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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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1. H.Koguchi, H.Sakakita, S.Kiyama, K.Yambe, T.Asai, Y.Hirano, F.Auriemma, D.Terranova and 

P.Innocente, “High Beta and High Density Operation in TPE-RX”, Plasma and Fusion Research 

2009, 4 (022), 1–6. 

2. Imanaka, Heizo; Kajiya, Takahiro; Asai, Tomohiko; Ono, Yasushi, “Development of Pulsed 

Neutral Beam Injection System using Washer Gun for the Plasma Source”, IEEJ Trans. 

Fundamentals and Materials 2009, 129 (11), 802-808. 

3. Y.Matsuzawa, N.Yamamoto, K.Takao, H.Tamura, M.Hiyoshi, T.Sasaki, T.Asai, Ts.Takahashi, 

Y.Nogi, To.Takahashi, “Particle and Energy Recovery Process of a High-Beta Compact Toroid 

Translated Along an Asymmetric Mirror Field”, Fusion Science and Technology 2009, 55 (2T), 

76-81. 

3. N.Yamamoto, Y.Matsuzawa, Y.Komoriya, Y.Hirayama, T.Asai, Ts.Takahashi, To.Takahashi, 

“Self-Generated Toroidal Flow in a High-Beta Compact Toroid with Mirror Configuration”, 

Fusion Science and Technology 2009, 55 (2T), 87-90. 
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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 
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! πîflJ@‡dwkM SiO2/Si ]^Jl·Å`,qvFJKLM C60 ‚„·‰`lÂÊk
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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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Cr2O3 HC◊ÿbêÂC@Ç_ÊÁ®QCr ËÈC@Ç_îÿ‚ÍÎÏÌÓfioxïñîM

yõQCr C@Ç_ÊÁMyôâÔEGïK√JQCr2O3 ®c‚ÿ‚„ØXwxJüQcÒ

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

_ÊÁXÔxïñî�˜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

ÔX÷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
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Q 532nm[\ZQ 785nm ]^\_`aH@
L+,MI 

J 2Kbcde@fghUijke C60 lm
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(a)jkQz{|[bcdQ}{|[(b)jkQ
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(c)STO(113)ÑÖCÜ�ÄágqrsI2 àâ-ä|eãåUi~�ÄçéèêëFíiìîeï
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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. 
 

3.  2009/:;<=> 
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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 
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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 

 

Yoshiki Takano 

Nanomaterials and Nanodevices Group 

 

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 



!"#$ N.%&'()*+,  -. 21/012  3456789:;<89=>?@AB  3/3 

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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Fig. 1 Compositional dependence of damping 
parameter !eff and precession frequency f of 
sputtered SiN (60 nm) / Gdx(Fe87.5Co12.5)100-x 
(20 nm) / SiN (5 nm) / AlTi (10 nm) / glass 
sub. films measured at room temperature. 
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è è êëíUltrafast Visualization of All-Optical Magnetization Reversal in GdFeCo-Films 
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H21Ç 9( 11ìîS,0PHYSICAL REVIEW LETTERS©™Vol. 103, P. 117201´-¨≠]k

Æ-0ØSelected for a Viewpoint in Physics∞-±≤≥¥IJ+I0Ñß®-µ∂ Riccardo Hertel

∑•¶-ïD∏π∫E  “For faster magnetic switching—destroy and rebuild”@ American 

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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A. Itoh, A. Kirilyuk, and Th. Rasing, “Ultrafast Path for Optical Magnetization Reversal via a 

Strongly Nonequilibrium State”, Phys. Rev. Lett., 2009, 103, 117201-(pp. 1-4). 
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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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}~E�ÄÅKÇÉÑrÖÜqTáRllàxyIâsäãwåKç\]ENOPélàx

yèêEëIíìîLï9D^_LñPóPUòôMöõqMYúù\lûüU†°\qH

IY¢£^_LlU§•qlàå¶ß•®IY£©E{vjçñ"%&^Y!"#$^FG

PQmnopq™´q¨≠ÆØc, ∞ BENOPU§•làxyIJKL>?@ABC$9

DEFGKLÇÉE±≤ÉKLñ!

! ! Kj≥¥U+((`feghiTáRIµ∂~E∑∏PQπ

∫ªºIÑçéHΩæø¿¡ÉPé7¬√ƒm≈∆«^»^q…

 \lÀÃÕÄ;¬√ƒŒ≈∆«Eœ–éçLTáR7—“;E

làxyI”‘’UTáR÷qµ∂~◊ÿqŸ⁄¤^_L<<KeV

q™op XBElàxyI‹AEœ›ÇÉ^UHeLaÿfifllàx

yå T24 ‡·làxyl‚„‰ÂEuÇKÇÉlÀÃvwQñÇ

wYU+((`feghilHÊÁ≤IËÈKLÇÉEÍÎLÉ

HÊÁ≤jûBÏ X B‹AIrLHï9EòÌIKLñX BYU

òôMIÓÔúù\IwUÒ]ÚÛ÷qHxyå¶ßÙıˆP

Q§•qlàxyIJPé˜£©E{KÉÍÎìwUvìI™´

opEOçLÇÉ^¯˘BÏlûü‰ÎìwLQ˙ ˚‹Aï9

E¸s˝PÇÇj›ÇÉEòÌIKL>?ï9D˛ˇqFGqò

Ì\E{K˜q^#!"#vwLñ+((`feghiq$%Ê

Á≤jËÈYU+((`feghil LDL7 Low-Density 

Lipoprotein;Ø&''ÆE(Péâsäãwbc)*E(Pé+Å

vwL\]ENOPéçLñlàxy^YUû,-./Irs01e2Æ3E45KLQ˙

LDLØ&''Æl‚6PéçLñvìI‚„xy7^_LH^Ybc)*lG8Péçjçñ

ÇqQ˙+((`feghiY9:IŸ⁄vwLlU+;Y<=ìwLñÇq>?@ABI

rsU+((`feghiY”‘’

24CDE’^HÊÁ≤IËÈKLñ 

! vìIU!"#$ÑrÖFGfi#

$ÉqHI%&^ PDFINOòÌ^

|\}~EMJKIrsghKLd

e`fbcghiÑrÖ+((`f

eghiIJPµ∂~EL∏PQ>

?TáR˜á.PéçLñÇwìq

TáR˜UMNq“qTáRIOq

\]E{KÇÉl"#vwLñÇq

TáRENOPUIOI!"#$G

7!"P;qTáRENOPQlà

xyIJKL@ABC$9DÒ«E

œ›Qn^_LñÇwìqTáRE

NOPUrsRSj@ABC$9D

qFGÒ«IâsTUñ 
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?@ABCDEFGHIJKLABMN!

  ABCDEFOABPCDQMNRSTUVWXYZ[\]ABCD^_V`a]MN^

_VCaObcdABCDEFP 1 eI.fghij]ABCDEFgABGH.SkP 2

lkgjmncg]ABCDEFOABPCDjmopO 2 pgiqrgs]kItu0V

1 giSrv]kIw0P[Sx_yzRSgABI-{|V[Sx_}~Sd�Iw0g

|ÄIÅÇPc~ÉÑÖSg]a89:;<PABI|Ä_ÜáRSàâ'äãå<Pçé

jr\]è+êë8<í<_UÑjr\RS�gOZsSd~r]TUaPc~ÉUÑRS

g]ìîïñó<,òâ'PeÉS�gOZsSdABôDöõgjmIUÑúùv]AB

CDEFIUÑûüV†Öd 

! jGj]ABICDQMNgJgIÅÇ_eÖmV]�°~Z%&12¢°r�gOiÖd

£§HV]•¶]ß®_J©™´¨≠PÆs]ABCDIØ_JOMN¢°S∞±P≤≥j

rO]JV¥µZ]EF∂ mg PÑÖmú∑∏∂πIJ™jG∫ªZsiGqrdºΩVX

_ABCDæIøõ_¿¡¬ (g ¬) P√ƒj]ABMNO≈I∆0«�SG]»"Yi…

hP S�gPÀYgjrd 

  øõPÃÕäã+Œ≠_œ\]í<–f™

òâ'ZABf| 10-9 Pa ~Z—“jræ]

¿¡¬P√ƒjmMN¢°S“”P‘’÷◊

ÿfŸ∫Z∫ªjrd⁄I¤‹]› 1 Ific

_]fl‡AB·‚ê‡„_«ÖmJKLAB

‰ÂOÊS�gO≤GvH°rdÁËI 0-5 

fIÈVABf|OÍÎ_ÏÌj]ÓÔ0O

ÒjmÖÉÚ™PÛjmÖSI_Ùj]5 

fæ_J√ƒPıˆRSgABf|OÒ˜R

S¯O≥vH°SdABCDEFI˘˙Z

[S TiZrFe2 P 10 mass % ˚¸RSgABI

JMNO˝vH°r�gGH]˛ˇ!◊O"

HGI#$%ÑP&RS�gOfGSd 

TiZrFe2 I˘'O(·¢°mJ)*Z[S  TiO2 O+.j]�°O%ÑjrW,-O[S

g./]TiO2 P 10 mass % ˚¸jm0ÚIªzP1qrO]�°V#$2‹O3Gqrd

jGj]WO3 P 10 mass % ˚¸jr4EV]5# 4 ¨I#$2‹O≥vH°rd 

AB·6798‡„«fi9Mg-10%NiEFIAB·!I4EV]⁄°:°Í;ZVJKL

ABMNPÊ¢iGqrdg�<O]�°HIúI_ TiO2 P=ERSgJKLABMNO

ÊSd�I>G]?÷(·jrè:@A‡„OJ)*-P&RS�gñ]JKLABMNO

BC_VÊHiÖkZú]JKLæI˜w_fiqmABO‰ÂRSw0OÏÌRS�gi≈

O≥vH°mÖSd 

JKL‰ÂODÑYiEFPGeG≈cG]∞HIZVJKZ[SdABMNw0OLR

MmDÑ_iHiÖöõ_JP√ƒRS�g_fiqmABMNw0PÌNS�gONOSG

≈cG]PQP$vmÖSd 

 

R@SEABCDEF_fiSTÕUABIΩV73456QWXYZ ˛0%&> 

! ABCDEFI˘˙Z[S ZrVFe IÛ[P)\,]8)\ê:8^âuOI_Z`aj]

bA-P&jeeÔ“cZABPCDZsSSEöõP%dj]e“ßfg_[SŒh:‚

iOj+RSABIΩVPøkrd30 l]4 !ÈImnZ 8.48 mL IABOj+¢°Sm

 

› 1. fl‡AB·‚ê‡„ LiBH4 IJ√ƒ_

fiSABMN 
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?@ABCDEZrVFe 1.87 g BFGHIJDKLMIN?OPQERSITLMI 8.64 mL 

UVWXYZ[\]^E_`X 3.36 mL UVWBabc]deE_fgX 12.00 mL QhiE

VWYZgX 4jkQhl]m 

! noEVWpqrstuVWab_`BvwOPxyQz{|KEVWab_`B}~[

|]VWpqrstB�ÄcEÅÇÉVWUÑÖÜáCBàâKäãm 

 

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. 

 

çééè /êëUíì!

îï!

1. 3456, “ñóuòCôöhõúùûVWrstUü†”, !"#$. 2009, 60 (12), 935–

940. 
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"%&EFGHIJKLHIMK;<@ABCNOPQRQSTLUVWXYHIJKZL

[KJ\]O^_`abcJdefgfLhdijk,lm+noTpaqrstYuvM

wL2nmxK(QyQzM{|XLTHz}HIJK~�ÄzÅÇÉOÑÖ`aÜ 

áàâÇÉzLhdijk,lm+noFäã$åçéèKêëízìî%&L2nm xK(

QyQzM{|XFãï$å#ñóêëízìî%&EòaÜ 

 

1. jk,lm+noô CdSe/ZnS [KSm,zHIJKZLöõúùbcdefgfLqr

stYuvMwûü THz}HIJK~�Ä†jk,lm+no 

 

1.1 %&°¢£!!

"%&FHIJKZLöõúù7§•DbcdefL

HIJK¶ßrKO 1 ®©™T´m¨Q)≠ÆØ

∞L±T≤O≥¥µ∂VWXJ[Kã∑gfO^

_`a∏TLπz 2 rKO∫Ö`aÜ1 ªºzrK

FUVWXYHIJKZEòaÜázJZF Si ®

©™TΩæø∞ ¿¡§¬√ƒ≈§ hdi[KSm,∆âz

HIJK«J(e» ~630 nm)O†µL… TΩæø

∞À≠Ãyù(TiO2)jk,lm+noTpÕ«JO

Œœ`a–EL«J—“ŒœL«J”‘z™’L

÷}◊≠OÿŸí`a[Fig. 1]Ü2ªºzrKFöõ

úù®©™z §• bcdef⁄400nm ¤L300nm U)

TpÕ‹.ÆàaJ[Kã∑gfEòa[Fig. 2]Ü

áàârKz›fifl‡ØFJ[K·‚rKz®„

í¥a‰∆ÕE¥ÂLHIJKzÊ∞¥Á¶ËÈ

OÍÎaÏÌ¥ÓQÔT¥aÜ∞qrstYu

vMwûü THz }HIJK~�ÄzÒùÚ;‹Û

TÙ†`ajk,lm+noFLUVWXYHI

JKZíîız=Eòa∏LááTìT12`aÜ 

!

1.2! "#$%&'ˆ.˜¯!

˘!§˙˚®©™E¸•O†µ˝e»˛ˇ!≈"†jk,lm

+no´yQùzX.T.#ø∞ÜáàOÀ≠Æ

Ø¿¡§¬√ƒ≈§![KSm,O$%ø∞&L∂VEe»

˛ˇ!≈"… zjk,Ô'()ùCO¶ßøLjk,

lm+noz*>O+,ø∞Ü!

˘()*+,-./0-.!≈"1234567⁄89:;

9<=>/-?@AL0!!≈"¤zÒÔ'l12O†µ

∞ÚC,†23defz´yQùO3.ÆØ∞Üázbc4ïFBCDEBFGHIJKL

MNO-P#LMQRSTMU!

!

1.3!-.55/067!

˘ Si bcdefzX89:z;<`aÜ20 dB/cm z=>‘O°?í`a Si bcdefOX

.ø+,`aÜJZíz@m'õùAT†µa 80nm¤z SibcdefzX.TBË`aÜ 

 

Fig. 1: CdSe/ZnS [KSm,í«J'()C 

(™). TiO2 jk,lm+noíAùS‹Û(é)Ü

[KSm,FCÆ`Da∞º≥Î¥µÜ 

 

Fig. 2: HIJKZí Si defzEFG (™). 

X.ø∞ Si def(400 nm width and 100 nm 

hight) (é)  
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E FG,HI+JKLM.NOPQ.RST630nm UVLFWAXYZ[I'P CdSe/ZnS 

\]YI,^_L`aPbcdefghSiijklmnLopqpPrsfgh 

!

2. t](uvuLwxyM 

2z1%&{| 

"%&}T#~�ÄÅLt](uvuPwxÇÉgwÑÖÜfgáP{|àfght](u

vu} âäã å0Lçét]àèLêÇëgí)(ìîït]^_ñóTòôÇ öõäãúùõµã

L;<Z[I'wxPûóü†°x|Ç¢£PyMfg[Fig. 3]hòôÇÉóa]ÇÉgw§

Ñ•_¶rß®t]Lç"=©L™&fg´uWP¨g≠†ÆñØT;<∞B±wÑyMï

≤≥t]¥µ∂u®∑a]∏Tπ∫ªLºbΩæøÆ¿gh 

!

2.2! "#$%&'¡.¬√!

E!ƒ≈Cç∆êÇ ùõµã L;<Z[I' «» wx…C, À

LM.TÃKt]PÕbŒœe–PQ—[Fig. 3]h!

E!öõõ“”‘ ’e–÷L◊ÿh!

2.3!-.ââ/0Ÿ⁄!

E!öõõäã L;<Z[I'wx ÀLM.àt](uvuL

¤‹ e–!

E!›êL ÀL∑afi©e– 

 

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⁄‚ 

(„ ). ÃKt]P‰Sœ…C, À

7ÂDhƒ≈CçéêL AuÊÁ7ËD  
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1. %&HI;%&JK  

  LMNOPQRSTURVWXYZ[\]^R]_N`abXcdefgaXhidZj

kXlmnoABCDEpqrstuvgaRwexyz{|}~�dÄÅÇÉ[9Ñ]^

fÖ(SOFC: Solid Oxide Fuel Cells)Y+ÜEáOvoABCDEpqrstuvABCDEp

qgaàmâäHãåâçdxZéèê0x 800ëíìàonî^RïñóxòçôZöõ

úùû;ü†ûX°¢x�d£àx§¢à•¶âçdÄéèê0t 600ëß0X®©~™å

´Zopqrst¨umvvî^R≠?,ÆØáNü†û∞ìx|±à•dxZ≤RVWX

Y]^fÖt≥.¥dÅÇfµ:Zf∂î^Z>á∑E≠B+∑Eî^X∏V•î^xyz

~�dÄ"%&~Y£åπ∏î^t∫ªm 600ëíº~éè¥d]^fÖRwetHIà¥

dÄΩVæQRoføe¿z¡X¬√dƒnZ≈∆6?∑«+F[X»√do…0î^Rw

e HIà¥dÄ 

! £åΩ~X∏î^xeÀãåâç•O¶VÃÕàmâYZŒ.œ–xÉ[9N—É“R”

‘t’ŒmV Rt÷◊Ã¥dÅÿŸ¬–X⁄¶âçV£àx¤√πådÄÅÿŸ¬–Y‹

›~�dxZfi:’ŒRfl‡Y·‚X„mnZ‰.ÂÊN®êŒ.xyz•î^RéÁXY

∞O•çÄËÈY]^fÖî^RŒ.Í–tÀÎmZ78?ÏEC~R’Œxfl‡~™dÌ

Ó–tŒ.Í–XÔZÒQ9:cÚ ÛûxlåVî^RŒ.X.ÙmVÄıÇˆtíº

X˜¥Ä 

 

2. o…0>á∑E≠B+∑Eî^ZLa1-x-yCaxSryCrO3RŒ.  

! ]^fÖY¯˘~Y 0.9V ß0RfømO˙å•çVWÄÎ˚¸˝R˛ˇxyzà•dÄ

£åY>á∑E≠B+∑Eà!´åZoê;"#$?%&'º~úù~�Úf'()Roç

î^x¡WπåâçdÄÒQY La1-xCaxCrO3 x*ãåâçVxZ£åY+ê,]^fÖé

èê0~Ç≈-.t/0ÿ12x�ÚZ34IúùûX°¢t5mâçVÄ"%&~Y La

6>,X Ca R7 Sr t89:qmV La1-x-yCaxSryCrO3RÓÿ–XcdŒ.X.ÙZ"9:x

oç…0tu;•xπÿ12<ÜE~�d£àt=πOXmVÄ"%&.>Y‰.Â[Xc

d∏î^weR?ˆ~�ÚZ]^fÖfl[R?@à•dà¤√πådÄ 

 

3. ofi:'(,á)fÇZ BaCe1-xYxO3-!RŒ.  

! 600ëíº~éè¥d SOFC ÅÇfµ:àmâZ'(,á)fÇxäHãåâçdÄ

BaCe1-xYxO3-! Y≤R?v~�dxZY t Ce 6>,Xfi?XÅÌãAd£àx·‚X„mnZ

f'()ÛûNBC≥TµDB>x%&EF~?GmâHπIZfl[~™dOJORKL

 ~™•çMN~�¶VÄ"%&~YO.úùûXlåd CeO2 tPÉ[QgQtçV∏

œ–~ÌÓ[¥d£àX.ÙZ£åtçâÌÓ–XcÚRSXO.tTUmV BaCe1-

xYxO3-! tŒ.¥d£àX.ÙmVÄΩV"V^Y”‘’ŒHcWÅÿŸ¬tçâŒ.mV

V^cÚ fi:ûXlåd£àt=πOXmVÄ"%&Y BaCe1-xYxO3-!XX¥d£åΩ~R

YZtµ[¥dàà XZ"9:x SOFC ÅÇfµ:àmâ*|±~�dOJOR\]X

vçâZc0Nn?∑E,^>áX_VAV Rà`:ab~™dÄ 

 

4. ∏c'∂î^Z LaFe1-xNixO3RŒ.  

! 600ëíºX SOFC éèê0t®ºãAdVWXYZf'()N>dáf)xonÅÇf

µ:î^àRŸ¬ûx®çc'∂î^xyzà•dÄ‡eY La1-xSrxMnO3Êx*ãåâç

dxZ"9:Y[$IfûxoçgChÜijkl~�d Sr tmnVWZöõúùûXo

px5¶âçVÄLaFe1-xNixO3 Yc'∂hqî^àmâäHãåâHÚZx=0.6 íºRV^~
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G Ni H.IJKLMNOPQRISKLMTNI12UVWXMIY0.6 Z[\G]^9I

_`aOPQRbcdeKN12UVWXfg"%&\G Ni hij]kd]^9_`hl

mNnoYNi hJXH.\Gpqrst.uGbvt.Iwx\yMNz{$|}~�Ä

ÅafgUÇut.v0dbvjÉMNÑÖÜáàâä0IbcYãXàâãIwxLåq

çéè\Gpqrst.IêaXNnëUVffíuYìq\ht.èdrîfgïhñóY

ìqèdòXfbvt.u~�ôöåõaf LaFe1-xNixO3ht.u.úafgùf NiH.d
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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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K. Umetsu,  Hawking radiation from Kerr-Newman balck hole abd tunneling mechanism,  
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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+©¿¡]  
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Optimization and Validation of High-Performance Liquid Chromatographic Assay with UV Detection 

for Determination of Pyrrole-Imidazole Polyamides and Tumour-localizing Photosensitizing 

Compounds in Plasma  

 

Yoshiaki Matsumoto, Takahiko Aoyama 

College of Pharmacy 

Medical Group 

 

  A sensitive and specific high-performance liquid chromatographic (HPLC) assay was developed for 

the quantification of Pyrrole-Imidazole polyamides in rat plasma and for application to a 

pharmacokinetic/pharmacodynamic modeling. Pyrrole-Imidazole polyamides were analyzed using a 

Shimadzu LC-20A HPLC system (Tokyo Japan) with a reverse-phase Luna 5u C18(2) 100A 

(phenomenex) (4.60 mm ! 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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