06008

VO BEERTK

A X SR EDIBBBRICE DS S EHEREER(L

B OIER sk T611-0011 FUBRFIAT H o FE

PR SUBKELERIZEAT  T611-0011 SUBIFFIATF o FE

IS s eEmiiT T611-0011 SURRFFIAT H 7 IE

R — SOASAILERIZEAT T611-0011 SUMRFT=IaT A o i

B sUBAELERIEFT T611-0011 SUBBIFFIATIH o FE
E 5 SEAREIFWEEROE N TR, BRSSO EARBE L o Tz, O Tk
e X R IEHT R CHE ) F ORIGBE A Z OBBZEL, ZOMPICES W TT 5 v 7 AECHERER GBI O
BRERET D FEERANT 5, COHET, BEREHOSBERMIERGICTZSECAD, %< OWHEIE~D
AT 72

1. IFUBHIC FEALEN T THBE TRV, ZOHMIE, 7

BHPOFZANYEVEDHERAZ EDOGPH LD,
BENEIWEORME® KRESELIE D, ZODHREER
BETIWBERZDOF N2 FETHY, B < OIMMBILwE
IR A ARK TR, WA RETN COTETHRA
INTEI, ZOHICIE n BISREE LY B2 E 14 Sri-La,
CuOg) = Z Vv v B T 1t & # SrCuy0;, SryCus05%,
LaCuO;5®, —#DO = v 7)1 7 2 Hh A 975 E bt
j’E@ﬂ%@r‘: LCEERYLE L, ILEAPEROERDI

ICIEN T TOHREREREROMLAEEFN TS

IEJEé?Bi TIEK =L 5T THIP (B )5 nE) ttéf
DOHAEZRZFHT %D, KEGHE, L THGPad
BEAREZH WA LD00H 5, KEGBIEITBEEHBERICE
T, <D VEBER EERERAHRESIN TS, &
LE<CHLNTWADIE, KEITHT5HDT, EXREX
RS, TENEAT—IVOBRPITHN TS
—J3, BRI % F\ 72 GPa $HI8 T O ¥ 5 B — % IC
WHETH b, EFRELTHDINL> T0AXAYEY FRIT
Jii BN Ofth, FEI T CHB{ZEZRTEY VEEROB K
HI9BOFERIZE AT DN D, TN HIFEBAENIL 2 5
OB FEOALEW Th 5, MIZI3BE Y v
b7z & OFRE DB D 50, ISR
LAY E LBISE T, WG IS LB Y A XOKE LM
LN TWABDIFTidZm\v, BAEAY W7ok imE B 8L
WO, FEEEROBIR & S L OWRED /=D TH %,
1979 ICH N7 fgald wieds &, TBRTIE, ¥4 Y€
v F OBAEE BT LM, fERER & L TOFEIR

304 © m5t Sept. 2006 Vol.19 No.5

BIlEmOBRYERBECE AW &, SinmESM:
SN S FRR G % B BRI 7z o TIRFR 95 & & Ol
7R, (Rig) S5, HRIEIC LELE 5 BERS
BROBHPEENTL HLDOERFEINS | B 5,

FND B 4 MLz - FoBUFE T, A X o147 5
Bea{r> C & T, ENTORIL, mifE, il o5l
G H T EABRIC 5 7o F 2, T OBICHHERIEDTFE
FREANCHEARL, 1mm BEEOKRESOHEERTL TS
ICEBOBERTZ S E DT> TD, DL HWOY
A ZDORKE HIEER 2 DB DEEEREBOR Sz A
N—=ZTLHERITRETH S L, BRSNS 2L+ NiE s
AYEVFERICHEDNAKUEEAERTHZLHE
bbb,

B2 DG 7 IV — T TR A H 7B R X R EHT
FERIC & > THEIF TOFERINE ZDOBFEL T, £ 2
D HLELN/IORERPIEHREY TTIC, 75 v 7 AETERS
BEA L OBE FEMEREIT-> T\ b, JITiE, FL
WIFFETF L LR O—HIZ BN T 5, Tz, BON/50k
% TG X AR EITERIC DWW Th Sz,

2. RERAE

2.1 SETHR X REFTRR

=il = I O ¥ oK X A mldr Bk iL, SPring-8 O J& i
V'—AF4VBLU4BlLICEBIN/-F2—byv 77 vE
JVENE S 2 E SMAP180 (BRAE (X5 H &+ C SMAP2
IC78 5 72) AW TIT - T\ 59, SMAP ¥ (3 SPring-8

(C) 2006 The Japanese Society for Synchrotron Radiation Research



PE w7 Z T BHEEXRZOBBARCED(SEMEESBRILMOEBERER

Solid stat¢
detector

HP cell

2 AANvil top

Fig. 1 High-pressure apparatus SMAP2 installed at BL14B1 of
SPring-8 (a) and a magnified view of cubic anvil guide block

(b).

Multi Anvil Press OB T, 180 F vV O/NIT LV ZATH S,
Fig. 113 SMAP-2 OEHE T, Ll 56 HEY X 2 A4
L, AROFEEEHEB TR 0T 7> A VEBRET 5,
SPring8 D EHE TV A b w2 A —LAF 4V
Mﬂmlzﬂ%éhfm SPEED150023F 47273, b
X R AR IO &S50 GPa & OBEILE A R4+ 5
7&3?)0) Kawai type & 5\ i3 6-8 T L WE I 5 2 B e
PE T, FICHIERPNIMOBREE % B3 % B TS O DL
FILHEH I WA, THICHL, SMAP Ok, F4
EADEKXR LD REEORWERT — 2 2B 6N 5T &I
BHABW RSN 05
BLI4Bl 3R tEM AL KE & LI —LF5 4 /T,
Ge FEMAHEB LHAEDE L L THBXEH VT
FIVF — 7 Ho R X o3 Ek % 1T 2 %5, SMAP180,
SMAP2 (34« NI 5E510mm O7 VI v/
%Lt%u,4mhif®ﬁﬁ%%$fﬁaoﬂm%
@mEAﬁi BWTE, SROA—H v b —x—DESH5H
mmmﬁ@m#%+7t CREE S, £3AL0h T
YIVICE AT B DA, SPring-8 DS IECOMELE, T 3%
WE—ZIH TV EEBTHOICT5T, THIVF—558

EEHE S T2HBREDOENLTT27 SINDT — X &I
I DL ENTEL, kT2, FITEOB VIS EE VS
DT, BELAY v FRE#ES T & THFRS O A
LOEYHRORBAZRT SND, LELAEHE, ZTOEE
BrEIIVF=DEOL, BERICHCTWAEeh 7
WD, BEOREXBROFELIE =B LELE2RD
@%F%ﬁof@ﬁﬂﬁ VICBAT S, Dz, JlE
1257 - TEEBRZRTOBR X FREPT/S 2 — % T v
F—oEICBEEE L, EIEXHOY— 7 REHTHT L
EEDLEWEDIC 20 DAE L EATEL ZERARYTH
%o
BAxOWMO WL EWTIEdiEIc L T2~3.5A 5720
ICAAVE—=T " FEOT &5 4% <, —J7 BL14B1 T340
7590 KeV H7- 0 O T )V F —FHB O 37 #2558 < 83
INBHDT, 20 & LTiE3.8hH4a5 DY AERRA
THALTW5A, Ba&EENS, 5L TREL 2T —
Z2FE—7 DIRBIENC &2 —EICHE TE 5 d{EfHFH
@ﬁé,l%%@l*”¥~1&7FWQ%ﬁ%§ﬂﬁ&
“’Eﬁﬁ%’ié%ﬂﬁE@@%@%%%@ﬁﬁﬁ@
HORTEE S DI2DIT, WERITICITH VS 2 N TE
#,H%h%%ﬁ@ﬂﬁiﬁﬂik%?%ﬁ%kﬁ@%ﬂ
TW5b,
FEOERTIENFEEL, AR, BERLZSOHD
FT ORI 55 ClT/ S 4 — v & JIE L C— S iR 15 ah
DT L, AL SR EOREZRET 5 L0 D —HD
TEERTT-> T b, L TR L 72306H DV Tid SR
FETRFEMEE, SEM 8122 LR X e £z T,
HEY & F OB MERDPE TN TRV E R 5,
W OPDT Ty 7 AABUCREEDOERZITV, THEOM
B EIRE 2P L 7o BIT, KD KR OEERAEE TR
BOBHERZITD LW B Th b,

22 BF ‘F@‘fn BB

il OB U R RALPFHICEZE L 721500 F v /L A,
Elephant (Fig 2(a)) %ﬂ%k\fk\%o ZDOF =Yo7
VEIVEBICII RS mm OT VI IHREEL T
»HO, ?f»"]lcc@ﬁiﬁ*%%SSGPaiT@Eﬁ'CmirmmEﬁ&
HTx5%, Fig.2(h) i~ AL T AH5dE AR E
YIVDEERT, Rl /c—30mm O/ 4 17 ¢
SA PALHEICA =Ry O VT —R—% AN, hT7t
V& D% BN O 2 —7 Clakg 4 5, BMIESUS DY
VI ERIVTTFUDT 4 AT TR INTEY, ETFTDO7
VEWE T EBL T =X —ICEd 5T ETHIET
b EFOT VIV E v FITIEEMREE L TENED DR
TVWODOT, MBS K HWEAEI 72DICKE L TV 5
Fig. 2(a) TZD/CODR—ADMHERTE S EES, l:~
Z—D ETICEH—RVDT 4 A7 HBA > T TR
PENT20D, FRLIBICHARTURE AL 75, RO
DERERIH TN EELS XOICEBEL - RAENTE=

ST Sept. 2006 Vol.19 No.5 @ 305



| S
Carbon disk

Fig. 2 1500 ton press ELEPHANT (a) and cell assembly for single
crystal growth (b).
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(a)
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Chain 2

Fig. 3 Ambient-pressure (a) and high-pressure (b) phases of
(VO),P,0;. Lines correspond to the unit cells.
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Fig. 4 Synchrotron X-ray powder diffraction patterns of
(VO),P,0; at 3 GPa and various temperatures.
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Fig. 5 Single crystals of (VO),P,0 high pressure phase.
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Fig. 6 Single crystals of PrNiO; (a) and the temperature depen-
dence of resistivity.
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Fig. 7 Synchrotron X-ray diffraction images of PrNiO; single crys-
tal taken at 140 K (a) and 90 K (b). The crystal structures at
the corresponding temperatures are sown in (c) and (d).

Fig. 8 Electron density maps of PrNiO; at 300K (a) and at 90 K
(b) determined by MEM analysis of synchrotron X-ray pow-
der diffraction data.
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Fig. 9 Synchrotron X-ray powder diffraction patterns of Bi,O;+
Mn,0;+2.6/3B,0;+0.8/3H;BO; at 3 GPa and various tem-

peratures.

< 0.5
i 7
g 00
=
o 0.5 ¢¢7
-1.04
-1.5 T T T T
-40 -20 0 20 40
E (kVicm)

Fig. 10 Single crystals of BiMnOj; (a) and the P-E hysteresis loop
measured at 30K (b).
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Fig. 11 Crystal structure of Ca,-,Na,CuO,Cl, (a) and Synchrotron
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0.2NaClO, at 4 GPa and various temperatures (b).
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Fig. 12 As grown chunk of Ca,Na,CuO,Cl, (a) and cleaved sur-
faces of single crystals.
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Fig. 13 Temperature dependence of magnetic susceptibility of
Ca,_,Na,CuO,Cl, crystals grown at various pressures (a)
and the superconducting phase diagram (b).
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Single crystal growth of transition metal oxides
at high-pressure of several GPa based on in-situ
synchrotron X-ray diffraction studies
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Abstract High-pressure synthesis is a powerful technique in searching for new materials. Generally speak-
ing, however, it used to be almost impossible to obtain single crystal samples of these high-pressure phases.
To be reported here is the single crystal growth of various transition metal oxides by means of flux method at
high pressures of several GPa based on the synchrotron X-ray powder diffractions studies. This technique ena-
bles efficient crystal growth lading to various physical property measurements.
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