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Epitaxial CopoMnSi/Cr/Co,MnSi trilayers

Koki Takanashi and Seiji Mitani, IMR, Tohoku University
Kazuhiro Hono and Yukiko Takahashi, NIMS, Tsukuba

Half-metallic full-Heusler alloys such as Co,MnSi are promising magnetic materials
for a variety of spintronic applications since their very large spin polarization (~
100%) of conduction electrons makes it possible to realize giant tunnel
magnetoresistance (TMR) and high-efficiency spin injection. This high-resolution
electron micrograph is taken for an epitaxial Co,MnSi/Cr/Co,MnSi trilayer, which
exhibits remarkable properties, e.g., large CPP-GMR
(Current-Perpendicular-to-Plane Giant Magnetoresistance) and large biquadratic

interlayer exchange coupling.
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LT EEHABMNZLTE,
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KO REREELF EARBIRHEPERZ D E 2L ML,
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1. T U ®IZ

AT v L Al (Fe-f Cr &4, Fe-im Cr- Ni @)X EEICEN, TENIZEASHWLERT
WD, REMEEPSR WO, MEBEEESIETERMEICR 2620, MM ELD %
Az Xk 2R A L8 MIEL, SO 0MELZMET IHD2REHEMALED -S> TH
L. LI LB biek k0 @AM Rtk (MRS EMZRLE) ORIRZ D 52T
DT, ZBMBOFEMCETIHRITD R, AT UV LV AMOEFEHT LIS 5o TR,
ZTIT, RMRETIE, ATV RAMEHIENICRBILTE LTI ABEZHAVT, FIZE1L
WZPE D REAHA R O Z(LICER LZ O E 2 ~7.

2. WG

REHWR 7= A4 MR, VT U H A PRAT UV LVAEOET VAEEE L T,
Fe-10mass%Cr 2 5t & 4, Fe-10mass%Cr-0.2mass%C3 st &4 L O Fe-18mass%Cr 2 & &
LrEMWE., £, A—ATFA PRAT UL AMOERMARICHIETIETAALE L LT
Fe-20 mass%Cr-10mass%Ni3 ;i &4 5 L ' Fe-20mass%Cr-35mass%Ni3 Tt &% H iz,
TnNEhEzEEIEL T 7 =274 Fllfk(a), —A2AT7F A4 FMEkEL, BBVt borE~
VT YA MMM E Le. 2hub oRE A2, 693K 25 923K £ TO R & O IRJE THE 4 O
M7 I XA~ELHREIT > T2

ZMolrmick LT, EA&ME FHEME (SEM) B X OZHEAE FBEMSE (TEM) % H
WA B S, UM E N EEE AN W EMBOMESMONES XX BREHTEZ H WM
FEx T o7, £, @Btk BHOKME G OEE SEM & H W72 & 1 & 7 #CEL B 47
(EBSD) &2 X v ig~7.

3. WFEER

3.1 WIS EERICE LIXT TR

Fig. 1 12 Fe-10Cr(a), Fe-10Cr(M), Fe-10Cr-0.2C(M)& 4% 8 4 3 K T 18ks Z{k L 7=k
O SEM G H, EBSDICLXVWHELIcalifi~y 7 L OE/LEHEK O TEM Mk 2 7~3. WTh
DEAMTEH SEM EE THRZRE/MMMEABLE SN 5 (Fig. 1(a),(d),(h). Fig. 1(b)IZR T
Fe-10Cr(a) D fifi~ v 7% 5 & EEK & REMBEBRTHBEFMLOLELR LD Z &2
O, ZALME CIEAREBLEIK E R DM TN EHFOH I Rai N ERLTHWD I ERNG0D.
AR LTcoabl & D abi DFER FAMEGRZR AT 2 A, DT L <110>,40 )8 v, 39 &
B TR INDHZIDOMIEE TR EZRES TWVWDZER Doz, S5, Fig.l () TEM &
BIZART LI, EEEFatCtNO T A THBAEET 5. rxoMBBEORE, i
Loz ok AR O L LT, EAMBIC CrN O HE G HIZfE > B EIC X > TalkH
WCERNL N AN SN2 FER, o0 FREMBAEZ Y, Z0O%, CrN O R % £ (a+CrN)
FATHREET DO EHmMT(CoBRRLEUE, MHFEFER S LITT ). W
Wiz~ 7 % A4 h& L7z Ferl0Cr(M)A @ D K~ v 7 (Fig.1 (e)) Tk, ZEALHEIKICH]
WHEko~Lv T oA FHBREAFAL TS LIRS, LrLAans, bk s RE
WM OMTREMGTIMICENRE O, ZOMKMBFNRFHE DL Ferl0Cr(a) & FMETH -2, X5
(2, Fig. 1()® TEM #fk T b @ Lk IZoa+CerN fH#% 2> 5 72 0, Fe-10Cr(M) T b #7 1 #% 2 /5 4%



Fig.1 SEM images, o orientation maps and TEM images of (a), (b), (¢c) Fe-10Cr(a) nitrided at
843K for 18ks, (d), (e), (f) Fe-10Cr(M) nitrided at 843K for 18ks, (h), (i), (j)Fe-10Cr-0.2C(M)
nitrided at 843K for 18ks.

MNEZDZEDRHLNTH L. FerloOCr(a) A L DEWE LTI, fiHFEFMEMEEZ L
HThH, ElhEiOo LT oY A4 NP ICHEELZByRLR, Ny FER, 7oy 7 HER
EWolcflax ORMBFNDEBAAEBEANICZTHANTVDIRTHD. L, Fiz2okldpk
ENEBIHTICHFELEZRARATELEL, 22 CHERakiNAERT 22D THSDH. —JF, Fig.
1R T Fer10Cr-0.2CAM)D i~ v 7 &2 5B L0030, @ik cdhr~LrTr A4k
MBAEAEBENICALOND. L2rLAaRs, Bl RELMBEHZOB THMOEAITR S
v, 62, ZBAEEBK TIE T A THEITR ST 5 O ol IS K e SR 35 X OV A2
Bk D CeN 283 L CTA K L T 5 (Fig. 1(G)). CeN I 2 FEEH OB EN A 55 O ik & biE &
TORFFFRICER L Cr RIL N ELOHEST L L 12 CrN ~EBB L2 R HE K72 CrN 24
L, FRCaBMEPICEEZEAKRLE CeN IMMKRRICAEART 22D EE 2015,
Fe-10Cr-0.2C(M)TiZ, Z DO Xk ) CHBIMAERORTIICRAL AT HT 5220, thoie & & i
DHTHFAEFTEEPEZORDP 2T bDEBILNDIN, FEMITEI O TRV,

3. 2 F—ATFAPRAT U VAMDOT T X~ B EH

Fig. 2 3 £ O Fig. 312 Fe-20Cr-10Ni &4 3% L O Fe-20Cr-35Ni 5@ % fli # O & T=E{b L
REEVEE L XBREF T 7 7 A4 Vv ERT. Fig.2(a)-(e)IZ /R T Fe-20Cr-10Ni & 4 ® X
MEIFICEWVTHLOEAEE Thy, CINIZMAZTCad =7 NELNE. a® ¥ — 7 XEAE
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Fig.2 X-ray diffraction profiles
(a) Nitrided at 943K for

743K for 72ks(W.Q.).
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Fig.4 X-ray diffraction profiles of specimens
nitrided at 693K for 144ks. (a)Fe-20Cr-35Ni
alloy(F.C.), (b)Fe-20Cr-10Ni alloy(W.Q.).

taken from
various depths of a nitrided Fe-20Cr-10Ni alloy.
18ks(W.Q.), (b)
Nitrided at 843K for 18ks(W.Q.), (c¢) Nitrided at

(a)

(b)

(e) [m] ey
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0 70 80 90
20 (°)

Fig.3 X-ray diffraction profiles taken from
the surface of a nitrided Fe-20Cr-35Ni alloy.
(a)Nitrided at 943K  for 18ks(F.C.),
(b)Nitrided at 843K  for 18ks(F.C.),
(c)Nitrided at 743K for 72ks(F.C.).

< unnitrided zone

Fig. 5 Fe-20Cr-35Ni alloy nitrided at 943K

for 18ks,

map, (c) SEM image of lamellar structure.

(a) SEM image, (b)y orientation
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Fig. 6 Fe-20Cr-10Ni alloy nitrided at Fig. 7 Arrenius plot of growth constant, k. k is
693K for 144ks, (a)SEM image, (b) obtained from the following relation;
y orientation map. (thickness of nitrided zone)? = k-t.

ERETFTT2IEERL 2D, yOV—Z8EEITHITIK FT 5. —JF, Fig. 31277 Fe-20Cr-35Ni
AEOEALTIE, BLEECHEOLLTanE =27 TR N V. TA3K ORI TIEH A4S L B I
—® S A DA N A B D (Fig.2(c), 3(c)). S HIZELREL F1F 693K TEL LR E O X
#7 w7 7 A% Fig. 4127”7 . 693K CIHELHEHELNE WO, RE(EHOyO B — 27 BiR
FELTWDEN, WTFho&G48 ThbaR CINOAKITRONT, REICSHOLNBEKRL TWVD
ZEWHMND.

WIZ, Fig. 51T Fe-20Cr-35Ni &4 % 943K T 18ks A b L 7=l kBt D SEM &, Ffi~ v 7 %R
T . Fig. 50Dy H i~y IR T Lo ICEAER e REME R TYyOMBE TN ELL TWD.
BT AER LTeyhl & ot Oy O M O 56 BRI — & T2 h o 7228, <001> 8l & v o [[ #5 B 4%
EROBANZALNT. I, BAEEBRIZyHCIN O T XA T ERE L TWDH. o T,
F—=ATFAPRFAT UV LVADETSE, 7274 MR AT L 2AOEA L FERICH R
EERAEZIDIbLDODEEZLOND.

Fig.6 {2 693K T 144ks % {t L 7= Fe-20Cr-10Ni & 4 ® (a)SEM 4, (b)(a)lZ % &9 5 (K 0y 7
AL~y 7% R"7. Fig.6(a)?® SEM B TIXTEALEBM A #HER T 52, Fig.6(b)OyhfL~ v 7 Tl
EALEE E REEE CTCHMOELIT R, RICRLEZZOEMAMO X BREHFHEICLD,
ZALEM AT T SHMAAER L TWD Z &R o T b (Fig.d). EBSD (345 it o /4 B4R D
HEET DO, L fec #E TR TEROR Dy SHORXBMIFTTE 2 W, LaL, X#RE
TOMRELE EBSDOREM R 2oL TEZXLLE, SHEYIR UMM FMEAT S fecctl ThH
L2 EBRHLENTHD. o T, TNETOSHIINEZZEICEABLELOYTHD EDOE X
M ZFETLIHEDOTH D

%2, Fig.7120% Fe-18Cr A& DR L ADLE T, £A4L TCOR{LHEBROKEEE + =k
BETEZMSLTT =270y b LEbOZRT. REEETKEDBRAIICE T 2 EEEK K
LLTRLTHD. yR2HEED k OfEIX, WTFhbafR Fe-18Cr &It T/hEL, £z,
Fe-20Cr-10Ni A& 12817 5 k OfE L Fe-20Cr-35N A& D Z N IZ T, 693K 2R < £ TOIE
JE T 1IMIFRE RE W, Fe-18Cr A& BIT D kDHEITEAEED EHICHEVERMICHEMNL T
BV, Fe-20Cr-35Ni 54 TH, MK U EOHREICB T A7 b= A7 ay FRIZIE-EHKET



XL d. —FH T, Fe-20Cr-10Ni & TIL k DE R EIC L W HHEICE{ L TH Y, FIZ 843K
COMBKIZB T D2 kDEITIFIERBEICR>TWD. £/, BbE2m ¢ SHNERT S 693K
DETIE, OO0 THEHREIFZIZERCICA>TWS. L EXY, Fe-20Cr-10Ni 54 T
IFEMICL Y NOIEHAE L yL D b BMT KR E RaPNERT 2720, Fe-20Cr-35Ni 6@ L 0V & =
fLEEOEENE LI ES ot bDEEZLND.

4 . F & O

SEOHETIE, ATV LVAMOEEHEALNICT SO, UTFTIZELEDH D 2 HI2O0
TEAHEM A2 PO~z

MO, PIHMMEDNEEDHICBRETEELHLNCTHIHMNT, 7274 MM (o)
BLOTZA~ALT ¥4 MMM EH T 5 Fe-10Cr(-0.2C) &5 4 % 843K TZEILL, D%
Mk EZ R, TOfE, Fe-10Cr(a)# B L O Fe-10Cr (M)A @ &b Tix, ZE(LfEIKICT £ 7
W CNZELHZRakiNAERK L, TOaki & 9 Oxf s R (<110> J8 Y 39° [A#x) % £
D ENGhole. Ferl0Cr(M)TIE IO DOFH LR OEE T ZENETNT AV LT UHF A K
P o RAKMRICTEIEL, ChLOERMLH O NHZICERTHZ ENHLMNITHR
o7, —J, Fe-10Cr-0.2C(MIM » ZE b Tix, FHakiD Az <, —#Hd CerN 2 Cr &
b6 BB L TERT D720, L0k WITH K 223k 3 X OB 22 itk © CerN A48 L T
Fr4 52 &nnhoi.

WL, A—=ATF A bY)ORENED 72D Fe-20Cr-10Ni &4 & Fe-20Cr-35Ni &4 D 2 >
DEHEEERNTYRAT U L AMOEMBET T, TOHREVTHOVRAT U LASEIC
BWTH, FFEOEALKMHET, ZATRCINZEOLHTERyRIDERT DI ENRHALNITHR -
7. ®lZ, Fe-20Cr-10Ni &4 TIHEABEHR TCOLabiO AR b b, BB L OELD O
MR EATIC LY, CRNODYRAT UL AMOENICE VT HaR Fe-mi Cr &4 D %A
ERERIC, Cr ZBMIC L Dy HFEBERIC L > TH LRI AEKT 5 & fm T 7z

5. ERWX
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“Microstructure in a plasma nitrided Fe-18masss%Cr alloy”, G. Miyamoto, A. Yonemoto, Y. Tanaka,
T. Furuhara, T. Maki, Acta Materialia, 54(2006), 4771
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Kyuonju, Korea, 2006/08/22~24.
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AR Ti-Nb-Ta-Zr &G4 D EARTEMEAL

ALK - RAMEFTERT B X Ot K RONERERR - AR TR W M K
ALK - Sl ToEotsebEbins ko /B W 2, A TR LS A & B 8 5L,
SREERR - FEEVAT LATER RO &R G RAER - &EMEESERT)

1. LI

BUE, X UBXOTF ¥ 841, FEORE, MRERMESZOVERESMEICEND Z LD, OFESVREK
TIE A LHEAR K X OBAMREH I, FEAREIR CIEA TES O AT LB LR — 7 b— MEIZIE AW D
NTCW5, BUE, NLIRREHEZ 3 E T 2RSS AR e L CatpllTF ¥ 548 TH D
Ti-6mass%Al-4mass%V ELI &4 (L%, &4 D mass% 2B M EIFEH I TW5S, Lo L, Ti-6Al-4V
ELI A& OMMERITEOZN LI L TAMBRETHY, £72, AETHTHH V OEREEEN RSN
TWNBZEND, ZNIIRDDIFTLNT X U EEDBENREEE SN TND, D), TX 580 TY,
KR EZ G L, BRNTHECENDRTT ¥ E4aNER SNTW5D, AIFEE HIX, BHEOREFORWE
FRICHEN D720, IR BIRREIZ IS 1T B HIER G O Z U2 K 0 3TV Ti-29Nb-13Ta-4.6Zr 54 2 WF5T - BIFE L,
AEEDTTHAFER X OVEREAMENEFEOAERAF 2 50T N LI, FSH 0L L0 Bif/e 2
EERBICHELTWS L2, LhL, BN AEKESEEZATHIRGEIIEN TS, ARG & IIBEmIICHE S
L7 e ) SRS 5 9,

&SRB B RIBHICHAT S &, ARNTIERZEREZR Y E U TR L, 27— AkHER CHLY P28 BH
OENPLIEEEL LY L3259, ZORIGIE, AT LAMICBWCHEECTHY, BR-AREMEE2 6T 5
Ti-29Nb-13Ta-4.6Zr &2 EDF X AT WL, WA L2 MENL2ENTWND B, FD=w,
T, AT o A4% N TR 7 ETHWA A, T4 KBREOSED =D, EOXRMmIZY
EEH T A (B-Cas(POs)2 : B-TCP) BLUNA Ka X734 4 kb (Cao(PO4)s(OH)2 : HAP) 72 XDV
VBRIV T T LR T Ry AR B REET D AERIEER G SCE LB G STV D, O TE, HAP
IZEHEEN) DB Ot D IREEE O Fp s Th D T2 O ERBRMEICEN D Z LTz, UV By T NR6EY
OPF TN B BEELTEWE TH D200, AREMEEM L LT HnEn TIN5,

AR, FHUBIOTFZ A4 LT, T8 VK (NaOH E1EE) RIER L OWERWEE % fiti L 7-74,
BRI IRIET 2 2 & TE O S Th 5 HAP Z A BRI AR S8, AREEEZB L FETHDL TV
VIENRBRI N TN D D,

% 2T, ABFFETIE, Ti-29Nb-13Ta-4.6Zr &4kt L, T/ h UVABRO M % 2 [ L ST 5A1CE
75 HAP ORI L O DOIREIZOWTHAE - RFt&2 T -7z, £72, Ti-Nb, Ti-Ta B X O Ti-Zr 2D
QRERTF XU BEEZERL, TNHICH L TT IV UAELZ i L, TNTZ &4 D& THE D HAP ARk
BRI MIETHEBIZOWT LA - Rt fT-o 72,

2. WFFERRE
2.1 EEREHE

PRk 18 4R O AL K4 B A EHIF FEFT A 2T 5 SL R 28 FRGE IS HEV Y, LU 5268 TIEIZ TARMZE & %
1TL72, ZO%E, BYIOFEBRFHEO 80%MRERER LT & F 2D,

2. 1.1 g4

Ti-29Nb-13Ta-4.6Zr 54 (LA, TNTZ &4 & 50iR) AU (911 mm) (ZHOEHEZEH T 1063 K IZT 3.6 ks
PRFFE KIS DR 2 Jits U7z, & D%, [FIHFEM G, BN T2 TER 10 mm B L OWE S 2.0 mm O
MARREEI 280 H L, [REIWEICR L C# 600 £ TOT A Y —#RIC K DA i L=, FaEHI L
T b BIOFERBKICLDBEREE GBI 82 2E) 217V, TOBKKFICTESREL, ABFEOM
AL L Cikalh 9 5 A OMLER A L7,
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Table 1 Ion compositions of blood plasma and simulated body fluid (SBF) (mol/ m® )
Na™* K* Mg * Ca?* a-  Hco, HPO 2 so}r
Blood Plasma 142 5 1.5 25 103 27 1 0.5
SBF 142 5 1.5 25 103.8 4.2 1 0.5
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Fig. 1 SEM micrographs of specimen surfaces of TNTZ dipped in SBF for 1209.6 ks (2weeks) after dipping in 3, 5
and 10 M NaOH solution, respectively for 2days.
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Fig. 4 SEM micrographs of specimen surfaces of (a)Ti-30Nb, (b)Ti-10Ta and (c)Ti-5Zr dipped in SBF for 2weeks
after dipping in 5 M NaOH solution for 2days.
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Fig. 5 XRD profiles of specimen surfaces of (a)Ti-30Nb, (b)Ti-
10Ta and (c)Ti-5Zr dipped in SBF for 2weeks after dipping in 5
M NaOH solution for 2days.
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Fi.1 Coating methods for calcium phosphate film on titanium substrates.
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phosphate coating film on titanium
substrate.
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Table 1 Chemical composition of Hanks’ solution and PBS(-).

Concentration (mg/1)
NaCl KCl Na,HPO, | KH,PO, MgSO, MgCl, CaCl, Glucose
L 8000 400 479 60 48.8 46.8 140 1000
solution
PBS(-) 8000 200 1150 200 - - - -
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Fig.3 XRD patterns of the (a) ACP, (b) ACP + OAp, and (c) OAp coating films before and after immersion in
PBS(-).

(a) ACP before immersion

Fig.4 Scanning electron micrographs of the surfaces of (a) before and after immersion in PBS(-) for (b) ACP, (c)
ACP + OAp, and (d) OAp coating films.
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Fig.6 Bonding strengths of the ACP and OAp
(Coap = 1.0) coating films before and after
immersion in PBS(-) for 259.2 ks.

Fig.5 Concentration of calcium ions eluted from the
coating films with various oxyapatite contents into the
PBS(-) during the immersion tests and the morphology of
apatite on the surface after the immersion tests.
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Fig.7. Cross section of the ACP coating films on titanium substrate after adherence tests. (a) and (b) are the
specimens before and after immersion in PBS(-) for 259.2 ks.

Table 2 ALP activity of cultured SaOS-2 cells observed after 3, 7, 14 and 21 days.

Material ALP / DNA + SD (%)

3d 7d 14d 21d
Control 208.9 +3.0 469+ 1.6 225+04 17.6 +0.8
Ti without coating 330.7+7.3 1447+ 2.6 15.7X05 11.8+ 0.3
Ti with coating 948.6 + 12.3 7753 +£73.3 2412 16.5+0.3
HAp pellet 1978.1 +26.0 95.7+1.1 59.8+ 14 17.9+ 0.7
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KEWT & D3RR T & 72 (p<0. 05),

Table 3 Bone-implant contact of uncoated and ACP-coated titanium implant.

Bone-implant contact + SD (%)
2-4w 8§—12w
Uncoated 17.09 £ 3.8 (N=8) 30.66 £4.5(N=4)
ACP-coated 19.56 £ 3.7 (N = 8) 4035+5.0(N=4)
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17:10 K. Marumoto (Tsukuba University.
ESR studies of Gate=Induced Hole Carriers in Organic Field-Effect Dovices

1745 break

7. 2006 EESMFEFRY —27 3 v 7 : Organic Field Effect Transistor @ web %A k
BLOTa2 /I A

4. F L

C. Si. Ge 2 EDIV BEILHFEIZZ L OFEDLEE Y 7 A X KT D, 2D L 9 BREHEEITIE, Voo,
V24, IV28, IVe0 72 TN T ) F2a—T(CNT)2 EDd 5, Z OH THREZBECR DEFHEE AT 5 1V20,
IV2a, V28 ZifiR 7 F A%, mEIEA LA EEOR Y NT—7 D 588k 5, 20
KO RZmIkr 7 A 25T, EONHZEMICMOR TR AL AL Z ENTE, WVIAENT-HRIT
JITAZF Yy NT—=IMELRT v VOFIZEHACIAD G RETRAED 7 + / IREERT, 7
TABPELRT VX VT, TWAWHBEZGT 28282 RTIRFO7 4+ / Vidk, =x/b
X—ART Uy VEHKT 2E T LB IHAEERHZN LT, TOZRLFXF—KRT U Uy L EED,
TANX—[EREA AT HRT VXYV THDILERT VY IV EBHTIERTIZEnd D, Z0X)
REAIIE, AT Uy VI UIAD N eRiE, OO RV F—RT v L EH DR A -
— LV TCRREEZ RO CTHAEICBEITAZ N TEX 5, HDHWVIEL, =R AF—[EEEDN/NIWGAIZIE,
MoV U THRBIZE VAR TS Z ERAEL 2D, 2O X ) R OB, fESHOFRE & 1
25 AHEOBFHEBBZRMOE FIREBICHEE T 2 /TREENAE U 5, WEOEHIREENE 5O B
PRICEES W=7 m o RREZ R TIHENREZ AT 2D LT, 20X RGO 7 + /7 0%, fEO
NIRRTy NI T T ) e LTHIETDEREBEZOND, ZDO7 4 /) v EEROMA
TERNE, B D DICHM 2 BLE D 6 b IR B G~ CTE < OFBEMEZ D TV D,
7o, ARETIE N T URZOMRIT. ZOX D BRH LWWE L OBV TR A TR T S 2 IS
N5,

5. FEFR (W) w3

“Specific heat capacity and magnetic susceptibility of superconducting BaysSi;pe” T. Rachi, K. Tanigaki, R.
Kumashiro, K. Kobayashi, H. Yoshino, K. Murata, H. Fukuoka, S. Yamanaka, H. Shimotani, T. Takenobu, Y.
Iwasa, T. Sasaki, N. Kobayashi, Y. Miyazaki and K. Saito J. Physics and Chemistry of Solids, 67, 1334-1337
(2006).

“Rubrene single crystal field-effect transistor with epitaxial BaTiO3z high-k gate insulator” N. Hiroshiba, R.
Kumashiro, K. Tanigaki, T. Takenobu, Y. lwasa, K. Kotani, I. Kawayama, and M. Tonouchi App. Phys. Letters, 89,
152110 (2006).
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J. W. EKin, “Strain Scaling Law and the Prediction of Uniaxial and Bending Strain Effects in
Multifilamentary Superconductors ”, Filamentary A15 Superconductors, M. Suenaga and A. F.
Clark Ed. New York: Plenum Press, 1980, pp. 187-203.

T. Miyazaki, Y. Murakami, T. Hase, T. Miyatake, S. Hayashi, Y. Kawate, N. Matsukura, T.
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GHz Class NMR Magnets —High Yield Strength (Nb,Ti)3Sn Conductors-", Cryogenic
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Jelly-Roll and In-Situ Processed CuNb Reinforcements”, IEEE Trans. on Supercond., vol. 11,
pp. 3627- 3630, March, 2001.

S. Awaji, K. Watanabe and K. Katagiri, “Improvement of mechanical and superconducting
properties in CuNb/(Nb, Ti)3Sn wires by applying strain at room temperature”, Supercond. Sci.

Techno., vol. 16, pp. 733-738, 2003.

S. Awaji, H. Oguro, G. Nishijima and K. Watanabe, “Enhancement of upper critical field and
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without reinforcement”, IEEE. Trnas. Appl. Supercond., vol. 16, pp. 1228-1231, 2006.

S. Murase, H. Okamoto, T. Wakasa, T. Tsukii, and S. Shimamoto, “Three-Directional Analysis
of Thermally-Induced Strains for Nb3Sn and Oxide Composite Supercomductors”, |IEEE
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S. Murase and H. Okamoto, “FEM Analysis of Three Directional Strain States Under Applied
Tensile Stress for Various Composite Superconductors”, IEEE Trans. Appl. Supercond. , vol.
14, pp. 1130-1132, 2004.



5.

S. Murase, I. Okada, K. Kiyama, N. Nanato, S.B. Kim, H. Oguro, G. Nishijima, S. Awaji, K.
Watanabe and M. Wake, “Three-directional FEM analyses of pre-bending effects for Nb3Sn
composite wires”, IEEE Transactions on Applied Superconductivity, (2007) to be published.

S. Murase, I. Okada, K. Kiyama, N. Nanato, S.B. Kim, H. Oguro, G. Nishijima, S. Awaji, K.
Watanabe and M. Wake, “Three-directional FEM analyses of pre-bending effects for Nb3Sn
composite wires”, 2006 Applied Superconductivity Conference, (August, 2006, Seattle, USA).
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November 7 (Tuesday)
13:30-13:40 Greetings Masatoshi ARAI (JAEA), Takami TOHYAMA (Kyoto Univ.)

Chair.: Masatoshi ARAI (JAEA)
13:40-14:10 Magnetic excitation spectra and phonons of high-Tc system
Masatoshi SATO (Nagoya Univ.)

14:10-14:40 Correlation between local SC gap and phonon frequency
Shinichi UCHIDA (Univ. of Tokyo)

14:40-15:10 Interplay of electron-phonon interaction and electron correlation in high temperature
superconducting cuprates Sumio ISHIHARA (Tohoku Univ.)

--- Coffee break ---

Chair.: Kazuyoshi YAMADA (Tohoku Univ.)

15:40-16:10 Charge dynamics in high-Tc cuprates Takami TOHYAMA (Kyoto Univ.)
16:10-16:40 Magnetic excitations in electron-doped cuprates Masaki FUJITA (Tohoku Univ.)
16:40-17:10 On the pseudogap: from optcial spectra Setsuko TAJIMA (Osaka Univ.)

17:10-17:40 Development on a state-of-the-art neutron instrument for studying HTCSC
mechanism Masatoshi ARAI (JAEA)

18:00- Get-together  (The 21-COE Seminar room, IMR)




November 8 (Wednesday)

9:00 - 9:30
9:30-10:00

10:00-10:30

11:00-11:30
11:30-12:00

12:00-12:30

13:30-14:00
14:00-14:30

14:30-15:00

15:20-15:50
156:50-16:20

Chair.: Takashi TAKAHASHI (Tohoku Univ.)
Implication of the Mott-limit violation at slight doping Yoichi ANDO (CRIEPI)

Transport phenomena and impurity effects in nearly AF Fermi liquid
Hiroshi KONTANI (Nagoya Univ.)

Phase separation in the overdoped regime of high-Tc cuprates

Yoji KOIKE (Tohoku Univ.)
—- Coffee break ---

Chair.: Sadamichi MAEKAWA (Tohoku Univ.)
Fermi arc and psuedogap by ARPES Atsushi FUJIMORI (Univ. of Tokyo)

Nodal quasiparticles of cuprate superconductor studied by using low-energy tunable
photons Akihiro INO (Hiroshima Univ.)

Electron-boson coupling in high-Tc cuprates studied by high-resolution ARPES
Takafumi SATO (Tohoku Univ.)
-— Lunch -
Chair.: Yoji KOIKE (Tohoku Univ.)

Quasi-particle interference and superconductivity in Caz.xNa,CuO,Cl,
Tetsuro HANAGURI (RIKEN)

STMISTS study on 4ax4a charge modulation in Bi2212
Masayuki IDO (Hokkaido Univ.)

Oxygen Isotope effect in Bi2212 by LE-ARPES
Hideaki IWASAWA (Tokyo Univ. of Science)

— Coffee break ---
Chair.: Takami TOHYAMA (Kyoto Univ.)
NMR in multilayered cuprates Hidekazu MUKUDA (Osaka Univ.)

Effect of t' and impurity effects in t-J mode! Masao OGATA (Univ. of Tokyo)
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“Momentum Dependent Charge Excitations of Two-Leg Ladder: Resonant Inelastic X-ray Scattering of
(La,Sr,Ca)14Cu24041”, K. Ishii, K. Tsutsui, T. Tohyama, T. Inami, J. Mizuki, Y. Murakami,, Y. Endoh, S.
Maekawa, K. Kudo, Y. Koike, and K. Kumagai, to be published in Physical Review B.
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Fig. 1. Magnetization curves of Co,MnSi/Cr/Co,MnSi trilayers with different Cr layer
thicknesses.

Fig.2. EELS images for a Co,MnSi(20nm)/Cr(3.3nm)/Co,MnSi(7nm) trilayer.
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Figure 1 Viscosity () of the ZrssCuizeAl ) Nig supercooled liquids as a function of
temperature at various heating rates of 20, 200 and 400 K/min. In each heating
condition, viscosity was measured under various applied loads of 0.049, 0.098, (.196
and 0,294 N on the cylindrical indentation probe with a diameter of 1.0 mm.
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Figure 3 Viscosity (1) of the supercooled liquids of as-cast and 400 ° C-annealed
ZrCuy Al Nig BMGs as a function of temperature under the high-speed heating
rate of 400 K/min. Viscosity was measured under a applied load of ¢.049 N on the
cylindrical indentation probe with a diameter of 1.0 mim.
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Fig. 1 AFM pictures (upper) and sectional profiles (lower) for (a) diamond and (b) HOPG irradiated with 10 keV-Xe
jons to a fluence of 2x10'7 ¢cm 2 at an incident angle of 60° with respective to the sample normal. Arrows indicate

the ion-beam direction.
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Fig. 2 Raman spectra of HOPG before and after irradiation
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A EEREE (AFM) (X, SESHERAR U D haiE 7T a—7 L LT, e, Frlc, £mTor
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FH OAFMBIZIZ B TR @ 22 M0 iREE & S A D RIEFR 44285 Z L IZkZh LT\ 5  (Eguchi,
Hasegawa, Phys. Rev. Lett., 89, 266105)
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LAR—MERR S NAUE, BUREBEAESNINA D Z LIk > TERAERICL v RBER L&D Ry b
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3. WFgTEE

(1) Ge/Si(105)ZH TOJRF L~YULTORT > v LS5AEIE

B L= e 7 a—7 k0% T, Ge/Si(105)-2x1
T TORT > ¥ VARNE Z 1T - 72, 2 OFiEIE Si(001)FK H
Iz Ge 787 LIZBRICH T EREMOBR TR SIS By M
BHEOZ7 7y bEELTHLATEY, REEERFITERT S
DRy MEEER D7 1t AL EMEICE S L T2 B
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Hasegawa, et al. Phys. Rev. Lett. 93, 266102 (2004)),
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1. XU

%Ei#«fﬁ%f%&éhfk@ E%iﬁ%#k%ﬂ%ﬁ@lhfné B TTETWD, WEOM
TR TEFOMETRESTVDLENZX1FE, WETOBTFOREITEECHL, ZOXHIC, WE
%ﬁ%&k*%@%Akbfﬁbfﬁﬁm %z\%ﬁi@%ﬁﬁﬂ?%ég%ﬁ%=M01%0%6ﬁw
EREEICRERANTZ LI3FHA0ETHY TNETIONRE - FEHETH D[], 15/ A— bt (10°m)
R DNEEESZ EDTELZESTHY, T /77 /80— 320X ) iMoo RoRS%2T 7 /vy
—WZHALE? ETDHHDTHDIN, ZOARr— VTEHE - FEFEOBE OSSR TH 5,

DPEOFEF PO ENTND/NE R TAZ—TlE, BETOREBIZZ T AZ— « A XTHKF L,
B AN F =Xy v TN TAL =DV A XL TRELLEDLDZ END, JTAX—DT A A~D
ISHABHIRE SN TS, BRI, BRILCRAED ALY "V D Y T AL —H A RIS T A A SHICE
BB 2T D,

PERDF—JRIFHHEIIAN— MV — « 7 v 7R ERHENBECRICESHEN ER T, ZhboitRE
FEEIHEFT OB OLCREOIEIIIRE REDZWND TE T2, ZNDDOHEIL, &1 HFOREKIRE

BT 280 RERICE SN TN D DI, EFOREECREBIZOWTOIRY HWITHEE Th D, BT Ol
RREIZOW TRV FEWRRETH D, WEON L OMEAER %7 5 I2IXE 1 OB B O FLak Ak E K
TefRE U, EROFE R TIEIIZ OB E Rl % 5 25 2 E kR0,

—J7. BT HNFOZEEERICE S GERFETIELE LTEWEE (GWA) Bd V., ZivE THNEL
M HSE RS L 2 O — B i = R L F— 27 MLORBEHREMTbN TE 22, b 03HREIX
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L. GWERIZBNTH =t — -« T v 7l e FERICEEF LB ORBMHEAERITIEETH Y |
BN EOMPEIC RE B AL RITT 720, GWEBORE FHENEENTE T,

2. WHERE

Fx BB ERDOMEEOHE —FHHATEE LT (2B FRAEEE] 2R L. £ ECeoD il
AT 28— RS FEI N I 2L — a VR SIS L CTE 23], 2FFRAREIKEIT 1R+
ﬁ@%ﬁ%@ﬁ@%ﬁﬁ%ﬁ&$ﬁ&@ﬁ%%ﬁfﬁﬁf5%@T\@%%@i5f§ﬁﬁﬂﬁﬁbk%%

LEZEMEN LD L FOBHBEIREE “C“%f?ﬂif;\Té ZEMTE D, R, Hali, BALRZFREFELFIESE
ﬂﬁﬁ)@ﬁ?&fi%ﬁ it 7% D K AR b B 28852 D B2 BRI . BeMCelZ N ézhé &R (electron
capture (EC) decay) 2 & 65&%‘%#@%@75\1%U\L§3< mH T EEox D (TRBM) [4]. Z DR RIENature
IR EE LTSN, BeZ N L72Cellxt LT, BeDJR F-EENIE TOE T HE L 2B HRGLEE
R DE—FEHREICLVFHE L, ZOBETHBEN ED K I IZCBIANEIZ 1T 2BeDWENBEIKFT S
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HZ L2k, "BeD BRI & HICEL D W) KRB EROFERAZRHT L2 LIk LT, &

VINESFEE CHEEIRFE A E T LA RWAEK B 727 ' 5 ) 286X SH8%) L ORI ORE T
» 5,

X 1. "Be I CeolZNEL
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Fex 1T IRAFEE L OILFEIFFRIC LY . ZoREFREEEELZGWELIIGH L. Z#vE TLi,, Na,, Si,
REDINSI2 ) T AE—D—E AT R L — « 27 FUVFEICHEA L TE72[5,6], FFIZ, Sis, SigZ 7
A & —Tl&, photoemission & inverse photoemission|Z331F % A A4 AL TD 7 7 A X —DFEEELDB K E <,
TR LY VE B DK E X ) adiabatici 2 & verticaliBfE TR & < B/ b Z L ZHGHMICHID TH B
L72[6], AREFEDNINRMFIEE & OILFEFZE TIL, REFREEIEGW = — ROMPIESML 21T\, & BB
FeR . WPERFZEET. B AR AR FEB R D A — R— a3 ¥ 2 — X & % v h U —7% (Nanotech Virtual Private
Network) THIfE L, ZHE TARAREE SN TELLREFGWILEIZ X 5CoD—EBEF =RV F— « A7
NV O KBIRENE G R 2 R AT B R 1], BT, Gl % LTINS L 281 - EfLhE
AT MZZF T PR EIRD ANDEALTZTRY BN bITOND L9122 >TE[1], Fix b, 2%
RAEKIKGWIEEl 70 77 2 E ZOFIEEH L, TR VERR /NS NI O A« 7T AX—0DN
WIN AT MDA BT 12[T], £T2. EBRERICELZMVEL D 72D, REFRGEEGW = — N4 dE
FHAMY P AL EIICHB L, #igh (Zn) MSZJEFR0, 8 (Cu) AFW) % 5 TeNaClfk il O LI A7 kv
DOFREZIT > T2 [ L2],

3. HFgERRR

REDFAROUER T F L X—X, GWITEIC LY EMICHAET L Z N TE 5, GWIL BT ELHEN FE T
L (RPA) TH z LN L ENWERZ —a CMREERAWIZE L CT1KROEPTETOH TR F— %33
LI TH D, GWITEL T, #ki = 3 X —g® LUk FI BB . (r) 7Y

(T+ Ve Vi) yu(n) + § dr' rr36,%) yi(r') = & y(r), ()
Xrri0) = (i27) § do' G(r,r';ote') Wrr;o') exp(ina), 2)

ThHzbd, 22C TIFETOEBT RV — Vo 1 IIMBRT v b, Vy IZEFDO/N—FY — -
TUVRATHY, Arried) BETFOACTINANX—THDH, G IFETO 1RV - BE, w=¢'U
IXRPABNAE R 7 — e U HEEH 2R, (22T, U 3o —a U HAEERTHY ., o IXFEREK o=
1—4zP &L, P 1T P=-iGG TREINIHWBEKTH D, )

Fio, o TER/NOIEOETHD, GWITLELTIIUER 7= VX —% 1 IROBEGEHIZHESNT

& ~ &P+ [dr [ dr yxr) [2rr;6%) - mPAES (r— )] wi(r) 3)

INHRDDDNR—RIITH D, Ar ;6 )E. Fock AZHIE S (rr) & Z LIS OFBE S (rr; 6 50T 5 2 &
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B L7=2bDThD, ZOHFEIZIK, MPIWAHL &Nz a— K2 v, B EWIEAT. WEarsEdr. BAR
E?ﬁﬂ%%%%%@x —R—a ¥ o — ¥ Z AR E RS L 72 Nanotech-VAN  (Nanotech Virtual Private
Network) ZEH L T\ 5%,

F£ 1. CoDEEFGWHERER (eV) [FEFm 1]

£,LDA Lixe, -DA Son Son £,GWA £,EXP
HOMO —6.61 —14.06 —14.90 0.0£1.0 —7.45+1.0 | -"7.62
LUMO —5.26 —11.18 —7.80 —0.7£t1.0 —2.58+1.0 | —2.6P

a Reference [8], b Reference [9].
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B Z3ERRES c EAMAEERNEZEL, EFECT AT — W+ 3% 2 1k+27 ) — B G TR
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£2 Zn OFXWINE—7 - =RxLF— (eV) [FEK#HL2]

Transition Present result Experiment
Singlet 6.17 5.78
Triplet 3.84 4.01

WA, SARE 2 E et b U U AR OLDAB L OGWERI TONY R Xy v 7 - 2 L¥— (i
TR ROTEHR EAZEE TN ROESOHERL T 3L X —D7%) OFFEMKREEZE S ITRT, D7Dz,
FAIIHE AT U U ARSI T D ERIE LR L TH D,

R AYF-FyyT mRAX— (V) [ERHL]

E LDA E GWA E EXP
g g g
NaCl 4.82 9.02 8.5
NaCl:Cu | 2.98 8.00 —
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(b), (c)[ENDb-8N. Nb-13NIZF 1T BNbFE_EF K UNDb,NAEL D PSS L ZIEDBEE CTH S, BEFEHTETIE T HUIND,O;s

IZxHET BT/ N\ T KD B O R TE | IGBERERIRIE 7 EIL W ) AR e e |
T7 R EFERIEF Y (ND,05) D SHERIEN TS ENZ B, FT=. 518 4 ; R T A S
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BLFRELIEL, Fig 3 [INo-1INBEDAESIZ KBRS ARIERTED : SR
DTITAT7AILTEHD. No-1INEREHERAD S (L. Nb_#H(a), Nb,N4E Fig.1 OM images of (a)Nb-IN, (b)Nb-4N, (ONb-10.8N

(b) b1 RSN 1= BB L FREI T4E 24 3 HAESEIRS V1SS 1L . Nb_ 48 and (ONb-16.6N alloy.
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(3) BHEHEHMOIHE : Fig 4 (X
No-NEEH LU fiTaz EiREL
T:Eit%ﬁ{?k@i{ﬁﬁ#ﬁﬁﬂ‘: L ) adDCV Fig. 2 Cross-section images of (a)Nb, (b) Nb-8N and (c)Nb-13N alloy.

ETHD, ZZT. FNoZISATEAEL1=58EMADCVIEILHE 115 uF-V EHRESH THYR], AERERLEL—HLTILVS,

NblZNZH91 ~ 17at%E TiHRML = ERERA T I FMINDEHERIA L L . Nb-2NLL_E D ERERATIL EFL TNo-BNTEAHI 40% D
EINZE R = CHUTALEREEZ K YUNb NAEAGECFER SN . BRI RERMMENLI-CEISRERT 5EFZ 5, AT, NbN
HEDBBRIZETIINEFEN 2L, TNITIKFL THERSLFELZITHAIREMEL $H D, FHBlC DL TIXELR SR W
EThb,

Fig. 5 [£ Nbo-N B&#H & Ul Ta ZEARELT-EHERIAD BAIEFESH =Y D LC fETH S, Nb [T N ZHI1 ~17at%RnL 1= 58E/A
Tl #No SHERMAL LA | LC BN SARIZEAL . K TH 90%8 LT=, LC B, FABEE R IED KOS, R, 2
FHEENRREEZONTEY N RN L> TIHBE L RIEDBEAE OB - C LG ENBERTHEHEEZ DM
MIXELZTEATHS

= £ .
E £ Sl omae e
sl i — Bis PRI OMMGS,
Sputter number / Sputter number / or ST aZAR DRI |
Fig. 3 AES profiles of (a)Nb phase and (b)Nb,N phase in Nb-17N alloy. g L . .
! N contint of Nb-l\lloalloy / at.‘:/i
4. E&OH Fig. 4 CV values of anodized Nb-N alloys.
AFIFTIE. NFARE Tt = 2L B NN EEE BB LT e
EHABERO 7o —DREAE L, TOFBREFEL NFI + [ e
B 2Nl EDBLTIENONAHTEL  EENSHRICELHTES 3 | 1] ). i
OUHAEIZIENS 5. BRI RIE TR IR AENNEROEE  So| [ l I
IS TRIEES RO LB DD, BILRBENo,0) FISNARDT S / T I
Li-AEEE7 5, NoNDIRIERD ELS SUBERIEROND I “28% 3
BT, HEAE (CVIE) O/ (T RIKEHE, BNUERN T T 5LER R i
%, KR TIE. No-(6-8)at NE D% EAREL1=SERIKI T DL\ T, HEED - : m -
HINbEWAERRL T —E BT, CVIETIE 40%DAL, N7 R s LCN ";’“‘“‘f"m‘;‘ d“Nyb’ N”H
RO, BAERTIL 0%D I E L DA &SN 1= &2 e eredree T Ao
CEERERLT -,
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(T, BEERE 3 LU o TR KT, —A— pTIPMMA composites
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SRR S IE, MAEE HICKILEOEERITHEVME T LTV 2523,
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g5 &, EALRNTE OS5 RE I FHICE L TV iRho T
pTid5 O5IRIE X 23, PMMA EE b L Z0FHICE END E
TICHEES LTV D, Fig. 2 IZEAUEMT ¥ Bkl LU LA
HWiFH IPMMA BEEDY o 7R EGILROMR B OY 7
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3. WFIEECE pTid5 pTil50 || pTi250

80 F : Human bone range

Tensile strength, o / MPa

#9 10-30GPa OFFHIZ AAFREDIRY v V' RAE R LTS, Yo 30 35 4§OIOSi 450/ 50 55
JHIZOVTIE, PMMA #8168 bIEOSILEMT & > LIZIE o
*%@T[Eﬁi\ﬁ% SRTRS o = 0)%%@‘ f:@%ﬂ/gﬁ‘@?‘ # /@/7?\—?[_, Fig. 1 Effect of PMMA filling on tensile
ReE+ o2 L2k, ZIK%E/E\M:@’V VTR G OY 7R strength of porous pure titanium.

PARIZINE 2 KO HlEARETH D Z L 2R LTV D, 5

45 L = == = As-received pTi

4. F 2B S a0 b | —a— pTiPMMA composi
HHRAET 2 L MR B HERE L S ILE T 5 2 DZERERT o g | e P comportes
PMMA % 8L, ZOBIERSHoVEY s 7RI KIETHE £ 20 f

BHAE LT RER, LT ORima 157, g 5F : z :

(1) PMMA OFBUC X ) SHLEHT & > OB HRS B LS5, 2 20 F s Human bone range

2) PMMA OFHIC L) ZEMF 2> oY rdgiEesr & B3

LU, = L

5. %&g\%gﬁy 0 30 3‘5 4;) 45 5‘0 55
“ZILVEMTF 2 v L ERMES T OB, BIGTER, HEom, Porosity, %

j’ﬁﬂ?ﬂ’ffkﬁﬂsu, {EP#IEHJDJ, )E EE]%@Z: @}@%ﬁg#, J?: H IE*E‘) {;}‘%%Eﬂ‘n Flg 2 Effect of PMMA ﬁ]]lng on Y()ung’s
/NEIRERE], 55 139 [B] A ARG B P im e (2006) 471. modulus of porous pure titanium.
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HEHMNRHWFT T, BF & EANTTEH L7=E - EfL7 7 XA~&EMH. 3 I EERBRWET TIXT X TOE
- & IEALDSEE - & TR LT il 0 AR N BT %, b O RIE, oK ZRITIE, RIE
B &E/NINT L » TEHE S NZBH PSP K A HIK & EERIC T2 LD TH D,

BEEE TS L. 00 A Lo & OBERMZE A LTIVl L, B ELT T X
~ & B & i - T AR ORI b - A KRR & IS B G AN BB S, JhUuEoNT U Ta v
T OFNEMEEEEE CIZIHD 6ND Z EICERLTWS EEXBND,

4. £ & ¥

AL =T R O EEE VT, ZIROEE 1B S — RET VO REIRE 2T~ T, 24U &0 9948
BAZN B SR BRI C 2 5 7 1 — VRIS B 282 72 o 7oy —IRGTET-IEFLRITH 2 DMRG & V72 AF5E
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“Josephson Effect due to Odd Frequency Pairs in Diffusive Half-metals",
Y.Asano, Y.Tanaka, A.A.Golubov,
Physical Review Letters Vol.98, Art.No.107002(1)-(4) (2007).
“Anomalous Josephson Effect in p-wave Dirty Junctions",
Y.Asano, Y.Tanaka, and S.Kashiwaya,
Physical Review Letters Vol.96, Art.No.097007(1)-(4) (2006).
“Effects of Vortices on Nuclear Spin Relaxation Rate in Unconventional Pairing States of an Organic
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M.Takigawa, M.Ichioka, K.Kuroki, Y.Asano, and Y.Tanaka,
Physical Review Letters Vol.97, Art.No.187002(1)-(4) (2006).
“Josephson Spin Current in Triplet Superconductor Junctions",
Y.Asano,
Physical Review B Vol.74, Art.No.R220501(1)-(4) (2006).
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RALKEEE B % RAERe BREZ - KBRS

1. X LI

1963 4F- Roy J. Glauber X, [lsing 852317 2 A &' RERD KK FE ] (Glauber dynamics) A F8# L. 58
PERY, BV T = U BEMERY Ising chain 28, AZHAAH ALVER JIZHBIS 2 A B 0 RERD = R L X —FEEE (A, = 8J;
(H=-2J20r0p) WXV, ELERERTRIEEM 2 RIR Lz, Z O A R, A e84 v T/
DR AT BT HAEEMNH D, L LA S YRHIHIE S - AR—RuE &2 Gad 2 2 & AR EE
ThV, ZOTAT T OFERROMRIET 4 0 FRICRbESnT-,
RS E 2002 FEICEHBPOME A2 or TR TR O T o 5R M NN — R oo B8
[Mn"",(saltmen),Ni"(pao),(py)](Cl0,), 2 %% L [H—RocéimBifs (Single-Chain Magnet) | &4 L7z (K1),
ZD%% < OBIEME %GR L. OBALFEMBIG 2 A EREIZ L B 520 LT 5723, Glauber dynamics
B A T )X —FERE L P T2 D Agepy = 8JpSHDIS* (D > 4J:3) 8 LTEZD L EREEZ LS ETZ LG
NelpoTn5, (ZZTDIXERFMEEHTHD) LavL., ASHARAEAEHSCEITIEE R & B O BIR 2 i
ST AR, BAMWERBREEZI 7 uaRPETRET HREND D, ZOTDITiEEL DD High-field and
High-frequency ESR(HF-ESR)HIZE Toh 5, AMFFTIL, Z D HF-ESR OFIEIZ L D B— e A Ol Kis
HAF 7 ATHONWTORAEZ B LT,

2.  WrgERRE

MnlLNil A § = 3 58 i Mk B — & ¢ 84 1 1 [Mnlh(saltmen)2Nill(pao)2(py)2l (C10s)2 (1) K O
[Mn!;(5-MeOsaltmen):Ni(pao)2(bpy)1(PFe)2 (2) DIKIE T HF-ESR HIE # 1T 7-LEW 1 K2 & BT,
[-MnI-ON-Nil-NO-Mn!-(Opn)2- ] O# D i L == v M & FFO—RILHTH VO | SHI7micshnv—mh R4
T 5,-NO- %41 L 72 MnIU-Nill [l O 58 SRR RO FE BAEH (Amni/ks = -20 K) 12 X 0 KR C[MnT-Nil-Mn]
D=ZFia=y "N S=3 DAV REZEX 20O 2=y F»R-(Opn)z %4 L72 Mn-Mn!T ] O 55\ 584
PERFEAAER (Sirimer) TilfE L7 S= 3 ffiBsME— R & L TAHARTZENTE D, LarL, LEW LI,
721220 Jhimelks = +0.7 K CT#lfi L7zi@EEH TH 20k L, LAY 2 13, FEfFmic —FEEO
Mn-(Opp)e-MnIL FEE DN IELET D 72D, Sivimert KN Jiimer2 B X HIL Do Jivimert & Jivimerz D & LT
Sirimer & 30 K LA EDSIEEN T fitting 75 & Jhimelks =~ +0.4 K & RS L7208, ARERIIH - HH
T BIL L7z R (Shimer1 >> Jhrimerz = 0) TH D EHEHI SNz, WH &b, BUOBLEMZ R L, ac
KO de ALZRBIEDN S BALFEFI O = 3L F—FREEAIX, ZNEN T0K, 47K &R B, FHEDEWIZ X
DER->TWDETREINTE, £2T. 20X —RITHENTOMEDEVZ HF-ESR #IE THLMITL
77

3. WFZEERR
RO EWIZHONT, ESR D 40 K75 1.5 K OIREE{LEZRE L& 2 A, LAWMW1 O 5
BT A3 7T id, BEORT & HIRBSEMNCS 7 R L7-, ZOEIEL. S=30# VK LE n=90
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WCHETHIEM 1 O—RIe#HE LTOMWEZ LR LTWD, —FH., {bEWM 2 o> 7t BEE
RS 72oT-, Zhud, OIS —RICENOHEBEIC L 2 DT, (L&YW 2 73 b L7z discrete
Zea=v b, HLLIFMOTE (n=3,4F2HE) HBEEZF O KILHTHLHZ LEZRL TS, (LAY
2 DIRIE COBYLDOIRELZLE, n=20D _8EKL LTy Iab—r a1t 5E, Jhmelks = +0.33 K,
Jivimeral kB ~ +0.01 K TR S, S=3 2=y b DO _EBED O TIHOFHANEN (Jhimers) THEIEHR L7z—
WILHTH D Z LR o2, ZOfERIZ, ESR OfER & L —%Z2/Rd, BEROBLAEN D, L&Y 2
DS=32=y FO—EHERF ST A—FT, Dks=~-24K—-3.0KICHDHZERHALNERD  bEW1 D
EFNEIFERRBETHD (Dk=-25K), L-o7T, 1LEW 2 OBMLEMO =RV F—REEIL, —Rot#H & L
TEZILE &, A= 8Jbhimer2® + 2| D| &, discrete 72 " EK L L TEXTZE X, 4=2|D|.S D double-spin flip
HME Gl CT& o & PHEND, EBIC, WiFHF L bA=50K & ERELA L <HHL TS,

' ' . 40k
,,,,,,, e i r._nwﬂ'«""—w 30K
= ! 30K - 2k
é Wv %(5) % B e 17K
5Ly > 15k 38IGHz) g e X
£ NV 10K I Ny
= \_~ 5K g 7K
E \'/ﬂ e st
Z 7 |
£ v g [\ Te
2 gl
s S
= DFFE Bj/ichain
hA 3815 GHz
B (T) : g . : '
0 5 10 15 20 25
B(T)
Comp 1 Comp 2

4. F LD

H—ootia 2sEh, AREEZDIR HBAEDR) M <{KfFE L, HF-ESR HIETEOREZHNT 52
ENRFRETHDLZ ENHALNE o7z, ZO KD B —RITEHBAA KT 2 REF I THIO T TH D (3
Fim XM, Wiz, discrete 72 Ay 141X HF-ESR DR EZALITRIE L7 WA, 4Slal, fied THEVVFEES (KB
HER) CHEHR L=y FOFEH) ERULEMZBET5 Z LI LT,

5. FER (W)
“Collective magnetic excitation in a single-chain magnet by electron spin resonance measutrements,” Y.
Oshima, H. Nojiri, K. Asakura, T. Sakai, M. Yamashita, and H. Miyasaka, Phys. Rev. B 73 (2006) 214435.
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ESR
(1) 2
Af Cu 3 Zeeman
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J;

Ising

"Oximate-Bridged Trinuclear Dy-Cu-Dy Complex Behaving as a Single-Molecule Magnet and Its Mechanistic
Investigation," F. Mori, T. Nyui, T. Ishida, T. Nogami, K.-Y. Choi, and H. Ngjiri, J. Am. Chem. Soc., 128, 1440-
1441 (2006).

"Tetranuclear Heterometallic Cycle Dy,Cu, and the Corresponding Polymer Showing Slow Relaxation of
Magnetization Reorientation,” S. Ueki, A. Okazawa, T. Ishida, T. Nogami, and H. Nojiri, Polyhedron in press
(2007); doi:10.1016/j.poly.2006.09.048.

"Quantum Tunneling of Magnetization via Well-Defined Dy-Cu Exchange Coupling in a Ferrimagnetic High-Spin
[Dy,Cu] Single-Molecule Magnet," S. Ueki, T. Ishida, T. Nogami, K.-Y. Choi, and H. Nojiri, Chem. Phys. Lett.
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1. Itz

Bl BITENOERINDIAHT OV BEF AL ROMZEICH LT-FZ M THHZ EITFER L, fix 7
A ¥ e Y A B ORGSR OREEE K OWEVERTZE 21T > TV 5, Ptk « %22 v 5 2 & TRk T A
UK T ORI L TWD, T, §=1 & §=1/2 DIEAH A ZYWE BIPNNBNO 1345 FE 8l 7 7]
D e TN T ORI IR THEEZA L, X N0 REF A LB GEE O /4 BER LMD B IR TR IR A
RRDEBEODBIHI SN TWD, Ll BALEORERFMEIZIZ 7V — 7 2R L, BRI 2/18 7' Z K
— B ONDEREE N R i, £ OMEEEICHKRA L 72T D, AFREClX, BIPNNBNO Hfbgh %
AW E T A RO R « WERFEORIE 21TV, B EERICOWTEEEZ{To 72,

2. RS

IOV AZ T Ty MY T LSS DO 3He m U 2 ML o A5G SRl 7 SRS 2 FTIN L 0.5 ~
50K@mfﬁl 95 ~ 761.6 GHz O 8 5at0H (BG#iPH 28.6 T) THEF AL HLIBOEREZIT 72, W
YO IEIZIZ DPPH & 2 Wi e —% Hu -,

2B, WALROEERGEMEIT, 20 KIZR7Z60732E—7 45 KATIZHWE—27 2R L7-th, 2KicEnr
2> T T 5, 0.5 KOBALRRRIX, 45 TORE L ¥v v, 6~23T T138iML7F +—. 26 T
BRIz 28 b7 7 b—E B b A ERENZEEIZ /R L T35,

3. WFITERE

Wz a B NCHIIN L CH N @) &SI CIRERFIEORIE 21T - 7o k55, 20 K LUF CTHRETE OHE R
Bl STz, BHEDA U 5 gapless FHCTIZHEFBEMA A S 7223, gap HHITBKRZ R L1Z, £, g W1 OfH
1L 80 KLATFTZ& b L, IREMTICf W, HIl a TIEA, HIIb, ¢ TIEHKR L7z, IREEKAFIEIL gapless fHT
IZHEFAZAE, gap FITM K 27~ L, L2 aFn3 2 SIRERFIEIXIEEA RN o7, 72, 05K, 1.6

WZBWTEEEBIRGFEOREZIT o728 2 A, IR e KA E B S vz, OB IR X 2 IR
REVHRERT R THY, HII b, e DIFFFREOBEM THT=DIZRt L, Hll a3y 7 NOFmnikies
fERETeole, TNHDOZ END, a MiPBKPIRFFRIICTH Y | ZOHMOBKMHEEARBRNES 2 b
Do

4. E )

S=1¢ 8=1/2 DIRE A ZWE BIPNNBNO HiLiHIZOWT, MBS EF A B HIEFER AT 7,
Fm¢fi afihizmiz 8= 1Ht%;05 12 RO R A LIV, bl mIZIE, S=1 & S=1/2 DM
WCHEEDR R B0, REBRICEY, BOBKHEEERNL a BiFMICHEET LI ERH LN E RS T,
BIPNNBNO 73 f1% 453 = ﬁﬁXB/%L%ﬁL 2 50 S=1/2 BN HR FEREMER ALAEH 2kl ks = 860K)
MBE S=1FEATEA L. FEY @ S=1/2 & ORNTIZI R REEAR EAEH QJar/ks= —30K) MBI < = & 726,
& S=12TIalT2 L, ahhFRORAEY Ry NU—J 1 3VGEEMEEROSH 2 V7Y 7 — R & &
T ZENTED, AV T TA ML —Va rOFE, FEMRBEAREE IO WTIL, 5l &HEmitamid 2T
ETHD,

5.  FER (W) X
“EPR Measurements of a Two-dimensional Spin Frustrated System, BIPNNBNO with S=1 and §=1/2” ,
T. Kanzawa, Y. Hosokoshi,, K. Katoh, S. Nishihara, K. Inoue, H. Nojiri, J. Phys.: Conference Series.
51 (2006) 91—94.
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~IF T oA v 7 WHE RMn05 281 % BRE SRR O FE

FALK « et AAZ 2, T, fRxsr, BTFHER,
ALK - @AF PEIEL,
N TIEREE 7N i S ¢

1. ILoic

ERBEENE ME 2F) , AIBEGHEIC L5 ERMEIIESLFHEIC X 5 BB, 2R TWEITH<
MOBIFELTWER, ZORORE L, ERAMET2I2EHEVICH/hST &2, Lo Uik, TR
72 ME Zh & (Colossal Magnetoelectric effect; CME effect) %7 <9 RMnO,<°RMn,0, (RIZBi,Y, A t3H) L9
WYE DA &, RN, ICHBFEOME TRERERZBEOTCND. ZILHOZRORKIE, MikERBIR
FE L R RBIREE RO Tt <, FMRBHENT NV OELRFHESR, BEXNMOELITEREZITRS L
TNHZETHD. LnLehib, CEZROER, AIbAE s EERIR (RF2EA) OMAERHORIX
FEEHLNIT STV,

2.  WHgERGE

I E CHSEBIHRN7 MV EFEMEORBRIZOWNWT, ZNETEHL OB TONTE TWAD, HLMNIC
SAVTCFEM 72 RS BIFR IIAFZEE I KL > TR > TE Y, KY DT TOMME L FHEMEORBBENEL T-E 0 L
TWRWORBURTH L. &2 THea L, i REREITESR & BRI E R & FIRFIZAT 5 S CIHAR R
PEDORILR & BRI EMNEOBMRE HERICIA DT 2 FER AT

3. WHEEE

ErMn,0; K OF TmMn,05 & FI W THESUBHER 7 RV EFEEHE - B ORRFAIE 217 572, ErMn,0;1%, 45K AR
T, REOK TS T, 1T RESHMEIHE—E T ARSI T A SRR OB RS AREES & 7R T
[RIRERNE OFE R, BN B MRIT P CTh 248 T HA RSO B L RIRFICBAL, FAREA O 715
AREETIINOMBD R E ENAMMITNEL RDEENS -T2, — T, B REARBERI— TR ORS A —
T ARIEA R JE IS TS BEEAE OB RAREER 2 7)™ TiMn,0; Tl, <01 B 2275 B/ i A% 13K
BRSO RIFET D0, KIBOK F REABEHE TIE—ESmAHET S b o0, HFOERER TSy
WABIND Z LN o Tz, BICEREONEIC, RS O R FE T B ABMEHE T E e A S L
7.

4. F & ®

BRABFE N7 FL LEEER « SO FRFEIC &V, BRESKAER & BRSO BRSNS b
(ZTE 2. BT ES R &R ABEAR & OB, FIIKIE Tk Z 28K - 7 BAHERR ORI 722 A
N=ALEWENTTH BT, BEELMRABERGD Z N TE.

5. FEFR (W) w3

Simultaneous Measurements of Magnetic Neutron Diffraction, Electrical Polarization and Permittivity
of Multiferroic ErMn,0; ; M. Fukunaga, K. Nishihata, H. Kimura, Y. Noda and K. Kohn
J. Phys. Soc. Jpn. [Z¥&FEH
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¥ Y 7THERED 2 EF b Y 7OV

WAKBE - B B/ #Hh, —& KK
HALK « @fF BHEE, )RS

1. BUBHIZ (1265ET1ORS V)

ATV ha=7 AR 285 ERENE LTHXZ2BUCTWAIENOEY THY | BEME LK
BEOPLINMNBTH2HETHD, -4 BT, HHRHL ALV LOHEERET TR, ALV ERPRT
KA RHEEERAZEBENOICERALE ) LT3HRAVEATHY BT TONRY =— 3 U H RRITIAN
Vo255,

BBEDIX, KEFMLIET T 5 —ER BT 7 N, BRTHMBMELTRTZ L2 RHLE, ZRME
FH L ER—R e LB EEL LTI, 3700 MEMZRBTTIZHN O TN, RERMRORE. 54
BAEDRBUZIX, 108 Torr &V o HEMETHFHAK CHEEZAR L, 2 Oo=F72#FMLTXxx VT %
BATAHILERDHS

AFRTIT. KRN ZEIEF 7 o HIRE N RIC, ML XY ) 7 L OHBEZRAR,

2. WREREE
BEBMLIETFF—BR_@BbF oD Xy V#EIEEY, mAVAL—F—EFEICLY SrTiOs 7
HUIC LaAlOs EAR EicHER L 7e, E/, o V 7EEZHHET 72, =37 2XEBMLE, =71 L5
CLTFF U9, PEBRL, SEERBICHY TSIV 7TE2HEHT S,

AR L 7= BB oSS XMEITIC L v, B SQUID Bakdt, £ SQUID BAfKSE. BEFE
WED, B e T ER I U THz X EIC L VM L,

3. WrRERE

EEL SQUID RS LY AR UHEHE LR, =F7RME 0.2% TiHER E CHMBEHEEZ RI 2V
DIZHL, 1%FMRTITABEEZRI L 2RHLE (3K), ¥z, SQUID Bikat, BEXRIEFHHRAE X
D, FiETHRBOHRMEFABIEDES 2RI I Elbhotz,

Btk Lt & OB AR L 2 A, KBRS, BHIE L IXRARRBERIIRONR-708, v Y
TRIZEWLULTRRENAELEZTRL, 1020 cm3 U EDOF v Y THRHFASINTHBAICOHBBEMNRBRT S
ZEERHLE,

ULDFERIZ, vV 7HREICE ZMBMEREA V=X L2 XR/FT 5,

4. £ ¢ ®

GHEM—BALT ¥ R TRy ) THEICKZMBEMENSITMEL 2ofe, MBARRIC, 2E 1020 cm3 b
DH¥ ¥ Y TRLETHIPREAMKTIEIRATHIA, 4%, HRNRERAFLILSD,

. KR T, EREAMRECBEBIBAREN LI LMD, TS REA~OHMFELLNPE, Tiabb,
BREORICLOF YV TEEATHIZLICLY, B MBEE~DRAS v F U 7BRIDbDEEZI LN
60

5. X (B &X

“Development of High-throughput Combinatorial Terahertz Time-domain Spectrometer and its
Application to Ternary Composition-spread Film”, M. Ohtani, T. Hitosugi, Y. Hirose, J. Nishimura, A.
Ohtomo, M. Kawasaki, R. Inoue, M. Tonouchi, T. Shimada and T. Hasegawa, Appl.. Surf. Sci., 262 (2006)
2622-2627.
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Rttt T ORES 0 —7 BEIEHT L 5 BTG RFTRE AN

KIREBERF N 3 HALK AAF JRFOREE. ZARRE]. mAdsh5

1. XU I
F ) MR F DA E U RTHZER ST, 1) 7—ur 7 uyr— NI BERERDR O K,

2) AV VERNE, 3) AP UEMEMOE KR PRKS 2BENAEINTWDS, T/ HTFO
Re GRS ORI 7 O F TS AbICIE, HEEORERIEM, ki 1 18R kORI E 2 8
LB, FIThbhibhuE MBE EIC k> THERESNDEMA T/ R+ 2 Extg e LT, AV
KIFZEDZEME . BB 70— 7B (SPM) ZHAWT (V7)) F /TSR T S5 Z L2 AR
L LTI 2 HEE LT\ D, BFZERIAEE OARLEIX, MBE EIC X » TERE LD &L T/ KL+ D
STM (= & 2 G MIc EA 2 BV TR EIT -T2,

2.  WF7ERE

BAARAZE DAu001) | Co F /87 2) Pt(001) L FeAu 7/ ki v DEk & £ STM IZ X 54
YA 21T - 72, Au-Co, Au-Fe RITFHRETIIALEZHK LeWIEAEETH Y, EHI 72 BL
FIZL > TF ) Ar— L CHOMNEE 22 LERHFHTE S, BiE Tt Au0D)ic~Tr B X ¥
S L SHT Co HMEETHY . NV T LITRRDYELE bee Co T /R TFB3GELND Z L BHIFF
SNhb, BETIIREAZICLY Pt(00D) L FeAu &2 R L7 D TH D

Au(001). Pt(001)iE MgOOOD MR EiczhFh ¥ v Ltk S, STM %7213 RHEED
2L > TEDOER R A2HR%., Co BHEM, FeAu 84+ BEEZET, ERTEE L, Z0%
200-300°C DEVILEE#% DB STM #2252 1T -7, STM BEITEEEZET - FiR T, W etz H
WTATo 77,

3.  WFIERR

EEAE% O Au(001) | Co #BH#EIT STM BIZE D
. Co BWEWRRET MR, BUHRZITITOMIE - 7
FaY—3E LR ERBIEINT, K 1ITIE
23MLCo % HIRA&E%. 230°CELLE% O STM k&
BT,

25 7 3[100] £ 72 1x[010] 5 M EE S L 7= B D Co
F 747> FAE 1 RITEWRFEES Z7RTT 7 A(B)
DRI 5 2 FEOFREHESHR BRI, B)OF
Bl %) JE #511E Au(001) 7% 14 3% 1 (SR 72 (5 X n) M3 (2 s
LTW5a, BVLEZ LT Au OFRERT & FH o BEDE
TN, CoF I/ TATY RREREINTZEZEZLND,
Pt(001) |- FeAu A4 THEVEIZ L - THRREZR T/ HiE
BB INT,

4. F & O

MBE 12 & » TIER &N D BEMET /KL F OB £ 17 > 72, T b ORIL RHEED X
LEED 7t ¥ O R EHBUE 2B FREIFT CHDLIZ L ITHE L, SPMIZL-THELND LD TH D,

L% KT 18 1 EOEEREEORIE % SPMIZ &> TIT D TRE Th 5, FHTHRBEMERSE & TV 72 (F
ANF JERTOAE MERFLEOBHIC L > THRTho ThbETLa LV F I Z AR —1
Ty — RO ) BRRAE AR REOBRATE 2 L LTV D,
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BOK - PEME  ORVH FESD, XK Ry, PE SERE BRAER - eAF A 5L

1. T ®HIT

R Bo NG R EOR—T ZAE&BIE, ESBEM NI WRRRAME AT 52 0D, &REfL
ZAT O T DIZE OB E 2RI Ui kl, K& Z2RRmfE2FH Lol - Eipiel, 2 LEE %5 H
L7277 g v B —70 EOBREMR B L TIRISWVISHZEIRG SN TR Y, kx 2EMFENMTON TS, AT
b, IERRESNTe—2 2 (Lray) BER—F 24  (LLFa—% 248 ) 1%, ZHOFAT7 RO
MALEAL, EROR—T7 ZA&E L0 ENTEBROEEEZ RS, £70, ZOMEHE, fE&EMEE LTET TR
<, FO—FHANE MR OR T 2R Uizg LVEREMAEL, 1 2 12K 7 o B 251 U= E 48
KDVINT 4 F—, B— F oI Efa e HE~DICHB R SN TWVD., o —X AERO%E
bz BT 720 ORI E LT, i E THIR D SRESCEMEIRE, BVRERE, BXEEE O ThI
TED, BERARE L B EREAT HWMEICE L TIIFENMTON TWARWOREIRTH S .

T ZTCAMEREIE, R T FEICHE Lo — 2 2= VORI EIC IS 1T D X0 FERRETB L O
o—&Z 2330 kOFERLE Z ORI OBIE 21T > 7. Al SO Mgz TR0 EfER L LT, &
AR T DRALIC, B — 2 ZAEROKAIEEN ED L ) ICHBETI0ERALNNITHZ 2 HE L
7-.

2.  WFERRE

INET, —HFHICESHORTNWDIEIZAT o0 —F AMKR—F 2= r VB LT, [ILOEFHIZ
FEE - TR G TOMRRESGTHEICE LTI 21T > T & 72, B2 K ALOM O [ EwiE - SEATICHIn L 72
BR ORI FE D T PEIZ DT VSM & W TR 72 RE R, BESEEIINF AN X 0 e b ic RGeS FET 5 2
ERbhoTo. T, BEREHEORKRICBWTYH, [IALORGEICER L CHRAIEIOMNAEL+ 25 2 &
Nhoi-.

3. WFZEERE:

1) m—& ZRBR—F 2= 7 )L ORGSR RRE

N—T ZGELE ) R — T ZRB OB MR & Feil U7- B, RESEENIN T // B 5 1A Tl o K&
AR SR 28, BESELIN 1 L gEE 7 2.0
[ Tl 0 W50 CRAL IR OB E ITIEV DB R B

7=, IhvEfafi b &3 2k sE (k=) <
EZTHDHE, -2000 Oe L 0 ERRESF LT 2000 Oe 18} ‘
LV ERSOMHEE TIER—F 2B L ) o R—F i
ARBICRE B LITR o o7z, L LR
5, —2000 ~ 2000 Oe OFEIKIZIB W TERAIALFIZL D
Wb ROEANBE SN, ZORFEORE %
HfET 5700, B—F 2RO ER U KX &
DOHUNEE Z & lcn—2 2 @0k (1) ©7
© T T B T o7z, .

M=M,(1-p) (1) BN L A 7 L I

ST, MR T AREORHL, i v E—T ol 222l Aillt00n
ARBIORAL, p ITRILE, n X7 4 v T T IRT -

A —H—Z;xLTW5A. Fig. 11Zn L EVINRGSS & D . . 1 . 1 . . 1 . L .
BIR AR T, EIIBES OMRHEA K E < 2513 n -6000 -4000 -2000 0 2000 4000 6000
DN S < R B ER Lz, £7-, 0 BRIk Magnetic field / Oe
TITRBORBENCEN A 572728 n OfEITKE

MEHOET RO T ORRES) O ZETFHEHMER lelwmfgggé;ﬁzg%%xW@@
BRI KAy 2 fREET 5 2 LT ko TRBHNERICEL Y P AILR I "

A T B O R T B b 00T B A SHLRE ST 1 RESEIN I
Bonsd. P OKGZFREEL TERT 20 —X A= v 7 WZBW T, %< 0Ky & EEE LT3 EHE EN
HOBRRIRENEL 20, REH LML TWD EEZLND.

16|
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[ ]
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! ]

1.2+ ° °
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Spin Glass Behavior of Uranium Compound Under High Pressure

ALK - &uF 2 T, B, LA B, R K
Dexin Li, Yoshinobu Shiokawa, Tomoo Yamamura and Dai Aoki
Institute for Materials Research, Tohoku University

(1) Introduction
Spin glass (SG) behavior observed in uranium-based nonmagnetic atom disorder (NMAD) compounds
U,TSi; (T is a d-electron transition metal) have attracted much interest in recent years. These compounds

(expect U,CuSi;) crystallize in the hexagonal AIB,-type structure, where 7 and Si atoms are randomly
distributed into the trigonal prisms of a primitive hexagonal array of uranium atoms. Frustration of the
magnetic interactions, one necessary condition for SG state, could be induced by this topology in the case
of antiferromagnetic (AF) coupling between nearest neighbours. Such an origin of SG behavior in U,7Si3
is evidently different from that in amorphous or diluted metallic SG and relates to the inherent nature of
the AIB,-type crystal structure. Recently, we have been paying special attention to U,7Ga;, another series
of NMAD uranium compounds with the CeCu,-type structure without a triangular magnetic lattice
because of their characteristic magnetic and structural features. Here, we report the discovery of SG
behavior in UAuGa;, a new member that we have confirmed to exist in the U,7Ga; family, and present the
dynamical parameters characterizing the frozen state of this system. In particular, we report the variation of
SG behavior in U,AuGa; under pressure.

(2) Experimental

The polycrystalline sample of U,AuGa; was synthesized by arc melting the constituent elements
with high purities (3N for U, 4N for Au and 6N for Ga) in a purified argon atmosphere, then seal in an
evacuated quartz glass tube, and anneal at 800 °C for a week. X-ray diffraction measurements show the
pattern structure of U,AuGa; as the same as that observed for our U,PdGa; and U,PtGa; samples, and the
diffraction lines can be indexed based on the disordered orthorhombic CeCu,-type structure model (space
group Imma) with U atoms on the 4e sites and Au and Ga atoms

1.6 — x x ; x
statistically distributed over the 8/ sites. Note that for U,PdGa; sl (1’];?2 1
and U,PtGa;, the CeCu,-type crystal structure has also been igoH}Z{Z
confirmed by neutron-powder-diffraction (NPD) measurements. \? L4y 300H; |
The determined room-temperature lattice constants of U,AuGa; ﬁ 13 fggg{;[z
are a = 4435 A, b=7.079 A and c = 7.799 A. The magnetic % 12 . N
properties were measured using a SQUID magnetometer. K L1p b .
Lok 2% In (10"%/0) ]
(3) Results ool £y ® ]
Figure 1 shows the temperature dependence of the in-phase 0sls 24#?#%%‘%) 1
component y' (T,w) of the ac susceptibility of U,AuGa; 16 20 TZ?K) 28 32

between 15 and 34 K at the frequency range 0.1 < /2w < 1000
FIG. 1.Temperature dependence of the

Hz under zero pressure. The . curve exhibits a characteristic
pronounced maximum with amplitude and position [T{w)]
depending on the frequency of the ac magnetic field. As w
increases, I increases from 24.4 K at @/2n = 0.1 Hz to 25.8 K
at @/2n = 1000 Hz. This is a typical behavior characteristic of
SG materials suggesting the formation of the SG state in
U,AuGas. The initial frequency shift of 7, defined as 87y = ATy
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real component of ac susceptibility for
U,AuGa; measured at different
frequencies under zero pressure. The
frequency dependencies of the dynamic
spin freezing temperature Ty plotted as T}
vs. In(10"%/@) and T} vs. 100/In(10"*/w)
are shown in the inset (a) and the inset
(b), respectively.



/(TyAlog w) is determined to be 87y = 0.01 comparable to the Laf S ' ' Hi=0.1'k0e |
typical values (from a few thousandths to a few hundredths) . §§E§e
for most spin glasses. In contrast, we do not find any upward ' R\ 40KOe
shift of the peak position Ty in the x| curves for long-range g M e SN sokod]
AF ordered compounds U,PdGa; and U,PtGa; up to 1000 Hz. 1 [ % Hookod
In order to estimate the dynamical parameters characterizing % Loy

the SG state of U,AuGas, the obtained T{w) data are fitted to 08

the standard expression 7, =7,[(T, —T)/T.]" (the critical 061

slowing down) and to the Vogel-Fulcher law 041 5 HZ/;)(OEZ/?O O
o=w,exp[-E, /k,(T,—T))] , respectively. Following 0 0 20 30 40 50

_ . T (K)
Tholence, 7= 1/@y=10" s was kept fixed, the fit using the ]
FIG. 2. Comparison of the low-

former equation [solid line in the inset (a) of Fig. 1] yields the temperature FC (open symbols) and
static freezing temperature Ty = 23.6 K and the critical ZFC (filled symbols) susceptibilities
(= M/H) for U,AuGa; measured in

. . . X L various magnetic fields. The inset
[solid line in the inset (b) of Fig. 1] yields the activation energy shows the field dependence of the

E, ~ 4.4 kT and the Vogel-Fulcher temperature 7, = 21.2 K. It characteristic temperature 7;. (from
where magnetic irreversibility occurs),

plotted as T, vs. H?.

(dynamical) exponent zv= 9.4, and the fit using the latter one

is worth notice that many experimental results give zv= 4~12
for different SG systems, while zv is usually around 2 for
conventional phase transitions.

The field cooling (FC) and zero-field cooling (ZFC) dc susceptibilities y (= M/H) of U,AuGa; were
measured in various magnetic fields between 10 and 70 kOe under zero pressure. A part of the data is
shown in Fig. 2. There exists a characteristic temperature 7;(H), below which magnetic irreversibility
manifesting as a bifurcation between the yrc and yzrc curves is observed. The yzrc curve in low applied
field exhibits a sharp peak, which becomes broader, and its height decreases with increasing H. As typical
features, these behaviors also signify the formation of SG state in U,AuGas. The temperature 7;(H) in 10
Oe is about 25.9 K, which varies as —H*° and shifts to about 5.0 K in 70 kOe as clearly shown in the inset
of Fig. 2. Note that the variation of T} with H does not follow the Almeida-Thouless law (AT line: T;. o
-H*? ). It should also be mentioned that, although the H*”-behavior of T;H) was indeed observed for some
uranium and rare earth SG materials, it was predicted for the case of an Ising-type SG in the infinite-range,
random-bond mean-field model. On the other hand, above 40 K, the yzrc data in H = 100 Oe (not shown
here) can be nicely fitted using a modified Curie-Weiss law with the effective magnetic moment 5= 2.92
45/U and the paramagnetic Curie temperature 6, = 14.7 K. The obtained g, value is much smaller than
that (1.5 ~ 3.6 w/U) expected for a free U ion with an f * or f* electronic configuration, indicating the
itinerant behavior of 5f electrons and/or Kondo effect in this compound.

T T T T T T T T T T
134
UrAuGaz o011k UrAuGas |
— P=1.0 GPa
o 132r 1 0.01 Hz <=f<=1Hz
=
i 0.010} 1
L 130r 1 o=
Z —eo—1Hz )
K] —4—(0.3Hz
= 1.280 0.1Hz R 0.009 |- q
——0.03Hz
1.26 —<—0.01Hz ]
1 1 1 1 1 0'008> 1 1 1 1 1 ]
24.0 24.5 25.0 25.5 26.0 26.5 27.0 0.00 0.25 0.50 0.75 1.00
T (K) P (GPa)
FIG. 3 AC susceptibility of U,AuGa; vs. FIG. 4 The pressure dependence of the

initial frequency shift of spin freezing

temperature at a pressure of 1 GPa.
temperature 7.
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Figure 3 shows the ac susceptibility of the U,AuGa; compound under a pressure of 1 GPa. The
characteristic feature, that is, the frequency dependence of ac susceptibility peak position, could also
observed. Comparing with the results under zero pressure, however, the peak strength decreases and the
position shifts to high temperature with increasing pressure. Under zero pressure and at @/2n=1 Hz, the
peak in ¥, (T) curve was observed at 24.7 K, which shifts to about 25.6 K under 1GPa with the pressure
coefficient d7/dP=0.009 K/GPa. Moreover, up to 1 GPa the obtained T{w) data can also be described by
the standard expression of critical slowing down and by the Vogel-Fulcher law. In addition, the initial
frequency shift of 7y calculated using 87, = AT, /(T;Alog w) decreases linearly with increasing pressure as
clearly shown in Fig. 4. Based on these experimental results, it is considered that the SG effect in U,AuGa;
becomes weak under high pressure, and the influence of long-range magnetic interaction gradually
increases with pressure. Thus the random degree of the nonmagnetic atoms in the U,AuGa; sample seems
to decrease with increasing pressure, and strength of f-d (p) mixing seems to become strong due to the
shortening of distance between atoms. Detailed analysis of the data obtained under high pressure is in
progress now.

(4) Conclusion

In conclusion, the CeCu,-type uranium compound U,AuGa; is confirmed to exist in U,7Ga; family.
This compound undergoes a SG transition with a static spin freezing temperature 7s = 23.6 K. The up-shift
of the ac susceptibility peak with increasing frequency, the down-shift of the dc susceptibility peak with
increasing field and the low temperature irreversible magnetism can be considered as the typical features
characteristic of SG state. We find that the variation of 7}, (the bifurcation point between the FC and ZFC
susceptibilities) with H for U,AuGa; does not consistent with the AT line, but follows a Tj, oc — 5 law.
Under high pressure, the SG behavior becomes weak and the influence of long-range magnetic interaction
gradually increases.
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TABEI N T LKFIY (C-S-H) 1Z2KF DK 60%, KEE{LH /L w2 (CH) X 25%% 5D 5.
ZDHL, AL MEUEOBERBICEG T HDIT 7 A WAL T LKFIWTH D0, £ OEEIT
EFE R TE TR XS E D LW OB\, 2L E T S AL 7- K Fnd Ofs s g 1L —ic i £ 77,
Ca/ S; LI AE LT fE A S O IC BT A 1 L-UL TOMITIE, 1T & A EfThbh TR, £z,
FEREA NIV =N THLT—T A4 FCGSRE—T A |k B-CoS DFEAEIEIC DN TS, Ji
T L b O BRI R AT 134T DAL TV 7220,

AFZETIX, BA Y MK E LT 11 Atobermorite 7 & ¥ BT, Ca/Si D&V 11 A tobermorite
ARG OB RIEFTERIZOWT, B REHEICE ST 21To7-. X561, EEHEWT
HDHE—TA K B-CS DKRFNEMIZ R DA MEEICONTY, FHEHAICL2HFEK I 2L
—¥a TRV ERT LT

2. WFTEARIE

21 |AU NV =GO KRS DB I FHIRE c A NOFEEM THDH=—F 1 b
CS A Cs HAF T TOT /LI 12— ME CA OIKFIISHEIZ- DV T, Gibbs @ H =RV ¥ —D %Ak
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3. WFFER S
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F-l B-CSBLDy-CSIZBIT D Ca-Ca DJEHIIEEE (=4A)

Ca-Ca dis. Ca-Ca dis. Ca-Ca dis. Ca-Cadis. Hydraulically Total energy

Cement Compounds Mean dis. A Mean dis. A Shortest dis. A Shortest dis. A active eV
less than 4 A lessthan 4 A lessthan4A  less than4 A
this work K.H.Jost" this work K.H.Jost" this work
C CaO Lime 3.40 3.40 Yes
C;S  Ca;Si0s  Alite 3.47 3.16 Yes
B-C,S B-Ca,Si0O, Belite 3.54 3.58 2.97 3.43 Yes -195.56
v-C,S vy-Ca,Si0, Belite 3.75 3.75 3.39 3.38 No -204.86

Shorthand Notation in Cement Chemistry C: CaO, S: SiO,, A: Al,O3, F: Fe,05, H: H,O
1) K. H. Jost, B. Ziemer and R. Seydel, Acta. Cryst., B33, pp.1696-1700, 1977.

11 A tobermorite (Cay [816014(0H)4]-2H20)@ﬁ%a%%i%a:ffzé Ca/S; 8%, #EPLEAEIEIC I
S JFBL Sy 3 ) FEH IS X VRN L 72, Ca/Si=0.667 TIE, SiO; #5—Ca-O Jg —SiO; $50 —H &
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Rl DRV AW e
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L1E, B-CSRy -CoS ITBIT HSiD—HNF RALP", PRELAF VBB LIEBED, fmD
%%Uﬁ“if&kﬂ]@@k@&ﬁff IOWTHIERT S, RFREEZZTT HICHD £ LT, FILKFE
L BM BT M B L A — DA — R Ea—T 4 VSV AT AEA STV
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SR AV TR LS BLLRMES B & & 70 T
SAROBUEEM 1Rt AFRZILET 4>, = 60 (i) 87 pm -
FENEZALE T 4 VHAMIZ OV TORIRET 'S 50 Fee oo~ -
h%. I7RETFAOEER ERTHICONTH 3 40 - {lﬂ _Bcc .
MERORA NG 5. FOC BEUBOC EFAD B 49| & my SC -
FRRRIE, CRETHEMLESANT 2 ol E 0| ‘ol T
WELBE BT 5., SIUETFSEH & 1] = 2
ORPERII LT 4 > OWHEELED 10 GPa e § SRR R SR
pef A R, UHMWPE OFfEsiZ 2GPa® 2 00 15 20 25 30 35 40 45 50

EThHdHZ LD , %ﬁﬂéﬂ/\j fi?ﬁé\ﬁu (=457 j“@“?—, Porosity (%)

= DFIERORMD IS ABRERSHORALNE g1 40 m5 4 L [UHMWPE 8 A4 0 T {3
WECHBEND ZLERLT0D. £, 2o SOT LSS S
BAMIZB T 2RO BEIMERNIL, FEBRIC XY
BONTAREREFRETH L. L LEO EAEIZFERM (1.3 GPa F2E) ITHRTHRY REW. Z0Z
L, ZAEERNEICEA L UHMWPE & F 4 2 L OBEBENHFIHELNTORNWI L E2/RB LT
5. 5%IEF 5 L UHMWPE OBEENEZZE LICET VERTNT 20ERNH 5.

4. £

ZAET ¥ o ORI UHMWPE BRSNS &, ZOMHMERIIIEMT 5. £ 0N 1E UHMWPE
EAROHMERL D E RENWZ ERWALNERoT-. BOMMERIL 1030 GPa BRETHDH Z b, HIRA
%EEBE LIZZIETZ o OEt L HERHIEALE LR D259,

5. R (W) WX
N. Nomura, Y. Baba, A. Kawamura, S. Fujinuma, A. Chiba, N. Masahashi and S. Hanada, “Mechanical Properties of
Porous Ti Compacts reinforced by UHMWPE”, Materials Science Forum, Vols. 539-543 (2007) pp 1033-1037.
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RFEW 2B E T REERT D Ce Hatk b Lz HEAERBILAEW T, K. EVWET, AL VE
R (SDW), FE7 = /b JIRIRRAE, R 4 BT, =%V 7 1 v 7 BEEER E KRx Aotk AR BT
5o ZORREE LT, Ce D4 ET LREET L OB, 4B FRLEOMEEMZRE, TRHEE 47 5B 7 DF1E
DEHETHLEZEZX DD, ZHUTx L, EAHAIGSICE L T, BYEMEIOBLEDG 3d EReREH 5
WX Af RTEE— A 2 M EFFOR TR D BRI R L SN TE ), MERHRAIMZ AT 5 miERE 4/ B 1
FWEIZONWTIX, TOFESZHLNTIERY, BAILINETIZ, Ce & 2 it %E H7-720 Mn
ERTHE L Lz, #HERFAA CeMn A4 % ANy X U U 7 IETOID TERLL . AWK, HEVEZHIE L
Too TORER, Ce MR EAIOREMEICH N T, BEWEFROMETH D EIEILTOp = AT HRFEMEN B
SN, TOBE A TIEFITRE L, BFERE2S, 7> 200 m)/Ce-molK® & FEFICRKEWZ b7,
INHDZ END, FEERBAESICBNTIEA LD TEVWE FREZBHI L0 D, ZTETO
HUVE T O SERRHNE & AR IR BRI B W Bl SN TE 0 EERBAIRICB W THFEL 9 D7
REMERH TE T, S HITHKIT, CeRuy, HEDMERLEME LD, 2 E TITHMZERIDOH S Ru ZFH Tk & Lo,
REERBHIT CeRu BB\ T, Ce miE BT CeMn & [FIERICEVVE TIRAE, Ce MR EM Tl YA
(T.~3.6K, Cel5 at%)Z R LTz, ZDZ b, CeRulCBWTIL, Ce IBENMIMEICEE L 52 5 Z L HVURIE
b,

2.  WrERE

% T TCAEELIL, CeRu B4 0 & 2MENHAAE T2 RAI/ER L, EK\EHUANE,
BGAIE, BALIEZED D Z O Ce(df BIREKRTEZM N, A vab—Ly NRi@fEBE 4 BTG53 5 5%
WRAWIMEE R L OMEHRREZHLMNCT D 2 L2 AN E Lz, 512, BEEE2 7Y Ce RBEMIIS LT,
BIREA~D A B OHFHEEZMRD120, Ce A LHILRE T A E LR\ La TEM L2, HE SR
(Ce,La)Ru A& % ER L, 4f BT L BEEOGRE AT, BEEOHBUIES LT, #E3k0 BCS BUBEE )
HWETREFAOBIENZHWT 5, 20X I L THELNMERE BEWVE T ROBERCHER AR OB
JEFE BT VS & IERET L. 72 7R 1A & = O R B ICa B,

FEHEEHT, TGS — 7y FEERL, DC @A /Ny Z3E I 0 K Eiv7z Cu Hbi b
BNz, ANy ZRMIE, OIIEZEE N L Z 2x107 torr, ANy X HID Ar B AEIL 4x107 torr TA/S
XL — MIBLZ 1000 A/min TH D, CufiL, h—Ro b v X —BLOMAEIZ L RE L,
L 7230BHE. CeRujgo, (x =15, 16, 23, 39, 47, 67, 80), Cezp,La,Rug (v =5, 10, 15,20) Td> 5, M THlliiL XRD (2
FOITW, TARTABAREE TH D Z & 20 Lic, EXEERBUIEIX, W0 4 M5 XY 2K 226 RT £
TIT o 72, FEEVHIE 1T, HAWRIEIZ L W SK 75 280K F TIT o 72, BHUERIE L, SQUID IEIZ LV 2K 775 280K
FTITo7,

3. WFgEEkE

Fig. 1 12, fEEARHAIT CeRu A4 OBREEREIRE T, & E 1 HEMRE)D Ce BEKRFIEEZRT, T.0x, &
SIRHE & RAALIE ORGSR Ol LTc, 2 ORER, Ce JREE & LTI T2 2 L b oTz, Ced7
at%DOFREHZ BN T, 04K ETOBLIEIUE Z1T o723, BREIZLE S IELOBA ITBIH S e 7z,
ZOZ LN, CeIREENK 50 at%it: CHImENHET D & b b, AT, EEOKIREEICISWT C, =T
+ PRS- D, HBEELY Bb o7, TOME, BIEE %287 Ce KIEEMI(x < 39 at%) TIE, 10
mJ/molK* i & /NS 72 fEZ 7RI A3, x> 67 at%lZ7e D & AU/ BN Z 78 L, Ce80 at% Cld, 180 mJ/molK* & —
AN 7RG RBAIA e & I L C LML L REREZRT, ZOIRDENE, AHEEIZHRE Lo bHE D)
DRMED DNIEHIERTE— A 2 N per D Ce JERAFVEICTHINT 5, BREZ R I HHAEIP CTIE per < 0.2 us
THHN, Ce MIEETIXRIMITEML ., pr~2up ZRd, £io, AIEOHRELY, Ce MBEICBWTTXER
PEH ORI T e D R S, Z DIR% 4 73 IEH 12K & < |, coherent Kondo IREED AL Z 7RI L T Wy
Do SEIOHBOERBEEE X 2L ERBRATIEVE FIREBOBA A EMT OER LD, 22T, Ce @i
FEQICRIE S iz Z O FE KRB T EMR Sy E BRURHLO P RIORE A D, BEWETROBEOVDE DL
Lyl A DXt v v b (Kadowaki-Woods plot)Z CeRu & LLRTIZH T L7 CeMn $ & THERK L 72 (Fig. 2), &
DOt F CeMn IZF W TIE A/ =0.59 x 10 pQem(Ce-molK/mJ)?, CeRu TliE, A/ = 3.5 x 10 uQem(Ce-molK/mJ)*

—147—




EENTNDOARETIZFE —EDME R LT-, #% . Kadowaki-Woods(KW)HITH- 2 5N TW5 4/ =1.0 x 107
pQem(Ce-molK/mlJ)? (Fig. 2 EHREBWTx L. CeRu IZHB W TIZRRITN S, CeMn ICB L CIX T Abh b,
VAR, ZOFHUCE L CHUEMHR 2 E 8 L72 KW B A/7 = 1.0 x 10°/(N(N-1)/2). (N 13HE RN IEE SN TV 5,
MR IR WGE | N=2 TIAUTEFEO KW HIZ 52 %, & L. Ce D 4f BB =52)0FT X THEE L T\ 5 &
FTHUE, N=6 T A/ =0.67 x 10° pQem(Ce-molK/mlJ)* (Fig. 2 AR ER) & 725, CeMn (CRAL TIXZ DT A 1TIE
ERED LEZ NS, BERHAIRICBO T, BT 2L SHNEORFRIEZ R L, ffbsEan/h &< 2
D Ce ® 4f BUENMEIRT HAMREMENH 2000 Lve, I bnh, ERBARIZBW TS, Ce mREIC
BOWTHWEFRENHBT 5 Z ERADICEZLND,

—7J7. CeRu @ Ce {KIREMNCIIT D La [BEHRD Cey,LaRugy G426 L, BRI, B BHLOWEE
1Tole, BRIEPLEBMLOFERD D, TR TOMR TRADENBIR S 4L, TAXIZE—ED 33K AR LTz, £
7o AR E— A Y ME per< 0.2 g, BT HEUREITy < 10 mI/molK? & Cel5Ru85 DA & IZIE[A] Uk
RPEONT, FERERO LaRu IZBWTH, FAROERNIE LN Z L5 CeRu D Ce KR A D BRE
%, Ce DA BTOHFGVPHERIL, —ED T.0NG2LND EHEINDS, ZOZELBEFEZDHE, CeRu Il
WTC, Ce HHRIEIZ/AR D L2WTR par & yOBMMBBRI SN D DL, BInEZ/RT & & D Ce D%k Ce* T 4f
B E2R2<, Ce JBEMNEMT D & Ce¥ ™ ~ L MENZE(L L, MM 4B T2 X > THEROWEHRENSERK S
nstEZLND,

4., F & ¥

HEIE AR BT CeRu G4 RHHNIC/ERL L, BREGL, B BULOREZITo72, Z OSSR, Ce (KR (x
< 39 THMEENBIN S AL, OB T, 1% Ce R L 3LITH L, Ce IREER 50 at%iith CHRENTE AT
%, Ceb67 at%lh 1722 & B BRIy AIBIRTE — A 2 b pay DRIRKIZHER L, BREFLO KR EIK T
THNCHE D BOWEBEFRRIRD IV ERT, £72. 4/7 OfEIE Kadowaki-Woods HI TR STV ATV, =
DT EIE, Ce miRE T, MEERHARICBW T OB 4/ BB FEL, EVWETIREBEAFRLIZEE X
bNbd, —J, Ce[RBEOBGEIL, La@HiATH T, OZLITBHENT, % pabIEE—ETHD, ZD
Z LB, CeRu D Ce [RIBEDRBEHEIL, Ce D 4 BFOHELENHETLIZ ETHNLLEEZDLND,

5. ZEFR (Bhe) w3

1) Specific heat of amorphous Ce,Ru,q., alloys, Y.Amakai, S.Murayama, H.Takano, M.Mizutani, K.Asano, Y.Obi,
K.Takanashi, J.Magn.Magn.Mater., 310(2007)416.
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Fig. 1 Superconducting transition temperature 7, and Fig. 2 Log A vs. log y plots
electronic spesific heat coefficient y vs. Ce concentration (Kadowaki-Woods plot) for CeRu and
of CeRu alloys. CeMn alloys.
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R, D—Ro T ) T a—TRT7 T =Lt Wolot ) =R, nBFRoFE=RAL-ETHE
+ . XE/%%QH PIERIATONATWD, ZOHRE LT, BEFHAIEIZBWTITL—T OEHIORA
ZEZ DI, WD HR AT v TREFOERICFERTHY | RBNOTENLT 7 AT Y aripl e H:
WLCTHRIZF Y ) TEEREZ RTINSO TORBIERENEE - TNDH I L AV RIS
WG FRAE CHNEMH EAERHO/NERRICFEN DR D ZENDRWVWAE R AR CE 5 2 k#
LEBAE Y hr = ATIEEBTERVWHHFAL VR FZAIKTE D, EWOHIFFRH D, £ 2 TR
LINOG T ORI ESI ST ENLENTE T - AV URTFEAINT LI EA2HEE Lto
2.  WFERE

AWFFERTENL 2 42 3 2 A, B - B H 50 A fr=2 X’ﬁﬁ@i%ﬁ%é’ﬂﬁﬁ%k FH70
E%fi%ﬂﬁ A2 D Z L & 1st priority & L THF3ER 1T o7, BARRIIZIZ. TE3kR, @ﬁﬁﬁ?@’ﬁﬁzﬂ:ﬁﬁ

(BT DRERRA KAN L T2 Z &R0, BRI/ TR ToO KX fﬁi’ﬁﬁﬁ?ﬁ#ﬁ) spurious 25 EE LI H 5L Z
EREMNL FERE LUTREHEEICRITIHRENINETOREEEEDOTWHRNAEEE L, 26 ORBEA
RN LI T & 2 R FIEIEOMELZ HIE L7, #R & LT C60, rubrene, Alq3 D5 & M7 T/
ARy bEFTENRTN 4 K T30%., 78%., 12% & ) A UMRIFREICE S < K E 2 AHEPTMR) %)
KRB L7, FRFICERICBNTS MR 2IEROBIZME L, ERIZB T 20 FRTORE ARSHRY
DBLIZH ARG TH 5, EF RN TUIREE A Y DT AEIN Th 57 v A KD HE I —A
v F ) Fa—7(SWND)-FET OFEA S B2 E S, 0 F5% TIEEH rubrene % BRI TR KR OB EE 4
ARLTWD,
3. WFERCR

AV URFIZBOTUL, BB XS IEEES ZMENM LY bEETHDL, £ THREET LD L
— 7" ClZ Co ’ﬂ‘/ﬁ?%ﬁ TP MU AP E R 2y AR Yy MED Co @@flﬁi@ﬁs@%ﬁ?ﬁﬂk MR %)
BoOBREZRIFFIZAEETIRTHLIZIEERE L, Zhicky ERRo ko BIFHRKE7 MR %)
28 Co *ﬁ?@ﬁ%ﬂ:l:ﬁﬁ‘é HLDOThHDZ L HMFEICIENT 5 Z LIZaksh LT, ;z}’b i AV fr=7
2 BB VT A E AMKAHREICER T2 MR 2VROBUZ I L2 b0 & LTI ITH L0
DD1IDOTHY , ZDOXIRTF ) ARy y 8RB FFEI LI A AKIHREB G O P A %83 5 LTI
12 potential 2L D TH D Z EEFEHATHHLDOTHD, IHIC é?ﬂ?’*ﬁ LCWRDolzZ b THDHN, 20
£ O KB RME R AR L T HRICBW T 720 LIZERICBT 2 AP0 MR SR OBENZ KN L7z,
B RAICBO L, BAT 2 212 X 2B SWNT-FET IZBW TR by 7OR 74—~ 2%
MeFs 92 Z LN TE, @UHLEIZEE (ITIEREH L) (252 NEDO Y2 o= FOBRMWBIZE2RiFHZ &
HTET,
4. F &0

DA FEFRICBOD TR DO A C ARFARE L W F A U FRFOEIRIEICKS LT, 77

T-EF RIS CIHE SWNT-FET (238 TRIR IR &2 U — R4 2 R - F7-PhRe &k - 9281 Lto
5. BER (BF) X
1) S. Miwa, M. Shiraishi, M. Mizuguchi, T. Shinjo and Y. Suzuki, “Spin-dependent transport in C60-Co
nano-composites”,JJAP 45, L717 (2006).
2) S. Tanabe, S. Miwa, M. Shiraishi, M. Mizuguchi, T. Shinjo and Y. Suzuki, “Spin-dependent transport
in Alq3-Co nano-composites®, submitted to Appl. Phys. Lett.
3) H. Kusai, S. Miwa, M. Shiraishi, M. Mizuguchi, T. Shinjo and Y. Suzuki, “Large magnetoresistance
ratio in rubrene-Co nano-composites®, submitted to Adv. Mat.
4) S. Nakamura, M. Ohishi, T. Takenobu, Y. Iwasa, H. Kataura and M. Shiriashi, “Band structure
modulation by carrier doping in random-network carbon nanotube transistors“ APL 89, 13112 (2006).
5) T. Takenobu, Y. Murayama, M. Shiraishi and Y. Iwasa “Optical observation of carrier accumulation in
single-walled carbon nanotube transistors”, JJAP 45 L1170 (2006).
6) T. Fukao, H. Kataura and M. Shiriashi “Solution-processed single-walled carbon nanotube transistors
with high mobility and large on/off ratio, JJAP 45, 6524 (2006). 1E)> 2 44
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RERR IR AF2(D A R)S 100 BRELLF D 7 T A X — %, Kifk 1 nm LA FOBMK+~THY . Ptk
K OBISHEDERRE T OBEL & U CRHEINICE LT 2 2 & k4 2 ZBRSCHIC L - TR E
NTW3, 2oLV A X\ TOI T X2 =it « KISEOF R L OZED L5 g
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TR T AL —BIOEEY 7 24—k - SOGMEE EBRIICHFET D & L bic, TO%E
BRis AR 2 72 OIS EILREREE W BGRB8 42T 72, 2 2 TR, (1) Crs'
DIAREE N K D% - BAHEEHH, BXO 2) Niy BEO N, ICx+25 2% ) — 155+
O FEREIZB LTl 5,

2. FERRE

FERITEHTK - 7 7 AX—OEBEEZHNCTITRV, FREITEIER - EFOA——a ¥
2 —F—EHW T TR 7,

(1) L—P—FRRIEITL Y, B2 Cr, 24 LT-, ThaRITREIC L B ERy] L,
Cry DI R AT L —F — (O F = R F—13-4.0 V)& HS L7, JEfRBEA A2 (Cr, Cr) B
L ORMBBEDOBIA A2 Cry B RATRERNAIC L VRS L, RELAREIE L-, Z Ok
OICAEBEWT A 2 B L. Cry ORI MEREAR ~ 2 MV RD Tz, —J7, FHETIL, REfEKAF
2 FEPLEA %5 (Gaussian03) & VN T, Crs" O ERE SR L ONER) 798 £ 2 kb 7z, FEEEBEIzIT
6-311+G(d)Z AV, AZHa-FABIILEIEIZIE BLYP & /e,

Q) A A ARy 2V TEEANT, BZERIZ Ni, Z4Ek L, ~U 7 ATAFRHKFTAH
= NVARREWAE S, 20 X 512 LTAR L2 Ni, (CH;OH),, % U BV B R %2 L - T
BE®R Lz, Z® Ni, (CH;OH), IR AERSL —F—Z2WF L, MBEEAR L 7=
Ni, (CH;0H),,., % MU B B8R 212 K 0 e L7z, JRA L — — O RENEAS Ni, (CH;0H),, D
RIS LW EIS, Ni, (CH;0H), 32U L, fREEST 5, L7z2i> T, JIE S L7z ifsth
SEfREE A7 B VIZERN D B — 2 12 Ni, (CH;0H),, DIRENC R L= b DIc2 %, —F5, 35T
&L B EPLEI% 2 F\V) T Niy'(CH;0H), Nis (OH)(CH,) 72 & s 2 sk 7-, JRERE & LTl
6-311G+(d,p) % FAV, AZHFABIILEIEICIE BPWOL Z W2, 2D X 9L TRdIZr T2 2 —
DIREEEFE L, A7 ML EDOHEITR T,

3. BFFERR
(1) Crs" OfEIEFEL ORGSR, 2 D OSSR Cy, 36 KUY Co) DL EMEIEDF B AL 72(K]
J— simulation (C,,:C_=1:1) %
1B 4 experiment
i
-‘ém—: v
. é?%
%o.s—_ t
° %%
+4.6 g +460, +49y, +32u, U-"T‘TL'H' ||-r|||||||||||||||
(a) C,, (+0.010 eV) (b) C,(0ev) 15 20 25 30 35

photon energy / eV

X 1. Cry O & RT v > v /L, *
b = %] 2. Cr;" 0 (RIS fiRiiE 2~ 2 R L,
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1 28, 26 OBERMKRZETH T R/ —[EEEX 002 eV THY ., ZHIEFFESTRLF
— XV H/hEN, 20D, CRZINOLOMEDOHEZRELNTNDL D EEZ LD, HIE
SNTRIFEEA XD ML, FHEIC E - TE BB BAEER O SR A7~ )L OIRE )T
I<HBRENTEY (M2 M), Cry OEN Z D X 95 EOMEZHEBICIHB L TWAHZ L
HfHFTnd,
Q) FEBRTBISNIMA Z RINTLLTO XS ICEITT oD EBE X NS,

Ni," + CH;0OH — Ni, (CH;0H) — [Ni," (OH)(CH;) — --- — Ni,O" + CH, 6))

F£721%. Ni, (OCH;)(H)]

I L > T B 172 Ni (CH;0H), Ni; (OH)(CH;). Nis' (OCH;3)(H) D 8/ i 2 [X] 3 (2”7,
T RLF—IIE Niy (OH)CH) M ik b EThH o7z, — . ERTHELNIZ A Y /) — L1
Niy O ¥ — 7 IR0 b IO RENE 2 85> 6 DI Ni; (CH;0H) Th - 7=(X 4 R), ZDZ &
Mo, EBRTHELNTZ AT MLOE—7 1% Ni; (CH;OH)® OH ffifEiRENCH kT2 D TH
LT NSNS, 3 BT, Niy (CH;0H) — Niy (OH)(CH)IZH 1T B IE L= 1L ¥ —
BEN A E < . THA L LT Ny (CHOH)DFEEL R EL D bD EEZ NS, —T, 4
BIRTIE, SHRICE > TROIREE L Olfks 6 Bl S/ — 271X, Niy (OH)(CH;) D
OH fHfFfRENCH kT Db D EEZBND, 4 BIKTIE, Ni, (CH;OH) — Niy(OH)(CH;) 125
T BIEMHEA L L ¥ —[REEN RS AIIR < . LA X VRIS EIT LT WD LB B D,
ZHUCE S TN TIEAY )= ADDDRA Z AFERKE N E W) EREREZTFATE 5,
F 72, Ni3 (CH;0H), 35 & UV Niy (CH;0H); Tid, WaE L7z A ¥/ — oy flidenegnplo =y
TFVIRFAZWFE LTS, WES TEOEME B2, 51 LAY 720 OWRE = 3L X — |38
T 5, ZAUIEFE D TER O X > T Niy" & FWaE0 1 & OMAEEANREL o TWnbH b
ZRLTW5D, ZO78 OH [HfFERE OREEUIZFA T O X X ) — V3 1 ORENEIZIT SV T
/ARGN

4. £¢®

HENBEEZ MO TR~ 7 SV OIRIRZAT/2 > 72, Cry Tl ZEMIER TOMIEHE
AR > TWDZEBHLNI R o7z, £72, Nis BEO Ny & A% ) — L EDRISTIE,
AL ) =)V DOWAEREEDENZ B L YA X2 K DM bRV F—[EREDE V2 R LT,

5. FERFIAR) ML

[1] “Photodissociation Spectroscopy of the Chromium Trimer Ion”, T. Majima, K. Tono, A. Terasaki, Y.
Kawazoe, and T. Kondow, Eur. Phys. J. D, in press.

[2] “Size-Specific Reactivity of Metal Cluster —Cross Section Measurements and Identification of
Chemisorbed Species”, M. Ichihashi, T. Hanmura, S. Hirabayashi, R. Okawa and T. Kondow,
International Workshop on Clusters —A Bridge across Disciplines, Jekyll Island, Georgia, USA,
December 2006.
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WEARERELC \W%%E%Lk%ﬁm1%KTP&%$@T%%HT5&Pbi%%@%WW%%(aN@kﬁ%
RICHEEIND Z &, Ne & HeO % & ICRE 1T 724854, XPS, TDS OHIEIC L 0 —fk —%£#E (N20)
DAERRINDZ L E2HE LT-, N2O ORiEEIL, (dry) N27L_j'78'y<€‘ﬁf Fiz e X3ERlE T, Ne & HoO
HFEFTHEFEOLBREND Z EE, NoOENe b, HiO 26D 0 LRIV ER LD THDL &%
ZHND, BONTERIT. Ne D FIEIW5IZE 0D FOFEE 140K & W) REICBWT B IEME(LEh s 2 & &
RIBLTWD, AlENE, NedS Ws I X 0 #ENMTIEMA L SN D v ) Z L &, FEhr, BEiGOmmE S 50NNz d
HTZEEHME LT,

EBIZBWTIE, TN T 2 S RAT UREICOWTHBRO - D EER AT >7-, 140K OIKIE LT &
VT AT U RENTIE N2 155V AE = L X — % FF 00 TR IREE (v -No) 368 X OFRBEN A IRRE (B -No)
ELTHAESNDN, ZHIKET VIV ERI LIZE Z A, B-No Tik N-1sXPS A7 ML DJRIR, F8E
(&L LD R b hoTz, £72y-N2 Tlik N-1s =27 OBEDORD BB SNt DD, ZD AT K
NRITIIRERZEB R SN2 oTz, ZRODOFERITAET PHE B-Ne v -Ne O TIHUSHE Z &
RNWZ EERLTWND (y-Ne DAY MVREENED L2 2 E1d, v -Ne BFHFWVEFETH Y | BE L72K
BT UHNMCEKEDPLBOHEINTZLDOLMIRENDS), KERKRT UV Y VERINAX—2[GT5KET VD
NERFLTHLZENEDOIENEZ 57202 Eid, vy-Ne & B-No (d & HICUMEICZ LWRERETHD Z &
R LTWA,

—J5. WsIlZWE L2 a-NelCKET U HNVERRLTIZEZ A, 20 XPS A7 MLVORIRID K& < BT
D ENBII ST, TORER, ZORIRZELIE Ne EKET D NVDORIGIZ LY | EHROKEID DA
LIzl LICERTZ2HDTHDLZ Enghote, LEDONNLVZ REB LY 7 A X2 —OFERIE, N2 id Ws 2
BETDHI LI otWﬁﬁﬂzéﬂéku\ﬁ_k%ﬁﬁfé’wz%bfu\éo

T DFE R A FERANC BT D 72012 W I35 L= Ne OREE%Z DFT #HEIC L » TR, ZOfE%E. Ws
LwaNNDNN#Aﬁ%iL%A\NN@%%%@%%@@1%mm”(ﬁﬁfﬁ%h%ﬂ@ﬂ%&2%o
cm ') CEMOMENHRELS B LTEY ., FHEMT o N TiEH L SN TWD Z &N Bz,

4. F L&D

FEWRICHFF LT Z T RAT T ) 7T AZ—ITRE LT a - NoOSEM L SN B TH D 2 & 2 B,

HEREEOME N HH LM Lz, 5%, ZOMEM LS Ne i~ A )V RREMHLTY 7 A X — 12 g L
ToARFBERIET D EHELMNIC L TONE 2,

5.  FER (R #WmxX
e f

—152—




Fe BEFEZ&T Pt/Fe(111) ATHTF® RBS 12 L 5%

WAk - BT ol RIEE - P R bR - @BF k@ B

1. iz

HIFRFEICHY T DEEDOPL L Fe DR HHERZIC &L B EEBE(LL],~PtFe & & MO /ERIR Fe/Pt
ZRBEOBIIZ L APtFeBEHEOMWMENREHBE SN TS, TR HDIFL A Y B, fee-[100]
B L7 B4 2R TH D, Zhicxt L, fee-[111]E M L= LBEIC SV Tk, 1980-90
FERICBIRRFECABRI LR ECHET AW ERBESNTVILOD, PERVERRL S
NTHRY, AFETIE, FeB2HRFEHAVIII/2RFREBICHYTIES L L, BERI11]
BlmPt/Fe ATHFRER L, &M E RLREZITRI L2 BN E Lis, AFEEZETT S
WHIz>TiE, BREPOFe DR FHEEDFHINEETH D, REHEFRDIC, BEFEMAYOM
JE %2 Kb RE FIREIE S CE =4 — Ll L TV 5 A3, RBSTEIZ & BFe® JF -5 B O IEME /0 SE % 1T
V., FEEHHEORERPHSE— AV FOFEMEIT -,

2. WFERZE

WARZFCENT, BREEEFC-LARFEBZAVTERLAZRBHZSWT, BiEA%4S R
MEFFERTIC IV T, RBS A7 M ORIEZRITie»7-, Fe B HEFRICHYTAMEL L, Pt
BOES% 1-8 RFFE Liz—iHOREHFe (IML) /Pt (nML) ] ,0/Au(111) ZERR LT=e Ny 7 7@ %
Aull11] —EEC MR L 32 Z LIC K Y IR B E G2 8 T3R8 2872, RBS A~ bk,
2MeV-He"' A A E—AE AWVEASHETRE Lz, F/-. BIRRELZZRNS 300°CE CORPET
EATHERLBE, REHERSE., BEEEUAN CELE L -REHZ W T H, RIEICRA LT,

3. WFEERE
RBS A7 b /H B3RO T=[Fe (IML) /Pt (nML) 1,0 ZRBIEF @ Pt B L ' Fe OEFEIL, IZITREHE
=B, BHF Pt OEPRHME Y /NEL, Fe DENBRIMBEL Y KX WETH -7, FRIC
BOWT, 2 TORB ORI TH Y Pt B3 8ML ORBID Te 13 350-420K & Lo 3,
7z, Fe [RF YUY DBERE—A 2 ML Pt BEEKFEMENA L, Pt BOBEORME & bick
RE—AVMIWKRTB,RBSIZ LD Fe DIRFHEELXZAVTRD 7 Fel FFY7-0 OBMKE—A
M. Pt DR S IZH LIZITERMILRELEZRLTWS, Pt SML D34S, 732 @ bee-Fe I2F Y4
52.2p BiZx L, Pt IML D34 3.2
pB&iofz, Pt IML OBAITIE, —-———
XRD/3Z — NI AT & 5 Bragg &° ol L
—JHRBARNI ENE, Ahly o el
RIRBIZERZ LR ENT, &
B. Pt BORBE) sML LL EoRE T

3,

G

Aubuffer

Yield
3
.

100
" Pt .7 »
" >4--. 1%
A S Fo
0
20

. 5K IZRW TR R R It s & f—

Atomic Area! density / cm” £

N & o ®
T T

Fe

PRI T 12 £ tdo ibo kK L ' ) o :j'
B, wl (Pt 2ML /Fe 1ML)*40 ; R
4 . -i (\: y) é:: : 20“030 NumitcrofPl.(l'll)la:ticep!a:e
Fe BEHRFRICMSTAI0T: ; T
L.PtREDOESZ 1-8RFFL Lic e PGPS /| S [P 5K
—# D Pt/Fe(111) ZRFPUZ DT, =1 T @ i\ e
RBS I X BRMAT&ATL, Fel i [ S0 h T g g
Wi DERE-A L ME Pt BEK L ] g M rmax S T
FHEE LIS 5 2 & Sk, i Lj T 300K
Bz Fe MO SELFEIC OV T LI o T400 - 1600 1800 2000 0 2 a4 6 8
FLTEY, ZOF/AITH RBS FEIZ Energy, E / keV cor e pg(n,:L) *
;l.'): SRR EAT> TV <HETH Fig.1 RBS spectra of [Fe(1ML)/Pt(nML)//Au(111) multilayers and

Pt layer thickness dependences of composition and magnetizations

—153—



TS R FHERAIC K D BRALEER RO T /3 A A DB

GIOW'E - MOBHMIFZCRRE AR IEAR BUER-SF IR S]

1. Itz

FefbAESh (ZnO) D pn #4112 L 53T 34 % (LED) 78, R THID TL 2 L—H —HEFE1E (PLD)
IZk o TEHENTE JIBHEE), FOXF—FT27 /) ao—0 1202 b—F—% B & U7 R INEEERE R &

%, (KIE(400°CHLE) THERE S 7= Zn0 1. b — P — IR T iR (1000 CREE) £ T RIF D L EHmn kv
WAL L, REERMER S HICm BT 5, HEAREORKEET & EHE T 2N O EIZ X o T Zn0 EEO &
WHERM 2R LS EEEEICN 2 R—795 20N T, 0voFHML< ZInO O p AL ZEHITH Z &
MTX D,

PEE L~V CTHIES N7z ZnO—LED Z2FEAT 5 7-9121% ZnO KR %2 PLD 7O A b2 HERE L
(MOCVD) ~ETHZENEETH D, A% TiZﬂHED%Z—kaT L — - —ELARN B &
CVD & 2 2B L, MOCVD IZ X % ZnO % & e+ 5 2 L lIc oW THRE LT,

2.  WFTRRE

MOCVD I b — — BSOS 217> C& 7=, PLD Tl 7 7 4 N—%& L CL—P— KA ENIZ

AL TWEZOIZX LT, MOCVD Tida U XA —v g URIEH SR L —F—3% (FULEERE 808nm) % 4
A VT MIEENIZEALL, 774 NN—ICXL 58 AZEHTE TR L EREMATE D58 1 H Y, 7
7 A NR—Z AN WSERFOBEBEN ERND E VWS TFLERH S, 72, CVD ADOFEEA A8 L —F —JD
BAB~MIET DO TREToT2, ZOX 9 72 L —WF—INEWEH 2 MOCVD #£& I2HUY £ T, ZnO
IO R 21T > 7=, BB AT H B EI CH D DEZn & O H A FEMUTIZY 7 7 A 7 Habi & iz,
FEBRE O R#ELIZIZa e MY T ARED 1 > Th HIREEFEZTLY AT,

3.  WFFEERA

AR TRTE Lz L—— B TId, BE28F T 1500C A B A5 L 9 R EiROMBANRETH -T2, F
7oy BEZTIZEB W TE 500°CH 5 1000°C~D2NNE « IEIN 30 BLNIZ TE 5 Z & biE L7z, MOCVD
DOEHE 7 at AFES F 10Torr) TH 1000°CLL Eohn#Eh e HAIRE DO EIMER « BH 1 Z2 452 LN TX T,
AMEEZANTE LI EREMTIN0 HEZ R SE2E 245 ARREET S Zn0 B LA LR o
oo LML D, L—H— NN X » TEENUEE 2 2UNEN - BEI L7235 O 7, FEIRE 2 IH S CEm
M7 ZnO BEARETHZENTE -, SOICERBEXZEEa L ECRELT S Z2I2L- T,
MOCVD-Zn O D @d e AR N F — I A R —27 T, 1IRT '71}:%}[@?4’ UHRBAICEEIND
ke ot, MRMHEEIL O EMIETH D Z &N bho T, (RIROD IR I Cofdmh 1 & [ b
FMHDRN, BIXOENLLD T+ 7 L) AR SN D X o @oto

4. F & ¥

MOCVD 7 & & 2 FIZ L —H — INEWEHE 4 B % L C ZnO #ERR IC DWW TR L7z, b—P— Iz K -
CHEMURE 2 8 1 25 & R T O mifilEZ2 52 ZnO A ET S 2 & 2 A L7, MOCVD—Zn0O
HIERR R 5 L—F =IO FNEEZ R~ Z LA TE, ZnO-LED (A} T MOCVD Tid kv 7' L~b
DI R Zn O IR Z IR SE D Z LR TET,

5.  FEE (&R WX
21 EUS MBS BRI CER194E 3 A 27 H)
[ — P —FHMZE MOCVD {£I12 X % ZnO RO /EHY |
BEARE, ARIEKR, Sy 7V v F~—, KA, #EHE

—154—




i

T FE ST IS S ORERTIEABE O KT — RO 72 B & B ABHR R

AEBRE - T BKIEE, BIZE, /INE R, B R E s

FAERS: - &b P%E—, TS M —&

1. Lol
DRSS bITRAT, BFHEA M L TIERO== £ 25

AP ABRBIREROH L, Fabb, BER THOBT a9
B A p () D3 e/ M pmin & 72 2 BEBES rmin R E 72134 @ 2.0 'Tﬁﬁ@ﬁ AT
AER) LERT DL SOOI, pmin/Z0 & 2@ B | o]
DN, loglpmin/Z3)=-0.529x10g[1.01+0.285x2(Z/n)rmin] © B ## ﬁ 15 ¢ gggg; o it CSOB”ﬁebBH_
PEBRIZAENL LTV D (Z ITEOIRFE S, n TEETK)., é1075**§@wﬂm%? %@m:
Oz L RFMOBGEONS LHBEFEENMS, A R | nacan. R " IXH, Lt
BT ST A S pul T LIRT (RFAAY) PREAT A X, PO il ey
AT rmin | £ S THEEND = EICHK LTS, Z2TA A | Mgy PR
BRI INET, fix ORBARIEE L a7 2n( b T oo Pty

= 260 280 300 320 340 360

ROKFAEZHONWT, F—REFRIC L D2EFOMOFEHE L&
B X AREHTEIE I L 5 MEM/Rietveld f#fT 2470, HERE -
B OALZAE S IC SN TR T X 72, F7-. AR AKELH ORE 1 $ERRAKRF LY OMRLEMEIEX
A A R OALFERE G ORFED S . 1SR T TEHMARAKF D OFRZ EMEFRIEX) 2B L T&E 7, Z O
LEMERERIZ LhuE, Mg(AlHy2 ° Ca(AlHy):z 72 8D [ZMMiDT 73— hKRFW] 13, BEXEEMEE /N
S IR LZERKF TH D L TR D,

AWFFETIE, ZRFETITEAEHLITEN TV Mg(AIHL2 (ZVEH LU, FEARZBEETDS) M E, J£5
—Hp— 2R (PCT) MIEIC L0 2O ZEN & KB AT ~72, F£72. Mg(AlHd): & LiAlHs DA 1E
2 K DML EVEA~ DB LT LT,

ZREFSFHOFEE TR ILF— (kd/mol)

2. FEBRFIE
Mg(AlHs)2i%, MgClo& NaAlHsZ Y= F Lo —F L THRITEL, A X BV ARSI L > TER LTz, £D

%, Vv AL—HEEEZ O CRUSRIARY T 5 NaClz o L, BEZEfiRic X 0 @i oMg(AlH,):
ZHIH L7, BB OREHZ W T, XRDEIER LT ~ o oM 24T WD [EE 24T > 72, LiAlHa & @
BEIZIZA =AY 7 EERAVTE, Mg(AlHy: & LiAIH4Z BV LTI TRE L, EERIR—L IV

(Fritsch P7. HZA#400 rpm) Z MW C, =iE., 1.0 MPa® &g KFE RS T, 20hD I U v 7 LF %
M L7, 2V T RHIBOREHZ DWW T, XRDIIEB LT ~ 3o a47 5 & & b, FE/AKEDEE (TDS)
HIE L W ZEWOFL 21T > 72, & 512, TiClsflBE DTN RISV T,

3. EBRER

XRD HIEFB LT~ ot L0 . IREIERY % & £ 72 O B O Mg(AlHY): DA R g8 L7z, TDS
HIEDOFER, Mg(AlH)2 1T 2 B COfR$ 25 Z L B30 o=, 1 B A OJSIE MgHs 28T 5 R B T
V. 2 BHORISIE, MgHe 238200 Al G@H~HT 255 TH D, £/, 1~bmol%® TiCls Z RN L
7= Mg(AlHa)2 Tlx, ZNENONRRENE LK T L7z, F8Z. 5mol%® TiCls Z ¥ L7= Mg(AlH): T
. BETI U 7RI REDKREE K L2, 1mol%® TiCls Z sl L7= Mg(AlHs): T, 333K TH
3.0mass%D/KFE &t Lz, PCT HIEIC LiuiX, Mg(AlHy2 D77 b —[EiX 10MPa L ETH D & FHIS
%o LML, TiCls ZWM L7723 EHI B W T H HKRFNIXIFE A SR SN hoTe, ZOZE XY,
Mg(AlH4)2 1% LiAlH4, NaAlHs, KAIH: O L 9 72D 7 7 % — MM, REETHDHZ LR aholz,

XRD #liE L . Mg(AlHy)2 & LiAlHs Z A =H/L 3 U 72k - T LiMg(AIH)s DAL ZfER L=,

—155—



382

1863
(a) LiMg(AlIH4)3

LiMg(AlHy)s

1836 414

(b) LiAlH,

Intensity [a.u.]

641

Intensity [a.u.]

409
(c) Mg(AlH4)2

Mg(AlH4),

1
400 800 1200 1600 2000 2400 2800 3200 373 473 573 673 773

Raman shift [cm™'] Temperature [K]
2 (a) LiMg(AlH,),, (b) LiAlH, 3 XX (c) Mg(ALH,), 3 (a) LiMg(AlH,),, (b) LiAlH, 3 LT (c) Mg (AlH,),
DT AT kL D FIRAREBHEA 7 L
LiMg(AlHy)s © 7 ~ V3 it OfER % X 2 12777, 3.0—— TR : 3.0
AIH OfffiiRE S LOEHIRBIO T ~ A7 FAny o4l @ Heatingrate |, o
BRI TS, 22T, bEVWhEESE— Fo 2 0 5K/min mé
I 124. —
b —27 1%, LiAlHs < LiMg(AlHo)s < Mg(AlH): DJEICZE S < T <
L7 gglﬁ L5 2%
LiMg(AIH);  TDS A~ pA&R 31T, “iie 2g ' {103 2
L0, LiMg(AIH)s 3 3 BXBSCOMRT % = & ibbhrotz, = = 05 055 ¢

<
(=]

1 B H O RS LiAlH. 3 5 VW id Mg(AlH)2 X 0 B 45K

WCH L. 20— 2 EEE. LiMgAlH)s < 100 .
Mg(AlH): < LiAlH: O I Zk L7z, fE->T. _ %o =
LiMg(AlHDs 3 A k> TREMN S HICEFLT 5 9f 5
WBLEEZBNS, £ 94t °19

TG-DTA-MS OREREAX 4107+, BREROM  © ool >
Hr&vu., 2BHBOKRINE, LiMgAlHs — MgH2+ LiH + Al 90 L
+312H, TH B = LRI S iz, £7-. 383K, 10MPa el | . ,
DEIKEE I FFHARICRBWTHEKZLRBR 2T o725, 1 323 373 423 473 523
BHEW2EEOXIGE & RIVHEITRO bR -T2, Temperature [K]

4 LiMg(AlH,), @ (a) Mass A7 MBI

4 . FERTHC (b) TG-DTA 7’1 7 7 A )L
B SCHEFR

1. K.Komiya, N.Morisaku, K.Ikeda, S.Orimo, H.Yukawa, M.Morinaga, Synthesis and Dehydrogenation
of LiMg(AlH4)s for Hydrogen Storage, J. Alloys Compd., (in press)

2. K.Komiya, N.Morisaku, Y.Shinzato, K.Ikeda, S.Orimo, Y.Ohki, K.Tatsumi, H.Yukawa, M.Morinaga,
Synthesis and Dehydrogenation of M(AIH4): (M=Mg, Ca), J. Alloys Compd., (in press)

3. K.Ikeda, S.Kato; Y.Shinzato; N.Okuda, Y.Nakamori, A.KItano, H.Yukawa, M.Morinaga, S.Orimo,
Thermodynamical stability and electronic structure of a perovskite-type hydride, NaMgHs, J. Alloys
Compd., (in press).

4. K.Komiya, N.Morisaku, R.Rong, Y.Takahashi, Y.Shinzato, H.Yukawa, M.Morinaga, Synthesis and
decomposition of perovskite-type hydrides, MMgH3(M=Na,K,Rb), J. Alloys Compd., (in press)

REFERE 3

1. ANy LT Z7%— b CalAlHy): OARRE BAKF(LG, SFEBEA, /NE i, #7550, KAWL, 38
FOAT, thi—&, PsiE—, B 72, HKIEE: AASESES, 94 17-19 B, FHEKE, (2006).

2. ¥RV LT 7% — b Mg(AlHy): OG-k & ZENE, /N, SFEEA, s, mE—& %
H—, Bl Z, BKIEZ: BRSBTS, 91 1719 H, HiKKYE, (2006).

3. AN U LT T x— |k CalAlHy): OHRLEBKFSIE (2) | SEAEEN, /NE R, 2257, MiH—&,
Pt —, Bl 7%, FKIEEZ: BA®EYS, 3 H 27-29 H, TIE TR, (2007).

—156—




RENTICBT D 7 a—AA VAT —Bikdh 3 i OIS G 2L O iR EIpHE
WEA - T ARRM, BALK - &F koo, Tis—ik

1. IZL®HIZ

B R D oy FAEE IR IS A ST S L E T H BN, X N BTSRRI E SN E T h
D, FIRY R B ORERBITWE ISR TSR TSI Tl Wb, —F, Jva—AA VAT —8 (LT
Gl) 1IEEN FCHEISHMENEDR X X7 ETHY . Z O EEEOMIAIL, Kby 78
) Y (AN VAR TS (I

Fox 13 H17 EEOLFRMFEORIE & LT, LIRS B3 Lz L — Y — 3 sy TS AT A
(LCM-DIM) & ZOHEEH e 2 lA5hE T, BED TIZET 5 hbkinEE i O RS O B
BERBEICHRTIIUO TR LT, £72. AT v 7O/ « %IBOZ OEBIEIC L0 | IR 2R 120
OEREEICELENTE L, BT, AT v 7 AiEHE, “IRTEEARBAE IR, INEIC X 0 EERIC
L 7z,

T ZTTAEEIL, BE, BEEBIOENEZNZ TEL OREEITV, EME LT 2L X — « I LIS %
RDT, ZFa—2A Y AT —PhEEORERLICE T D IEHALERE 2 I ST 2 HA I E Lz,

2. ffFgeiEE

MEAERE 1L, &ERTFBAZT T Ay 7 2 (BR) & & bIcHFBEF L., EIcF0 TRIEE 2HWTHE
BeaiATo7=, LU G, BB BN — 2 Lo T-, Lo T, @ENTORREH#ZED
7o DI, R B 728 - A AOFERE A B Liz%. (1) ORGE 8 B ORI FE % JIE O
BIEICEZD A, MEHOBKETY A LS (D2 TREDEEENOEENTZY L THET2ENRE
V). (2) BEEAHNEZ ORI Tl LOOWERT EEBICHR VAT 5 Lo SR 0 #L
VMEENMETH Y . RIT2FHEN LN o7, £ 2T, REEFEIXLDORE DIE, WIRAVE 2 K OEIE
BEEARRICT DL ) —DORFERE WA STV EBA L, BESHOEREZIT- T2,

EIANESEIF, b O ODNFEELE LR OEMRANEZ#H L&V EICER L, &E
KT TR Mo EES FRUGO 7280 REHEM AP (B 1.6mm, EE 8mm) &V )H 2 &
WX, () BIRANEZRFICNESOEF 2B LR DIT O FRTE o720 . Q) IBRD N R
VORI, REERNICAE S ICKIANBAT 2O N T, EMREREKROZHNNETH 12, Z O
FL LT, ZLOHEIBIZE Db LT — 2 BN RIEfMEIZ 227,

F7o, PBMERIEEm IS L QW e ibih 2 E (AR 2 RRIZ) 95 I K- TE L 2B O M
R SEERFIZEED, 2B ORERERICIHEVIES 2 FHTT —FNELiz, S 612, EEDO A Z 7 —
& B URTERRERDOE AN —Z L LTHW, RIEHREO 7 1 Y — 82, [JEIRNBE Z > TV 5K
N RBHZE IR AT B T TRE OIIRD > — VORI B LT LIV, LIV EllTtx
72722720 LWV MEOEWT, EMRT — 2 205 T2 FERREEL 72572,

2T, U EoRMEERERT XNV X ER T,

3. WFFTAR R

WNEEL L LT Y7 7 A YEOFLNI/SRZAY — Ly N DY T 25 % BEE S5 H CEE L

HbOEER L, 2L, LTFOBYIRE NN R > 7 ORISR LT,

() 774 VYEEOFBOE RO/, 2O B CRIGIRA DA HEZ R L2 HIERO AN %
EITOENTE DL LT olz, THICK VIR Z RS INOIEMIZITAD X 92T,

2) # T EREIINEE LI ASTWDO T, [ERNAELCTHY 7 7 A4 v L O-ring ORI G
WP RIT DENRL . FHICE DRI Z D SENATREL Ie o T2,

4. £ & ®
WD N BY o ZIZRERA RO Y | RIEIZHEBREHRI S BT L E > 7228, REBICER LIZHEL
TAFRICLY, TOMEREZ VT 5HENRTET,

5. %F& (R FmsC

1) $aARRM, T, AR, KIEBE, PIB—g, HERPIL, F8F XU U EMEBREDOAT v
TATER N LA T IESINR, B T OLEBFIF. S 2 ORI p. 63-70,2006. (53 HHE5E)

2) SRR, VelfTe, ARG, KIEBE, PO ERBEIL, TESEIINC X 2 BERE ORS R O
He 05 & 745 Vol. 47, No. 6, p. 320-327, 2006. (fEqi)

3) AR M, R, MARDE, KIEBE. PR, ARBIL. &ED TFICE T 2EAEMSE IO
DIART v T OEOGREE, FEDOFFEFE Vol. 17, No. 1, p. 50-56, 2007. (f#qn)

—157—




3 VN BEDIF R AR DA

ALK - &fF iR oo, BERSR BEETR

LT
& X7 B O ERE U 2 BR S 5 B C, MEFERISHEEN ED LS I LTy T AZ—%F
B UASERIC R D Dy, O A ILEIFE LTz, ML PROSHRIEZ 2 v nsfiimbicBg L Tnsg 2
ERHIAL TV, ISR T S hH NI TN —F P h ARSI LY ZBEREIEER TS & THEEN
Too BT Z 2 E TOMEZHER L TV S, TN ERERT AR EM R EBREENE LN TV T2,
i el

FOSH RN 7 T A X2 — (b3 DN E
A RETH D EENT RANAL R &2 H 2

SDS-PAGE ERIKBIEBRA 4T - 7=, HATHE 0 LM et Wlthwﬁ\{?cl
LA~ —DBHACFESORIC K 0 kT 5 mw mﬁ*mmmw
ZEEAHL, MR OB A DT,
F77, UV TF—ANPSNDE TGRSR LD
LB LRI L D ED T,
DS

Figure 112 SDS-PAGE TB&IKE)F26k D
H4 %, Lanel-41% NaCl Z#&#r ) v F—
LIRS A2 0, 15, 30, 60 4y T-7= .
Ho,Lane 5= b — LV ERELTY Y e O 5 & e
F—b XA ~—, Lane6-9 IX NaCl # & £ 72

. ~ (kDa)

0 15 30 60 - 0 15 30 60

WU Y T — AEIRIC RS % [F S CT1T -
72t @, LanelQ i FE~—HTH D,
NaCl #&te ) V' F— AWK E 21T 9
LUV F—LFE)~v—D2EDSFEDA
BEIZAR Yy DBl E 7z, SDS-PAGE £ T
RHSID X T BIIKBREGS T 7
TNT — )L A T]D L 5 7255 EAEH Tk
G LI T2 =3 L, AR AIED S
%Lﬁ%ﬁﬁé%ﬁm\ L, MEFRIGIZ
KX HFRFEEELS A ~—0 LK L2 &R
BHOMNE 7o Tz,
F L0
ZOEBRRE S LI A B 5
L7-(Scheme 1). —#%HIZEEIE L O 4 B e
EIX 1O FITHIO ST 23 E2E L %m
DR S, FnZ8IK, WEA -
%ﬁ%@#4fﬁk%<ﬁb,ﬁﬁ&ﬁ4f
EHATCEEENERINDIEBRTHD. =
D& D RO TRYOEEARTH 5 n=2

Figure 1. Photograph of gel. Lanes 1—4 : lysozyme solution contains NaCl
(0.1 M), lane 5 : lysozyme dimer, lanes 6—9 : lysozyme solution without NaCl,
lane 10 : molecular weight marker. These sample solutions were irradiated by UV

light for 0. 15, 30 and 60 min. Irradiation times are indicated below lane numbers.
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Scheme 1. Light-induced nucleation mechanism of protein. Photochemical
product, protein dimer, behaves as smallest cluster. The photochemical dimer is

stable and the nucleation is accelerated.
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. T. Okutsu, K. Sugiyama, K. Furuta, I. Watanabe, H. Mori, K. Obi, K. Horota, H. Horiuchi, G. Sazaki, S. Veesler
and H. Hiratsuka, J. Photochem. Photobiol. A: Chemistry, in press.

. Kenji Furuta, Tetsuo Okutsu, Gen Sazaki, Izumi Yoshizaki, Hiroaki Horiuchi, Tetsuya Shimizu, Masaki
Yamamoto, Yoshihito Tanaka, and Hiroshi Hiratsuka, Chem. Lett., in press.
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in-situ composites., Solid State Phenomena, 127, (2007), pp.215-220
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MHERED ERE/DBEH, 7 OT — 2 T4 o7,

3. HFFEEE

X 112, BL3A/PF-KEK T& o7z ELHA A —T %77, (@213100)H, (b)AA10)HE 23, K X BREdr,
XAFS OMEFRERNBIL, BATTEEREEDNRE STV, FlrE Te F1-13F OREE TIEET 5 X (@ DORHR O
O TR LUIENMEIZIT AR o 72 > TO) THIRICA LGNS X H12.Ge D E DV I KL T Te NEET S,
BrizlekbibiiEz RH L7z, T72bb, o EAEEMEE O\HFEE) & 7L 7 7 A0 MHEFEEOM O, o
WAHEE & b E 2 2 M AREED, = R L X—RICIEF T WHEL E 2/ & U TR TICHEl ST D, & vy 9 Bk
DHDLFERBGELI, T 7 LT - 7V o TETNEBRS T Bbhs, ZORE5RIE., Applied Physics Letter
SECHIERIRIF CTH 5,
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212, BL37XU/SPring-8 CHOLNTZH 1A A—T %, (a) (110)HE. B XL O0D) (002)iH TrRT, KTHLNRED
W2, WEEES & DR A A=V %, @O TR LEZODMEIZCRE L, ZORFA A=, Te HHI2LD
Lol Bbi, DENC XAFS IC X 2HERK RN FRIS T X 512, AtEfEE (hO)o+ONE) 25 HLJFmic

(HB)TRDDODAE) ICKELFEATND, ZDA A= D PAEIZRENTRE B W TIREEIC ., FEAERR U7 i
JEEE ERRSE TR, I e v ERTFRE TN A — T VBREITS T,
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4 . E >

GezSboTes I HE D Ge Ka XFH OJIEZITV, XAFS, Bk X#EHTOFERNSITTMTE 0272 Ge DF
P YIRS T Te NELET D, FioofbmiEz W Lz, $72bb, fmoEBEALSERE OVnik#EE) &7
TNT 7 AOMEREE OO, PEOESEE LS 22 MEAREES, =R X —MICIEFITTWELE 2 E LT
I SN TS, EVWHIBIBROBH 2 FERN GO, -, SHITHEOLWERZBRL, B3 —X f#
DG B DH = A EhERR SPring-8 Z HW-HIER R L V. Lo MNEEFEE & 13O A A —Y &R LT,
ZOFEAA A=V, Te REI2 LD b0 L Bbiv, LENIHE X#REPT, XAFS 12 L5 HEN S THl ST At
ENPLEDDTEALLEYA MIME LTS, ZNHOMER LY DVD MEO L —H —iF ik il — SR D A =
L% Ge JRTDEDLY TIHZAZILENTET, 5% IBIZ, Te HAWE Sh O EDLVICHOWTREERTFIEEZHE L
D, IRBEDO A= X ANERTIICH LI Lz,

5. RE (&) X

“Existence of tetrahedral site symmetry about Ge atoms in a single-crystal film of Ge2SbseTes found by X-ray
fluorescence holography” , S. Hosokawa, T. Ozaki, K. Hayashi, N. Happo, M. Fujiwara, K. Horii, P. Fons, A. V.
Kolobov, and J. Tominaga, Appl. Phys. Lett. (2007), in press.

“X-ray fluorescence holographic study on a single-crystal thin film of a rewritable optical media”, S. Hosokawa,
K. Hayashi, N. Happo, K. Horii, T. Ozaki, P. Fons, A. V. Kolobov, and J. Tominaga, AIP Conf. Proc. 879 (2007) 1309
—1312.

“Three-dimensional structural image of ZnosMnosTe diluted magnetic semiconductor obtained by X-ray
fluorescence holography”, S. Hosokawa, N. Happo, and K. Hayashi, J. Magn. Magn. Mater. 310 (2007) 2707 —2709.
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BHHE RN T VAR D ERE A IEANDRA

dekEseds K. CREST-JST BRI AESEdih, HIEE AL ke K
ALK - 4. CREST-JST BT TR

1. T CHIZ

HHEN 7 DR ZE, 20X X AFERESICBOTUERARZESFT N, ATHD, LML, TDT /31
AVERBI. SMEEIR Thd DM & BIE (v L) H OBMIERFUC R E S IR SN TV DL ORBRTH 5,
ARFZE T, p BUCHABEFENENTWD n A FET 125 B L, n B FET O h T b 723 ZHEMER
BWHDODO—>TH 2D CeoFET ZHWT, LT 2HEAZHK & LTI ZHERE L 7=,

1) T3 AT DEMIRPLO R Z 60T 5,

2) T ZEHE UTHIRE SN D @R E IR A B 2 B3 2,

2.  WHERGE

CeoFET 1. Rz 7 h, Ny 24— o FET #/EfL L7-, F ¥ > F/LEIE 100-400um, F v >
FOVENL 5-20um & U7z, B EHT, Au, Pt. ITO (In203+Sn02(10wt%)) Z M7z, HIEX, BEZE 7 0
— R LR ERE A E A T, |, BZE F T T,

3. WrFEECR
K12, 8BARDT A 2 A ZOFHEDN BIFT-CooFETDF ¥ 1L S L () W () = 57100
TR & BRI R D &7 — N FEIE VestKAFE A R T, Ren & RRIFREE 4.0
THY, PO VesOEIIC LY MIEBWD LTODHRIDND, 2O a9l Roo
EMD, nHAEBFET T 5 CeoFETIZEB W T, HEAHLGLA T N1 2
FPEICRERFGZ LTV DL I EBALNTRoTz, ZOZEIE A %
WFETIZ, W%y ) 7ERAG TR, REo ) 7@s s 10 Reted g

= 20

A AFIENC B2 EEZ L TWDHZ EERLTND, 0

X 212, B EIO 72 % CooFETO )Rt A2 7R3, @AW O >0 () L (um)/W (um)
TWDHAUEMIZIE, ITO, PtEMEZ AW =FETORM M E LT 4.0 = 5/100
LHENDND, ITOIFAMELZ EIZBWTAHR—/VEAEMRE L THW 230 . +10/200
BTV S A, IFIFEICH - TIHALL b bIFME NS < 2D, S, w) | e

EEAEME L THRATE S, AEBRERIL, Z0BRLFEYE

I, ITONCeolZ%f L T L WEFIEAEBWAME THhEIEAZ R LTV D,

F7-. PtIZAu X VAEEREEA KX VWY, 2 E COHRE L EEE, (13 %

BN L PRI SNDRERL Y L EWT NS 2 A2 R L2, 20K

L CIHERE COBMBER RN AEFHEERES LT e K1, CeoFET O Bnl R ® Vos
TR END, e

1.0

60

O——————————

(c) Au

4. E )

REH A FET T % CeoFET OF /S ZERED | F /514 2
A X, BEO, BEMEMEFMEZH T, TR, LT v x
VR EOBEMIEPL S 7S — NELETER I, T3 AR &

Vo=80 V]

70v]
6ov]
S0V

20 40 60 80 100
Vos (V)

HERdZtaPAbc L], e, —RICA—AEAEmE NS « ®)1T0 L] @R s
TV BITO, &&ET;ﬂbfiL%mm%nfwéAfﬂﬁ;@E 33 wel o o
af’%/ﬂi]\'ﬂa’#ﬁ*j*’}'f&)é%%% %z) l_/fu.o ;O)"Id:%ﬁ)g ITOEE”#]} cjz :z:’/ :TZ 621/
iﬁ%%%vﬂ4x CBWTES, ARG OB B E LT e
FRTHLHERLILL 2. Bt % EHIENTO CoFET

D .
5.  FEEX (BR) X IR

[1] “Intrinsic transport and contact resistance effect in Ceo field-effect transistors”, Y. Matsuoka K.
Uno, N. Takahashi, A. Maeda, N. Inami, E. Shikoh, Y. Yamamoto, H. Hori, and A. Fujiwara, Appl.
Phys. Lett. 89 (2006) 173510-1 - 173510-3. [Field Number : 15]

[2] “Output properties of Ceo field-effect transistors with different source/drain electrodes”, N.
Takahashi, A. Maeda, K. Uno, E. Shikoh, Y. Yamamoto, H. Hori, Y. Kubozono, and A. Fujiwara,
Appl. Phys. Lett. 90 (2007) 083503-1 - 083503-3. [Field Number : 15]
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L Ry 7 2GR R SR A 2 W T EE R IR - T R 2 DB

ALK & MF MIE RS FERF T

1. Itz

ABFZETIE, (1) VL Ry Z X (BR{ERONETE) % LIEE 724 L b ) U RIE SR Z -V C, B+ T
RO TAREZ S 0 E L, R —MERNLTFEML & 7 27 & 77 2 —PERL T 5L D B0 72 4y T RIFH AR IS
X0, BOBREROESENRN ROIERY R L, Ny FMpEIZESXx, BT - FAOEEBEIZERT 5,
Fo, (2) A KR—7F TFT{HMREZ TN 5 2 & TERK U 72 i gl OfE ) — M2 FEm L, [VEEEAEE- B
TR A RARICH S NCT 5, BARRRRE L LCid, Ko —Momy (RO &) A %
B0, HIEARESM GERD T, ZGEE, MRRE, ZEHEE, v U702, BEES) o
B EITY9, FRL0EWBEIELZERT S 2 L2 BT, IO BRSSO Lo bR BN
(HOMO-LUMO #EAL, X v v ) Db 2745 LT, N Bl B 72 g5 RSy - AR ALAEH O #5812
DL TN AGED M a2 A, FHERS 7 FET MBI Z T2 2 ¢ 2 B E LT,

2.  WFTRRE

WEAERE O JLFRIHIC L 0 . M7 (SQ), 85 (M = Ni, Pd, Pt) ZEZEREMKA & bW THIELT 5 2 LIckTh L=,
XARETEBRIZ LY, — il R CH D Z ERHS N oz, BIZZNSOMEN R p BERFE N
VURZE LTHENT S 2 L& R L, RIS CRBMIAD T LU RA X EHE LT, £ 2T 1 84
FE ORI A RIZB O TIE, EEEK 2 AT 58, M (Cat) (bpy-R) M = Pt, Pd; Cat = #7 a7 —
N, bpy-REE RS 2,27 - B U UAFHEN) BRI BRI & R U7k S mtiiis 2 L 5 R ERE OB % &
kT YA ZBEDRBNE S & T2 T LT,

3. WFZEERE

M (Cat) (bpy—R) 1L 2 0 0 °CLALF DIRE ThHESLA B ESTVERIA A~ & BliE§ 5, ABFZE TIZZE OB OREIZ L 0 85
RS Y 2 B BICERE 835 2 L2 XRDAEFEIC LY R L7z, Zhic kv BEFEEICEI O
VN TFABEE O FTREME DS RIE X 17—, I Z OFLEMED bpyR EICE FNAEHOE SITEET A Z L 2 A
LECEHIEORBE 2 m ESW, ZoOXIIERLZEBEOFTY Pt''(Cat) (C17bpy) IZBWTIEAR b A KL
Ay a7 TS RAZBWTHREESD p M N VR FENERT A EERH L, ZOX%x U T
BEHEEIX 10° cn’/Vs Th o7z, LLEDOREEIL, M (Cat) (bpy—R) B8 FET REZ A+ 5 HZ R~ HI 6O M D IR
FERTHY, ZNFICFHERA DGR LT OBELKRICRH L THERIRE N T oA X & LTERT S Z LK
WICHIFRFCE 5, FRICAR Y A I FELABEZFIA U7 @A IC L - Cik, FREE, B =L X — CHS DS
WHEHRZ AT A2 22 RABLTEY, S%osefilnmf#EcmiTEZ2 omiess bz, &%
MY (Cat) (bpy—R) B¥&ED bpy HMINE LT 787X —L LTI 2 M T VA R—F DFBLH RKWIZH
#maInos,

4. F L& 9

Z DX DT T, EEEOMIERIEE FICRE IR, U Ky 7 A GRS A2 AR ICEZE
REIZIOROAEEBERIEIZ X D N7 P A2 OIEFERZATV REHAZ AT 2 Pt'' (Cat) (C17bpy) IZFBWT p
KTV ARRREYOD TRHATIZWED | S%OFEMAPIFESNDH LWE., tE, 731 AMEREZ
ATz ENTE,

5. FEER (BWR) w3

“Melting-assisted Self-organizing Property of Redox-active Catecholato Complex and Its Field Effect Transistor
Ability” Ho-Chol Chang, Taishi Takenobu, Tomoki Shiozaki, Keisuke Kishida, Shin-ichiro Noro, Susumu Kitagawa,
Yoshihiro Iwasa, in preparation.
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7 VA VRN & S T S R SRR 2 WO o m BB FET 7734 2 O

bRk - EFHE B BB SRAEKR - @AF MTE KE A B2

1. XU Iz

FHEERL k5 > 2 & (organic thin-film transistor (OTFT)) I3, H H
U arERLET HEEERE N2 LB FO T Y N N R
25 THAFICERTE RV (0 T OZHNE - Hibkio J@: N \:©/
TZLFIEYT 44— DUPARER T rE X - KA - RIR S/ N\
FutAu—azxh) 2ETLEOKITL Y hu=r 2% R ” H
FELTHEEBINTWD, Fro, mBERIEOCE S N T DA F A~
DISHZ B LT2T v 3 A =7 —OTFT DBRFE DS ITHHE RIS R=H (1), Me (2)

T TE7e, LU, pM - n ML EBEE L RTH— 1. ARV -4 B A LA
537 3 R—F —OTFT MEHIR O TWD, £ 2 TERT
T A R— T —EFURE & m R R R ORREHER 215 D 72 DI, BTSSR EL O R TR 22 BRI AL
DB A R T D,

ZOEIREENL AFRETIEINE THEFNIZTEALEBNT AL TA I )RV EIF ) 32— ML
N SEEAL LT @R (X 1) &2 v B O kiR e i e I Rk T 2R R v » 77 (~0.8 eV)
ZFIH L1727 > 734 FR—ZF —Metal-Organic TFT(MOTFT) DI 21T 7=,

2.  HWFFEERAE

T 1ZBEIC 1 2V CEAR— BB (~102em®Vs) %77 p
B MOTFT OREFEIZRRKEI LT\ (Br . iR, TTIE, A, 20
ftt. J. Am. Chem. Soc., 2005, 127,10012-10013), L2>L723 5, 4
VI L W T oA R—F —TFT Bt 2 B 5 2 & N T& ]
mipole, TORKE LT, (1) Y—=RA« RLoA BRI 10° |
7o Au OfEFRE (5.1 eV) EEEARD LUMO Ny RO I A~ v T i
VL DETF Y TIHEABEREOH R, (2) MR — A R
H (SiO/&EEER) (2B 5v 7 7 —n4 (Si-OH) [k 2ET ]
FY VT DT vELVT, BEXOLND, I T, AERMET "
1, (1) T3 2HEEDFGEILIC K D8R 1 OT XA IR—F — i
TFT FPEFEEL, (2) FBEREEMR 2 OIIRAL K O TFT £eMEORTA, . Y )
& BN 21T - 7=, ) . I

- TA

Fexid, BFXv U THEABERELZHD IE 57202 Cad)w (fE 100 50 0 -50 -100
FRE 287 eV) Y — R - FLA VEMIIAWE, 72, 7 V1V

S NEET ) —Ie R ) < RIS T S R =T —REDREBL g0 48K 1 OF S A R ORI
WCHEZITHD E WD Z EIZER L (Nature, 2005, 434, 194-199) |

NUYAFNALZ T Y L— FR Y~ —(PMMA) Z#E#E IV 2, Si05(400nm)/n-Si AR 212 PMMA @ hbx
WA A a— L, JEEH 10nm O A 7ERL L7z, IRIZ, 85K 1 KON 2 OZE5M A PMMA #afgiE
WCAERL L GEBGEEE 293K) . = D& 2 AFM K OV XRD JHIEN SRl L7, AFM n b, 7 LA P4 XK
100nm & FAES Hiv7z, XRD JIED S, 5K 1, 2 1ZFER OB I3 LT 1 #hfdm U7z SRS 2 Rk L
TNDZ LRSI NIz, fRIC Ca B ASERMEE LIC/ER L, by 7 arx 7 MUF A 2 2ERR LTz,
72% Ca BROVER MK OEREFEOFHIL, T X THRALKEH - EEREFTHO S v —T R v 7 ANTIT
ST, TOFER, $5A1 K2 DF A AFBF A=V D T /31 R—F —TFT #: %R L72(K 2),
BEhE K OB EE DI,y =4.3%107° cm?/Vs, Vg = -1V, g, = 1.6x102 cm*/Vs, Vi =41 V (1)L O, = 1.7x107
em?/Vs, Vi, =20V, 1= 1.3x10° cm?/Vs, V=58 V (2) T o 72, B8R 2 W= T A 2 & LTiliF ¥
U T RBENEIZIER ICEVVMEZ R U AREERN T VN, R—TF —TFT 7 /3 AD8 K8 LTERTH D
ZEMHABMNE RS T,

3. ¥ & ®

ARFFETIX, T3 AEEOREIEEZITY 2 & T, WAV REX vy v 7 (~08eV) ZHTHT VWA
2R IX ) R MENLADNENL L7 EEE R 1 LN 2 OSBRI A, T S IR— T —TFT #E %
AT EERH LU, %1%, BFWEIMERZENFIEAL, 70 T A THE L~V EERSTHZLICK
% (1) RREEWM ERY (2) &EMERWTET o8 R—F —TFT OE, 2 RL5TETH 5,
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SETHBARRIL Y~ T v R B FIRER OSBRI & il

HAEK « @WF )1 HE =]
BOR - L OB RS

1. X C®IZ

L—HP— e Z X o— (L—W—MBE) RBEHIFORREICKL Y . B 5miAHESR SRR Y &R+
VoL TCHIBIL 72235 A BTEICHEAERD 2 & T, ARITIIFEE Lo WEBEE 2 ER U, Biic etk 2%
P& 2R AT TS, FHBEOIEWE TR LA EWITHIR L 5 ~7 o JLm T, Fx 3184
THLTWRNE ) R LWEREETFHENRE L T D RN BV, AMFETIE, 2 MU T L—
W —MBE £ % BRfif U CoitH R b etk + - A%D%A%N?vwéﬁb\ﬁﬁ%«?mﬁﬁfébé%ﬁ%
THREEZ DY (in—sity) TOREHGHBEEITS 2 LICL Y @EFHMIT 5, Z4AUTE v, FEmits
RTAT R REEE A RET A LA EHME LIS EIT o T2,

2. W FERRIR

N%ﬁf%%éhkﬂyffFUTWV%ﬁ%Mmi& &R RRECE T E A AR b T A
[N MKJF@TVVJV~&—H—A?4VKm KB ERHW e Y T LEREOE
h“* i 21T > 72, ZAUTE D . —HDHAR B ﬁ& ﬁf%@ﬁm CE SR A ERL L R

e E B CREAR B R %% DWW CGRERIZRAFIE A FIBEIC i o 72, F 72, BB AV 7o s EERUR

i, mwmw 5 XRD oA AR RS BAMEE 2 O CORERMECT / HEE D FEEMBIEZ21TH Z LIT LD,
il & BB IRRE O FHBE & SRR 2D Ed I BT AT RE & 72 o 72,

3. HFEEE

WEIHHE MBS L THIFRF SN TV A SER A B U RIBEREEIEIR T 5 LagsSroMnO; (LSMO) & #fifzx /3 U
T —#EHTH D SITiO; (STO) & DA~T v I E FIRBEZ T2 72T, £ D in-situ = 0 fFREE 170 21T -
Too TORER, Ti OMEBIZFE TS 4 lizfroTNDZ EERH L, £72. LSMO I X ONBEMRELEART
7% SrRuO; (SRO) & YK Nb F—7 STO (Nb:STO) & DEEAIZRBIT DN REA T 7T Lk TRk
E L., ZOREE, SRO/ND:STO TIFHAR R 3 v MF—FEEENR S D Z &, LSMO/Nb:STO Tl 4
AR—=IANERINDZ 2 RE LT,

4. ¥ £ ¥

ar S hY TV —F—MBE & @ESFRENE ot E A & EZE T CHfs Lo @ RE 2R L,
He D Fob FATHERK - RS 2 mif a9 I (b S5k (2 e MU 7OLvalEl) o 5Lk &Ik B8 Mapping 73 7]
RERoTc, ZHUTEY ., BEWOMERDEIRIE, BEXONTrREDN REAT 7T LD E s E R
flAFIHEIC 72> T,

5. R (B WX

1. The band structure and Fermi surface of Laj¢Sro4MnQO; thin films studied by in-situ angle-resolved photoemission
spectroscopy; A. Chikamatsu, H. Wadati, H. Kumigashira, M. Oshima, A. Fujimori, N. Hamada, T. Ohnishi, M
Lippmaa, K. Ono, M. Kawasaki, and H. Koinuma, Phys. Rev. B 73, 195105[1-7] (2006).

2. Photoemission from buried interfaces in SrTiO;/LaTiO; superlattices; M. Takizawa, H. Wadati, K. Tanaka, M.
Hashimoto, T. Yoshida, A. Fujimori, H. Kumigashira, M. Oshima, K. Shibuya, T. Ohnishi, M. Lippmaa, M.
Kawasaki, H. Koinuma, S. Okamoto, and A. J. Millis, Phys. Rev. Lett. 97, 057601[1-4] (2006).

3. Robust Ti*" states in SrTiOs layers of Lag¢Sro4MnO;/SrTiO3/Lag¢Sro4MnO; junctions; H. Kumigashira, A.
Chikamatsu, R. Hashimoto, M. Oshima, T. Ohnishi, M. Lippmaa, H. Wadati, A. Fujimori, K. Ono, M. Kawasaki,
and H. Koinuma, Appl. Phys. Lett. 88, 192504[1-3] (20006).

4. Observation of step-induced magnetic domain formation in La; ,Sr,MnOs; thin films by photoelectron emission
microscopy; T. Taniuchi, H. Kumigashira, M. Oshima, T. Wakita, T. Yokoya, M. Kubota, K. Ono, H. Akinaga, M.
Lippmaa, M. Kawasaki, and H. Koinuma, Appl. Phys. Lett. 89, 112505[1-3] (2006).

5. Band diagrams of spin tunneling junctions Lag¢Sro4sMnO; / Nb:SrTiO; and SrRuO; / Nb:SrTiO; determined by
in-situ photoemission spectroscopy; M. Minohara, I. Ohkubo, H. Kumigashira, and M. Oshima, App!. Phys. Lett.
90, 132123 (2007).
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Si—Si 7Y A AR OE FARERE

ALK - af (LB RAIPS
K- EEEAAEE 2 — I M
R - L MBI KR AC

1. XL ®IZ

M- EAEZS B L TR TV A4 XA Z/ERT D break junction KT, &E O3 A1
ABEROBENRAERE L LTHEH I TWDE N, KIESI VY F Lo3—% Si Rl - ik <&
TSIV A REREEIHIENITONLTEY, FIRTH Si O nm WO RV 4 XN E
ENAHZ ENPRESNT WS, RKIFERIT SIFEH-SIEGFEEMEICER SR T A4 XERD
a2 AREEITY, TOERAEIEGELZEL TSI #EAOBREREORIAZR AT,

2.  WFgERRE

SifEHiIE F—7p M Sivy FEEML, it EL ozt L%k, BeaE%E
P CEFE—2MBAIC XV EELEITT o772, SIAIDERBHEn M - pMELLLMHEHL, BEEZESH
TMAL CHEHEEZHG TS, HHEOBMREGEENEITER - BREZLEH TiTo 7.

3. MRk

Si-Si#EADOMEIXSIEmMOAM L NS T RBJEIKAEL, SIREA n B TEIITIEASAAL T A%
2T EITRERMBOPBHE SN, tMOFHFTEHEALRR VBRI T2 7 —ANE< A
ST, EROSRMEITHRHE —RAE O pn S ICH AN T AEMATZIREICHY L, ERIZ X D
TR RN ENTZOICHEANBET IO TIEARAVNEHBI SN D, pMERHOEAIC S HE AN M
REEAGLHY, ZOLEZER1OEICa I 2 AT ~105CGoETETT S (Gold=z o ¥
I B ADEFACENA). ZORWEE TEEAEZBT T 572012, Si-Si #AOMYY, §2bb Si
BHOEMELIIXNT2a X7 2 0 A0EER_TEHER K 2T Loicary 720 X(0
) OxER 1og(G/Go)lE Lokt LT 2 BN RIKGFEEEZRT ZERPALNTR -T2, 2D XD
a7 B A0 LIKFHRIEREREZ R T RICHEWICENL DI ZENMONTWND Z LMD,
B — B IC R S v D Si-Si #E AT A BHA] (disordered) s &> TRV, ZOEFIREN
JIELTWAEOICESGEERMET LWL Z RN ESIND.

3 -2
s Si-Si contact
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1 Si-SifgrEESRDa ¥ 2 255k, 2 ALK Y B ADBELIEREHE AT
4. FLO

SIS —SIiEHMIZER INDIR TV A AR Oa X7 2 AREEZITW, L FTOREREEET-.
(1) HHEAALT A pn#EEO L ZICHEMTRSIEMIXIN, 2 F 722 A1X 105G 12 O (K Vil
WCEET 5. oA T AEMETIE, < O8AITHE Y MOTITHEETT 5.
(2) SigEARHETDLLEE, a7 X ZAORMNBUITHEAIRE L © 2 REKTEILT D, Zoaryy
B v A DR AE 82 58 disorder #3E TH V RITERE A2 /R 2 L 2 REL TN D.
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The purpose of this collaboration project is to further the development of two-dimensional carrier
systems in ultra-thin oxide films and epitaxial oxide heterostructures. Several oxide systems have been
identified where carrier mobility is approaching 10,000 at liquid helium temperature and where carriers
are confined in at least semi two-dimensional layers. Such systems are known to exist, for example, in
ZnO heterostructures and in polar titanate heterointerfaces. While the development of two-dimensional
electron systems is mainly of academic interest, e.g. for the observation of quantum Hall effect, the
techniques and methods for fabricating suitable heterostructures are applicable to a wide range of novel
electronic devices that make use of the functional properties of oxides. The key factors that determine
the level of carrier confinement and carrier mobility in heterostructures are the level of crystallinity, i.e.
the density of impurity-related defects and the presence of crystal growth defects. Another important
aspect is the doping of oxide layers to achieve the desired level of conductivity. These challenges have all
been addressed in developing p-type ZnO-based structures and oxide field-effect transistors. This
collaborative project allowed our respective laboratories to exchange information and organize discussion
seminars for the purpose of developing better oxide thin film growth techniques, with a particular focus
on thin film growth chamber design, temperature control during crystal growth, and the monitoring of
the thin film growth front by in situ and real time electron diffraction.

zm

2. bR

Work in our respective laboratories has proceeded on all planned fronts. A critical component of
synthesizing high-quality oxide heterostructures is the functionality of the thin film growth chamber.
The development effort has proceeded in the direction of developing more compact pulsed laser
deposition systems in Kashiwa. The aim is to downsize the deposition system in order to increase
throughput and to perform sample synthesis at a lower cost of equipment, materials, and energy. In
particular, we are studying the effects of changing the temporal characteristics of the ablation laser
pulse in order to perform thin film growth by laser ablation at lower laser fluence levels. This would
allow us to use significantly cheaper and smaller lasers and therefore increase the number of samples
that can be synthesized and ultimately characterized. Since the physical properties of oxide films are
exceedingly sensitive to process parameter variations, it is always necessary to fabricate a large number
of samples to find the optimal growth conditions. Being able to do this work much more quickly has a
direct impact on developing novel oxide films and heterostructures. The Sendai group has further
developed high-throughput sputter deposition systems for fabricating many samples in sequence.
Extending the deposition techniques to other thin film growth methods will allow an expansion of the
development of electronic materials beyond oxides. We are also continuing the development of laser
heating techniques for thin film growth. Using a laser for sample heating has a number of advantages,
including maintaining a clean vacuum even at very high growth temperatures, and allowing for rapid
temperature changes. Temperature modulated growth of oxides has, for example, been the key to
developing p-type ZnO thin films with dramatically improved crystallinity.
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The specific projects that we have worked on during this year involved the development of laser heating.
We have designed and constructed new optical solutions for delivering heating laser light into a chamber
coaxially with the optical pyrometer. A hot mirror will be
used to separate the high-power semiconductor laser light
from the broadband infrared signal used for measuring the
sample temperature. This heating design will allow a
significant reduction of heating stage size and can be used to
measure directly the temperature of the metal block that is
used for sample mounting. This technique can therefore be
used to obtain a more reliable temperature reading when the
thin film surface temperature measurement is not possible
due to the presence of combinatorial masks in the chamber or
because the emissivity factor of the sample changes during
film growth, as is common for non-transparent materials.
This particular optics will be used for integrating compact semiconductor lasers in the 40W range with
miniature thin film growth systems. The electron diffraction monitoring system development work has
been an ongoing project for the past several years. Reflection high-energy electron diffraction (RHEED)
is a standard technique for monitoring the surface morphology and growth rate of thin films. We have
further developed this technique to allow for rapid electron beam scanning in order to monitor the
growth of a film simultaneously at several points on the sample surface and to measure real-time
rocking curves of a crystal surface. During this year we have continued the development of the
diffraction monitoring software and have designed and tested new electron beam optics for achieving
more efficient beam scanning.

4. F & ¥

We are grateful for the support that we have received for the continuation of collaborative research
efforts between the Kashiwa and Sendai groups. The financial support provided by the joint use program
has allowed us to exchange ideas and organize meetings to discuss thin film growth and develop new
methods for growth control. This joint work has, in part, helped us in our respective research projects,
developing low-dimensional oxide systems.
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“Mechanism of formation and growth of sunflower-shaped imperfections in anodic oxide films on niobium”, K. Nagahara,
M. Sakairi, H. Takahashi, K. Matsumoto, K. Takayama, and Y. Oda, Electrochimica Acta, 52,2134 — 2145 (2007).
“Formation of Al-Si composite oxide films on aluminum by electrophoretic sol-gel coating/anodizing”, H. Takahashi, M.
Sunada, T. Kikuchi, M. Sakairi, and S. Hirai, Passivity of metals and semiconductors, and properties of thin oxide layers, P.
Marcus and V. Maurice(Edits.) Elseviour B.V. Oxford, U. K. 685-690 (2006).
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Fig. 1. Changes in the anode potential, £,, with time, #,, during anodizing at 10 A m™, obtained for

Nb,Os coated specimens.
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Fig. 2. (a) RBS spectrum and (b) concentration profiles of Al, Nb, and O in depth for specimens
anodized up to E, = 100 V after Nb,Os-coating with n = 2.
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Fig. 3. Transmission electron micrograph of the vertical cross section of specimen anodized up to £, =
100 V after Nb,Os-coating with n = 2.
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Fig. 1. SEM micrographs of the side view of the
specimens after MSP test.
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WZIRE CTHRIE LTZIREM D T~ A7 hL b LiBHs, NaBHs, NaAlHs, LisAlHe D7+ / A7 ML EIR

RS Duiﬂ v, AI'H A FOEBICIZBEEDEVIZRO b2, BH R FOR Ly F o 7E— RICER
THAE—IREFELL T —RIRbZ B3 bhoiz, 1000CH AT MV TIEb T CTh 57 LisAlHe DIFEE R B —
IHRHBILZ, WIZAIFH AR FE BH AR ROA MLy F o r7E— RCERT 5 E—7 OifER% NaAlHs & LiBH4
OIFELOEIEL LTHRA L, E—2ELROIE L & ORERTFEZ BRI Lz, TORREX 312739, 45°CLLTF TIlX
MO RERIELDEDRDH L —FH . TBCULETIIZEDIX L OXRMDH TR o7 UL ED T LD S LIEAWIX 50T
TOREAE— 27 B LT 50C~100C TOREE — 7 |23 T 5 GO TH—IZREG SN B2 b, %hE TIIKE
BHBRDHNDZ LD, RIFICBWTRAMO AR L. %5 TiX LiAlHs MER L TEDOSRIZ L > TKkFELE
BH LT RWwWnhEEZ NS,
® Zu—T7Ry 7 AP TEHREIELZ LIBHi DT~ A7 MLOIREZEA

X 412 LiBHs 255211108 L ORMRIEE (280°C) LLED 305CE CTHIBR LD T~ A7 bV ERT, =
ZCTF298K L1 305Ch SRR L T, HOSRIE CTRIE L7ZBORE 2779, 1320 cm'l, 2300 cm™! O HIZ(BHL) A A
® B-HICH¥KT D E— Mw“fw_o RIS A B CTHERT 2 ZENTE N, £ 909 DU 2@k e H I FEeRE L
7212, g LIREBICEB T D LiBHs DT ~ U A7 bVERIE CTE 2ot 7272 L, kel L& 8o B-H #4650
E—Z 13X 20 75°CLJL BUIaZENEFREE, MOTT o—Rileo>TRY, REDOBREOIELIMEZRE L T3,
@ LiAlHs+NaBH4 BRSO T ~ 00
LiAlH4NaBH4=6:4 OEAWEFEMND 130 CE TMALZ L Z 4, 80C—130C~DHE T E B OfllE & Bbh 2 K
KOBE & FTH~OE TRE MR LT, REOZLRMMBIIRD bl Dl b PR LB xR
45 WEEHUEHT 120°C CTHNEARF I CR BSOS, WEIRFIZ R B E & A7 MG 2R 2 &b 2 ORISIRE Y O Rl -

BEEIC XIS T D Z ENH LN o T2,

4. ERs)

NaAlHs 8 X N LiBHs OIENC L B T~ A7 MAOE b EBIE L, ZORREZTICHEDIREMD T~ ATk
NERE, BN LTz, ZOFER, 50°CHIT TORE Y — 7 NEAMORRICRIGT D EEZ b5 Z &, 50C~100°CIZh
FTAR LTz LIAIH OBV R Z > TWB Z & lbhotz, —F., I A7 b d B-H S IcERT % e —
IRFELLELTEBY . ZOEREELBSYOKEBRBFIEOH OBMRIZOVWTIIERDIMFALLETH D, YLk
AT XRD 43812 £ Y LiAlHs & NaBHs DIREMICEALT D22 L RohoTEY, ZOXIRITFF L T =41 DR
HalZ FIRDOBEBRNEE L TWARBEMN G, £7o, B TF AL LT =F 0 O L - TH 5N 5 LiAlHs & NaBHs DR
BN OWTIE, /3R LD 120°CHTE TRl BEB 92 & B2 bz, ARZFoX8z BRI TEBEBRERT 2 itk
SHIZEOMREMRT S Z LN TE,

5. FER (KW i
BUE, @i CH D,

20000

18000 pure NaAlH, 20000 A 6LIBH,-4NaAlH, |
> 16000 >
(3] 4]
S 14000 2 15000 | 298K
3 12000 2 A 318K
2 10000 2 ‘ 348K
£ £ 10000
2 Booo e B, P oalo)
= 6000 = N N iBH,, Pnma (calc
% 4000 N % 5000 Tl \\ NaBH,, Fm-3m (calc.)
x 2000 LA\.AM N 573K NaAlH,, /44/a (calc. o w N NaAlH,, 74/a (calc.)
0 M A A WA A Na,AlHg, P2;/c (calc. 0 b oy [,AH,, R-3 (calc.)
100 600 1100 1600 2100 2600 3100 3600 4100 100 600 1100 1600 2100 2600 3100 3600 4100
Wave number/cm’’ Wave number/cm’’
1 NaAlHiD T~ A7 [V X 2 LiBHs-NaAlH4{E&WD
T AT ML
—~ 80
X °
;C; 70 | ¢
-8 60 i B-H vibration
T 50 | ¢ 5
% 40 | ° :g 298K
X o o Z L] 423K
730 | : ; . § | ] 573K
220 8 o : - 578K
$ 10 | : s F298K
E 0 L e L2 § L g . . .
273 293 313 333 353 373 393 100 1100 2100 3100
Temperature, T/K Raman shift/cm”
X3 LiBHsNaAlH4EA# O Al-H, B-H ® K4 LiBHiOZ <2 AT KL
TV NOE—JEELOIXLSX D

{2l

—189—




FePt A4 / BT DE R & &G R T

RTK-T & ® B % WH-HE0EHEE = 8 F A
bk - 4B B OE B, & E f W

1. 1IC®»IZ

FePt 7 / B 7-(4nm*) D B CHLAEAL 3 WTHERIEIL, 2 E T 600°C OBMBL A 1T 9 T LT & ¥ i#i&tE(Ku =
5.9x10%/m*) &R L, BEEERSATYARICAEECTH D LWE SN TV S [Sun et al,, Science 287, 1989
(2000)], i IE 5 (FCTHEE D FePt B4 2K & RBAK R ST PEESK Ku = (6.6-10)x10°)/m’ & §f> Z & (ZBEM T
& - 7= 73 [Inomata et al., J. Appl. Phys. 64,2537 (1988)]. Sun et al O #5 LA ILHRFIC FePt 7~/ K+ H SRR
DIFFE AN AT 72 > 1= [Liu et al., J. Magn. Magn. Mater. 266, 96 (2003)], H C.ifk(bIXfdifE, Zihle )/ K+
OERVETH Y | ERGICIZAE R FETH 52, FCT G LIS LB A2 LB (600-700°C)iZ K ¥ 7/ R+
DU, R LRBEDHAOBKNELC DT ENRE 2EL 72> TV 5 [Wang et al., J. Magn. Magn. Mater.
266, 49 (2003) & Huang et al., J. Magn. Magn. Mater. 282, 127 (2004)], & Z T, Fox IXEBEHE A~ % fL{K MCM-
41 OFL($ ~3nm)% FePt F / K FE RO KISHHT A, A Y MIFLHICAERL L7z 3nm* D FePt F /K% 7
LT 7 A SO, CHBIMICF v v X LE-EEICEV AL 2R BLE, ZOTELT 7 XS0, F ¥ v 7@
DIERN Y 7 & LTI, BB 2 LT FCT #3&{k L CH. FePt /R FORBRE R EZHIETE S Z
EiTiz B, '

—fRICF ) RIF OBETFHEE T T OB FRICKRE S HBEND, 7V THIFHED Au 3T 2 hiF L b &
WM E T OWELH Y. T YA AD FePt B DOBEREET T DR RO EBL GBIV EEZ LR
%, UL, ZHVETFePt &&T /KT OBESEE TOBTFHEEICOVWTHLMNICINTVD LIZEWVE
WORBURTH B, &2 TH LT ERD MCM-41 O * Y #FL% T/ B FE G AW TER L 72 ¢ ~3nm D
TELT 7 A S0, ¥ ¥ v 7 FePt 7/ KiF a5t & L TEOMESE BT HEETMLZ L L Lz, BRI
WIEF ) A—MADSTHF ) A— b, ZLTwA 7 B A — b OYA XIZH - T FePt & @KL+ D
SIS L BT ERTRDLTETH LN, k1 SEEIIBEBEMIGLEREAL LTEROY A XL
5TV % 3nm?RiTH% D FePt 7/ K FICHIZ R Y . Z DA & BT BMEEE AV TS 2170, BRRERHE L
B AT PVOBRIEZEITH>Z & & LT,

2.  WFgERaE

FUNTERETT LT 7 ZSi0,% ¥ v FFePtT / BiF(¢ ~3nm)Z Gk L, BnE & 1T W3R F(SQUID)H?
BeRE % O CRESE B HI(FC) & BRESEH HI(ZFC) D DCREAL SRR BE MR TF1E | ACREL SRR BER T | FRRRI i ik
SRR (R TEME AL ORESREME 2 B LTz, BB E T BAMSUTEM)IC K 2 MEMT 21T 5 I b7 > T
B MBI e O W ) & 1572, AL K BRI 22T C Z OFePt) / KL O @ s fFRe L&+ A~ 7 FV§l
ExITo T,

3.  WRIERER

S 2 BABARKEEZ AW TAK LIZ B A ¥ £ LIk MCM-41 @ TEM 4% Fig.1 IZ”§, TEM#& &
A LB T HREHTEE L 0 3nm BOMILB ARSI L TWDZ LR D, TD MCM-41 25 &
LCTHWTER LT EALT 7 R Si0, ¥ ¥ v 7 FePt 7 / Ki ¥ 600°C FALEEH > TEM 4% Fig2 (I,
d~3nm ORIFRTENLT 7 ABICE Y TNENABES N THEEL TV, T &V, FCT {LBREIZ L D
BEITAE L TB LT, S0, BRI AY 7T E LTV TWDZ EBG0D, TNENDOT /KiFiX FePt &
SOMD)ERIEICAHEY T2 0220m D7V U PERLTEY . £7287F 2R TOIMBITERTIER S AR E R
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LTWAEIICRZDEZEDD, KT /KT H T FCT HIELAEA TWD 2 LB DD,

DT ENT 7 A S0, ¥+ v 7 FePt 1/ KL T(§ *3nm)D FC & ZFC ® DC BALFIEB PR FMEZ Fig3 1R L
2o ZFC REALRDMENR R & R DAL 230K TH V. THEBHEHMEOT o v X MREL T2 L2 Ok
SRS HEEROMIL 5.7 x 100 Jm’® LS N B, 2 OffIE Sun et al AV L7E(5.9 x 10° Jm)) & —B L TH
D BT U7 SR FePt 7/ KT LR DARICRII L= b D L E X b b,

= DMBEE FePt T/ KL TF-( ~3nm) D> Fe 2p R UNPLAfTET- O A XY MV % Figd ® LR E FRICZRENTRT,
SO ORI EBIAE L LTI Lz FCT MESRRE FePt IAR( V2 )D AR P bBHETR LI,
Cls=284.6eV & L CHEBMIE LT- Fe2pyp & PtAf, BT OREE T RNX —ILF /KLF T 711.7eV & 72.6eV, /X
JL 2 FREFT 710.8eV & T1.3eV Th 7o, Fe T0.9eV 72iF, Pt T 1.3eV 2t AfEE = A F—Mic 7 LT
WBA, AL FePt 7 /K FHNEFEROT TN T 7 A SIO, R LIclzbEXLDND, » VT DX
ERIRDF IRF-D AR bV ORIT Fe 2p OFEMRD 106V 135 66V~ 7 DT L & PtD4fip & 4fsn
DRDOEHIAB DD T & TH D,

4. £ &

FePt 7/ K703V DN E RZDBETHEEHT D L 2mMRT HHET AT PAUBRLNIZR €
DINHLET R ECTH D, 5% A RDORRDT JRTOHHREEGR LY A RKFET DHEF AT b
DOEEHER L., BITELED TW BERDH D,

5. FEX (BW) @
S.Kohiki, H.Shimooka, T.Yoshitomi, S.Nishi, K.Kawahara, M.Mitome, M.Oku, “Fabrication of size-controlled FePt

nanoparticles using the MCM-41 molecular sieves”, [to be submitted].

Bulk (Reference)

Intensity (Arb. units)

Nanoparticles

Fe 2p

1 1 i
710 720 730
Binding energy (eV)

Fig.1 Representative TEM image
of synthesized MCM-41 molecular
sieves. Inset: ED pattern

0 50 100150200250300
Temperature (K) T T T

Pt 4f

Fig.3 Normalized FC (closed
symbol) and ZFC (open symbol)
temperature-dependent
susceptibilities measured in the
dc field of 100 Oe with a
30 ; ‘ Quantum Design MPMS 5S
e SQUID magnetometer. The arrow
indicates blocking temperature
where the ZFC branch reached i

1 Py
the maximum. 65 70 75 80 85
Binding enegy (eV)

Bulk

8 88 38

Frequency (%)
3

Intensity (Arb. units)

IN
kS

Nanoparticles

1

Fig.4 XPS spectra of the FePt
nanoparticles in the MCM-41
molecular sieves. The Fe 2p and Pt
4f electrons are depicted in the upper
and lower panels, respectively.

Fig.2 TEM images of FePt
nanoparticles dispersed in the
MCM-41. Separated spheres with
irregularities were observed. Size
distribution of the nanoparticles is
shown as the inset.
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HIRE (TERRE Q)

—FETIATEFALEAN—IRERELDOREL. BEELOHAR

(HK - == FETREESERT) AU FRAT, GRAEK - @bf) H Hee, BE N

1. FL®iZ

R FE D BT TR RO THETH 528, [N DB TV D A — 7 IS 65 W*t%EODL
AR, mEEEEE, RFRIOMEDE, 2 Ea—ZFMIC LDV AT MER ETTTICRFUISEL TR . &
Mrivsfl & 7o o — @AM 9~ 2 (21T o HTHREREI O RN % 5 0 23R O LA BB L 70 5, L LElEiE &
il L9 % & A= JWENFFEDGHT TR R4 < 2%, FIAITFREDHFTO—>Th 2 BITEW DT
WL Tk, AN—=2 IEIC LD 7 7 S 55Uk J%ﬁﬂ%&f&)éfkfﬂﬁiﬁ*ﬂrﬂ)ﬁi’%ﬂﬁi2:&ijt
S BRLECBNMENOZENDHIENRE K IRD T2 A= JESHTEIT & D 0Hrid R, Saate
DYEJFARRN BT TN b DITR D, i71)551%0){%%Dﬁ‘b‘ﬁtﬁfé%{ﬁﬂb)&)é%%@#ﬂﬁk%nﬁﬂﬁ)jﬁi’]fﬂﬁk&
FRRDMAN D D72, ZO%EBRRICOIT RO TN EET, SIMEOERSIME T+ 2D, A/ —
7 il iﬂ@%ﬂ‘b%%aﬁ%‘cm%)ﬁft LT TRIRNOT, —ROMEBEI LODIENRES S KEHL, £

DFERE LTHE (2T =) BRE RO OPREMET T 5,

b L, ANN—2 B OIS Z B BIZHE T E U, RICA~MEERR TS 2 L3 TE 5, £ 2 “CZIK
WFZETIE, SERBEREIC L —Y — 2RI L CL—Y =R 7T X~ 2 S8, A3 — 7 2 mifiliic
DEFNORRESEL ZLIZED A=V ERRRZHET 22 L2 E L THIIREZIT- 7,

2.  WRCRRE

EERITIER 1 7THREOILFEHFIFE TR LIEE AT To 72, B (Fe #R) LB (WEH) OMkREIX 3
mm {ZFRE L, YAG L—H%— (/\/I/XFIJEE 10ns) O (532 nm, 9md LLE) Z W hL X (FEAEERE 100
mm) TREARE FICEN L, 3UE R ﬁia%tf?/f’?%%ﬁééﬁ‘f:o L—H—d h ) H—(F51%, AN
— 7 RO K LIE 5 (200 Hz) % 1/20 2 LT10Hz & L, BEZ B X TA =7 B L Al S,
FHAT MU ICCD DG Eas Thodk L7,

3.  WRSEEE

AREBRCTIISIRABREICL— —F R T I A2 RBESHETNDHIDOT, L—F—FRMER LA

7 hov (LIBS) & EBRCHIETE 5, 2T, LIBS &AL (DA% LIBS + Spark &b+ %) oLk
T DIEN AR BV OREE

AT,
Table 1 Intensities of emission signal (Fe I 373.49 nm), background (378.4 BISEDT- D DT 7 A /S — i
nm), signal to background ratio (S / B) for each delay time of laser firing B L—P BT T R~ O
Delay time of Signal ® Background S/B Spark 100 mm B 7255 PnIC R iE L T3
laser firing®/ps ~ /373.49 nm /378.4 nm discharge ¢ JEAT FMVZHEE L7z, Wiib#s
TH % ICCD D7 — M, 7~ VA
- 100 103496 3474 29.8 A L—F—HBE 1 ps %12, 1 ms O
~75 81254 2783 29.2 A [EIBH 17 T 5 DT LIBS KUMA
N—=7 MEIZ L DFIEFIT. £
-50 101834 3546 28.7 A NZENFEN LT D HIEIEE A
-25 127107 4323 29.4 A ETRTOFEGAMMES LICE
It
-6 145604 5346 27.2 A X/v—ﬁjﬁzﬁﬂéfﬁ C T
0 5262 23 228.8 NA FIn&Eis 6~100 ps Aif, (AR,
25 4940 24 2058  NA KO 25 ps I L=V =TT
A= RBESHLLEED Fe 1
a) Delay time of laser firing was measured from the onset time of 373.49 nm DFICHWME, Ny 7T
high voltage applied by the ignitor circuit. Minus sign shows 7 v RiEE (378.4 nm) . S/B Lt
advancement X/\*—77i&a§0)bi“ IONWTEE
b) Signal intensity was calculated by subtracting a background intensity Wi=3% Table 1 12 7T SHh
at 378.4 nm from an emission intensity at 373.49 nm 7= Fe DI A ,\7 K LDl %

¢) A:appeared, NA: not appeared.
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Fig. 1 1257,

LIBS Oh-DFNIREE (R — 7 BENE Z H722UIREE) (CHART, 2 OEERSA: 0 LIBS+Spark T,
D) A= HEICEDRERMD D Z LI L VK3 OfFIZERMEN LRI D, 1) AR—JE+L—V
—7 7 b—a K586 (Delay time: — 6 us) @ Fe OFEHIREE | A/ — 7 s B O 45 (1] 21X Delay
time: — 100 ps) (ZHATHK 15 FIZHMT D (DFED, L= =T 7L —ra MLV rbL 7
U v 7 BOHEMNGY XS 450 %IEE TH D) | iii) S/B buid LIBS (2t~ T LIBS+Spark 7%, 1 #E(L L TV
HZ EMbhol,

LEIOFEBRTIE a) AT MUIRKFTHEL TBY . ZOREFRAKUIIAS—7 MEFRIAT K
T E S TR TIEARNWZ & b) HPEITENNFREMEOTINT 7 A X—THEHEAT> T 57, FHE
FIERGESEETHRD IAD TN I & | o) AEIOFERTIIMmEE ICCD) OF — MEZ 1ms &R o Th
Dl Ny 7 750 RBEHEINAENICH S Z & &2EETH &, LIBS+Spark 73 LIBS 12k~ T 1
LA EREWFNBE 2R GG LN D T &3 Bl 8T & W 5 BLED B ARIEITIEF (T2 0 ETH D
ZENRbrolz,

Fel373.49
Fe1374.95
Fe1381.58

Fel375.82

Fel376.38

Fe1371.99

LIBS + Spark l

Intensity / arb. unit

wuw WY o

| | T | |
365 370 375 380 385

Wavelength / nm

LIBS

Fig. 5 Fe emission spectra of LIBS (delay time of laser firing : 25 ps) and LIBS + Spark
(delay time of laser firing: —6 us).

4. wFR (BIR)
“Stabilization of spark discharge point on sample surface by laser irradiation for steel analysis”,
Hideyuki MATSUTA, Kuniyuki KITAGAWA, and Kazuaki WAGATSUMA,
Analytical Sciences 22 (2006)1275-1277.
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WEV—PFRT T X~ 2l & 9% 9608 OB -GG~ D St H]

FACRZ@AT FE W, @\ Hae AN 2 T

1. IC®IZ

1 RIRBECHEIEMIEAI O EIR 7 12 2B W TC, Pb, CAdEOERMEAEESRIIY 7 2 7 0 ki~
i L CRRFA~PEH & d, AMERRRE~ERE L RIET 2 ENBEIN TS, Lo TRRBNZ ik S 7o
JKOBERRIREDOE RN RFMITIEETH L, KFETIE, WAT— A X7 Z2O—FTh 25 ELPI

(Electrical Low Pressure Impactor) & BERE 57487 L To LIBS (Laser Induced Breakdown
Spectroscopy) % A @ CHERFM ORI TR T EIRE L, RIKEHWoWrERICL - T, &
DIFEEAT> TE T, o, RIKPOMEBESREEZ BLE S Lo T, SREOBLENG 7 F Lk
EEWRESEDL LRIZAARTH L, & T, AFEEITRE T TOREDHIITITIER Uiz, BIE T TIEIRM
R[RAAMKD/N Y 7 7F 5 RIEPMR L, JIERGIeROFRIEOFMEERITE < 72 572%, SBR (Signal to
Background Ratio) DORNHIFFIN D, AR ToHONrxtG s LIEESRILEOFNDL, HERKHF TORE
FEEFH S NEE T o o 72 CAd 22N\ T, SHralBtOBET v o N—NEREIZ L D 0 &b oscE2 1T - 72,

2. TR

ELPI (TR DA T A RENFRETH Y, Kt 12 BEFE (0.03 ~ 10um) 20k LoD,
MICHRI X7 — M ETHEIND, Lo T, ZORRSHICL VKR OEEBR DB ZTHND T L AHE L
2%, ), LIBS XL —Wil 7 7 X~ & W80 o O—FETh 5, L—HI2iE Q A1 v F NdYAG
L —+ (Spectron Laser Systems LTD. SL803G, laser wavelength: 532 nm, repetition rate: 10 Hz) % fif
ALTREEHICT VA7 XTI A~ ERESET, KFuREGDOBRALT FVvaEsytes (ORIEL,
MS257) XL ICCD #iti#s (ORIEL, INSTASPEC IS520) 12X 043kt L=, Mt —f e
W) 7 AACAEFBEHIFRIK (CE¥IRIES 16.9u m, Pb : 0.39wt%, Cd: 75ppm) ZfEH LT, ZhaZekiktic &k
STHESE/- ECELPLIZEAT S Z LIk, RIKODkEE %272, £ L CELPLIZL > THIESNLD
TIRE BORIEA &, R fHIC LIBS 12 & » TIT O 7k RIS B3 2 BT OFE RN S, KRiRICE
7% Pb BELWCd 0ESRBIREFMZITo72, 2O DOOHITIINEERETLFEE LTY £ ALICET 5
LR AT N VEREE &R U 7o MR SE TR |2 K B stk 2 O 72 JE R R 13 Pb @ 405.8nm (Y: 410.2
nm), Cd ® 228.8nm (Al 226.9 nm), 480.0nm & 508.6nm (Y: 467.8 nm) T 5,

—77, RRETFTTORIKT Cd ORI NT, Cd#RARY MITBRFEED NNy 7 75 FRIZK
HWiEEZIT T, O SBRII/NEL hoTz, I T, WEF v U "—Z2FH LT, FERNAZ/H AL
B 5L L BICEIESRME2ME Lz, Fig.l ICBIETF v > 3—fF & LIBS &R O EE RS, Fx o —N
u—# VU —R7 (UWAC, G-10DA) TEZEZLEBICHTAZEAL, v/ A—# (COPAL electronics,
PG-100-102-VP) #fEH L CAIEDEINCHTHEE L=, M H ANIRIEET A Th 5 7= DB O 5123 hitd
LRV, FORTHEHERT VY LDN/NEWDICT T X~ OFEMEEMA RV Ar 2451 L=, ES50
OEGEIZEBWN T, @ERKEY 7 A<ICBT 2 kA2 2312 LT 1 kPa iz FbIcgR Lz, 7ok,
PEEDFFER R S, L—P L 21X —(3 10 md/ Pulse, 53t HSAM: & L TIE Gate Delay, Gate
Width #Z#F4 1 us IZEE LT,

To Spectrometer

and ICCD
. Optical Mirror
Lens fiber /
N
<« Lens
| Quart 42’
Nd: YAG laser . ‘;]3 z
10 mJ, 532 nm 4 WINdow [ ===
) Mirror Sample
Pierced - =
mirror T
Low pressure ELPI
chamber

Fig.1 Schematic diagram of LIBS setup with low pressure chamber
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3. HWFFEERAE

Fig.2(a)lZ ELPI 1T X D #lifE S 7= kiR BIR
JROEEAE (K : @), BIONHEEDE Y
ZRHOWTERERIEIC L E SRR BIITRIK
hPb OEHEME (O) #ERNRLT T 75RT,
WM BE FYiE (Limit Of Detection : LOD)

N
(@)]

dMy/dlogDp, mg
o
[é)] RN

x

K

QK\
a

.l

-]

o

dMpb/dlogDyp, Ug

(a)

LIFChHREM (X) & ERROFIER 0

(=7 —1"=) L TRLTHD, 7770 0.1 1 10
5, RIREBAE ORI AIE 2 um (T B — Particle diameter D,,, pm
U RO ENDND, T LUORKOERFER 10
B LT e bIT, MR Pb ORI 4 | * . . .
WA LT, TOEEMIZ02,m LLTFD g [T T
2 MZEFRE LOD LEThY, 737k §04*w)
T Pb BEMEICKRI LTz, SHIZ, KA 0.01
K Pb B &fE 2 RIK AR OB BIETHRT % 0.1 1 10
LR, KRBT Pb IREZKD D Z Particle diameter D, pm

LAREREL 2. ST L sk by Fig2 Particle size distributions of (a) air-entrained
PR Ph 45 % Fig.2(b)ii+, LIBS [z Ly  molten fly-ash and Pb mass, and (b) Pb concentration
BONETKS Pb B e 5 mwic, 10 segregated ash samples

ICP-AES (2 X VG ONTIRIKD SV 7 S D

Pb JREE () Zord, iz R&E < EES
IREIZHOWTIE Pb ORMEH 2 K3 L B2 T

K, 2DFY, THIVRIKORAES 1um LA ,
TOHPMIZHIT D Pb OyRMEME N & 8 T &
7o Pb IIRERMLHRMESEETH D0,
FRIK ~EEAE S D AIREMEDS F 2B 2 b D, -

=77, TR RRE T TOREERHb 23 A - . 1
HTH o7z Cd 1BV ToIT SO %217 -

TR % Fig.3 1o d, RREEREWIE (1 2288 nm 480.0nm  508.6 nm
KPa) Ar & TO, ThEhd Cd A7 hLic

BiF5 SBR &l L7, MLy, K&EFze Fig.3 SBR of several Cd line spectra under atmospheric
KL S U CRUE F Ar TO4 T Cdgi A~  pressure air and reduced pressure Ar conditions

MUAZEIT S SBR Em<, HRRTH 8.7 i
W SBR 23 bz, ZAUIFE A AN TIRF DA KRR L IR LT, KISHEMES ZETH D720, #
AR PO ¥ =TT 2 8, BETL2ZLICEV ANy 7 70 FEMET L2 L% T o0
Ho TNHORKLD, FRIKT Cd DRAEHTER ST 2T O ICHTZY, REEZER LV BE Ar OHBAZE
RHEVD T ENHERINT,

721, WNEZIROCHR & O FEETRE IS X DM 2 WV D AREE T, ENRITTE O A~
NVIZEE % SBR OHINAAT L S EERNC T O ISR 0780, FERICAIFFICE N TH B
D 480nm OFEALY F % FANTRHIR R OFGIC 3 T, KT ZEREMED 0.52 5 F T LAMER T 72
molz, DFEV, Ny 7 T 0 REOEBEZMHET D2 LT LN, TLA 7 XTI X~ BEROIE
5O HEAF LTCRIERRITH & NEMEHETLHR OFETRE M OW b 1T 5 BRMHE TN EREE L TR ST,

SBR,
oM WhROTON

4. F L& 9
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