
め
に '
大学

院
技
術
様
態
研
究
科
叩
門
職

掌
位
課
程 
(辞
門
脈
大
学

院
)
シ
ス
テ
ム安
全な
攻
を 

0

L
LJ｡本

6年
4
月
に
開戦 

T=?攻
は 2
年以
上
の粟
粒
樫 

験
を布
す
る社
会
人
に門
戸

を捌
いた
も
の
であ
る 0

本
呼
攻
では社
会
人
を
対

敏
と
し
て､
シ
ス
テ
ム安
全

に関
す
る
体
系
的
な
卸
轍
と

炎
務能
力を
育
成
す
る
た
め

法
規
を
理
解
さ
せ
､爽
柵罷

力を
身
に
付
けさ
せ
る
こ
と

を
目指
し
､
カ
リ
キ
ュラ
ム

を
焔
成
し
て
い
る
｡
そ
し

て
'学
生
が
社
会
人
であ
る

こ
と
から
伽
脇
は
主
に
土
･

日僻
目
に閑
雅
し
､拡哲

間
脳
に
取
り
組
む
こ
と
が
で

き
る
｡捜

邦
を
担
当
す
る
教
山

は
､呼
任
数
瓜
〓
人
と
瀧
担

･非
絹
物
教 
9
人
の鮒 3
修
了
後
班
ち
に 

秘
で活

q
1

人
であ
る
｡ -学
年
当
た
り

m 
t

持
つ啓
門
職
と
し
て '安
全

隠
旺 '
安
全 et1理
､安
全
規

格
の開
発
､製
品
の
安
全
設

計
な
ど
の各
分
野
に
お
い
て

ント
の
スキ
ル
を
和
す
る
こ

と
が
要
求さ
れ
る
｡

こ
の
よ
う
な
人
材
の
茄

成
ハ
つま
り
シ
ス
テ
ム
安
全

堵
門

脇
の並
成
に
は
､
工学

的
知
刑
と輿
紡
織
駿を
も
つ 

社
会
人
に
対
し
て '安
全
別

格ント
の知
悦
と
央
務
碓
力を

教授
す
る
必堺
が
あ
る
｡
そ
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躍
する
こ
と
が
でき
る｡ 08 

取
合
を
稚
拙
す
る
｡

主
な
取
り
組
みは
地
元
企
材
円
城
を
目
指
す
と
と
も

に
､
就
慨
所肋
に
関す
る拡

大
の m
墓
跡
を
蛸
的
し
て

(想 定される具体的菓汚)

や 
の
学
生
定
見 15
人 

体
系
化 

(2
学
年 

の自己認J正.羊蹄
の向己認証三采耕

l明

才コ

f【
つ幣榊.コンる

JTt

L1

るけお けるおに似合 LIt
汁収の体制対す一書鞍に経

iII,

排にった
T埋r没ー,,

-T 横; などの名相

放 由は讐駕 篭窃萎 ー 班二
詞の'  

.卜† サ

五r伺からの検町 

ルテ

蛸
鵡

絹浜
耶誤

プ

､
北
出
凶
作

I

_
l効
喝
緯
門
を
目指
す
｡

銅
網
銅絹 錯 
が 

シ
ス
テ
ム
安
全 

品払I  
く別j取 

J占博i1正3忍 
⊂)各個i 一内J安全規格もこ つ･  取絹O 軸外密会規格に胡つく輪比 f

8 窃盗宝諾 意冨至巴撃転意這孟野nuの.は祉m 扮
安全触枯 ⊂メーカー】

銅
開

摘 

の関
空
に
は 
f l

_(立
広
曲
大

地 域 課 題 を 共 同 研 究
県立広 島大 が胡;塊

I
【広
向
】 

海
外
研
修

で
実
務
に

プロジェクト研究は主に

勤務先で行えるようにし 

て
いる
｡
ま
た
'琴
イン

タ
ー
ン
シ
ップ
の別
段を
駁

け
て
お
り
'現地
に
2
週
間

程
皮鞘
在
L
t
安
全
の共
粉

を
研
修
し
て
いる
｡
海外
で

美
樹
を
学
ぶ
こ
と
に
よ
り
､

き
る
o
あわせて3 

究
に
長
年
班
わ
ってお
り
､

そ
の半
数
以
上
が
輿
移
程
験

を
有
し
て
いる
｡

本
専
攻
の修
了
者
に
は
､

｢シ
ス
テ
ム
安
全
修
士 
(専

門
職 )｣
の
学
位
が
授
与
さ

システム安全専攻修了後の活躍分野 

0
人)
に対 き
する

磨

ロ
ス
パ 

学
は
､共
同

研
究
で耶決

を関
る
地
域

の伽
超
を
誹

姫
す
る C
大

学
が
対
応
可

鳩な
分
柵
社

会
にお
け
る

地
域
活
力 '=

池な
ど 6瓢

湖

所
'白
日廻
作
所
､
柏
崎 E 
r

教瓜数は非前に多く'丹 

念
な
教育
を
行
う
こ
と
が
で

･法
規
お
よ
び
マネ
ジ
メ

･曙馳 御亡安全検査認取壊L則1

ま
た '砂
任
教
瓜
は

が
協
力
｡
｢迎
肋
遊
良
の個

㌍

醐
絹
誓

､
柏 

こ
の
人間
力
市
盛
業
に 

よ
り
学
生
は '探
硬
や
刑迦

術
移
晦
を
目指
す
｡

広
払
大
の海
外
搬
鴨は 0

年
此
文
部
科
学
省
の
｢壁

官
迎
朗
機
略
願
鵬
プ
ログ
ラ

ム
｣
に採
択
さ
れ
て
いる
｡

こ
れ
ま
で
に
､
英
闇
の
リ
ー

ズ
メ
ト
ロポ
リ
タ
ン大
学
､

イ
ンド
ネ
シ
ア
のバ
ンド
ン

工
科
大
学
な
ど
と
協
定
を
結

ん
で
いる
｡
教
育
支
横
と
迎

赦
し
た
技
術
移
転
な
ど
に
取

り
組
ん
で
お
り '
米岡
の大

学
と
も
迎
朗
を
検
討
し
てい

る
｡

憐
情
軌
を
行
う
学
生
の
惜
報

交
換
の場
と
し
て清掃
す
る

IHTTT 機I)n. 日3  Bt  

規別品のU 先月
○f 品て放などがあ

安全ー蚊3十 ○ロボット､ 臣王府t魚と､ †〃碓r  

Jつ安全m P71紡.
⊂( 体仰 

食.jの
酔生仁晋理 亡メーカー】おける茨 コンサルティング 

i

シ
ステ
ム
安
全
の
教
習
と
研

E

安全も望ー旺【メーカー1  

望韮 芸諾

○社内に.

インm  

の成完の90年
皮

人
蛮

｣が '
桂
折藤
娘省

○ 

｢休系
的
な
社
会

技シ
術ス
経
営安
研
究

テ
ム

科授

力符
成
･評
価
シ
ス

全
系

対し

教

に

門

て､爪内
の企
菜
､
自治
体

な
ど
が
触
発
､ 10
年
3
月
ま

で共
同
研
究
す
る
｡

脇

敏

てき
た
｡学
部
間
避
難
が
対

た
だ '
こ
れ
ま
で
は各
学
部

の自
主
性
を
優
先
し
､
｢分

柵
型
･分
散
型
総
合
大
学
｣

の独
白
シ
ス
テ
ムを
榊
辞
し

ど
が
対
故｡

共
同
開
他
の
チ
ュ大
と

攻
の研
死
文
堺
も
行
って
い

たが '自
主肘
掛
によ
る
助

成
紙
は -
件
で救
大 1
3
0 

0
万
円
に留
ま
って
いた
｡

は
'
研
究
シ
ーズ '
知
的
財

産
の
相
互
斡
旋 
(成
功
和

酬
)な
ど
の党
む
を
交
わ
し

て
い
る
｡
相
互
に
協
力
し

て
'共
同
研究
な
ど
の産
学

官
迎
鷲

011年
4
月
に
研
究
を
始

日
大
は 
14
学
部 
'
83
学

科
､
大
学
院 20
研
究
科 '
32

の研
究
所
を
抱
え
る
国
内
最

大
規
模
の私
立
総
合
大
学
｡

で
先
端
技
術
セ
ミ

広島大
革
新
材
料
な
ど
を
縮
介

i学
､大
阪
府
文
大
学
な
ど
簡

抗
iEi セ

ミ
ナ
ー
は
バ
ン
コク
の

チ
ュ大
を
会
場
に
開
く
｡

｢荘
新
材
料
｣
｢代
替
エネ

ル
ギ
ー
と
グ
リ
ー
ン
エ
コ｣

を
テー
マに
招
先
鵬
技
術
を

紹
介
す
る
.
広
軸
大
か
ら
は

剤
を
含
有
す
る
洗
浄

剤
､
竹
炭を
用
い
る盛
上
緑

化
､
水
素
吸
沿射料
例
発
な

ど
5
テ
ー
マを
紹
介
す
る
予

定
｡
聴
制
は
呆
企罪
や
現

地
の財
閥
グ
ル
ープ
企詔
な

研究費
自主財源 

丁
裸
鮎
は
生
清
と群
塊
を
快

適
にす
る
技
術
脱
党 '地
域

イ
ノ
ベ
ー
シ
ョン
･シ
ス
テ

ム
の研
究
な
ど
｡地
域
か
ら

の挺
集
を
大学
内
に公
聖 

5
月
に
数
個
瓜
か
ら投
薬
解

決
の
研
究
針
蘭
を
亦
雄
す

る
｡3茸

､
輿
施
可
碓
性
な

e
ど
外
部
材
的
著
､学
内
牽
兄

で
最
大 
い
った
極
微
な
加
工技
術
な

どを
情
報
､
エネ
ル
ギ
ー
､

医
照
の 3
分
野
に活
用
｡耕

仙間
湖
の解
決
に
彼
立
てる
こ 

日
本
大
学
は
学
部
間
連
携
に
よ
る
大
規
秩
な
学
術
研
究
戦
略
プ
ロジ
ェ

件
に

研
究班
と
し
て年 1
倍
2
0
0
0
万
円を支
給す
る
｡
期
間は 
4
月
か
ら

最
長 5年
で '自
主
財
軒
で
肺
う
研
究
支
礎
と
し
ては
同
大
学
で投
大
｡

汰
の時
代
を
勝
ち
抜
く
には '総
合

大
学
と
し
て
の総
力を
挙
げ
た
学
術
研
究
を
進
め
て存
在
感
を
示
す
こ
と

I

と
を
目
的
と
し
て
いる
｡
理

工
学
部
の大
月
穣
准
教
授
を

代
表
者
に文
理
学部 '医
学

部
な
ど 5学部
､ -
大学
院

研
究
科 '
1
研究
所
に
所属

す
るメ
ンバ
ー
で榊
成
す
る

チ
ー
ム
で担
当
す
る
｡

次回
は実
施
状
況を
基
に

再検
討
し
なが
ら 
09年
度
中

に
公募 L
t翌年
度内
に
指
邦
の活繁

定
研究 -
件を
採
択
し
､ 2

W 

考
え
は
あ
り
ま
す
か
｡

｢E3収
は争
えて
いな
い｡
新
し 

い
こ
と
を
や
る
こ
と
に
澄
頂
が
あ 

る
｡医
工迎秋
では
峨
頗
保
持
も
キ 

ー
ワー
ドだ
｡医
師は
理
工系
の技

早
稲
田
から
医
師
が
出
る
と
い

術
を使
うだ
けだ
った
が
､
共
同
で

や
れ
ば
広
い視野
で鍵
俳
と
匿
横
に

ユ
ニバ
ー
シ
テ
ィ
ー
と
し
て
の
〝 

術
の極
限追
求
｣を
鮮
血
と

し
た -
件
を
昨
年 10
月
に指

定
研
究
と
し
て採
択
し
た
｡

迎
ば
れ
た
研
究
は
､
科

学
'工学 '医学
へ燕
学
関

迎
の研
究
者が
協
力
し
､ナ

ノ
サ
イズ
の穴
を
開
け
る
と

人
材育
成
の硯
点
か
ら墓

し
た
｡
申
開
時
の研
究班
の

動予定｡
そ
の後
も
取
り
巻

く
群
境
な
ど
を
検
粧
し
て
迎

営
方
法
を
検
討
す
る
｡

タ
イ 

【広
島
】広
払
大
学
は 5

月
6日
､
タ
イ
･バ
ン
コク

のチ
ュラ
ロ
ン
コン大
学
と

共
同
で
､新
技
術
鋭
明
セ
ミ

ナ
ー
を
陶
側
す
る
｡
知
的
財

産
な
ど
に
つい
て相
互
交
流

協
定
を
結
ん
だ
のを
磯
に開

く
も
の
で､
広
島
大
の海
外

セ
ミ
ナ
ー
開
催
は
初
め
て｡

今
後
も
海
外
で
の産
学
官
連

動を
推
進
す
る
｡

が
番
頭
予
卯
の範
囲
内
で

相
互
の特
許
の血轟
への技

採
択
の可
否を
決
め
る｡

階ー
い合
わ
せ
は本
部経
営

企画
室 

桃
山
学
院
大
な
ど 
6校

地
域
人
材
育
成

【帝
大
阪
】
桃
山
学
院
大

(08
2
･2
51

･5
1
7
8
)
へ｡

で
連
携

イ
ノ
ベ
ー
テ
ィプ
企
業
家
講
座

◆

2

1回に
､11月まで

0日
を
郡

上
限
は
年
間
倍
大 2
倍
円
､

最
長 5年
で鹿
学迎
桝
も
対

象
｡
今
回 '
申
即
のあ
った 

16件
の中
か
ら
｢ナ
ノ物
質

を
湛盤
と
する
光

開
始
す
る
｡

辿
供
拠
点と
な
る
キ
ャリ

ア教市
セ
ンタ
ー
｢C
-
辛

ャンパ
ス｣を 30
日
に
大
阪

市
浪
速
区
に欄
韻
す
る
｡就

広
島大学 

(8
㌧
9
月
除
く )
月
1回のA昇 
6回
公
闇

大
阪
地
域
の 6
大
学
は
､地

域
で
の優
秀な人材
の蕎
成

と
野
出を
目
指
し
､
迎
粥
を

盛

座
｢イ
ノベ
ー
テ
ィプ
名
家
｣を
開く
｡毎
回 

18
時
か
ら
恥
広
伯
市
の解
広
皿
キ
ャンパ
スで開

き
､芯
キ
ャンパ
スと
取
京
リ
エゾ
ンオ
フ
ィ
ス

に
テレ
ビ
中継
す
る
｡
印
師は
域
卯
利正
学長
の

極
的
に
展
開

す
る
方
針
｡

･正
子技

E]

進
め
よ
う
と
し
て
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し
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大
学
世
界
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し
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持
続
的
に
発
展
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る
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と
を
目
的
と
し
て
｢主
幹

教
授
｣
制
度
を
制
定
した
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グ
ロー
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The First Symposium of Nanotechnology Excellence, Nihon University 2009 

—Nanomaterial-based Photonic, Quantum and Bio Technologies— 

18 September 2009 

 Research Center Hall, Nihon University School of Medicine, Itabashi, Tokyo 

 

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)  
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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  

Ultra Fast Information Recording and Ultra Fast Photo Magnetic Switching 

Katsuji Nakagawa  Information Technology Group 

Thermally Assisted Recording with Optical Near Field Antenna 

Nobuyuki Nishimiya  Energy Technology Group 

Unknown Characteristics of Hydrogen Occluding Alloys and Composite Materials Based 

upon Them 

Hideomi Hashiba  Nanomaterials and Nanodevices Group; Information Technology Group 

Directed Single Photon Emission from CdSe Quantum Dots by TiO2 Photonic Crystals 

and Si Waveguides 

Takuya Hashimoto   Nanomaterials and Nanodevices Group; Energy Technology Group 

Development and Application of New Materials for Solid Oxide Fuel Cells Employing 

Nano-scale Mixing Method 

Sachiko Matsushita  Supramolecules and Self-Assembly Group; Energy Technology Group 

Self-assembly and Self-organization from the viewpoint of Device-fabrication Methods  

Yoshiaki Matsumoto, Takahiko Aoyama  Medical Technology Group 

Optimization and Validation of High-Performance Liquid Chromatographic Assay with 

UV Detection for Determination of Pyrrole-Imidazole Polyamides and Tumor-localizing 

Photosensitizing Compounds in Plasma  

Shosuke Mochizuki  Nanomaterials and Nanodevices Group 

UV-Light-Induced Phenomena of the Metal-Oxide and Metal Hydride Nanoparticles and 

their Applications to Device Materials 
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Control and application of self-organized magnetized plasmoid 

 

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

  MCPG has been applied for new alloy film deposition technique using a magnetized coaxial plasma 

gun (MCPG). This method enables application of high-melting-point metals (e.g., Ti, Zr …) which 

had been a limited method of ion beam assisted vacuum deposition etc. The optimized design of 

MCPG for film deposition has been developed and initial experiments have been performed in this 

fiscal year. Commercialization of the developed technique has also been analyzed with Plasmionique 

Inc., Canada. 

 

2. Repetitive operation and merging of Spheromak for VUV light source 

 An ionized plasmoid generated by MCPG tends to be relaxed into a force-free equilibrium called 
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“spheromak” in a conductive metallic chamber which roles as a flux conserver. Counter injection of 

spheromaks into the flux conserver is followed by a magnetic reconnection event which heats the 

plasma itself by the dissipation of magnetic energy into plasma energy. This realizes compact high-

temperature plasma source which can be applied as a short wavelength light source with the intense 

line spectrum ionized metallic elements from inner electrode of MCPG. This new technique for light 

source has been tested by vacuum UV spectroscopy and the feasibility as a VUV light source has been 

confirmed. (Patent Pending) 

 

3. Electrodeless plasma source using rotating magnetic field 

 Steadily operated plasma source using rotating magnetic field (RMF) technique has been studied 

aiming to the applications for a light source and a reaction chamber. High efficiency technology by the 

application of magnetic circuit has been developed and its patent application has been prepared. 

(Collaboration with Dr. M. Inomoto, University of Tokyo)  

Steadily generated magnetized plasmoid by rotating magnetic field. 
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Synthesis of Poly (L-lactide) Exhibiting the Piezoelectricity 

Hiroki IKAKE 

Supramolecular and Self-Assembly 
 

   It is well known that poly(L-lactide) (PLLA) fibers exhibit the piezoelectricity, in which their 

piezoelectric constant increases with increasing degree of crystallinity and uniformity of the 

orientation of the crystallites. In this study, the PLLA has been produced by condensation 

polymerization of L-lactide. We investigated the crystallization behavior and morphology of PLLA, 

using X-ray diffraction and differential scanning calorimetry. We successfully synthesized PLLA 

homopolymer using condensation polymerization. 
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Elctronic Structure of Strongly Correlated Heterostructures 

 

1. Purpose 

  Recent progress in thin-film technology has enabled the synthesis of nanostructures. In particular, 

heterostructures made by stacking ultrathin films of perovskite-type transition-metal compounds are 

targets of intense study as a promising candidate for future electronic devices. The purpose of this 

research project is to investigate theoretically the electronic structure of strongly correlated 

heterostructures. Single-electron approximation such as density-functional theory cannot describe 

many-body phenomena like Mott metal-insulator transition. We adopt the dynamical mean-field 

theory (DMFT) to treat correlation effects due to Coulomb interactions among localized d electrons. 

 

2. Research Results of 2009 

  Previous DMFT studies of layered systems employed the single-site approximation, where the off-

diagonal components of the correlation-induced electron self-energy between neighboring layers were 

assumed to vanish. In order to explore the effects of interlayer electron correlations, we have applied 

the cellular DMFT to layered systems. In doing so, we adopted a one-dimensional atomic chain, which 

is oriented in the surface normal direction and includes one atomic site from all the layers, as a unit of 

cluster for solving the many-body impurity problem. As example, we studied tunnel junctions where N 

layers of strongly correlated materials are sandwiched between semi-infinite free-electron-like 

metallic leads. It has been found that electronic properties such as single-electron excitation spectra in 

the correlated layers and the ballistic conductance through the junction change qualitatively when the 

interlayer correlation effects are taken into consideration. 
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Fig. 1 Fabrication of SiO2 thin films 
having self-assembled nano-pores. 
 

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

 

 
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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Fig. 5 SEM image of FePt grains on 

(a) silica particle layer 

(b) planar thermally oxidized Si 

(001) substrate 
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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 SiO2 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 SiO2 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 

SiO2/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 

SiO2/Si substrate, respectively. It is clear that SASP is effective to reduce the average diameter Da, 

the standard deviation (StD) of Da and increase Np. Da, StD and Np of FePt particles prepared on SASP 

were 14.8 nm, 4.02 nm and 0.74 T particles/inch2 respectively. FePt grains prepared onto flat SiO2/Si 

substrate have Da = 29.6 nm, StD = 6.9 nm and Np = 0.16 T particles/inch2. 
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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.  

 

2. 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 C60 transistor, and 2-1) Growth of 

ferromagnetic metals / Cr2O3 multilayer and appearance of giant-magentoelectric (G-ME) effect at 

room temperature, 2-2) Fabrication of REFeO3/AFeO3 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 C60 transistor will be demonstrated in subject 1-2).  C60 nano-whisker can grow by simply 

evaporating solvent from C60 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 BiFeO3.  Since electrons in Fe4+ ions in AFeO3 is unstable, 

electron transfer occur between REFeO3/AFeO3 interface, and then antiferromagnetic ordering is 

expected to be re-ordering to ferromagnetic as a function of electron density in REFeO3 layer. 
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! [\]^_` Co/Mo abcJ=XdeFfghijk 400ºCl5 mnopDqJrsMt

CDEFuI`vw9DqJKLxly$z{.|(CVD)g`x SWNT .|JrsMt

Ar,H2}~z�`xÄÅabcJÇÉkÑÖÜ.|á0 1000 ºCàhâáklvw9DqJä

ãkx SWNT J.|åçlAr }~z�héáåçMtÇÉ-.è-éáRêëhíìîcï

DñD(FEL)JóòkMt 

! ô 1 ` Raman öõ@ú+,qJùûtô�eD+ü SWNT R†°¢£§R•†¶Dßh

®© Radial Breathing Mode (RBM)JùklSWNTsR™°`´¨û©tô�≠RÆØR@ú+

,q(a-1,-2)ü FEL óòÑklô�_RÆØR@ú+,q(b-1,-2)ü 800nm-FEL JóòkM∞

±h®©t≤≥ü 532nm ¥µ∂|l∂≥ü 785nm ¥µ∂|h∑∏kM Raman @ú+,qh

®©tô�`ùkM M2 üπ∫ª SWNTs `µºû©eD+lS2,S3 üΩäæª SWNTs `µ

ºû©eD+h®©tFEL JóòkÑLø¿(a-1,-2)lπ∫ªlΩäæª SWNTs Ö¡¬kx

.|kxLMÖl800nm-FEL óò(b-1,-2)`√ƒlΩäæª SWNTs R≈Ö.|kxL©∆«

Ö»…sMteD+ À(SWNTs R™°)«π∫ªlÃkÕülΩäæªÑîzŒœ…Ül–

ƒ—©C?Uq“”ü 15‘’h®sMÃRÖlFELóò`√sxl(14,0), (10,6), (9,7), (11,4), 

(10,5)R 5 ‘’`àh÷◊û©∆«ÖhÿMtFEL óò`√©C?UVWXYZRŸ⁄œJ

ù¤kM∞±«ÑsMt 

 

IA@! 89@‹Dq C60,UF)@wR›fiNO 

! πîflJ@‡dwkM SiO2/Si ]^Jl·Å`,qvFJKLM C60 ‚„·‰`lÂÊk
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1µm/s CD0EFGHIJKC60C.LMNOPQRSCTUVWXYZJK[\X]^_V

W(`ab)QcdXefgfhEij(kab)ZJlm(lm a)QnCTUVWQ[\Xef

gfhEij(kab)QcdX]^_VW(`ab)ZJlm(lm b)XopZJK 

! q$rstuXv 2 MwxKv 2(a-1,-2)MwxyzMQL{| 100 µm C}~ C60(NL-

C60)�=ÄÅÇ_ÉÑÖMÖGXÜáàâ.LZJKäãMå{ç C60 éè�êcdHMë

.LZâçJ�Qq$rstEíìMuXîïñî�EGóòôJKRaman @ö+,fyõ

C60�úùZâçïñîXûòüJKv 2(b)ò†QSiO2TUHE C60C°¢£�#§M•¶Z

Jñî�ßòôJKêcdHE®Qéèî}~C C60 �°¢ZJKv 2(b-2)ò†ßòïyz

MQNL-C60C©™�êcd´X¨≠ZâçJK 

RHCÆØò†`abTU®Q}~C C60 Æ∞X.LZ±x≤QkabTU®Qéè~C

C60 Æ∞X.LZ±xçñî�ßòôJK,f≥_î¥µbC∂çkabTUX∑™êcd

HE®Q∏≤Cπ∫.ªº�Ω∫ZJÆØQÆ∞�#G≤.LæøQ∏≤C C60 éè�.L

ZJî¿àâçïK,f≥_î¥µbC¡ç`abTUE®QπC∫.¬�¶ó≤Q©0π

�EGâZ√àƒQÜñX[≈îZâ#Gó NL-C60 X.L{æïKTUVWZJ[\M=

ÄÅÇ_Éxï∆«EQäãM»…M C60 Æ∞X.L{æïñî�EGJK À®ÃÕÉŒ

œÄ–—“X”oZ89@‘–f’X÷zK 
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yõQCr C@Ç_ÊÁMyôâÔEGïK√JQCr2O3 ®c‚ÿ‚„ØXwxJüQcÒ

Myï◊ÿbŸêÂCÿ‚ÚbÔ�ÛÙîóïKÜCJüM®QCr2O3 ıˆC˜TU@Ç

_ÊÁXÔxïñî�˜ë¯˘ó˙˚E¸õQCr2O3 ˝Æ∞.L�˛ˇE¸ïKCr êÂ!"

#$%&XoçâQDC-RF '($)&*+,-.%!/MâıˆX0œ1?e[\HM.ˆZJK 

! XRD 23QTU45QRHEED uò†@6Å'-6Œ@‹›XTUM∑ôJ˝Æ∞ Cr2O3ı

ˆ�Qr-,a-,c-UH0œ1?e[\HE≥Ç7g89f.LZâçïñî�ßòôJKZòZ

ó�†Q:è;<=�+4%î#GçJüQˆM®É>?_?ÒM@{ 10-20nm A0CB�Ω

∫Z∂CóDEb(FG 0.2~0.5MV/cm)®H†µâçóçK:è<=bX∂CMxïJüC⁄

¤‹›±cdîZâC>Åœ1–¤CIJQKLQ◊ÿbêÂîC⁄¤‹›Myïÿ‚Úb

ÔX÷zK!
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! Pf@>–Q–R⁄ (PLD)STXoçâ.ˆZJKUG® 10-6mbarQ(–V(Å+ÑWE

lmXXYxïK2 Zfi[\‚]C RHEED 8@6^X_Zâ`õQaGSEë RHEED uQ

`yLQRHEED b[�cdÛÙE¸ïKSrTiO3(STO)[\® Ag ö–@,Ee–7–f(Å

+Mghiõj«Q.ˆ‡Mk[ZJK RHEED uXlmó�†QcènYoÑÖX[\

SrTiO3 CÆ∞ÑÖ[100]ÑÖMZJK.ˆp®QRHEED b[Xqr7Ã_ÉZó�†Qsè

¤tîC.ˆX÷ôJK.ˆÀ 5ºC/minEu·{æó�†QvÈ 103mbar(1atm)pM‡·Mó

ï√EwTZJKxõ¢ZJÀQsè´yrst (SPM)QX n23(XRD)STMâz{ZJK  

! v 3 M CaFeO3(CFO)X 7initsQLaFeO3(LFO)X 7unitsÎÓM.ˆZQÜµX 142|õ}ZJM:è

((CFO)7(LFO)7)14 C(a).ˆi~�C RHEED uQKLQ(b)STO(103)ÄÅQ(c)STO(113)ÄÅCn:èN

ÅÇ_ÉXwxKRHEED u®@,Ã–+XwZ 2 ÇË-ÉbXwÑZâçïK(b)ò†Qıˆ

CUÖ:è´Ü�[\Cáî©àZUÖ@,>@Xâäó�†.LZâçïñî�ßòôJK

06Œ?,Ç–+ë45{µ∂CóM:è‹›�ã.{µJñî�ßòôJK!X 90ºtî2

å{æâcdZâëçéóÆØîóôJK©ÑQ(c)ò†®QUÖC:è´ÜîçäèTîQ

êëM 2 ™C@íÅ,�45{µJKñµ†®QLFOQKL CFO C twin ìîCÇ–+E¸

ïKCFO C twin ® 4 ¤.ˆÀò†.LZvÈïñXóz CaFeO2.5 �sîE¸ïñî®Q

CFO ˝¤ˆC.ˆÆØyõò5{µïK√JQ(002)Bragg Ç–+Côá§® 0.07ºîäãM

Æ∞bCyçˆ�ã.{µâçïñî�ßòôJKÒUc‚öXÚbQÿ’Úbcd® À
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J 1KSWNTs C Raman @L+,MINO
PC@L+,MQ FEL RSTUIVOPC
@L+,MQ 800nm-FELRSCWXIYZ
Q 532nm[\ZQ 785nm ]^\_`aH@
L+,MI 

J 2Kbcde@fghUijke C60 lm
no`=pgqrsUitCu$vwxyI
(a)jkQz{|[bcdQ}{|[(b)jkQ
}{|[bcdQz{|I 

J 3K((CFO)7(LFO)7)14~�ÄC(a).ÅÇÉt RHEED y[(b)STO(103)ÑÖCÜ�Äágqrs[
(c)STO(113)ÑÖCÜ�ÄágqrsI2 àâ-ä|eãåUi~�ÄçéèêëFíiìîeï
UñóHI~�ÄCòô�ÄöõQjkCúùîûüUòô@,†@e°¢ñóHIû£[òô
jk[110]£§`Q[CFO•ÅQ[(100)[(010)òeûü¶ßi twinè._UñóiICFOè 4®
©™._´Hîí`^ìH¨≠ÆØ`^∞´H CaFeO2.5C._î±≤≥ùHI 
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pqrH21! êˆ 1,000˜¯ 
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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 

produced from "photosynthesis"". 

 

3. Preparation of a compound for the detection of DNA based on self-assembly and FRET 

Utilization of pyrrole-imidazole polyamides incorporating chromophores effecting FRET 

(fluorescence resonance energy transfer) is being considered to improve the S/N ratio in sequence-

selective detection of DNA fragments. A pyrrole derivative, which will be tethered with a 

chromophore later on, was prepared to be introduced into an automated synthesizer established by 

Nagase and co-workers. 
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Fast and High Precision Computation for Nanoelectromagnetic Simulation 

 

1. Time Domain Analysis of Near Field Optics 

Conventionally, time domain analysis of near-field lights generated by nanoparticles has been 

performed by using the finite-difference time-domain (FDTD) method. We have applied the numerical 

inversion of the Laplace transform to analyze the time domain responses of specific plasmon modes in 

nanoparticles. In our method, plasmon modes are obtained in the complex frequency domain and they 

are numerically transformed into the time domain. The proposed method is error controllable and 

reliable simulation can be performed. 

Figure 1 shows the time domain response of a plasmon mode when the laser pulse is incident on a 

metallic sphere for the case of the Drude model. The computational result obtained by our method is in 

complete agreement with the exact solution. A surface plasmon mode is shown in Figure 2. 

 

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

We have studied potential capabilities of hardware acceleration for electromagnetic simulations 

using ultra high-speed parallel processors, such as a Cell Broadband Engine (Cell/B.E.) processor and 

a Graphics Processing Unit (GPU). The Cell/B.E. is one of the many-core CPUs. It consists of one 

power processing element and eight synergistic processing elements. This architecture is suitable for 

wide variety of programming models. GPUs are specialized processors to deal with 3D graphics 

rendering substituted for conventional CPUs. They have many computing cores which can run 
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simultaneously. 

Figure 3 shows the hardware acceleration of the method of moments (MoM) using the Cell/B.E. 

processor. The operation can be about 150 times faster than that using a conventional CPU. Figure 4 

shows the computational time of an electromagnetic simulation performed by the finite-difference 

time-domain (FDTD) method using a GPU. To distribute computational processes into many cores, 

the operation can be about 10 times faster than that using a CPU. 

 

3. Highly Accurate Simulation for Electromagnetic Problems 

When a target has a cavity or a bump, the electromagnetic phenomena become more complicated 

due to the multiple scattering and resonance inside the cavity. Hence, development of a highly reliable 

computational technique is important. We have developed a mode matching technique to perform 

highly accurate simulation for conducting polygons which consist of conducting edges. The 

computational error can be estimated and controlled under the desired digits of accuracy. We also 

propose novel methods to predict the computational error and to optimize the computational time. 
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 Figure 1: Time domain response of a plasmon 
mode. 

Figure 2: Surface plasmon mode for a 

nanosphere. 

Figure 4: Computational time of the FDTD method. Figure3: Speedup rate of the MoM. 
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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, 

図２. 乳腺発達過程において間質細胞は実質細胞に分化転換する 
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directly participate, in the development of the mammary glands. 
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Experimental Studies for Quantum Memory with Neutral Atoms 
 

1.  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. 
 

  (II)  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 
 

  (I) 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 µs 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. 
 

  (II) 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 

LiNbO3 (PPLN) waveguide. The SH light power of approximately 2 mW was obtained by highly 

stabilizing the crystal temperature to be 180 9. We also performed the generation of photon pair 

by using a spontaneous parametric down-conversion with pepiodically poled KTiOPO4 (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/ABCDE 

;F 

1. T. Sako, J. Paldus, G.H.F. Diercksen, “Energy-Level Structure of Low Dimensional Few Electron 

Quantum Dots”, in Advances in Quantum Chemistry, 58, 2009, 177–201. 

 

2. T. Sako, J. Paldus, G.H.F. Diercksen, “Origin of Hund’s multiplicity rule in quasi-two-

dimensional two-electron quantum dots”, Physical Review A , 2010, in press. 
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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 



!"#$ N.%&'()*+,  -. 21/012  3456789:;78<=>?@A  3/3 

non-sintered heavily La doped TiO2 target.  It was measured to yield about 10 µl/h;cm
2
 hydrogen 

gas form TiO:La(70 at%) film under visible light (Xe lamp, AM1.5, 100 mW/cm
2
) irradiation. 
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Mechanism of Superconductivity in Layered Iron-Arsenide Superconductors and Search of New 

Superconducting Compounds 
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1. Introduction 

  Since the discovery of high Tc superconductivity in (LaO1-xFx)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 La1-xOFeP 

2.3 Superconductivity in (Sr1-xRxF)FeAs (R=La, Nd) 

The new superconducting compound (Sr1-xLaxF)FeAs with x=0.4 is reported, and its superconducting 

transition temperature Tc 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 (Sr0.5Sm0.5F)FeAs is a superconductor with Tc of 56 K. However, superconducting 

properties of them have not been clarified now. Then, in this study, we have prepared (Sr1-xRxF)FeAs 

(R=La, Nd) and investigated their electric and magnetic properties. 

  Figure 1 shows the temperature dependence of the electrical resistivity (!-T curve) of (Sr1-

xLaxF)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 Tc and the transition width "Tc of (Sr0.6La0.4F)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 (dHc2/dT) at Tc, which is determined from the !-T curves under the various magnetic 

fields, is -1.4 T/K and the estimated value of Hc2 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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Physical Societyu. “Physics –spotlighting exceptional research-”© Viewpoints-ªº≥¥IJ 

 

 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 10-15s) 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 CA 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(Fe87.5Co12.5)100-x : x = 20.5 ~ 28.0 at. %) of the precession frequency f and effective Gilbert 

damping factor !eff, derived from measured results. Clearly f and !eff was affected by the composition 

ratio. The observed high-speed and strongly damped (Gilbert damping factor: A0.3) magnetization 

dynamics near CA is ideal for an ultrafast ringing-free precessional switching that can be triggered 

with short pulse laser irradiation. 
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Soc. Jpn. 2009, 33 (6-2), 517-520. 

617JKLJ~�J3"MNObF7JÄÅCijklFG 

3.! A. Itoh and A. Tsukamoto, “Hybrid magnetic recording media on FePt grains and self-assembled 

nano-structured layers”, J. Magn. Soc. Jpn. 2009, 33 (6-2), 507-512. 

617JKLJ3"CijklFG 

4.! J. Otsuki, K. Namiki, Y. Arai, M. Amano, H. Sawai, A. Tsukamoto, and T. Hagiwara, “Face-on 

and Columnar Porphyrin Assemblies at Solid/Liquid Interface on HOPG”, Chem. Lett., 2009, 

38(6), pp. 570-571. 

#n5ÇÉÑU`/89:<=>?7@MNOJ3"561/89:<=>?7@Cij

klFG 

5.! K. Yoshino, F. Chino, A. Tsukamoto and A. Itoh, “Coercivity of TbFeCo/FePt Grain Composite 

Films” , J. Magn. Soc. Jpn. 2009, 33, 212-215. 

617JKLJ3"CijklFG 

 

ÖÜ 

1.! 3"459á@, “WàR,(â+WCäãfåç;éècdCêëí”, Z`ÇìZ`î

ï, 2009/ 6nîïñ5áóòô 11öõúùûsMpü†°õ¢é£f§•¶õ¢ß®

pp. 127-140@ 

 

©™´¨ 

1.! 3"4, ÄL≠Æ, Ø∞±≤, ≥¥µ∂, KL∑∏, “π*Võú GdFeCo ∫ùCõ¢SR

àRªºú”, !"õΩ$æ ô 170 ø%&æw§fõΩCZ¿)`cdx¡¬√ƒW,

≈`);§∆«õú^»TW… C|ÀC4cdÃÕ¡, Œœ, 2010 / 1 n 29 !´¨–

—. 

2.! KL∑∏“3"4“”!‘, #’÷◊, ∞ÿŸ⁄, “<=¤‹¿›ZV]fiHC FePt”, !

"õΩ$æ ô 170ø%&æw§fõΩCZ¿)`cdx¡¬√ƒW,≈`);§∆«õ

ú^»TW… C|ÀC4cdÃÕ¡, Œœ, 2010/ 1n 29!´¨–—. 

3.! H21 / 11 n 6 !! JST fl‡mpô 7 øwa·f§‚èx„‰æÂsMÊÁJwπ*ì,

ËÈÑW;≈`ÍsNü8†°WàRÎÏ;ÌÓxsÔ3"m©™´¨ 

4.! A. Itoh, A. Tsukamoto, “Hybrid Magnetic Recording Media on FePt Grains and Self-Assembled 

Nano-Structured Layers”, MORIS2009, Awaji, Jun. 17, 2009.  

5.! K. Yoshino, F. Chino, A. Tsukamoto, A. Itoh, “The Domain Structure with Few Pinning Sites in 

TbFeCo/FePt Composite Films”, MORIS2009, Awaji, Jun. 17, 2009. 

 

Ò^Ú[ 

1.! Riccardo Hertel, “For faster magnetic switching—destroy and rebuild”, Physics 2, 73 (2009) 

5American Physical SocietyÛÙ “Physics –spotlighting exceptional research-”r Viewpointss

ıˆ@ 

 



!"#$ N.%&'()*+,  -. 21/012  3"45617, 89:;<=>?7@ 

%&A 

1.! 3"4B“C*D,EFGH;IJKLMN8OPHQRST;UV”,!  2007–2010 /0

WX%&55Y@Z$[\]^_`, abcde%&fghijklmno@Bpqrs

45,000,000tuv5H21/0 8,320,000t@ 

2. wxyz5%&{|@B3"45}~%&�@B“<=>?ÄÅÇÉÑÖÜáà8Oâ0

äãåH,çéèêëís”, 2009–2011/0Z$%&AìîïÖñ%&5C@(óò@Bp

qrs 3,600,000t5H21/0 1,900,000t@ô 

3. öõúù5%&{|@BwxyzB3"45}~%&�@B“ûü†ãR°Å¢FGH£

§LMN•¶ß®©™çéàÖ´¨≠”, 2008–2010 /0Z$%&AìîïÖñ%&

5C@(óò@Bpqrs 3,600,000t5H21/0 1,000,000t@ô 

4. wxyz5%&{|@B3"45ÆØ%&�@B“äãåH,£∞çéèêë£≠±à≤

≥”, 2009/0%&¥µ∂∑ï(SRC 61H,IJ)%&fg_`)B1,800,000tô 

 

∏π∫ 

1.! H21 / 6 ª3"ºwx¢ΩæRø;Radboud #$¢à¿¡¬√%&mº¿¡ƒ≈

MORIS2009L∆«» Best poster Awards…∏π 

! !  ÀÃUltrafast Visualization of All-Optical Magnetization Reversal in GdFeCo-Films 

2.! H21 / 9 ª 11 !∑nÕ¿¡¬√Œœ–—mºPHYSICAL REVIEW LETTERS “L»º

jSelected for a Viewpoint in PhysicsoL”‘’÷◊ 

! !  ÀÃUltrafast Path for Optical Magnetization Reversal via a Strongly Nonequilibrium State 

 

ÿŸ⁄| 

1.! A. Tsukamoto, T. Sato, T. Shimizu, S. Toriumi and A. Itoh, “Magnetic damping property near 

ferrimagnetic compensation points in GdFeCo”, 11th Joint MMM-Intermag conference, 

Washington DC USA, January 21, 2010. 

2.! K. Vahaplar, A. M. Kalashnikova, A. V. Kimel, D. Hinzke, U. Nowak, R. Chantrell, A. Tsukamoto, 

A. Itoh, A. Kirilyuk and T. Rasing, “Ultrafast Visualization of All-Optical Magnetization Reversal 

in GdFeCo-films” , 11th Joint MMM-Intermag conference, Washington DC USA, January 19, 

2010. 

3.! A. Itoh, A. Tsukamoto, Y. Nikkou, S. Okame and K. Mizusawa, “FePt grains on self-assembled 

nano-silica particles”, 11th Joint MMM-Intermag conference, Washington DC USA, January 21, 

2010. 

4.! ¤x‹›, 3"4, wxyz, “GdFeCo C*®£≠sfi±L∆nN£fl‡¨≠à>.·‚
„≠”, ‰ 33Â!"£∞$ƒ, ÊÁ, 2009/ 9ª 13!. 

5.! ËÈÍÎ, Ï!Ì, ÓõÔ, 3"4, wxyz, “<=ÒÚå®ÛÙ:ıáLˆP˜¯ä
˘˙Õ˚¸˝÷ FePt˛Ù:”, ‰ 33Â!"£∞$ƒ, ÊÁ, 2009/ 9ª 13!. 

6.! #ˇ!", ö"#$, 3"4, wxyz, “%&'(ÅÇÉ)…*+N SiO2ÖÜáL,.˝
÷ FeCuPt˛Ù:”, ‰ 33Â!"£∞$ƒ, ÊÁ, 2009/ 9ª 13!. 

7.! A. Tsukamoto, K. Kajiyama, S. Kawamura, T. Sato, A. Itoh, “Ultrafast magnetization dynamics 

near ferromagnetic compensation points in GdFeCo”, International Conference on Magnetism 

2009, Karlsruhe Germany, July 30, 2009. 

8.! K. Vahaplar, A. M. Kalashnikova, A. V. Kimel, A. Tsukamoto, A. Itoh, A. Kirilyuk, T. Rasing, 

“Ultrafast Visualization of All-Optical Magnetization Reversal in GdFeCo-films”, International 

Conference on Magnetism 2009, Karlsruhe Germany, July 30, 2009. 

9.! A. Tsukamoto, K. Kajiyama, S. Kawamura, T. Sato, T. Shimizu, A. Itoh, “Measurements of 

Magnetic Damping Property in Ferrimagnetic GdFeCo Alloy”, MORIS2009, Awaji, Jun. 16, 2009. 

10.! K. Vahaplar, A. M. Kalashnikova, A. V. Kimel, A. Tsukamoto, A. Itoh, A. Kirilyuk, Th. Rasing, 

“Ultrafast Visualization of All-Optical Magnetization Reversal in GdFeCo-Films”, MORIS2009, 

Awaji, Jun. 16, 2009. 

11.! JihHung Yeh, A. Tsukamoto, A. Itoh, “High-Density Magnetic Recording Media on Self-

Assembled Silica Particle Layer”, MORIS2009, Awaji, Jun. 16, 2009. 

 



!"#$ N.%&'()*+,  -. 21/012  34567819:  1/3 

!"#$%&'()*+,$-./0123!

 

4567!

819 

 

89:;<=>!

;/<=081>?@ABCD,EF)GHIDJKLMNOP0QRNOS0<TUV

WXAYMZ[\<]^NO_`ABNOP0QRNOS0JKabcdefVghJij

bKkClmnNO_`<opVqrstbaMZuvBCwxyz{JNO|}n~=P

0NO�ÄÅÇbCÉÑÖD,]^NO�ÄJÜgÇb%&áàâbKkC~=SNO�Ä

ÅÇbCäãåáçamåéè]>êëíìJîgÇbaMZ 

ÉÑÖD,]^NO_`ABC;ïñåJóMòÉJójbÉôöõ<=aúùJNOá

ûü†ÅV|}AYMZNO°¢,£I§V;ïñåJ•¶ß®©MmâCÑ™´¨<≠Æ

ØNOúù∞±á≤qJ≥¥©MWµVYkC∂múù∑0<∏π∫ªÅòÉºΩæø¿á

¡¬©M†ÅVwâb√µAYMZƒ_Cåéè]>êëíìABäãåáçaMWµVY

MmâC;ïñåÑ™´¨áçam~=P0≈∆~=SNO�Ä«Å»…s MmâJBC

ÀÃ'Õ§Œ™<äãåŒFœá≠.©M†ÅV√µÅnMZ 

–†A"—“ABC”‘ãå’÷<;ïñåJóMòÉ_`JKLMúù<∑0∫ªQR

òÉºΩæø¿<◊ÿáûjmZsŸJCäãåá»⁄s MÑ™´¨≠ÆJ∆ab—“á

ûjmZ 

!

?9@ABC<DE!

úù<òÉø¿VNOúù<∞±Jók

#¤¶‹nM†ÅCsŸJCúù<›fiz

{<fláòÉ©M‡·áÖ‚„EFÖ‰™

JókÂÇmZÉ∫ªQRúù∑0<Êπ

Á>áËŸ≈JÇm†ÅBCúù<ÈÍQ

RÎÏ<ÌÓ∞±CÑ™´¨<∞±CsŸ

JòÉÅNO<ÔI‚™áÒ∂Úm]^

Û¢œ∞±<≥¥J#¤¶ÙıÇC%&<

»…áˆà©MZ˜¯á˘˙JÂ©Z 

˚pÇm]õœ¢,xÎÏV¸˝˛JÌ

ÓÇm∞±<úù7 BPM: Bit patterned 

medium:áçaM†ÅJókCˇ!¨"#

F,$¿0<ÎÏ<flá%&'¶òÉ|}

AYM†ÅáÂÇmZ[\<()Æ<úù

∞±7CM: Continuous medium: AB›fi˛

JòÉ©M†ÅV*+AYjmZ;ïñå

»⁄Ñ™´¨áçab 1 ns òÉÇm,úù 

(CM Å BPM) <∑0∫ªá Fig. 1 JÂ©Z

CM AB-# 10.¿0Ç≈/∑ÇbKŸ0C

∫ª12(FœAYMZƒ_CBPM JKa

bBÑ™´¨345”˙< X = 0 [nm] ;6

JKabC-= 140.¿0∂AòÉstb

aMZ∂m∑0∫ªBCÎÏ∞±áê7Ç

mD´¢'≠ÆáÂÇCÎÏ8J9:Çb

;<nÁ>V=ŸtbaMZ 

úù-Ã>JKLM∑0∫ªá Fig. 2 J

 

 

 

 

 

 

 

 

Fig. 1  Temperature distributions of continuous 

medium (CM) and bit patterned medium 

(BPM). 

 

 

 

 

 

 

 

 

Fig. 2  Temperature distributed diagram 

parallel to X-Y plane of bit patterned medium 

(BPM). 
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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. 

 

 

 

 

 

 

 

 

 

Fig. 3  Temperature of three columns (#1, #2, 

and #3) as a function of time. Media was 

BPM with rectangular arrangement. 
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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, TiZrFe2.  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 å for 4 days was comparatively cultivated in the presence of 1.87 g of ZrVFe.  The quantity of 

hydrogen in the gas phase was 8.64 mL and that occluded in the alloy was 3.36 mL.  The total 

amount of produced hydrogen was thus increased by 40 % and this suggested a preferable recovery of 

bio-hydrogen through hydrogen-permeable membranes. 
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1. Directed Single Photon Emission from CdSe Quantum Dots by TiO2 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 (TiO2) 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 

E!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.  

E!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 SiO2 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 TiO2 concentration and shape. 

 

Fig. 3: t](uvufl‡·à STM⁄‚ 
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Development and Application of New Materials for Solid Oxide Fuel Cells Employing Nano-

scale Mixing Method 

 

Takuya Hashimoto 

Nanomaterial and Nanodevice Group, Energy Group 

 

1. Purpose of This Study 

  For development of new solid oxide fuel cells (SOFC) with high voltage operating below 600 °C, 

development of new materials and their applications are investigated in this study. In order to develop 

new materials, which are composed of multi elements or require low temperature process for 

preparation, preparation method employing liquid phase mixing, which can be regarded as nano-scale 

mixing, has been examined. At present, promising materials listed below have been discovered. 

  

2. La1-x-yCaxSryCrO3 -new material for interconnector 

By using mixing in liquid phase, uniform La1-x-yCaxSryCrO3 with no structural phase transition and 

high sintering property has been successfully prepared. Since La1-x-yCaxSryCrO3 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. BaCe1-xYxO3-! -proton conducting material for electrolyte of SOFC 

The BaCe1-xYxO3-! with uniform Y distribution can be successfully prepared via liquid phase 

mixing. The crystal structure and proton conducting property of BaCe1-xYxO3-!, consensus of which 

has not been developed, have been established. 

 

4. LaFe1-xNixO3 –new cathode material for SOFC 

Solid solution of LaFe1-xNixO3 for whole range of Ni content could be successfully prepared 

employing mixing in liquid phase. Since LaFe0.2Ni0.8O3 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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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#!!$p%o%!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).

Fig. 2. ;<©™fgk≤≥æbOñ∞+(ø*CwΩ∞d&6'ß()äHãf∏π∫9ª

*d+©¿¡]  



!"#$ N.%&'()*+,  -. 21/012  34567896:;<=>?@ABCDE?F  3/4 

GHHI /JKLMN 

OP!

1.  “Full Photonic Band Gap of TiO2 Photonic Crystals Filled with Electrolyte for Prospective Dye-Sensitized 

Solar-Cell Application,” Sachiko Matsushita, Ondine Suavet, and Hideomi Hashiba, Electrochimica Acta, 

in presss. 

2. “Electric current generation by camphor boats,” Yohei Shibuya and Sachiko Matsushita, Mol. Cryst., Liq. 

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 TiO2 hollow spherical arrays,” Amandine Buffaz, Eri Oikawa, 

Takuya Hashimoto, and Sachiko Matsushita, J. Nanosci. Nanotech, 2009, 9, 185-189.!  

QR:ST!

:%&UVWX!

1. 3456Y;<=>Z[\]^_+`ab9c9defc7ghijAk:lmE:AnF7op

pqF. 

2. 3456Yrst! uvwxy(z]Z$L{| 7̀}~ghijFa�9(2009) 

:ÄÅUVWX 

3. 3456YÇ$UÉÑ+ÖÜá`Z$coppq/àâä, p.117Z$ãåF 

 

çéèê!

:%&UVWX!

1. 3456cYëíìî6ïñÖóòôöõLúu`!"$ùûüi! 96†°l+°()Er

¢£§ •¶ir ß¢ ®%&ic©™#$c-. G¢ / ¢G â ´ ! 

G¨ 3456Yìî6L;<ïñ≠ÆØW∞ô$±≤zn≥¥ c̀r ¢ß ®†°±≤zn%&icµ∂

∑M#$c-. G¢ / ¢¢ â GH !!

ß¨ 3456∏π∫ªºΩªæΩø¿ø¡ª¬!√ƒ≈¿≈æø∆º∆«∫Ω¿»…!ª…ª∆¿«≈¬ªΩ !ÀÃÕ¨!G´Œ!GHHI!œ–ªæ¿ª«!—≈«!“ª”¿!

‘ªæª«»¿ø≈æ!π∫ªºΩªæΩø¿ø¡ª¬!’≈…»«!–ª……ΩŒ!÷»æ∫»æÕ!◊æøÿ¨Ÿ!

§¨ 3456Y⁄-¤u‹≠±≤znZ›fiWfl‡ABCDE·ù≠‚„WX›`3456cÇ$·

ùûü‰ÂÊÁË%&UÈÍÎ±CÅ.! YÏÌÓÔ*z:ÒÚ≤EÛCZ!#Î±C`ÙM!

r ¢¢ ®ıÁˆã˜¯:˘˙˚¸˝˛ˇèêic!"#$!∑$"c-. G¢ / #â GH !!

:ÄÅUVWX 

$¨ .3456c-.o%/0A\É&_)'(†Eøæ)*c)*#$c-.o%/%%â%o!!

#¨ Yfi+,,c-./%&0≠123ò c̀3456c∂4#$c-.o%/%%â5!!

£¨ Y%&6¯‰R≠789X:á;V`3456c!"#$∑$"%&Ê<=>?èêic!"#

$∑$"c-.o%/qâo@!!

´¨ Y%&6¯‰R≠789X:á;V`3456c!"#$%&Ê<=>?èêic!"#$A$

"c-.o%/Bâ%@!!



!"#$ N.%&'()*+,  -. 21/012  34567896:;<=>?@ABCDE?F  4/4 

 

GHIJ%&K!

1. 3456L-. 21-23 /0! M$%&KNOPQRS TUVW 2170024X;YZ[\]^_

`abcdefghijkl"mngopqr/0 182 stL22 /0! 80 stL23 /0L100

st(ui) 

  

vw$xYy7z{F 

1. Chie Nishiyama, George Kato, and Sachiko Mastushita, “Comparison of  

the Electrochemical Impedance of Dye-Sensitized Inverse-Opal Electrodes Prepared by Various Liquid-

Phase Methods,” Fall 2009 American Chemical Society, Washington, USA (Aug. 16-20, 2009) 

2. Kaori Yoshida, Yohei Shibuya, and Sachiko Matsushita, “Spontaneous Interface-tension change at 

nitrobenzene, chlorobenzene/water interface,” Fall 2009 American Chemical Society, Washington, USA 

(Aug. 16-20, 2009) 

3. Takuro Unno, Kaori Yoshida, and Sachiko Matsushita, “Spontaneous interface-tension change depended on 

the liquid-phases temperatures,” Fall 2009 American Chemical Society, Washington, USA (Aug. 16-20, 

2009) 

4. Ryota Watanabe, Ondine Suavet, Hideomi Hashiba, Takashi Isoshima, and Sachiko Matsushita, “Full 

photonic band gap of TiO2 photonic crystals filled with electrolyte in the perspective of dye-sensitized solar 

cells application”, Fall 2009 American Chemical Society, Washington, USA (Aug. 16-20, 2009) 

v|$xYy7z{F 

}~ �ÄÅLÇÉÑ-LÖÜáàL3456Xâ,(äãåãç+((äãåãg=.éèêëkd

íì[\]^_`gîïñqó òô öõ/xLúù#$Lûô}ô / ü † û°¢ûò !LYyui!

û~ £"§•L3456X¶ß6;<®©™´¨≠ÆØ∞±≤≥¥µCg∂∑qó òô öõ/xLú

ù#$Lûô}ô / ü † û°¢ûò !LYyui!

ü~ ÇÉ! Ñ-L�Ä! ÅLÖÜ! áàL34! 56Xíì[\ëj∏dâ,(äãåãç+((ä

ãåãéèêëkdhπZ∫ª`qóºΩæø¿¡¬√ƒ≈∆mn%&xL«v#Lûô}ô / }

† ò¢}ô !LYyui!

»~ Ü… -LÀÜÃ-LÕŒœ–L—“”‘L’|÷◊L3456X;<®©´√≠ÆØÿŸ⁄9

¤‹›≥figfl‡qó ·û æ‚(„‰jkl[\M$ÂÊxLÁËÈM#Lûôôò / ò † }ÍÎ}ò

!!

°~ ÏÄÌÓL3456XÔÒÚÛÙıˆ’˜g√≠´¯˘ëÆØL‚µ‹*CÛ¶ß6ëkd;

<®©Û˙˚,â¸+˝˛gˇã‰hïqó ·û æ‚(„‰jkl[\M$ÂÊxLÁËÈM#L

ûôôò / ò † }ÍÎ}ò !!

·~ !"#$L%Ë&'L3456X(ñ)±ã„ãˇE›*+EC´,-ÆØÔÒÚÛÙıˆ’

gß.ëkdhï_ñq/00Ω/ˆ1ñ$2õ#xL3456#$Lûôôò /Ω† }ôÎ}} !!

Í~ 3456L…“7ÙLÀ89:L;<=>X‚(„‰˝˛?g@AZBæCgDEqó ü» æB

$‹ãF)GfiL34#$Lûôôò /!Í † û¢ü !!



!"#$ N.%&'()*+,  -. 21/012  3"456789:  1/3 

!"#$%&'()*+,-.&/01234/0567289,:;<=>?@ABCD

EFGHDIJAK$LMNOP6Q)!

!

RSTUVWXYZ!

789 

 

;< %&=>! !

?@ABCDEFGH>IJKLMNOPQRSTUVWDXYZ8[\]DXY^_`$8abc

defg, X _hijklm\CXFnUIZ8[\]lop.qrstlu0vwbpxyz{|

}g~Q=>b�FÄ 

 

Å< %&ÇÉ!

?@ABGH>MNOPCÑ�FÖ}Üáà[\]lâ]yzäãlUålpxyzvwçaléè

b{|êëíQìîÄïtCñ^_`$8aDXYói_MòôSQö�F]õDXYnúùûü>

ói_`$8a[\]lop.qru0vwçaléèbpxyz{|êëíQìîÄ†°¢lpx

lâ]ly£Q§F•bñ�I¶ßâ]yzQ5éC®©�F•b™Z8´¨Q#£≠ÆØT∞±I

•b≤≥FÄ¥µñ•∂tl[\]lpx≤y£l∑übIF∏π6∏∫:ru0lvwçaQéè

�Fª±º≥FÄΩµ∂l[\]æqLøº 1000 ¿¡≤ñ¬√l|eƒ≈e∆l«1ø™»T≠…

IΩÄ •≤vwçaQéè�FÄÀC´¨lÃst´ÕlXΩ†°ÇÉQìîUåCñâ]yz/â

´Œœl–aC—“Ω”ñ‘’lXîCâ]yzb´¨Q÷\TU{|êQëíT”ñ´¨l◊áÿ

fe◊ŸgQìîÄ´¨l⁄¤‹›Q5éC�F•bºZ8fiflS�Fª‡±·bIFÄ 

 



!"#$ N.%&'()*+,  -. 21/012  3"456789:  2/3 

;< =/0>?@!

%&ABCDEFGHI>#JFKLM61000 NO:>PIQ>RSTUVWXYZ[(

\]^_`a\]bcd_efghi!jkkkljmkkn>opqrstTuvwxyz{|}o+(

~,�ÄÅÇ\fÉÑÖÜnyáYàâä[(\]^_`a\]bcd_eã0åPQTRSçwZ

ÉÑÖÜ Czéè> ÖÜlêkë íc\ìTîXzïÄñCóò> Luna 5u C18(2) 100A(phenomenex) 

(4.60 mm ! 150 mm, 5 "m)TîXwZôqòC köjõúùûdü,†,c]>�Ä)*°,¢

£ûçwZïÄñ§0C •k¶ûçwZåPß®C ©jk!™´ ûçwZàâC¨≠Æ\]BØ≠

°∞+±≤Tu≥wZØ≠°∞+±≤¥ypµ∂M∑> jk!´g Å*∏üπ°T∫ªWåPç

wZºΩæ>øQyá¿[(\]^_`a\]bcd_e>GHI>#JFKLM>àäã

0¡ô¬5æ√ûF¿zƒMqr≈ƒ∆st¬«»û…ªæΩYZ ÀÃ$8QKLMûçWz

ÕŒœ–> Photofrin TîXW HPLC(UV)QTUVWXYZåPøQ>—“û”¥y‘’c°�÷í

_◊ÿ\íŸ°TuXz⁄¤FƒMqr‘’]zƒ∆‘’]T‹›çWXYZfiæy LCMSMS ífl

‡ñ>áYåPQ>·‚„u≥WXYZ 

 

 

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 ! 150 mm, 5 "m) 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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˜DSummary: 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 (CeO2 and CeO2-based solid solutions) and new highly-photoluminescent 

material (NiO-ZrO2 solid solutions) in 2009 as follows. 

The photoluminescence properties of different pristine CeO2 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 O2 on the specimen surface, while that observed in O2 gas is explained as a photo-induced 

dissociative adsorption of O2 on the specimen surface. The photoreduction is accompanied both by a 

valence number change of cerium ions (Ce4+
!Ce3+) and by oxygen defect formation. Such reversible 

photo-induced phenomena of CeO2 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)CeO2(1-x)ZrO2. 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 ZrO2 have been clarified in detail 

for bulk, ceramics and nanocrystal specimens.  
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