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16



SMALL-ANGLE NEUTRON SCATTERING STUDIES OF SPATIO-TEMPORAL EVOLUTION OF
HIERARCHICAL STRUCTURES IN PHASE-SEPARATING MOLECULAR MIXTURES

T. HASHIMOTO
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

We overview time evolution of phase-separating structure in binary mixtures as observed for a
wide range of wave number q for Fourier modes by a combined technique of time-resolved
small-angle neutron scattering (SANS) and light scattering as well as laser-scanning confocal
microscopy. The binary mixtures to be discussed here are those in which two components are
symmetric, having nearly identical molecular volumes and dynamical properties, and nearly
equal volume fraction. Such mixtures undergo phase separation via spinodal decomposition (SD).
By taking an advantage of using polymers as component molecules we could elucidate time
evolution of hierarchical structures comprised of global structure, interface structure, and local
composition fluctuations within separated two phases in the order of increasing q. The global
structure is highlighted to have a periodic co-continuous two-phase structures as a structure
universal to symmetric polymer mixtures and simple-liquid mixtures. It is characterized by a
sponge-like structure with a hyperbolic interface having negative Gaussian curvature K and zero
area-averaged mean curvature <H>. The sponge-like structure is found to be theoretically
predicted well by using computer simulations based on a time-dependent Ginzburg-Landau

model.

An analysis of the interface structure by SANS unveiled “interphase scattering” at a large q
range and at a late stage SD that originates from composition fluctuations within “interphase”
(interfacial region with a finite interfacial thickness). This interphase scattering found for the
first time gives the scattering excess to the Ornstein-Zernike scattering arising from the local
composition fluctuations within the two phases and is remarkably unveiled as the scattering
from the interface which obeys the Porod low becomes negligibly small with time in the g-range of
the observation.

We shall briefly discuss some unique features brought by a dynamical asymmetry in the
component molecules which involves a stress-diffusion coupling. It is striking to note that in
such binary systems viscoelasticity plays an important role on phase-separation process.
Acknowledgements
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10 AT AN TN D, ZRETIREICE S FROAmIEEAIR, EER%REY 7 =4
—EXBRIZ LIEERDE D o7, EFIEEZRRREEB R EH 2T —~ORFLHATETY
5, MYETFREATE, HAWVTREL VBV ESHITMAIEHEM, E—LTA COBBNRTE
NIRRT ED L, EFNICL VA LXFITRZ 2 ERICRVED BN 3,

A7 uzw)y 3 VROREERRRED Z A+ 7 RITHONTOHER, Z0EBLEHE-TAH
W7 9Ef T 5, Takeda SIFIREEIZ L ¥ bicontinuous & lamellar Dt 2 2 7 o ifEREGR %
BIFTZEPHONTNESf 7w/ a %k (CEsK 20%% 58D D0, EAFRLAZ ¥~
EIRABLIZR) OFAF 7 ADOEIZOWT NSE #HWTHAL, £ LTI OERERMEDE
ke # 50k 3 % Zilman and Granek OHGHIZ L VA TE A Z L& L, G 6NIRO i M
FEDIREDIFZ LY . bicontinuous X lamellar 25D+ I I 7 ufEiciz L 62 L 2R LI,
¥ 7z Kawabata 534 A MR EEA] AOT & DO, THLDFRDFAFI 7 ADRE, EHIZX
BERIZONTHRA, ZTOMELILOERIZOWTOMREH T, IERIEDEHENVEZRFEL TT-
IZi&ES) R T NSE ERITHAR THI D TORHATH D, NSE O/l Rr[fEEZ R LD THD &

515,

P FRBRBEEIC L D0 A S MIBEZABRIR Y A )V R OBERT

BT SRR E R S TRETER (e

Ml EZAKE 7 A4 v A2 (CPV) %, Reoviridae 77 I V) —C@T D 7 A VAT, HILEDKE
E SO IBEOME THM L T, ZAKICAIRENS, FORT, I BT L BERY
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ANV A (BmCPV) %, hiF&E 108 (JLRETHK : 420~4408) OFE KK -T, kO _H#H RNA L
57 30K 0% 37 E (polyhedrin), 3 LU RNA /K Y) 2 7 —En bk ST\ 5, BmCPV
REIHEMBETBE TS L, BER650ADIEHHAKOK A, FIHAIZH 5 ZEEH 5 T A
IZHEE LTV AR AR SR, ZORBEZBELTUANAZAOa THHENEEMBBANICEEATS Z
EREEh TS, I T, X, 2 b7 A MNEREEFIH Lo PEFiE ik BciLE T BmCPV
DS 2 ffAT LT,

it IR EELER T, B AR A%k 3 5F (JRR-3M) WM EEICREENL TS
TR IEALERE A BELLEE (SANS-U) Tfifkew, E : 7TA, 3B —MRHEEMEEEE : 12m & 4m
THVEFIRTRERELRE 2 E Uiz, REHEKRIX, 2> b7 R NERIEICL AT 2T/ 5 72Hiz, v
A W ARE% 4Amg/m]l T—iE & L THEED D20 RED R D 0%, 50%, 75%, 100%7D 4 FEFHO 7 A
NV ARHR B LT,

9, D20 BEE 0%, 75%, 100%DFEHAER THIE L e h i FERBELRE T — 4 h b X =27
oy b CIEMEEEZHEL, 203 b7 X MEFEHEZ AL o2, ZOFER. BmCPV AL f1%, %
DELPLIZEFELFWICHEZEN AL, 2o, 37— OMELBENRBI TS THEIZ
BWZENTRENE, FIT, BILRET — 20 O EEEORELIRIEZ RS, 7—) EHBKLT
BmCPV B FOELN O DO—RIGOBEEEN ML HR L, ZORR, F Vo 7EHFIXIVANVA
BIFNES TRLOFRIC M L Bl % L > THEEL, ZORNMIIC —ES RNA BEET D Z &
PR ENTz, T HIT, ¥E 3B0AU LOFEBKIZ L H T ICHEEELFREICEDONO T, HKEBET
— 5 &7 =Y BB L THEOND —KITOERE S MBEEA &2 OF I 2O LW s F#R L
oo ZOFER, FIRENEHS RNA BIOY 37 EOBEEBLIMNT, £ 6 IC e~ THEL
BESIEFEITEY BNEETHS) FIHSERE T00A75 14008 12h/l > THEET D Z EHbho
7z, Zhix, EFHEMSETCOBRBETRB I N ZEZ+EEROEZTELAN D DL (Spike) TN L,
FOEEDFENLRD THER SN,

AKIEE. Kfn, FA4FIv IR

BERFTH L

R, 27 4 3EHE (GSL) 24 Ly VP GEBEATEE SR TWS, T742bb, A fkK
REIZBWTGEL L AL AT v—ABEALT (77 b EMERDFAF 3y 7 effiEfa=y b
(278 KALY) BERL, FIIHEA R TFMVBESFBEELTNWAZ ML, 370 KA
A VDY T FIMEEEFBICBIT 2 RENC OV TIER RN ED b TS, GSL DFEFERKS TH
B V)AL NITBKMERESHIERIC S 7TV BRE LA L, BEHOZHRMEICRER T 5 Z4ka o T %
L TENBER, 7 Tk, Mot « 34, SEERRORIESEICEE L TWD Z ENERDE
FREEHY « SIEEMTEIC L D REERTNS, UL, FOX SRR LB LT, 7 U4 T K
DERIEREIE IG5 2 DB T EARRMAITZ L, GSL 27 a RAL V&N LIy V' F N RE
DR VD oy T 2 S 0o/ E IR I EYENBLA A S IR O£ E TH 5,
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ZF T, PEFAREL (Ao P 7 A MERBXIOM T b TR ME), P EEMEREL, K
HAXBNAREASET VN 2 LR LT, KA 7 VAV FIEAR, ATV AV R/ =
VAT o —NMBEIEARBONIIH v 7 VALY K/ ) VIRERAENY 7 VRO, SNSRI E
L7205 RS OBIEINE (27 ol MGl RREKE - BN A0RL, BIRREEEORE
BELEIANLF—FAF I v 7 ZA0%EL) ICELTHEZITV., TROL I BEREZ®RELL, 1)
H 7Y AL NI T, FHRICHE O BB EIR O, AEMOLE(L, Bk 5 (1],
£, ZOX) REHEROALIE, ItVoRREREZNGETS (2], 2) T IVAV It
N RECFEHET VEAE L OMEIER EAGBHR) X, 77 Y 4y FEHOMAEGHEIZ
FE+5 [3]. 3) HvF VAV K/ AaLATe—AREIEAVRTE, IVATR—ABH T
VAL R Fnt T I MEBICAS—3—& LTHE L THESMMEEEMR OKRRETER) SAEE
PEL S, FOLITITHEKFEESHbNS (4], 4) Fv 7942 F /Y VIRERERY 7
NERTIE, 7 U4y RFOEMNFOAMITL VIEVEL DD OIEMEICKE RELATHDOND

(5], ZHODRERIT, MIREREICHFETDIH V7 ) 4L AR OZ(LITHESE LT,
AR R, AKFUREE, REBMOMCHBHREHLRELE2ELSELZL2TRMRL, &
51z, HICHEOKMMERIZEOE DA Z LT, BAESE S FOBERE~DORE - #a - WA, 5K
RIEE TLE SN IRE A EOEN T ERECH RS, REQHHMAEN 2L ORLEH TS
LHa[REE bR LTV S,

BAE, LWAERBESGENT Y S )AL K/ avaTe—l /) VIREIBEREMRITHEEZT>T
BY. EEMEEERROE - ZAERMBEERICE 2 20R 2 E2BEYENBR»OHLNITS
T LT, ABEREICRIT A8kL eBREREOBEITEV LW EBX TS, I, I7e RAM Y
iz & b2 o RS O - REBEOER O T L ¥ A+ I v 7 ZADZEME - Kef#RIEA Y DAL
R, 170 RAL VENLEBERBLOE - BEAE (VA F) OMEFEHZRET S72HITiE, F
P/ A EELE & P FHERMERGELIE A E I TH D . T O ZFIH LR 2 KWICHIFL T D,
[1] M. Hirai, et al., Physica B, 1995, 213&214, 748; Biophys. J., 1996, 70,1761; J. Phys. Chem. ,
1996, 100, 11675; J. Chem. Soc. Faraday Trans., 1996,92, 4533;Thermochimica Acta, 1998, 308,
93.

[2] M. Hirai, et al., J. Phys. Soc. JPN, 2001, 70, 417.

[3] M. Hirai, et al., J. Phys. Chem. B, 1999,103, 10136; Biophys. J., 1998, 74, 3010.

[4] M. Hirai, et al., Physica B, 1995, 213&214, 751; Prog. Col. Polym. Sci., 1997, 106, 232;
Biophys. J., 1998, 74, 1380.

[5] M. Hirai, et al., J. Mol. Cryst. Lig. Cryst., 2001, in press.M. Hirai, et al., J. Mol.

Cryst. Liqg. Cryst., 2001, in press.
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SPIN DYNAMICS IN CORRELATED ELECTRON SYSTEMS

RAEKY  @BAEIZEAT  EERER

L2 B L CEBB S BRI & P LI LEAEE FRAC VA T3 v 7 AD K
IEOFEEEZ DT, Fa BERTER L TRIZGEEOTNG 30EA T, TOHSO LR EHE T,
BRI DOBART 2 D LnGEE e o e, BANITEEMESBO Mn Na 72 H A hODAELEAFI v
AR HIFTeH, MEMEAEC ETRCERERDS, LrbEEEREA C CMICE< HEFEHZ
R A—=F—ZWoTHRLEBNENE—RA LV FATDRAE VRSB A EBHIRS = L 28—
FRANZEC D SZ D, F o U —iREE L stiffness FREXDLLHIBIFRANE S 47, SRREVERRREIR BT 65 D 2
EVFAFTIv I ABTRXNAFXF—FICUZ2EDI e —L U F T TREIND, T—A V¥ LMMEEEND
MEEDAE L RTHRLTDAT—Y 7RI ERAL RS, Mn B#EMEEBAE Y F A3 v o 2
ETOREGHETAL U HAREL,GEE L 2 BEWMAERE < Bili7Zg Zener ITEA XV Z &
12725, ZREFHTH 2 ) —iREH HIL < b 2 KB OSBRI E OKIRO 2 & LR
DAL AEEZ RO TV ST stiffness R E ¥ =V —REOLZ IR L TEHE L, §5LZ0
X1 ~3MRBREIZETELEL Z L o7, HMBEMEEZ RO TWB DM > TRIEHEMAEEHA TS
DL RBIZROSDIT B, 2 BRBMMAEFEHDBRBEMEORER TH S & KIIELIHKS, HACHRA
ERIZR & DR KR ENGERRINT Ny F VIR L3k, 2 ERBMAEIERR & KB H %k
Da

AR S b | AR SN 5 ORI S B T, ol A & U8 B S B ECIR BRI 72 B 4 51 o0 152
EOFR—NV - VOPETCAE VEERPORHET SRRV X —F— FLEHZ RN X —ZA
MBE—FPERDZ ENERMICHOMI SN, BERSKR—VBEBLOERNEZ XL X —
EF— FREAEVFEEENLERIFIZTICHFEET S, ZhEFIZ1E Cr DAL VEEFEORED R L
FhiEIc @ T AEETH B, 4 — " — F—E L VOB TIRE =R X —IZIAA S R VR
R—7BIZKOLT—E T, TOARYT MVIBIEBRY D08 2 58 a2 >, 2EV DR &4
Ty 7 AOKSIBREEIZS F—7RBICHHETH D, ZIh 03B LA —/— F— 7K
DRBEEFNTFR S HED D WA FEEZ RT3, 20X 5 e HEN S 5 W IFHHILER2 R 5 H 4
SRR L EHESE L OXFEED T, @BMURMMEORRLREN L AL L OHBERIEHT 5 b
DTHDHE D EBKRGEN,

i Z OBFFEIXRCRAERF (ILE 7N —7) FAEKEEE (BRI V—7) LR ORILKERH 7 L —
7L DFEIFETH S, Iz T vy 7 ~T7 U ESLFFERT (Dr.Shirane) , <% F 2 —1t v LK (Prof.
Birgenau group) & /) L TH7z, XEMFEE SRR ZE SR AT ZE 0> B S4B 2 15 7.

TR HB A F BT 5 2 AV e BB B 51 O R 52

FILEBEA PR LA #OE A

TxlE, Kl 3d EFRB LU A BEFRICOWTZOHBERSIOHIELIT>TWD, ZOFEL,
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X 400 AN ECE 7k 12 X ABUERS O RE T L AR 22 BIRICH 0 . Fx OF EFELERS O 2 E
HEERNTER L VHFERHD, —HFZOHETIH, AEUZHEI EBEKOBKREZBIUL TS0
T BREMER (UBAIZ X » TIHRERMEN) LABRITE RV LW RENRH S, WA ZZDNiEE
IV T YTi0, 35 & OF Mn AL 29 Ol 5 OREFRIZ A3 Lz 23, Al 1) LuV,0; 2) CeBg DRLIEEE
OB LT O TENIZOWTHRET S,

1) Lu,V,0;

OB A v oo T RS R FOMBMEATH Y BEMEORRSAEEINC LS EEXS
NTWAHMETHD, Frldfle ORBIBEKE RE LRRIE & LB LIRBIBBRORIE 2T 7278,
ZFORER . a, & HIOREIC S OEBBIRA 2 TAIDHRIZHN TN D &0 D Rk BB S % ff
Lt
2) CeBg

AT b3 11 ATHEBRTAHS LEZLNTHWAIYWETH S, 4lFl, <1100J7ITH
1% s T B R FE OB 2 R A 72 A3, MEM I X B kT &k 0 &< TS oA, 372
bt BUMEOBRT—A Y MIHIZ Ce LIthB0RTIHe<, B & B OPRFEIKICHD Z & 23
B L7z,

Bk Mn Ra 7 2 b A FEB{EY Laz-2xSri+2xMn207 (Z81F %
B - AV - BlEHHEOHES

RALKFERF B EVIER BEAS

Las-2xSr1+2xMns071X, MnO2 B “HICHEAEZ~TL@ERSe 72 MIEEE2 LD, F—VIEE
x=0.40 f}E TlE, Te=140K D LTRSS IZ L > TERUEF SRR T 2 BE KBEKIEH AR5
Bsh, TORVELRBRDTH NI ENGIEFEREED TS, AL, Mn* A4 DHD e
HEED HHENS ZOFZROYPEICRETERENZSWT, B Ay - BTOHBELOMEL2EREL
A, RHEMRIFEEZIT-oTD, & <12 x=0.30 15 x=0.50 T TOLEWBEGEICB O TIE, B
L ARE 2 O o P TEELERZ B 220, SRR - S - AL F 27 RTH
THREMREERS T,

FORER, R—VRE L L HIT e BEA 3220206 x2-y2 BIZEL L, BIRIEHEMED & A BRI M
(R, M RRRBNE) ~ & BIERRERED> TN ZEEHLMIT L,

A IIFGE, x=0.50 LA L OB —/VIBEETIT A BUSTRBEMEIREE L 132 < 725 CE BUERT - IR M
BRFREAKAFLTVWD Z LE2FER LTz, CE BEFRETIZ, Mnd & Mo+ A EVWEWIZHRRIIZ
YL, 5T Mn*O b2 eefilil H HE (3x2-r2/3y2r2) NEFEDKFHEEZ LI &itkoTY S
Y7 L oEENESE A MOz i LICiRIZE->TWA, 20 A BIBFIREE & CE BIRFFIRIEA —D2 D%
DETEDLSIZHEFEL TV ENEHET S 2HIZ, x=0.50,0.525,0.55,0.575,0.60 D HFE G % H ik
L. BRUEH - BALBIES KO FEITEREITo 7. £ORR, CE BEFIRREIZ x=0.525 T
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o & bHFICHN I, BIFEEOBRELEN S, £ Teo=220K T CE BERFITF, 2 FIZ Ta=205K
T A BIFGRREMERET, % LT Tee=145K T CE BISGREGVERKIF2MHIET 5 Z L 3o Te, Kl
7eDVE, FREIEIE TIE CE BUIgKFIFOHBLIZ L » T A MBS IES A OIZX L, Fill@fe
TIIHORERIZR>TVWAZETHSD, ZOL 57 CERBF L A RBFOFEGEKRIE, F—VIRE
PRIV HBEIILRELLEDY, x=0.525 DHF—NVEBEZERCT L A RBENES LY CE
BRI 35, Z0LE2O00BFEROMMBIZEEIZRIEND Z LMD, 2 ODIREEIZFE 2
BERREEZEZ L, ZHICZOEBEZENG > TWD Z L3 nh 5,

ZDL D BRHSBEREOMIEILE 2 T2 & OBMREOHBHF THRAIZHEZINTE Y, IEKELZ X
Lb LTHMTRELST B Thikx mER - MITEW SR IS T35, §%IIZDL D 2FiELE
R HRERAICEA L, BAIAZ KL Lic) —RoYEN S, LV IEWEREZEM LT 311
—ROYHEA~NLFREIREL T LERHB LEZ TS

N7 2AhA M Mn BIEHIZRT 5 ER - BLERF

I ZEERDOETH R L Y ERBKIER 2 T TEOBBIIE < »Abmbon TS 2 BEX
WAHEVERIC X S RBRIESL . Xu T 204 N Mn BL#IcE 8097 CE B L IFEh 58
- B ACURRFE R THREIERE L ORMDOBAICH D LEZLND L IR TE R, Thb
b CE BURRF 2 /- § #a AR B R0 SR & B AHE L O FREMEAEREFRICB W TG 2 N 5 L %
NIZ 2 ERBAAEERICEN SNICEHES BN~ A 7 a KA V& LTKREICHET 2, Z 0%
BBIX 26 2 HHE O BE L W O BES TR S AU, BEG ORI & & & IIREB I B & YKk ¥ 2 shmift
ERREDBAAANNA—a L= LI L ITER~NEBT 5, L L6~ a T 25 A N Mn #
kizt 1 B3y FIBO LMD SR _EIC CE BIRFHBEM A2 R ERVWYER LD, FO L
IR THEIZIE 2 IRIEHR D LazaSrisaMnz07 TR MAIN 722 B AR SRR 2S8R & fu, CE Tk
A DA TEARBSIETNRS TR THMTEDLEBEZZDIIEHOLI> THS.,

DX RBRNG, B2 ix CE BBFHBEM LRI 20, AU THHEEK ED Z < v aEgkic
RHND Mn B RMAITHE L TE T, TNHLDOROEHRII—F TS > T—E T/ FlENIA
WZ L Th Y CE BIBFHBZEMEZRT RIS BRT—HMIZL Y LWERGEERT., Fkx Of%E
fRIZENIE, 2 HD% & CE BRFHBREHETTREDD - & bBHEZARE ST CE BUFkFi
T Z T RIZEIT D Mn¥ A 42D & BHEREN dB22r) TH B DIIxt LT, BEXI=EED L
DRERFZRTIIMn3A A DL BHEREDN dx2y) THEZ L TH D, ThbbERKBEKIENE2 =
3 Mn ¥ O HEIT—F Y FIEOK/MZ L > T dBz2r) o & dx2-y2)#LE OHFE o)
HIZp 6 b0 TH D, dx2y)#liEg OB MIZF OBLEIRHE 2 Rk U T & B 7 BORBE AR
MHEH LD, EEBRRA E MBI 2 K2R ARSI T35, £, < &KIETIE
2 WIL? LazexSri+axMnaO7 ZIZHENTAKRTHIUI SR L 78D A BRIBGREEMARIZZ b T4 7728
TIRRFARNEL TWD ZERRREIN, ZOR N TA THRIFOGFENBERGERBRAEMIZLTVS
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T LRTRENT, 2 b TA TRIFONEES 2D ETHRBGEEFERIITRONS R b 741 THIT
L OBEEMEOMELW ST S Z LIk, Zhh bOEOEELHETHS.,

fETRI¥Fx v ) T—HHEOYE

HEURSL KR E TR EIERE phARIE S

fEFZMEDS BT, PEFv ) 7—%E L TOBMARLIENICENTRLELT, Ce-E/ 7=
2 54 b (CeX: X=PAs,Bi,Sb) ZH Y LiF5d. ZRix, ZOfEMHEED NaCl RMEHMTH DI
Lab BT, W TRFWTHERALHAHESE RELEERLKE7T. PTH, CeSb DHEKMKX
B, %< OHMEEO P THIMD THELR LD THLES, HHERMAL LI Mo T [1l. Zh
Db B BT, — OB ORSHRITHETIE, s oRERE Ts (SEWKREIZH D Ce A
F v OB A, HEREE D 7 12 B WM Ce DEZ 120 L 2 Bk S A TREAMNBERAHEL
fEY, M THENEEEFTHb S EEOMRE T MNERTZLTHD. ZhiZx L, K
FIZ > T, T_RTD Ce-E/) 7= 84 b33, TOXx ) 7=, TH7ew (103~102/ Ce)
Zh2hbod, AVWETFROL ) RGEHERF R RTI L, S0IT, B2oPHTFEITIZESE
bz A OFEE, MKHICEME Ebh T CeP & CeAs b, BHET - EAFT, T's Ce
&7 Ce @572 52 MOEFMBBHRAMEE 2 ZHNICRT Z LB MR -7 [2]. CeSb
B LU CeBi DEBRFERLAEDET, INHOERMERERETD L, CeE/ F=7 74 MROE
KOMEE D, LEOYIHHLED LT, —2DRFA—FERANWTERBRTE 2 REEADHD. Z0k
EOYEMN LA LT, Ry AN ERAY MG L, ZAICER L@ TOROEE X v
Y7 —DfEE, BLY, ERERE pf BEDETHEZEIFHLNTHS. ZhiZHL, ROY
P oy hr—AT335 2 —2%, ERMICIZ, ZOFEREEBERERTSHR WIxiE CeAs) (Txt
+TAEHEEZBNDA, dHVA 2587 Eh6HiE L7z CeAs, CeP, CeSb, CeBi ®F v ) 7—%¥
L, IRLOMBEOMSAREORIEERB L, % ) T—ERLOKENRNRATA-FTHLHI L
B SN THS., ZDXI5 %%y ) 7T—ROEKITEZY, ROBKPIEESERBEYICEHMIZIRZS
PWHEICB D 2 &, RO, ZERHMIC (2KTEMIZ) RELBIFEELZDs Ce BARICEERREZ
B LTWARER, ZORCBIIERLYEREORES, X+ )T —BPETHLILIZLD
RTEAL R &, Jemilse pf IREBIZEVAELE, MOBKA—T7 e Y HRICLZ TR ZM
<EFELTNS.

[1] J. Rossat-Mignod et al., J. Magn. Magn. Matter. 52(1985)1111.

[2] M. Kohgi et al, Physica B. 281&282 (2000) 417.
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EVWETROALVEDLE L REMREIKT

KBRKZEFLEWFFERE TR E =

BEWVETFRTIE, ROEMABRZINT—DAR =L A& B R ERTHDEHRRE/ I,
IOk, BETRLF—D L UREREF N EROFIRIC ) EKINE Y, MR F—=lat
#r HER O EF OWfsExtH & 725, /o, RUEAT, @HOERITREL v Y OENRMS 2 E Dt
N3, BONEREDRE DD, 70 24— AN—BROURALEBR L LG TR T, KL T EF
FEAER) 7 L S IEARE & X415 CeRusSiz (ZHOWT, MERMEIN TV LD L IZRARAFH LIV
WrERE S ¥ A2 A3 5 L 3Lz, Brillouin zone £ DIXIEE LRI BE OBN T — % 2%, IERIT
WHE X(QOEEBER LML, BEZOTF—F2HEEANT, ZOWEL ZOYEE—A L
LW OO E OBKHMEE 2, T4 - A D SCR Hiic L~ THBR T RAA2To T 5.,
F 7. 10 Tesla £ TSP TOBKIE S ORIEZITV, Z OYHE O metamagnetic crossover
BRI 2 ME ARt CRE2THR LT3 x(@DE—72) Bl h, ER 0 Ko
camel back &% b LIZ L7cHR & OxIEE#ER L T 5, CeRusSizix, Ce, Ru, Si DEFhZEH
La, Rh BL W Ge IZ L AEMIT L » TREBIBFZHET 5, 26 DOEHEERFIT CeRueSiz THL
MENBENFHHEEOENORELL LD THS, L<IZRhBERIZE > TELIBFAELSHK
BIFMIE, BEVWVETR T, LD TERNICA CVBERRE (B Ly VERESE) Th
BLEMRB LI, ZThODORFDES, B, LFMRICE DB EFELSFARD & RIEBERRT
® regime (FEFHIKS OEEREBIRE L T— A 2 A XOMR, SBHEAOEZE) 12, BE
/RKKY-regime £ Ex b b LD L, BE/MERI T regime B L EZ GNBZ LD LD LM RENRRS
., FORDOI v 24 —="BEERnHLNE, FLlL, ZOZ2>0OR:?5 regime DTF(EELFD I v A
A==, BWEFRDO, Wbwd VNS RE—AV M, KERE—AV M ORME, SHIZHET
=V IREBROBNFIZHEBERRLTWE LB X, ZNOOBREZEIZAS, BT Z LT,
BNVEFROREMRFICETIINOCEERMEL ZLOTHMTE I EELE> TS, /h&
E— A2 MREFIT URuSiz iz b A b5, LxL, ZOHEIE, TORKEREBLEALENSG,
LRI A —F—RF A—F O#SF, TS S NEMRIEEOFEN TR IND, FUIIT 272 8K
JEDERT, RORHEMERTRAKIEIZ X > THR®H 62 BB S v, UEMRELEIRE & RORpEE LK
KRIEDTENZ L ARSI I NIz, 51T, Fil{Tole—dEADEBRTIX c fihm (K
BEMET— A > b OFM) OIS SEAENDIZE L, a 8IS AEEKE L V&2 < SOEEEE
ET—AVNEFRTEIENRDholz, SHITFELW—ISHER GShKM, IEHICETIERT
LY AERZE) 12XV, ZOWEDO/NSRE—A 2 NEFORESHALMIRE EEZ TS,
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v 7 v & BE{LEY UsPd2oSie IZ 31T 5 RLREKMEE L MRENE
HARFAWTJERT  SemiierisEt v 7 —  HIFEA

77 oERELEAEMICE TS SEE L RERPOEBEBRERICEDIEZTATIT T4 —ICBAEYHE
Y, EZABEL DA AU Y EBEREVE TR, FLTAY FEMED X S REREIIREAE
BRIhTWa, ~HTHEEZEIPRORBOLRERPFETSIILLENTH S, R RIH
1z JRTE 5f T 1% UsPdeoSic DRERIE & BRI IZ O W TOFERRIZ DV THET 5, ERIZRHF
EHFICRNT, kiR v 2 —BFTE T 5 =T 968 TAS-1, TAS-2, LTAS (2, JREFAMHE 2
BATE L 7o bt TEGELERBIRIAANY 7 A7 ) — 10T <27 % v b ROFRGHEE 2 A2 5w THEER
Eiiolc. ZTOYMEIZBWNTY 7 VR FiX 8 kW 4a A MIALEL, 19K KO 2K IZBWTENRE
AV T S TR S OV R R 2§, EIRIKEE I W T, ThEND A B 78 colinear 72 G
ENLETHDZ EERAOLNI LI, ZOHMRBEENLEITRD IeOITiEIAA B v 7 2 FH BAE
AREFTEAR+THY, GROKBHAEHBLBETHLIELZHLHIC L, &I 5f EFITHoW
T, BROHEERANPEETHLZ LAEZLND, T TIERERELERIC L o T, fsEHIE
BB L, 77 oERME UTHESHESBREIND Z LIZFEFIZENTHY, ZOWED
5f DI TER MR 2 T EEN A TH S L2 b, FRE= RV F—(CHBER AL VKL BIR
SNz, BUBRBENE Y — P O OBGEEEIZIE, HERMERER R 2 VR — v FRFEET S, BREDL Z
AHZDRIRIIASHTIIRNAS, BENVETRTHESIN TN D L 5 RUER TR0, REBAME R ORI
DIFEOFRERET IMBHUERITFOT T AN L= a3 A E BRI FA T I NREBDOFREMENSE
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Neutron Diffraction Studies for the Magnetic Structures of Nd7Niz under
External Magnetic Fields and Hydrostatic Pressures

T. Tsutaoka, T. Tokunaga, Y. Andoh!, S. Kawano? M . Kurisu® and G. Nakamoto?
Graduate School of Education, Hiroshima University
IFaculty of Education and Regional Sciences, Tottori University
2Research Reactor Institute, Kyoto University

3Japan Advanced Institute of Science and Technology

Neutron diffraction studies on the hexagonal Nd7Nis have been performed under external
magnetic field up to 5 T and hydrostatic pressure up to 1.5 GPa. The Nd7Niz posseses
ferromagnetic state below 7.8 K with small resultant magnetization along the caxis. Magnetic
structure is conical with the propagation vector @ = (0 0 1/3). The spin reorientation takes place
at 7k = 7.8 K and thr easy direction of magnetization lies in the cplane. Above 7k, an
antiferromagnetic state exists up to 7% = 25 K. The magnetic structure changes from
commensurate helix to incommensurate one with increasing temperature. At 4.2 K, two
metamagnetic transitions in the basal plane were observed at Hc = 1.2 and 2.1 T. The magnetic
structure changes from conical to fan and induced ferromagnetic under external magnetic field
along the & or a-axis. The H-T'phase diagram has been constructed for both the basal plane and
along the caxis from magnetization and neutron diffraction measurements. The
antiferromagnetic phaée is sensitive to the pressure. The 7% decreases with increasing pressure
and the antiferromagnetic phase vanishes at about 0.8 GPa. The P- 7' phase diagram has also
been made from electrical resistivity and neutron diffraction measurements. Magnetic structure

does not change drastically under pressure.

Magnetic Structures of Th7Rhs

T. Tsutaoka, T. Tokunaga, Y. Andoh!, S. Kawano?, M. Kurisu® and G. Nakamoto?
Graduate School of Education, Hiroshima University
'Faculty of Education and Regional Sciences, Tottori University
“Research Reactor Institute, Kyoto University

3Japan Advanced Institute of Science and Technology

Neutron diffraction studies on the hexagonal Th7Rhs have been performed from 1.5 K to 110 K.
Th7Rhs shows the reentrant magnetism containing antiferromagnetic (7i = 27 K), ferrimagnetic
(7t = 73 K) and another antiferromagnetic phase (7% = 91 K). The magnetic structure is helical at

1.5 K with propagation vector @ = (0 0 1/3). In the ferrimagnetic phase, conical magnetic

38



structure with a basal plane helix can be considered. A kind of modification of the magnetic
structure occurs at around 50 K, though pronounced anomaly can not be detected by the

magnetic measurements. Propagation vector does not change with temperature from 1.5 K to 7\.
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Incommensurate Magnetic Structure of HoNiSn
M. Kurisu, G. Nakamoto, Y. Andoh’, i i Tsutaokaz, and S. Kawano®
Japan Advanced Institute of Science and Technology
'Faculty of Education and Regional Sciences, Tottori University
’Graduate School of Education, Hiroshima University

'Research Reactor Institute, Kyoto University

Neutron diffraction experiments have been performed on powder and single crystalline samples of
orthorhombic HoNiSn compound to determine its magnetic structure. Magnetic Bragg reflections are indexed
by (h+Q,, k=0, 0) with Q) = 0.661 and Q,= 0.341 for h + k = even in the @* - b* reciprocal plane. The
absence of the higher order satellites has been confirmed. No magnetic reflection is observed in the a* - c*
plane. It is noted that the components of the wave vector to represent the magnetic modulation in HoNiSn are
almost the same as those of DyNiSn. The Rietveld profile fitting of the powder diffraction pattern indicates a
flat spiral magnetic structure with @ = (0.635, 0.331, 0). A possible origin of the difference in @ vector between

the single and polycrystalline samples is discussed.
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Development of spin flippers with steady current for a TOF-NSE spectrometer
at a pulsed spallation neutron source

Takayoshi Takeda!, Hideki Seto!, and Y.ouhei Kawabata®
1Faculty of Integrated Arts and Sciences and 2Graduate School of Bio-Sphere Science,
Hiroshima University, Higashi-Hiroshima 739-8521, Japan

We designed nm and n/2 flippers for a TOF-NSE spectrometer at a pulsed spallation
neutron source. The flippers operate with steady current for a white neutron beam. The =
flipper consists of a compact modified current sheet and Helmholtz coils.  The current sheet
produces magnetic fields Bs parallel to the sheet surface without magnetic fields perpendicular to
the sheet surface at the surface of the sheet for the neutron beam cross section.  The correction
field from Helmholtz coils Bc cancel out the perpendicular component of the magnetic field
from the precession coils B0 at the current sheet. The direction of the magneic field B =
Bs + By+ Bc in which neutrons travel rotates slowly and the neutron spin follows the
change of B adiabatically outside the current sheet. Crossing the current sheet, the direction
of B reverses suddenly without the change in the neutron spin direction. As a result, the
above coil system operates as a w flipper without tunning independently of the neutron
wavelength. The n/2 flipper consists of a rectangular coil and Helmholtz coils. The
rectangular coil produces magnetic fields Br perpendicular to the magnetic field from the
precession coils Bo. The correction field from Helmholtz coils Be cancel out B at the right-side
current sheet of the rectangular coil.  Crossing the current sheet, the direction of the
magneic field B = Br + By + Bc turns by n/2 suddenly without the change in the
neutron spin direction. As a result, the this coil system operates as a n/2 flipper without
tunning independently of the neutron wavelength.

A performance test of the new-type = flipper with compact modified current sheet was
carried out using ISSP- NSE at C2-2 port of JRR-3M, JAERI. The performance of the new
type n flipper was comparable to that of the Mezei-type.

ISSP-PONTA IZB T 2 BFEF Ay a— - FF v a v

K. Kakurai'?, M. Nishi®, K. Nakajima®, T. Sakaguchi®, Y. Kawamura®,

S. Watanabe®, C.M.E. Zeyen®, M. Berneron®, K. Sasaki® and Y. Endoh®

1 ASRC, JAERI, ¥’ NSL, ISSP, Univ. of Tokyo, ¥ ILL, Grenoble, France,

4 TOKIN, Sendai, ' IMR, Tohoku Univ.
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$&fM: Prof. L. Eaves
(School of Physics and Astronomy, University of Nottingham, Nottingham, UK)

#HE: Magnetic Fields for Tunnelling Spectroscopy of Self- Assembled Quantum
Dots: Wavefunction Mapping and Addressing the Dots with Electrostatic Gates
£E5:

This talk describes an experimental study of the distribution of the probability density of
the electron wave function in InAs/GaAs self - assembled quantum dots(QDs). The carrier
wave function is probed using magneto-tunnelling spectroscopy, which has previously
proved to be a powerful technique for mapping out the energy dispersion curves of bound
states in quantum wells[2] and the wave functions of confined states in quantum wires.

The structure used is a double-barrier GaAs/(AlGa)As resonant tunnelling diode
(RTDs)in which a layer of InAs QDs is incorporated in the centre of the GaAs quantum well.
We observe features in the low -temperature current-voltage characteristics, 1(V), of the
diode, corresponding to carrier tunnelling into 0-dimensional states of individual QDs. As
discussed below, three successive features correspond to tunnelling through dot states
displaying the symmetry of the ground state and first and second excited state, respectively.

We investigate the magnetic field dependence of the current resonances associated with the
dot states. In the experiment, carriers tunnel through a barrier into the dots in the presence
of a magnetic field, B, perpendicular to the current, |. If x and z indicate the directions of
B and |, respectively, then when carriers move from the emitter into the dot, they acquire an
in-plane momentum Ak, = eBAs/A due to the action of the Lorentz force, where As is the
effective distance tunnlled along z. This has pronounced effects on the tunnelling process.
The intensity of the current resonances changes with increasing B and we relate this
variation to the square of the Fourier transform of the electron probability density. The
I(B)plots provide a means of probing the characteristic form of the wave function probability
density of the electron confined in the dot as a function of k, and hence of the corresponding
spatial coordinate, y. By rotating the magnetic field in the growth plane, (x,y), we derive full
two -dimensional maps of the electron wave function probability densities. These reveal
clearly the elliptical symmetry of the dot ground state (000), and the characteristic lobes of
the higher energy states(100)and(200).
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The talk then discusses our magneto - tunnelling spectroscopy measurements of the shape
and size of the wave function of an electron confined in QDs grown on a (100)-and
(311)B -oriented GaAs substrate. We show that the electron wave function has a biaxial
symmetry in the growth plane and that the dots are ordered along defined crystallographic
directions.

Finally, it is shown that magneto - tunnelling spectroscopy on RTDs which incorporate
planar gate electrodes provides a means of identifying and measuring the energy levels and

wave functions of an individual dot.

HEg: 20014 7T A1B(K) Fik 4 B~ 5 K304
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HEE: Rk LE K
(Fi/@) (JRCAT - AIST)

S8R : Ferromagnetic - metal/semiconductor hybrid nanostructures: Toward high - sensitive
magnetic - field sensors

EE:

Our recent progress to develop new materials for ultra-high-sensitive magnetic - field
sensors will be shown. (1) Magnetoresistive switch effect We have developed a new material,
consisting of nanoscale ferromagnetic - metal clusters that are grown on GaAs, showing
magnetic - field - sensitive current - voltage characteristics. When a constant voltage, above
the threshold value, fs applied to the film, more than 10000change in teh current, which we
term magnetoresistive switch effect, appears under a relatively low magnetic-field even at
room temperature. (2)Half - metallic zinc - blende CrAs The half - metallic zinc - blende CrAs
has been designed by ab-initio calculations based on LSDA. The previously nonexistent

zinc - blende CrAs thin films have been grown on GaAs(001)substrates by MBE.

HE: 200147 B17H (K) ik 2 B~ 3 B§309
5T YIMEBITERT 6 6165 =
AR NEREA K
(Fr/E) (BALEBRTERT)
B [BREEMSTERVK (RESTF, K &K OB
“Water (adsorbate, ice and liguid) studied with X - ray Spectroscopy ”

EEH:

| will show how we can use the X -ray Emission Spectroscopy and X -ray Ab-sorption
Sspectroscopy to obtain atom specific information about the electronic states. We have
studied solid, liquid and adsorbed water. It will be demonstrated how we can learn about the
changes in chemical bonding of water due to hydrogen bonding and how it is related to the

structure.
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$&FM: Dr. Seung-Hun Lee
(Center for Neutron Research, NIST, USA)
#EH: Neutron scattering studies of frustrated antiferromagnets
EE:

We review magnetic neutron scattering experiments on geometrically frustrated
antiferromagnets with emphasis on spinel systems, insulating ZnCr20s and Zn V20, and
metallic LiV2:0s. A spinel, AB:0s, in which the octahedral B site forms a network of
corner-sharing tetrahedra, offers the possibility of qualitatively new states of matter. Unlike
other geometrically frustrated systems most of which feature spin - glass - like behaviors, the
insulating spinel has a long-range ordered phase at low temperatures. In ZnCr204,there is
a spin - Peierls like transition to Néel order on a distorted lattice. Both the Néel and the spin
liguid phase have strong dynamical spin fluctuations at the Brillouin zone boundaries. Even
though their characteristic energies are different, the structure factor associated with spin
fluctuations in the two phases have the same wave vector dependence. In ZnV20s, the lattice
distortion precedes the magnetic order.

The metallic LiV2.0sexhibits the largest Sommerfeld constant ever recorded in a d-electron
system. Our neutron scattering experiments reveal features both of a strongly correlated
metal and of frustrated magnetism: for instance, short range spin correlations below the
Curie- Weiss temperature, and the spin relaxation rate wiht a residual value as T>0 and with
linear dependence with temperature. We discuss our results with recent theories for LiV20..

We also discuss the goals for future experimental research in the field of geometrical

frustration.
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