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ABSTRACT 

The trlnary 
-Cut> 

phases and compatlbllltles of the HaO-CuCl, YO., .sl 
systems are discussed. The different variants of 

due shown In depenclence on y. So far reported exlsten- 
ternary cc~mpouncls (In the ratI. Y:ba:(:u) 1:3:2,1:4:3,1: 

:2:4 , !:5:3 ,3:8:5,2:3:5 UKI I : 4 : i are ques tloned The ternary phase 
di;iXtiITl and pseudoblnary cuts of the Y(l’u02 5- tl:Z:31-RaCuOF, and 
YsElaOq 5-( 1:2:3-2:1: I)-Ba,CusO. are reviewed. ‘The dlstort.Lna p f . . 
fWt trf_lmpLritles from air ($. cl. oxycarbonates fcrrmatlcrn) and/or 
from the sample holder (e.g. ~t~,u:~,tltuted compounds) IS analy- 
sed. On tiasls cif the 1:2:: structural modei hypothetical supercon- 
ductlK!rJ CC’npCo_~l-lds 1 : '1 : z , I:?:4 and 1:2:4 are predicted assuminq 
c!c~~llrle layers of. corner-shar2.r.g .square -planar CuO 4 units. 

IIL’~ the ?987 pl oneer~~nq iliscovery of hlgi-I temperature super - 
conductc,rs C H'l'S ) , over 5Wc) relevant reports have been pui211shed 
which are almost lmpcrsslble to rev1r.d (C;EC- recent survey articles 
[ I-51 ) .'rechnlcal appllcablllty of H'I'S 1s for the mi~munt dlffl.cult 
because of certain metastabllity cIf this klntl of ceramic materJ.al 
1n I.ong-tl?rm practical utlllzatlon. Although known for thc)usands 
ci f years, ceramic materials In general are still far from he.Lng 
kully understood owing to lnterfaclal phenomena and heterogeneity 
of mul.tlcompc;nent systems. Nevertheless the bas.Lc approach I.nclu- 
des the <cLasslcal search for phase diagrams and ~ndentlf~catlcrn of 
c~osprlunds respcrnslble for :::pec~.flc properties of the system inve- 
s tlqated. 

Ilsn thlr; respect no systrmatlc study of all the phase compatibi- 
llty relations in the Y-Ba-Cu-O-(R) system have been reported. Ll-- 
ml ted Informatlcrn 1s avail,ible in the American c~eramlc Soclcst-y 
compilations (only cbn binary phase diagrams) and only a ?ew labo-- 
r.itories are more intensively engaged 1n this study. 'These are for 
example the U.S. National Bureau of Standards In Galthersburq or 
18M of Yorktown Height In New York, the Italian Inst.Ltute of E'hy- 
r.ll:al 2 c‘hemistry Of Gencwa Ui1lvsrr;lty or the I:‘ASE’EC Institute of 
Psrma dnd Last but not least our Institute of E'hysics In Prague . 

The aim of 1Aii.s survey is to list and to discuss the available 
data on Ijhase relations with3n the YO , I,-i3sO-c:ud system. For the 
sake of simplicity the composltlons ai-e abbreviated by the r;tol.- 
chiometrlc numbers Y:B:C in the formulae Y 
the value of X) traditionally maintalniny 
(13a substituted for Y) . 
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TECHNOLOGICAL PROCEDURES AND CRYSTALCHEMISTRY OF THE SAMPLE 

Since pr~Jces.slng conditions essentially affect the final pro- 
perties of HTS great interest has 
(i.e. the 123 

been generated in YBa2Cu307_y 
composition) as the point component. Like most non- 

stoichiometric materials lying near a metal-insulator instability 
the superconductive 123 may tend to phase separate and can exist 
in several modifications. The first phase diagrams [6,7] were thus 
directed to Cover existence areas of the superconduting 12% with 
respect to its oxygen content y [I,&II], see Fig.1. 

The serious problem found on sintering of such types of mate- 
rials has been connected with grain surfaces being seemingly d-if- 
ferent from the bulk. The liquid phase is of ten noticed along the 
(grain boundaries where it can accelerate the Jrain growth. The li- 
quid formation, however , can occur locallyC lust for areas which 
are slightly rare-earth poor althouqh not heated above the requi- 
red si.nter~ ng temperature Of about 950°C. Vhl Le the liquid phase 
lormatic~n can ~generally he used Ire enhance densification it is al.-- 
sc) known to tie a problem i*JClssJ.bly lE,.ItdiIlg tir poorer superconducti- 
‘2Ltj’. kmr:_~hcrus ri?rJlCl!lS dre also rei2orted ';O srlpear (Gil the gTd: ii 

aurfar:cs [ 121 . They are r!ue to resc'<i,:,r~ I ,_I wxth H20 and/or ~'0, ,1)1: 
due tc> disordering prxesses induced by the !c:ru:-:hii;g and prc>:c,~?ged 
gr.incl.ing procedures used to prepare r;krnp:es either for s.~n:er~ng 
Or for C~bserVatlClI~s (2.:~. micruscoyy) It is also kECiWi1 t!l?lt 5C:~Cll? 

0 1 1 5,: I I; .A 1 1 y well accepted dopants c.?n -Later seqrellate on the gra' II 
:_I ,l r f a ( C’S t L; *c !2,62 - 5 , A 0 _ 5; ill pi-i u r t 0 fcxm _ c~.dt ,:,r layer; of E:s:52 
[ ki] . In additii~n :t Ls difl:1.?ult 

4 
t0 prevent tP,e ex1steI;i:I? of un- 

wanted im-;uri ty pbiscs due to i n c c# my: 1 P te redctlons of feed mJ.xtu- 
LeL; (13. g. p:~pul.ar EaC:?j which can even be filrmF4 t#'y p h a s e f-: e p a r a - 
tl.on from well prereacted 
,21.r and WY+ cl-1 5ie 

MaC03- fre.2 mlxturer: upon reactic)n with 
,A 1 

;eactlons 
cc.xld even detect in some melts) . The parssltlc 

- or with material of the with C'C) II, ,alL sample holder c1.r 
temperature detec ‘or Should be considered. For example the tras.ic 
123 ccmpos;.ticn reacts with most crucible materials including si- 
llCd, alumina and pl.atinum. Zirconia, single--crystals of MgO, gold 
and particularly Pd-Ag alleys are relatively inert. Highly reacti- 
ve starting mixtures (containing e.g. Ba(OHl- or .BaO_1 chosen to 
accelerate slntering dye to early 
the region of 80 - 450°C) also 

Liguid for&iation [$4] (e.g. in 
increase the agressivity towards 

the noS1e metal _s. Precursor methods using e.g. copreci.pitated clxa- 
lates can distort presumed stoichiometry [ 141. 'The best: method to 
decrease the sample reactivity w.lth p.Latinum appears to he the use 
.3f prereacted pseudc~:iinary OXid<? such as Frlac'u 0 i3~.e.C~13) or Ha- 
i'uqOs !0:4) [15] or directly the 211. The idsa 4 sample hrblder is 
~:vLdently the one made from the preslntered 123. Alternatively rrne 
can use the pcwder beds rrotecti.ng the pellets from reacting wJ.th 
the crucible material and I~ssitlly from the loss or gain of vola- 
t.ile snecies. In this respect the melt 
proved-u:jeful to 

soaking experiments [35] 
sc~l ve phase coexistence. 

phase formed into the sample 
Extracting the liquid 

supporting porous bed makes it pas- 
31ble to aiialyse the sample Composition by the ordi.nary lever rule 
E161. 

Another probl+~m is the hC~mC~g~ile?lty of the microcrystalline 
samples. The repeated ~>rindinq, milling, pressing and firing of a 
feed mixture may not guarantee the completeness of solid -state 
reactions to occur during sintering. The near equilibrium state 
should be best approached by simultaneous treatments from i3elow 
and from above the required temperatures, if possible. Intimate 
mixing of starting components (even down to the molecular level) 
1~; preferable although not always satisfactory. Too short and/or 
too long firing may result in the formation of lnterm3diate com- 
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FIG. 1: The pseudobinary phase diagram proposed by Hauck et al 
[6] on the basis of TG measurements (solid lines) with the in- 
serted data calculated by Khachaturyan et al [7] (dotted 
lines) showing the O-T order-disorder transformation and sol- 
vus lines (bold) as well as the spinodal instabilities. It is 
evident that the existence regions are not clear as yet becau- 
se various modifications of the 123 phase reported in [8-IO] 
are not included (though the 0' phase was already considered 
in [71) ; compare the following table: 
------_----------_____-________--------__________-__--_______ 
Struct. Lattice paramet. y Lat.specif. 
_______________________-__--------------__ 
0 [8] 3.881 3.852 11.602 -- c/b>3,c/a<3 
0 [8] 3.888 3.826 11.677 -- c/b>3,c/ac3 
0 [3] 3.886 3.832 11.680 -0.06 b<acc/3 
0‘[9] 3.871 3.385 11.751 -0.47 b(a<c/3 
T [8] 3.857 -- 11.833 -- c/a>3 
T [11]3.860 -- 11.813 -- c/a)3 
T [8] 3.872 -- 11.615 -- c/a?3 

Freparation cond. 
---_--__-_---_--__ 

P 
T?qOOO C,cooling 

TlOetm or Ra02 

-- 
cycling in air 

T>lOOO°C,from melts 
quenched from 950°C 

-- 
-- T [Y] 3.855 -- 11.810 -0.89 a=b<c/3 

T‘[9] 3.877 -- 11.643 +0.05 a=b=c/3 this phase is called 
"pseudocubic" and was prepared by mechanical agtivation [9,10] 
(intensive milling) followed by annealing (750 C).Its characte 
ristic x-ray lines are shown at the right side in comparison 
with the T,O and O'phases (hkl values marked, CoK% radiation). 
____________________-____-------_-----_-_-----_--__-___-----__ 
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pc~unds (usually enhanced by uneven mlx.lng) and/or in the separa- 
tlcrl-1 of metastable states (often supported by parasitic reac- 
tlons), respectively. ‘I%es;e phenomena bec,ame very important for 
such c&servations which are carried out during heating or cooi.lng 
(e.g. popular and eas~_ly accessible DTA). Resulting data, however, 
can hear nonneyliqlble degree of dlstortlon due to hysteresis in- 
herent in t:,e transformatj.onu investrgated. Neglecting undesired 
lnhomogeneitles often reported at the microscopic level the energy 
dispersive x-ray analysis exhibited uniform distribution of C%- 
tlc!Ils down to the limit of resolution (or 1 Am) presumably for 
well reacted samples. However, higher resolution studies showed 
chemical inhomogeneltles at the 0.05&m scale. There appears to be 
some degree of decomposltic~n ever1 for the well prepared (single 
pha.Sed 1 compounds sometlmer; withln a single 1 

:usually Ba-0.1 rich) phases. SpectroScoiyF 
particle to 

further measurements 
revealed a certain content of carbon and oxygen associated with 
the -(JO and -OH group.': mainly localised 1-n the grain surface lay- 
ers. All .~ ?-hl? ccrmpl.lcates t:le phase analysis and often leads to 
zilrntrovers1al result:;. 

The known c'C!KzrJIIIUil~S 1nc:lude the end member ox.~des and tkii~ 

addlt.Lo~na 1 I y tl~r;cur;r:ed bj.nary compounds so far reported: 
(i.) I II the BaO-CuO system the barium cuprate O-11 has already 

been cfe::crlbecl by Mldgeon et al [17] and rece!ltl.y rf+orte$ by Koth 
et al [‘!8] to 5.21t inconr;ruentl y between I010 and 1020 -C. Frar-:e 
et &l [ 121 included the addltlonal binary compounds Cl2 1 and 03 1 

- 9 The compound c),l was ~dentifiecl 
al [ 221 and Wang et al 
paztly melts 

rq. 
by Wong-Ng et al [ 20 ] gtleleeuw et 

It decomposes above 850 C [:9] and 
at about 950 C [ 181. 'The 03 I compound was not con- 

firmed [22, 231 but the compoSltion Cl3 5 showed to be a compound 
[22] Stable up to 800 "C prescmably formed during the 123 synthe- 
s IS at low firing temperatures when starting from peroxides or 
ni:rate precursors [2Z] . Hermann and Zhang [‘IS] rather advocated 
Starting from the compos>.tlon 013 and 014. Roth et al [23] obtai- 
ned a slnqle phaSe material from Sac), and i‘u0 mixtures 111 the 4:1 
and 6 : 1 rat-10 heated up to 900 OC 1n'O~. The eutectlc between 1)ll 
and CUC) was eStJmated Slightly above !iOCl ", c at about 38 mol% E:aO 
whi le NevPiva,_,et al [24] and Licci et al [2S] found the eutectlc 
pc~L111' at 925 -C with 28 mol% BaO. 

'The discrepancy between the reported values can pcrsslbly be 
caused by various materials used as the sample holder presumably 
due to the formation of an intermedlate phase Ba FtO. [24]. Sl.mi- 
l.ar phase was also reported by Hykov et al [55] Yur& the growth 
of single crystals having the stoichiometry Ba (Cu,Pt)o-. The exi- 
stence of the 012 compound was not confirmed ?23] in tke quenched 
melts from the recommended temperature of about 'IZOCI Oc but It was 
shown [26] that some unknown cubic and/or orthorhomblc phases can 
be detected. 

(i;) The BaO-YO 
2-5 

phase diagram was reported by Lopato et al 
[27] at temperatur $ above I700 vC and 
Kwestroo et al [28] at lower tgmperatures. 

3 n further studleS by 
Two compounds 210 and' 

430 exist [27-301, the 210 beiBg Stable up to 1400 "c and the 430 
melting lncongruently at 2160 C. New (possibly metastable) com- 
pounds-were found with the stoichiometry 110, 720 and 430. DeLeeuw 
et al [22] did not Succeed to prepare these phases from Ra02 but 
the 120 could be made at about 1000 "C starting from 
carbon content measurements Imply that 120 is rather 
nate with the composition Ba Y 0 .CO exhibiting a tetragonal unit 
ceii. This is in accordance4w2tx th+$ data by DeLeeuw et al [221 
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and Costa et 
(110).C0 

al [29] reporting oxycarbonates (12O).CO2 and 

peritect tally at about 1030 OC to the 430. z 
It was shown 1291 that the orthorhombic 210 decomposes 

(iii) A preliminary phase diagram of the YO -CuO system was 
published by Roth et al [183. The major orthorh m&c compound is 2 
the yttrium cuprate 101 determined previously by Lambert [31] to 
melt incongruently between 1150-1180 C. Nevriva et al [24] repor- 
ted the eutectic temperature 1075 
Two other fogms reported: 

OC with about 7.5 mol% YOl.5. 
were 

under p AlO 
the reduced YCuO2 [32] (prepared 

them, hEsever, 
Pal and the oxidized YCuO 

not being detected in tie curreni studies 
[33] (p,2%10 Pa) both of 

of Y-Ba- 
Cu-0 phase equilibria. 

The compiled shapes of the respective binary phase diagrams 
are collectively shown in Fig.2 (including data by Gadala et al 
[34] on the CuO-W-0 phase equilibria). All diagrams shown 
ewith are based on 6 

her- 
he averaged data received using both conve- 

nient atmospheres (i.e. 
rences of 

air and flowing 02) as the position diffe- 
characteristic points and lines lie within experimental 

errors. 

TERNARY COMPOUNDS AND PHASE COMFATIBILITIES 

The preliminary published diagrams [1,18,19,21,35,36] showed 
the existence of three basic ternary compounds: 

(i) The 211 compound initially reported by Michel and Raveau 
[37] as the insulating green phase to crystallize in an orthorhom- 
bit unit cell (space group PGnm, a=7.132,b=12,181 and c-5.685 x1. 

(ii) The 123 compound was identified as a bulk superconductor 
existing in a low-temperature orthorhombic (Fmmm) and in a high- 
temperature tetragonal (P4/mmm) modification. The occurrence of 
different variants of the 123 and the temperature induced O-T pha- 
se transformation [l-5] are strong indications for the important 
role of the oxygen vacancy ordering, cf. Fig.1. 

(iii) The 132 compound (e.g.[35] 
B 

is often called the other 
perovskite (P4mm ,a= 4.07 and c= 4.01 1, however, its existence 
is not as yet clear [1,11,18,23]. 

In the early literature there were reported various additional 
ternary compounds such as the orthorhombic 213 [38] which probably 
does not exist either. In addition the 142 phase was found to oc- 
cur in the tetragonal and cubic forms [39, 401 and it is supposed 
to be another superconducting compound as well as the recently re- 
ported 124 phase [61]. 

Let us discuss some very recent results. Roth et al [23] pre- 
pared a series of samples with the nominal formulae 0.8:3.2:2-x 
where x varied from 0.1 to 0.4 (i.e. to the 142). Specimens from 
x=0.1 to 0.3 were single phased. Although bearing some similarity 
with the 132 they were rather a solid solution somewhere along the 
section 132-142-153. However, the existence of the 142 was not ex- 
cluded. 

DeLeeuw et al [22] reported the identification of new com- 
pounds 143,385 and 152. The pseudocubic (a= 8.069 x1 or tetragonal 
(P4/mmm, a= 8.069, c=4.035 x) 143 was prepared by firing the inti- 
mate mixture of Ba(N0 ) (or BaO ) with Y and Cu oxides at 950 OC 
in air. However, the 31s3 phase 4 as 
in the feed mixture. 

not produced when using BaC03 
The 385 phase is assumed [22] to be the orde- 

red modification of the 132 [I91 and was obtained by firing the Y 
and Cu oxide mixture with BaCO 

2. 
above 950 OC. It exhibits the te- 

tragonal unit cell (P4/mmm, a= 788 and c= 8.014 xl. The 152 com- 
pound was identified as a single ordered phase of the 143 crystal- 
lizing in the orthorhombic unit cell (Immm, a= 4.03, b= 4.09 and 
CT 21.6 8:. Here we should nole the article by Kostcheeva et al 
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____..... -.------. 

120 200 

FIG. 2.: The ternary phase diagram with the proposed tie lines 
thought to exist at about YSO Oc. The corresponding binary 
phase diagrams are also included, the dotted lines showing 
still questionable boundaries. The stable, superconductive and 
metastable compounds are illustrated by open, dotted and small 
solid circles , respectively. 
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I 
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- ITI01 % y203 
NsBaCuOz 
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I 
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-------___ 
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011+ L 
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FIG. 3.: The tentative pseudobinary cuts of the 101-123-011 
[II,231 and of the 510-211-123-035 [23.36,40] jointly drawn on 
the basis of various sources of experiemntal data. 'She clue- 
stion marks at not yet mentioned phase 121 (right bottom) in- 
serted according to [23] indicate uncertainty as the existence 
of the 142 phase may be equally possible. Neither the 142 

phase nor these regions are as yet clear enough. 
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[54] who reported yet another orthorhombic phase 153 (Pmmm). 
The existence of the 143 was not substantiated [23] and Roth 

et al strongly suggested that many of these other perovskite pha- 
ses are chemically and physically oxycarbonates. In our studies 
[40,41] we also originally assumed the existence of the 143 which 
later turned out to be a heavily contaminated "131" phase, Cu 
being replaced by Pt dissolved from the sample holder [II]. We, 
did not succeed, however, in preparing the 131 phase as a single 
pure compound nor did we find the 143. Sestak et al [41] found 
upon quenching the 123 melts an unidentified phase but different 
from that reported by McKittric eta1 [42] prepared under compa- 
rable conditions of severe freeze-in of a high-temperature state 
[441. 

Yet another phase of the rough stoichiometry 235 can be dedu- 
ced from the article by Matsuzaki et al [43]. A phase of the com- 
position Y BaxCu+ was identified for a very small x to ha- 
ve an iden ical x- aY 6i&ern with the 101 compound but $-" different 
intensities [9,10] (abbreviated "101"). 

All the above discussed phases are listed in Table I in order 
to compare their interplanar spacing and relative intensities. It 
follows that there is some coincidence of the major d-values (e.g. 
the 235 and the tetragonal 123 for 0.270 or the 132,385,152 and 
142 for 0.287 as well as the Pt-substituted "131" and " 1 23 " for 
0.323 and 0.290). To complete the comparison the diffraction lines 
of some unidentified phases are included as detected in the as- 
quenched samples obtained under different cooling rates of the 123 
melts. Prevailing diversities, however, make further analysis too 
difficult to shed more light on the existence of individual pha- 
ses. 

TERNARY PHASE DIAGRAM AND PSEUDOBINARY CUTS. 

So far the published ternary phase diagrams [1,18,19,21,23,35, 
36,45,46,58,59,60] often indicate tie lines between phases and al- 
so solid solutions. It should be pointed out that the exact posi- 
tion of tie lines would still require more intensive investigation 
and so it is possible that future research will result in certain 
modifications. A sketch of primary phase fields was recently shown 
by Roth et al [23]. A more detailed calculation on primary cry- 
stallization in the 001-011-211 triangle was introduced by Nevriva 
et al [16] as based on a separation of melt from a fired sample 
and the consequent analysis of its solid residue. The possible bi- 
nary and ternary phases and presumed tie lines are collectively 
indicated in Fig.2. 

The temperature-composition cuts through this ternary system 
were in the center of interest to include the point component 123. 
The system 101-123-011 is one of the most intensively studied cut 
although being non-binary as originally noticed in earlier papers 
[18,19,21]. 'The system is intersected by the pseudobinary joint 
between the 211 and 001 where the sample meltin (in air) proceeds 
in three steps [23], congruentAy at 930 c (53mol% 100; 
211+123+011), incongruently at 960 C (60mol% 100; 211+101+011+001) 
and both congruently (lOmol% 100; 100+123+011) and lncongruently 
(33mol% 100; 211+123+011+001) at 1002c'C. Working in oxygen our re- 
sults revealed only two clear invariant points at 999oC (34molb 
100; 211+123+011+001) and at 1015 and 107ooc (7Omol% 100; 
211+011+101+001), cf. Fig. 3. Roth et al [23] showed in more de- 
tail the melting behaviour of the 123 through a four-phase region 
assuming a significant activity of 
ghases. 

CO2 in two or more of these 
From the failure to synthesize the 123 compound below 750 

C combined with the apparent loss of crystallinity at highly pro- 
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longed annealing (700 Oc and 1700 hrs) they concluded [23] that 
the T-O transformation bears rather a metastable character. 

A very important cut is the one between the compositions 
BaO.SYO 

and'133 
and 3Ba0.5CuO since it includes the two main compounds 

211 as well as the possibly primary phase field for the 
superconductor formation suggested in [18,23,36,40,59-61].Here the 
solidus appears [23] to occur at about 910 'C in air (123+011+001, 
with an unclear position of the eutectic point). The 123 phase 
melts at 1002°C incongruently 
about 124OoC. 

similarly to that of 211 phase at 
Our 

eutectic point lies 
results [40],showed in 0 atmosphere that the 

gruent 
at about 930 C (5mgl% 106) followed by incon- 

melting of the 123 phase at 999 C which is accompanied by 
the formation of the 142 phase later to decompose at about 1120°C. 
A very narrow region of only 123+liq cannot be excluded as also 
indicated in the phase diagram shown in Fi .I. 
[36] reported the eutectic point below 9OO'C 

While Laudise et al 
(<5mol% 1001, Jishan 

et al [59] did not find this point at all. Aschage and Keefer [60] 
found incongruent melting of the 123 phase at 1015c'C but did not 
report the existence of the other perovskite phase different from 
the ordinary j23 and 211 phases. In most reports mentioned above 
only the 132 compound was indicated instead of a more pl.ausible 
comrJc)c:i tion of a “r~c11.i.d solution” around the 142 composition [ 401. 

Both of the above pseudobinary diagrams are illustrated in Fig. 
3 as based cm the reported data [ 11,23,3ti] and our own experience 
[40] regardless of the differences due to the working atmospheres 
(air or flowing O-1. Some other cuts were reported .e.o.. between 
CuO and 4BaO.Yfi ' 

a.2 
[23], between the compositions 035 and 

and between 3Ra . u0 and the 123 phase [25] including the 
composition used for the growth of 123 single crystals at 
stoichiometry of about 1:4:10 or 4:30:66 , respectively. 

ANALOGOUS La-BASED AND Pt-SUESTITUTED PHASES 

211 [58] 
favoured 
the melt 

It is clear that a deeper understanding of all the phases pos- 
sibly occurringin the Y-Da-Cu-0 system requires further research 
Some additional information should be taken into account as fol- 
lows: 

(il In the comparable system of La-Ha-Cu-0 [47] the following 
phases are reported: the 422, 212, 415 and 336. Both the systems 
in question (with Y or La) have at least one phase that is unique 
to it [47], e.g., the 211 cclmpound and a solid solution from the 
132 towards 021 (Y) and in contrast a solid solution around the 
422 and 336 (with La). 

(ii) Some of Pt enriched phases were reported to exist, for 
example: 

1) Y2Ba2Cu3PtO10 [55] , 

2) Y2Ra3(Cu1_xPtx)30g (x about 0.33) [481, 

31 ErBa1.03CU0.77Ft0.4604.34 [491 ! 

4) YBa2Cu3_xPtxc)g (x about 0.33) [501 I 

5) Y20*a60CU3Pt17077 [Ill, 

(the second one to exist within the temperature region from 1050 
to 1300 O, c,the third one to possess orthorhombic structure 
Fcmm, a= 10.287, b= 5.659 and c=13.157 “2,. Formally assuming the 
Pt for Cu replacement the above phases can be read approximately 
as "224", "233", "445", "123", and " 1 3 1 )I . Except the 123, these 
phases were not found as pure (Pt-absent) compounds,(cf Table I). 



The phase "131" found in our laboratory [II] seems to he simi- 
lar to the single crystal of Ba4(Cu,Ft)O6 reported by Rykov et al 
[551 who also stressed that platinum in quantities less than 0.05 
mol % were found in various single crystals of the rare-earth suh- 
stituted 123, this contamination not hindering the superconducti- 
vity. 

HYFOTHETICAL STOICHIOMETRY OF THE 123 DERIVED COMPOUNDS WITH 
MULTIPLIED COFFER OXIDE LAYERS 

To predict new possible variants of the Y--Fa-Cu hased com- 
pounds we have to look more closely at the structure of supercon- 
ducting phases, e.g., the 123, cf Fig.4, middle. The oxygen defi- 
cient perovskite structure consists of layers of corner-sharing 
copper oxide octahedra (CuO.) interlinked by corner-sharing squa- 

~~p~~~~~~u~~pgi~~~t~s~~~~~~~t~~~~~hear~n,~~~~~~lynu~~~~on~~"l~hf~~ 

CUO 
f 

chains may result in the higher T [I] we can hypothetically 
ana yse its imgartance regarding the sfoichiometry change of the 
original 123 phase. Speculation on the known structural model of 
the 123 [I-S] shows that the multiplication of the 
(cf.Fig.4) would create between thus formed layers new 

CU04cr;c;;ys 

lographic sites different from those corresponding to the standard 

no extra site original 123 new site occupation: 
considered: (?)-Ha (?)=Y 

1:2:4 
(CU04 layers multiplication:) 

twofold 1:3:4 1:1:2 
1:2:5 threefold 1:4:5 3:2:5 
1:2:6 fourfold 1:5:6 2 :I:3 

FIG.4.: Model of perovskite structure showing geometrical network 
of oxygen octahedral and tetrahedral units.The standard 123 compo- 
und is illustrated in the middle with the Cu-unit cell marked by 
dotted lines. Small solid, large shaded, doubled and containing 
question-mark circles represent Cu, Ha, Y and unknown cati_on. 
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ones occupied by yttrium and those occupied by barium in the coor- 
dinations made by eight and ten nearest oxygen atoms, respective- 
ly. The new sites would have the coordination eight and can be oc- 
cupied by either yttrium or barium. Now we can choose whether to 
introduce yttrium to maintain its original coordination (eight) or 
to introduce barium to preserve the original periodicity (2Ba:lY). 
The resulting stoichiometry of such phases would then be 112 and 
134 for twofold and 325 and 145 for threefold multiplication of 
CuO4 layers, respectively. (In addition the 1Y:lBa mixed threefold 
phase would then exhibit a stoichiometry of 359). Evidently there 
is another chance how to multiply copper oxide chains, see Fig.4, 
left. The corner-sharing square-planar units can be joined perpen- 
dicularly and we can assume the newly created voids vaccant. The 
resulting stoichiometry is then 142 and 152 for twofold and three- 
fold multiplication respectively. 

DISCUSSION 

I believe that the search for further new superconducting mate- 
rials with still higher T will also bring newer ideas to our 
knowledge of crystalchemigtry and technology of now already clas- 
sical Y-Ba-Cu based phases. Recent studies have already disclosed 
the possible existence of some other phases responsible for cer- 
tain anomalies ascribed to the presence of presumably metastable 
(7superconducting) phases. Among many others Oda et al [51] showed 
an irreversible steep decrease of electric resistivity for the 
composition 497 at -38°C and Erbil et al [52] found a dc-Josephson 
effect for the starting stoichiometry 171 at a temperature as high 
as +14oC (the composition being further analysed as consisting of 
the 661 and 231 areas). Char et al [62] reported the discovery of 
a superconducting phase 124 which exhibits strinking similarities 
between the normal state properties of this 248 (i.e. 
Y_Ra cu 0 ) and the 2244 phase (i.e. Ca Sr4(Bi,Cu) 0 1 asa 
r&uft 8f'&xbled CuO$ and Bi?* layers. Upgn dnneali8g'0%%is 124 
phase at higher tempe atures i s T shifts from original SIK up to 
as high as 96K which is systemati&lly several degrees higher than 
that obtained for the standard 123 phase.They speculated [62] that 
this higher T may result from strain factors or more likely from 
some sort of g new structural order generated by foults. 

Non of the above predicted superconducting phases, however, 
were noticed in the above phase survey and it is questionable if 
they can exist in larger scale at all. The formation of different 
arrangements of the oxygen vacancies as well as the mutual orde- 
ring and possible multiplication of CuO layers is very dependent 
on technological procedures applied dur!_ng the material prepara- 
tion. It is plausible that certain procedures may favour the crea- 
tion of specific microphase relations and so the formation of such 
defective structures which become evidently unstable with respect 
to the original .123. We also cannot exclude a possible stabilizing 
effect of contaminations and/or substitutions so as to prolong the 
"stability" region of previously nonstable phases which, however, 
lies beyond the framework of this article _ A deeper analyses of 
metastable and unstable phases (even during their short-life oc- 
currence), byproducts [53], microstructure [58l'etc..may be an aid 
for further progress in HTS. 
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