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MESMEEICa Y br—/LTE, HBEEOGmE EARIE TX 5 X 512725 (Fig.l).
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B, T RTHEEREE 2o, 1(b) 2 5 3 %k
> Raman %QEL,%%%%@: G NV R, DAV F‘yﬁi
BRI, F7=. %G, (i) THE. G S ik
EMER CTE e o7z, LLERERNS, ﬂﬁﬂiﬁ'ﬁif@

e T ()X HAR

HE D —RF ) Fa—TSWNT)DIA T VT ¢ il

1000
(@ @
2 785 @)
= 750t
g
=
O
632
g 500}
Q 532
wn
5 20441
8
RS
Q00 200 300 400
Wavenumber (cril)
1500
(b) D-band G-band
pil¢
2
g
= 100}
= 785
N
>
T 500l 632
o
3 532
R= M
1hoo 1250 1500 ] 1750
Wavenumber (cr)
1: EMAEREL, RELFELT-

JEM BEIZ/ERL L 72 SWNTs @ Raman
ﬁﬁl—lo

BTA T VT ¢ OEEI S -8 EKR SWNTs B E LTS Z ERbhoT-, FxlIkE
M. BREF A T U T ¢ HIH 7= SWNTs i E %[RRI 9D TER L7,

2. REFeO3/AFeO3 A OERLE R~ VTF 7 =0 A v 7 O BL(RE=Bi,La A=Ca,Sr)

4 2 |2 SrTiOs(STO)(103)IZ 8.3 w 83— B 82
4 % (a) CaFeOx (CFO) / 2@ ! 8210 § &)
LaFeO5(LFO) . (b) CFO / 801 Eiﬂ:ﬁ s | §§ 79]
BiFeO; (BFO) . (c) SrFeOx ;z w794 : 78] )

. ~ 5 J R T ¥ [ENERG.

(SFO) / BFO fﬁ%%@@%% = 717 CHC ] B E
vy e EAT, @TER S76 WTUE e RoN S 00
CFO, LFO #% 7units =& & 1] EP ] T
BTEERLTVNEZ &L (b) 731 S S
T % [CFO(1.16nm) / ;f 7? - 4
BFO(1.30nm)]x14 . (c) C I% 7o) CAI ol 4
[SFO(1.36nm) / 691 691 ! 694
BFO(1.00nm)]x14 D K& T HE 232425262728 2.32.42.52.62.72,8 2.32.42.52.62.72.8
WA R LTz, BT o (1) Yo 1) Yo (07)

— 7 PR &L, &5
2. BEGBNAT v 77T A
RS2 R L2 2 L S IEER
RENERINLTWDZ ENRTFHERIND,
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AAKENTET Y =7 b Fpk 22 EFEHRE

BOESEASFRORMKEE, TRILF— ER BHREBA~AOEH

KA#E
o - HOALRkEE, =L —3

ORI SN FOHCESIL, T/ BEEHBETIZOOFNRE NLT v 7T
ETHDH., AFETIE, FILWSTORCESREZREL, 4T LUV ToOHEAHELSE,
FEDHEAT Iy I REFHMERALNCTHELHIC, NIRRT 2T =7 NOMIEE & OEEEC
EoT, =x¥—, ER, HFRAOSHEZRFTL TS,

1. PFOEBCEESREELINEEOSFLANIILTOMREHA

ETINT o H—ERLE NI RV T 4 ) o7 Xa v T =00 X )R FHDOT 4 A7 Ry T
2N —DDERA T HIXSHIATEROILEMO B CESEHEZRT L. X7V T v
H—$ERD 2K DT 4 A71%, e F s L THEET DI ENERARY b Aa b —(Z
KoTHLNZENTWED, ZOREERE TRZ) NTWenrolz, Fkxld, ZORERICE
HE DB EZRETE D LT HEHIC, BHLEZ —HFTEANLIZE T VT v I —ik
A LT, ZOKREERFRICHSE S, BCEAICLoTEIESESZ LIk - T,
FEARDm & 2 EE N R VEEREETH S
MWIZTDHIENTE., EHIZ, £DH
IR E EBICBLT B2/ O 2D
ZEIITRTIL, WIDT, XTNVT v h—
ERoOREEE [R5 Z ks Lz
Gaxx1l, X).

FHREHZ k> T T EEN K E AL
THHLVEEMEARKRL, "7 1)
vEDESREZETa Y Fr—LT D
REWME L GRx2).

2. BEEESHAZAWVWEEIRLF—IZLDKNODKRFEL.

SREALEALZ OB LA U VU MR Z G L7z, Ke G0 h T I b oiEk L
ANV I F U ERRAETDE, RN I ANV AT T HERNLL, AV VT L—a L D
W7 iy FOIARN AR T 2. A U P07 LEATOEHEAI L LT, a0 MK
FEAEMEL L UCTHEREL, MEEMEET D 2 LI X o TKFAEMRISIZ LR E T BEN A HE
IKEZIDZZENFEESND. WS OPDOFERICON LRI RBRZITY, KADFEES
L2 EmAWVELTE. AU PTLE I EREE L TORWGEITHAT, BN 06 L3
LETHERLREDO LN GEX3). 6T, VT =ULEHKEHWERT, Al RE
TEY =T —"—DKBRAEREZRNWIZ L., ZOBRBLZBIERFTTH D .

3. XBEAWVWLABRNFEEED-ODILEMERK

JEDOIEERIEDOE D& L THRBIIFRERHW SN TWS . 2, @FE AW a2l
ICHEBSETBE, L—F—2BHT 52 LIk o TERTAREAFZEOEIZ X - TIEME
MM 2 AR S, BMIRICH A —VEET 2L TH D, AL —Y — ik Rmm»
5 1 cm BEOCEWVENICHIEICLrEATER2WnWE W IESR”H D, £2C, KNG
EPEN B 5 X MR & BRIV FREEZ AR DED DI, XBRINVHEDOH 5 3 7 # LG
FBHMREDH DR T 4 U oS LTAbemA AR Lz (FiFE1).

SRR L)L CT—EORENRBO LN TEY, S%HBEMEL T\ EEblT, X #
2 & B WNRE Tl 7R O = L X —BERERIZIE 10 ELO AL —ZER1H D,
ZoMo7TatE AFRFERICHE LS, FEFICHEEELS, BRTH2MERH L & Ebhs.
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BARFENMFTE = b Pk 22 HFEEHE

BHASIaAL—23vItkdT/ RT—ILTINA RDHKE

KEH#—ER
PR - FHEE

BEENOEEEOBEWVEMA Y S 2L —3 3 %, OB EICH AR TSN ST
JAEEWIZR L CAT ). RIS RTE e PR A AR T A T T R T T R
Rl EREL, NIFZE T 0¥ =7 FOMZEE & OEEEIC L IEREF~0ISHZ B LT
5.

1. XEERFICAITF/ R5—ILT7 T FDEkE

THMIEOZEA « (FRED M F A L 7OLFF i s s LB G IR AR5 2 &3
BAThDN, BROWEAR Y MY A XiEv A 7 82— FLA—F Th % 720 E ik N
HThDH., £IT, EHRIOF)IEILET, T A= A —F ORI PR E E R
WCAERTE DT o7t 2&RF L. M1OT T FHE2HMDEAR—=LT T F bR E
n, TNENOT T FICHERINDIEmMT T AEOMMHEN 90 EINbd L5477
FEERAL. 207 7 HCEBRREEZ AR LGS, PREOFy v 728 W TH 212758
T XY R ARENERTED 2R L., £, ARFREEZDZ L THIE
0 ELEEY ORIE G FRETH D Z &, FmEARFIZEBNTHIRAERERTELZ L HHL

M LTz,
Ex[Vin] Ex[Vin]

1 JRET R T > T T B2 : B ORER G E AT

Ey [V
Ey [V

2. BRERBEHESARBRRXEICLDIERE TS XEUOEN

FHERE E ORFEN Al RE /R B W EEIR I C B T 2 FREXEE A WT, 7 A — L4
BRLFIZBITDRE T T AT DT E1T- T2, ATEIL, HOBEERFICBWT, EEFIR
RSB DEE D 55 A IOV TREHEEOE W AT 2 2N Lz, Fiz,
SRPLFOET YV o TIZONTHRFEZIT, thm Xy F R EOFRAEEZH LML

150

- ® - |
’r/ ) ‘ 75:. > 4 i

100

e

X

Y\
1%/
27

X
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-150 -100 50 0 50 100 150

X3 : £l T XE L O X4 BTV s B

3. HEEWY T vt Y& G E R AT

GPU < Cell 72 OB IA 7o vy xtic LR 70 77 A2 L. @Eo
CPU TOFHEICH T, GPU Z /= FDTD {EDOFHEIL 25 SR, Cell Z MV /= 3 kIt
TR N OVERENT IS AT RE 7R R Ay T RE A TIE 20 SRR O mnd b 2 FHEL LT
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HAKSE NHIES 0 o= s b Tk 22 S

RF[AZANEEFATY OXRBIZHIT-EERHAE

S A
TR B

1. ABREDEH

FHFEZFALEZEFATY OERbE BIR LB E21T5. B AT VI, BEEHR
fEEDOER - BREOZOICHBO CTEETH D BEFIEHRAH « 83120 EAR ] R 22 B B
Thon. RFETIEFC, FEEFb O ZRFRICRFEIRGET 22 &4 EET.
BELTO 2 DOFEBRZVATL CTHED TN 5.

(1) WED T ARAEOHIGHEE (795 nm) & bOFGEF b O FaOERM (EOLR
DERF)

Q) BEFEBHLEZFIHA L7-RIELEY T ARFKEH~O L —F — ORI EBR R DO
3B L OREEL (PRAFZEE OB %)

FRLOBBNK TR, MEEMAE L TTREET D ONWEFROER/LE Y T ARFRIRH
~ORTEERZIT 5. BBAHM R 257-1%, HHEACHEEREELZ2ERT 27200k
EITWE 0 EAMNRR~ORMEZRA2D.

2. PR 22 FEEOMBENBRTS L URE

Rk 21 FFEICBWT, EREICHETFZMICET 2B & LT, WtE b 21t +
SR & 72 D ER MR DA MEE 2 2 BT 7., BRI TR LEEEEHELNZE
DETMHEHERTHETITTEL -T2, 7, ERRQICET A5 E L TL—%—
W DRAFITR D UT2 S, (RAERFREINEATIIGED 10 5D 1 FEELHN LD Th o7z, KEE
EZhbouEEEED - DI B RN RN E 2R

() WED T AR LRI E (7950m) % & DE AW IEIE % O &7 O R
T BB X UBRRICE LLLTIZEET.
1. BRI TRt 2R ST D OICNE L 7 AR 397.5 nm O YR O HATE.

397.5 nm YL, FERIE TR ST /1 600 mW, R 795 nm DhEE G A AS L 2 El
WaIHAZIETHD. AIFEEE TETEORA LIEFICEBRDROBEVERELHEHL TV
o, REEIART e Y =27 FPEICTHEHA LIZEBBEOE WES (Type 1 PPKTP) % i
W 2~3 mW @D 3975 nm &G, TS KD BRI EFRDOBAEE 2 fFITH b
INTE 2.

2. HHFROUE.

FERR L T2 B AR R X D B PHEDHERR TE 2o 72 DIlX, 3975 nm &2 BRETH7-0

WAL CTWea 7 ) XA REEGEER S D ENFRRTHDHZ L2 EE kD=, 7
XA%WD%%,$7D/I7%%ﬁmfﬁﬂbk¥ﬁ@05mn@&ﬁ7%nm%%&%
N RRAT 4 V=MD — A7 4 v Z—Z Y, 3975 nm EOFREEIT I
FRICEE LT,

3. BRI T3 D 2 7T UHHHIE O 7o 8 O [FIRFFHERE] 3 0 FLAE.
4, B A U7 IER SR OEA

FERE A5 (Type 11 PPKTP) PN TARL L 72 EA W YE %L 90 FEREN 725 2
DOXF D TH LN, K OBEEITIZ L VKRN Z BRI R R 261 D72/
M BENAET D, ZNEMIET D701, A7ov=7 FPREICTHEHALZ KTP fimsx
EBALT.
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FEERORER, BRI D& EE
eI D HFITHEh L7-. Fig. 1 [ EBRE 5
ZoRY. ZHUTE RO 2 6 A HNE
L7eb D TH Y, WM (visibility)iX 83%
Thote. HHRITES B 2HEEER XU
MR DBELZ D 5.

Q) BIENLEY T AFRARAEF~D L —H
— WD EEMBEFED DD L —F —F
W B 181 % 0 & b
NE VT LRS- FHAD L —F = DORT

BRI S SEATAFZE D 1/10 F2JE Th - - HHh

AARKFE NIRRT 0D x s b Fhk 22 RS

2000 ——1F—"—7—"—T—+"7T—"T7T"—T1"—T1T"—T1

100004
80004
6000-.
4000:

2000+

Coincidence count ( /4 s)

0 T = A% F T & % 1 % ¥ 8 &Y 4% F YR
0 20 40 60 80 100 120 140 160 180

Polarization rotation angle (deg)

FTEEEZONDD, FxlL, HH L Ty Fig. 1 Coincidence count of orthogonally polarized
22 E0 L —F—O A7 BRI X photon pair as a function of polarization rotation angle.

PNERKTH S L PREILT, AR

£ % LY — MR AR 00 B 98 417

oo KBEBIZIZTe Y= P PRICTHALLGESRAESRZHERN L., SdeRibaRic k-

T2 AOLr—F—HFobr— M5 (68
GHz + FHXIEMHEES X5 ML, 13
FRAELRN D OEFEE R LT 5 2
ECdEMH LT, ZhvEk/MET B LD
WL —Y—Z2 7 4 — KXy JHIEI L. §
K% Fig. 2 IR T. HAAMERMZITOR0
Bia, E— METOHEL2EIX 2 MHz 2
o> TN RAMMHEIIIC L > TZihE 400
Hz ¥ CHREATL2HENTE . 2T 2
BO L —HF— DX EEE P S 25 1/5000
272572 Z IS T 5. KREIEDORKIIC
roT, ERAECTWEY L gy B
T DOEBRRELEN KX Ml S k.
SBITRAFORR ML 2 R T 5.

Beat signal
/With OPLL

400 Hz

Beat signal
without OPLL
(FWHM ~2 MHz)

Light Intesity (arb. units)

ﬂ“

-2 0
Relative frequency (MHz)

Fig. 2 Beat signals of two lasers with and without
the relative frequency control by the optical phase
lock loop
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HAKSE NHIES 0 o= s b Tk 22 S

PIRYT7 I RELVF/BEEZRV/NREBESICHT 2HRNEZR OB

K EE
=X HE

PR EEIE IR L VA L, BHENUAMIRAET AEEEE CTH O /NED T D 15%
ZEDDH. MREEO PEHARFICEBOTUIETFEN 40% 520> TE Y, FRFEES IO,
THARRRIESG T 26RO BEIMCIZICH T 2 72D OFHZENER#IfF ST D, £
MYCN 8151 ORI IR D TZE - TH VD, [RS8 BLANH] LA A 7E 0 i 2 5
Rtz Rd. —J7, PIARY 7 I FIIESIFFEAIC DNA ICHE TE, BERF O EES
ML L TERT 5 2 L THEFORAZFHETE D, Frld MYCN Eis T OFRBFHHEHE
BUTAFET DG KT TdH 2 SP1, E2F O GHBAZENE L2 PIARY 7 I FE/ERL, =
DY DT 2 AR EIEI AR TRET L7z, S BI48 %k, T 7 ETPIARY 7 REE
fiid 5 2 & TX R 7P SEA OB L OFBLZWHE O BFRE ~D IS H O 7= 0 5k
L7 DRI AR AT LT,

1. Invitro CORRE
BUE & CITARRR M Ik CHP134 (2% L

a)
TE2ZF BLOSPL ZAF L LIZPLARY 7 I R i
DIREEGZATV, 5% 72 K CTIERGHE .
L Pl U C IR 20 Re(a) s K O MYCN -
AT OB 2D, SbiconboPpr
RY T I OB ORE STT A

N—=Y ZADFHEEEZTH I ENERTE=

*Mann-Whitney U p<0.001

2. Invivo TOFRF

PR IEEAIIOEE CHP134 il X — R~ _ %)
ADRE T L, xonograft 7 /L~ 1T A%
ERL L 7=, 2O~ 2D EEBREIC LT
In vitro [RIERIZ E2F 35 X TY SP1 242/ & LT
PIRY 7 I FEIRGHERE L. TORKE, &
HEECHMERE MG ALV ary he—
JL PI 7R U 7 X R(mismatch) & bbig U TS D
HE B A B9 2 B & o T (b). 0

8=

15:
# E2F+Splpolyamide

10 4 } B missmatchpolyamide
’ §é i' }
3 *

Tumor size ( /tumor size of day0)

0 5 10 15 20 25
Days after Pl polyamide injection

INOOMRITAE, T /HETPLARY 7 I FEEMT 2 Z & TE YRR ZRGUE
FANIDOBAZE R L OHHZWHTEDORE~NCH T 21O DB L RO ThH T EEZXLND.
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AARKRFE NIRRT 0Dz b Fhk 22 RS

N)DLBRRFISETS 70 FAIOER  BEXEVREICETOIARIILIADOEFHL

EBRfER
PR - FHEIE

EILHARRICGEET D R/ANBEMNOBATHY, ZOBA E L TOMEEME Y A &l
BT LIE->TC, EFIERNBMNDO AT HE LD, AFETIE, RHICBT5%E
AV E TR NF WM OBBRERETS (7 FoFE—HA IEB L, Z0HAINEY
SEOFEIR A e b A2 AR 7R T D He 78 L OV He B 1A A T DWW TR L 7=,

7 FOBANT, UEREZ LA L, AV CBIOHUEAESENE LD EFIRER O
INVX—EFEEHETABRAUTHY, FFICAE TS (72 FoFE—HHAl IcoW T,
A DOHRRET, 1, SHITEATLRFIZONVTHRIMISDZ ERMLNTWND., ZDOF
—HADOEPFIZ DN TIE, 1929 £ Slater DF LIS, RV ZEHEORIVIREEIS
FEFHRETRLF =2/ W] ZENRRZET D, Wb DRFRI RN 5T
V5. —J7, Davidson (23 & 3T 5 He Ji FICBIT 5 E D% OELFFEICL - T, AV
ZEENKE D 3 HIEREO LN, ZEENNI W 1 HERELY b, EFHIEZRLFX
—NRENWZLEIRENTWD. Thbb, 3 EIERRED T2 1 HIERE L D V= R/ F
—fEHEFODIX, EFHXERT v VKD —HEMBN/ NS Wb TERL, &
TN L VBTGS2 ko, TSI R T v vy ik D22 VX —KT
DRIENRRKENWTED | THDLHZEDRRINTND.

—77, 3 BEREIZB W CEF2MABIET 2 JREIZOWTIE, TEFDSAEVISEIT &V 2
BETAENRIORELIRDIEICEST, BBEMOEWMD /NS 8D 2OTHHI LN
Boyd {Z Lo Tl < MHREBINTE 2, fili Moiseyev b1, EIREFHHEIZEWT T
NOZEEAZ FBLT 27201203, SkOAER) &R E LRI AN D LER 2N L,
Thbb, 2 BEFHOAEMBENEBECTIERN EE2RLTWD. EH S IXKT, VEOE
) AT VORRITEART v VFEFICH LA TATRT ) LIS & 1FROE
FUPEE SN T D 72D ORFFRICE Y #l7, He JRFIZRET D 2 B ALRFIZONWT,
WENBES ONEEEZ AT b T 5 2 Lick o T, 3 HEREBOEFBESMN L 237 M
RBRNAEHS NI LTS [ 1], AR TIE, Z OB ONEHEEZ2 /D L
9 HID TIZ, He JR I DWW TR E MM AEH (FCHIBICEES < EHIRIEHE 2170, ®&
P LRI ELNTWARY He JAFIZOWT, 7> FoHE—HAIORRZ AT 5 =
LEHELE.

FCI {EIZ L > TR LN BI BB OMRELE MNP D |, BHuEAEEEICHIST 5 A EE
BERNT 52 Lo TEREIRBKONTE S 2L, 2 O WNE B R % 2 N 22
(r,ry, ¢ ) TRAIEALZIT o7 . FBEFRIRERT v v 1 n, % Z ONEZEM TR L
e ZAh, Unld¢g =0, 27 BLOr =r, CERINDIEMIIE—7 ZFRHO=20D [F—
V] L LTERI, 7oV IAPEN D ZEMfERZ FEICES 2N Rae L £ LT, 3 HIR
ARAE DN ERIK BB S DR E 1L, N VFRFRIZ K - C7 =/ I LR ICHER B E &2 Fi= /2
Wiz, BFEIRERT v Y VOREEZZ TIC W—7, 1 BIEINEEOREIBE K OSEITIE,
7 )V LRI A HFAE L CWVEREREEDN |, ETRIKBEOR— LIk s THLiah
ZEWRENT. —J7, 1 EERELE 3 HEREONTEEIRI KOG A L LZRR, 1 E
TEREEORENBEEE, 7 2V SO, 3 EIHRRE L D b HERBEN/ NS 2D kT
VI FL AEOZENILD TRBENE . F LT, ZOEET 2 VI ILOIFEFEICL - T,
7z VI LEENOHR U SN 1 BEREREOMERERE L, b kv ICBEIL, F0
FER, 3 HIRREL D LA ST EBFEESMERFF O &, ST, 3 EHERREIEX 1 &
FIREL DV b a vy N ETEBESMEROZENRHLNE o7 R 2]
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AAKSE NS 02 b Pk 22 4R B
LAY FXry THEEF/ 0y ETNRAZADHERK

AR
TONE T TN R

FOMERELT, h—ARrFmy K, RN Ry v 7FPREK) 2048 L LT, L—
Y TIXwTut R, TOMMEOFIEZ L DWHEAKIE, MEFEEZHETS.

1. EERNEI—RUF/ Fa—JOHMKHEMKER IO —JNT

SREGNEIR D = v v 2 B 10~80mm - & & 100~
800nm & WO @ T AR NHTHNE LA —RF
JFa—=T71E, 2OMNCE~B+REDO T T =
BREXMONTRELTWASZ 2R L, 7.
=y T IVITIERE R ENFET D 2 L, A O E
MR R FEMEIC DWW TRET L. il sz i L
72 ZTHDHDORKE %, 21°° European Conference on
Diamond, Diamond-Like Materials, Carbon
Nanotubes, and Nitrides (5-9 Sep. 2010,
Budapest, Hungary) THFE L7z, 7=, EHEAENE
ONT DHTHI3EE , BEMERPNTL ONT O ITIE, Rtk
KTl ONT, BERDBEMEE, Ay - FT P RZ
AV s FAF =R, ACCVERIRNT T RE
AE Y pin XA A— F] FelE 2010-198325 % FFFF
FEL 7,

2. KORDRRIZKEDERLEKE - BRORBEINRE —ARTITSEEMHORSE

HWEEEEs B R, RUAR. BRI, FHRSed & o LEFSE C RIS A BB O BFIE 21T BB ML
FH(TI0YICT v F(La) b A Ry F U A(SE) - NY A Ba) » ANV TA(Ca)FE F—TT5
Z LIk, WHYETUKRGMGE TR L, KERENHR SN, La DEERINKHZIKEDOFAET
EZ H7eho722y, La OWINC LV AKFEHA 10 pwLlh' em® ZFEFE O

THER L, SFEIT LatSr OWINTEY 16 pLh' em® ~&KFFHAELE
DWENRINT, ZOREE, 7th International Conference on
Photo-Excited Processes and Applications (16-19 August 2010,
Copenhagen, Denmark) THF L7z, £7=. &F 10 B L —VP -2 TETES
WFgE2 (2010 4 3 H 3 HHERFMETF ¥ > /2 ) THEH A EO B 2 A7
INIRAZ —THIHEH 22 H LT,
3. BMERBEEMHOBRILEEEFT /N ROERK

WA mEPSEE & ILE CHEEEMEL LaOFeAs DORIEIZBES 2 MF5E
AT, ZTDORE%A  Tth International Conference on Photo—Excited

Processes and Applications (16-19 August 2010, Copenhagen,

Denmark) THFE LT,

4. REGEMFSAESTFF/ BROBR
FRCOMNBIERO T Ly v a7 T A~ Ve y MEROTAL K v — MBORRRTES 2L
B IS AR OPHSEE & B4 T ORMEIEC BT 2 E s L7, E7o, R : B,
TR AR, L e & O SR C U N 0 R B B BFAE A A L
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AARKRFE NIRRT 0Dz b Fhk 22 RS

BREEZHOBRRBCEROBLERBEMRALHTBECEVELRR

=H R
FIOE - T TN AR

1. [FL®HIC

2008 (2T D A 7 v F TEM LT LaO, F FeAs 7] 26K OB SR E T, & £F
DI ENRFER SN, £D%, LaOFeAs & [AIFRIZ Fe @ 2 IRITIE ¥ 1 % FF DB A0
WAIZAHENTE TS, IO OWEIFERBAEMRE LT, BIE, HRF TR IN
e STV B,

Fexld, 20Xk 5 RWEREICB VT, LaOFeAs & [Fl—d 1111 #5& Z £ StFFeAs 3 L Y
1111 #5358 X 0 5 Sa & S B CRIAR IZ Fe @ 2 IRITIE i k& % £5 LiFeAs(111 #EE)IZH
H L7z, StFFeAs TIX Sr® & +¥IcER CTEMHL L., B F—T7%2175 L RHIEWE D
MEMEEOHK L &I, BEENRET 5, I E TICHE STV D ERERIT
R=La,Sm OHAETH Y, ZOMREEBIRE T XL 29K B XN 56K Th - 7=,
FIZT, BaIZINETICHE SN TWARVWR=NA & LEERBIOERR ATV, F O R %23
fli L7z, F7=. SrFFeAs Ti%, BEZH 5 & X 51T 5 FeAs & D Fe Ol & [E.1%
Co TEMLLTH, MIK THIREIZR D LMEINTWD, BIEEORBLN d EFEOHEM

HZEBFR—=7ICLBLTHIE CokVbdBEFENLON OITRHRGTHD EEZ
HALH T2, SrFFe, Ni,As & 1EAK LEERIINEE 2 36l L 7=, LiFeAs IXIRHAME B & 25 T, 3
18K OBZERTH D, Zh & AT o A7 NaFeAs ITBRE & /R S 7202, Fe D —
WA Co HHUVNEINI TEMT L EBEEICRD EHREINTND, £2 T, Hxix, 7.
LiFe, ,CoAs Z{ER L., ZEDEXM - BEKIIMEE 2 3840 L 7=,

2. EREBERBLUBER
2.1 Sr_Nd FFeAs D #B{zE

MED StF, R° FeAs, 72 EORMM %= G b DD, 0<x<0.5 OFPH T, (FIXTHIHOFE % 1E
D Z LI LT, BHE x OIS IR ERK a, c 1T L, TIIEIN Lz, &&
D T 0% Sro_sNdo.sFFeAs D 49K Th Y, fERFESINTND Sm BEHLO T, ZVCiT 2 HE3
ST, 7o, T AR D LS5 OB E ABL(dH/dT)IE-1.5T/K TH Y . il
v okick Téinﬁﬁfﬁw%%ﬁﬁ%ot& A, KITST VD FFEFITEVMELZ R LT,
2.2 SrFFe,_Ni As DESHEE

MWED SIF, Z A e LTETLeL DD, 0<x<0.2 OFiH T, ﬁ&f%*ﬁ@%ﬁﬂ%f/ﬁﬁfﬁé:

AT LTe, [EfLE x OWINE BITHKFEE a, c 13D L, HEHEERIC L 5 EREiE
DEWRTEBLIAA Z R TIREIMREANCBE L, 2 ToREHZB W T, ﬁﬁm#4@mf
REMEIZERMTH 71228, 3K UL THBIEEEZED Z ENTEX o T,
2.3LiFe, CoAs DESXH - EH—LEI’J'Iiﬁ

Li & x 2oV TiE, BRICIIRESN TOARWNEFLFERLETH S 1ITEWEEZDL
na, R L CTiED C05As2 NEFEIL TN, 0<59<0.05 OFPE T, (X HEMHOFE
EERRT A Z LTk Lz, Efigy @iééjm}: BT EE a, c IZWDH L. T. WD LT,
Li,FeAs 35 X O Li,Fe03C0o00As D To. T ATV D dH /AT, Tl ey, =SS RITZ N
Zh. 18K. -043 K/T. 0.05T. 54 %:;ootU 11K. -043 K/T. 0.02T. 46 % Td -7~
Li,Fey9sCo0sAs TITA 11K THIZEIZ X D L b5 BEBXIRITO 2 720 28 L7253,
PoPikEE2HG 2 ENTE o Tz,

3. F£&&H

BAE, Fxid, BWBEEEEBEE 2 R~ T8 E ORE 2 HOICE 217> TE T

e — N, TOXIRBIGERETL Y bu= ST DI, EE AL TH D,
Foxld, BIEERIREN R <, HBAEEOERINE S 78 (St LaF)FeAs i8N, [A]— 8
DEAREEZ L OILFRIFRIC LV, ERALZIT-oTBY ., ZOREE2EBRESHETHE L,
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RAXFIROVDIBFAA—SLY

ZFEX, RIRE
FOME - F TN AP

WERDANA AT )~ O TIE, D7 &b 10 0JKED 51O E &2 e+ 25 44k
2, HOWVIIEYYHZENTENER CTH 7. LLRREL, 10 0kKEDO NS AT/~
b ATP L DRSS A 7 MZENWT, 06 1l 1 EOIEY A 7 ARFEB L T\ bo
T TRV TEEIZAAL A TF /v v ODEOa Ly T A— g B LTWARW., Lz
MoT, 10 FHINSLELRL., Z2TELID A A=Y TORIERE LTDOES 1A
A=V U T LB EERS =2 —FRFE O L 1 1A A=Y 72 X D Mlal B
BEREAOREZRET S.

1. BRFA ;A= JTICEBERDFE— 2 —EBREOHZE.

AT 4T AN EE fluorescent actin filament
BHHNIERT 7 F 7 4T mﬂTmNWM) forward (fast)

AV NOBENE ZENA A=Y
VIWETET LT, MO LD
T F T 4T A MER
AT 4T A OIS FRIZM Do T (forward) 1FTELSIED . RS EEIZHE D> T
(backward) [ZW - VIEDHZ ENbMroTWAD. LirL, TOEMBITION-> TV o Tz.
ZIZTIE, BOEEOREKREEERN, Tr=vxTay bhbERENOEE LT xoL
X—ZstHE L7z, TOREE, forward & backward OFFMEA L = %L ¥ —XZ N E 4 44k kI/mol,
79 kI/mol ThHo7-. THHOFERIT1L 8 0° DROLNEIAV LV DHEHNRT IV F 7 4T A
YR EWHMCEIT ERET D L, IATVUOEAVR LN ERITBE = XL X —T
RENTWDLZEERELTND GaXl).

2. 1RFAA—UTIC&5HEELOLRBEERFZEREBOHE

bR kR N - (EGF) LM i | o0 32 RAR(EGFR)ICHE & L, Mok & B5E O i 12 &
B EI 2 7279, 2O EGFR OZRITFHEI R TREZMia pHAEZ L, BDAERESED
EEDbI TS, Zd EGFR O EOBIREZ B NI T 572D 1 2D I LT
WD AERNBIE (In Vivo) TP TRV B ZE I E2 > TV D oo sol 48
MEFDLZENEELW. o, MRSOHEBRITE R TRV /A RBRENHEE L, B2t
SR EBIZT T 0 U ER LTS 7O B FE 4 S 2 EBbT 5, SORENH
L. INSOREERRT L7280, LVEar T A NERETLRFLROMBE L GFP (b
BHOE S LRI E) RO DE0E T AL RIOBRR 21T W, &b S/N B E L, REBNDOM®
OEOFEMPRbLEWELEY )78 E LT nPlum 2 W2 L7z,
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HAKY NAFET 00y b Tk 22 SR
AFEESEMIE R L BERFRCEK

BAREH, FEHRER
TEHEE, o1 - B CAHRREE

1. BIREH

UTAE | KA Gk B 3 DM 2E 0 B I B 1 Db R B O — D L L TR A — R D
EHAERZE T HND, N—R T A AR FEINDBEXGLE Tl BME RS RN DL AT
HOWAL DM EEBEFNCIVAAS v F L 7T 52 THERLERZEI TN, BEICWHEIICAR Al 382 5
EDTRFUZIEY | ARARBIMER IR DR N FEERLR DTN TN D,

ZIVETIZ, GdFeCo #IEIZRI LSV AR 40 fs(7 = AND: 1077 )DL — B D 22 T 2%
(LR TEDI LR ERAEFERL | Z D NFHEMACEEER D, FHREO NI T L0 #E AT e T
HHZLEEWHLMMC LTz, 2T WERARAEEZEEZ LN TEELDO T, BEEN—R T A AT DHK)
100,000 & W) TREEAGHA E LR~ D A BEMEZ R TH DO TH D, AL TIE, LR DR
RO T FrH 78 A L E# e A I O0NCT %, EREREZER T 5720,
BARMIZIE,

1) S i AL R B G O SR AR ORI (H23 £ CIZiE A £, H25 £ CIT) /A i)

2) BEARKA B O B R B AL I B 2 DG BV YE O R B (H24 FC LR ENFAT)

3) EFE1) .| 2) 12O, &Y E LR Re sk D i (H25 £ 7TC)

(LB EH IS E R DR R A XD,

2. T2 FEMEEE - EH

Fepk 22 AERERREHE & LT, LR O BIRIZ O EMRET LT,

DAMIFE AR TH 28+ THz SIS COBMLHIBENI M, - -BA- BRI R & B - A
M3, 7=b MAVAL—=F 2 RN Y 7 v afhipsE T o, ORMLENRE,
@Ye-FBAEM L 2060 O & IZHIE 2R 5,

2)EE TG D F 7 D T FE A EHTbFeCo) 2 B L. FEENAY G RE L ik b S B B 5 D JE 3 & e i

ITIC B8l a2 7,

2-1) %7 A B fEI T OB ME, IR E IR O T2 7 = b MR UL A L— PR
X DRT - Tu—=TEE OO R R MRS AT L2 LTz, OO LB R
ICOWTIX, R 7 7 77—/ REHW, @20 Tit, BEFREKFHEELL
(ZFE D FiE R AT ROZARFHC L 0IT O 729, e
R R R AT RE A B o A 7 A MR L, WP 4)
fiRBEARY 10fs TOMIE 2 i L7z, BRI % Y7
ps ORFHFEBICI VT, EHRE LR 2 THEKRE L
BRR MR L, $lo. B-BES VAL —Y— IS e
B DI C. B SRENARETH S = L A E H Fig. 1 The demonstration of thermo -
- 7%% magnetic recording by ultra-short
L7, Fig. 1 M, single laser pulse.

GdagoFess7C003

2-2) ZAVE TIZIEBADETH L AL FOIR Bl D F Bl % e 5
L CTW 5% GdFeCo (Fig. 2 M) LAk HHB IO
BEBCENOROMMEEETHY, EFHENRRD
M@/ E LT Tb Z& e TbFeCo MEHIBI L, B
PEJEE 20nm O EE E I 36U T ERE KU 7 2 R B
FTOMELAEW LN Lz, £ LT, ZOMAEHEMIZE
WL B BB R R REE T 5 2 L2 5 Fig. 2 The demonstration of all-

Nz L, optical information recording on
magnetic media.
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AAKENTET Y =7 b Fpk 22 EFEHRE

VS 7 T THFERAWET7 X MNESEEER

BIIE=
CRE$23

BUT ORI BT 2 30 E O IARR 2 FTHET 27 ic, K77 A€ v &tk
BT XD IR R AL CH DT v A MRAGLER O EZ ERE VI 2 L—
2V DZOOTTR—FTEDTND. SHIT, il @ EB LRI R &1 A L7 #i 7
IRARRMESR AT ) ORFFEZ PR - EAD L RO T TED T D, £, B2 -
FHRIEA V8= (KED) ERET T AT T8 L T T 5.

1. RIS T VR MR

F ) A— RV A XOFRERERS D Fr 2 NE L TRk AT 9 T 7 o 2 MREKGLERICE
W, FEERICHWE T T XE T T T ORRE L OGEERRFOBEKR & OEREEL, FiEk~—
7 & OMEBBBAH LN > TR, F2TC, LRI TE2 ST X2 T T
TR OHERB L ONEBEORIEZ AIREL TAHT VT TRELZER L. B VY7774
ZHAWEY 7 A TZIEICRY, @SEELLEHE L EMRMEER R 2 A— M A DK
TIRRT T TEEERT D7 A EE LT

2. REITSXEVT7VTFTHH

WTHEG T o A MEAGEERIE, G EA—F — L0/ NS WERZ AT 20 ERH Y,
INEERTDHEOOERT T AT LT T F OEEIC FDTD (Finite Difference Time
Domain) ¥ X = L — 3 3 UM CRE#ESER & —EHE) 2V Tn5d. ZivE TN
KA ZRND Z LIk, GVWEBRBENMEONDIZEEZHELCND. S OITBIAE
RITHEAT LZe vy, FRICEF LB BHAICK L CO AR T T XAE T U T a5 L1
L0, BAREFHO~—V U EILSTHZENAREE D, 2T, I RICB WL TaER R
FIRELT T FOREE, IR T T TOMEAICK LTHREL, T T e
OO TSR DA, 15 E8 D ERIRE O A FEHR L

3. AFEEBS R RERFD ik

e B AL R B SR & WV D B R R g T s B
TAEEEECEL, KREMHERZEHRET, TEEXEH
VN4 B TR & RLERER & ORISR AT PR & R AR S
LHEEREF L. 4 BRFEO+FT RFy 2 HNWD Z &
T, TAF ¥ LB RITICREE E TR T 5 Z &R T
X5 LR L. BARES 2 kOB Clde <, 7
F L E Y| ST ISR R L A i kY, kT
BARNICHR IR TRE CH D Z E AR LT, &b, +
FTRF DO AERE L7 0 —R_TRFr2ERL, i
FEAT ORI & JELRL T & OERMEELILRL, FiERELT
DRI DI E WVRE D PRS2 AR ATRETH D Z L AR L
7= (X, @, FrartifE, ERERESEER). AT, Z7o—_"T7F 5 LEiEa1T ) MK
KiF & OB~ — Y 2O THRE LT,

Val—va il ARETT AT VEIEORESERROMST TIEERGT L, KEUE
HIZOWINZ LY, F 7 A7 — )OS BB i FTRE TR EAEE DR FENFIREZE
W RBERT FIEZBIRE Lz, 2k, ZRTEERBIRYERD 7T X% o g E o
HE RPN 2 ATRE & Lz, (EESEER)

|
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AAKE NIFET 0 U= b Tk 22 S

KERBEEEDEEMBELELEDMIDY

iy RS
T X)L ¥ —FE

1. KFRBEESEH 5 OIHBKREH

SRR K FALY) LiBH, I YEMREE WO, DIF(E T CTERIMR (g #) 22 &, Bifitiit Cuo
PIGFIED EARBENBEEINDD, WO, £721% CuO O EH S — S DIFELE F TIIKEN
B S e nZ ER oo To. WEME &SN (QMS) OFERAZX 1 1IZ7RT.

LiBH, % B2 CTHI#E 3
% &, BHIKTIE 150CH & 1. O0E-08
W 350°CAFilr CTARFE D ik % oMR RS
IDH, SR wWo, ¥
K OBEE CuO OFET 1. 00E-09 |
TR L =% OMET T
1%, 100°CE L O 280°CAtiT : e T . |
TAFBHI ST, K LooEToL et T
WL BE A = \ I
X 0 KFE IR E OKIEAL LIBH, + WO,
MABEL N Z kT Y, —
B (100°CAir) L v mn B/

&5 IR TR A S AL %1 LB B L iBH BEWO Q)
ST2KFW %2, RIET S
ERHTE .

RAOMRIBS 7 OB TIL, CuO MAIEFET WO, DADHFEE T TH 100°CH L O 280°CFf
WTCTARZENHBEENTZ. LrL, WO, DAHDHAFE T TORMRMEATIE, AKFEHHIEE X
LiBH, A L F L 150CE LT 350°CTH 7. 1> T, WO, [ZHEFH DK Z RIS TRE
EIRBIZEZA D Z LICX DV KRBHBIBREAZRTIETWDH Z &IC b, Bl CuO 13,
ZOREERKEZVEIR CEMANO XM ~H WAL EET S5 L. £, CuO 23RN
L7z LiBH, Z HEZEH CHIEAVT % &, 80°CE LN 220°C TKFE N A 417z, CuO (X HE S ik
HETHHrESZD.

LiBH 8430
LiBH, + WO, + CuO

KERDE

KRFRELER/mL

2. HEKERBEEIZEB/N\AFKEDREIR

N

4
(PTG s - (B RE LR I I
IKIEDKZZWH T HZ N TEHY o=
o AEAKEREAGOETE A Py 0L U ma=s .08

o

TIRF T FNF RENIF ZEWF ZEWF

YT UHROBTHREL, kGl @2 @12 wey T@a o
DOZELFH TKEZ W T X HEAME = E ZrVFe Tig sZro 5(Feg ,Mng ), 5

L, ANVABREIZHALT T XF, JvAh
B, RN FEREET HKFE ORI R
7. 212 13.1 mL OE:ER A A, 73w
FHEH, 30CTHE A DR AT~ 7, A
IRFERERT. BT AALKE RS 4D IAF
TDIE ) BKFBOKPELERNZ . KFHDKSE
WIKBR S S OIFLFETDIFEI NSV LD, BENTIHOKEZELREHTHZ LIk
S TARFBEAZAERMCHERERD L) V7 FEEEEEZLND.
FERFHEZ TEL TV S.

2 KFJBEAZBIEITAESLEFEORRE
OD T 540 nm (2351 2 W55 FE (B R IR BE)
o AAIEATE, A AeE
FOTE: : KAHOKFE, HO LB & OKHE
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HAKSE NHIES B D=2 b Tk 22 GRS

F P4 REBRORE— K TFE—BFRFOER,
B FIEHEM . THILF—~ DA

PEFE
= IEWREE, 7/ WHE - TN A

T BIRC L B FEROEY) R R OERIT, 2 RtE R, TRy b, 74 b=y
FERR E DR TIRFBTFEZAEAN L TE L, KUFZEIX, &F Ny MO THz #I5%. TiO, 7
+ b= 7 fEdh. Si HERKICL D, A T—EBIFETFEZBERTLH, INHOEFITLDEL
F—BFHAEROYEEH ST E20 TR, EER~DILWVIGHAN MG TE 5, N,
WE7 Y= FOZESE & OEEICL > T, REREFHHR, = VFX—Z2BHT5.

1. EF Ry rDTSXATMEZEAL THz BE—FiRH
THz FHH— TR COFLE R HIEO—21%, 2KT
BFVADTIZ AR EBET2HTHL, x2S Au gates

W Fex EEEE THz 88— TR Z IR L, i B -

&3 GaAs/AlGaAs ~7 v S BIC/ERR L7 B+ > b \
&L XTOEMENET DBEEH -EF TV RAID gaasaicass
5705, BT Ry MI P RANY T HEN LKGIC 2PEG

W5N, THz e FRIIZ LD 7T A<Ehied 5 L 1 &
ENYT ENLUCHEHT D, 2K DEBMORT T A

YT—ravid,. BB F N T IPRXDa L E T H A
OELE LTHRND, ZOV AT ATHE—KLTFHRELE L
THEFICHBRICEESE2HFENTE A2 TR, Bt

BEZNEIELIENIETH D, ZORHBEEOKEBIZ sET
X0 ZYREUE AR NEP 25~10"° WHZz 2 & | —#7 B
HEICEK LT GEX1,),

2. BRERKBEMAEATSIZRTTI0 74 b=y I ERDIER
BRIBEKREERIL, BREICOS L, BMTRIENRES THH 72D, Kt rL¥—
FIHOFE I REFL LTHAEN TS, ZOFEFIL, KBEICIVEZELHEL, ZDMH
EETZPERA~ZITE L CTEIRLIRT, AFIE TR, KELWRDEEL LT 572012, by
THEYAETHYER T b=y IR EERT 2 FHARET 5, FEE T + b= 7K
ILF AL LTz TiO, Z AV, ITO 4 7 A JAME FIC/ERL LTz, 7 4 b= v 7 fE i 13K 5B
AT 54ICE 630 nm IO 7+ b=y 7 7L REXy v 7 2EL, ChzWE LTz
w3 2),

3. EFESEEDADS ) O U MMEREOER

Si PAER K IX, vV a2 O FREE RO RIZXDHV I NVE—RT
DHEWIZEY, BEFHERELZS VT TITHIAIKEEEZOND . RIFED Si &
X, B ERREN 2 T EAMESHAR TE AL LB IEE V., Si a7
££ 300 nm x 300 nm A FOBEREE~DO L LE— REERAHES, 1 m EO Si s
WA VERLT 2 FITk B LT,
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AARARFENARTm = b PRk 22 WS

T/ 70ERCLZHERFDERBIEDEBRHE DM B OER

B
T ROLE—PE

B RER (L BRI L EARIC B 1T 2 AN A E e —a X MBS X OEIR CTIEEIT 5
DI E T RN —EBRNRERFOFERMOLN TS, Lo L2222 HAEENHRE A 900~
1000C & & T X 57 OICEMLREESCHERERIGICRIENH 5 Z LM E 2> T, E
FIEE N 600°CE TE T CTEIUL EFCMEE AT XU ATRE & 72 % . ARBFZE CIHKIE (ES)
{bDF—<T VTN ThDEMEMEE X OESEBHMEI 2T 2 2Rl AT D, FiC
PERMOENTWAEMHEIETIIARZDO LD, &5 WIEmmECEBELNEE Lo 1=
WEIZHOWT, 7/ LUV TOREBMNARER 70 A2 HWTAREZIT, Bz R E AL
TR ELE AR & U TS ATREN S D E R L TV 5.

AT
1. BKFEA A EER Sr,BaZrOs DHEARIEIZ X 5 A pk
2. Hriz 72 BB EL LaNi Fe, 03 D&k
BB NARE TIEEIZ L IZoWTHET 5.

BAE, B CTIBREI B O OIS & bW DA BRI A 4 BEBARTH
HA4w NI TREA V=T RNEICHNLBN TS, KRBTSR0 72722 E P00 |
NHEVHIFEITHL DD, FRICHA LB A A AM=EITIE 900°CLL o & 28 0 5
ThdHZENMBEE RS> TV, R TIERIEMA A D LD BRRE A F L OBENTIX
PARIJIZEIRDP VL ETH D D EE X, EFENREIKIBALDOT-OIZITIKFEA A EEEE T 2
v I RAERETTRNE L OfmICELL

KEA A MREARE L THERNDER SN TV DI StZrO; X° BaZrO, 72 &~ 7 2 71 A
MEEEZFOME THDH. SIZt0; D Zr YA NI Y 73 EBRFER A A4 2550 @ L Cig
FREZHEALTZDDIIEWAKRA T MEEZRTENREINTE D, AWEFIZIE 3
L OBEMREBENH 0, HBEROZEENELE 72> T2, R CidmiR X BRiElT,
AERTRBEGE, REBGHT, BUZES ZMMHMICHYY, SrZro; OB ZEEIZ I 5T 5
ZEITHREI LT, F£72 Sr A MIZ Ba ZE#L TV EAHIEBIERE AR/ TE, Ba® 06
PLECEBE~EENEE £ T RMHEBORVWEEZEKT 5 Z EIkIh Lz, S OIZEMX
JRER L OVRARIRAIEO I Z1TV, WAECTAR L2 o Fim e sEE 2 R4 2 &
ZHLMC L. ZhiE Fig. 1 2R Sr,BagZrO; @ SEM 14T, WEARIE TAR L7215 25
FIETHM LTS O X0 GRS HAIRIC R, facet DBLHISNZZ & LG LTV 5.

Fig. 1 SEM images of Srg4Bag¢ZrO; ceramics prepared with (a) solid state reaction
method and (b) liquid phase mixing method.
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1. 57 LMEZIZE DL PIRY 72 FORIZERIH
2. EFiPSHIFADE k TGF-R1 12343 B PIRY 7S RIZk BFE
3. BEMTILRKRATAOVEDDFA »>A— U TRHE

BES. AORE. FikEH, HERKE
[2= i R

HFEIBFIESE « AW EIREL IS AR ERHVERGERN 7, SR, fEEEE
7 U X RERESHE N. Terada, K. Shinohara

[Bm]

1.7 7 MM S < PL AV 7 2 OB FHIEIE, Bar7r—7 & L TORIZEREBED
%, UV — MEAWOKY AR, EFREpERE, BIMEMAR XL ORREMEEZRIET 5,

2. b MERMESAAL S iPS Ml Z TGE-B 1LICxT 2 PIARY 72 RICX 55 ELZRAD,

3.9FA A= T EAWERREET LV R AT 0 SEOBKIEOREEZ B LT 5,

€7 ANES)
1. PIARY 7 2 ROAISKBER
1) P ZE M ARV IE £ 7 /L2 ~D TGF-B 1 12695 PLAR Y 7 2 RORhE

HEREZE AT D & OFHIE O P FEMERE (L IEDET VT v b &ER L. TGF-B1 (Zk5 25 PI &
U7 2 F (GB1203) #JEMENE-L7-, GB1203 %% 5[ BUR A IE AR E 2 30 L 7=,
fEJE L 7= 8 Tl TGF- B 1, CTGF, fibronectin, VEGF mRNA ZH.23 L L. GB1203 I% TGF-
B 1, CTGF, fibronectin mRNA FEEL 2§ L7, MR E ¥ 7 2 A v~ v & 7 Tl L,
GB1203 IZfEEMEIL D =T 2T ¢ T 4 HHEIZHHI LTz,
2)b b TGF-BLIZkT B PIARY 72 RO U — RMEAMDIL Y IA A

t kb TGF-fl D7 T —H —|ZV AT L AL MIXFL, 7 250 Pl KU 7 RE#EH L.
TGF-f1 ® mRNA JEHLINHIZNE A5 GB1101, GB1105, GB1106 {2V — K&K VAL, &5
IZE k VSMC @ TGF-f1, fibronectin, collagen type IV , CTGF mRNA OFBLUZ T H1EH. t
N ERZHIR O EMT (2t 2EHZRET L T\ b,

2. B NiPSHIBEOE R TGF-B1ICxtT A PIARY 7 2 NIz k A3k

i 4 K2k b iPS Mifld A 7 =X &5 TGF- B 1 #1il1Z X % Mesenchymal Epithelial
Transformation T&H 5 Z & 73 2010 FEIZHIH L7=7=, 71 ¥ K% Terada Lab & NAfFIE 7 o
Yx 7 b T MTA 2 %1T\V, GB1105 TOIFRFIEICA-T=, FI=AEWEIREFE O
FE B TGE-B 1 #flichnz, E-# K~V »£7213 BMP-7 & B2 X % iPS flafERk > NAFSE
7r vz s FNCTOHFERFR ARG LT,

3. JRRMET VR AT EDT v F B APNA ZH WS FA A=

~ U ARG SR THD Y1 MBIZS WV TIE CYPLIB2 OFEBLNFED 51,
ACTH HIBIC L 0 BENEEME NS, CYPLIB2 I2xt9 57 »F & A PNA %, CYP11B2
mRNA 2AFEH L7 Y1 filCESRE CE 228 PHRINA, 7oF A PNA (28D
CYP11B2 mRNA I 2 B b+ 5 Z L8 T& %, Y1 #M 107/cm?, ACTH #li% (10°M,
107 M or none), PNAWIN (B RAEHIIT o F B R) OFMGT, EEBRTOT IV RAT
o PEEERIER LY mRNA O 297572, ACTH #Ii4#% 30 SFRETT /L RAT 0 LV pEA
X E—Z 2T 52, PNA HRINEOEFI E TIIEEM A1 L Ebh DT, PNA
WMo A I 71T LT ERFICh - 7=,
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HIFIE
BT - 35N

SAEREIX, FEEDD OfkRE Td 5 A EERRICER L2 £L LTiTo 2, ZOR
e EMERMRIL., B ERBEGICB T2 2 7 A v s OHESRMTICH BT 2B imD
Hhobl b EEREBOMEE TH D, Db DORANLE 21T, FECrBERE &EFimoOY
HOREBSE L THOZ D20 E, ©DLABRFROIFEO—2THY, L > THERMR
TXERINLOIMEETHL ETHRITH D, LMo T, HBOFEREBRAL L X, ZTDi#
CHIZ L5 TRANT EREEMERBRBPRESEBLRbNLS LI RGERH-THLLWVWEEZ XD,
ZDOEHI I THEDLWESR ] NEZDIERITNSNVWEEZDLIDITTHD, ZOEZEHL
EONIE, RHEEEBRNIEN TV D KO ICRZ D FREZJIRNITEA T, WEZHREN
WS Z e b FEMICAEEE B b, FE, EAHEOUEIZEBWNT, WEICBWTERES
AT B 1) 7 il & B 2 72 RERE FE 2 9 AlREME L, bhvbivd B 2 7 CIXFF S LA AR
ThHHZ ENfmIns,

L LTI, MEEEN. 7aP 7 O RA Th o T-HEEPEE K% D PDF Tdh 5 Mt
+ & DILFRFZE & SE Rk UIEBSHEREIZ accept STz, Z Ohic, 81 EAR oo J8 B Y 70 85 RS
DO F CARMEEMERZ W ERALT 2008 W9 . FIBITHLINIEFICHEH L2 & 2355
NTCWEMEIZ— >R Z2 5 2 T2 L a2 TR LR LTz, £/, BARGECTL 3IRIFEET
B L OWBLRIC B T D R O R ELIC BISR L - figai 2 =T,
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LZ. £HWF. MEZORMSIC K DHRELREME

BRIRAF CKEEE)
[ 5 B

Fex ORF— 2T, BTHEHMORAIZN—TFLO@FEIZLIVF ) AA A a P —, I WAL Fn
&R LIeBEROZE - IR ORB AT, WL OO RE AW EER LTz, BE S O
WZOWTOfEHNT, BELMEEMOL R Z KT T D,

1. MWYCN TREGFEEMELIZEQ—IL -4 254 Y—)L (P]) RYT I FICKDHBFERE

PR SRR FE(NB) XA AR SR I 2 IR & L CRAT 2 EMEE CTH 0 . /NEERE O ClEAmEIZ Kk
WTHRAEBER & <. DNREMEERE O 20% % 5D 5, BERBRIBET 275 —AbH 50, A% 18 1 A
URNZH A END 2 A 7D DITIETHRRABREIOFIERE W, LLRTE D NB O P& A BEED 30~50%(C
MYCN EaFDOIER A SN D Z ENME SN TV, RS2 B8 MRz BT 100 fELL
IR L TR, 202 &b MYCN O3B EFIENB OMITICET 5 L e &, {REERoEN L
LCHEREHTH -7,

HAITMYCN ZDOHOO3EL, 4 L<IE MYCN Bflfl4 2 FTiEETFORAZKTES PIARY 7 3
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Nihon University N. Research Project 2010

Toward a Healthy Future

Almost two years have passed since we started our project “Nanotechnology Excellence, Nihon

’

University — Nanomaterial-based Photonic, Quantum and Bio Technologies —” in the strategic

research scheme, “Nihon University N. research project.”

The purpose of our project is to contribute to find solutions for three big issues — (1) cancer, which
accounts for a third of deaths in Japan, (2) shortage of fossil fuel and increase in CO, concentration in
the atmosphere, and (3) dire need of massive and secure information processing — for a healthy future
come true. These apparently diverse issues may allow common approaches from the viewpoints of
nanoscience and nanotechnologies. Our approach to these issues is on the basis of nanomaterials,
particularly from the view points of quantum mechanical interactions of matter with light. This
interdisciplinary endeavor is being made through collaboration among practitioners in science,
engineering, and medicine from five Colleges of Nihon University. The first year saw some excellent
achievements, such as one in the area of super-high speed recording, which was covered as research
topics in several journal articles, and another on the analysis of genetic network, which was published
in Nature.

The second year has also seen some significant achievements. The most notable in the second year is
the research on quantum information by Inoue et al. Three major achievements are that: (1) the highest
rate of 2.8 kilobit in the entanglement distribution at the telecommunication wavelength to date, (2)
the detection efficiency of 98.4% with their photon-number resolving detector, the highest for an
optical photon detector, and (3) the fabrication of the first superconducting nanowire single photon
detector. using niobium film. Some of these works have been published in Nature Photonics and
covered by Nikkan Kogyo newspaper twice, and led to the successful granting of the Strategic
Information and Communications R&D Promotion Program (SCOPE) funded by the Ministry of
Internal Affairs and Communications.

In the basic nanoscience area, Otsuki visualized a rotational motion within a single molecule for the
first time, which was published in J. Am. Chem. Soc. A research proposal on the basis of this work led
to granting of the Grant-in-Aid project "Coordination Programming" from the Ministry of Education,
Culture, Sports, Science and Technology. The proposed scheme was a collaborative research work
among researchers in the N. Research Project including Otsuki, Hashiba, and Ohnuki of the College of
Science and Technology (CST) and Chaen of the College of Humanities and Sciences (CHS).

We are pleased that Takano was awarded the Shiokawa Prize from the Rare Earth Society of Japan for
his outstanding achievements in the studies of “Control of magnetism and electric conductivity for
superconductors and related materials with rare-earth metal ions.”

This year marked burgeoning collaborations across the college borders in a broader scale than initially
planned. A good example is that quantum theorists and computation experts from the CST and the
CHS have started making a program that will address problems across the border of quantum
mechanics and electromagnetics by solving Schrodinger equations and Maxwell equations
simultaneously.

In the medical area, as part of the originally planned collaboration between the Medical School and the
CST, studies have been started on X-ray based photodynamic therapy (PDT), which will explore the
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possibility of combining the effects of reactive oxygen species produced by the PDT and permeability
of X-ray radiation through the tissue. Success in a preliminary test led to a patent application
coauthored by researchers from the Medical School (Nagase et al.) and from the CST (Otsuki). The
pharmacokinetic aspects of the newly developed reagents are being addressed by Matsumoto of the
School of Pharmacy.

Itoh et al. of the CST have carried out computer-based analysis of images of stained tissues obtained
by Kano et al. of the College of Bioresource Sciences in the work of cell differentiation for objective
quantification of the data. New materials with controllable softness/hardness are being developed by
Matsushita, formerly of CHS and now of Tokyo Institute of Technology, as substrates for cell culture
for Kano's cells as he found that the surroundings are crucially important for cell differentiation
processes.

Training younger generation researchers is another important objective of our project. Seven post-
doctoral fellows and 5 research assistants are working with financial support from the Project. More
than 100 researchers including students participated in The Second Symposium, which was held on
September 18, 2010 in Funabashi, with the theme: Fly Up, the Young Researchers from the N.
Research. Good news is that 6 students who presented their works as part of the Project were awarded
excellent presentation prizes in academic meetings.

We are trying to make our research visible with various channels. Our project was covered in a
booklet "Excellent University" published by University Press. We have renewed our website, through
which we announce our research topics and events. Inside the university, our project was covered in
five issues of Nihon University Press in a row, as well as in the October issue of Nubic News.

In addition to engaging in science and public relations activities, we have discussed what a university
project should be and what we aim at beyond the goals we initially set out with. A unified theme of
our research team has emerged from the discussion: toward low-carbon, healthy society through
nanoscience and nanotechnology.

We are doing our best to create a center of excellence in the field of nanoscience and nanotechnology,
which will be recognized in scientific communities academic and industrial, domestic and

international, in three years when the Project will have been completed.

Joe Otsuki, the Principal Investigator, Feburuary 14, 2011.
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Researchers

Katsumi ABE SM Medicine, Apr-10-

Yasuo ASADA CST Energy*

Tomohiko ASAI CST Nanomaterials and Nanodevices

Shigeru CHAEN CHS Nanomaterials and Nanodevices

Kazuo FUJIKAWA CST Quantum Theory and Computation

Kyoko FUJIIWARA SM Medicine, Sep-10-

Noboru FUKUDA SM Medicine*

Hideomi HASHIBA CST Information; Nanomaterials and Nanodevices
Takuya HASHIMOTO CHS Energy, Nanomaterials and Nanodevices*
Hiroki IKAKE CST Supramolecules and Self-Assembly*
Shuichiro INOUE CST Information*

Hiroshi ISHIDA CHS Quantum Theory and Computation
Akiyoshi ITOH CST Information; Supramolecules and Self-Assembly
Nobuyuki IWATA CST Nanomaterials and Nanodevices

Koichiro KANO CBS Medicine

Tsugumichi KOSHINAGA SM Medicine, Sep-09—

Takeshi KUWAMOTO CST Information

Yoshiaki MATSUMOTO Cp Medicine

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

Hiroki NAGASE Chiba Cancer Center 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*

Satoru TAKAHASHI SM Medicine

Yoshiki TAKANO CST Nanomaterials and Nanodevices

Arata TSUKAMOTO CST Information; Supramolecules and Self-Assembly
Tsuneki YAMASAKI CST Quantum Theory and Computation
Adyvisory Board

Katsuhiko ARIGA  NIMS Nano

Allan BALMAIN  University of California, San Francisco Medicine

Masashi KIMURA Nihon University Publicity

Jun MIYAKE Osaka University Energy

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

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, TITEC=Tokyo Institute of Technology,
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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.

/_. - .
/ Energy Group \
Information

» Super high density,
super high speed recording
* Quantum information

A N
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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

recording density

writing density

single photon source

low-noise single

photon detector

photon number

resolving detector

quantum memory

quantum bit device

0.25 Gbits s™

0.2 Tbits inch™

0.6 um?*/bit

emission
efficiency <10%

q. efficiency 1%
dark count~107
resolution 0.2 ev

repetition 100

kHz
1 ms, low temp.

q. efficiency ~1%

photoinduced
magnetization

nanomagnetic material

through self-assembly

near-field thermally

assisted recording

quantum dots

superconducting thin wire

superconducting transition
edge sensor

Bose condensates

THz plasmonic quantum bit

25000 Gbits s™

2 Thbits inch™

0.003 um*/bit

30%

50%, 107

0.2ev,1 MHz

10 ms
>5%, rtto 1.8 K

temp. <0.3 K
2. Energy: Harnessing solar energy with nanostructures
water photolysis | not exist self-assembly of sensitizer | to realize
with supramolecules and redox catalysts
light assisted | a new concept light triggered desorption | q.yield >0.1
hydrogen storage that we have found >6 Wt%
high strength fuel | strength 60 MPa a new preparation process | 2-5 fold , 600 °C
cell temp 900 C from micro/nano particles
DSSC with | energy efficiency | light confinement effect of | 5%
inexpensive dyes 3% nano structure
bioreaction of photo- | rate 34 nmol/h/mg | genetically engineered | an order of magnitude
synthetic organisms photosynthetic organisms increase
3. Medicine: Nanobio technologies for medical applications
probe  compounds | under cancer specific compounds | to realize
for cancer investigation identified
luminescent safety, sensitivity | safe, long  wavelength | detection of cancer marker
compounds luminescent compounds with compounds

ex vivo diagnosis

in vivo image
diagnosis
treatment of cancer

and other diseases

low diagnosis rate

early detection of
cancer is difficult

affecting normal

region

highly sensitive and

specific diagnosis
improvement and low-cost

detection system

cancer-specific drugs and
new treatment

diagnosis rate >80%

small error <10%

candidate compounds for
in vivo use

preclinical trial
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Publications and Achievements in 2010

Papers 108 (15,4)
Patent Applications 6(4,1)
Invited Lectures 45
Presentation in scientific meetings 327 (51, 10)
Books 11

Award 8
Research Grant 33(13,2)

*Two numbers in the parentheses are those coauthered by the members and those coauthored by the
members from different Colleges or Schools.
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Progress reports of groups

>

>

Information (Storage) Group

Information (Quantum Information) Group

Energy Group

Medicine Group

Supramolecules and Self-Assembly Group

Nanomaterials and Nanodevices Group

Quantum Theory and Computation Group
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Information Storage Group
Katsuji Nakagawa*, AKkiyoshi Itoh , Arata Tsukamoto

1. Overview of the research plan in 2010

1) Preparation to measure the surface plasmon response to femto-second laser pulse

2) Simulation method for the analysis of the surface plasmon response

3) Surface plasmon antenna to create circularly polarized light

4) Preparation to measure the magnetic and optical response of material within sub-picosecond time resolution
by femto-second laser pulse

5) Excitation of laser induced magnetization reversal phenomena in TbFeCo thin film

6) Preparation of a thin nano-porous SiO, film and application as etching musk of metallic films

7) Introduction of vacuumed etching chamber for fabrication of nano structured structure

2. Advances and achievements in 2010

1) Femto-second laser and the optics have been designed and constructed to analyze the surface plasmon
response.

2) Electro-magnetic transit analysis method for nano-scale dispersion materials has been developed by the
cooperation with Associated Professor Ohnuki.

3) We have studied some surface plasmon antennas to find a antenna, which can create circularly polarized
resonance mode. It was revealed that some antennas had a resonance mode for circularly polarized light.

4) All-optical time resolved measurement system was constructed with femto-second pulse laser. Magnetic and
optical response from material was monitored by the magneto optical effect and the change of reflectivity
caused by heating of electrons, respectively. Ultrafast demagnetization phenomena were observed which
must be caused by heating of electron system.

5) Perpendicular magnetized TbFeCo thin film consisted from rare earth and transition metal alloy was prepared.
We clarified that the magnetization direction of TbFeCo can be switched by irradiation of circularly polarized
ultra short pulsed laser without magnetic field.

6) We have succeeded preliminarily to prepare thin SiO, layer on metallic films which have two dimensional
closed packed nano-pores prepared by the polymer micelles technique. As another type of nano structured
template having a conjugate relation with nano-pore structure, nano convex pattern was prepared by using
self-assembled spherical silica particles followed by inductively coupled plasma reactive ion etching.

7) We prepared test batches of Si and metallic film by Ar ion etching and confirmed the etching rates satisfied

our study.

3. Collaborations and activities in 2010 as the group

We had one or two meetings every month with Associated Professor Ohnuki to find a method to calculate a
surface plasmon response. The results were reported at IEEE International Symposium on Antennas and
Propagation, July 11-17, 2010, Toronto, Ontario, Canada. We also invented a new antenna structure to confine a
circularly polarized light, and submitted a patent. We also reported this result at 55th Annual Conference on
Magnetism & Magnetic Materials, 14-18 November 2010, Atlanta, Georgia, USA.
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Information (Quantum Information) Group
Shuichiro Inoue,* Takeshi Kuwamoto, Hideomi Hashiba

1. Overview of the research plan in 2010

We will construct a quantum key distribution (QKD) system based on BBM92 protocol using high-
speed single-photon detectors and the cross-polarization-entangled photon pair source we developed
last year. Using the system, we will demonstrate 200 km QKD. And also, we will demonstrate the
entanglement swapping using the detectors and two cross-polarization-entangled photon-pair sources.
Moreover, we will try to store a cross-polarization-entangled photon pair resonant with a transition in
rubidium atoms using electrically induced transparency. On the other hand, we will fabricate Au nano-
stripe waveguides and 50/50 couplers to investigate physical properties of surface plasmon polaritons.

2. Advances and achievements in 2010

We demonstrated the distribution of a cross-polarization-entangled photon pair which is generated
using a Type-II PPLN waveguide. To achieve a high-rate distribution of entangled photon pairs, we
used the high-speed and efficient single photon detector based on the sinusoidally gated InGaAs/InP
avalanche photodiodes (SG-APDs). The measured two photon interference visibility was 97 %.
Moreover, the entanglement distribution rate exceeded 2.8 kilobit per second. This value is the highest
distribution rate in the entanglement distribution experiment at telecommunication wavelength to date.

Surface Plasmon polaritons have attracted much interest in the research area of quantum information
technologies because of their enhanced electric field and efficient coupling with nanoscale electronic
systems. We fabricated low loss surface plasmon polariton straight waveguides using ZPU12 polymer.
The coupling loss and propagation loss of the waveguide were 0.81 dB and 1.7 dB / mm, respectively.
Moreover, we fabricated a 50:50 coupler using the low loss surface plasmon polariton waveguides.
The insertion loss of the coupler was approximately 25 dB.

Photon-number resolving detectors are indispensable requirements for many quantum information
applications. We have developed titanium-based transition edge sensors (Ti-TESs) to improve the
response speed of the sensor. We fabricated Ti-TESs with the mult-layerd absorption structures, which
consist of a 20-layer dielectric mirror and a 7-layer AR coating. The size and the thickness of the Ti
film are 10 wum X 10 um and 22 nm, respectively. The detection efficiency at 844 nm was 98.4 %
which is the highest detection efficiency reported for an optical photon detector.

A superconducting nanowire single photon detector (SNSPD) is one of the promising candidates for
a single-photon detector at 1550 nm because of their low timing jitter and dark counts. The Nb film
with 3 nm thin alumina has a critical temperature at 6.9 K and its critical current density is 4.4
MA/cm?, which are much higher than those of previous results obtained by uncoated Nb films. We
have fabricated a SNSPD using the Nb film. Limiting the dark count to 100 Hz, the detection
efficiency of the SNSPD at 850 nm and 1550 nm are 3 % and 3 X 107 %, respectively.

We constructed the fluorescence microscope system for the spin-coated colloidal quantum dots.
Using the total internal reflection setup and the high sensitive CCD camera, we achieved the imaging
of the fluorescence from a single CdSe/ZnS quantum dot. We are now concentrating on the Hanbry-
Brown Twiss experiment in which we can investigate the photon statistics of the fluorescence.

3. Collaborations and activities in 2010 as the group

We have collaborated with Otsuki Laboratory on single-photon generation from a CdSe/ZnS
quantum dot. We also have collaborated with Ohnuki Laboratory on the designing of superconducting
nanowire single-photon detector. We had three group meetings in which we reported individual
research activities and discussed the next direction we should take.
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Energy Group
Takuya Hashimoto*, Yasuo Asada, Joe Otsuki, Nobuyuki Nishimiya, Sachiko Matsushita

1. Overview of the research plan in 2010

1) In order to improve energy conversion efficiency of solar cell, preparation of a dye-sensitized
photonic-crystal electrode with a full-photonic band gap is continuously examined using an electron-
beam lithography. Development of new dyes is also examined. Pore-size dependence of the
photovoltaic characters and electrochemical impedances of dye-sensitized TiO, inverse opals
electrodes is also elucidated.

2) For innovation of technique to generate H, from H,O with photo energy, improvement of efficiency
of supra-molecule catalyst is challenged.

3) In order to use H, as a clean energy source, generation of H, employing biotechnology, preparation
of materials for H, storage and generation, or solid oxide fuel cells are tried. The aim of operation
temperature of solid oxide fuel cells is 600 °C, at which enough energy conversion efficiency can be
obtained and long term endurance is realized.

2. Advances and achievements in 2010

1) Three kinds of TiO, inverse opals using different-size polystyrene particles were prepared and the
electrochemical characteristics of the dye-sensitized inverse-opal electrodes have been measured. The
large diffusion resistance of the electrolyte suggests that the improvement of the photoelectric
conversion efficiency was not caused by nano/mesoscopic effect because nano/mesoscopic effect
should be appeared as small diffusion resistance.

As a new material for dye sensitized solar cells, three kinds of new dye have been prepared and
solar cell employing prepared dye is fabricated. Although efficiency is as low as 0.5-1.9 %, it can be
improved by optimization of photo absorption, electrical conduction property.

2) The development of new homogeneous photo catalyst for generation of H, from H,O which can be
worked in aqueous solution has been succeeded. At present, number of turn-over has reached to 1300
for photo irradiation of 2 hours.

3) It has been discovered that H, generation by biotechnology can be improved by coexistence of H,
absorption alloys. H, generation from LiBH, can be controlled by irradiation of ultraviolet light with
addition of WO; as a photo catalyst and CuO.

The apparatus for measurement of mechanical strength at high temperature under various gas
atmospheres has been developed. In-situ measurements of mechanical strength of materials for solid
oxide fuel cells will be performed.

For development of new proton conducting materials, preparation of Ba, Sr,ZrO; via liquid phase
has been examined. It has been revealed that specimen with x=0.4 has superior property with high
sintering property, conduction property and no structural phase transition. As a new electrode material,
we have clarified that LaNi,cFe,,O; has excellent property from the viewpoints of electrical
conduction, thermodynamic stability and sintering property. Fabrication of new solid oxide fuel cells
employing thus discovered materials are now in progress.

3. Collaborations and activities in 2010 as the group

Pore-size dependence of the photovoltaic characters and electrochemical impedances of dye-
sensitized TiO, inverse opals electrodes is a collaboration work of Dr. Matsushita and Dr. Hashimoto,
College of Humanities and Sciences (one journal paper, submitted). This research was also awarded
a poster prize. Improvement of H, generation from biotechnology using H, storage alloys is
collaboration work of Dr. Asada and Dr. Nishimiya.
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Medical Group

Noboru Fukuda*, Katsumi Abe, Satoru Takahashi, Tsugumichi Koshinaga, Kyoko Fujiwara,
Koichiro Kano, Noriaki Matsumoto, Hiroki Nagase

1. Overview of the research plan in 2010

We made 3 research plannings. (1) Developing probes for Her2, molecular marker to diagnose
cancer early, and MYCN, then labeling those probes with luminescent chemicals or radioisotopes to
generate probes for cancer diagnostic imaging. (2) Drug discovery of pyrrole-imidazole (PI)
polyamides based on chemical genomics. (3) Developing new radio sensitizer by labeling porphyrin
compound with iodine

2. Advances and achievements in 2010

(1) We have been trying to down regulate MYCN gene by using PI polyamide. PI polyamide
molecules are composed with aromatic amino acides N-methylpyrrole (Py) and N-methylimidazole
(Im), can bind to DNA in sequence specific manner. By inhibiting the binding of transcription factor,
PI polyamide can change expression level of specific genes. We developed PI polyamides, which
can bind to binding site of E2F and SP1 on the promoter region of MYCN, and found that those
polyamides could down regulate MYCN expression and reduce the growth rate of NB cell line
CHP134. Those polyamides also showed growth inhibiting effect on the xenograft made by
hypodermic injection of CHP134 to mice.

(2) 1) PI polyamide conjugated with Histone deacetylase (HDAC) inhibitor has been developed also.
Since aberrant methylaion and/or aberrant histone acetylation around the promoter region of tumor
suppressor genes have been observed in cancer tissues frequently, we combined HDAC inhibitor
SAHA with p16 polyamide, which can bind to p16 tumor suppressor gene, to recover expression level
of p16 in cancer cells. It was confirmed that the conjugated molecule still kept SAHA activity and
could induce acetylation of histone H3 around the target sequence. This molecule was also shown to
be able to reduce the growth rate of human cervical cancer cell line. 2) Effects of PI polyamide
targeting TGF- 31 on EPS. To develop PI polyamide targeting TGF-1 promoter (Polyamide) as a new
therapeutic medicine for encapsulating peritoneal sclerosis (EPS). To create an animal model of
peritoneal sclerosis, rats were given a daily intraperitoneal injection of chlorhexidine gluconate and
ethanol (CHX) for 14 days. One mg of Polyamide was ip injected once or 3 times. Polyamide
significantly suppressed thickness of peritoneum in the injection-time dependent manner. Lead
optimization of PI polyamides targeting human TGF-B1. 3) We synthesized seven PI polyamides
targeting human TGF-f1 on sis-elements of human TGF-1 promoter. We chose three lead optima
such as GB1101, GB1105, GB1106 by inhibition of expression of TGF-$1 mRNA. 4) Induction of
human iPS cells with PI polyamide targeting human TGF-31. We started a collaborating project to
induce human iPS cells by PI polyamide targeting human TGF-f1 with Florida University and Nihon
Univ. Coll. Bioresource Sci.

(3) The porphyrin compound HPPH (3-(1"-hexylocyethyl)-3-devinylpyropheophorbide-a), which is
photosensitizer and accumulated in cancer tissues preferentially rather than in normal tissues, has been
used in photodynamic therapy (PDT). We conjugated this molecule with iodine, which is used as a
contrast agent in X-ray imaging, to develop radio sensitizer compound 531 and 717. Human bladder
cancer cell line T24 treated with 531 or 717, followed by irradiation of 33.17KeV parametric x-ray,
showed significantly lower viability compared with the cells irradiated without preceding 531, 717
treatment. Now we are trying to confirm those results in vivo using mouse xenograft model.

3. Collaborations and activities in 2010 as the group

We have had a joint meeting once a month to share the results and discuss in School of Medicine.
All of the members have been interacting very well, sharing information, equipment and reagents etc.
Fukuda became Medical leader of N. Project from Sept. 2010 instead of Nagase. The collaborating
project to induce human iPS cells by PI polyamide targeting human TGF-1 with Florida University
and Nihon Univ. Coll. Bioresource Sci.
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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. As follows, each groups theme in 2010.

- Itoh & Tsukamoto Group
1. Overview of the research plan in 2010
Preparation of a thin nano-porous SiO, film and application as etching musk of metallic films

2. Advances and achievements in 2010

We have succeeded preliminarily to prepare thin SiO, layer on metallic films which have two
dimensional closed packed nano-pores prepared by the polymer micelles technique. As another type of
nano structured template having a conjugate relation with nano-pore structure, nano convex pattern
was prepared by using self-assembled spherical silica particles followed by inductively coupled
plasma reactive ion etching.

- Otsuki Group

1. Structures and dynamic behaviors of molecular self-assemblies at the molecular level
2. Light-driven hydrogen evolution from water with self-assembled complexes

3. Preparation of compounds for the X-ray based photodynamic therapy

- Matsushita Group
1. Overview of the research plan in 2010

The applications as a metamaterial and as a template for single-cell analysis were examined using
self-assembled particle structures. The activation of the spontaneous movement by chlorobenzene
addition occurred at nitrobenzene/water interface was elucidated by interfacial tension measurement
and solubility measurement.
2. Advances and achievements in 2010

Recently, the application of a self-assembled spherical-particle structure to hydrogels is actively
studied. The application is mainly as sensors, for example, as a glucose sensor and temperature sensor.
In this research, with the viewpoints of the applications as a cell culture substratum, a micro-pocket
gel array was prepared by templating of a two-dimensional self-assembled structure composed of cell
size particles.
3. Collaborations and activities in 2010 as the group.

This work is a part of collaboration with Prof. Kano, College of bioresource science.

- Ikake Group

1. Development of Poly(lactic acid) Films with Exhibiting the Piezoelectricity

2. Preparation of Poly(lactic acid)/Silica, and /Carbon Nanotube Hybrid Materials
3. Preparation of Stereo-complex type Poly(lactic acid) Films
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Nanomaterials and Nanodevices Group

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

1. Overview of the research plan in 2010

This group aims at fabrication of nanomaterials and nanodevices for high functional applications such as 1)
Quantum dot single-photon terahertz detector by Fe-based superconductor films, 2) Magnetic probe of Scanning
probe microscope by Ni, etc. encapsulated carbon nanotubes and semiconducting single-walled carbon
nanotubes by controlling specific chirality for field effect transistor, 3) Photocatalytic La,Sr,Ca:TiO2 films for
hydrogen generation, storage and oxygen (hydrogen) storage and release with metal oxides (metal hydrides)
nanoparticles, 4) New photo-memory by highly-photoluminescent material (NiO-ZrO, solid solutions) and in-
vitro single molecule imaging of these proteins by membrane receptors.

2. Advances and achievements in 2010

Prof. K. Suzuki approached synthesis of ferromagnetic metal (Ni, Fe, and Co) encapsulated carbon nanotubes
for probe of magnetic force microscope. The diameter and length of the metal core is in the range of 10 — 80
nm and 100 — 800 nm, respectively. The walls consist of cylindrical graphene sheets with 3 -50 layer. The
hydrogen yield on water decomposition with the TiO:La,Sr,Ca films by photo catalytic reaction which was
measured to yield about 16 m//h + cm?* hydrogen gas under visible light irradiation.

Prof. Y. Takano has mainly studied the Fe-based superconductors. He has firstly prepared Sr, ,Nd,FFeAs and
obtained 7,=49 K for x=0.5. This value is close to the highest value in Sr, R FFeAs (R= rare earth ions). He has
also prepared SrFFe, Ni,As where Fe sites are directly substituted by Ni ions. Li FeAs itself is a superconductor
with T,=18 K. He has prepared Li,Fe, ,Co,As where Fe sites are directly substituted by Co ions.

Asso. Prof. T. Asai has developed a magnetized coaxial plasma gun for rapid generation of TiFe Series thin-
film. Preliminary experiments have been performed with stainless steel electrode and deposited metal thin-film
has been confirmed by Prof. Nishimiya. He has also been developed an electrode with composite metallic
material for generation of TiZrFeMn film.

Asso. Prof. N. Iwata has studied the selective growth of single-walled carbon nanotubes (SWNTs) with
specific chirality controlled by irradiating the FEL. The semiconducting SWNTs grew only the area between
electrodes. Expected superlattice structure was [7units CFO / 7units LFO]x14. From the results of low angle x-
ray reflection from the surface, superlattice structures were [CFO(1.16nm) / BFO(1.30nm)]x14 and
[SFO(1.36nm) / BFO(1.00nm)]x14.

Asso. Prof. H. Hashiba has studied the “Single-electron transistor. His sensitive THz range single photon
detector is assembled from a GaAs/AlGaAs quantum dot, electron reservoir and superconducting single-electron
transistor. The quantum dot is isolated from the surrounding electron reservoir in such a way that when the
excited plasma wave decays, an electron could tunnel off the dot to the reservoir. The detector shows high noise
equivalent power of ~107" WHz "2 .

Prof. S. Mochizuki has studied the photoluminescence properties of various kinds of metal oxides under
oxygen gas, vacuum and CO, gas atmospheres. It is found for the first time that the photoluminescence intensity
of metal oxides is enhanced by UV-laser light irradiation under CO, gas.

Prof. S. Chaen and Aso. Prof. T. Tojo has studied the “Single-Molecule Imaging of Bio-nanomachines”. He
report studies on the biomolecular motor using the ordinary fluorescent imaging and the receptor protein on the
biomembrane using the single-moecule fluorescent imaging technique.

3. Collaborations and activities in 2010 as the group

Each crew has team meetings and offered the research sample, respectively. We obtained the several

collaborations results such as superconductor films, nanotube device, hydrogen generation/storage/release nano-

particles/films and single-moecule fluorescent imaging.
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Quantum Theory and Computation Group

Hiroshi Ishida, Sinichiro Ohnuki, Tokuei Sako*, Kazuo Fujikawa, Tsuneki Yamasaki

1. Overview of the research plan in 2010

The principal aim of this group is to understand the interaction between lights and nano materials.
For grasping fundamental insight into this subject the members of this group have conducted their
researches, focusing particularly on (i) propagation of electromagnetic fields, (ii) accurate
electromagnetic responses of small systems, (iii) electronic properties of nano materials, and (iv)
reexamination of fundamental concepts in quantum theory. In this year they have planned to study (i-
1) designing nano-scale antennas for locally exciting magnetic materials by circularly polarized lights
(by Ohnuki), (i-2) developing a high-speed and accurate method for electromagnetic simulation (by
Ohnuki and Yamasaki) and studying propagation characteristics of photonic nano-waveguides (by
Yamasaki), (ii) elucidating the origin of Hund’s multiplicity rule in atoms (by Sako), (iii)
understanding the electronic structure of heterointerface of strongly correlated systems by dynamic
mean-field theory (by Ishida), (iv) detailed investigation of the uncertainty relation in quantum theory
(by Fujikawa). They have also launched a new project involving all members that aims at solving
Maxwell-Schrodinger equations for simulating simultaneous propagation of electromagnetic fields and
quantum systems (Project (v)).

2. Advances and achievements in 2010

For the first project (i-1), optimum structure for a nano-scale antenna generating circularly-
polarized local fields has been examined in cooperation with Nakagawa, Ito, and Tsukamoto, and
prospective results have been obtained. The results were presented in an international conference and a
paper out of the results will appear in J. Appl. Phys. A patent has been also applied based on the results.
Regarding the project (i-2) a new theoretical method for analyzing transmission of electromagnetic
fields has been developed in cooperation with Nakagawa, which is applicable to nano-scale dispersive
materials with numerical accuracy controlled.

Project (ii): The origin of Hund’s multiplicity rule accounting for the relation between the electron
spin and the energy-level ordering has been clarified for the helium atom by visualizing the internal
part of the wave functions. The existence of a conjugate Fermi hole in the lower spin states has been
also clarified for the first time. A paper based on the results has been submitted to Phys. Rev. A.

Project (iii): The electronic structure of a strongly-correlated single-atom-layer membrane adsorbed
on a metal surface has been studied by the dynamic mean-field theory. The adsorbed atomic layer has
shown to become metallic owing to orbital mixing with the grounding surface even when it is a Mott-
insulator in an isolated condition. On the other hand, its electronic structure is not that of a simple
Fermi metal but shows a similar phase transition as it does in an isolated condition.

Project (iv): A detailed investigation into the uncertainty relation in quantum theory has shown that
the uncertainty relation is not a principle but a consequence of quantum theory that is governed by
Copenhagen interpretation. A resultant paper has been accepted in Prog. of Theor. Phys. Mathematical
formulas for the uncertainty relation under periodic boundary conditions have been also successfully
derived for the first time and the results have been published in Prog. of Theor. Phys.

Project (v): A theoretical formulation has been derived to solve Maxwell-Schrodinger equations and
coding based on the symplectic integrator method has been started.

3. Collaborations and activities in 2010 as the group

Study meetings were regularly organized in order to launch the new project involving all members
(project (v)) and keep it on track. For other inter-group researches, there have been started
collaborative projects between Ohnuki and Inoue, “Electromagnetic simulation for plasmon wave
guides”, and between Ohnuki and Otsuki, “Particle simulation for molecular motor”.
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Progress reports of individual researchers

ASADA, Yasuo Energy
Asymmetric Reduction of Phenyl-Ketones by a photosynthetic bacterium, Rhodopseudomonas
palustrisNo.7

ASAI, Tomohiko Nanomaterials and Nanodevices
Control and Application of Self-organized Magnetized Plasmoid

CHAEN, Shigeru and TOJ O, Tadashi Nanomaterials and Nanodevices
Single-Molecule Imaging of Bionanomachines

FUJIWARA, Kyoko and NAGASE, Hiroki Medicine

1. PI polyamide targeting MYC downstream genes for anti-neurobalstoma therapy
2. SAHA and PI polyamide conjugate for genome specific histone modification

3. Radiation induced photodynamic therapy

FUKUDA, Noboru Medicine

1. Drug discovery of PI polyamide targeting TGF-b1

2. Induction of human iPS cells with PI polyamide targeting human TGF-b1
3. Development of molecular imaging for primary aldosteronism

HASHIBA, Hideomi Information Group ; Nanomaterials and Nanodevices
Nano-sized structures for single-photon or single electron devices and applications for quantum
information, energy areas

HASHIMOTO, Takuya Energy
Preparation of Materials for Intermediate Temperature Solid Oxide Fuel Cells with Nano-mixing
Process

IKAKE, Hiroki Supramolecules and Self-Assembly
Development of Poly(lactic acid)s Films as biopolymer, and Applications to New Material Field

INOUE, Shuichiro Information
Development of Elemental Technologies for a Quantum Repeater

ISHIDA, Hiroshi Quantum Theory and Computation
Cluster Dynamical Mean-field Calculation of the Electronic Structure of the 2-Dimensional Hubbard

Model Adsorbed on a Metal Substrate

ITOH, AkiyOShi and TSUKAMOTO, Arata Information ; Supramolecules and Self-Assembly
Ultra High Density Information Recording Materials on Self-assembled Nano-structured Substrates

IWATA, Nobuyuki Nanomaterials and Nanodevices
Pursuing the Limits of Nanomaterial-based Photonic and Quantum Technologies
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KOSHINAGA, Tsugumichi Medicine
Potential of new therapeutic and diagnostic technology using PI polyamide and nanostructure in
neuroblastoma

KUWAMOTO, Takeshi Information
Experimental Studies for Quantum Memory with Neutral Atoms

MATSUMOTO, Yoshiaki and AOYAMA, Takahiko  Medicine
Pharmacokinetic/Pharmacodynamic Modeling of Tumor-localizing Photosensitizing Compounds

MATSUSHITA, Sachiko Supramolecules and Self-Assembly ; Energy
Self-assembly and Self-organization from the viewpoint of Device-fabrication Methods

MOCHIZUKI, Shosuke Nanomaterials and Nanodevices
UV-laser-light-induced photoluminescence spectral change of various metal oxides

NAKAGAWA, Katsuji Information
Thermally Assisted Magnetic Recording with Near-Field Plasmon Antenna

NISHIMIYA, NObllyllki Energy
Composite Formation of Hydrogen Occlusion Alloys and Photo-Related Phenomena Thereof

OHNUKI, Shinichiro Quantum Theory and Computation
Design of Nanoscale Devices using Electromagnetic Simulation

OTSUKI, Joe Supramolecules and Self-Assembly; Energy
Self-Assembled Supramolecules and Their Applications to Energy, Medical, and Information
Technologies

SAKO, Tokuei Quantum Theory and Computation
Origin of Hund’s multiplicity rule in He-like atoms: Existence of conjugate Fermi hole in the lower
spin state

SUZUKI, Kaoru Nanomaterials and Nanodevices
Synthesis of Nano-rod Devices with Wide Band Gap Semiconductor Effect

TAKANO, Yoshiki Nanomaterials and Nanodevices
Mechanism of Superconductivity in Layered Fe-based Superconductors and Search of New
Superconducting Compounds

TSUKAMOTO, Arata and ITOH, AkiyOShi Information ; Supramolecules and Self-Assembly
Ultra Fast Information Recording and Ultra Fast Photo Magnetic Switching

YAMASAKI, Tsuneki Quantum Theory and Computation

Propagation Characteristics of Dielectric Waveguides with Arbitrary Inhomogeneous Media in the
Middle Layer
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Asymmetric Reduction of Phenyl-Ketones by a photosynthetic bacterium, Rhodopseudomonas
palustrisNo.7

Yasuo ASADA , Ken-ich ITOH, Katsuhiro ISHIMI, Hideki KOHNO
Energy

The intact cells of cyanobacteria, Synechococcus PCC6803 and PCC7942 were found to
asymmetrically reduce phenyl-ketones and the related compounds including isoxasoles (Itoh, et al.)..
However, the rate is low, and the responsible enzyme(s) is not known. We found the intact cells of
alcohol-asimilating photosynthetic bacterium, Rhodopseudomonas palustris No.7 asymmetrically
reduced isoxazole to its s-type alcohol in 95-96 % e.e.

In this symposium last year, we reported that three putative alcohol dehydrogenase (ADH) genes
from PCC6803 and the ADH gene from Rh.palustris No.7 were transferred into a non alcohol-
assimilating photosynthetic bacterium, Rhodobacter sphaeroides RV by conjugative system (Vasylieva
et al., Appl. Biochem.& Biotechnol., 77-79, pp.507-512, 1999) and that all the transconjugants have
ADH activity for short chain alcohols.

Recently, we observed that the intact cells of wild strain Rh.palustris No.7, and transconjugants
with  (No.7 and cyanobacterial sll1825, sIr0886 and sIr0942 genes) assymetrically converted penta-
fluoro-acephophenon to their s-form alcohols.
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Control and application of self-organized magnetized plasmoid

Tomohiko ASAI
Nanomaterials and Nanodevices

Self-organized magnetized plasmoid has attractive advantages for the variety of applications
because of its wide range of plasma parameters and its ease of control. In this work, applications of
the plasmoid for rapid thin-film deposition and EUV light source have been proposed and
demonstrated. Also, several innovative applications of plasma formation technique have been
proposed and initiated in this project.

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 optimization of gun
design and the initial experiment with stainless steel electrode have been performed. In the
experiments with horizontal plasmoid ejection into 500mm long drift tube, metallic thin-film was
deposited on the vertically placed substrate. As a result of this preliminary test, electrode with
composite material have been built and generation of alloy film will be started in the near future.
(Collaboration with Prof. K. Suzuki and Prof. N. Nishimiya)

2. High frequency repetitive operation (10kHz) and merging of Spheromak for VUV light source

An ionized plasmoid generated by MCPG tends to be relaxed into a force-free equilibrium called
“spheromak” in a conductive metallic chamber which roles as a flux conserver. Counter injection of
spheromaks into the flux conserver is followed by a
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been studied as an additional control method of Figure 1. Schematic of developed compact

emission profile using a compact coaxial plasma gun magnetized coaxial plasma gun for EUV light

shown in Figure 1. source.
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 plasma treatment method. The application of
magnetic circuit on RMF antenna has been realized higher efficiency of plasma formation. Patent
application has been prepared through NUBIC. (Collaboration with Dr. M. Inomoto, University of
Tokyo)

4. Plasma treatment of CNT and CNT/polymer composite

An atmospheric-pressure plasma source with LF (~10kHz, 10kV) discharge for plasma treatment on
CNT and CNT/polymer composite has been initiated to develop as collaboration with Dr. H. Tkake.

68



Nihon University N. Research Project 2010

Single-Molecule Imaging of Bionanomachines

Shigeru CHAEN and Tadashi TOJO
Nanomaterials and Nanodevices

In studies on bio-nanomachines, the conventional ensemble techniques have been used. However
the ensemble of many bio-nanomachines does not represent the real view of the bio-molecule, because
the individual reaction does not intrinsically synchronizes with each other. Studying single-molecule at
a time is necessary for understanding the bio-nanomachine in action. Here we report studies on the
biomolecular motor using the ordinary fluorescent imaging and the receptor protein on the
biomembrane using the single-moecule fluorescent imaging technique.

1. Studies on the biomolecular motor using the ordinary fluorescent imaging technique.

In vitro motility assays using bipolar myosin thick filaments demonstrated that actin filaments were
capable of moving in both directions along the myosin filament tracks. The movements, however,
were slower in the direction leading away from the central bare zone than towards it. To understand
the mechanism underlying these different direction-dependent motilities, we have examined the effects
of temperature on the velocities of the bidirectional movements along reconstituted myosin filaments.
The apparent activation energy of the movement away from the central bare zone was significantly
higher (79 kJ/mol) than that of the movement toward the zone (44 kJ/mol). Given that the backward
movement away from the central bare zone would cause the myosin heads to be constrained and the
stiffness of the cross-bridges to increase, these results suggest that the elastic energy required for the

cross-bridge transition is supplied by thermal fluctuations. (publication 2).

2. Studies on the receptor protein on the biomembrane using the single-moecule fluorescent
imaging technique

Single molecule imaging technique has broken through the bottlenecking problem of optical
resolution limit and provided a method to directly observe each single molecule by optical microscopy.
Traditional epi-fluorescence microscopy can not identify faint fluorescence from a single molecule
buried in enormous amount of background fluorescence. Evanescent field illumination method
provides a device for drastically reducing background fluorescence and enables in vitro single
molecule imaging of purified proteins. The method, however, has several problems to overcome in
in vivo usage. Intense and heterogeneous distribution of autofluorescence in living cells or tissues is
a deep-rooted obstacle to reduce background. Brownian motion of objective molecules bring about
spaciotemporally ever-changing distribution of their fluorescence intensity. To surmount these
difficulties, we have improved our microscopy system to accomplish high contrast imaging and
investigated alternative fluorescent reagents instead of GFP. We have so far singled mPlum, a
fluorescent protein, out for High S/N ratio and long lifetime of its chromophore. We intend to
evaluate in vivo usage of mPlum. In practice, we conduct in vivo single molecule imaging of a fusion
protein consisting of Plasma Membrane Targeting sequence (PMT) and mPlum expressed in living

cells. PMT sequence makes it possible to place the fusion protein directly under plasma membrane.
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Applied chemical biology: strategy to cure cancer patients
1. PI polyamide targeting MYC downstream genes for anti-neurobalstoma therapy
2. SAHA and PI polyamide conjugate for genome specific histone modification
3. Radiation induced photodynamic therapy

Kyoko FUJIWARA, Makoto KIMURA, Rajeeve MISHRA, Xiaofei WANG, Takayoshi
WATANABE, Jun IGARASHI, Chen MING, Hiroki NAGASE
Medicine

Our aim is development of nano technological approaches for clinical application. Under the close
collaboration with Professor Joe Otsuki we conducted above three projects to generate new anticancer
drugs or diagnostic reagents by using organic chemical synthesis techniques.

1. PI polyamide targeting MYC downstream genes for anti-neurobalstoma therapy

We developed a novel approach in cancer therapeutics using sequence specific DNA binding Pyrrole-
imidazole (PI) polyamide, which designed to bind the E-box sequence of MYC downstream genes in a
target specific manner, thereby down-regulating gene and protein expression of these genes. Furthermore
it also suppresses MY C-dependent tumorgenesis in SCID mice by inhibiting proliferation and inducing
apoptosis. Conclusively our findings suggest that E-box binding PI polyamide can be used in MYC-
targeting therapies for cancer treatment.

2. PI polyamide-SAHA conjugate for genome specific histone modification

There is increasing evidence that histone modification is a crucial epigenetic modification of the
mammalian genome, regulating not only transcription regulation but also many other cellular processes.
Epigenetic changes are also associated with many diseases and environmental effects in humans. We
tested whether newly developed PI polyamide and Suberoylanilide hydroxamic acid (SAHA) conjugates
are able to induce histone acetylation at the target genomic region and the target gene expression. Presence
of histone acetylation at target regions within p16 Cyclin-Dependent Kinase Inhibitor 2A (CDKN2A) and
LARP] promoters was demonstrated after WGCWGGCW targeting PI polyamide-SAHA conjugate
treatment. Although p16 tumor suppressor was not induced, the treatment induced LARP1 transcription
and cell growth arrest in three different human cell types. Exogenous LARPI overexpression in the HeLa
cell also induced similar cell-growth inhibition. The PI polyamide moiety can be an intriguing carrier of
HDAC inhibitors or chromatin regulators to a specific DNA sequence and may modulate histone structure
for a target gene expression.

3. Radiation induced photodynamic therapy using iodinated photosensitizer

Parametric monochromatic X-ray (PXR) is a new class of coherent X-ray, which is a tunable single
wavelength and single phase X-ray. Since PXR is a single wavelength and single phase of soft-to-hard X-
ray, it minimizes radiation exposure in the surrounding tissues and may have a potential to induce
photoexcitation of radiosensitive molecules and establish a new PDT antitumor therapy targeting deep
internal tumors and metastatic regions. PDT compounds conjugated with lodine, which has a K-edge
absorption of around 33KeV and generate singlet oxygen for the radiation induced photodynamic therapy.
We have confirmed that compounds 531 and 717 showed cancer cell growth inhibition after irradiation.
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1. Drug discovery of PI polyamide targeting TGF-b1
2. Induction of human iPS cells with PI polyamide targeting human TGF-b1
3. Development of molecular imaging for primary aldosteronism

Noboru FUKUDA, Akifumi IGUCHI, Kousuke SAITO, Yukihiro IKEDA
Collaboration: Frolida Univ. Dept. Pathology. K. Shinohara and N. Terada
Nihon Univ., Coll. Bioresource Sci., Y. Masuhiro, S. Hanazawa
Medicine

1. Drug discovery of PI polyamide targeting TGF- b1
1) Effects of PI polyamide targeting TGF- b1 on encapsulating peritoneal sclerosis (EPS)
Polyamide was ip injected once or 3 times in rat model of EPS. Polyamide significantly
suppressed thickness of peritoneum. Polyamide significantly suppressed abundance of TGF-bl and
fibronectin mRNAs in injured peritoneum. Average of elasticity was significantly lower in
Polyamide-treated rats than that in CHX-treated rats. Thus Polyamide is feasible for EPS.
2) Lead optimization of PI polyamides targeting human TGF-b1

We synthesized seven PI polyamides targeting human TGF-b1 on sis-elements of TGF-b1 promoter.
We chose three lead optima such as GB1101, GB1105, GB1106 by inhibition of human TGF-bl
mRNA expression. We are examinig effects of these polyamides on expression of TGF-f31, fibronectin,
collagen type IV, CTGF mRNA and EMT phenomena in human VSMC.

2. Induction of human iPS cells with PI polyamide targeting human TGF-b1

Certain mechanisms underlying the induction of iPS cells with Yamanaka 4 factors has been clarified
as the Mesenchymal Epithelial Transformation(MET) phenomen at 2010. We started a collaborating
project to induce human iPS cells by PI polyamide targeting human TGF-b1 with Florida University
and Nihon Univ. Coll. Bioresource Sci.

3. Developemnt of the molecular imaging for aldosteronism with antisense PNA

We confirmed increases in expression of CYP11B2 mRNA in cultured Y1 cells with ACTH. We
incuvated antisensei FITC-lebeled PNA targeting CYP11B2 in Y1 cells. We are checking timing of the
fluorescence detecting.
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Nano-sized structures for single-photon or single electron devices and applications for quantum
information, energy areas

Hideomi HASHIBA
Information; Nanomaterials and nanodevices

Appropriate nano-sized shaping of semiconductors shows quantum effects of electrons and photons,
and forms quantum dots, photonic crystals, or single photon waveguides.
The aim of this work is development of a THz single photon detector with a quantum dot, TiO,
photonic crystals for dye sensitized solar cells, and Si waveguide for quantum information on-chip
devices. These devices will reveals deep understanding of physics such as photon-electron interactions,
and open up wide applications to research or industrial area. The researches are closely collaborated
with the N. research members for searching for applications of quantum information technologies and
energy use.

1. Sensing individual terahertz photons

One of the promising ways to perform single-photon counting of terahertz radiation consists in
sensitive probing of plasma excitation in the electron gas upon photon absorption. We demonstrate the
ultimate sensor operating on this principle. It is assembled from a GaAs/AlGaAs quantum dot,
electron reservoir and superconducting single-electron transistor. The quantum dot is isolated from the
surrounding electron reservoir in such a way that when the excited plasma wave decays, an electron
could tunnel off the dot to the reservoir. The resulting charge polarization of the dot is detected with
the single-electron transistor. Such a system forms an easy-to-use sensor enabling single-photon
counting in a very obscure wavelength region. The detector shows high noise equivalent power of ~10°
YWHz"*  (Paper. 1)

2. Two dimansional titanium di-oxide photonic crystal for dye sensitized solar cells

Low dimension photonic crystals have drawn much attention as key-devices to on-chip optical
systems, dye sensitized solar cells that are low cost, environmental friendly.
Our two dimensional titanium di-oxide photonic crystals are fabricated on a ITO wafer with a standard
electron beam lithography. TiO, photonic crystals are periodic square air holes on a TiO, layer of 150
nm thick formed on a ITO conductive glass. The structure is designed for having photonic full band
gap at wavelength of 630 nm to improve conversion efficiency of light to current in dye-sensitized
photonic cell and has been reported (Paper. 2).

3. Development of Si waveguides as onchipon chip component for optical quantum cryptography
comunications

Si waveguide is Silicon core of diameter of half wavelength of incoming photons, surrounded by
highly refractive SiO2 or vacuum. Its characteristic of optical non-linearity of the semiconductor and
single mode transmission, thus Si waveguides can be good candidate of photonic on chip component
for optical quantum cryptography communications. We developed of Si waveguides with simple
fabrication techniques.
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Preparation of Materials for Intermediate Temperature Solid Oxide Fuel Cells with Nano-
mixing Process

Takuya HASHIMOTO
Energy

Solid oxide fuel cell (SOFC) attracts much interest as energy conversion device with high
energy efficiency and low cost owing to no necessity of Pt catalyst in electrode. However, instability
during long period and a few alternatives for materials due to too high operating temperatures are
problems for application. Decreasing operating temperature as low as about 600 °C would solve the
problems. The purpose of this study is development of new electrolyte and electrode materials which
are inevitable for low temperature operation of SOFC. In particular, using liquid phase process by
which mixing with nano-scale is probable, challenged is preparation of high functional new materials
whose preparation have been difficult or mechanical strength and density is low with conventional
solid state reaction process.

In this year, following two themes have been investigated.

1. Preparation of new proton conductor, Sr;_Ba,ZrO; with liquid phase mixing method.
2. Preparation of new electrode material, LaNi, Fe O
In this presentation, results of former theme are presented.

So far, electrode material for SOFC is oxide ion conductor such as yttria stabilized ZrO,
(YSZ). It possesses high chemical stability and mechanical strength, however, high temperature as
high as 900 °C is necessary to obtain enough oxide ion conductivity. We regard that high temperature
is inevitably required for conduction of large oxide ion and that proton conductor must be investigated
and new one should be discovered for development of new electrolyte materials operated at low
temperature.

SrZrO; and BaZrO; with distorted perovskite structure have attracted much interest as
proton conducting oxides. It has been reported that oxide ion vacancy generated by partial Y**
substitution for Zr** site plays the important role for proton conduction. However, three kinds of
structural phase transition in SrZrO; are problems for application. In this study, we have succeeded in
clarification of the phase transitions using high-temperature X-ray diffraction, differential scanning
calorimetry and dilatometry. We have also prepared specimens with no first order structural phase
transition from room temperature to 1200 °C by partial substitution of Ba above 0.6. In addition, from
comparison of specimens prepared by liquid phase mixing method and solid state reaction method, it
has been revealed that liquid phase mixing method is superior for preparation of specimens with high
density. This shows agreement with random and facet growth in the specimens of Sr;,Ba,sZrO;
prepared by solid state reaction method and liquid phase mixing one, respectively, as shown in Fig. 1.

Fig. 1 SEM images of Srg4Bag¢ZrO; ceramics prepared with (a) solid state reaction
method and (b) liquid phase mixing method.
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Development of Poly(lactic acid)s Films as biopolymer, and Applications to New Material Field

Hiroki IKAKE
Supramolecules and Self-Assembly

In our group, the aim of development of poly(lactic acid) (PLA) films as biopolymer with the high
thermal- and mechanical- resistance. And then, the improved PLA was submitted to new material field.

1. Development of Poly(lactic acid) Films with Exhibiting the Piezoelectricity

It is well known that poly(L-lactid) (PLLA) fibers exhibit the piezoelectricity, in which their
piezoelectric constant increases with increasing degree of crystallinity and uniformity of the
orientation of the crystallites. Recently, bending motion due to their piezoelectricity has been reported.
The zigzag motion is closely related to the morphology of PLLA fibers. For this purpose, the
irradiated magnetic field, and other process, under the electric field, have produced the high oriented
PLLA films. In the present study, we successfully synthesized PLLA using condensation
polymerization, and the crystallites of PLLA became the growth by the heat treatment.

2. Preparation of Poly(lactic acid)/Silica, and /Carbon Nanotube Hybrid Materials

In this work, the transparent hybrid materials were prepared with modified both chain ends of
poly(D, L-lactic acid) (PDLLA) with silane-coupling agents and silica by the sol-gel process. It was
clarified that the hybrid film having 10wt% SiO, is transparent, and the three-dimension network
structure has been developed. Therefore, the thermal-resistance of the hybrids was improved at the
rubbery plateau region. For next work, the aim of high mechanical-resistance, we prepare
PLLA/Carbon Nanotube hybrid materials by the sol-gel process.

3. Preparation of Stereo-complex type Poly(lactic acid) Films

The study of the effect of cast-solvent on the morphology of the stereo-complex poly(lactic acid)
(sc-PLA), consisting of poly(L-lactic acid) PLLA and poly(D-lactic acid) PDLA, is crucial for the
sake to employ it as one of useful materials. In this study, it is clarified that the cast-film formed with
1 4-dioxane as a cast-solvent is opaque, but the film formed with chloroform is transparent. It is shown
by small-angle X-ray scattering, differential scanning calorimetry, and wide-angle X-ray diffraction
that, while the distribution of the crystal-domains of sc-PLA has remarkably depended on these cast-
solvents, the degree of crystallization of sc-PLA as well as its crystal form was substantially
independent of these cast-solvents.
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Development of elemental technologies for a quantum repeater

Shuichiro INOUE
Information

Quantum information and communication are the promising technologies that give us the solutions
for the security and the communication capacity problems of the current information and
communication technologies. The aim of our research is the practical implementation of the BBM92
quantum key distribution which allows us to communicate with the unconditional security. We are
developing elemental technologies for a quantum repeater which is the key technology of the next-
generation quantum key distribution system.

1. High rate distribution of entangled photon pairs at telecommunication wavelength

We demonstrated the distribution of a cross-polarization-entangled photon pair which is generated
using a Type-II PPLN waveguide. To achieve a high-rate distribution of entangled photon pair, we
used the high-speed and efficient single photon detector based on the sinusoidally gated InGaAs/InP
avalanche photodiodes (SG-APDs). Figure 1 shows the experimental results of the polarization
correlation tests when the average photon pair number per pulse was set to 0.01. The measured two
photon interference visibility was 97 %. Moreover, the entanglement distribution rate exceeded 2.8
kilobit per second. To our knowledge, this value is the highest distribution rate in the entanglement
distribution experiment at telecommunication wavelength to date.

2. Development of High Detection Efficiency Photon-Number-Resolving Detectors at 850 nm

Photon-number resolving detectors are indispensable requirements for many quantum information
applications, such as quantum key distribution (QKD) and quantum optical gate. We have developed
titanium-based transition edge sensors (Ti-TESs) to improve the response speed of the sensor. In order
to achieve the almost 100 % detection efficiency (DE) at 850 nm wavelength, we fabricated Ti-TESs
with the mult-layerd absorption structures, which consist of a 20-layer dielectric mirror and a 7-layer
AR coating. The size and the thickness of the Ti film are 10 um X 10 um and 22 nm, respectively.
Figure 2 shows the pulse height spectrum from the Ti-TES in response to 844 nm (1.47 eV) photon
pulses. We can discriminate each peak that corresponds to the number of absorbed photons in the TES.
We have measured the DE at various different laser power levels. As a results, the DE at 844 nm was
98.4 %, which to our knowledge is the highest DE reported for an optical photon detector.
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Cluster Dynamical Mean-field Calculation of the Electronic Structure of the 2-Dimensional
Hubbard Model adsorbed on a Metal Substrate

Hiroshi ISHIDA
Quantum Theory and Computation

Recently, heterostructures made by stacking ultrathin layers of strongly correlated materials have
been a target of intense study. Due to low-dimensionality, charge transfers etc., the electron system at
crystal interfaces exhibits properties absent in bulk systems, which can be utilized for new electronic
devices. In this study, we investigate the electronic structure of strongly correlated interfaces by
conducting many-body calculations within the dynamical mean-field theory (DMFT).

1. Electronic structure of strongly correlated atomic overlayer on a metal substrate

Previously, we studied the electronic structure of strongly correlated ultrathin films by taking
account of interlayer electron correlations. However, in that work, electron correlations within the
same atomic layer were ignored (publication 2). Thus, in the present study, we investigate the effects
of intralayer electron correlations on the electronic structure of the strongly correlated atomic
overlayer on a metal substrate.

The overlayer was modeled by a single-band Hubbard model on square lattice. To simulate a cuprate
overlayer, we set t'= -0.3 t and U=9t, where t, t', and U denote the nearest-neighbor transfer integral,
second nearest-neighbor transfer integral, and onsite Coulomb energy, respectively. The substrate was
modeled by a semi-infinite non-interacting cubic lattice with band width W=12 t. The orbital mixing
between the overlayer and substrate was expressed by a transfer integral between the atomic site in the
overlayer and that in the outermost substrate layer, t,. To treat short-range intralayer electron
correlations, we performed a cluster DMFT calculation, where the overlayer was divided into a
periodic array of 2x2-site clusters.

The electronic density of states (DOS) in the overlayer is shown for U=0 with t,/ t=0.2, 04, and 0.8
(Fig.1 in the first page). The van Hove singularity in DOS characterizing the 2-dimensional square
lattice disappears with increasing orbital hybridization between the overlayer and substrate. The
electron occupation per spin is plotted as a function of electron chemical potential u for t'=-0.3 t and
U=9t (Fig.2 in the first page). When t,=0, the system is purely 2-dimensional and becomes a Mott
insulator in the energy gap where the occupation takes a constant value 0.5. The metal-insulator
transition on the hole-dope side is of the second order, while that on the electron-dope side is of the
first order, exhibiting hysteresis behaviors. In the case of t,/ t= 0.8, the overlayer becomes metallic and
dn/du >0 irrespective of the value of u because the metal penetrates into the overlayer due to orbital
hybridization. However, the phase transitions on the hole and electron doping sides persist, which
indicates that the electronic structure of the overlayer is essentially close to that of the isolated layer.
This is in contrast with the physical picture obtained with the single-site DMFT calculation where the
overlayer exhibits Fermi-liquid properties when t,>0.
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Ultra High Density Information Recording Materials
on Self Assembled Nano-structured Substrates

Akiyoshi ITOH, Arata TSUKAMOTO
Information Storage; Supramolecules and Self-Assembly

1. Resarch aim

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 silica thin film having self-assembled nano-pores and self-assembled silica particle substrate.

Concrete plan was as followings.
1) Self assembled preparation of three dimensional close-packed nano structure arrays
2) Development of nano template substrate for preparing a nano structured metallic material
3) Application for ultra high density information recording material

2. Research plan /Advances and achievements in 2010

We focused onto preparation of a thin nano-porous silica film and application as etching musk of
metallic film, and then examined 1. Enlargement of the areal size of single domain nano-pore array
structure, 2. Thinning the silica layer with aligned nano pore array structure as 2 dimensional nano-
pore allay structure, 3. Fabrication of a silica layer on metallic films.

2-1 Preparation of a thin nano-porous silica film and application as etching musk of metallic films
We have succeeded preliminarily to prepare thin silica layer on metallic films which have two

dimensional closed packed nano-pores prepared by the polymer micelles technique.

1. By reducing the molecular weight, the average diameter of nano-pores was decreased from 8nm to
Snm. Furthermore, the areal size of single domain nano-pore array structure was enlarged up to
around 1um? (> 8.8 X 10° nm?) by reconsideration of fabrication process especially the sequence of
compound molecules. See Fig. 1.

2. Nano-porous Silica layer was prepared by utilizing self-assembling phenomenon with main
components of triblock copolymer(A), Tetra-Eth-Oxy-Silane (TEOS)(B), water with HCI(C) and
Ethanol(D). Ethanol evaporates with drying process. By increase just the amount of Ethanol with
keeping same ratio of other components A — C, prepared silica layer thickness was successfully
reduced then achieved 2 dimensional nano-pore allay structure.

3. We have succeeded to prepare nano-porous silica film on metallic films such as Pt and Fe.

2-2 Nano structured template having a conjugate relation with nano-pore structure

As another type of nano structured template having a conjugate relation with nano-pore structure,
nano convex pattern was prepared by using self-assembled spherical silica particles followed by
inductively coupled plasma reactive ion etching.
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Pursuing the Limits of Nanomaterial-based Photonic and Quantum Technologies

Nobuyuki IWATA
Nanomaterials and Nanodevices

1. Selective growth of single-walled carbon nanotubes (SWNTs) with specific chirality

The triangle source and drain Au electrodes were evaporated on the SiO,(300nm)/Si substrates
using UV lithography and lift-off process. The area of electrodes and of between electrodes were left
for 30 min in ozone atmosphere to be hydrophilic. The other area has surface property of bare SiO,.
The substrates were soaked for 10 min in ethanol where 0.01 wt% Mo acetate was dissolved, and were
dipped at the speed of 600 um/s. The dipped substrates were dried for 5 min at 500°C. The catalyst
of Co was deposited with the same process. The SWNTs were grown by an alcohol catalytic
chemical vapor deposition (ACCVD) method. The used feeding source was ethanol. The growth
was carried out at the pressure from 200 to 1000 Pa at 1050°C after reduction under Ar and H,
atmosphere. The free electron laser (FEL) of 800 nm was irradiated from start to end of growth
process. The Raman spectra were detected with multiple excited laser of 441, 532, 632, and 785 nm.
A scanning probe microscopy (SPM) checked the surface morphology.

The G-band and D-band peaks as well as radial breathing mode (RBM) in Raman spectra were
observed at the only area between electrodes, the surface property of which was hydrophilic. The
grown SWNTs were metallic and semiconducting materials, and included the chirality as many as
approximately 50 without the FEL irradiation. Irradiating the 800 nm FEL reduced the number of
possible chiralities down to 6 of (8,7), (10,6), (10,5), (12,2), (13,2), (13,0), (14,0), all of which show
semiconducting property from the consideration of band structure. At the other area of substrate and
electrodes, obvious G-band and the RBM peaks were not detected. In the SPM images, the random
growth in direction of SWNTs were observed with approximately 1.5 nm in diameter and 1~2 um in
length. From those results, we successfully grew the selective SWNTs in position and chirality.

2. Fabrication of REFeO3;/AFeQ; superlattices for realization of room temperature multiferroic
phenomenon, where RE=Bi, La, A=Ca, Sr

The films and superlattices of CaFeOx (CFO), SrFeOx (SFO), LaFeO; (LFO), BiFeOx (BFO)
were deposited on SrTiO3;(STO)(100) substrates by pulsed laser deposition (PLD) method with
monitoring reflection high energy electron diffraction (RHEED) oscillation. The typical x-ray
diffraction (XRD) and reciprocal space mapping around STO(103) and (113) were done. The SPM
measurement showed the surface morphology.

The single layer of CFO,s, SFO, 7, LFOs, and four phases at least BFO were obtained. Using
the highly dense, more than 90%, targets, the droplets were removed in all single layer films. In
CFO/LFO superlattice, the satellite peaks were observed in the RSM, and the surface showed the step-
terrace structure. Expected superlattice structure was [7units CFO / 7units LFO]x14. In CFO/BFO
and SFO/BFO superlattice, the satellite peaks were also observed. From the results of low angle x-
ray reflection from the surface, superlattice structures were [CFO(1.16nm) / BFO(1.30nm)]*x14 and
[SFO(1.36nm) / BFO(1.00nm)]x14. Those results were not exactly the films we tried to prepare,
because the target surface changed and then growth rate was decreasing with continuing the deposition.
The reason why we did not obtain the perfect and sharp satellite peaks in the RSM was same. There
could be slight difference in thickness at each block in the superlattices. We have to find the right
deposition condition, especially ablated laser energy. However, the presence of satellite peaks in
superlattices indicates the not perfect but ordinary interface exists. Therefore polar / non-polar
interface is expected.
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Potential of new therapeutic and diagnostic technology using PI polyamide and nanostructure in
neuroblastoma

Tsugumichi KOSHINAGA
Medicine

Neuroblastoma (NB) is an embryonic tumor of neuroectodermal cells derived from neural crest. NB
is the most common extracranial pediatric solid tumor and is caused around 15% of all pediatric
oncology death. It has been strongly expected to develop new diagnostic maker and new therapy in
NB. NB showing MYCN amplified usually have poor outcome and down regulation of MYCN
expression causes down-regulated proliferation and differentiation in NB. PI polyamide can
recognized specific DNA sequence and bind to it. When PI polyamide designed to target transcription
factor binding site, it can inhibit binding of transcription factor to binding site and down-regulate a
target gene expression. Here, we examine whether PI polyamide can show an antitumor effect.
Moreover, this experiment could provide us basic data needed for development of new therapeutic
and/or diagnostic agents by using PI polyamide combined with nanostructure.

1. In vitro experiments

We designed PI polyamide targeting SP1 and E2F binding site, which are located on promoter region
of MYCN gene. NB cell lines, such as CHP134 cells were cultured with those PI polyamides, which
are mixture of PI polyamides targeting SP1 and E2F binding site for 72 hours. NB cell lines showed
reduced proliferation rate (a) and of MYCN expression level, compared with NB cell lines cultured
without PI polyamides. Also NB cell lines treated with the PI polyamide presented apoptosis.

2. In vivo experiments

We made xenograft by injecting nudemice subcutaneously with NB cell lines, such as CHP134 cells.
Then administration of PI polyamides into tumor carvities reduced growth rate of xenograft, compared
with control polyamide (mismatch PI polyamide), which can not bind to SP1 and E2F binding site.

We confirmed that the PI polyamides, which are mixture of the PI polyamides targeting SP1 and for

E2F binding sites have the antitumor effect. Accordingly, those PI polyamides and its modified form
with new nanostructures could be one of new therapeutic agents and/or diagnostic agents.
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Experimental Studies for Quantum Memory using Neutral Atoms

Takeshi KUWAMOTO
Information

1. Our purpose in the project

Purpose of our study in this project is the experimental study for realizing the quantum memory
using neutral atoms. The quantum memory is a key element in the quantum communication and
computing.

2. Progresses and Results in 2010
We performed following studies this year.

(1) Measurement of the two-photon interference of orthogonally polarized photon pair with the 795-
nm wavelength.

In last year, we succeeded to generate the orthogonally polarized photon pairs resonant with a
transition in rubidium atom. However, we could not observe the two-photon interference, which
ensures the quantum-mechanical nature of the generated photon pair. In this year, we performed
following developments and studies as the countermeasure.

1. Reinforcement of the output power of 397.5-nm-wavelength light beam used for generating the
orthogonally polarized photon pairs.

2. Exchanges for appropriate optics possessing no polarization dependence.

3. Production of new coincidence detectors.

4. Introduction of a crystal (5-mm KPT) used for compensating the birefringence effect in the crystal,
which is used for generating the orthogonally polarized photon pairs.

We successfully measured quantum-mechanically the two-photon interference of the generated
orthogonally polarized photon pairs. The obtained visibility was 83%.

(2) Suppression of the relative frequency fluctuations between two lasers used for the light storage
experiments.

We have succeeded the storage of coherent light into rubidium atoms. However, the storage time
was as short as 50 ms, which was a tenth of previous studies. We attributed this short storage time to
the fluctuation of relative frequency between two lasers used in the experiments. We controlled the
relative frequency of lasers using the optical phase lock loop (OPLL) circuit. As a result, the
fluctuation was reduced from 2 MHz to 400 Hz, corresponding to a factor of 5000 improvement.
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Pharmacokinetic/Pharmacodynamic Modeling of Tumor-localizing Photosensitizing Compounds

Takahiko AOYAMA, Yoshiaki MATSUMOTO
Medicine

To describe the relationships between percent cures following photodynamic therapy, light dose, and
plasma photosensitizing compound concentration, we defined the pharmacokinetic/pharmacodynamic
model of talaporfin as a model drug.

1. Pharmacokinetic/pharmacodynamic modeling of Talaporfin in mice

Model-based drug development is characterized as the development and application of
pharmacostatistical models of drug efficacy and safety from preclinical and clinical data to improve
drug development knowledge management and decision making. Pharmacokinetic/pharmacodynamic
modeling and simulation also enable the prediction of the effects of a medicine in various situations in
clinical practice. The aims of this study were to define the pharmacokinetic/pharmacodynamic model
of talapolfin as a model drug of tumor-localizint photosensitizing compounds and predict the response
of photodynamic therapy in various dosage regimens. The plasma talaporfin concentration, percent
cures following photodynamic therapy and light dose reported by Ferrario et al. were used as the
source of pharmacokinetic/pharmacodynamic modeling data. The pharmacokinetics for talaporfin in
mice was described by two-compartment model with first-order elimination. The relationships
between the percent cures, light dose and plasma talaporfin concentration were described by Emax
model (Fig. 1). Simulated curvilinear surface between percent cures, light dose, and plasma talaporfin
concentration was well fitted the observed value (Fig. 2).
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Self-assembly and Self-organization from the viewpoint of Device-fabrication Methods

Sachiko MATSUSHITA
Supramolecules and Self-Assembly; Energy

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, 2) Fabrication of optical and diagnostic devices via self-assembly, and 3) Elucidation of

mechanism of spontaneous tension change at oil/water interface.

1. Dye-sensitized photonic crystal electrodes
Recently, the combination of dye-sensitized solar cells
We had

reported the improvement of the photoelectric conversion

and photonic crystals is actively studied.

efficiency of dye-sensitized solar cells combined with a
self-assembled-type photonic crystal, i.e., TiO, inverse
opal. However, whether these results were caused by
the photonic crystal effect or the nano/mesoscopic effect
was unclear. The position of the photonic crystal band
depends on the structural periodicity. Here, we prepared
three kinds of TiO, inverse opals using different-size
polystyrene particles (202 nm, 356 nm, 457 nm) and
measured the electrochemical characteristics of the dye-
sensitized inverse-opal electrodes. Figure 1 shows the
electrochemical impedance of the prepared electrodes.

The large diffusion resistance of the electrolyte suggests
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Figure 1. Pore-size dependence of
electrochemical impedance of dye-

sensitized TiO, inverse opals electrodes.
Ro: Resistance of substrate, R;:
Resistance of substrate/TiO, interface,
R,: Contact resistance between TiO,
particles, Rj: Pt/electrolyte interface
and Electrolyte/dye/Ti0, interface, Ry:

) ) ' diffusion of the electrolyte.
that the improvement of the photoelectric conversion

efficiency was not caused by nano/mesoscopic effect because nano/mesoscopic effect should be
appeared as small diffusion resistance. This research is a collaboration work with Prof. Hashimoto,

College of Humanities and Sciences (one journal paper, submitted).
a poster prize.

This research was also awarded

2. Fabrication of optical and diagnostic devices via self-assembly

Recently, the application of a self-assembled spherical-particle structure to hydrogels is actively
studied. The application is mainly as sensors, for example, as a glucose sensor and temperature
sensor. In this research, with the viewpoints of the applications as a cell culture substratum, a micro-
pocket gel array was prepared by templating of a two-dimensional self-assembled structure composed

of cell size particles. This work is a part of collaboration with Prof. Kano. College of bioresource

science.

3. Elucidation of mechanism of spontaneous tension change at oil/water interface

The spontaneous oil movement in the water containing surfactants has been actively studied since
Dupeyrat found this phenomenon in 1978. However, the perfect understanding of the spontaneous
movement is still not achieved, resulting in less report of the concrete engineering applications.
Recently, we focused on gels generated at the oil/water interface during the spontaneous movement.
To control the gel generation, salt addition in the water phase was examined. The period and amplitude

of the spontaneous movement were dynamically changed by salt concentrations.
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UV-laser-light-induced photoluminescence spectral change of various metal oxides

S. MOCHIZUKI, K. YOSHIDA T. SAITO, F. MIZUTANI
Nanomaterials and nanodevices

Mochizuki, Yoshida and Saito measured the photoluminescence spectra of bulk single crystal and
nanocrystals of various metal oxides (BaTiOs, SrTiO;, TiO,, ZnO, and etc) at different temperatures.
We have found clear reversible spectral change in the photoluminescence spectra of the SrTiO; and
BaTiO; specimens at room temperature by replacing the specimen atmosphere (O, gas by vacuum,
CO; gas by vacuum) under CW 325 nm laser light irradiation. Especially, by irradiating at room
temperature with the laser light in CO, gas atmosphere, the photoluminescence intensity of BaTiOs
and SrTiO; nanocrystals with an average particle size of several ten nm is enhanced by more than ten
times. By irradiating the same laser light at room temperature in a vacuum, the original weak
luminescence state reappears. After removing the laser light irradiation, each photoluminescence
property persists for a long time at room temperature under room light, regardless of any changes of
atmosphere. On the other hand, BaTiO; bulk single crystal and SrTiO; one showed weak
luminescence and little photo-induced changes. The observed reversible photo-induced phenomena in
CO, atmosphere suggest that BaTiO; is active for photo-catalytic reduction of CO, at room
temperature. The results are discussed also in the light of both the exciton theory and the defect
chemistry.

Mizutani designed and made an evaluation device for photocatalyst and measured the photocatalyst
power of various metal oxides..
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Thermally Assisted Magnetic Recording with Near-Field Plasmon Antenna

Katsuji NAKAGAWA
Information

Thermally assisted magnetic recording (TAMR) which is a next generation magnetic recording with
ultra high recording density is investigated from viewpoints of a plasmon antenna and optical near-
field by experiments and simulations in order to overcome physical limitation of recording density of
current magnetic recording. Furthermore, a future magnetic memory applied with a photo-induced
ultra-high speed magnetization phenomenon is also researched in close collaboration with Professor
Itoh and Assistant Professor Tsukamoto. Analysis of surface plasmon is worked with Associate
Professor Ohnuki who belongs to a quantum theory and calculation Group.

1. Thermally assisted magnetic recording with optical near-field

Issue of TAMR which is required for heating only nanometer-sized recording area is that influences
of the distance from antenna to medium at heating and the plasmon antenna shape on recorded mark
shapes are not clear. We proposed a new antenna configuration, which was available to confirm a
plasmon antenna shape against magnetic domains recorded and to control antenna distance from
medium at recording. We also constructed a fabrication process of the configuration, which was
surface plasmon antennas with one hundred nanometer sized fabricated on a surface of a high
recording density medium with high thermal stability, by lift-off method using e-beam lithography.

2. Surface plasmon antenna design

A heating on only tiny area, whose diameter is less than order of incident light wavelength, is
required for TAMR. A surface plasmon antenna is designed by Finite-Difference Time-Domain
(FDTD) simulation analysis to realize it (collaborated partially with Associate Professor Ohunuki). We
have already reported that isolated fine-grain media was available to obtain high electric intensity.
Further design of high efficiency plasmon antenna independent from medium structure which can
obtain high intensity even continuous medium is enlarged the margin of medium selection. We
realized increase of the antenna apex intensity and decrease of the antenna rears intensity at same time
on the continuous medium by design of a tilt angle between antenna and medium.

3. Photo-induced ultra high magnetization recording

To increase recording density of novel magnetic recording system using a photo-induced ultra high
magnetization phenomenon, we worked with Associate Professor Ohnuki in generation and
concentration method of circularly polarized light on recording medium locally with optical near-field
by a plasmon aperture. A cross aperture with four-fold symmetry can create circularly polarized light
locally at the center of the aperture. We also show a propagation of circularly polarized light in the
medium with an isolated fine-grain arranged rectangularly. In addition, we proposed a four-leaf shaped
aperture modified the normal cross aperture, and demonstrated the improved the quality. The four-leaf
aperture is available to confirm circularly polarized light with high intensity only at center fine-grain
we will record, as a consequence of enlargement of intensity difference between center recoding grain
and surrounding grains (Figure in first page, paper, patent, and Presentation). We investigated relative
position margin between the aperture and the recording grain.

An analysis method of a transient response phenomenon of surface plasmon generation by
simulation was investigated in collaboration with Associate Professor Ohnuki, and We developed into
the electromagnetic transient analysis method which could apply nano-sized dispersion material and
ensure accuracy of the calculation. It makes assumption of plasma frequency and transient analysis of
arbitrary three-dimensional objects possible (Presentation).
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Composite Formation of Hydrogen Occlusion Alloys and Photo-Related Phenomena Thereof

Nobuyuki NISHIMIYA
Energy

1. Photo-Stimulated Hydrogen Desorption from Hydrogen Occluding Alloys

Complex hydride LiBH, desorbed hydrogen at room temperature as detected by mass
spectrometry when irradiated by ultra violet (UV) light (g line) in the presence of both a photocatalyst
WO; and a cocatalyst CuO, and did not when irradiated in the sole presence of either WO; or CuO.
Hydrogen desorbing reactions without heating were unexpected and had not yet been reported.

On heating, pristine LiBH, desorbed hydrogen at 150°C and 350°C, and these temperatures were
lowered to 100°C and 280°C when the hydride was heated after UV irradiation in the presence of
both the photocatalyst WO; and the cocatalyst CuO, as tabulated in Table 1. This means that UV
irradiation can be employed to lower the hydrogen desorption temperature on heating, and that
reinvestigation on many hydrogen occluding alloys with high hydrogen contents is necessary even if
the hydrogen desorption temperatures are higher than practical ones (near 100°C).

Table 1 Characteristics of hydrogen desorption from LiBH,

Heating in wvacuo Heaitrirnagdiaafttieorn W N irradiation
Li BH,4 Cesorb at 150°C, 330°C| Desorb at 150°C, 350°C MNone
CUOHLIBH{1: 10) Desorb at 80°C, Z40°C Desorb at 280°C None
WQHiBH 1:10)  [Pesorb at 130°C, 350°C| Desorb at 100°C, 280°C None
WGHUOHT BHA 1: 1: 5 [Pesorb at T100°C, 20°C| pesorb at 100°C, 280°C Desorb
WHLOHLI BHA 1: 1: 10) [Pesorb at T00°C, 280°C| Desorb at 100°C, 280°C Desorb
WQHOLOHLI BH{ 1: 1: 16)[Pesorb at 100°C, 280°C| Desorb at 100°C, 280°C Desorb

On heating after UV irradiation, hydrogen was released at 100°C and 280°C in the presence of
WO, only with the cocatalyst CuO absent. On the other hand, the temperatures stayed at 150°C and
350°C without UV irradiation in the presence of WO, only. It is likely that the photocatalyst WO;
destabilized hydrogen in the solid phase through irradiation to lower the desorption temperature. The
cocatalyst CuO would catalyze the desorbing process, presumably recombination of hydrogen atoms.
The desorbing temperatures were actually lowered to 80°C and 220°C when LiBH, was heated with
CuO.

2. Recovery of Bio-Hydrogen Using Composite Hydrogen Occluding Alloys (Collaboration of
Drs. Nishimiya and Asada)
Zirconium-based alloys, which were able to absorb low pressures of hydrogen, were encapsulated by
dimethoxydimethyl silane-derived gel to be resistant to steam, oxygen and so on coexisting with
fermented hydrogen. Microorganisms such as anabaena and spirulina were comparatively cultivated
at 30°C for several days under stressed conditions. About 6 mL of hydrogen was recovered from a
13.1 mL vial in an optimum run, which was 6 times as much as the case without any hydrogen
occluding alloys. Since gaseous hydrogen in the absence of alloys was more than that in the
presence of alloys, the alloys would occlude gaseous hydrogen to shift the hydrogen producing

reaction of the microorganisms to the productive side.
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Design of Nanoscale Devices using Electromagnetic Simulation

Shinichiro OHNUKI
Quantum Theory and Computation

Abstract

Fast and reliable electromagnetic simulation is performed for nanoscale objects which are relatively
small in comparison with the wavelength of incident light. This work aims at designing novel
nanoscale devices, such as nanoscale antennas to produce localized circular polarized light or
plasmonic waveguides, and searching for application to information technology through the
collaboration with researchers of the N. research project.

1. Design of Nanoscale Antennas for All Optical Magnetic Recording

For ultra-high speed recording, all optical magnetic recording with circularly polarized light has
attracted attention. In this technology, recording is performed using left-handed and right-handed
circularly polarized light. We study characteristics of a nanoscale dipole antenna and an asymmetric
cross antenna is proposed to generate left-handed and right-handed localized circularly polarization
from linearly polarized incident light. Figure 1 shows an asymmetric cross antenna constituted by two
dipole antennas with common gap. Antenna lengths are selected to obtain 90° phase shift. Figure 2
shows the polarization characteristic for the incident direction 58° and 122°. Right-handed and left-
handed circularly polarizations are generated at the center of antenna gap.

2. Analysis of Surface Plasmon by Complex Frequency Domain Integral Solvers

Recently, dynamics of specific plasmon modes has been intensively studied in terms of femtosecond
techniques. We apply a boundary integral equation method together with the numerical inversion of
Laplace transform to analyze specific plasmon modes. Our method is error controllable, stable for
treating dispersive media, and suitable for parallel computing.

We also investigate surface modeling of nanoscale objects which are described by patches. The
number of curvilinear patches is almost a half of that of triangular patches for smooth surface under
the same computational accuracy.

3. High-Speed Analysis of Electromagnetic Problems Using Latest Parallel Processors

Fast and large scale computations are challenging problems in computational electromagnetics. We
examine the potential of hardware acceleration for electromagnetic simulations using ultra high-speed
processors with latest parallel technologies, such as a Cell Broadband Engine (Cell/B.E.) processor
and a Graphics Processing Unit (GPU). Electromagnetic simulations using the method of moments
(MoM) with an iterative solver can be accelerated by Cell/B.E. Large problems over 10,000x10,000
matrix can be treated by our proposed technique. The maximum speedup rate compared with a
conventional CPU becomes 27 times faster. We also study ADI (Alternating-Direction Implicit)
FDTD method which is known as one of the implicit methods. This FDTD method is suitable for
investigating nanoscale problems, since the CFL condition can be avoided. Using GPU (Tesla C1060)
and the CUBLAS library, the speedup rate becomes 25 times faster.
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Self-Assembled Supramolecules and Their Applications to Energy, Medical, and Information
Technologies

Joe OTSUKI
Supramolecular and Self-Assembly; Energy

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 disk-like moieties, such as porphyrin
and phthalocyanine, sandwich a metal ion, have been investigated. We have succeeded in capturing
images by means of scanning tunneling microscopy that show the orientation changes over time,
which afforded the first solid demonstration
of the rotation libration of a double-decker
complex (publication 1, Figure).

We have also 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 2).

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. Some of them showed increased
efficiencies in photodriven hydrogen evolution as compared to a case in which an iridium complex
and a cobalt complex are not bound together (publication 3). Furthermore, we found that hydrogen
evolving systems involving ruthenium complexes that recorded high turnover numbers without a
catalyst.

3. Preparation of compounds for the X-ray based photodynamic therapy

Photodynamic therapy (PDT) is one of cancer treatment methods that destroys cancer cells by
singlet oxygen produced by excited dyes accumulated in the cancerous region and formed under laser
irradiation. The problem in this method is that visible-light laser used in the treatment cannot penetrate
into the body more than 1 cm depth. In our attempt to combine X-ray irradiation, which penetrates
well into the body, and the PDT, we have prepared porphyrin derivatives, effective in PDT, carrying
iodine atoms, which absorb X-ray radiation (patent application 1). We have obtained some positive
results in X-ray irradiation experiments at the cultured cell level. This is also scientifically very
interesting because the unexplored physics must be involved in the energy transfer processes from the
X-ray induced inner electron excitation to valence electron excitation.
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Origin of Hund’s multiplicity rule in He-like atoms: Existence of conjugate Fermi hole
in the lower spin state

Tokuei SAKO
Quantum Theory and Computation

Electron is the smallest magnetic unit in nature and has potential to become the smallest memory
device with its spin degrees of freedom controlled properly. In the present study we focused on the so-
called first Hund rule accounting for the relation between the total electron spin and the energy-level
ordering in atoms, and clarified the origin of this rule operating in the simplest multi-electron atom He
and He-like atomic ions.

Hund’s rules consist of three rules that predict the ordering of the energy levels possessing different
spin and orbital angular momentum quantum numbers. These three rules, particularly the first one
concerning the spin multiplicity, proved to be almost universally valid not only for atomic systems, but
also molecules and ‘artificial atoms’. Concerning the origin of this first rule, a traditional
interpretation given by Slater has been often quoted, which says that a higher spin state has a smaller
electron repulsion energy. However, actual quantum chemical computations for singly-excited states
of the helium atom, performed initially by Davidson and later many others, have showed that the
triplet state with the higher spin multiplicity has a larger electron repulsion energy than does the
corresponding singlet state possessing the lower spin. This indicates that the reason for a lower energy
of the triplet state relative to the corresponding singlet cannot be due to a decrease in the electron
repulsion potential, but must be ascribed to a more compact electron density distribution of the triplet
state, which then results in a much larger energy decrease due to the nuclear attraction potential.

Nonetheless, there still exists an ambiguity concerning the reason why the triplet state has a more
compact electron-density distribution than the corresponding singlet state. It was argued by Boyd that
the Fermi hole induces a larger repulsion between electrons with parallel spins, which results in a
larger average inter-electron angle of the triplet electrons than for the singlet electrons, thus allowing
the triplet electrons to be closer to the nucleus thanks to the 'less screening' of the nuclear charge. On
the other hand, very recently it has been shown by Moiseyev et al. that angular electron correlation is
not important in the singly-excited states of helium in order to yield its energy levels accurately,
although the triplet electrons may require to be angularly correlated to some extent in order to have a
larger inter-electron angle. In our previous study [Paper 1], the origin of the Hund's multiplicity rule in
two-electron artificial atoms was studied and the mechanism for the more compact electron density
distribution in the triplet states was clarified by examining the nodal pattern of the wave functions in
the internal space. Motivated by this earlier analysis the present study examines the internal wave
functions of He in order to provide a deeper understanding into the workings of the first Hund's rule.

The internal part of the full configuration interaction wave functions for low-lying singlet-triplet
pairs of states has been extracted and visualized in the three-dimensional internal space (#,7,,¢_).
The electron-electron repulsion potential has been also visualized in the internal space. It manifests
itself by three striking poles, penetrating exactly into the spatial region defined by the Fermi hole.
Because of the existence of these strong potential poles in the vicinity of the Fermi hole, a major part
of the singlet probability has to escape from this region. In contrast, the corresponding triplet wave
function is less affected by these poles thanks to the presence of the Fermi hole. The evading singlet
probability was shown to migrate far away from the original region close to the origin to the region
where either r, or r, are large. This results in a more diffuse electron density distribution of the singlet
state than the corresponding triplet state. The mechanism of the evolution of the singlet probability
towards the large r; (i = 1, 2) region in the presence of the electron repulsion potential has been
rationalized on the basis of a new concept of the so-called conjugate Fermi hole [Paper 2].
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Synthesis of Nano-rod Devices with Wide Band Gap Semiconductor Effect

Kaoru SUZUKI
Nanomaterials and Nanodevices

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.

1. Metal encapsulated carbon nanotube for magnetic force microscope probes

We have synthesized directly ferromagnetic metal (Ni, Fe, and Co) encapsulated carbon nanotubes (CNTs)
for probe of magnetic force microscope on a mesh grid for viewing transmission electron microscope (TEM) by
pyrolysis of ethanol solution. These metals inside CNTs identified Ni, Fe, and Co with energy dispersive X-ray
(EDX) spectrum analysis. The diameter and length of the metal core is in the range of 10 — 80 nm and 100 —
800 nm with varying heating period and temperature, respectively. The walls consist of cylindrical graphene
sheets with 3 -50 layer. The diameter of metal core possesses inclinable to enlarge at other temperature between
1013K and 1123K.

2.  Synthesize of Photocatalytic SrxLal-xTiO3 Film for Hydrogen Generation
with Visible Area in Solar Light Excitation by Pulsed Laser Deposition

La doped TiO2 have attracted great interest for photocatalytic properties, which can be used visible area in
solar light although only TiO2 limiting with ultra violet area. However, these reports were almost powdered
La2Ti207. To circumvent this problem, we have attempted to synthesized La doped TiO2 thin film on quartz
substrate by pulsed laser deposition using non-sintered target. In addition we have tried to Sr doped as imparity
for improvement only hydrogen generation. These films were composed of several molar ratios. We have
successfully crystallized perovskite structure films which were La doped TiO2 thin film of La2Ti207, Sr doped
Ti02 thin film of SrTiO3 and both impurity doped thin film of SrxLal-xTiO3 (x=0.1~0.9). The best of hydrogen
generation efficiency was 16pf/hcm2 by Sr0.7La0.3TiO3 to SrTiO3, and furthermore, the band gap of
Sr0.3La0.3TiO3 was 3.2 eV which showed the same tendency. As a result, the molar ratio of Sr0.7La0.3TiO3
thin film confirmed suitable to hydrogen generation.

3. Synthesis of (SrLaF)FeAs superconducting thin films by the photo excited pulsed laser
deposition

The synthesis of the high 7, superconducting thin films is very important for the electronic device
use. Among Fe-based superconductors, a Co-doped SrFe,As, epitaxial film is reported to become a
superconductor with 7, of 20 K. However, in order to obtain superconducting films by pulsed laser
deposition (PLD), there are some problems such as expensive substrates and high quality target
materials. The photo excited PLD (PE-PLD) is considered to have advantages for the synthesis of high
quality epitaxial thin films. (SrLaF)FeAs is isostructural to (LaO)FeP and (Srg¢Lao4F)FeAs becomes
superconducting below 7. of 26.3 K. In this study, we have tried to prepare superconducting
(SrLaF)FeAs thin films by PE-PLD, and investigated the relation between the wavelength of the photo
excitation sources and the crystallization of films. They are deposited on MgO (001) substrates by
PLD using a Nd:YAG laser (wavelength: 532 nm, fluence: 1.5 J/cm®) with the photo excitation. The
photo excitation sources are IR (from 0.5 to 2.5 um), Xe (from 0.2 to 1.1 um) and LED (peak: 400 nm,
width: £ 20 nm). While X-ray diffraction patterns of (SrLaF)FeAs thin films excited by IR or normal
PLD show only impurity phases, those excited by Xe or LED show some oriented peaks of
(SrLaF)FeAs. This result indicates that the excitation by ultra violet rays increases a reaction ability

and has an effective role of the growth of the superconducting epitaxial films.
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Mechanism of Superconductivity in Layered Fe-based Superconductors and Search of New
Superconducting Compounds

Yoshiki TAKANO
Nanomaterials and Nanodevices

1. Introduction

Since LaO, FFeAs was discovered to be a superconductor with the superconducting transition
temperature 7, of 26 K in 2008, many superconductors which have Fe square lattices have been found.
They are called Fe-based superconductors and have attracted much attention of many researchers.

We have focused our attention on SrFFeAs which crystal structure is as same as that of LaOFeAs
(1111-type structure) and Li,FeAs which crystal structure is simpler than that of 1111-type structure
(111-type structure). When a part of Sr site is substituted by rare earth ions in SrFFeAs, the structural
phase transition is suppressed and the superconductivity occurs. Sr,_La FFeAs and Sr,_ Sm FFeAs are
reported to be superconductors with 7, of 29K and 59 K, respectively. Then, we have firstly prepared
Sr,..Nd ,FFeAs and investigated their electric and magnetic properties. Moreover, even if a part of the
Fe site is directly substituted by Co ions in the FeAs-layer, it is reported that superconductivity occurrs
at 4 K. If the extra number of d electrons is important for the occurrence of superconductivity, Ni ions
are considered to be more effective for the superconductivity. Then, we have prepared SrFFe, Ni As
and investigated their electric and magnetic properties. Li FeAs itself is a superconductor with 7, of 18
K. On the other hand, a homologous no superconducting compound NaFeAs becomes to show a
superconductivity when a part of the Fe site is substituted by Co and Ni ions. Then, we have prepared
LiFe, ,Co,As and investigated their electric and magnetic properties.

2. Experimental Results and Discussions
2.1 Superconductivity in Sr; Nd FFeAs

Almost single phase samples of Sr, Nd,FFeAs are prepared for 0<x<0.5 although tiny amounts of
SrF, and FeAs, are observed. Lattice constants a and ¢ decrease and T, increases with increasing x.
The highest T, is 49 K for Sr,sNd,sFFeAs. This value is comparable with that of Sr,_ Sm FFeAs. The
value of the temperature derivative of the upper critical magnetic field (dH.,/dT) at T, is -1.5 T/K and
the estimated value of H,, at 0 K becomes 75 T, assuming the parabolic approximation.

2.2 Electrical Properties of SrFFe, Ni As

Almost single phase samples of SrFFe, Ni,As are prepared for 0<x<0.2 although a tiny amount of
StF, is observed. Lattice constants a and ¢ decrease with increasing x. The kink temperature observed
in the p-T curve which is due to the structural phase transition decreases with increasing x. Although
all samples show a metallic conductivity, they are not superconducting above 3K.

2.3 Electrical and Magnetic Properties of Li Fe, ,Co As

The Li content x is not precisely determined. Almost single phase samples of LiFe, Co,As are
prepared for 0<y<0.05 although a tiny amount of CosAs, is observed. Lattice constants @ and ¢ and T,
decrease with increasing x. The values of T,, dH,,/dT at T,, the lower critical magnetic field and the
superconducting volume fraction of Li,FeAs and Li,Fe(93C0¢02As are 18K, -0.43 K/T, 0.05T and 54 %,
and 11K, -0.43 K/T, 0.02T and 46 %, respectively. Although Li,Fe9sC0g0sAs shows a drastic decrease
in the electrical resistivity at 11 K, it does not show a zero resistive state.

3. Conclusion

We have explored the new high 7, layered Fe-based superconductors and related compounds, and
investigated the electrical and magnetic properties of them. However, the fabrication of
superconducting thin films is necessary for the electronics use. We have collaborated in the research
on (SrLaF)FeAs thin films with professor K. Suzuki. A part of this collaboration was presented at
the international conference of thin films in this year.
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Ultra Fast Information Recording and Ultra Fast Photo Magnetic Switching

Arata TSUKAMOTO, Akiyoshi ITOH
Information Storage; Supramolecules and Self-Assembly

1. Resarch aim

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's) 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.

2. Research plan /Advances and achievements in 2010

We focused onto following concrete plans.

1) Preparation to measure the magnetic and optical response of material within sub-picosecond time
resolution by femto-second laser pulse

2) Excitation of laser induced magnetization reversal phenomena in TbFeCo thin film

<Advances and achievements>

1) All-optical time resolved measurement system was constructed with femto-second pulse laser.
Magnetic and optical response from material was monitored by the magneto optical effect and the
change of reflectivity caused by heating of electrons, respectively. Ultrafast demagnetization
phenomena were observed which must caused by heating of electron system. Here, time resolved
study of magnetization response excited by 800 nm light and probed by 420 nm light shows both
Gd and FeCo sublattice magnetizations are considerably reduced on the subpicosecond time scale.
Fig. 1 shows the demonstration of thermo-magnetic recording by ultra-short single laser pulse
(FWHM: 90 fs). The magnetization that laser irradiated area reversed by stray field created by
surrounding magnetization.

2) We demonstrate that via careful tuning of the conditions in circularly polarized laser irradiation, it
is possible that non-thermal effect overcome the usually dominating heat-driven effects of light on
the magnetization in the metallic ferrimagnet GdFeCo. Fig. 2 shows the demonstrated result of
photo magnetic switching of magnetization by circularly polarized light. Furthermore,
Perpendicular magnetized TbFeCo thin film consisted from rare earth and transition metal alloy
was prepared. We clarified that the magnetization direction of TbFeCo can be switched by
irradiation of circularly polarized ultra short pulsed laser without magnetic field.
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Propagation Characteristics of Dielectric Waveguides with Arbitrary Inhomogeneous Media in
the Middle Layer

Tsuneki YAMASAKI
Quantum Theory and Computation

In the working scheme at current year 2010, we analyzed the guiding problem of dielectric
waveguide with arbitrary inhomogeneous media in the middle layer, and investigated the complex
propagation constants by using the combination of improved Fourier series expansion method and
multilayer method.

Numerical results are given by complex propagation constants in the stop band region for the
case of various triangular pillar for both TE, and TM, modes as follows:

(1) The Stop-band area moves to the low frequency number side in the permittivity because an
equivalent permittivity grows when changing. It begins to be different of the permittivity
distribution by the frequency in the upper part of the Stop-band area.

(2) In TEymode, the influence of the characteristic doesn't appear when the circular cylinder is equal to
an equivalent permittivity of the triangular pillar.

(3) In TMymode, the difference of shape influences the characteristic, and the Stop-band area
broadens.

References

(1) R. Ozaki, T. Yamasaki, and T. Hinata: “Propagation Characteristics of Dielectric Waveguide with

arbitrary inhomogeneous media in the middle layer”, IEEJ Technical Report EMT-10-163( 2010).
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Patents

1. FHE - HB)IEZ, SN, KEH#E—F, FEREER, BAH, CD ZHEF 5 11509,
FAOLFR: TR~y N, [HEHROEEE, HWEs LT A R, HFEAE S -
¥FIRE 2010-161996, HFEH : k2247 H 16 H.

Invited lectures
1. A.Itoh, and A. Tsukamoto, “RE-TM amorphous films for MO recording media and their future

aspects”, International workshop on Laser-induced magnetization dynamics in nanostructure, Oct.
6, Stoos, Switzerland.

2. A. M. Kalashnikova, K. Vahaplar, A. V. Kimel, S. Kaneko, U. Nowak, D. Hinzke, R. W.
Chantrell, A. Tsukamoto, A. Itoh, A. Kirilyuk, and Th. Rasing, “Ultrafast all-optical
magnetization reversal in RE-TM alloys”, International workshop on Laser-induced

magnetization dynamics in nanostructure, Oct. 7, 2010, Stoos, Switzerland.

3. A. Tsukamoto, T. Sato, S. Toriumi, and A. Itoh, “Laser-induced demagnetization of RE-TM
GdFeCo”, ISAMMA 2010 (International Symposium on Advanced Magnetic Materials and
Applications 2010), July 13, Sendai, Japan.

Funding

1. FEEE (WERE), BARH GEENICE), “H SRR MR o s %
T A NERERHE A A, 2000-2011 - FEEREAF ST 4 B 4 F ST (C) (—#%), E
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PERR B I 21K 3,600,000 F (H22 4F ) 1,300,000 ) .

2. HJIIEZ (WHEfR), FEEE, BAH (EEEE), “TE 7T o7 T &0 Ak
FUT X DA 7V v REesko FEREE, 2008-2010 48 FE R0 72 2 Al Bh & 278 (C)
(— %), EHERE M AR 3,600,000 [ (H22 42 700,000 [1).

3. BAH, U=l bR L—PFIC L HMEEA T U - FH7, 2007-2010 4F
JEZRENITE (OH) BABA IR BUEEAS, BRISAURDEHT7EHEE e TS &80T ), EERE
WA 44,820,000 F.  (H22 4 2,000,000 H).

4. GHEREE, BAR, AT 2 MEKGLEAES MR OBE, SRC FH A b L — 0
FEHEMEREAE, 1,400,000 F3.

5. GrEEEE, PINEZ, “Eofm It bEE o v AT 2L & AR SR E AT I B
HHFFEQR)", b Ly 7 - xS BREEE, 1,600,000 H.

6. fi@ C&, PEZ, “AREERO X v U 7 BEEA AR e 0 7o R BB AT R,

EEM Y AT A AR AL, 500,000 .

IWATA, Nobuyuki

Papers

1. Hiroshi Yamamoto and Nobuyuki Iwata, “C, Photo-Polymerization using Free Electron Laser”,
Trans. Mater. Res. Soc. Jpn 35 (2010) 461-466.

2. Keijiro Sakai, Daisuke Ishiduka, Takuya Sonomura, Hiroki Takeshita, Kunihide Kaneki,
Hirofumi Yajima, Nobuyuki Iwata, Hiroshi Yamamoto, “Free Electron Laser Irradiation Effect
on Single-Walled Carbon Nanotube Growth”, Trans. Mater. Res. Soc. Jpn. 35 (2010) 343-346.

3. Daisuke Ishizuka, Keijiro Sakai, Nobuyuki Iwata, Hirofumi, Yajima, Hiroshi Yamamoto, “Effect
of Chirality by the Free Electron Laser Irradiation”, The Institute of Electrical Engineers of Japan
(IEEJ) Trans, FM, 130 (2010) 209-212.

Funding

1. WREEE - HESE, LRSS - mlE . AT, BERAL, AAKREH T
77wy ) MR, “onF Tz v N TR IS X D %ﬁ%ﬁﬁﬁfém PR, H22~234F 5 A
15005 H

2. WHEREH EHEEIE, P A FOHEB), mBIES R I5/Cr0; BERIC L 5 =R T
ELRE SRR DI A", H21~H23 L, #R%H 280 ']

KOSHINAGA, Tugumichi

Papers

1. K. Sugito, T. Kusafuka, H. Kawashima, S. Uekusa, T. Furuya, K. Ohashi, M. Inoue, T. Ikeda, T.
Koshinaga, T. Maebayashi, “Usefulness of power Doppler ultrasonography and
superparamagnetic iron oxide enhanced magnetic resonance imaging for diagnosis of focal
nodular hyperplasia of the liver after treatment of neuroblastoma”, Pediatr Hematol Oncol. 2010,
27(3), 250-6.

2. K. Sugito, T. Kusafuka, M. Hoshino, M. Inoue, T. Ikeda, N. Hagiwara, T. Koshinaga, H.
Shichino, M. Chin, H. Mugishima, “Application of radiofrequency ablation for giant solid
pseudopapillary tumor of the pancreas”, Pediatr In. 2010, 52(1), €29-31.

3. )ll ol , MIgNIE, SERE, fEE R, ERRE, KIBOHT, MEKES, Bk PEE, #

RTE, KHEIEE , “von Hippel-Lindau(VHL)E {5 F D EFEMIINE B % £ o 7o iR
'E*Hﬁ@ 1617, HARNDIGFLF 24 2010, 46(4), T77-782.
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4. KEIENME, KRGV, SEBEE, MEE K, NEILs, HERES, H R, fhBEoRES, B
KUEIE, BERTE, & G, CBise, BOEY, 2 EBHHE, PRS- BRI OIR S
IR O 1517, /NIED A, 2010,47(1), 137-141.

5. EEERAME, BWA, JEHY, SEBEE, MEE X, L, TERENE, KIGWT, H L
H, M RES, BUKGEE, BEIRME, Bk, &y i, e, B, ZEFHE, <5
ETRLNTREAR 72 7E AFPAE O _EFAZtE > THBMIMEE 258D 11T 2EE o 1 417, NI
40,2010, 47(1), 132-136.

Books
1. BokutE, « [NEoisEEet] Mk - 5 BIEE, 2R 73 HET, 479-480.

Funding

1. BFZEER: Bk REE, MF9Em s EIEAG KB T RR S, BREEF, Xy 7 v g
A 4 — R~ EGERERS L O FEEO R 0 IAAZBIS 2 OLFEREI7E”, 20102012 4
FERL A TR B i B BRI ST (C) (— %), 2,340,000 [T (AL 22 4R ) .

2. WFZEARER: BOKUEE, MR RS, WAREH, FEN, BEBEAME, FHILE
=, “MYCN 512 EH & U7 fiiR 2R o BBl iB#IE O B, 2009 —2010 45
WFFZE Bl 42, 11,240,000 P (R 21 42 6,810,000 F, -k 22 4FJE 4,430,000 F).

KUWAMOTO, Takeshi

Papers

1. T.Kuwamoto, H. Usuda, S. Tojo, and H Hirano “Dynamics of Quadruply Quantized Vortices in
’Rb Bose-Einstein Condensates Confined in Magnetic and Optical Trap”, J. Phys. Soc. Jpn, 2010,
79,034004.

Funding
1. &R\, “NHBHBEOHDR—A « TA ¥ a A VERERE~OLRLE, 2009-2010
R ORI B T R BHEERT 28 C, 1,800,000 .

MATSUMOTO, Yoshiaki

Papers

1. H. Matsuda, N. Fukuda, T. Ueno, M. Katakawa, X. Wang, T. Watanabe, SI. Matsui, T. Aoyama,
K. Saito, T. Bando, Y. Matsumoto, H. Nagase, K. Matsumoto, H. Sugiyama, "Transcriptional

inhibition of progressive renal disease by gene silencing pyrrole-imidazole polyamide targeting
of the transforming growth factor-pf1 promoter", Kidney Int. 2010 Sep 22. [Epub ahead of print]

2. T. Aoyama, T. Kosugi, K. Matsuo, I. Kimura, M. Obayashi, M. Kurokawa, M. Igarashi, J.
Yamasaki, Y. Ishida, Y. Matsumoto, "Population Pharmacokinetic Analysis of Pilsicainide in
Patients with Cardiac Arrhythmias", Jpn. J. TDM. 2010, 27(2), 85-97.

3. T. Aoyama, T. Omori, S. Watabe, A. Shioya, T. Ueno, N. Fukuda, Y. Matsumoto,
"Pharmacokinetic/Pharmacodynamic modeling and simulation of rosuvastatin using an extension
of the indirect response model by incorporating a circadian rhythm", Biol Pharm Bull. 2010,
33(6), 1082-7.

4. N. Shimazaki, H. Hayashi, K. Umeda, T. Aoyama, H. lida, Y. Matsumoto, "Clinical factors
affecting the efficacy of vancomycin in methicillin-resistant Staphylococcus aureus pneumonia",
Int J Clin Pharmacol Ther, 2010, 48(8), 534-541.
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Invited lectures
1. THfEEK EEBIROBEIEEL D PR,/ PDETNOME S #8fig+ 5| AAREYE e
2 FASHES TJUoFarkIg—

Funding
1. [HEAH ot 2OEOOPK,/ PDEFY 72T AWF92 ) 55544 100 5
M (pah Rk )

MATSUSHITA, Sachiko

Papers

1.  “Self-Assembled Monolayers Using Large-Size Polystyrene Particles,” Miho Kawai, Kyohei
Takano, Akira Nakajima, Toshihiro Isobe and Sachiko Matsushita, Mol. Cryst. Lig. Cryst., in
press.

2. “Ring Structures prepared by Self-Assembled Particle Layers,” Asagi Hashimoto, Akira
Nakajima, Toshihiro Isobe and_Sachiko Matsushita, Mo!. Cryst. Lig. Cryst.,in press.

3. “Full Photonic Band Gap of TiO, Photonic Crystals Filled with Electrolyte for Prospective
Dye-Sensitized Solar-Cells,” Sachiko Matsushita, Ondine Suavet, and Hideomi Hashiba.
Electrochimica Acta 2010, 55, 2398-2403.

Books

1. BTFHEF. TREIGEES O 2D 727 34 AEV | (L% EZF. in press.

2. BRTRES, WO, fEARRA, T HL S WU+ O [ (R R i b~ DOEREHI ) £ 4 200,
Vol.84 No.1 (2011), in press.

Invited lectures

1 BTHF,” R 72 AL LEECERBEERER ~ A 2<T7 U7 L~OHER” | 5§
SUIT T AE=I AL RY T L, BHERUWERT FRk 2245 H 26 A

2 BTHF,"EELILMRFEHEDRDLET, 2o Thb?, 8§ 2RI FAEMEIC X DR AR
HRLWE, BILR P 2 — SER 22410 A 30 A

3 MTHEF, “FEFEGHEL R TED 2 & ver2”, HARRKFPAERE T, Fk 2 24
9H2H

4 BTHEF R EFHEZ L THES 2 & ver2.”, H AR KA I E SIS GHE S, A
ARFHITZE, Fpk2 247 H 2 6 H

Media
1. BRTHF TWE=sEE & UNaiE] &2 7. 2010 4 8 77, p.602
2. BXTFHETF gt/ — b /B 2010 4 8 A 5~2010 4 12 H =5

Funding

1. & F,“TINTH b= I NN KXYy v TE2EFOT7 4 b= v 7 i E— 0 — DIERD,
Rk 22 4R (BF 41 [8]) #FZEBLAA:  EIE A KRB fBlRE &Y, 1,000,000

2. BT, “HRBARmENEENE L 2MEOFRER L OARBRGL O » Ak 21-23 4
B B HARE A B O BREE S 2170024, 3,620,000 H (T RE)

Awards
1. Excellent Student Poster Award, Korea-Japan Joint Forum, Fukuoka, Japan (Aug. 22-25, 2010)
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MOCHIZUKI, Shosuke

Invited lectures

1. ZAHERN, " LES R RO OMmERB Y ONFHEBRL”, #6 Rk, 7'r
EAMIER, 20104 11 H 2R, v - 7 A EERREEE LT 2 —, KK

NAKAGAWA, Katsuji
Papers
1. Katsuji Nakagawa, Yoshito Ashizawa, Shinichiro Ohnuki, AKiyoshi Itoh, and Arata

Tsukamoto, “Confined Circularly Polarized Light Generated by Nano-Size Aperture for High
Density All-Optical Magnetic Recording”, J. Appl. Phys., in press.

Patents

1. BWEPINE, AiEgAN, KEE R, FEEE, BAS, CDEZMHHES 11509,
FIAOLFR: TR~y F, [HHROEEE, H#Eea LT A R, HEEE S -
HFRE 2010-161996, HFEH : k2247 H 16 H.

Invited lectures
1. Katsuji Nakagawa, Yoshito Ashizawa, “Thermally Assisted Magnetic Recording on Patterned
Meida”, Asia-Pacific Data Storage Conference, Oct. 28, Hualien, Taiwan, M-2.

Funding

1. BIEZ, “TESET7T T T E NNV ABRICL D ANA TV v Ritsko s e,
20082010 4FFE R AP 98 B A Bh 4 FLs iR 92 (C) (—f%), 4,680,000 F.

2. HIIEZ, FEALAN CHEBBEAR Y NOBT VA o~y REEER, HHA b L— U
FEHEEREAE | 1,400,000 .

3. AN, BJ)IEZ, HEEEHBRE R Y EBEOZOORE T T RE IO H
e, () WEEEFe& M), 1,000,000 H.

4. FEEE PIEZ, “ERiofm I bEE O X7 Ak & AR A AT IC BT
HRFTEQR)”, Bl w7 - U kRS, 1,600,000

5. FFEEE, PJINEZ, “AEEEOX v U T BT 7R imEAL AR R,
B LEE T AT AR &, 500,000 1.

NISHIMIYA, Nobuyuki

Papers

1. BEfSE, tmE—&, Jfi/8E -, “FHx OKEBFEICHO SN DB OB & EZ A~
DO A, M~ 7 U 71 2010, 17, 351-358.

2. BEEMSE OKBIFROLZEMEICET R  LEMEROTZO O OBLIR & 55
JKFET FILF— X7 A 2010, 35 (4), 3-9.

Invited lectures

. BEEAMEE, R x OKFATHRE B O & R~ ORISR, B~ T Y TR
20 [FIGEE 4, 2010 4512 A 10 H, T¥FLR%, B
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OHNUKI, Shinichiro
Papers
1. K. Nakagawa, Y. Ashizawa, S. Ohnuki, A. Itoh, and A. Tsukamoto, “Confined Circularly

Polarized Light Generated by Nano-Size Aperture for High Density All-Optical Magnetic
Recording”, Journal of Applied Physics, in press.

2. S. Ohnuki and Y. Kitaoka, “Analysis of Transient Electromagnetic Scattering from Open
Cylindrical Objects by Numerical Inversion of Laplace Transform,” IEICE Trans. Electron. 2011,
E9%4-C (1), 68-71.

3. S. Ohnuki, R. Ohsawa, and T. Yamasaki, “EM Scattering from Rectangular Cylinders with
Various Wedge Cavities and Bumps,” IEICE Trans. Electron. 2010, E93-C (1), 77-80.

Invited lectures

1. S. Ohnuki, “Analysis of Transient Electromagnetic Scattering from Arbitrary Objects,” 2010
Asia-Pacific Symposium on Electromagnetic Compatibility, April 12-16, 2010, Beijing, China,
2010.

Patent applied
L RIIEZ, AN, REE—R, FEEE, BAR [MHHE -~y B, HlRaceaE,
TEHRELER T 1E M OYET /3 A A | (FFlE 2010-161996)

Funding

1. REE-B@OIERF), FINEZ, FEREER, BARF., ARG ANQEEREE), /7
7 Tk R PRI PR & O 72 R m IR RL S~ O FRER >, 2010-2012 AR}
FWFEE B AR TE (C) (%), 3,940,000 FJ(H22 4 2,340,000 ).

2. REME—BEWFZEIRER), PIE = CLFRIMIET) B FRE R mEEE S A REZ2 o
A 1 R RRAT I X 2 BT R IERE T 2 7 o 7 Ok, b AR R B
B4, 1,000,000

OTSUKI, Joe

Papers

1. Sk.Jasimuddin, T. Yamada, K. Fukuju, J. Otsuki, K. Sakai, “Photocatalytic hydrogen production
from water in self-assembled supramolecular idirium—cobalt systems”, Chem. Commun. 2010, 46,
8466-8468.

2. J. Otsuki, Y. Komatsu, D. Kobayashi, M. Asakawa, K. Miyake, “Rotational Libration of a
Double-Decker Porphyrin Visualized”, J. Am. Chem. Soc. 2010, 132 (20), 6870-6871.

3. K. Suwa, J. Otsuki, K. Goto, “Photoisomerization and Thermal Isomerization of Shuttlcock- and
Bowl-Equipped Phenylazopyridines”, J. Phys. Chem. A 2010, 114 (2), 884-890.

4. J. Otsuki, “STM studies on double- and triple-decker porphyrin and phthalocyanine complexes”,
Supramol. Chem., in press.

5. J.Otsuki, “STM studies on porphyrins”, Coord. Chem. Rev. 2010, 254 (19-20), 2311-2341.

Patent application

L XEEE, BRT—M, AmEth, B&E, &0, XA, Wi, O,
“HAT 4V CFHERS X OB FRRIEIC IS T 5 2 OFUR, R 2010-029205.
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Books

1. J. Otsuki, “Supramolecular Energy and Electron Transfer Processes and Their Switching”, in
Energy and Electron Transfer Processes in Multiporphyrin Arrays, Ed. D. Kim, Pan Stanford
Publishing, Singapore.

2. J. Otsuki, “Molecular Nanoarchitectures on Graphite”, in Encyclopedia of Nanoscience and
Nanotechnology, 2nd Edition, Ed. H. S. Nalwa, American Scientific Publishers, CA, USA, in
press.

Invited lectures
1. RKAR, “FT7NT v —EORERN S 5 FEEsA~7, SCEEE R e A B @
CEra i sgilkt o) B m 77 X v VAR, 201142 A 4 H, A TERFEK
FLAN ISR, AR (TRE)

2. J. Otsuki, “Supramolecular approach to photodriven hydrogen production with metal
complexes”, Second International Symposium on the Photofunctional Chemistry of Complex
Systems”, December 12—-14, 2010, Keauhou Beach, Kona, Hawaii, USA.

3. KA, “Iif 10 O EHIE TV — T O/, PS 25 21 [HIEF R, 2010 4F 12
A1 R, BARFHETZE, BRiA.

4. J. Otsuki, “Structures and dynamics of porphyrin assemblies on surfaces at the molecular level”,
16th Malaysian Chemical Congress (16MCC) 2010, October 12-14, 2010, Putra World Trade
Centre, Kuala Lumpur, Malaysia.

5. J. Otsuki, “Surface Assemblies and Dynamics of Porphyrin/Phthalocyanine Complexes”, 60th
Anniversary Conference on Coordination Chemistry in Osaka, Japan (60CCCO), September
27-30, 2010, International Hounse, Osaka, 2Ib-19.

6. [HphlGEn] KA, 777 7 A MEREEROBSFHEL XA F I 7 A7, 2010 F7E
SALFMFE RS, 201049 A 2-3 H, MEJIITHERZ, JEA.

7. RAB, “OF, BOTF, TLTHTT A A", BHARRZEMNFIMENREHE IV
Science Communication, 2010 46 H 19 H, HAKZFENTSE, T4 H.

8. RARE, HMMEMHE TOrMBRIFAEDH CERMIE & 207, A AT IFFER,
2010 43 J1 26-29 H, IT#K%F, HKBX, 189-06.

Media

1 SAEREERTIEIC L0 T B 2 B & 9 D8 L WFSE R A B < . in Nubic News 10 H 75,
A AR REH i i o % —, 2010. 10.

2. WF9ET, B RS TIEROKRE T &3 LR~ Tlimaf 78 2 3815, in 2011 4 EE R
B 5 R%E, KREEEIE, 2010 48 10 J 12 B %17,

3. IRKAE'N'Zm Y= b-1-F/ 7 7 \TME O 7| AARTZHHE, 2010 44 1
20 H.

4. TARRARE'N."7w =7 b2-EdETek ] BARPEHNE, 2010451 20 H.

5. THEFTOFHL L Y Rotational Libration of a Double-Decker Porphyrin Visualized | E2fZ. 7 = 7
Z X 7 News Letter 2010 - 6 H 15 H.

6.  [RKALE'N'7w =7 b-3-B7IH] BAKRTMH, 201046 H 20 .

7. THEED D O L DA/ Rotational Libration of a Double-Decker Porphyrin Visualized | Bz
7w 77 X 27 News Letter 2010 /27 H 15 H.

8.  IARKANE'N."T Y=/ hAJERH] BARFHRM, 201047 H 20 H.
9. THEFAE'N"YT V=V h-5-R/LF— | HAKFZHBE, 2010448 H 20 H.
Funding

1. RHB, “Hf~yraoI LT NT v i —EOEERO a4k & I, 2009-2011
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RV B A B & ST ZE (C) (—%), 3,600,000 1.

2. KA, XEXE PEFE, KEE—R, “OFHiafoREE L2 ofE”, BeEpst
BB, SRR 22 B AIN AR I (ABEAFSE), 4,600,000 P (2010 4-FE 2,300,000
F, 2011 4 2,300,000 ).

SAKO, Tokuei

Papers

1. T. Sako, J. Paldus, G.H.F. Diercksen, “Origin of Hund's multiplicity rule in
quasi-two-dimensional two-electron quantum dots”, Phys. Rev. A 2010, 81,022501(11 pages).

2. T. Sako, J. Paldus, A. Ichimura, G.H.F. Diercksen, “Origin of Hund's multiplicity rule in
singly-excited helium: Existence of a conjugate Fermi hole in the lower spin state”, Phys. Rev. A,
submitted.

3. T. Sako, H. Ishida, K. Fujikawa, “Electronic Structure and Correlated Wave Functions of A
Few Electron Quantum Dots”, Computational Methods in Science and Engineering (AIP

Conference Series), in press.

Invited lectures
1. FERFERE, “ATJFRFICBIT5 7 NOZEHEAOEIR”, 50 H KRR T8 - ek
J6 TAEF) - EETZEEE, 2010 45 6 11 25 A, AR B ORSEER LA, 74 L0

SUZUKI, Kaoru

Papers

1. T. Uehara, S. Kurumi, K. Takase, and K. Suzuki, “Synthesis of P-type Zinc Oxide Films by
Plasma Assisted Pulsed Laser Deposition”, Applied physics A, 101, 723-725 (2010)

2. K. Takayama, S. Soma, T. Inoue, H. Kakinuma, T. Haraguchi, and K. Suzuki, “Ascent of Open
Circuit Voltage on Diamond Like Carbon Photovoltaic Cell by Infrared Heating Assisted Pulsed
Laser Deposition”, Applied physics A, 101, 726-728 (2010)

Invited lectures

. SARE, “L—V XD HMBLEROERE 7Y — 7 I A F Y —>, 5 58 [als H P EE
HEMREAEES LU RUT L (U ) R—a U EERT A L— Y — Tt
v TGN, 20011 453 H 24 B, #REJITEKS:

Books
Lo b=V, (PHFAME, - - ARK, ) Do e —39—) 9% 24 “L—F—
ML 6 T EBIEAC, A — At wkHIfEs (2011 4 11 A 81T T5E)

Patent

1. [EPER N AL CNT O HHEEE . BErE RPN CNT O H 7. RN AL CNT. WA
NHEMEE, A - NI TURAKX AV XA F— K, AVUVERDIENT U UR
X AE Y pin XA A — K] KA 2010-198325

Funding

1. BAE, BHE—CRNEOI—R T ) Fa—TDINEA 4 E—IINT & Fitkie >
02— 7 BHFE”, AR 20 AEEE (2008 ) BT R Bh A dL R pESE (C) (— %) 20510098,
2008 AEEE, 2,080,000 [, 2009 4EFE, 1,200,000 [, 2010 4EE, 600,000 19, WFFefE4H.
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2. AAE, MeAARKFOH LW HE Y LEBRA-PXR O EEF FHIZ BT 5 S mFIe”, ik
21 AR — YRR 22 FEE, BARKZZINBI A [REWFIE], 8,400,000 [, #F7EyfHE .

3. SAKRE, AMTCHE, HHER, B “~A 7 a7 T ) Z)VE% &SRO,
YRk 22 4EBE MR AR A AT 4 TRCEEEZEMR ) 1000,000 F, WF7E(ERHE

4. AR, /NI, BEEME  ERIMUCEET DT, Bk 22 B KT HER
BEXZ =70 - K TER] 2,625,000 M, #FEREHE

TAKANO, Yoshiki

Papers
1. R. Suganuma, Xinzhe Jin, T. Watanabe, K. Takase, Y. Takano, “Electrical and Magnetic Properties

of (Sr,R,F)FeAs (R = La, Nd)”, J. Physics Conference Series 200 (2010) 012193.

2. K. Sato, H. Nagata, T. Yamauchi, K. Takase, Y. Takano, T. Wanatabe, “Effects of Substitution in
YCoC”, Solid State Phenomena in print.

3. S. Otsuka, K. Kato, M. Onisawa, Y. Takano, K. Takase, Y. Kuroiwa, “Structural Study of Layered
Oxyselenides (LaO)TAs (T=Transition Metal) as Fe Based Superconductor Related Materials”,
Solid State Phenomena in print.

4. H. Okuyama, T. Wanatabe, K. Takase, Y. Takano, Y. Kuroiwa, H. Yoshida, T. Moriyoshi,
“Disorder-sensitive Superconductivity and Bonding Nature in the Iron-silicide Superconductor
Lu,Fe;Sis”, Solid State Phenomena in print.

5. R. Suganuma, T. Watanabe, K. Takase, Y. Takano, “Superconductivity in Fluorine-arsenide
(St Nd,F)FeAs”, Solid State Phenomena in print.

Awards
2. BARIEERYE ()1 “F 180 A4 i X 5 BIEEK s ORES L OES
REOHIHE”, Rk 20 425 H 27 A

TSUKAMOTO, Arata

Papers

1. A. Tsukamoto, T. Sato, S. Toriumi, and A. Itoh, “Precessional switching by ultrashort pulse
laser: Beyond room temperature ferromagnetic resonance limit”, J. Appl. Phys. 2011, 109., in
press.

2. K. Nakagawa, Y. Ashizawa, S. Ohnuki, A. Itoh, and A. Tsukamoto, “Confined Circularly
Polarized Light Generated by Nano-size Aperture for High Density All-Optical Magnetic
Recording” , J. Appl. Phys. 2011, 109. in press.

3. K. Mizusawa, A. Tsukamoto, and A. Itoh, “FePt grains for magnetic storage on layer of
self-assembled silica Nanoparticles®, J. Mater. Res., 2011, 26 (2), 1-4., in press.

4. A. Tsukamoto, and A. Itoh, “Ultrafast manipulation and measurements of magnetization by ultra
short pulsed laser”, J. Res. Inst. Sci. Tech., Nihon Univ. 2010, 122, 25-33.

Patents

1. BAE  BEZ, SN, KEE—R, FEEE BAS, CD ZM4HEFS 1 11509,
FAOLFR: TR~y N, [HEHROEEE, H#EeaFEL 0T A R, HEEE S -
¥FIRE 2010-161996, HFEH : k2247 H 16 H.

Invited lectures
1. A. Tsukamoto, “Precessional switching by ultrafast laser: Laser induced magnetization
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dynamics”, Spintronics seminar, Institute of materials research, Tohoku University, Dec. 17,
Sendai, Japan.

A. Itoh, and A. Tsukamoto, “RE-TM amorphous films for MO recording media and their future
aspects”, International workshop on Laser-induced magnetization dynamics in nanostructure, Oct.

6, Stoos, Switzerland.

A. M. Kalashnikova, K. Vahaplar, A. V. Kimel, S. Kaneko, U. Nowak, D. Hinzke, R. W.
Chantrell, A. Tsukamoto, A. Itoh, A. Kirilyuk, and Th. Rasing, “Ultrafast all-optical
magnetization reversal in RE-TM alloys”, International workshop on Laser-induced

magnetization dynamics in nanostructure, Oct. 7, 2010, Stoos, Switzerland.
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GdFeCo”, ISAMMA 2010 (International Symposium on Advanced Magnetic Materials and
Applications 2010), July 13, Sendai, Japan.
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Allan Balmain 2% (University of California, San Francisco)

General comments on Medical Group. The Directors and PIs of the Academic Frontiers Program deserve
to be commended on their accomplishments over the past 5 years. They have tackled a wide range of important
problems with the goal of improving human health, and in particular of making an impact on the high mortality
due to cancer in the human population. There is clear evidence of high productivity with a large series of papers
and patents emerging from the program. Some of the approaches adopted by the Medical Group are high risk, as
is completely appropriate for an ambitious program of this kind. In particular, much has been investigated in the
development of PI Polyamide drugs for the specific targeting of cancers and other diseases. At the beginning of
this program this reviewer had major doubts as to the likelihood of success using these DNA intercalating drugs,
mainly due to difficulties in attaining the required specificity and potency for in vivo application. Dr. Nagase and
colleagues have persevered with this approach, and now have both in vitro and in vivo proof of principle that the
approach can work. With continued progress and funding of this research, it has the promise to revolutionize the
treatment of cancer. One of the major difficulties in present approaches to cancer is that many of the genes
known to be involved in tumor development are not “druggable”, ie they are not amenable to high throughput
screens for small molecule inhibitors. This class of genes includes transcription factors and protein involved in
protein-protein interactions for which no clear interacting pocket can be identified. The PI Polyamide approach
is independent of the biochemical activity of the particular protein targets, opening up a much wider range of
targets for inhibition in tumor cells. A particular advantage of the strategy the group has developed is the
possibility for simultaneous targeting of multiple transcription factor binding sites, either in the same gene or in
genes that are likely to have synergistic activity. The latter approach will benefit from novel approaches to
network interactions based on proteomic or gene expression network analyses of normal and tumor cells. It is
already clear that the targeting of any single molecule in cancers will not lead to complete remissions or cures,
because of the inherent plasticity of tumor cells. Approaches will have to be developed that involve either
simultaneous or sequential targeting of genes that work in these network in order to avoid the obligator rewiring
that will undoubtedly take place when single targets are inhibited. The Medical Group is well placed to take
advantage of these new approaches to combinatorial target identification.

Advances in 2011. The program presented at the 2011 meeting described advances made during the
previous year. These included the further development and characterization of PI Polyamides targeting the Tgfb
pathway, as well as further studies on N-Myc,and metalloproteases (MMP9). Candidate drugs have also been
synthesized for an impressive array of additional potential targets. They have also made considerable advances
in coupling of existing drugs , eg SAHA which is begin used as an HDAC inhibitor, to PI polyamides for
targeting specific subsets of genes for reactivation in cancers (e.g. Cdkn2a / p16). These studies are very
promising, and preliminary proof of principle data were presented. However further experiments will be required
to demonstrate specificity, and in particular to demonstrate in vivo activity of SAHA coupled to the PI
polyamides. Data were also presented on the development of photodynamic therapy using Iodine conjugated to
porphyrins. These are also promising but further evidence for in vivo efficacy will be required if these are to be
developed into clinical candidate drugs.

Recommendations. A continuing theme in the studies of PI polyimides was the requirement to continue to
pursue proof of specificity. The molecules readily enter into cells, but have a wide range of binding sites
throughout the genome, in spite of targeting to specific (but short) sequences. Nevertheless, they have evidence
that the specific genes targeted are among those that are clearly inhibited by treatment. What is lacking is a clear
assessment of the extent of non-target effects. It would therefore be recommended that they carry out detailed
transcriptional profiling of cells treated with candidate drugs, as well as CHIP-Seq to demonstrate alteration in
the binding of the specific transcription factors to their cognate binding sites in the genome.

In my view, it would be advisable to focus on drug targets for which the small molecule approach will not

work, eg for transcription factors or important proteins involved in protein-protein interactions but for which
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there is no obvious targetable enzyme activity. Examples are Myc (for which the group already has a program in
place) as well as some of the other transcription factors involved in growth and tumor dissemination. I was less
enthusiastic about the likelihood of obtaining funding to pursue targets for which the Pharmaceutical industry
already has small molecule drugs, and that are already well advanced in the clinic. Examples of these include
TGFB inhibitors and MMP inhibitors. While the studies on these PI Polyamides have provided important
evidence that the overall approach works, a more focused approach on transcription factors would attract
stronger interest from the Pharmaceutical industry and potential investors.

Overall, the program has made some excellent progress and I hope that the investigators will be able to
obtain the substantial funding required to enable this very promising program to continue over the next few

years.
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