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1. ELC®HIC
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I RNTEUHBNEHNTTY (Ch) D575 DUHE
E o bBLRMLEEZHSE L, kxTay
J& (AR—Y—J) E PR AIHE L - EiRMEE %
LB ThD, BIETIIR R 2MEEEE LD
WERENSHHRINTVS (2],
BRBIEEARD—DTHEH AN a7+ 1 Nl
{Z3E4K FeSe 3] 1370y 7 @& K73, S REE
EAKD IR/ IMEREZTH HIREEDAD 578> T
W5, FeSe D T, &, fiDOPRABZERIZ AR TR
W (T, ~9K) P8, BRA L HIET T &2 ERIESZ
EDHRETH B, HIAIE, BOKE R TIE T X2
IZES U, 4GPa T TO™ X 30K ZiHA 5 [4,5],
DI &lE FeSe D To P& T DEAIZIEF ITHUK
THhHhHILEZREHRLTED, BAIEIINZFAHL
T, 2NV X D@\ T, %KD FeSe #@ifii 2 fF# 9
52 8L T WS [6,7].

BRA R TR ERICA VR =L — T
H5Z8IZEoTH T IFARTAKEEZIZETE
595 [8-13], ZD& X T, |% FeSe & RIFHHE /K

10

FFUTELT 2 WO N H 5, T 61T, 71
T E&XF— (MBE) KT SrTiOs (STO) H:bx
i FeSe HEIR 2 FB 4 5 &, 60K ZH# A D T
MWEBRTLEVISH|ESH S [14-16], LA, 2
J& E DABE D FeSe J& TIXEZEA BT T 1 5
R OSSO TN RBR I NG, Z
NS DOFEFRIZ, FeSe DREME 22 A 720, il
Vg e ORmEEERMIZEYD T8 T, 64
5T, EAOHREELEHZENWS 2 ERBLT
W5, o7, EEYERMEO K S IZZEM R
RPN 72 B8 13, SRS D s R, 8
VT 1R, ¥ 3T FRTRRTEERD B
Erl, FHIIEL OHEHRDEFETH 5 [20],
Z® EFe(SeTe) ik, BEZEX Yy 7| 7z I T X
VF = ROAY VBB A FFRE & WS FE
WA RYETH 5 [21-24], > T, Fe(Se,Te)
CHEMYBE E ORETIE, INFETIZRVWHIER
HEZRENEB L TV B I REEDL D 5,
EMS, T. OX 575 LAY &
WO M5, FeSe &2 X— R & U 7-#k&FDIEHL
EFEH I BIREE N, FeSe & EHRENE % 22 HIZ
MifEs 5L T, BEMGEZHBIITY M v TE,
F-BEYERMZSBEDIRT IR TE S,

L&\ Te #7729 STO L0 FeSe BT E T N— T3
TEY, FeSe ZEETH, +RIZEF F—T23T1IE, 40K
BREZT T ¥ LR 5 [17-19],



1. FeSe/FeTe #a& 1 DR X,

T2 3B T-VEBLUZ & D FeSe D ar¥tEBH#H D
HEEDE—#x 2 U T, FHEZERTDH 2 FeTe (25
H U. FeSe & FeTe Djiif& 7-7ll5 (FeSe/FeTe fEi%&
1) ZAEEUTZ [25] DT, ARTIXZORERIZD
WTHRST U 72\, FeTe 3K T SO EE MRS % 7R
TEETH 5D, FeSe LAl UAtmtEE 2R H, B
HIDWGEH & FeSe L 1E & A YA U 5T D K
NHRETH D Z L hbh > TW\Wiz7z 26], FH
DEZGI IS ZOYEZEIRU T,

2. ZEBRAE

[(FeSe)  (FeTe) ]y A& Tyl SV 2 L —H —
HeRE (PLD) TR L 7z, & —7 v NI FeSe
K ¥ FeTe D A5 e AR E I, F 723002 1%, DART
DHWFSET FeSe IZHiEH R Z & H3 7> TW5 CaF,
[6,27] &% U LaAlO3 (LAO) [28] %\ 7z, F:bii
X 300°C, AEHEIZM 1 nm/min & L, BEZE
i (81077 Torr) THEL 7z, Z DRGSR TH
FERE % MRS 2 & | cHililidiA U 72 FeSe &% O FeTe 7
DG 5 N5, CaFy KU LAO FHfR % [FRHZ 2w b
U, RLIDRT LD, FEEEE2E R 723
DR ZER U 72, %8 DIE AL NN %2 2 2
% Z & THIBU 7z, &I OHE—&F H 1% FeSe
T, 2RDOEMAITH 100nm & 7425 X 51T/ L
BaPhdTz, TERLU 7= M T HERE O & B 1R[]
¥ (RHEED) A MY = N"NX—=2THDH, &K
HAEHTH B Z L 2R LTWD, F72H M

JTBEMER (AFM) I X O REMH S 25l L7z & Z
A. Rim~1-2nm TH - 7=,

3. ERHER

X 2 (2B L - D X AR[E YT (XRD) /8% —
VERT, BEOEADRH/NIVC KU L1 %
BULTRTOEBET, 001 A & Z DREK
HARSNTEY, AN ARBERGEEZROZ L
ZRUTWS, X oICHBEREIZ DWW TERNIZEH
REEZDIZ, ZOXRDNNR—V%ETIalb—3
VMU, YIalb—Ya iz, FETOHk
ARG L -8 2Ty TEFILE W, FeSe

001,

EfsRE (EEEA)

10 2'0 3'0 4'0 5010 2'0 3'0 4'0 50
26 (deg.) 26(deg.)

X 2. fEHLL 7~ FeSe/FeTe Hf&+D XRD /X% — 2/,

o HIEfE L3
[—y3alL—YavfER g
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@ @ o
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X 3. #AF L3 D 001 SKHFFIED XRD XX — v & Y
Ral—yvaryEotig,



F 1. AEH U 7288 78R [(FeSe) , (FeTe) o] v DFFME R,

A A Y3alb—va UER

FLY SELINE Y /1T N m n m n aA) T30 (K)
L1  LaAlO3 25 4 4 4 4 3.76 12.8
12  LaAlO3; 18 6 6 5 5 3.77 11.8
L3  LaAlOg 12 8 8 8 6 - 8.7
Cl CaF, 25 4 4 4 4 3.73 15.8
c2 CaF, 18 6 6 5 5 3.77 13.4
C3 CaF, 12 8 8 8 6 3.75 13.7
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¥ 4. (a) LFCS #/5(x =0.05)® FMR {5 5- & i¥i A
v U R — g REIE, (b) 300 K IZ81F 5 LFCS
HME(x =0.1) DR I % D FMR A2 R,
FRAXNTHERLG > 7 B & O Y AR R KA,
(¢) 80 K, (d) 300 K (ZFi} 5 LTP #ifgi = &>
R — VRN REE,

BEFICBOR SRR E KL TR Y, IERIC
AE VIR E S TPTOATWS ZE 2R LT
Do WAL UR—=NHRIZE > TR OENTEE
Visue 1% 30 pV BREECTH - 7=,

7T AL =277 ZMNTBNTIE, HOMREIZ X
DAV UHOWKE 2L, L EREMOER
ZHIET 5 Z ENFRETH D, 4T LR AT
%D FMR A7 s g, SRS AR -
29 mW/mm2\Z X > TIHIGEE Hres D @RS~
D7 b & AHpp DRGULHERR S HTe, —HRIS
£ D RBIIFAET D8 EIRETZ K - T Co2t+Fes+
— Co3++Fe2 @ Jii i [H] & faf #% @) (Intervalence
Charge Transfer: IVCTIZ ¥ 5 Jeah B RENE DIFLE
R LTS,

INETITHRN LIy 7 AE— 7 F ZRICHT
LELEIRBICER T 2R E T 5 2 &
T, MO F7AIZEB T2 EHHE®R (Long-term
potentiation: LTP) Z#5{ft L 72 8 KURFE A 32813
5 ENTED, HUNBES & KRR AR D ILIR RS
WZREE L, 10 53 O SRS HE 1LY A 7 V240 )
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L7z & & D Visur ORRIRIEZXK 4(c),(DITRT,
ZZCH 4T T AL =TT AFTH S 80 K,
B 4(dix7 = VA CH 5 300 K IZHI1T HHIE
MRERT, 7T AL =TT ZMTILLTP 12l 7-
BEECIR DTRN R D Te, ZAUTA B IR
LVIKIRD 7 T A2 =T 7 A TOHR R LNDHEL
RTHD, NHHRENTLD Visne OHEHRIL Co2t & %
DJEBHD Fe3*DRERT— A v FOFED ZZH kT
5 ENREENS[10], EREE TGS,
Visug # > F 7 AEME L B 25 & LFCS BT
S IBIE O F R BSRE & FE OB ROE R 1 & L CHERE
THT L EFEIELT,

4. BhHYIC

AR ) — h Tk, AT TR (VT AL—
7T R) HMOWEMREER IOV T, Fox D
IAEDIY $ A% 5B Lz, BifE© CMOS ! FET
WCRFBENDZ LT ba =7 AT /81 A, §5H0
b & BRI X o TEnEE AR ED Hh T &
e, — ., TRAVX—EE RIS R E T E T
MT2ZERRAENTND, (kDL 7 ha
=7 ZAF NS AT FSITE VT R — 2 AT
52 & T, mENOIEMER A 2 EBL L TV D08,
—J7. EERRICBT HIERAEIT, BYHEE (W5
E) ZEHT 22 LT, WEHEIERR S b
BIEREEZ XL —TCHEEL TS, x0T
N—T Tk, EEEEICRD, W6 X 2 H0EH
THZ LT, BIKHET A ADFEBREZHFEL T
BO, AFETIIAE O LI ZNETH AL
VITAR NI TAE =TT R) ARG E LTENK
FERE A L 72 REBIS A FEREL TV b, Zhvk
HESEDLZ LT, HLUWEHEET A 2 (FH#
PR, AEY | B L) OERBNAS%L, BifFS
N5,

5. Bt

AHFGE D — I FITR AR IR & o & — S [RF
SR L CITOE L, Dk 0L L BT
i‘a—o
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SmgGDS IZ & % RhoA FEFBMBREAICH (T -BEEWENHR

EPERUIRE REMFER EOBEEVFHE
Ak k. BM O #F. K Bz

SmgGDS X RhoA <° RhoC (Z%}3" % guanine nucleotide exchange factor (GEF) & L CTH5i
THY, BEFD GEF A LNAIENE R A A 28723, FiHlo GEF gL o Ex 6T
%, SmgGDS I armadillo repeat motifs (ARMs)2» 5720 | B/ B BB PR E 2> " >D7T
AV 7 +—2 (SmgGDS-607, SmgGDS-558) THEK & 415, 4 HIF ~ 1Lt F SmgGDS-558 Dk
HE1E 2 R TR THRE LT, SmgGDS-558 I32/K% i@ L C ARMs H 5 ik % e ofiE % L T
Wiz, AEARAERE & XM BGELIC £ 5 RhoA & OEARIAIRIEE & OB D, SmgGDS 1V ik
\Z Small GTPase Z#tad 2 Z LAVRRE N7, EEiRSm & T S 72 SmgGDS-558, -607 D7
R FRER IR BARZ B EERR L. RhoA (2% 9" % GEF iEHERIEE1T S &, BAMIZH L T GEF &
PELREEREDME T Lz, £72. SmgGDS-558 IINEE AT S #1172 RhoA %, SmgGDS-607 IEAAEAR D
RhoA %3 < 78i#% U GEF {EMEZ2%ET 5 2 L 2 LI Ui, MEEH & E(LFEROERZE LT
TH 4 1L SmgGDS (2 X% Small GTPase DadikiZiL 2 SOFEAEIEAEH Y . SmgGDS X7 A

7 #— 2128 UC Small GTPase DR EEARINRE A 3Rk L - B2 Db AR A2 Z L 2B LT,

1.4vbO&9>3Y

Ko FEGEAEIX GTP AR ofEEM &
GDP FEaMOREEM L 21TE KT HZ &L TH
FAA v F L LT, BOFRGEAEIT S
®»7 7 2 U— (Ras. Rho, Rab, Arf i X' Ran)
WS, 2O I EC B TR 2 1 C
DI ORIE 24 5, K& G
BHEIX GTP MK fiEREA £F> GTPase N A A
TR BEHORERZR IR EEM 22D v A
TA VARG CAAXEF—7 05705 (K1),
K5+ R GEAEOIEIET GTP DK 2 {2
#3425 GTPase IEMLEHA'E (GAP: GTPase
activate protein) & GDP/GTP D AZ#az {4 5
GEF | & » CREEICHIE STV 5, SmgGDS i3
GEF ®—>T& Y ,RhoA X*> RhoC |Zxf L T GEF
1&ME % F7> RhoGEF T# %[1], RhoGEF %21
% TIZ Dbl family #5 H'E, Dock family & HE .,
SmgGDS @ 3 Z A THRE STV, A& 2D
® GEF I5MHEZ > KA A A(ZhE DH KA A

21

> DHR2 R A A V)DOfEE#EIEIL T TITH LI
SnTh3 [2118] —5T SmgGDS DfEIZ o
THINET 1 ODOWEHIH 7557, SmgGDS
13+ 21K % @ L T armadillo-repeat motifs
(ARMs)7%>5 72 5 8 'E C Rho LIAMZ  CAAX &
F—7 O LI IEE R % 4 Oz poly basic region
(PBR)%# & Z A2 I 78 G ERE LG T
%[4] (B 1), SmgGDS 13 &5 F# G EAED C
K5y (PBR-CAAX) Z8ik L TR+ 25 L&

HE B &

1 CAAX
4 EF—7
PBR

GTPase FAL>

PBR-CAAX

1. B TR GEBED FAAL X

Z 2 TlE SmgGDS LA TE DD T8 G &
HED KA KEFR LT, FEEICIT PBR & Ff
7ol W18 G BEHE AT D,



ZHIVTNDD, EER GNP TODHMD 2 XA
7O RhoGEF IZRONT- X I RIEER AL U %
—HIHELTWARY, Z0Z 2D SmegGDS 132
ne 2 L3 % GEF (B2 R->Z L2
MFEE N,

A %2 TIiE SmgGDS O # & f# A & i@ U
SmgGDS ® GEF IEMEALFET 35 K OVEBIHERE 4 fiF
H+HZ 2 HIEE LT,

2. SmgGDS DT A YV 7 x—AIZ X B3
SmgGDS IZEIZ DDA T T A AR T K
7 A Y7+ —2 (SmgGDS-558, SmgGDS-607)7>
5721 SmgGDS-607 Tl SmgGDS-558 ™ ARM
B & DDOMIZARM C ™M fASNTEE D EH
2%MTV5(I%zmM10Eﬁ®EwT%6
L INBDOTA Y Tk — MRS T E G E EW

®C$/174/%%LﬂféW%Vﬁﬁ
kL, B D AP E %ﬁokrﬁéhfw
% [5],

AHFzel6]l Tix, #im~' T A gk (SPR) &
HWT SmgGDS O 7 1V 7 +— 2.7 RhoA ®
JREBMOAIZIL > TEDL I ZENE/RTOD
DA EAE RN 21T o 7o, A EBRITITRIBE S
fEERMEAD RhoA il L. in vitro CTHREE
filfizhe L7 b Oz e, HHAEERMBNT O SE.
SmgGDS-558 IIfEEEffiZ T 7= RhoA 1Zxf L
TRVBFEAT 25— T, SmgGDS-607 I3RKfE

fific> RhoA |Zxf L CL W WES 2/~ L7z (X 3),

INHOFERIZDO HIRT GEF JEMERER O H

1 558

SmgGDS-558 B DIE|(F|G HK Lﬂ

1 12, 170 607

SmgGDS-607 ABCDEFGHK Lﬂ

—_
ARM (armadillo-repeat motif)

2. SmgGDS @ R A A Rk
A-M X ARM o Lt 5, KPR TIET7 I/
e a a7,

| RhoA (WT, Non-farnesylated) | | RhoA (L193A, Famesylated)

— 50 r— Raw data —_ 60 r— Raw data

D 40 |— Fitting curve 2 50 [— Fitting curve
[i's [0
~ 30 400 — 40
2 2000 2

2 20 100 n

2 10
e oM
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-10 L L o -1
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| smgaDs 558 |

— Raw data =~ 50
—— Fitting curve T 40

o 30
2
s 20
o 10
&
-0.8 M 0
d -10
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Time (sec.) Time (sec.)

¥ 3. SPRIZ & %51 IFH A AERfiEHT
SmgGDS # &% —F v 7 LIC@EEL. T v/
Z IR D H 72 5 RhoA VIRIZ 2455 L - BR D ifi
T RECHIGERET S, 22 bR
T4 T AT EATO L TREEER (KX
HE R AR A HHTE D,

— Raw data
— Fitting curve

Kp =

| sSmgGDs-607 |
n
S

Kp=3.1nM

—H L TEY, SmgGDS1I7 A ¥V 7+ — 2K
17HJZ RhoA DiFEEAi 2588 L TIEHT 2 £
I EBHBMNE ST,

3. SmgGDS-558 DFfERMEE, BIREE

SmgGDS & RhoA DOFHAANEH &Y 7Y
W BT 5728, SmgGDS D dA & fiEtT 2
1To 72, SmgGDS DT A V7 F— LTV THib
b A7V —=2 7% EmL7=& Z A, SmgGDS-
%8?@&@%%@5*&ﬁf%toﬁ6nkﬁ

2R U TR AL Sk 4t ¢ i 7% (Photon Factory .

SPrmg'S)’C“ X MREPrT — & 2% L, SmgGDS-
558 D HLAMEE Z I E LTz, 7. SmgGDS-558
BRI LUV RhoA & DEEIRIZHOWNT X I
HLIE (SAXS) A H W T 15 2 TR i L 72, SAXS
TEAEREIC X e R 5 2 & TRkt z A
HEIHE 9 2 50 1 ORI R 22 8GEL A2 BUfS 9-5 FIE T
H%, SAXS THLNT-HELHMRE b LIZH I —
T LET AR LT DR EDRIGIRE D
ZENTED,

SmgGDS-558 OiffifmtEiE XA %1 U C ARM
THERR S - B O &2 - 72 (1 4a), =



OREEIBEICHE SN 8D GEF & bR D5
LW H D72, SmegGDS-558 DI T FHMA 72 &
(TR L7 ik (AR &/ S 72 EICHEE L7298
f (EREE)AFAE L Tz (X 4b), JE THFZEIC B
T 2 A BARFRATIC L 0 AR DV < DD DO ERMEFR
RS 78 G EAED PBR & OEAICHEET
B0 IEfEEL & F OIREDO W D0 DFE T RhoA
~O GEF IEHEICEETHD Z LR STV
72[11[7]. %£7-. SmgGDS-558 & RhoA O#HAK
A E TlX SmgGDS-558 DU Z RhoA 23%
F VAT Z LRI NTE (K 40), TN HDFEHE
235 SmgGDS O AEIT PBR & OF HIEM, 1E
711X GTPase K A A ' ~DOWHA/ERA LB L ONGEF
TEPEZ4E 5 FTREMED B 5

a

W 90° TS
ARM B ARM D {% ‘fg,
N ARM E & ’*,333
ARM F g’%‘* '"‘i%éé
4, ARMG T ¥
go ARM H
M ARM | %

) ARM J
ARM K
ARM L
C

4. SmgGDS-558 Dbtk & A s
(a) SmgGDS-558 D afff#it, % ARM %l
T®Y 57, ) EAEEDOHERT v x
VI, BICHTE LICE3 IR T, IEICHE L
o317 CFR Uiz, AR CIERE, A ek
ETEFE LTz E oy & U CTHATE,

o) FEiEEL X I —7 FAETL (JKf) 48
RAEDLERER, #I—7 FAET A EKR
SmgGDS-558 Hiff, FX72% SmgGDS-558/RhoA
AR,
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4. SmgGDS ZE{FEHT

SmgGDS D IEfENEERIC GEF {EMEICERE
RDOMNEFRD T2, SmgGDS O IEfEIICZH 53
R DT T = VEREEER L, GEF I&MEER

d
n3s7) N338 e W\_} TK
(R386) R337§ 3
v,
.Q w)) ¥ H330 H39)
75 ;

ma28) M379 /-:’ \K372 (Ka21)
(R427) R378/

5

b RhoA vs SmgGDS-558
5 8
& O Non-farnesylated
Z 6 W Farnesylated
1
B o4
r|< | AXK ” | ET I
o ) -
sondddund
Control WT H330A R337A N338A K372A R378AM379A

RhoA vs SmgGDS-607
.8
=
B
i
4
X
I
o2
o
)
®o0

Control WT H379A R386A N387A K421A R427TA M428A

5. SmgGDS %8 BLIRfRHT

(a) IESEIDYLR M, ARFTE TR A VER L7z
PIAE AT 4 v TR LTz, T-9UET 2R
OFffE & SmgGDS-558 TORIEEFEFE£T,
# v aNiL SmgGDS-607 (2B 5 E 5,
(b) GEF EMERIERS (GDP U U — A3B) 5
HoRhoA DHTH Y V) —Z@EE (Control) % 1
& Lo RE D AR EE 2 el R Uiz, FARIER
fEffi RhoA, BEBIINFEEAMT RhoA (Tx4 5 Y
U — ZHREEOAERHE, ***(X p <0.001 &7,



BIToTz, WHEH SN GDP & FoftinLi-
RhoA Z & L. SmgGDS #MNc X% 510 nm @
HRE L E=F—F 52 LT GDP ©J J—=2
B A e U7z (M 5a), B4 SmgGDS DN
IRf & RN 2 FLiE 3 5 & . SmgGDS-607 13RE
fifio> RhoA (Z%F L CK %72 GEF {EMEZFf> T
%—J7C. SmgGDS-558 1T &< IiF &2 /R S 72 7o
72, NEE fEHf & 4172 RhoA (2% L Cifi SmgGDS 7
AV 7 F—LNERED GEF IEEEZF > THY |
IS ORI SPR (CRIT DA AL AE AR RE H
E—H LTk (I 5b) , 1E fifl fik o 28 B (K
SmgGDS Tl 6 > 5 SOZERIK T, %72 GEF
EEOR TR RS-, 2D Z &5 SmgGDS 1IE
fEIIY GEF {EMEICEERIM Ch D 2 & AR
SNz, 7. GEF iEEO XA EEM O f 1%
XL SmgGDS DT A V7 F— LMRIFE IO &
722 LD b IREEMRM E GEF IEMHIZISZ 0B
RTHDHZENREBINT,

5. $LHLEBRDODRE
AKFRTIIZINETHEDRMEI CTh - 72
SmgGDS Dt fafiE 2 AR THID THRE L, #FE
BRICE W SmgGDS 237 A YV 7 4 — MMEFIIIC
RhoA DEEEMKEZEHML TWVWDZ L
SmgGDS @ Ml u%éﬁﬂﬂfﬂiﬁi GEF V& MEIZEH L
THDHZ L EHLMNC LT, GEF EERERERIC
BWTIREEMORM L GEF JH1EITIMAT Ao 54
THHRRESZ, 2O EMhHEH X 1L SmgGDS
(Z1% 2 5D RhoA BN DD LT HET NV %
72Tz (K6), 1 DHIZTA Y 74 —AIZk-T
H72% SmgGDS @ N /712477 L RhoA @
PBR-CAAX I L OMREER 4 Rk 3 2 #1 A.1FH
HTH D, 2R EMEHIIZAFEL RhoA @ G
domain ##i#% L GEF {HME 4 9, SmgGDS-558
TIE#% 5 < RhoA DREEM 2787k 5 W&
ARMB & D ORIAFET HDTH A H, 4lalFhk A
DT - TofEEMAT I SmgGDS HAKIZ DWW T
DTIH 57 RhoA & O HAEFF i OFIES,
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SmgGDS-558
Jiseed

SmgGDS-607
ARM C

REEHE S 80 ?

(=g

REE A (£ 80
RhoA

PEE & En
RhoA

Xl 6. SmgGDS/RhoA fHAEAET VX
BIEHRE LTV 5 ET VX, SmgGDS-558 (X
Effi S 7= PBR-CAAX % @Rik4 25— 5 T,
SmgGDS-607 & REAiD PBR-CAAX % 7%
WY 5. GEF 152 8 270 M o0 A1 BAFFH 1 1
TA YT — A THBOEFHEB T THA I,

GEF {&PEOFEM 22 E BT 2 B 5229 21213

B o TR, 5#I1% SmgGDS/RhoA #E KDk
mfEMATIC LD . ZNOOEE 2 VT T 55
H 0z,

AR BT HEAEREOBAERTFB L OX
BRIEHT 7 — 2 BASRF ORESh OWAE ICER L, KRt
VE—IND DEFMS IR IR THY, HEIY
REBHERT > TN D,
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FHRGRESBEBROIIABEEZREL T2z

&

RFEGEEMREN DRAEGIFER BRRFUR=E

P& HE—.

= BE5. ml

#&, RE £X

HEDY )L FESEMKS RS 583K (Glycoside Hydrolase, GH)[XIRE 140 282577

SR NERAR YR
EROEBRBZEZET., GH144 [CTHEMNR
ERGLE =N
BENTEY.

ZDENINEGHESE TV ETERLGRBZES . 22—V GHEELBE
RICRALTWSZHETHD B-1.2- 0L h o enfE
GH129 IZIFET7 « RRAENE FOBRADHEEEZ DT H-OICFIAL TLLHERA
WIhL TKRERRESNEHFRLEI7I)—ThHb. BT, ChoDEED

MABIEL, BEEHE - UM T H5ANZXAITDOVTRNT %,

1. [XLCHIC

AT RBFE 2B L T, =R X —0ly
AV MR & 5 2 AAETEM B, B DV
HIRE D1 WA SR 2 D WISy 172 & & LTRI
MLTW5, BRFICHET DIE OB OS &
WZFEG LT, Zn e+ 2R b EIZE£L
FET D, PEBEERRELMEEL TWVWDT —H
~— 2 Carbohydrate-Active enZyme (CAZy) |
BT, FEE KSR E%5E (Glycoside Hydrolase,
GH) ®7 7 I U —I% 140 2z Z DEITF ~ 1
ML T3 (http//www.cazy.orgl), T4 L% D 5
B, GH144 & GH129 |ZJ& 3 5B O LIRS %
FHUCRE LTz,

2. GH144 IZBRT 3TV F-B1,2-J)L A

FT—EDRE & MR SRR

B-1,2- 7 (K 1) 1Z7va—ANR B-1,2-5
BLVIBLWEAHKTER-ZZPETH Y |
WIL AR & IR TR A L BRSO b o
DEMFRENTWD, BRIk B-1,2-7 v 3R
Wi X°> Brucella J& ORIE N EFE L R1%E O]
RN EDTEFEA~OFEGUFIHT 2 2 L THb i

% (1], F72. BIK p-1,2-7 v skt &
W EERERARL . %@&A%@%Mﬁ%i
LHIREOWENH D Z BT, REEIEIC
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WTHEBRAE A TWD [2], Lo, p-1,2-7
NBAAIFRREIC I N a— AN SR B ChHT
IRt r— R E LR R ATREET
oD, ZORFHUEED D ¥ X7 EOMRIT
FEAEHEATW Do T, FRIZ, B-1,2-7 v
By MR (NESO 7 ) 2> RiEA 20T 5
B THIKSME L. B-1,2-7 v k0 b D
VaurA Y afE (¥ 1) 24T 5> F-p-1,2-
I N HF—EIE, K 30 AFRTITIE S HE S, #
MEHMINTZLOD, 207 X BESIIARMT
H-o7= [3],

LU, T, Fox O 7 v—713% B-1,2-7 /v

» M]

HO

OH BB TR

X 1. B-1,2-7 v a4 Y Sk (VRaAd Y Tk -
B-1,2-7 v v DO, n>8 THD, —KHIC
THENDHREREO L O A Y L), Z
LRV RENEDEZHEEFESZ ERZ,



Hv, VARaA Y IREHERT HBEE (1,284 Y
IINTRAFRY T—) EERLL 4], &51c
Z DR OFEA RS & R U TRl 722 R A
SESMRD B-1,2-7 0 h B KREFRT S Z LI
B Lz [5l, ZAuc kv, p-1,2-7 v R
FIFIE~DZEM A B INTZ, £ T, RFRET
XD B12- 7N EE L THNY, = K-
B-1,2-7 V71 F—E DFE & R EfEAT 125 F
L7,

3. GH144 OBIH

LIz, &ML O Chitinophaga
arvensicola % B-1,2-7 1V 7H v & IRFER & L CH2E
L. ZOMlaHE»> = F-p-1,2-7 /v F—
Pl LT, 207 X BRESI O
fER A S LSS ME Chitinophaga pinensis D>
T F--1,2-7 Vv h—E (CpGH144) DiEfsT
ZRIET S Z LB L=, CpGH144 7 X/
FRBCAIE Z 40 F TITH B AL T 2 B INK 53 fiie i
FREFEL ERoTNEZENL, HILVWT 73
U —%%5 (GH144) »MIh-Ehiz [6l, £72. Rk
LTS . GH144 1ZJR T 2R 132 TR
(Frlc 77 A2 IS0/ L CWnD 2 EBRHD
MElol, ZOHRITITERIK B-1,2-7 V7 A RE
HbaEh Ty, GH144 BE#EILp-1,2- 7V
DERIZT TR, ARICHEAEL TN 00
L7, BRIV 2o, GH144 B3R 13 550
WET T, NI TuAT AR EOENMEIC
boMmML TS Enb, B RDOBATS B-1,2-
TINT DFRIGHP TOTnWb EE 2 bb,

RIZ, CpGH144 DAALFHI LR 24T T2 &
Z A, CpGH144 [T HHELL LD B-1,2-7 /v F1 N\ ZHF
B ThHoT-, £, YRa~FZF—2 (L
B L LB RISEY % ESI-MS (2 X 0 i~
=& Z A, CpGH144 1FLHE4 Ol L EICFEE I
Ko O VHE 2 WS 5 2 LR STz, S BIT,
CpGH144 Otk % TH-NMR (2 & 0 fi~7 &
2 A FDRICHREISAR R (B 5 EhE & 50
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L.a7 /J~—WzERT2) THDHZENRHLMN
o,

4. CpGH144 #ERiEE

CpGH144 & Y &hv hUA—2 (=) 71
a— R L OB A IS A X A IE AT LY
WRETDHZ LI LTz, CpGH144 O {fHE &
i, Zvar T —Ei EO— OGNk oy fiE
BER LD LEICW A, TEMEHRODIERE < e o
TEY., B-1,2-7 00 O LR s L7
MROMEEZ A LTz (X 2AB), 70, 16
HUIZIE, AR B OB & 72 25D DEBYET
JEBBBEENREL T\, ZnH07 )/ Bk
WL CREBKRIZE DT 21T olc b 2 A, —
HOMET 2 BRI IRIIREIEEICEETH D =
LR ENT (% 20),

77\/\'5#:&39\ l 2 " :
\. Sy b

\ oS

1%

\.

S -G

Y

JLa—x

¥ 2. CpGH144 o7k

(A) & (B) CpGH144 02 {kHkiE, ThZh
cartoon 7 /L (ATf4), surface €7 /L (H)T
KLTWD, RIFEDOEVERIET I/ BRIR I
IIRTRL TS, (O TR OME, 16
(CEELRT I RREEZ REITRLTVD,
W% BT O mesh IFEFHEEEZRL TN D,



B-1,2-7 V71 A & 2 X 7 BT A A ALK
IR E LT ARIFSEIIMOH 7272 B-1,2-
TN Fr e O - kI D X X DR H
IZONRDEZBZBND, £72, B-1,2-7 VT 1T
TV RB1,2- 7V —EBEERHEESL Z LT,
VaAwF Y AREERG RS D5 LR L
Ipole, YaAuFd U L p12- a0 b
DT, TOEIXIZEA LML T W, 4
Ml E LTSRS X, =2 R-p-1,2- 7 v 1 F—
PEFHT L LT EBEREBOFERICRD LF
X HiD,

5. GH129 ICBRT4E74 XREDE &
NEHEHD RER OB SR

WA NORERE & AENAIEE & OBRICIER M
WHESHIBLAEE D, PTHE T 4 A RAEITK
HEBERBEER, AT 47 AL LTAL
BLENTWD, ZOMRITITEBIERZILCD
e EERL RIEMHIER 2 ERFbh,
D XD Tefl 2 OREFIEERN R ZFFOZ &b N
REOMEME L SN TND[T], 7 4 XX
W OAERT H/N5 T 6 RGN TiX, 7T
Tl EORA LT WHEEIR. b b 5k
PEREENME L A ERD RV, ZDH, BT 4 X
AEIE, B MOMOBE NS LIZ S WEEZ AT
. HEHMEOREE S B WMAHE TR & & o iR L TR
HT o700 =—r 2 tilHh %o TnHZ &
DA LMNZENTE, FlziX, AROBEICK
WL, B7 ¢ ZAREIE, BRLICRENICEER
He FIN7 AU IPEIC K D EERICHE L,
WORNMERE D 90%LL a4 LD Z L RHbi
TWa[8l, Zhvh, MOBENFMTE RV EEE
FpoAd ) JHia, ©7 40 ZAWMPE L TREPR
ELTHIRT 272002 Ff> T D 72 0ITiEd
952 EThHD,

WA IBPMEIL e S OBERIED L REICIFE
THREX RTETHD, AT UOFEL =L
F—JHE L TEBICHHTE A Z EBHLMNIZ
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o TER, AFVETRLATF U EMEND 2

T BRI DOEHE D RES LT Ew T, B
EOLREREY LOITHIEZIER L T\ b, AF
ANTHES LT D B IR OB D % 756
BRAUT K0 D72 o T EHME AR IE 2 B> TV D23,
B LRy LEEL OREGEMLIE. NTRTFAT T Y
r X > (GalNAc) 3% 378 o1V > (Ser)
FlolZAvAF =2 (Thr) IZ a-O-7'Y 22 RiER
L 72#%1E (GalNAcal-O-Ser/Thr) & 72> THEY
Z O Tn HUE & FREN D,

LFENFFEE DIC L DIATHIRICE D, BT 4 X
AW Bifidobacterium bifidum 23\ T Tn $UR

SIRICBED DR TH DL e NT®F AT F 7 b
Y I =4 —¥ (NagBb) 239 L, FIE S 7=[10],
NagBb (% & & N T GalNAcal-O-Ser/Thr %
GalNAc & X7 F RIZIKGRT 28EFETH 5,

DEEFRDFERINZ LY BT 4 ZAED LT B

R A RETRREE S e E S vz (14038),

_______

EFOBELELERICHD '
KL F o OER Y
N-T & F Il —t
A7 b4 v
(GalNAc)

t74ZXI

Nang
\\

3. BT XAEMNE b ORGPKEEORE 2 >
NWIE (LF V) 2FIATH LA

OB 7 4 ZAZAWEBERINT I T 5 5k % 72 B%
FRIZEY | PEHSOF NI BafREND . @)
WrE =W (GalNAc & % > 37 i ino7z
MWOTWERTFR) WET U AR—=F—ITLY
EARNICIYIAEN S, @NagBb (2 XV
GalNAcal-OSer/Thr OFE-~7"F REOFEA
DIKGIRS I, BEL XTTF Rizmpnrhd, @
FNENTRORBREEICAY =R LF— L
LTRSS,

AV AL B
ir FALF = RE




NagBb (I¥FE KRR (GH) TH O, BE
70 GH &7 X/ BRESI ORI Z R S e o Tz
e HHL7 7 IV —& LT GH129 BEENL &4,
TS, UWRZDo77 IV —IZR@T 5
FESRE ONAHEE ITRA SN TE LT, FE LWL
Bt S R Th -7, ABFZETIL, NagBb 220
T, X BRAESMEMIT 21TV R RO
WOFEMER LN THZ LA HME L,

6. NagBb D#ERtEE

HEEREICEE L TR, @Sk F — IS5
B E R E R A IE T O THE & ER S D 7
=7 L HLEFSE ATV S-SAD VEIZ X D itH &
RIE LTz, S-SADIETIE, X\ T il 57
RIS E EN DR T O R S B B A s
WEICHIAT 2, AFRETIE, REEEIRO &E
EOXBE—LNARERE—AT A BL-1A (2
BWTXET —X OREEITR -T2,

NagBb O2&Fi#EEIL 8 RAL Vbl TH
V. N K, CERIIIEPT— FNPHED RAA
NI STV el e 9.0 [ VAR = B RS AN P 2 TN R S N
AA UHBLE LTV (K 4A)  [11], ROSAER
Toh5H GalNAc & DEAEMEE TIZ, NSL o
DMTHEDS . Z DI Aspd3s & Glud78 L9
2 OOMET X BRFRENFIE L, £ ONE R
WD, TN OFRENEN T, KM, BRAE
M CH 5 Z LN BN (¥ 4B),

NagBb DIEMEHLLORFET X E R L LT,

GalNAc O N7t FIVEZEBT L2814 &

Tz 6 BT 5 4 D07 2/ Eeigk (His271,
His320, Asp322. His366) & 2 DD/KIy 103 F
ELTWeE (X 4B), ZNbHDEEEZT 7 =12
RS A R, H27T1A, H320A, D322A.
H366A OIEMHAHIE LTz & Z A, BAEREER DOIE
PEIZHR LT, R 3.0%, 3.0%, 0.50%. 0.41%
DIEVE LIRS R oTe, EHIZ, Thbe Tk
[FIRFIC A L S 7 I EA BR T, BERTE MR
0.09%FTIKF L7, ZNHICEVERAA LD
TEMEC I T 2 HEWE N BR S U7z,
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4 4. NagBb D EAHEE & &M OO E

A) 2FEEIINEKERAL Y (F), NLAR
AL (T ) CRRAAL Y (OR) B AE-
T, (B) SUSAR) GalNAce & JEF%FE D
Keto WV T bAF v (FEOER) &k GF
WER) DAIVERERICEE Do T\ D, Cali -0
R BREE 7 OMATRL TN D,

& JBA AV RED T DX L D4R O Ry
BN REZHE LT2L 2 A, Calt F O (3.07
A) Lo b ERENTIRRESEERT E— M
B SN TV (K4B) 2, BHEEMD3.156AT
FE—7 B/ L, ZhE Y Zo&EiECaT
HDH I ENRBI N, GHIZE T DR Tl
ISR DL D BT LI STV 508,
NagBb® X 5 IZHEDO N-7 & F )L E ORI 4
DEE L TWAEIIO TOMTH D,

7. NagBb D##i& L&

NagBb O#EREIZL Y, GH129 12815 54
D TOSNBHEERF SN E 720 | AR OFE
WipEnTz, W77 U —NTIE, REEfLBE, R/
MR B ICRIF ST, LaL, &BA
Iy ORNICEb 2RI E 7 4 XAEB KO



FERUN CTIRIRIEREER R N hoTo 2 &
M. 773U —NOF O ORESE T3 e R

PEN 70 2 Al REME DS R S LT,
F 72, NagBbO 2 f##iE X, GH101IZE T 5=
YR aNTEFNANTT T I =F—FEDO—

[12lic s RIPE 2 7~ L7- (IXI5A) . GH101iZ 1%
BT AAEBROBHELFEL THBY[13], =
néEbmWEEEMHERMEA R L7z, L2L, NagBb
IR F RICHES L7=GalNAcH b~ B L 35
DIZxt L. GH101IZJE T % ## 1XGalNAc D HiE
TR S BICH T 7 b—=AF0BREA LT

GalB-1,3-GalNAc &\ 5 FERTF RIS L
HE
RARCEE R N T N7 RO E
ER Y b ORISR 72 0E

t%®%%gkbfmm%%¢éo:®méi

%F—
XU,

(X5B),

EVWAR ST

5. NagBb (GH129) & GH101 B2 Ot
Hrg

(A) NagBb (7)) & GH101E% (B
& (ERDHESG) +HIKE (BERLRWES))
DR EE R, (B) NagBb (£, 7)) &
GH101 B#3R (. ZR3CF) OIEMEF.LART >
kDL,
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4 [a], NagBbD SEAEREIE & 32 2 L1k |
7 ¢ AAEP BN OFEHZ R L CES - HEHH
TOHMAO—mA L0 Aoz, /2, E
T4 RAAEBKOMO T 7 IV —OfEFR & ORE
SMHER, £ LR 72 &R O 59 5 KBk
R Loz Z Evh, BT 4 XAHILE
FEDIEDBBRTID L) Ra=—r REEL
ELSHTEEZ ENRBIND, AL, &
~ & BN B3 2R FRIC BV CEE 2R MR &
R L7272 TR AB TR T VAL T T 4
7 ADBFRIZOTND Z E LIS LD,

B
AWFFETET TR, — KIS, T EHDX
BAE SR I, Y TV OB R R L O
[ 477 — & & IS 2 BRI HE i O BHE S 217 5 2
EANH Y £, AFREOERICENT, KiEE
S — X DR SN D EANIRAIRTH Y |
S TREGHH L BT ET,

y—»—ﬁy
— e (—
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BITHIRT, BTORZPLYBIL, HHLEEL

EFZTRE S£RMEEFER BRFREFHRE
& B

BRI EREER (MR) ZECEREAND ILNRARTY, BAEAN)VLZAVTEEEREZ
HELTEY, CRICE->TRLOTEHIEREZFAL. SESETLEREGRENAIRER
VEJ, SEIF. TEOMRIZEEZAVTAZLTEZLOAN. BARZRYEOTHFE L=,

1. #HIZ

MRI (magnetic resonance imaging ; 530
g HE (X 1) 12& > THEIE~Y 7 a0F, &<
Z LD TE RV ES T, MRI Tldmds &
VB LETH, HmICERAEZRFAT L L
REBLRRBEN - TLEVET, &2 THEA~Y
ALY a A VEEREHS L CBEEIRREICT
NITBEBXRNHN TEL0TT, HFIXRE~Y ¥
LDOFERANPAFERTRILBRNPRE L, FNHI
1 ENEIAHAE LR TR A TLER, il
XA LD TA A T F AT 5 FM b KRIEIC
BWoELE, BV RN ETT,

LIFIX, £ MRI #%@E %> THETa L
TX72h, OlF=ETT,

X 1.

MRI %

MRI | XERGE 2 HOTERNOKO5A (e b
V) AEBL L CWET, 2L, KK
HIRFE (e ) OEPUTOLIRILIZ L -
THEENONEE (T —E 7 A, HEE R <
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FEREFIE 72 &) BERDHDOT, TOEREZIY
92 & TARHEROFBLEAE N Z S U 72 (]
BaFTWET kO MEEL SV ET), B
X, 7LV RROERE A RIS T TR L, — &
IRER B2 TR & OB U C & 7= FERGIE % 42 . AT
LTWET, EHF->TVEDT, ¥4 FLUiZhH
5 EHICRITBEE Tl A TWD ((EFEZ LTV D)
A A=V TT, ZA MLTIHIEEE OO ET D,
FRORERWNAL R L REWIBERTO N
WCHENT TAhE Lz, FRB 2RI a2 5 v
BRLTLEAZONEWVWIKATTHLH Y £7,
FLO TG 72 BEPUERITITIE R FETIHRE Y £ L
7= (b BAA, FNETICES - KT, #rE
BB R R 2 — BERBEEE S B T S
Pt CH <D L EFATREY, IRLTHEIZT S
Db VIEH Y FEA) BRFOTUR K FITILE K
Fele () 74 N=T KPR . Fridsriled F
EERRTHR) 0. PR (RS ER K72
%) L\oiz MRI O L0 XK 9 RIRFOMFEA
HbRxT7, BEOTELEHELTEBLNE LT,

2. FRRAESH

ZOHP O MRI M & OIS " 2#d% (4)
DIFE LT DM (X 2) 25@ta LT, BRICHIZ
Ao 721X 0 @ SPIO (super-paramagnetic iron
oxide) |ZBF D WFFED A T LTz, [ 2 h < B
ORTZIN BTN B v D FHiEAo



BOBHEWLL LA E - 725w SCEE L, SPIO ¥
THIFE 2 fal1,2], 303 2 #R(3,4], Bilx ¥
T IEASAE (BEEINE RSB EER) <’
HHELFJed (BUERFRAN) O ZHREICL > T
s 2 fml5,61 & 7220 K 1 FROFILIEFEFIZ 6
FROFRCITAER L E Lz, 7272 L SPIO ZBIL T
X, RHIOFMATEIE, BIEHTOMENT—
V7 SORFHARR IV AR DA G DT L S D L2
XFEDOE, RN - LELNTEDOTIEARWN

M EFRETY,
O

2. JTR T

3. #iEkER{&. PROPELLER

B B HRIRAZR - T2EH, KPS KREL
THLBORRG R O D K DIV | FrEDHRE
@ ADC (apparent diffusion coefficient) 7% &tiH]
L7z v (78], IEBoRdGg 2742 Lcory b
7 x =& BT 5720 T9,1015 Xic T o 2 &
NTED, DENRERT L, 20720 RHY
(ZFADBULBR O et BTN © Ak phiet R (1 3) ~
B0 FE L, KEhomoEHEHIC PROPELLER

(periodically rotated overlapping parallel lines
with enhanced reconstruction) & &% I 4, A%
fIRREr O £ 2 L NI RRIGH12,18] 217> T
WE LTz, ZORCHE - EEL OMTEREL T
BLRELE ST EBEOENET,
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X 3. fik

4. MRDSA. parallel imaging
BERIR T >~ T A 7165 (14, 15] OHAHTHS A
JEIS DENERR L1611 B L T A 1S5 b %
<HEATLTERY ., MEEY FEICH S S OHEDSE
BiEEZOLOLEEETWELENLTL fribil
BRI b FEARSEI A R AR FZER) 23, [
i & £ Vix s »nIciKiZ #E 7 MRDSA
( magnetic digital
angiography) % 5| >#EIF TR TRLNIZET
L7z, £ 2T, Ml EEL ORERHA L 3~ 3
Bl iR O = E R 595 T d 5 parallel imaging £77<°
TRICKS (time-resolved imaging with contrast
kinetics) &#lAEHH T MRDSA Z¥E I %
L72[18-20], ZH BIF AL O —HEf & 72> T
ESu I

b B
= 52

resonance subtraction

5. DTI, QsSlI

TN OHEAESE URETLRFER) KA
Z o 7Y FAREAESLHEME A RRK
FHEE) LRI s v FERMT L JREGRFG O
#EE T DTI (diffusion tensor imaging) 723&#l
IbnEEBRLELZ, ThETIE T2 Bk



TOWRE 7215 B HRE D> D AFRARHE D BT 2 e E
L5/l bOn, GHREEOLDOTIEHY
FI) < o &0 LREEK S E u[21,22],
ETHHE LR EATWET (K4,

4. FAORH T (BFEEIT X D LIRAR)

Lo L, EENT L2 b o DT AFZED i His
JELTERBRDG, 2EimX e mETE TWVEY
o FET DU R4 TEHAE L7 QSI (qg-space
imaging) (2L TH, ERICERFEOHKRELFEL T
WEg[23],

6. IDEAL. T2 map, Bi{LZAFE S

Z oMzt IDEAL (iterative decomposition
of water/fat using echo asymmetry and least-
squares estimation) [24], T2 map[25]°CHéAl =7
TR [26] 72 &, F L MRI Bl s B ISH S
HIZNTRRSUIH L TOETR, A — o7
BAERHITIEE > TORWVOIXHHEZ 5 b ORH
D7,

7. 1EHI. NSF

BEAEBEIC MRI EEA 2 LT L T 2ipR
b EICEFEHY £ L, LrL., NSF

(nephrogenic systemic fibrosis) DOTFFENEN B AL
T2BUE T, MRIEEAI DL G Il 282 5 D
WEECTI27], EARMEOR, LR-EEEA

(FWEERKRFRAERE 2 —HR) bEfE®
B G- DA M Z RETT DWTIE 21T o 7o DITHRERAY
EbExET[28],
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8. ARICAAR%EIES

RRZIEMA D EIFRZE D K5 sl &b
LTk [29,30], FiETHHHFALAEIZ THRAN
FLTROGI SRV ENET 5 Ll
EbdHYET, FTH, FAOFFHBITEGIT
PRIV, ENERIRICENSLTH Z & Tl
W E 2 TV E9[31-33],

9. ¥bhYIZ

oz Am T, So & HAOMIEEZIRY K-> T
HE LI, S35, MRIFEEE EICKIT 5
KEE, ESIZEORFTE TN D HRRER LT
B, EIUTH R U TR B O EH A
EVI M T DHITES TEEAEY HTR&ET
LXo,
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BFRURE LFERADHEA NMR ZEEDOREN

BPRMRE (LFFEK

HPRMRH EFERICITHA

KEELLTNMR A 8

NMRZE£

BRESN., M. BERERET S

ETHRBICARLTVWS AR TR . EOHRTHEAHFEENF L3 5D NMR EiE& (JNM-ECS400,

JNM-ECX600. & & U AVANCE500) [2DULVT., . [REE,

AEEF ERRT S,

Rt (NMR) &%, s8OS o s ikt
EE, BAY L ORE R x50 1oL 20k
DT VAW ARG L, BRI SE72%, o1
MICDLZERBICH DB ET DR T B L
PG A FRNTT 5 FlETh H, NMR O
IR IR E R RIEANY U AR BH L-EE
A A N T0 D
— T, ﬁfrﬂ%/\%ﬁo b9y 7 DAL A
EOWRE (H, C,N 72 EOfEAIREE, BT L 0
BIfR) (TR, BB A FEIENIE CTX 5 2 & 3
MTh D, AL TlX, 400 MHz ui@mﬁui}% (1=
fRGE) AT LEEAMEHT 20N EEIC o
TETWD, Fio, ALFUSNTHERX 258G
HENTEY HIZIENMR A A—2 > 70 MRI

ELTERDE CHBGBZEIC R DIV EEE L
2o TN A,
P RFER (P i NMR 2 8

AR S A, BERE, uﬁm/\"’éfﬁﬁ{%ﬁ"é & “CEQH‘%L

WAL T g GEL I3 bFPsBOat itk — %
# httpst//www.chem.s.u-tokyo.ac.jp/users/facilit
y/list/index.html Z&H D Z L), AFETIX, 37
® NMR (JNM-ECS400, JNM-ECX600, LT
AVANCE500) D5, Ji 8, HE oM/ & 4 #3
I L NMR ORIEHEFIC W TG T 5, 725,
NMR (Z2OW T3k~ 2 ERE B RS T D O
T, RN H L HFIFELLEZZRLTHE W
[1,2],

36

HEOERLZEEZBNML. NMR O

2. JNM-ECS400

JEOL RESONANCE #:f JNM-ECS400 (%,
L HERHT 1 fE 0009 521 53 FRRERZ G
RILBLEE CTH H, AREE L, T2 b /(1H)0> LR
JER AL 400 MHz (272 % L O 7R (9.4 7
A7) ZFFOBURERA . /36ET, HiliE PC 2 HAE
MENTNWD, 2, ABEEOKE L LT, kit
RO, IR EE TR E R A — b
T—=WboTWHZ EnEFons (1),

R %S 3R PR 2 18 1, MR REA (C B R
REFOERBEMETH7-00%ETH D, Bis
MR AR5 2 OISR R Bl 4 A
NHY | KRt =G SN D IRIKERE K
ORAEA~Y U L OEMRI MRS NETH D, L
UM G| SEE OB ’1*57*1%%%@7‘:&3 Frlc

RARZE I L Cld s o ¢k 1M 1 %
®ﬁﬁ¢%ﬁM£k@5 RS 36 FREERA 2R 1 1

Z DD LWRIRZE R ARG TE2E O A 2 B9 5

1. JNM-ECS400 (JEOL RESONANCE #)



LOTHD, ZHIZE->TA NMR HEEx, HA
BNCH r A 6 HARIT 1 [E DR IRZE 3 K ONE R~
U 7 LORIGVEZED I TRIE BB ATREI 72 o
TW5,

F72. A NMR EEIZITA— N 7T =DM
boTEY, 30 ¥ 7% THEWIEGH E
HZENAMRETH D, WMEBIEDOL L DML L H
s Tna e, FILFE THHEHIC NMR A
N7 MNERESTAHZENTED, £, HEOD
F7¢ 53 18C, 19F, 81P %72 & O ZEZMIE . 100 °C
22 5H+150 °C F TOMRE R ZHE, —%ot NMR
wm%ﬂmf%b\ﬁmgmbt;%@@m@°
XD X9 TVD,

A NMR ZEEOF LR HEE LT, RIS OHE
AT DAt BLBR D5 & 72 2 LA OB -
BIRZRBOMHT A% b,

LFHELOMEETIL, BREISEITV. TD
KIS %2 NMR $EE |2 K > THNT - BEsiET4 %
EWVV) ZERHEMIITORTWA, X 212 TH %
Zxtgee Lz NMR llEIC L > THE LN A
kL ((HNMR 27 hv) & T 7 et
AT, K2 TiE, 5 RAOGEEMEH ST
DM, ENENMEFENRBREEO B2 5 1H Bl
KOEFICHKT D, 2z, 5onME (b
FUTR) MHED H ERED LD LR
Wb on, FEromfEmE FEoiE) 726 H
¥ EROEINT (ZEE, Iy 7Y T ER
M BAto H ONERRR EOF#RNELND,
DEIRERE D LI, HBONIEMR ED K
) IHEE o TWDDOMMRETE H, A NMR
EEIT, HILETHFRFRICESBECHIET S Z

TH NMRA~Z kL
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- EROEESE  (FoE) o]
- 1%7%@%”?175 /\)LO/\

(BEE, hy 7V ITER

B 2. 1H NMR A7 kUIZ X BT

fast
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228K
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X 8. IREFZ 1TH NMR A7 MULIZ LB
7 a o~ ORLEE - BRIZEE) O FRAT

EMTEDTD, IS OREIERNT D= D)
HE Lo TN D,

—100 °C H 54150 °C F TOREE A28 HIE A 7]
BETHDH L WVWIA NMR EEORKEICLY ., A
LB OB - BHZFEEN O S /2 HED 12
Lo TWh, M3 IZx0—flart, 7 a~
X AL ALFEMCREDOR 25 2 5O HE2AT
5 (E3HICiE.ZEN6OHEREFTRLTE),
Loy L72and B, SRR CIXALEE A EC /I ALIC A
T 52 LIk T, ENOOREDNANEDD
728, IJHNMR 2227 bV ETIX 1 ADES & L
THND, —H T, BELXTTFTNWZE&IZE-
T, B BEAEMNREL 2o T & LTI
BREEDHEIR 2 250 H 2RO 2 RO 528 T
EHEICRD, ZOXDRIBEAEREIZL -
T, BB OEEEERU e &% FERIC KD 5 2
EMTE D, {LFEHEHANTITHOIL T D EEEOHF
RO—HE LT, AREI—ARTF ) Fa—T%
F-OXT Y o TEBOWRNFT HnD, RS
AL PRI FIEC L 2GR SNT-ARED—R T
) Fa—Tn+Fn, 77— Ceo BT DHZ
xR RH L, JEERZ NMR % O@hizssh o3 fig
Mrani, TofEE, W07 7 —1 > Ce 2¥F
RED =R T ) Fa—T01OWo0RENT
HEIZEEET 2 577U 7)) ELTIRD 5%
9 LW ) BURIRWERPGE LN TN D,



3. JNM-ECX600
JNM-ECX600 % HARE o7 — U =25
A AL B (FT NMR) T, & K& 83 (RF)
V=210 Fx N, RU—T T 6 Frix
V. B ABELEIR 3 T % v RV OPEIRNE % i . T
BY., 2CTORF Fv¥ FVIZFERAO T 75
TN VY PMBAEN TN DH(H ), Zh
LY, FF ¥ oV OEELRS - FEFRICE
boFHBICHET S Z ENREE 7D, BT
BRIV ATa 7T 2EELEDLHETHHIR
WAEL 720, RF FARIE A KIgICER LT 5 =
LIZk o T, iRt REIEEMEA & Hiv, RF
DOAHH, BEOEHWEEEEZHE-> TS, 1 GHz
27T 5 Edds NMR OB % R Ic ikt S vz
I VERE - RBERESTYEEHIE. 0 TSGR OR BLRE

fli e W o756k D NMR OISR IC & EF 53,

Bl 7B, RA N T T4 I 7 AR, HHFEM
B2 & FEROBFHEAR ORI ST D5
HEMEZ 2 TV 5,

B GLALRR E W T2 T 7 A o 2 vl
TS A ENNCT DD, I FHERKE 5 Y
EV o EREMELETAELETH DL, AROIE
RTHH SN B EED O RIZEESOBE . AR
T HEIMLOEIZ 20 505 100 5L R B2
EEDLNTEY ., BEA~OAMITR L CER T
5HDOTIERW, ALFEON 2 2B OMH % A5
R, V= I AN —=RUERTWS, 7

X 4. JNM-ECX600 (JEOL RESONANCE
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V=7 XA M) — &3, ALSEEZ AT DB
AT DHEFEMZEO L, HET L1 F—
KGR, AMERLREA~DOEEL R XMA LD
LT DREFMEOFE AT, WO ETH RS
BB AR 21 okl o R ERRE T BN S
L DEADEESTND, ZU—v 7 I AR

V=% —DDOEERT —< 0, BIICET 72
WA — R DBRFE T 5, wE . AREEITEUR
& ISR SN D T R EEE L < |
POSHEITBIE S L REEIN D, THIIX LT, &
B T ITHERE & JE T 5 Ry — SR AR, (B
L THMHETE 2,

NMR [ T/E ARG OGRS Hiv b BHbE
VIOREIMEDIL TN DS, ALEEITH R 5 A
ILEMOREICHEEL T MIZERHEICBWTHRE
FLWERZ A TWD, B L < BHZE L 7oAl
Z D PSHENE 2 fif & AT 7225y TG 2 7
LAV THIRT 20BN H D, LaL, RE—FK
b1 X BARTH 503D ZATHIENLRETH > 72,
A BALARIIER T, 1997 41213 SR-MAS
(Swollen-Resin Magic Angle Spinning) &\ 9
EHEDORBICE T3], ~V v 7T v IV EIE
TN D AR B ADEESE SRV BT
LEEFRBZEREEEIEL2 LT, BERT
0 — N2 5 ERR A OREE R L, S bIZ,
BRI DR 2 7RIS 52 L T, O
TaH L, EERTH Y 20 SRR D S v —
TIMEEEWET D Z LTI LT, BITETIER
BALD FG (Field Gradient)-MAS 23 & REfM I D
PRFEIC—tH - TRV (4], miesmoatr B o =k
TFEFICRENWEWS Z e K< bbb, —7,
BOGCHSHERREBINC I, BOS o Ol oA Bl 0 1K i
)T NEA LTHEST 28 b LB & ST
/2o %= 2T, MICCS (MIcro Channeled Cell for
Synthesis monitoring) &\ 9 F¥E(X 5)&EA L
72U T A DRSBTS SR LT % (5,61,
InbiE, =TI~ 70Ty T E
AL, Ble DR T 2o THEEZ T LiATe 2



X 5. MICCS

& NMR N T ZE RN T 27 7V r— 3
VTCh B, B E & HICET A —TNE O

WE D5y TREE D ICHIETE D,
WTNOFNZBN T, F OO HEAT % & D

KAEEZ 7 IAEMT 52 L TEENIEHRTH Y |

Atk b ISR e OMFERSE O —Bh & 72 D T L3
Bricsns,

3. AVANCE500

Bruker % #; B4 & 30 4y O 4 & (NMR)
AVANCES500 (It HAE 0225 S =ITRE I T
W= A4S NMR DRX500 O EZA5 01 D B HTIC
£V, 2014 FITFEVEAE 2107 FEICRE S

-
AN
llm}
[ N)

. P "Z@‘;{*

500

UltraShielg™

oA
i

6. AVANCE500 (Bruker #+#)
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7= (¥ 6), 11.8 T (H £ 500 MHz) D5~ 7
Xy hEHAWDZ &, @OMREONIE % FIEE

LTW5, BIZE~ 7y FOMRFOTZO, K
~U T A2~3 »r A2 18] iR EE R (KR R)
FREE 2 —L VR LTV D,

DRX500 75 DHEHICT LY K& BFE LD
LLTFTO=RThb,

@ UltraShield v 7 % v b

DRX500 23R D~ 7 % v b Th > 72Dt
L. AVANCE500 Ci% UltraShield ~ 7 % v k%
AL, W b HUATA NN 1.3 m &~ 7
Fy NERAO ZL RO & 7D | A
RJEIEEEA~DBENMZ DN DT TR W
i~ 7%y MED OREREREED KIRIZZE S
77

@ A~L—v 3V 7 | TopSpin

GUI X— A ® TopSpin ~& HH /=2 & T,
R OBEMED M E LT, £/, HIEE% Spool T
LIt HEMEDFE L EL
TW5d,

® A — b F 2—=> 7 #HE TopShim

k7 TopSpin ~&HHT 52 & T, A—F
F 2 —= 2 7 e TopShim 2RI AIEE & 72 > 7=,
FHEITO shim fEIZL~_BERERIC, FEF IS E R
JED shim FHENFEEL 20 | HHNDH AT b
NDEMNRIBICSE LT, FFICART b DSR
NEW TH ZOREIZB W TE I EFE L TV D,
BRI 1H, 18C 72 EO—RotillE, —koollE
X D2 ABIEE Y OREIERES, EEFT 2 £
Ao Tng, 72 1B X 2981 &V o 72284
ESHARE T, AEE DA LI LV AIE A iekz s &
LT ZLb R ThD, £/o. M T7TOXD Rk
REFZURIRE > % — X0 8) %2 AW 7 ARIRRNE
2RV EFMEFREORES, 51 O EE T
mEBITOI, Z< OMERBRPEEN TV D,
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7. AVANCE500 (= X A& ia A&

SEH

(1] ZREEE, =EAl, Zhiebbhd NMR—%
DA eV, LFERA (1997)

[2] R. M. Silverstein, F. X. Webster, D. J. Kiemle
E, ARl BHER, MEK R, ALY
DAY P X DREE (5 8 D) HAUEEER
A (2016)

[3] S. Kobayashi, R. Akiyama, T. Furuta, M.
Moriwaki, Molecules 2, 35 (1998).

[4] J.-F. Soulé, H. Miyamura, S. Kobayashi, /.
Am. Chem. Soc. 185, 10602 (2013).

[5] J. Nakano, K. Masuda, Y. Yamashita, S.
Kobayashi, Angew. Chem. Int. Ed. 51, 9525
(2012).

[6] Y. Yamashita, K. Minami, Y. Saito, S.
Kobayashi, Chem. Asian J. 11, 2372 (2016).
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O ITFAMRFAMEBEIFER

AR — AR FE DS E D B> B R D B €/h
DHTEFILIND BT R—AVHREOFRIT, £
DFFFPEITINZ T, R AEIR GO MR 1 5L
DOREIZTEERA 20 2 S 726 Lz, Zauid 1985
E1Z von Klitzing 23/ —~ VBB 2 BT 5
FIE SR I b NN Y 1 3T o/ia 1)) o= A ()
FHIHE (FARrY—) OBEEREZEATLHZLT
PR C & 2MEBG DD TORITH 2 AU
Th, REBRENLDOTHoT,

THUEE, bR B U—OBLRIC X D HEIT B
RICBT DHT e @& TIREE - B TBROER G
FHE L TRRAERZED, MR o Uik -
kAR T D A VRS R« AR U VB R ER
IR E DRI m O - FHRIZ b DR o7,
2016 FE0D / — U ER B R AR 1 2 g VR O B
PR RIS LT B, BEERERRICE T S
21 AR R DR L OHELZIT TV D,

—J5. bR B U h VR B R 2 S
TR, MRue UhVICRE I N RA O R
FHEZIGH L BEFEORITIT ARV EE OFI
ZHEIC AN B IR STV D,
Rl bR e O NFICICNTET 27 4 7 v

(b)

I3 S AR =
T45vOE € B Cd:As, BIED EFhE 4

JEFRIT EOVBEESLA Y EB &R v ¥
TIZEDEWAE UV EMER EOMEZRL, ]
HRDE T RN —T A ZDAF T ek EHE &
LTHIfF STV D,

ZOHT, ARTIE, IEFICERL S b
RaPHNVMTHD NRa P INT 4T v 7 b
JB CdsAsx ICFERZ Y T T, mdnE 7o JEHLC
X o T BN > TE 72 CdsAsy D BBk Fidk
WCOWCHHEIZHET D, MY ILT 4Ty
7B BT, 3RITMTe Ny RRERZFFD, K1
WRTEIRT T 720D 3 RITHIZRIEER E b
FER DR R B IR ZFFO[14], ZILHDET
HEIE LR A DRG0 6T L0 B
HENTWA[5-9], BT, 3 KTEDT 4T v 7 A
XA N TR (B A —V) BIFEET D
WRBIZE L <. ZHUCHRE L 728 LW BB G &
BT 5 REME A D T D,

Flo, MARRTILT 4Ty 7 EERIE. bR
0 Y A VHEIRRIA[10] -+ U A VAR - BT A
B U AR — R AR[12] 2 X U & Lo hAR e
IV~ T A RMEIC e D TR,
FR v AR BSOS E & LT HE<

B 1. bARw YT 4Ty 7 fe)E CdsAs: D(a)ftibiiE, (o) 1151k, (o) B kA m o Aa[T],
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SisN4 cap (amorphous)

TiO2 cap (polycrystalline)
CdsAsz film [

SrTiOs substrate

X 2. A=A E PR
DBEDYI = b—r a3 ke Nz RLF—

RSN TND[7,13], S 612, BB T4 71
FHLT A VEE & N D A <HF LD Bk
BRERTHRELTHEREZED TN

Cd:As; [T < O EBEIEFERE LTHHD
NTETMETHDN, &b E 7 R 3 IR 5
IZNEETH - 72[14-18], ZAUIE, CdsAs, HIEIE
HIZEWAKELZ B, ES Z<RIRICR 5
T&E7e»Thd, Flo, AsREBIZELDE T F—
FIEoTT 2N I VLR T 4T v 7 ENBR
LN TLEY W IHMER b BT, DX
DRI AN E 2 T, Fexld, SR L —Y—HE
FEE & mii 7 = — Wk E A DY 5 FIEICEIE
L7c, ZTHUTKY, BOWBEIE &SRt L b
HOEME R ChAs; HIROMERICH L, &F
R VR EZI D LT 5 B THEHRO RN

KV BIZE ST CdsAse D () 284 & (DIEKIK, () HIZ

I X BT I X
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Lo
o gt o o Pt
ihﬁlvﬁfo?xw

o Sty B e St
Ry u\’-&'s‘\‘u‘\'ﬁ i
L S R Y Pt ‘s.*

rh"\ 1-"'. A '¢ 1-"\- ‘ﬂ'-'\*\' P
h.*:n.-ﬂ *-..4- 'ﬂ e Pt By 1nm
o, .

1-‘- o

At
DEONTRT~ v 7 L Dig,

TRMFFEDS AIREIC 2R o T,

RO | VA L — P —HERETEIC X DN
L7 F5 B~ ORI TIX, CdsAsy, DZEFEIC
L0 FERPEDE CdsAsy IS Dotz
ZTIT, Xx v T EBEENONSEDLZEICES
THBEORFEZHE, MIRTOT =—/L% ke
TOFEERS T2, BATHRROMER. TiO; - SisNs
LWV Zo0F v v FEEIAICEANT 52 LI
Lo T 600 LD IEFITEILTDT =— /L8
FREE IR oTz, T X T hFy vk I2Xo
T, M2 OFZBEFIMEGIRT X o1, BEik
DV T R BB Z HIEF ICEmWREREIEE o
BEARIMERITE D LD ITheoTe, 2, T
DOERFEOF v V TIREEIT SV 7 THE ST
WHRIEF v U TIREICIEET 512 8K, £ 2



X 3. CdsAsz I W TEIM S &R — A hE, (abIEREIZIS U T 2 #i R 27,

TOBEEIZ VY LRFREICH &N & b
YN oY

MERE T, ETEBEIEICHERT S
Shubnikov-de Haas HRENDMEAELE 2 S B S v7-,
Mz T, M3IRT LIS, 55T FTORMESET
TOEEHEIZIBNT, & R—/WREZ SR L
Too ZHUE, BIROBEREAZZEZ D2 LIZE-T,
7 =V EORTEEHE L, & CIADRR
DIENNTE 2 RO 703k E CTIERITE 2 Z & &R
LTW5%, CdAs; IZBWTHIO TORBIHITH Y |
ERBENE 2 (R > IIRRE COEBILICEKL) L7229
IZELNTZRERTHL VR D,

FrlZ, 12, 14nm &9 EWEELE 16, 23 nm &
W) JEWERENCIZ & A — WIRBED FL 2 5 K ONHig
BENRE B> TWDZ ENGND, ffi/rE
THEMATIC LV . ZORBR &R —/IREED
ZAbiE, EFITHNT 4 T v 7 3BTRS H A
B UMEIREE D ZELIZHEE LTV D 2 A ST
mole, Flo, ZOIFEITHENT 4T v 7 538D
eIz, DRV EWRE E TaEf AR — /WRER
FoTHN, B 23m IFEFDOREETIIT 4T v
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7 R ONENZEA CiAD bl KRB S D
ZETERAAE VR —/UHERIRIRES FEEBL L T
HT ELGMhoTET,

BRI, Zn Z WAL ERIZE D v U TR
R, &R —/IREE X0 KRGS B
THZEIZCHLHEIL TS, CdAsy (2% L T
ZmAs, ZIRALTT=—N325Z L2k, i
b & RIFFIZ (CdiaZny)sAsy; DEIREBERICTE 5
TEEFEFRIICAML, v ) TIREKREEE R
AR D Z LR & 72 o7, AFIETIER
L 72 MR Tl Zn © F— 7Bk L CHefTif
FEED BRI F X U TIREME L TRV,
MR E YA VICIEEBAZREBICE E D 2 K
Xy U TRELZZERT DI LICHKIILTND,

BT, A TNVRERITH RS 2 AMEHRK
EHOBLHNZ OV TRR S, K4 1R T X9,
20 nm FRJEFE TOREITIX, B A O bIZxf
L CEFIREIN “IRTiIR Y 7 &R T DI L
T, 100 nm 2 D43 7o )R A & O3B CIT IR E)
MW7 N LW =RoeH e 28 &2 R4, T ORIt
PEOZAIZHE T, 100 nm OFEFCIL, hARw
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DA S TWD Z RN nd,
Stk BIZIX, FEE T — MikgE L Lz y
77— MEETOERDREFAT 22 L1280,
BAR—VIREEOREIRE - AVEE - 72 L IHE
FE7p & O A dt AT 2 2 E 3 kD &
DM END, £, HxD R—Ev 7
DFELHAEDLELZEICKY, kT 4Ty
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@ BEFAGHPHMEMICHAEGRIELRER HZEWEE
MERORE -BEFEMDT=HD NMR 2478039 X

BEMET, AP OLDFOREDOHTE,
D TR ZSHE (Fak V) OomWRFET, Thici
KT 2RO, 4FF LWEBRIZ X o TR
o s, RUESIZMOMELR I Y & HERT
IRBRIED /NS W2 BRI ARHED B OE E T
O R D[1], 2O, FdR o RE FE O
25, BARENTEHEICERI N THDO0, 4+
WO RBI 2 HE 72 £12 L B AMBLERIN 2 25 < A4
DA CThH 5, —F. NEaffEMiEZ: £ Dl
A % & BT 2 BRCIEE OB N IFEEE S
. BEURTIEA LA ViR E 55%LL EE T4
WU, TEBfIEA LA 55 ELTCT T ML
TWa,

RHEZDLDODRE LKL T 5HEL LT,

TR ERETAL DN TENFA SN D, ARkiT
—RIZ 4°C LT OMmEiRAF FCTHEITL, Z Ok
THRZ RO ER ENRESNVTREICEEND
SRTICEMDBAE T D, BRITRAMEZ R THID
THRMFM L L THMRAREL 22 5(2], FHDZ
SHEHE 10-14 RRRICHRE N D28, AR T
12 »y HOEM#E WL &2 +o5 2Lz
bOLHDH[], £z, TFEIRTA AV T
EDORMBKBIMICBIERBEE > TV D,
ZIE TR OERLRRIC LD WE DX
1t % Z RO TR ICFHG 3 D oA i, B
WECITIZ L 2 WEOREZ FHAICHE L,
HEE =— X% fm LI RAEEICORN D Z L
DRSS, BAOFiiES LT, &z ik
T LI FAL G ORI T 24T 9 “ A 2 AR m
I RBDDH, AZRBI T AFEO—DOTHD
KRGS LS (nuclear magnetic resonance, NMR) 14T
I, B oD AT FAREEH OIS THE
EYORIHERE LM LT F— 2R d, 2

46

D=, REHE O FFR DO ER Z i+ 25 2 &
IZ NMR A ZARnm I 7 ZARFIH S, kx2S
TRADOFHMIZHN BTV A[3,4], FrxIlE NMR
AR I AEBREMEOFWICHEMA L, BE
iy & AR RS 2 AKEBEMER Sy O NMR A7
LB RV & kiR & AT L. FndE R AR o
72O DFE &< OIS OB 2 Mt LT,

1. NMR A7 MUIZ L BHRS T

AAFFETIE, IWBREEREIEE 2 —&E
RIS FE SR LV Rt A2 = T = fE R A
Too FAERIE. 27.7 205 39.6 Al CHIf S a7 B
EHEME DY — o A (MREM) Tho, FFH
SgEAIVFICLTHEILL, IFH025g
IZHEK (D,0) EEZmukiLA (CDC) =%
1S5mLiNz, v /VFE—XT g v —I2XD 2500
rpm, 30 b CHuM U7z, i Doy BiEtR o Bk Hh KIS
XV ERREmE (pH 7.0) & NI HEYED 2,2-
dimethyl-2-silapentane-5-sulfonate-ds
(DSS-ds) %% T NMR JIERELE LTz, —T7,
SR/ = = N/ VAN i I aw I Nl = Sl o 3 | - S 0
hexamethyldisiloxane (HMDS) %/l .2 "C NMR #I|E
mEtE L7,

A o BEARIEOH NMR 2227 h L& 1
2R Uz, BRI IR IR 25 FREE O K IETE RSy 73
BRI =T[5, 7 /IE. TTI=2 (Ala) A
WN=F o Z LT F(Cr) TvZ IR (Glu) 7
WA (Gn), 77U (Gly), £ YAy
(Ile), B > (Lew), 7 ==/L7 7 = (Phe) .
Fr (Tyr), 23U > (Val) O 11 FERTH -7,
T X BRI R BRAE AT D, e, 7
LT F AR, MBI K THED O T % A
FNT VAT —L T I ) IR VG K

sodium  salt



5 B35 SR (Rt Bh A x 1) lactic acid

lle

Wﬁ/

i
I‘\ Rl | ““'

VA

choline 25 20 10 08

‘ x10

st@m)  ACOH  Ala | EtOH =10 (#E8)

gl | | I {‘ x 2 (48)
N Nh Ak " R

25 20 15 10 05 00
“H (ppm)

ER 5 BRI (MR K3 x 10)

Car

IMP i
HxR
A\l
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X 1. FEREAKMHE O 'THNMR A7 kL

DWFEG L., OB ObDHEEWw] 2T, N-(4-
methyl-5-0x0-1-midazolin-2-yl)sarcosine %4 U S
DT EMEBILTNAL6],

Blge LTid. A /> HXR) . A /¥ v—U v
fz (IMP), bBRFH¥ > F> (Hx) BFEESNT,
IMP 139 WM & LTSI L2 &EnD
Ry TH D, FFRIZIZZ VA I VERLRHEN
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1. Introduction

Carrier-induced ferromagnetic semiconductors
(FMSs) are promising materials for future spintronic
of

semiconductors and magnetic materials [1—4]. For

devices since they exhibit both properties
applications to realistic devices, the Curie temperature
(Tc) of FMSs is required to be higher than room
temperature. So far, however, the maximum T. of
well-studied Mn-doped FMSs, such as (In,Mn)As (90
K) and (Ga,Mn)As (200 K), is still much lower than

room temperature despite intensive and long efforts

[5,6]. The realization of  room-temperature
ferromagnetism in Mn-doped FMSs remains a
challenge.

Recently, we have successfully grown a new p-
type Fe-doped FMS (Gai-, Fe,)Sb (x = 3.9 — 20%) thin
films by low-temperature molecular beam epitaxy (LT-
MBE) [7,8]. (Ga,Fe)Sb is a FMS with zinc-blende-type
crystal structure, whose intrinsic ferromagnetism was
confirmed by various characterizations including
magnetic circular dichroism (MCD) spectroscopy,
anomalous Hall effect (AHE), and superconducting
quantum interference device (SQUID) magnetometry
measurements. We also showed that T of (Ga,Fe)Sb
followed the relation T oc xp' as expected in a
FMS. Tc of
(Gaj—,Fe,)Sb keeps increasing as x increases and
reaches 230 K at x = 20% as shown in Fig. 1(a), which
is the highest T value reported in III-V FMSs so far

carrier-induced Remarkably,

[8]. Since no saturation of T¢ with increasing x is
observed, we expect that even higher Tc can be
realized by further increasing x. By extrapolating the
Tc-x trend in Fig. 1(a), we expect that T reaches room
temperature (300 K) at x = 23% and 340 K at x = 25%.

Hep - RAHRE

High-temperature ferromagnetism in heavily Fe-doped
ferromagnetic semiconductor (Ga,Fe)Sb

Fe 2% E[CFMUT5REEE F FEHR(Ga,Fe)Sh [CHITEHBIRRBEE
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The advantage of (Ga,Fe)Sb comparing with
(Ga,Mn)As may be understood by considering the
change of the lattice constant as a function of x. Figure
1(b) shows the (Gai-, Fe,)Sb lattice constant a(Ga re)sb Vs.
Fe concentration x (red circles) and its best linear fit
(red-dashed [7]. the

(Gaj—,Mn,)As lattice constant aGamn)as Mn

line) For comparison,
VS.
concentration x (blue circles) and its best linear fit (blue-
dashed line) is also shown in the same figure [2]. One
can see that the change of a(Gare)sp With increasing x is
about a half of that of (Ga,Mn)As. This suggests that
heavy doping of Fe in GaSb is much easier than heavy
doping of Mn in GaAs without degradation of the
crystal structure and quality.

In this letter, we have grown and investigated
heavily Fe-doped (Gai—, Fe,)Sb thin films with x =23%
and 25% to realize high-temperature ferromagnetism.
The studied (Gai-, Fe,)Sb samples were grown on semi-

insulating GaAs(001) substrates by LT-MBE.

(a)

350 0.61
. (Ga >
300 - 06 e,
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Fig. 1 (a) Curie temperature T vs. Fe concentration x
of (Gaj-y,Fey)Sb (Ref. 8). (b) x-dependence of the lattice
constant of (Gaj-y.,Fey)Sb (red circles) (Ref. 8) and
(Gaj-x,Mny)As (blue circles) (Ref. 2).



2. Experiment

Figure 2(a) shows the schematic structure of our
samples. First, a 50 nm-thick GaAs buffer layer was
grown at a substrate temperature (Tg) of 550°C. Then, a
10 nm-thick AlAs layer was grown at the same 7s. After
that, Tg was lowered to 470°C, at which a 100 nm-
thick AlISb buffer layer was grown to relax the lattice
mismatch between (Ga,Fe)Sb and GaAs. Finally, a 10
nm-thick (Gai—, Fe,)Sb layer and a 5 nm-thick GaSb cap
layer were grown at a typical growth rate of 0.5 pm/h at
250°C. Here, the Fe flux was calibrated by secondary
ion mass spectroscopy and Rutherford back scattering.
The thickness of the (Gai-y,Fe,)Sb layers was reduced
to 10 nm to avoid strain built up in the layers during

MBE growth.

(a)
Snm GaShb

10nm (Ga,_,,Fe )Sh
100nm AlSb
10nm __ AlAs

50nm GaAs

GaAs substrate

(d)

Fig. 2 (a) Schematic sample structure. (b) and (c)
RHEED patterns taken along the [110] azimuth after
the MBE growth of the (Ga;-,Fex)Sb layers for samples
A and B (x = 23% and 25%, thickness d = 10 nm),
respectively. (¢) Cross-sectional scanning transmission
electron microscopy (STEM) image of the 10 nm-thick
(Gai-x,Fe,)Sb layer in sample B (x = 25%). The STEM
image indicates that the crystal structure of sample B

(x =25%) is of zinc-blende type.
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3. Result
3-1. Crystal structure analysis

Figures 2(b) and 2(c) show the reflection high
energy electron diffraction (RHEED) patterns taken
along the [110] azimuth of (Gaj,Fe,)Sb layers of
samples A and B (x =23% and 25%, respectively) after
the MBE growth. The RHEED patterns of (Ga,Fe)Sb
were streaky with surface reconstruction of (1 x 3),
which is similar to those of GaSb. This suggests that
these (Ga,Fe)Sb layers grown by LT-MBE maintain the
zinc-blende crystal structure of the host semiconductor
and have a nearly atomically smooth surface. Figure
2(d) the

microscopy (STEM) lattice image of the representative

shows scanning transmission electron
sample B (x = 25%) projected along the [110] axis. The
(Ga,Fe)Sb / GaSb cap and (Ga,Fe)Sb / AISb buffer
interfaces are nearly atomically smooth, which is in
good agreement with the in-sitt RHEED observation.
The STEM image indicates that the crystal structure of
the (Ga,Fe)Sb layer is of zinc-blende-type and there is
no detectable precipitation of other types of crystal

structure.
3-2. Magneto-optical properties.

In order to prove the intrinsic ferromagnetism,
we investigate the magneto-optical properties of the
(Ga,Fe)Sb thin films by MCD spectroscopy in a
reflection configuration. Figures 3(a) and 3(b) show the
MCD spectra of (Gaj-,, Fe,)Sb samples A and B (x =
23% and 25%) at 5 K and 300 K, respectively, with a
magnetic field of 1 T applied perpendicular to the film
plane. As a reference, the MCD spectrum of an undoped
GaSb with very small MCD intensity is also shown in
Fig. 3(a). The MCD spectra of samples A and B show a
strongly enhanced peak at £ (2.2 eV) corresponding to
the optical critical point energy of the GaSb band
structure [9]. These spectra are very similar to those of
(Gaj-y,Fey)Sb samples with lower x [7,8]. In addition,

we see no broad background, which would be observed



if metallic Fe or Fe-related precipitates exist. Thus, this
result indicates that the band structure of the heavily Fe-
doped (Ga,Fe)Sb samples is of zinc-blende-type and is
consistent with the crystal structure observed in the
STEM image.

In order to characterize the magnetic properties
in more details, we analyze MCD intensity vs. magnetic

field (MCD-H) characteristics measured at different

(a) b
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Fig. 3 (a) and (b) Reflection MCD spectra measured at 5
K and 300 K under a magnetic field of 1 T applied
perpendicular to the film plane for (Ga;-,Fe,)Sb samples
A (x = 23%) and B (25%). The MCD spectrum of a
reference undoped GaSb sample is also shown in (a). (¢)
and (d) MCD-H characteristics measured at various
photon energies at 5 K of samples A and B, respectively.
The insets show normalized MCD-H characteristics by
the MCD intensity at 0.5 T. (e) and (f) Arrott plots of the
MCD-H measured different
23%) and B (25%),

characteristics at

temperatures of sample A (x

respectively.
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photon energies. The main graphs of Figs. 3(c) and (d)
show the MCD-H characteristics of samples A and B,
measured at 5 K at several photon energies (1.82, 2.2,
2.63, and 3.2 eV). Clear hysteresis curves were
observed at all the photon energies, demonstrating the
presence of ferromagnetic order. The insets show the
normalized MCD-H curves by their MCD intensity at
0.5 T, which agree well with each other. This result
indicates a single phase ferromagnetism in (Ga,Fe)Sb
thin films.

Next, we estimate T of our samples by using
the Arrott plots of the MCD-H characteristics measured
at different temperatures, as shown in Figs. 3(e) and 3(f)
(here, we cannot obtain the Arrott plots at 7> 320 K due
to the limitation of our MCD measurement system).
Tc is found to be 300 K for sample A (x = 23%), and
340 K for sample B (x =25%). The observed T values
are consistent with those extrapolated from the T¢ vs.
1(a)), the

ferromagnetism of samples A and B has the same trend

x relation (see Fig. implying that
and origin as those of (Gai-,Fe,)Sb with lower Fe
concentrations (x < 20%). These results indicate that the
observed high-temperature ferromagnetism in our
heavily Fe-doped samples is intrinsic and comes from

the zinc-blende (Ga,Fe)Sb phase.
3-3. Magneto-transport properties

Next, we carried out the magneto-transport
measurements on these samples by using patterned Hall
bars (length 200 pm, width 50 um). The color curves in
Figs. 4(a) and 4 (b) show Hall resistance vs. magnetic
field (Ruan-H) characteristics of samples A and B
measured at 5 K and 300 K, respectively. One can see
that the Rupan-H characteristics of these samples are
dominated by the anomalous Hall effect and show clear
hysteresis at 5 K. For comparison, the black curves in
Figs. 4(a) and 4(b) show the normalized MCD-H
characteristics of the same samples. The shape of the

Ruan-H curves perfectly agree with the MCD-H



characteristics. Moreover, we see clear hysteresis in
Ruan-H characteristics of sample B even at 300 K (see
Fig. 4(b)), which is in good agreement with the MCD-
H characteristic at 300 K. These results support intrinsic

ferromagnetism in our samples.
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Fig. 4 (a) and (b) Hall resistance vs. magnetic field
(Ruan-H) of (Ga;-r,Fe,)Sb samples A (x = 23%) and B
(25%) measured at 5 K and 300 K (color curves),
respectively. For comparison, the normalized MCD-H
characteristics at the same temperatures are also shown
(black curves). (c) and (d) Magnetization curves (M-H)
of sample A (x = 23%) and B (25%) measured at 5 K
when the magnetic field was applied in plane along the
[110] axis (blue curve) and perpendicular to the plane

(red curve).

3-3. Magnetization

In order to further investigate the magnetization
(M) in samples A (x = 23%) and B (25%), we measured
the M-H curves of these samples at 5 K with a magnetic
field applied in the film plane along the [110] axis and
the perpendicular to the film plane along the [001] axis.
As shown in Figs. 4(c) and 4(d), perpendicular
magnetization saturates at around 0.3 T, while the in-

plane magnetization saturates at around 0.5 T.
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Furthermore, the coercive force of the perpendicular M-
H curves is larger than that in-plane. This suggests that
the perpendicular axis is the easy axis of magnetization,
which is similar to the (Gai—Fe,)Sb thin films with

lower Fe concentrations (x < 20%) [8].

4. Conclusion

In summary, we have grown (Ga,Fe)Sb thin
films with high Fe concentrations (x = 23% and 25%).
STEM and MCD

indicate that (Ga,Fe)Sb maintains the zinc-blende

spectroscopy characterizations

crystal structure. High T (340 K) was observed in
(Gaj—y,Fey)Sb with x = 25%. The anomalous Hall effect
and MCD-H characteristics indicate that the high-

temperature ferromagnetism in heavily Fe-doped

(Ga,Fe)SDb thin films is intrinsic and originates from the
zinc-blende (Ga,Fe)Sb. Our result indicates that
(Ga,Fe)Sb is a promising FMS material which may be
used for semiconductor spintronics devices operating at

room temperature.
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N.T. Tu, L. D. Anh, P. N. Hai, and M. Tanaka,
"High-temperature ferromagnetism in heavily Fe-doped ferromagnetic semiconductor (Ga,Fe)Sb",
Appl. Phys. Lett. 108, pp.192401/1—4 (2016). DOI: 10.1063/1.4948692

Y. K. Wakabayashi, S. Sakamoto, Y. Takeda, K. Ishigami, Y. Takahashi, Y. Saitoh, H. Yamagami, A.
Fujimori, M. Tanaka, and S. Ohya,

"Room-temperature local ferromagnetism and its nanoscale expansion in the ferromagnetic
semiconductor Ge;_.Fe,",

Sci. Rep. 6, 23295 1-9 (2016). DOIL: 10.1038/srep23295.

T. Ishii, T. Kawazoe, Y. Hashimoto, H. Terada, I. Muneta, M. Ohtsu, M. Tanaka, and S. Ohya,
"Electronic structure near the Fermi level in the ferromagnetic semiconductor GaMnAs studied by
ultrafast time-resolved light-induced reflectivity measurements",
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11.
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13.

14.

15.

16.

Phys. Rev. B 93, 241303(R) 1-4 (2016). DOI: 10.1103/PhysRevB.93.241303.

Iriya Muneta, Shinobu Ohya, Hiroshi Terada and Masaaki Tanaka,

"Sudden restoration of the band ordering associated with the ferromagnetic phase transition in a
semiconductor”,

Nature Communications 7, pp.12013/1-7 (2016). DOI: 10.1038/ncomms12013

Toshiki Kanaki, Tomohiro Koyama, Daichi Chiba, Shinobu Ohya, and Masaaki Tanaka,
"Spin-dependent transport and current modulation in a current-in-plane spin-valve fieldeffect transistor",
Appl. Phys. Lett. 109, pp.152403/1—4 (2016). DOI: 10.1063/1.4964419

Yuki Wakabayashi, Kohei Okamoto, Yoshisuke Ban, Shoichi Sato, Masaaki Tanaka, and Shinobu Ohya,
"Tunneling magnetoresistance in trilayer structures composed of group-IV ferromagnetic
semiconductor Gei-<Fer, MgO, and Fe",

Appl. Phys. Express 9, pp.123001/1-4 (2016). DOI: 10.7567/APEX.9.123001

Duong Dinh Hiep, Masaaki Tanaka, and Pham Nam Hai,
"Spin transport in nanoscale Si-based spin-valve devices",
Appl. Phys. Lett. 109, 232402 (2016). DOI: 10.1063/1.4971351

Le Duc Anh, Pham Nam Hai, and Masaaki Tanaka,

"Observation of spontaneous spin-splitting in the band structure of an n-type zinc-blende ferromagnetic
semiconductor",

Nature Communications 7, 13810/1-8 (2016). DOI: 10.1038/ncomms13810

Yuki K. Wakabayashi, Ryota Akiyama, Yukiharu Takeda, Masafumi Horio, Goro Shibata, Shoya
Sakamoto, Yoshisuke Ban, Yuji Saitoh, Hiroshi Yamagami, Atsushi Fujimori, Masaaki Tanaka, and
Shinobu Ohya,

"Origin of the large positive magnetoresistance in Ge1—Mn, granular thin films",

Phys. Rev. B 95, pp.014417/1-6 (2017). DOI: 10.1103/PhysRevB.95.014417

S. Sakamoto, Y. K. Wakabayashi, Y. Takeda, S.-i. Fujimori, H. Suzuki, Y. Ban, H. Yamagami, M. Tanaka,
S. Ohya, and A. Fujimori,

"Origin of robust nanoscale ferromagnetism in Fe-doped Ge revealed by angle-resolved photoemission
spectroscopy and first-principles calculation”,

Phys. Rev. B 95, pp.075203/1-5 (2017). DOI: 10.1103/PhysRevB.95.075203

S. Ohya and M. Tanaka (invited),

"Spin transistors and novel spin-related quantum phenomena obtained with ferromagnetic
semiconductors",

13th International Conference of Computational Methods in Sciences and Engineering, The MET Hotel,
Thessaloniki, Greece, April 22, 2017.

Nguyen Thanh Tu, Pham Nam Hai, Le Duc Anh, and Masaaki Tanaka

"High-temperature ferromagnetism in heavily Fe-doped ferromagnetic semiconductor (Ga,Fe)Sb"

The 43rd International Symposium on Compound Semiconductors (ISCS), 2016 Compound
Semiconductor Week (CSW2016), Toyama, June 26-30, 2016.

Masaaki Tanaka (invited)

"Epitaxial Ferromagnetic Semiconductor Heterostructures: Control of Ferromagnetism by
Wavefunction Engineering",

18th International Conference on Crystal Growth and Epitaxy (ICCGE-18), Tu3-G01-1, Nagoya,
August 7-12, 2016.

Nguyen Thanh Tu, Pham Nam Hai, Le Duc Anh, and Masaaki Tanaka

"High-Temperature Ferromagnetism in Heavily Fe-doped Ferromagnetic Semiconductor (Ga,Fe)Sb"
9th International Conference on Physics and Applications of Spin-Related Phenomena in Solids, O-25,
Kobe International Conference Center, Kobe, August 811, 2016.

T. Nakamura, Y. Iwasaki, L. D. Anh, Y. Hashimoto, S. Ohya, M. Tanaka, and S. Katsumoto
"Josephson effect in Nb/(In,Fe)As/Nb junctions"

9th International Conference on Physics and Applications of Spin-Related Phenomena in Solids, P1-9,
Kobe International Conference Center, Kobe, August 8—11, 2016.

Nguyen Thanh Tu, Pham Nam Hai, Le Duc Anh, and Masaaki Tanaka
"High-Temperature Ferromagnetism in Heavily Fe-doped Ferromagnetic Semiconductor (Ga,Fe)Sb"
19th International Conference on Molecular Beam Epitaxy, Tu-C4, Montpelier, France, September 4—
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Masaaki Tanaka, Le Duc Anh, Nguyen Thanh Tu, Pham Nam Hai, Shinobu Ohya (invited)

"Recent Progress in Ferromagnetic Semiconductors and Heterostructures: Control of Ferromagnetism
by Material Growth and Wavefunction Engineering"

EU-JAPAN Workshop on Computational Materials Design and Realization for Spintronics, Moltronics,
Quantronics, Superconductivity and Topotronics,

Peter Griinberg Institute, Jiilich Research Centre, Jiilich, Germany, September 18-30, 2016.

Iriya Muneta, Shinobu Ohya, and Masaaki Tanaka (invited)

"Sudden restoration of the band ordering associated with the ferromagnetic phase transition in a
semiconductor"

2016 EMN Meeting on Spintronics, Las Vegas, USA, October 10-14, 2016.

Le Duc Anh, Pham Nam Hai, and Masaaki Tanaka (invited)

"N-type carrier-induced ferromagnetic semiconductor and electrical control of ferromagnetism by
wavefunction engineering"

61st Annual Conference on Magnetism and Magnetic Materials (2016 MMM), New Orleans, USA,
October 31-November 4, 2016
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Masaaki Tanaka (invited)
"Recent topics in semiconductor spintronics and ferromagnetic semiconductors"
Spintronics and Core-to-Core Workshop 2017, Osaka, March 21-22, 2017.

Masaaki Tanaka (invited)

"Recent progress and topics in semiconductor spintronics and ferromagnetic semiconductors"
Sweden-Japan International workshop on Quantum Nanophysics and Nanoelectronics, PACIFICO
Yokohama, Japan, March 23 and 24th, 2017.

Young Researcher Best Poster Award, 9th International Conference on Physics and Applications of
Spin-Related Phenomena in Solids (PASPS), &= E H 2016 428 A 11 H, FRiH&RITK LT

S. Sakamoto, Y. K. Wakabayashi, Y. Takeda, S.-i. Fujimori, H. Suzuki, Y. Ban, H. Yamagami, M. Tanaka,
S. Ohya and A. Fujimori,

"Electronic structure of the ferromagnetic semiconductor Ge;-.Fe, revealed by soft x-ray angle-resolved
photoemission spectroscopy",

9th International Conference on Physics and Applications of Spin-Related Phenomena in Solids
(PASPS), P2-6, Kobe International Conference Center, Kobe, Hyogo, Japan, August 10, 2016.

Young Researcher Best Poster Award, 9th International Conference on Physics and Applications of
Spin-Related Phenomena in Solids (PASPS), Sz E H 2016 4-8 A 11 H, FriRIZXF LT

Yuki K. Wakabayashi, Ryota Akiyama, Yukiharu Takeda, Masafumi Horio, Goro Shibata, Shoya
Sakamoto, Yoshisuke Ban, Yuji Saitoh, Hiroshi Yamagami, Atsushi Fujimori, Masaaki Tanaka, and
Shinobu Ohya,

"Origin of the large positive magnetoresistance in Gei-yMn, granular films",

9th International Conference on Physics and Applications of Spin-Related Phenomena in Solids
(PASPS), P2-15, Kobe International Conference Center, Kobe, Hyogo, Japan, August 10, 2016.

Young Researcher Best Poster Award, 9th International Conference on Physics and Applications of
Spin-Related Phenomena in Solids (PASPS), Sz E H 2016 4=8 H 11 H, TriRIZXF LT

T. Nakamura, Y. Iwasaki, L. D. Anh, Y. Hashimoto, S. Ohya, M. Tanaka, and S. Katsumoto,

"Long range supercurrent in ferromagnetic semiconductor (In,Fe)As",

9th International Conference on Physics and Applications of Spin-Related Phenomena in Solids
(PASPS), P1-9, Kobe International Conference Center, Kobe, Hyogo, Japan, August 8, 2016.
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“A low-cost portable electrical sensor for hydroxyl ions based on amorphous InGaZnO, thin film at
room temperature”,

D. Sun, H. Matsui, H. Yamahara, C. Liu and H. Tabata,

Sensor and Actuators B:Chemical, 239, 679—687 (2017) DOIL:http://doi.org/10.1016/j.snb.2016.08.060.

“Asymmetric plasmon structures on ZnO: Ga for high sensitivity in the infrared range”,
H. Matsui, A. Ikehata, and H. Tabata,
Appl. Phys. Lett. 109, 191601(1-5) (2016) DOI: 10.1063/1.4966598.

“Plasmonic-Field Interactions at Nanoparticle Interfaces for Infrared Thermal-Shielding Applications
Based on Transparent Oxide Semiconductors”,

H. Matsui, S. Furuta, T. Hasebe, and H. Tabata,

ACS Appl. Mater. Inter. 8(18), 11749-11757 (2016). DOI:10.1021/acsami.6b01202.

“Evaluation of hydration in a water-soluble polymer by terahertz spectroscopy,”
S. Kawabe, M. Seki, and H. Tabata,
Applied Physics Letters. 108, 081103 (1—4) (2016) DOI: 10.1063/1.4942411.

“Highly sensitive SERS analysis of the cyclic Arg-Gly-Asp peptide ligands of cells using nanogap
antennas”,

A. Portela, T. Yano, C. Santschi, O.J.F. Martin, H. Tabata, and M. Hara,

J. Biophotonics, 10(2), 294-302 (2017). DOI:10.1002/jbi0.201500327.

H. Tabata, S. Kawabe and M. Seki (Invited),

“Investigation of the Hydration States of Water Solved Bio-Medical Polymers Using Terahertz Time-
Domain Spectroscopy”,

EMN Meeting on Terahertz 2016, 2016.5.14—18, San Sebastian, Spain

H. Tabata (Invited),
“Hydration state of biocompatible water-soluble polymers observed by terahertz spectroscopy”,
7th International Symposium on Terahertz Nanoscience, 2016.10.2—8, Porquerolles, France

H. Tabata (Keynote),

“Ferrite Engineering for Spintronics and Energy Harvesting”,

12th ITUPAC International Conference on Novel Materials and their Synthesis (NMS-XII), 2016.10.14—
19, Changsha, China

H. Tabata (Keynote),

“Energy harvesting form solar light by nano structural controlled iron oxide thin films”,

11th International Conference and Expo on Nanoscience and Molecular Nanotechnology, 2016.10.20—
22, Rome, Italy

H. Matsui (FAFFafEH)
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12.

13.

“Surface plasmons on phase-changed oxides”,
The 28th symposium on Phase Change Oriented Science (PCOS) November 24, 2016, Atami, Japan

M. Seki (FAFFHHEE),

“Nanostructured iron oxide photoelectrodes for solar energy harvesting,”

The 5th Annual World Congress of Nano Science and Technology-2016 (Nano S&T 2016) October 27,
2016, Singapore, Singapore.

M. Seki (FAFFFHEE),

“Enhanced photoelectrochemical properties of V-substituted Fe,Os3 thin films fabricated by pulsed laser
deposition,”

Energy, Materials, Nanotechnology Workshop on Solar Cells and Photocatalysts, June 21, 2016, Prague,
Czech Republic.
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“Superconducting Transition Edge Sensor for Gamma-ray Spectroscopy”,

Masashi Ohno, Tomoya Irimatsugawa, Hiroyuki Takahashi, Chiko Otani, Takashi Yasumune, Koji
Takasaki, Chikara Ito, Takashi Ohnishi, Shin-ichi Koyama, Shuichi Hatakeyama, R.M. Thushara
Damayanthi,
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“Heavy ion detection by superconducting transition edge sensor”,

Masashi Ohno,

Internatinal Workshop on Superconducting Sensors and Detectors,

2016 4= 11 A 14 H~2016 4 11 A 17 H, AIST, Tsukuba, Ibaraki, Japan

“Study of Nb and NbN Resonators at 0.1 K for Low-noise Microwave SQUID Multiplexers”
T. Irimatsugawa, F. Hirayama, S. Kojiro, A. Sato, S. Nagasawa, D. Fukuda, M. Hidaka, Y. Sato. M.
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OFFHIZATD 2 &N TE D, MERBELZHFLOIATIEFICIE X TFLR L7z sequence 7 7 A /L
OERBE T, ZNEFH L THH T EH OT — X ZET 5008~ Th 5, M EE
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DB BB LT E2R D HEDETO M ROBIRICE R > TLE I r—AbHA I LD,
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NHREIOMRE—A L FOREXZEZRDDL ZEIFIARARETH D, 2T, RAEIONLE 2z Z M
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WARZ FERIIRET 2DIINETH D, FREMRIL, A2 HLANT Z72OCBE L, £l
DO ERHIC AR RERIRAEZ BAESE D0, FoEE LT sy, @il hike
LC, MROFEAATEMZEHAL, FigEA M —F THEXTHEET S HFERH L0, FHE
BN OFGIFMISICRKRENED LR D,

4. XY—EHHEDAE
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FBRELTLE/ASON, BiZ0sem BEMNI-LDLEL-TND, 77 70bb0b L2, Bik
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