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Compatibility between high-temperature solution and crucible in the flux growth method is discussed. Two examples are described
below. (i) Single crystals of Pt-containing new complex oxides, [Ba]:[(Pt,Cu)O3] (x = 1.317), R2Ba2CuPtOs (R = Er, Ho, Y) and
R2BasCuzPtO10 (R = Er, Ho, Y) have been extracted as by-products during the single crystal growth of high-7. oxide
superconducting compounds RBa2Cu307.5 (R = Er, Ho, Y) by the molten-CuO flux method using a Pt crucible. (ii) Single crystals of
Al-containing intermetallic compound RhsoAlssCus[]7 were extracted during the single crystal growth of intermetallic magnetic and
superconductive compounds RRh4B4 (R = Nd, Sm, Gd—Lu) by the molten-Cu flux method using an Al2O; crucible. These by-
products contain large amount of atom from crucible materials through the flux growth method. Growth mechanism, crystal

structure and physical properties of these by-products are declared.

Key Words: Flux Growth, Crucible Material, High-Temperature Solution, R2Ba>CuPtOs (R = Er, Ho, Y),
R2Bas3CuzPtOi10 (R = Er, Ho, Y), [Ba]+[(Pt, Cu)Os3] (x = 1.317), Rhs0Al50xCux
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BFon-EEMSE Figl 87, B & &
(a) [Bal{[(Pt,Cu)03] (x = 1.317), Ba** & R* DO W5 % & o
(b) ErBaxCuPtOs, (c) HoBasCuPtOno & fil7Rm4 %, Zi % T,
©), (DX A FIZo\WTIE, R =Er, Ho, Y T{LEWNIE
iz, WIZ, ASEATRAY OREMEEIZ OV THRRS,
Fig.2 (Z[Bal{(Pt,Cu)0s] (x = 1.317) Otk 2 x4, HEEN
IZBWT, A8E PO THFIEL TS, Table 1122 Dk
EMOFERFR R T A= —F kT, BHIORT oD%
[E]#E (superspace group) Croil € A& % & [18], Fig.3 (Z
R2BaxCuPtOs (R = Er, Ho, Y) DfEE&EZ =7, BEHED b
FHIZ > TE@E L TV 5H-0-Cu2-0*-PtH-0>-D — Rt ¥ 7

Fig.1 SEM photographs of Pt complex oxides; (a)
[Baly[(Pt,Cu)O;] (x = 1.317), (b) Er,Ba,CuPtOs, (c)
HOzBa3CU2PtO10.

Fig.2 A view of the fundamental structure along the c-axis of
[Bal{[(Pt,Cu)Os] (x = 1.317). Dotted, filled and open circles
represent Ba, Pt/Cu and O atoms respectively.

Table 1 Crystallographic data of [Ba]«[(Pt,Cu)Os] (x = 1.317).

First subsystem Second subsystem

Melecular form [Ba] [(Pt, CujO4]
Crystal system Trigonal Rhombohedral
Superspace group RiFe pm
a(nm) 0.5817(2) 1.0075(3)
¢ (nm) 0.4233(1) 0.2787(1)
K (@+b%) [ 3+1,519(1)c" 0.658(1)c*
V (nmd) 0.124 0.2450
zZ 2 3
H (MoKa){mm-') 4249
Dx (Mg m?) 7.46
R 0.075
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BaO Ol =t RREEX %7, CuO(PtO2)-BaO DEE iR
DR EIZ, Ba?% &k, R &2E ERWEAEDLAY
[Bal:[(Pt,Cw)Os3] (x = 1.317) MFTET D, HIZ, =AM
ICHEZRU D &, B % (ZERIEE ; Pemn) @ RaBaxCuPtOs,
B R (ZERIRE ; C2/m) @ RoBasCwPtOro FEET 5, Zh
DT IR D Ba? &, FHICIET 2 S oIk 2 F9 5%
R¥* OG> THEEND Pt AL THD, FiL
TELLOIE, =ZFEO Pt ALY OERICIZIGm L T
HEMEDOFRWNA F BN ->TWnd, CuO 77 v 7 AL Pt
B ONED M NMEITIRIE PN IRWER IS D A - BN FET D Z
LR o TRE B EZ TS,

@.o e O
Er Ba Cu Pt O

Fig.3 (a) Crystal structure of Er,Ba,CuPtOs. (b) Double-zigzag
chain of Cu, O and Pt along the b-axis and the surrounding Er
and Ba ions.

Table 2  Crystallographic data and physical properties of
R;Ba,CuPtOg (R = Er, Ho, Y).

R Crystal structure Electrical properties Eg Magnetic ordering

Er  Orthorhombic Semi-conductive ~01eV AF at 60 K (Cu?")
a=1.0287(3) nm 13 onlyinHil b
b=05659(1)nm o e axp [‘F AF at 7 K (Er)
¢=1.3157(3) nm K 4

V=10.7659 nm?

[0
=S

Ho horhombic Semi-conductive ~01eV AF at 2 K (Ho™)

. Uwe:p[‘.i—]
3178(3) nm L AT

ri

Ty oW O =1

©
3

horhombic Semi-conductive ~0.15eV
1.0321(2) nm f
0.5680(2) nm & o exp |~ J
1.3201(2) nm AT
0.7739 nm?

4
n

"=

=0 om0
1]

>3

(a) ) b)

Fig.4 (a) Projection of the atomic arrangement of
Er,Ba;Cu,PtO+, along the b-axis, (b) CuOs-PtOs-CuOs unit.

Table 3 Crystallographic data of R,BazCu,PtO,.

R Er Ho Y

CS. monoclinic  monoclinic  monaclinic
S.G. C2/im C2/m C2/im

alnm  12465(3) 12516(3)  1.2520(3)

binm  05795(1) 05813(1)  0.5817(1)

cinm  0.7326(1) 07350(3)  0.7357(1)

B(*)  10554(2) 10554(2) 105.53(2)
CuO(PtO;)

BaCuO,

[Ba][(Pt,Cu)O,]
(x=1.317)

RQCUQOE

R:Ba;Cu;PtO;,
o]

O
Rz Ba QCU PtOS

d
R.Ba;0;

Fig.5 Phase diagram of pseudo ternary CuO(PtO;)-RO,5-BaO
system.

RO s BaO

Pt ZETHE AR LY O T AR EIZ OV TRT,
RBaxCusO7.5 1ZES ETHIO T, BB RSN EIAERD
W A 2 T IR LR R TH D2, ZobEhohk
FEIROVERIERIZ, DB Pt REZTINT 2 &, fERNIC
Fig.6 |27~ 9 K 9 TS D S ENE (Jo) A L35, 20
BEICHEL 2 AW, Z 2R &7 [Bal(Pt,Cu)Os] (x
= 1317) &£ &N 5[19-23], Pt kK DD BEHRIMNTEEAM
RBa:CusO7.5 12 A7 5 MR EFH RaBaCuOs (211 : green
phase) DHTHEHZ IS 1T 2 A X% Kiglo/h&s <92 L4k,
N EBFEPICHE IS B S E 5, [Bal(Pt,Cu)0s] (x =
131D IR 2 LB L, 77 v 7 ALV IEDIC X AR
AT U AR S E 5720, @y, mERICiZD
BB Z R 5 BR LHOMICEE RS E 725 Lz,
Fig.7 |Z RaBaxCuPtOs (R = Er, Ho, Y) DERMIME %179,
B RO REITIREE D-1/2 FIZHA L TR Y HEERNTH
5, EITEO b - CTHEE L TV 5-07-Cu?*-0F-Pt*-0*-
D—WIEY 7Y 7 HBHIC S AIEEAR v B S REE ST
B IO HIRE 2 5B L2y RET LV THIATE 5[24],
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Fig.6 Critical electron current as a function of concentration of Pt
in YBach307.6.
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Table 2 | RoBaxCuPtOs (R = Er, Ho, Y) DEXAIME % £ & F 91T kE £ L7z, Table 4 1T RhsoAlsoCuy Dl il F 1) /%
® %, RoBaxCuPtOs (R = Er, Ho, Y) DEiLROEEZEICIE TA =L — L BEERT, 2D ORI A FEEE
B9 2 &, THRENE EPNT X DBESRT O KB LT 2oz, CsCl Ao Rh-Al-Cu R4 ERLAEWIXLFmIZE
O o (Fig8), —7H, Y ZETMLAEWIZH N TIE C? gk % R R L CRHW STV A]26],

N9 2 EE 2 LNDHML NS KB OB LBl S 7z
[25], R2BasCu2PtO1o(R = Er, Ho, Y)IZ & Tk TH 7,

T (K
o 0 0.005 K7 0.010 5
o o~ f;\\ R:Ba;CuPtOg S
5 N Y o= o =
00 | e [— | Er o o | 105 g
"_E ““\‘_ Tl \\‘\, Ho a A -
S G
d ] Fig.9 SEM photographs of RhsiAl;sCus[17: (a) as grown, (b)
o 105 { 100 fractured.
1010 105
0 0.05 0.10

T—'l."Z (K-1.l'2}

Fig.7 Temperature dependence of conductivity R,Ba,CuPtOg
plotted as logarithmic conductivity against inverse temperature
(open symbols) and inverse square-root temperature (full
symbols). The straight lines are guides to the eye.
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Fig.8 Magnetic susceptibility as a function of temperature for e

Er,Ba,CuPtOg. Fig.11 SEM photographs of the ternary crystals grown from
copper flux: (a) Rh: Al =90 : 10, (b) Rh: Al =50 : 50, (c) Rh : Al
= 30 : 70 (atomic ratios). Copper was added to the mixture of
rhodium and aluminum in the ratio 10 : 1 by weight.

3.2 BDOEFHEXDAZECEREMIEAMEBROME

KIS, ALOs HOIFZEMML, Wt Cuz” 7 v 7 AL LT, Table 4 Starting composition and properties of RhspAlsoxCux
wEREEY RRhaBs OS2 15 2 B TOHRHNIZONT crystals obtained.
Y. Zone . i 7 7 > 7 AR T K“Viﬁ*} & E;E 2 Starting composition®  Appearance  Chemical Lattice ~ Density
B(ARTE), R BFET LN, InbiT0nThdiEniETs) Rn:Al fomuia  parameter (g cm”)
EHTHID, A0 5 OIEOWNEEZKEL, T I =0 A (atomic ratio) (nm)
AP EE AL ~EBITINT, WIRICEYIAEND, 30:70 Sphere RN AlLCu,  02073(4) 8.1

i0.9 |Z - 4 FaS D HFE S 2T, 40 60 Sphere Rh, AlCu,  0.2974(7) 8.1
Fig9 1 iﬁ LT em FE'E”KEi%BRhfoiAhgguSDf ﬁﬁ;’i%TT 50150 Cube,sphere  RN.ALCu  02973(9) 84
Fig.10 & RhsoAlssCus[]7 DiffifbiE 277323, CsCl IR L, 60 40 Cube,sphere  Rh AL Cu ~ 02070(7) 85
K7 EEE 02971 nm TH D, AlOHFA MI—H Culz kb gggg . hSpnjred_ E:jﬁ:g” gggggg gg

= - S - - : phere, dendrite e . .

E@%i Hi HIZ KM% & AT D, ZS%JNL HIZ, Cu‘ 7 90: 10 Dendrte  Rh Al Cu,  02968(5) 86
7w 7 AR L, Fefln D Rh & Al &R U CHESH OB RLE
AT, HFERKIZ L 055N D06 OSMBLIE Fig 11 (2R “Copper was added to the mixture of thodium and aluminium in the ratio 10 : 1 by weight.
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LIAT, BRERET T v 7 ZETIE, BERWRES TR
WV ) &g, TV THRER EERRER S T 5
B, A TINL otz HFER & L THWDIEAEN
H5D, WHENO B(RTHR)R R DETHEFIH LT, @Bk
DEEERV LERBEIEEM ORI TE L L THAATED
T EELIELIEITO[27-29], - T, ®IRDOT T v 7 AEIK
NET I v 7 ADB2F (BEIOEE, AlLOs) O WNEEZ B
TLHZEERZIHBTE D,

4. BIEBOEIENSH=ZDFENDERE

EIRERIC K B A2 0RRIE, @IREKR B RO EH#ER 7
HRERL<, A0, Zo0FFZERY B TR L,

CuO 77 v 7 A& Pt AOIFOMNMEI, EERIENICHE
FENEDBRNA 2 TH D BaZNFEET D Z LIS ko THRWE
BEZTT-, £72, Cu 7T v 7 AL ALOs B OIED W M,
FEHRIEENICIRV R T )2 B2 B(RUH#), R BEETH D
LIk o T REREEZ T, Table 512, Pt 521F L
ALOs 5 OU1FEN, SIREIRICHE XL DR & % T, BbEn s
DEICEAT DN ERT, Pt 22104, POMDL
[Ba][(Pt,Cu)Os3] (x = 1.317) TiZ P2*|Z, RaBa>CuPtOs(R = Er,
Ho, Y) ¥ &' RoBasCuzPtO10(R = Er, Ho, Y)IZBWTIix
PHIZENENA A b LT, #-o T, miIREEPIZIE 7
< &% Ba?, R3, Cu?t, P, P dEFELTWVWD EEZS
iz ZOH BERHICEEMO PHIIAES T2 oA F 1
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TEZ2BGECKNTEMETH D B 2D, BAENKIG
% T, [Bal[(Pt,CwOs](x = 1317) , R2Ba;CuPtOs ,
R2BasCuaPtOro A fiti e FH D EV T 51, T i 42 1 4 F 12
AL ONIEN SRR 5 2 L BT T& 72, HMERAIC
& [Bal[(Pt,Cu)0:3] (x = 1.317) 2 b Ak Lo <, A
1213 RaBaxCuPtOs 23 b ZTE TH D & DY E 2
FTIZAH TV 5[30,31],

Table 5 Changes of oxidation number of crucible and by-product
materials.

. [Ba[(PLCU)OJix = 1.317) (Pt?)
PLPY) ,_ R Ba,CuPtO, (Pt

T RjBa,Cu,PIO,, (PH)

ALO, (AF) > RhALCU, ], (AF)

—7, RRBs HfEHOBROBIZHVZ ALOs 5 OI1E T,
Al DEICEERET O B, R OBILHICL T, AP (%5
) D AL~ LL, WRPICBEIL, &R Al L L T=
J6%R 4 BEEE Y RhsoAlssCusl7 DIEEIZ N> - 7=,

5. #5
7T w7 ABN—EE R - 2 03 ERE L, e RFHAE
EEED, REERST 7 v 7 ARRBIEAZEATS L, SRR
P2 7L FREBAE L, TR OBV T b am % E
KT B, BARIIZED XS 72 b BT L CRllET 5 D
TS5 Z L0k, BET ALY OB R R LT —DT
—ZBRLTLUHEM L TELT, B TR,

EIRER & 2 2F ORI “WEDOKIE” NAETTLE-T
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WITHLT, BMET 2L ZERL T LE -T2
BAICE, LVHEAETALOIFEEREL, FRICEERATE
RFEBREED D Z LT B,

A WY 72, RBaxCusOrs HiS 2 BT 2B HW
7222 FM O Pt DFAIE, FSREEF O Ba> » PtIZEA L
PO 235 PR, PHADA T MAERER Y, WIKNEN S E2R
VAT, BRI RBaxCwsOrs MHY &) 72, ZivE TlT,
Pt #37R & BaO,(Ba?") ZRA L RAH T 1273 KI5 &
BaPtO3[32], BasPt:07[33]3TER I D 2 & | E T 5,
—%iZ, AESEABIEHOERIIIEIE - BEENEET5
D, WIEMEORNT VA YT A Y HHOA AU RED S
EROSIXHEIE T CREGICHEITT 5, HE DX, PtIC kb5
RET BT, AT AUEAT Pt XD b ER Au & 5 O1FH
WD Z & TR L2, £ D%, RBaxCusOrs Bk H
5 B OB R BaZtOs D 5 OIEABI%E S i=[16],
ZrO2 BEEIZ T <72 521 TiEdH 553, RBaxCuzO75 11T
EEND Ba B IIBEIZ S OEATELY BaZrOs 125 B L TEW,
LR MO LB 50T 5, —7, RRhBs B
DBEROBIZH W ALOs 521 TiE, Al 23, EIEREHIC
FIET 5 B, RICEDELEZITT, AP (H201F) 05 A0~
L, ENUNEERTPICBEI Lz, Lo, RRhaBs B
gl AL IS X B EHEN GG E ST TN 2 R R S
72728, ZOWE, 2OIFMEEZ D Z ERMH LT,

EELIL, LVEATHIZOFERERL, FRICEE L
HTEENATLTC, ERRICHEE LZERRKE 2200/
EEOKR OFHEMRITT 5 Z L8 D T, D7
T 7 AK) EEEERD B R A IR LT, a7 b A0
ENE G T D O E T B IR AR T D 72 DI B 7
BEENTVWDLEEZEZD0LTHD, A, &IREEOEE
DME &, WIRRITE Z 5 TW A SO EMES O—is 2/
SHTWELEWED, KRR T T v 7 ZIEICRYVBEATED
NBFH 2D L THEREBIZRNEENTH S,

B

7T w7 AEOERIChIE o THICH B NmET- b
S TV D FE LRI AR R O RAERHER, WiElE <
W22 T2 G) BAL K F B E 00 S H B B, Bk
T BB IEAT O 2x REEBRB LA T4 - T4 T
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EiRRe
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