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The crystal chemistry of the system LaQ, (~Ca0-CuQ at the
1:1:2 composition was studied at high pressures with the goal of
stabilizing new perovskite cuprates with two-dimensional ordering
of La, Ca cations and oxygen vacancics. Several phases, incloding
the perovskites LaCaCuOyy, LiCayCugiOyy and the Ruddie-
sden—-Popper (RP) phase La,Ca,Cu;Og, containing three copper
oxide layers (n = 3), were revealed for the first time. The results
arc very sensitive to cxperimental conditions, and a variety of
reaction channels are observed at the 1:1:2 composition de-
pending on the choice of total pressure, p,, , temperature, and
annealing conditions. The perovskite-related phases at this compo-
sition exhibited A-site cation disorder and three-dimensional order-
ing of oxygen vacancies. The Ruddlesden—Popper phase required
the substitution of Sr on the A-sites to be metastably retained at
room temperature. Due to its thermal instability, the RP phase
could not be doped to a carrier concentration at which supercon-

ductivity might be observed. 1994 Academic Press, tne.

INTRODUCTION

High pressure methods are promising [or the possible
preparation of new high temperature cuprate supercon-
ductors (1, 2). High T, materials exhibit structures derived
in some way from ABQ), perovskite, a high densily struc-
ture stabilized by the large increase in electrostatic Made-
lung energy occurring with decreasing unit cell volume,
provided, of course, that repulsive interactions do not
begin to dominate (2, 3). As a result, it becomes possible
ta place cations in higher coordination geometries than
those found in lower pressure phases. For example, sili-
con coordination changes from tetrahedral to octahedral
in pyroxene minerals as they transform to perovskites at
the higher pressures and temperatures of the earth’s man-
tle (4). Many of these transformations, as weli as new
synthetic materials, can be quenched from these extreme
conditions and kinetically retained at ambient pressure.
We have found that cuprate perovskites so prepared can
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often be heated 1o temperatures above 800°C at atmo-
spheric pressure before complele decomposition occurs.
In principle, such metastable “*precursors’’ ¢an be pro-
cessed further under milder P-T-p,, conditions to obtain
phases with specific cation and oxygen vacancy orderings.
Thisis astrategy we have adopted in attempting to synthe-
size certain ordered perovskite-like phases in the pres-
ent study.

Much recent high pressure synthesis work has focussed
on the perovskite-derived ACuQ, infinite-layer structure
(5-10). SrCuQ, and a wide range of solid solutions with
A = (Sr, Ca) and (Ba, Sr) were synthesized at 1000°C
and pressures above 50 kbar using an oxygen bufter. The
insulator Ca,_, Sr,Cu0,, with x" = 0.85-0.9, is the only
known cuprate with this lattice type that can be prepared
at P = 1 bar (11). Superconductivity was observed in
severaj of the high pressure infintte-layer samples (6, 7).
Azuma et al. (7) measured a T, onset of {10 K in the A-
cation deficient composition (Sry,Cag 1)y 4Cu0,. Confir-
mation of the structural results and the p-type conductiv-
ity has been recently presented (12). On the other hand,
n-type superconductivity with 7, = 40 K has been found
in the infinite-layer Ln, Sr,_ CuQ, systems for L.n = La,
Pr, Nd and Sm (§ = 0.15). These were synthesized at
T = 1000°C and P = 25 kbar in the absence of an oxygen
buffer (13-15}.

A few other high T, cuprates have also been prepared
at these extreme pressures. A Ruddlesten—Popper (RP)
phase, La, ;Ca, ;Cu,0,, analogous to SryTi,0,, was syn-
thesized at 60 kbar and 1050°C (16). It exhibited a T, onset
of 70 K. This two-layer RP phase can also be made under
much milder conditions (17). Synthesis of the T structure
of Li,CuQy, is limited to Lz = Nd-Gd at ambient pressure
(18, 19}, but this lattice-type can be stabilized for the
smaller Ln = Y, Tb, Dy, Ho, Er, and Tm at P = 60 kbar
(20, 21).

Previous work from this faboratory at po, = I kbar has
revealed a rich structural chemistry of ordered oxygen
vacancy phases in the LaCuQ,_; perovskite system (22,
23}. In tbhe present investigation, these sludies have been
extended to much higher pressures with the intention of
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creating a well-defined homologous series between the
perovskite and infinite-layer structures. In our initial work
we have attempted to prepare the simplest example of
such a ‘material: cation- and oxygen-vacancy-ordered
phases of the YBaFeCuQ; structure type {(24-26). The
results of these investigations, focusing on coupled La
and Ca chemistry at high pressures, are presented herein.

EXPERIMENTAL

Reaction mixtures for the high P, T synthesis were
prepared from nitrate precursors. The rare-earth oxides
(99.99%, prefired at 950°C for 12 hr), an alkaline-earth
carbonate (CaCQ,, SrC0O;) and CuO in the desired stoichi-
ometry were dissolved in 0.5 M HNO,. The resuiting blue
solution was slowly evaporated to dryness in teflon boats
with intermittent stirring to maximize the homogeneity of
the nitrate mixture, which was then dried overnight at
120°C. The dried cake was then ground, placed in Pt
containers and decomposed under flowing oxygen by slow
heating from 200 to 750°C. Mixtures were held at that
temperature for 6 hr before cooling to room temperature,
and the resulting black precursors were stored in a desic-
cator before use.

The high P, T reactions were performed in a girdle-
type system using a 300-ton automated press {Pressure
Systems Research Inc.). The girdle consists of a cylindri-
cal arrangement of hardened steel rings confining a central
11/16"-i.d. tungsten carbide core which holds the sample
assembly. Pressurization is achieved by forcing a pair of
tungsten carbide anvils against the assembly, which is
fabricated from a pyrophyllite cylinder 17 mm in diameter
and 12 mm long. A 9-mm-diameter hole through the length
of the pyrophyllite is fitted with a hollow graphite heating
element surrounded by alumina sleeves. The reaction
mixture (50-100 mg), packed into a 4-mm-long cold-scaled
Pt tube, is centered within the assembly using alumina
rods. The graphite tube is heated by an electric current
through contact with the WC pistons. Temperatures from
550 to 1100°C were maintained +5°C for the desired period
using a Eurotherm power controller and Pt/Pt—10Rh ther-
mocouple. A source of oxygen was provided by mixing
KCIO, directly with the sample. Although this approach
leads to the contamination of the preduct by KCl, it was
found to be the most effective means of producing homo-
gencous phases. Various schemes for separating the
KCIO, from the reaction mixture, including the use of thin
platinum or zirconia discs, invariably ted to incompletely
reacted materials, or to composition gradients within the
reaction products. No evidence was found for the reaction
of KCl in the phase assemblage.

The products were characterized with a Siemens D-500
X-ray powder diffractometer. In most cases there was
too little sample to perform a complete Rietveld analysis,

and the following approach was too little sample to per-
form a complete Rietveld analysis, and the following ap-
proach was therefore used. lattice parameters were de-
rived by trial and error refinement using the program
TREOR (27) and calculating a model powder pattern using
the POWD (28) and LAZY PULVERIX (29) programs.
Least-squares refinement of the indexed powder data was
performed using LATT (30). Theoretical and experimen-
tal X-ray powder patterns were carefully compared to test
the viability of the structural models. Confirmation of the
lattice symmetry and unit cell parameters was based on
electron diffraction on selected samples, using a Phillips
EM230, to ensure that the most complete structural model
had been obtained. The oxygen content was determined
by thermogravimetric analysis (TGA) by heating the sam-
ples to decomposition in argon.

RESULTS AND DISCUSSION

Exploratory high pressure studies were conducted with
the goal of synthesizing certain 2D-like ordered phases;
for example, a cuprate with the YBaCuFeO; structure
{24-26). This structure is a defect perovskite with an alter-
nating arrangement of Y and Ba cations along ¢(001) and
ordering of oxygen vacancies into the Y-planes. Oxygens
alone separate the double sheets of (Cu, Re)O,, so that
if this phase could be synthesized with only copper in the
B-sites, and doped, it would be interesting to contrast its
properties to the infinite-layer phases and YBa,Cu,0,.

Our initial work concentrated on attempting to prepare
the desired structure-type in the systems Y-Ba-Cu-O
and Y-Sr—Cu-0Q. Experiments were conducted at pres-
sures up to 60 kbar and temperatures to 1100°C with the
KCIO, content adjusted to obtain the correct stoichiome-
try. Experiments at the compositions YBaCu,0O; and Y Sr
Cu,0; yielded products containing several unknown
phases. Analysis of the mixtures by X-ray powder diffrac-
tometry showed that none of the phases had perovskite-
related structures. Ono found several perovskite-like ma-
teriats for (Y + Sr)/Cu > 1 at pressures below 20 kbar
in the ¥Y-Sr—Cu-0 system (9). This result and the fact
that we have observed substantial changes in the X-ray
powder patterns with changes in p, and total pressure,
indicate that many new and unknown phases occur in
both the Y-Sr-Cu—0O and Y-Ba-Cu-0 systems at high
pressure.

The YBaCuFeQOjs structure type can be considered an
ordered intercalation of the A'BQ, infinite-layer structure
into an ABO, perovskite. Given the complexity of these
multicomponent systems in phase space, it was decided
to examine the high pressure reactions of Cag g;51, 15 CuO,
with LaCuQ;, i.e., a pseudo-system comprised of end
members with these respective structures. A series of
reactions was carried out at the composition La
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FIG. 1. X-ray powder patterns of LaSry ;sCay gsCus0y 5,5 for & = 0.5

and 1.0 (nominal). Asterisks denote KCI reflections.

Cay g591, 15C1,0, 5. 5, where nominally, § = © for pg, =
1 bar. For KCIO; contents corresponding to 5 = 0.5,
guenching the reaction mixture after 2 hr at 1025°C and
60 kbar pressure gave a single phase material with the
tetragonal LaCuQ4 structure (22). On the other hand, un-
der the same reaction and quenching conditions, the
rhombohedral LaCuO; structure (31) occurred when the
buffer content was increased to make the nominal & = 1.
The X-ray diffraction patterns of the two product phases
are shown in Fig. 1. Annealing experiments carried out
at 100 kbar and 650°C did not yield the desired A-site-
ordered phase. On heating to 1000°C at p,, = 1 bar, both
the tetragonal and rhombohedral phases transformed to
the orthorhombic La,Cu,0; structure (22), the latter with
the loss of oxygen, prior to complete decomposition.
Studies are underway using a wider range of annealing
conditions to determine whether A-site cation ordering
into a YBaFeCuQs-type or related structure can be in-
duced. It is interesting to note that the +2.5 average
oxidation state of copper in tetragonal LaCa g;Sr ;sCu,0;5
is very close to that in LaCu0, g, the composition defining
the lower limit of tetragonal phase stability in the La
CuO,_, system (22, 23).

Simplification by removing strontium from the reaction
mixture led to completely different results. X-ray powder
diffraction of the product of composition LaCaCu,0s
(KCIO, corresponding to nominal 8 = 0.5 or 1.0),
quenched from 60 kbar and 1025°C, revealed a tetragonal

cell, related to a simple perovskite cell by a = 2V2 a,
and ¢ = a,. All the observed X-ray powder diffraction
lines were indexed to a cell with dimensions a = 10.727(1})
and ¢ = 3.797(2) A, isotypic with Lag_  Sr,CugOy
(1.28 < x < 1.92) (32). The actual stoichiometry is
La,Ca,Cu 0y, 5, with 8 = 0.3. This is based on TGA
experiments corrected for the amount of KC! present,
which is known from the KC10, concentration in the origi-
nal charge. TGA showed that the oxygen content is always
close to 20 provided that enough buffer is added to the
reaction mixture to insure that the nominal § = (.3,
Electron diffraction studies on La,Ca,CuyQOy,; con-
firmed the tetragonal symmetry and cell dimensions de-
rived from X-ray powder diffraction, as well as the reflec-
tion condition 0kl with k = 2n, which is consistent with
space group Pd4/mbm. Contrary to the results reported
by Er-Rakho er al. (32) on La,_,SryCug0Q4,, our electron
diffraction experiments on many sample crystallites
showed no evidence of a superstructure along (001). In
addition, EDAX measturements on representative crys-
tallites proved them to be free of K or Cl impurities.
The X-ray powder pattern of La,Ca,CuyO,y, 5 is given
in Table 1, and a full view of the structure, at an 8° tilt

TABLE 1
Powder X-Ray Diffraction Pattern of La,Ca,Cug0yy, 5
(@ = 10.727(1); ¢ = 3.797(2) A)

Ao deyc I 1, h k !
3.7968 3,797 10 8 0 0 1
3.7936 10 10 2 2 0

3.3931 — 1 1 1 L

2.9779 2.9776 10 8 2 1 1
2.6822 2.6837 100 100 2 2 1
2.6825 50 48 4 0 0

2.6033 2.6024 30 17 4 1 0
2.5301 — 1 3 1 1

2.5265 2.529] 5 2 3 3 0
2.4004 2.3993 5 2 4 2 0
2.3408 2.3423 10 12 3 2 i
2.1927 2.1909 20 15 4 0 1
2.1465 2.1466 30 12 4 1 1
2.1460 — 15 4 3 0

2.1049 — 1 3 3 1

2.1043 — 1 5 1 0

1.8970 1.8985 30 17 0 0 2
1.8968 — 17 4 4 0

1.8410 1.8406 5 3 5 | 1
1.8402 2 2 5 3 0

1.6978 — 1 2 2 2

1.6569 — 1 4 4 1

1.6753 1.6757 5 5 5 4 0
1.5997 1.5998 10 9 6 1 ]
1.5995 — 2 6 3 0

1.5492 1.5497 20 15 4 0 2
1.5490 15 16 6 2 1
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FIG. 2.
channels and 4-, 5-, and 6-fold Cu-0 coordination polyhedra.

off {001), is presented in Fig, 2. The structure can be
described as an oxygen-deficient perovskite whose super-
lattice arises from oxygen vacancy ordering, with La,
Ca cations randomly distributed in the A-type sites. This
lattice shows similarities to the structure of La,Ba
Cus02,5 (33), and LaCuO,, (22). In both structures,
groups of four square pyramidal CuQjs units share corners
with one octahedral CuQ, unit to create a framework
of hexagonal tunnels in three dimensions. However, the
{Cu,0,;) groups are arranged in a different way, resulting
in double hexagonal channels in La,Ca,Cug0yp, 5 and sin-
gle channels in La,BaCus0, , ; and LaCuO, (. Hexagonal
channels are also observed in the perovskite-derived, or-
thorhombic La,Cu,O;, but here the octahedral CuQ, frag-
ment is missing, and the absence of the square unit leads
to lower symmetry.

As in the previous case, annealing experiments carried
out under different atmospheres (Ar and 0,) did not lead
to ordering of the La and Ca cations in La,Ca,Cu0y,;,

Three dimensional representation of the La,Ca,Cu,0,, structure, tilted 8° off {001), showing disordered La/Ca cations in the hexagonal
4 20

but an interesting transformation was observed. The TGA
profile under flowing oxygen from room temperature to
850°C showed two constant weight plateaus at 300 and
650°C, the nct change corresponding to the formation of
a new reduced phase:

La,Ca,Cug0yy, s — La,Ca,CuOy + (2 + 5)/20,. [1]

Based on careful indexing of its X-ray powder pattern,
which is shown in Table 2, La,Ca,CugO,; was found to
be tetragonal with @ = 10.738(2) and ¢ = 3.726(1) ;\,
and isostructural with La,Sr,CugO,;_, (34). The reduced
phase is also an ordered defect perovskite, easily derived
from La,Ca,CuzOy. 5. In both structures, oxygen vacan-
cies in the basal plane are ordered in the same way along
(001), forming identical hexagonal tunnels running along
the c-axis. However, the differences between them arises
from the extra oxygen vacancies in La,Ca,CuyO 4, which
are also ordered in the x = 1/2 plane along (110). The
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TABLE 2
Powder X-Ray Diffraction Pattern of La,Ca,Cu 0y,
(2 = 10.738(2); ¢ = 3.726(1) A)

dohs a'ca]c Io lc h k !
4.803 4.8022 2 2 2 1 0
3.800 3.7965 1 1 2 2 0
3.3957 — 1 H 1 2

2.9438 — 3 2 1 1

2.685 2.6845 50 46 1 l 3
2.660 2.6592 100 100 2 2 1
2.601 2.6043 10 10 4 1 0
2.323 2.3264 3 7 3 2 1
2.180 2.1781 5 7 4 0 1
1.863 1.8630 15 15 0 0 pi
1.670 1.6670 2 3 5 4 ]
1.595 1.5953 5 6 6 6 1
1.545 1.5450 20 23 6 2 1

oxygen vacancies created in La,Ca,CuyO,; are associated
with the CuQy octahedral units in La,Ca,Cuz0,,, 5, con-
sistent with the more oxidized nature of Cu in octahedral
vs square pyramidal and square planar coordination.
Hence, upon reduction, oxygen is eliminated from this
site. In Fig. 2, the (CuyO\) framework in La,Ca,CugO g
is built of corner-sharing CuQ, square planes and CuQ,
square pyramids, whereas in La,Ca,CugO,q, the (CuyO,y)
framework consists of these features plus CuQO, octahe-
dra. Furthermore, there are two different CuQ, square
planes, one is linked to 4 CuQ; pyramids, the other is
connected to two CuO; pyramids, where the CuO, planes
ar¢ perpendicular and parallel to the c-axis, respectively.

The average copper valence is +2.5 in La,Ca,CugO,,
resulting in a mixed valence metallic phase. Superconduc-
tivity was not observed, however, in ac susceptibility
measurements down to 4 K. Lack of high temperature
superconductivity is not surprising, as 2D-like Cu-QO
sheets are absent from the structure. Because it is com-
prised entirely of divalent copper, 1.a,Ca,Cu0; was
found to be insulating. It is likely that the La, Ca contents
of both phases can be adjusted over a wide range, with
concomitant effects on the hole concentration and ¢lectri-
cal properties, but such studies were not carried out,

In order to confirm whether or not the new phases
require extreme pressure for synthesis, the preparation
of La,Ca,Cuy0y, 5 was attempted at 900°C and pO, =
250 bar (in a René steel alloy vessel). The following result
was obtained:

LaCaCu,0, s + 0.250,— LaCaCuOQ, + CuO. [2]
This was confirmed by directly synthesizing LaCaCuO,

at 900°C and pg, = 250 bar. X-ray powder diffraction
patterns of LaCaCuQO, showed single phase material

which could be indexed on the basis of the tetragonal
K,NiF, structure with ¢ = 3.7706(6) and ¢ = 13.164(2)
A. The oxygen content of this phase is probably sub-
stoichiometric at the pressures used in its preparation.
None of the oxygen vessel experiments resulted in the
synthesis of La,Ca,CugOy, 5.

These results led us to examine an intermediate range
of synthesis conditions in the girdle-type apparatus. In
experiments at 1025°C and 20-40 kbar pressures, using
buffer concentrations equivalent to 8 = 0.5-1.0, the fol-
lowing reaction stoichiometry was obtained:

1.5 LaCaCu,05— La, sCa, sCuyO¢, 5 + CuO.  [3]

Powder X-ray diffraction pattern of the product could be
indexed on the basis gf atetragonal cell witha = 3.8248(6)
and ¢ = 19.414(3) A, corresponding to the known RP
phase La,CaCu,0,, an intergrowth of perovskite and rock
salt layers in a ratio of 2:1 (35). This structure consists
of double (n = 2) CuO, planes separated by a layer of
Ca. The CaCu,Q, units are sandwiched by rock salt layers
(La,0,). La,_,Ca, . Cu,04, 5 with § = 0.1-0.3 was also
synthesized at 1050°C and 60 kbar by Okai (16), who made
it superconducting below 70 K by adjusting the oxygen
content with varying amounts of KCIO;.

The above results, and related experiments discussed
below, suggested the possibility of synthesizing the n =
3 member of the Ruddlesden—Popper series. This com-
pound can be described as an intergrowth of LaO rock salt
with three perovskite layers. Accordingly, the compound
La,Ca,Cu404, ; was synthesized from the corresponding
stoichiometric precursors subjected to high pressure (60
kbar) and a heating sequence consisting of 1-2 hr of reac-
tion at 1025°C followed by annealing at 60 kbar and 750°C
for 2-4 hr. The structure of La,Ca,Cu;0y4, ; is shown in
Fig. 3. X-ray and electron diffraction show a body-cen-
tered tetragonal cell which could be completely indexed
in space group I4/mmm with unit cell parameters a =
3.805(1)and ¢ = 27.01(1) A. The powder X-ray diffraction
pattern is given in Table 3.

The preparation of La,Ca,Cu,0y, 5 is very sensitive to
experimental conditions. Indeed, the phase was first ob-
served while exploring the possibility of ordering La,Ca,
CugOy, 4 into the YBaFeCuQ:-type structure in 60 kbar
annealing experiments at temperatures between 550 and
800°C:

2LaCaCu,05 ;— La,Ca,Cu,04, 5 + CuO. [4]

Subsequent high pressure work at the nominal stoichiom-
etry La,Ca,Cu;0q,;, as described above, resulted in its
preparation. The annealing conditions following high tem-
perature synthesis was found to be especially crucial.
Decomposition products were observed if annealing was
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FiG. 3.

Three-dimensional representation of the n = 3 Ruddle-
sden—Popper phase La,Ca,Cu;0y. The lightly tinted cations are La, gray
cations are calcium, and dark cations are copper and oxygen.

performed at temperatures much above or below 750°C.
Moreover, upon quenching from 750°C and 60 kbar, the
phase could not be retained for long in the metastable
state. Evidence of decomposition into phases amorphous
to X-rays was found after as little as 5 days under ambient
conditions in a dry box. The tendency toward decomposi-
tion at room temperature couid be reduced considerably
by substituting a fraction of both the La and/or Ca sites
with Sr, but the instability of the phase on heating, espe-
cially at low pressures, made it very difficult to optimize
its hole concentration and oxygen stoichiometry. There-
fore, although metallic, La,Ca,Cu,04, ; and its Sr-doped
analogs have not yet been made superconducting.

The requirement of enhanced pressures for the synthe-
sis of RP polymorphs with higher » was pointed out long
ago (36). 1t is therefore not surprising that the RP n = 3
phase has not been prepared in the La-Ca—Cu—Q system

under ambient conditions. This may be a consequence of
the fact that the mismatch between the rock sait and
perovskite sheets probably increases with n. Pressure
would minimize the mismatch if the inherent stiffness of
the perovskite subunit is lower and has a greater pressure
dependence than that of the rock-salt layer. Of course,
for the same reasons, the n = 3 phase would become
unstable when quenched to ambient pressure, as ob-
served, Similarly, attempts to synthesize the n = 4 phase
at pressures up to 60 kbar have also failed. Although it
may form at higher pressures, La,Ca,Cu,0,q.,; probably
cannot be quenched to ambient pressure. It is interesting
to note that RP phases with # = 2 in the Sr—Cu-0 system
recently have been quenched from high pressures (37, 38).

There are a number of other interesting aspects to the
chemistry of the Ruddlesden-Popper n = 3 phase. Most
noteworthy is that when the reverse of reaction [4] was
run under flowing oxygen (1 atm) up to 650°C in the TGA
apparatus (10°C/min), yet another new phase was ob-
tained:

1.5La,CayCuyOq,, + 1.5Cu0 + 0.250, — [5]
La;Ca;Cu0y, 5-

The powder X-ray diffraction pattern of the product,

TABLE 3
Powder Diffraction Pattern of La,Ca,Cu,0;, 5
(@ = 3.8046(2); ¢ = 26.956(2) A)

dobs dcalc 10 [c H k !
13.50 13.478 10 32 0 0 2
6.710 6.739 5 3 0 0 4
3.5035 — 9 1 0 3

3.114 3.1085 20 32 1 0 5
2.6985 2.7063 100 100 | 0 7
2,6956 — 14 0 0 10

2.6901 2.6503 50 51 i 1 0
2.6382 - I3 1 I 2

2.4985 — 5 1 1 4

2.2463 2.2463 5 10 0 0 12
2.1024 — 4 1 1 8

2.0602 — 4 1 qQ 11

1.920 1.9254 20 5 0 0 14
1.9042 7 7 i i 10

1.900 1.5023 30 35 2 0 0
1.8836 — 1 2 0 2

1.720 1.7243 5 12 I | 12
1.6718 — 2 2 l 3

1.6226 5 9 2 | 5

1.567 1.5657 10 10 1 1 14
1.585 1.5563 30 32 2 i 7
1.5542 6 8 2 0 10
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TABLE 4
Powder X-Ray Diffraction Pattern of La;Ca;Cu0,,, 5
{@ = 5.379(1); ¢ = 11.592(4) &)

o e I, I, A k !
11.592 11.5922 2 2 0 0 1
3.804 3.8033 5 2 1 1 0

31798 — 2 ! L 2

2.710 2.7106 100 100 1 t 3

2.689 2.6894 50 36 2 0 0

2.3184 — 2 0 0 5

2.3051 - 3 1 1 4

2.198 2.2074 —. 9 2 0 3

1.9320 — ) 0 0 6

1.903 1.9017 20 27 2 2 0

1.568 1.5691 15 1 2 0 6

1.555 1.5567 25 30 3 1 3

shown in Table 4, was indexed to a tetragonal cell of the
La;Ba,Cu (h, ., -type, witha = 5.37%(1)and ¢ = 11.592(4)
A. This assignment must be considered tentative, how-
ever, in view of the fact that several lines of weaker
intensity were not observed. If the analogy with La;Ba,
CugOy, .5 is correct, the structure of LayCa,Cu 0y, ,
would consist of triple perovskite layers of ACuQ; and
an oxygen deficient A-layer (A = La, Ca). The difference
between the structure of the n = 3 Ruddlesden—Popper
phase and that of the triple perovskite can be visualized
by removing the rock-salt slab in the RP phase of the
structure of Fig. 3, and ordering the oxygen vacancies ac-
cordingly.

SUMMARY AND CONCLUSIONS

The primary focus of this work was to utilize high pres-
sure techniques to synthesize a specific ordered ‘‘in-
tergrowth’ of perovskite and infinite layer phases,
namely, the YBaFeCuQ; structure type. Although the
preparation of this phase was not successful, a number
of new A-site disordered variants of perovskite were ob-
tained, in addition to a new Ruddlesden—Popper phase
with n = 3. These results were realized in a very narrow
region of phase space at a cation ratio of 1:1:2 in the
La0, s-Ca0-Cu0-0, system.

The approach taken, namely, the creation of A-site-
disordered perovskites at high pressures, is the first in a
series of processing steps required to synthesize the de-
sired ordered phases. High pressures and temperatures
provide the driving force required to place A-cations of
dissimilar size into similar sites in the same lattice, creat-
ing precursor phases which often remain metastable to
temperatures in access of 800°C at ambient (and higher)
pressures. A wide latitude of annealing conditions can
then be explored under controlied P, p, , T, to effect

conversion of the disordered precursor into new ordered
phases. Despite our inability to prepare the desired or-
dered structures, the richness of the equilibrium and non-
equilibrium reaction chemistry observed at the La:-
Ca:Cu = [:1:2 composition is clear evidence of the
synthetic potential of this approach. Future work will
explore in greater depth the reaction channels taken by
these quenched phases at lower temperatures.
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