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R,BaCuO; compounds with R = rare earth atom from Sm to Lu have been studied by neutron and
X-ray powder diffraction. All of them are isostructural, and belong to the space group Pnma (Z = 4).
A comparative study of the influence of the rare earth size on the structural parameters is presented.
The stability of the structure is estimated from the agreement between valence bond sums and formal
valence states. A systematic variation of the structural stability is found depending on the size of the

rare earth atom. © 1992 Academic Press, Inc.

Introduction

The green-colored oxides R,BaCuOs
(R = Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb,
Lu, and Y) have been found very often as
impurities in the synthesis of high-tempera-
ture superconducting RBa,Cu,0,_, oxides.
These oxides, the so-called ‘‘green phases,”’
are isostructural and their initial structural
characterization was first reported by Mi-
chel and Raveau in 1982 (/) from powder
X-ray diffraction studies. In this orthorhom-
bic structure, with space group Pnma (Z =
4), the copper ions are situated in distorted
square pyramids [CuQOs], connected by
R,0,, groups, which are formed from two
monocapped trigonal prisms [R] sharing a

1 Present address: Instituto de Ciencia de Materiales
de Madrid, Dep. Fisica Materiales (C-4), Universidad
Auténoma de Madrid, Madrid, E-28049, Spain.
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triangular face; see Fig. 1. The Ba’* is
eleven-coordinated with oxygen, giving
rise to very irregular polyhedra.

In 1986 Schiffler and Miller-Buschbaum
(2) synthesized the first single-crystal of this
family of oxides, Sm,BaCuQs, and from
X-ray diffraction data confirmed the struc-
tural features previously reported by Michel
and Raveau (/). In the last years, structure
refinements of some R,BaCuO, compounds
have been published (3-8) from single-
crystal X-ray and/or neutron powder dif-
fraction studies.

Very recently, from magnetic susceptibil-
ity and heat capacity measurements, it has
been shown that there exists an antiferro-
magnetic ordering at 30 K in the copper sub-
lattice, whichinduces a subsequent ordering
in the rare earth sublattice at lower tempera-
tures for most of these oxides (9—-12). In the
present work we have analyzed in a compar-
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FIG. 1. Perspective view along the b-axis of the Sm,BaCuOs structure type, showing the isolated square
pyramids of [CuOs] and the trigonal prisms around the rare earth atoms.

ative way the structural features of these
oxides, from X-ray and high-resolution neu-
tron diffraction measurements. The relative
stability of the different R,BaCuQOs oxides
has also been studied using the bond valence
method proposed by Brown (13).

The oxides with similar chemical compo-
sition but different transition metals (i.e.,
Cu, Ni, Co) are interesting because they are
insulators and present different structural
and magnetic properties. We initiate a sys-
tematic determination of the structural pa-
rameters for the different R,BaMO; fami-
lies. In this paper the structural aspect of
the Cu family is emphasized. The goal is
to determine the variation of the relevant
geometrical parameters as a function of the
rare earth ionic size. These parameters may
have important consequences for their mi-
croscopic magnetic properties.

Experimental Details

R,BaCuQ; samples were prepared heat-
ing in air stoichiometric amounts of high
purity oxides R,0; (99.99%), CuO
(99.999%), and BaCO; (A.R.) at 950°C for

48 hr, with two interruptions for grinding in
order to homogenize the reaction products.

Neutron powder diffraction experiments
were carried out in the High Flux Reactor
of the Institut Laue-Langevin (Grenoble,
France). In the present work we used the
high-resolution powder diffractometer D2B
(A = 1.594 A). This diffractometer is
equipped with a bank of 64 detectors sepa-
rated 2.5°in 26, spanning an angular range of
160°. Each detector is equipped with Soller
slits. Scanning the detector bank by 2.5° in
steps of 0.05°, one gets a full diffraction pat-
tern. Most of the data were collected at
room temperature (RT), otherwise the tem-
perature is indicated. The high-resolution
pattern, covering a wide angular range, per-
mits the study of fine structural details. In
particular, the oxygen positions can be de-
termined with very high accuracy, in com-
parison with X-ray techniques.

X-ray powder patterns were recorded us-
ing a Siemens Kiristalloflex 810 diffracto-
meter and D-500 goniometer equipped with
a secondary graphite monochromator and
CuK, radiation. The RT data were collected
by step scanning over an angular range of



10° < 260 < 120°, in increments of 0.04° and
a counting time of 15 sec per step.

All the data were analyzed with the Riet-
veld method using the program ‘‘FULL-
PROF’ (14). The pseudo-Voigt profile func-
tion was used for describing the peak shape.
No preferred crystallite orientation was
taken into account. Refinement was done
using the atomic positions in the Pama (Z =
4) space group, and starting values for the
free parameters taken from the literature.

Experimental Results

Neutron powder diffraction data were ob-
tained at RT for R,BaCuQOs (R = Y, Ho, Er,
Tm, Yb, and Lu). As an example, in Fig. 2a
the pattern of Ho,BaCuOjs is shown. In the
case of dysprosium oxide the neutron dif-
fraction pattern, Fig. 2b, was only obtained
at 50 K due to the availability of beam time.
In order to avoid the high absorption cross
section from dysprosium, a specially de-
signed sample holder was used. For the re-
maining oxides of this series, i.e., R,Ba-
CuO; (R = Sm, Eu, Gd), where the
absorption cross-sections are too high to use
neutron diffraction techniques, we used
X-ray powder diffraction. As an example
the RT X-ray diffraction pattern of Eu,Ba-
CuOs is shown in Fig. 2c. The refinement
was done using the starting values of posi-
tional parameters reported by Michel and
Raveau (I) for the isostructural Y,BaCuO;
and Gd,BaCuO;s oxides. The lattice parame-
ters and reliability factors for the different
R,BaCuOs compounds are given in Tables I
and II. These parameters agree fairly well
with those earlier reported by Wong-Ng et
al. (15). The different diffraction data reveal
that all the samples were single phase. As
was expected, assuming the ionic model,
the lattice parameters, a, b, and c of the unit
cell decrease linearly as a function of the
lanthanide ionic radius (/6) in going from
Sm3* to Lu**. This has been represented in
Fig. 3.
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In Table I1I the final refined positional and
thermal parameters for R,BaCuQ; (R = Y,
Dy-Lu) are included. As was expected, the
atomic coordinates obtained for each atom
of the asymmetric unit are very close in all
of these oxides. For the Y and Yb com-
pounds our results agree very well with the
previous single-crystal X-ray data (5, 7). It
is worth noting that from high-resolution
neutron powder diffraction it is possible to
obtain a better accuracy in the location of
oxygen atoms. Thus our data can be com-
pared with those obtained by Pei et al. (6)
and Lightfoot et al. (8) for Y, Yb, and Lu
compounds.

The main interatomic distances are listed
in Table IV. The careful analysis of the crys-
tallographic data is very illustrative to better
understand the structural effects of the ionic
radius variation of the trivalent rare earth.
This analysis allows a determination of the
range of R**-ionic radii for which this struc-
ture-type is obtained. First, it can be ob-
served that the size of the copper pyramid
[CuO;s] remains almost constant for the dif-
ferent R,BaCuQ; oxides. This effect can be
visualized in Fig. 4b, where the Cu-0O(1),
Cu-0(2), and Cu-0O(3) distances have been
plotted vs the radius of the different R3*
ions. The distances for the last three ele-
ments (Gd, Eu, and Sm) are not included
because our X-ray powder data are not very
precise in the determination of the oxygen
positions. It is worth noting that although
this structure type is also characteristic of
R,BaMO;, where R is a small trivalent lan-
thanide cation and M = Ni, Zn, Co ({7-21),
the pyramid distortion is very different in
each case. While, as can be observed in
Table 1V, the Cu-O(3) (apex) distance is
about 11% iarger than the other four, in the
case of Ni, Zn, or Co isostructural com-
pounds the M—0O(3) distance is shorter than
the mean M-O distances of the basal plane.
On the other hand, this elongation of the
{CuQOs] pyramid of the ‘‘green phases’ is
smaller than that reported for Y,Cu,O, (22).
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Fi1G. 2. Neutron (a and b) and X-ray (c) powder diffraction pattern (a) at RT for Ho,BaCu0Qs, (b) at 50
K for Dy,BaCuOQs, and (c) at RT for Eu,BaCuQs. The solid line is the calculated profile; vertical marks
show the position of allowed reflections. The difference curve is also plotted at the bottom part of each
frame.
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TABLE I

LATTICE PARAMETERS (A) AND RELIABILITY FACTORS FOR R;BaCuOQs (R = Sm, Eu, Gd, AND Dy) FRoM X-RAY
POWDER DIFFRACTION DATA

Sm,BaCuOs Eu,BaCuQs Gd,BaCuO; Dy,BaCuO;
Lattice parameters (1&)
a 12.4035(4) 12.3599(3) 12.3167(3) 12.2201(3)
b 5.7604(2) 5.7409(1) 5.7219(1) 5.6796(1)
c 7.2740(2) 7.2433(1) 7.2219(2) 7.1514(1)
Number of reflections
531 853 610 820
Reliability factors (%)
R., 24.9 22.9 20.9 22.4
Ry 19.2 13.6 14.8 10.5
X 1.7 2.8 2.0 4.6
Ry 9.1 11.8 6.8 8.4

Note. Number of reflections inciuded in the refinements are also shown.

In this latter case, the axial Cu-O is about
40% of the Cu-O basal plane distance. If we
compare with the equivalent Ni family (i.e.,
R,BaNiOy), in this latter case the effect of
the change of the rare earth is mostly ob-
served in the NiO, octahedra (23). By con-
trast in the Cu family, the [CuQs] pyramids
are not affected by the different size of the
rare earth atoms.

Another important structural aspect con-
cerns the angles R(1)-O(1)-R(2) (Fig. 4a)

and R(2)-0(2)-Cu (Fig. 4c), which can play
an important role in the superexchange mag-
netic interactions. The variation with the
ionic radius is very small for the former
case. However, a systematic increase of 20
degrees/A is observed for the latter.

Discussion

A systematic variation in the lattice pa-
rameters and cell volume is observed in the

TABLE II

LATTICE PARAMETERS (A) AND RELIABILITY FACTORS FOR R,BaCuQ;s (R = Dy, Ho, Y, Er, Tm, Yb, aND Lu)
FROM HIGH-RESOLUTION POWDER DIFFRACTION DATA

Dy,BaCuOs* Ho,BaCuO;  Y,BaCuOs Er,BaCuO; Tm,BaCuQO; Yb,BaCuOs; Lu,BaCuOs
Lattice parameters
a 12.2061(2) 12.1825(1) 12.1792(2) 12.1423(2) 12.101142) 12.0652(1) 12.0342(2)
b 5.6732(1) 5.6630(1) 5.6590(1) 5.6459(1) 5.6275(1) 5.6152(1) 5.6003(1)
¢ 7.1355(1) 7.1336(1) 7.1325(1) 7.1072(1) 7.0793(1) 7.0569(1) 7.0395(1)
Number of reflections 550 534 533 530 512 521 516
Fitted parameters 38 38 38 38 38 38 38
Reliability factor (%)
R,, 10.3 10.2 11.0 15.7 12.8 9.7 11.2
exp 7.5 5.1 8.2 13.7 10.0 S.5 8.1
x> 1.9 4.0 1.8 1.3 1.6 3.0 1.9
Ry 44 3.7 4.1 6.4 57 2.9 4.1

“ Data at 50 K. Coherent scattering lengths (fm) are: bc, = 7.718,

bee = 8.03, by = 7.05, by, = 12.40, and by, = 7.3.

bo = 5.803, by, = 5.25, by, = 16.9, by, = 8.08, by = 7.75.
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TABLE III

REFINED ATOMIC COORDINATES AND ISOTROPIC TEMPERATURE FACTORS FOR R,BaCuQOs (R = Dy, Ho, Y,
Er, Tm, Yb, aAND Lu) OXIDES

Dy,BaCuOs* Ho,BaCuOs Y,BaCuOs Er,BaCuOs; Tm,BaCuO; Yb,BaCuO; Lu,BaCuOs

Ba «x 0.9049(4) 0.9048(3) 0.9049(2)  0.9057(4)  0.9045(3) 0.9048(3) 0.9039(3)
4(c) 'y 1/4 1/4 1/4 1/4 1/4 1/4 1/4

z 0.9291(7) 0.9304(5) 0.9307(4) 0.9307(7)  0.9298(5) 0.9292(5) 0.9306(4)

B(AY)  0.56(9) 0.82(6) 0.81(5) 1.02(9) 0.84(7) 0.85(6) 0.69(6)
R() «x 0.2891(1) 0.2884(2) 0.2885(1)  0.2885(2) 0.28885(2) 0.2884(1) 0.2887(2)
4c) vy 1/4 1/4 1/4 /4 1/4 /4 1/4

z 0.1174(2) 0.1162(3) 0.11573)  0.1171(4)  0.1177(4) 0.1176(2) 0.1183(3)

B(AY)  0.14(2) 0.32(3) 0.42(3) 0.52(4) 0.41(4) 0.42(2) 0.48(3)
R(2) «x 0.0744(2) 0.0740(2) 0.0738(2)  0.0743(3)  0.0738(2) 0.0738(1) 0.0736(2)
4(c) y 1/4 1/4 1/4 1/4 1/4 1/4 1/4

z 0.3969(2) 0.3957(2) 0.3960(2)  0.3965(4)  0.3969(3) 0.3972(2) 0.3967(3)

B(AY)  0.05(2) 0.36(3) 0.49(3) 0.56(4) 0.44(4) 0.38(2) 0.57(3)
Cu «x 0.6599(3) 0.6595(2) 0.6589(2)  0.6599(3)  0.6597(2) 0.6594(2) 0.6594(2)
4cc) 'y 1/4 1/4 1/4 1/4 1/4 1/4 1/4

P 0.7114(4) 0.7130(3) 0.71323)  0.7123(4)  0.7120(3) 0.7126(3) 0.7130(3)

BAY)  0.12(5 0.59(3) 0.49(3) 0.63(5) 0.42(4) 0.51(3) 0.47(3)
o) «x 0.4327(3) 0.4328(2) 0.4326(1)  0.4333(2) 0.4333(2) 0.4329(2) 0.4332(1)
8(d) y ~0.0090(5) —0.0073(4) —0.0067(3) —0.0076(6) —0.0071(4) —0.0065(4) —0.0056(4)

z 0.1674(3) 0.1660(2) 0.1661(2)  0.1661(3) 0.1644(2) 0.1649(2) 0.1638(2)

B(AY)  0.27(5) 0.63(3) 0.56(2) 0.52(4) 0.43(3) 0.56(3) 0.49(3)
02 «x 0.2283(3) 0.2278(1) 0.2278(1)  0.2283(2) 0.2276(2) 0.2279(2) 0.2274(1)
8(d) vy 0.5042(7) 0.5040(5) 0.5045(4)  0.5024(7)  0.5014(5) 0.5025(4) 0.5015(4)

z 0.3558(5) 0.3562(3) 0.3565(2)  0.3571(4)  0.3579(3) 0.3594(3) 0.3595(3)

B(AY)  0.50(5) 0.84(3) 0.75(3) 0.79(4) 0.73(3) 0.71(3) 0.703)
0@3) «x 0.1003(3) 0.1004(2) 0.0997(2)  0.1008(3)  0.1010(2) 0.1011(2) 0.1011(2)
4(c) y 1/4 1/4 1/4 1/4 1/4 1/4 1/4

z 0.0820(6) 0.0806(4) 0.0802(4)  0.0832(6) 0.0830(5) 0.0847(5) 0.0850(4)

B(A)  0.13() 0.67(5) 0.47(4) 0.49(7) 0.32(5) 0.57(5) 0.43(5)
* At 50 K.

R,BaCuOs family by changing the rare earth
ion. However, until now we do not identify
which parts of the structure are responsible
for this behavior. The next step was to cal-
culate the oxygen—oxygen distances inside
each [CuOs] pyramid. These are not usual
distances to calculate, because the typical
relevant parameters are the metal-oxygen
distances. However, we already know that
the distances Cu-O are very similar in all
the compounds, but the underlying idea was

to speculate that maybe the O-O distances
were varying (i.e., the O-Cu—0O angles) for
different rare earth atoms. This is not the
case either, as observed in Table V, where
the oxygen—oxygen intrapyramid distances
show nearly constant values. Now the next
step was to evaluate the oxygen-oxygen
distances between neighbor [CuOs] pyra-
mids (see Table V). This is an important
distance to calculate if we take into account
that the rare earth ions are placed between
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FIG. 3. Variation of the lattice parameters a, b, and ¢ vs ionic radii for the different R;BaCuO; oxides.
The variation of the unit cell volume vs the third power of the ionic radii is also included in the lower

frame.

different pyramids. The results are shown
in Fig. 5. A similar linear dependence on the
ionic radius, as is the case of the lattice
parameters, is observed for the O(1)-O(1),
O(1)-0(2), and O(2)-0O(2) interpyramid dis-
tances. Finally, we identified which area of
the structure was changing the most by the

introduction of the different rare earth
atoms.

In order to complete the study of the
structural behavior of the R,BaCuQ; iso-
morphous compounds, we have applied the
valence bond method to come to some con-
clusions about their overall structural be-
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TABLE 1V
MAIN INTERATOMIC DISTANCES (A) FOR R,BaCuQ; (R = Dy, Ho, Y, Er, Tm, Yb, AND Lu) OXIDES

Dy,BaCuOs* Ho,BaCuO; Y,BaCuQO;s; Er,BaCuQO; Tm,BaCuQ; Yb,BaCuOs; Lu,;BaCuOj

Cu-0O()(2x%x) 1.976(4) 1.974(3) 1.969(2) 1.975(4) 1.975(3) 1.964(3) 1.967(3)
-0(2)2x)  2.012(5) 2.017(3) 2.020(3) 2.0104) 2.015(3) 2.010(3) 2.013(3)
-03)(1x)  2.221(9) 2.215(4) 2.213(4) 2.219(5) 2.206(4) 2.213(4) 2.212(4)

R()-O(D(2x)  2.318(4) 2.312(3) 2.306(2) 2.308(3) 2.296(3) 2.286(3) 2.275(3)
-0(2)2x)  2.354(4) 2.355(3) 2.360(2) 2.340(4) 2.332(3) 2.336(3) 2.326(3)
-0(2)(2x)  2.344(4) 2.328(3) 2.321(3) 2.326(4) 2.3193) 2.300(2) 2.301(3)
-03)(1x) 2.321(4) 2.304(3) 2.31333) 2.292(4) 2.282(3) 2.272(3) 2.270(3)

R(2)-O(1)(2x)  2.371(3) 2.369(2) 2.369(2) 2.357(4) 2.337(3) 2.233(2) 2.327(2)
-O((2x)  2.3184) 2.297(3) 2.294(2) 2.290(4) 2.274(3) 2.271(3) 2.255(3)
-0(2)(2x)  2.389(4) 2.379(3) 2.382(3) 2.368(4) 2.354(3) 2.353(3) 2.341(3)
—0(3)(1x)  2.274(5) 2.271(3) 2.274(3) 2.250(5) 2.247(4) 2.23003) 2.219(4)

Ba-O(1)2x)  3.052(4) 3.060(4) 3.062(3) 3.038(5) 3.042(4) 3.030(4) 3.040(3)
-0(1)(2x)  3.257(5) 3.2454) 3.2403) 3.231(9) 3.235(4) 3.224(4) 3.21303)
-02)2x)  3.018(6) 3.006(4) 3.005(3) 2.991(5) 2.974(4) 2.965(4) 2.946(3)
-02)(2x)  2.958(6) 2.955(4) 2.956(3) 2.964(5) 2.943(4) 2.940(4) 2.933(3)
-0(3)(2x)  2.8416(2) 2.8333(2) 2.8311(1)  2.8258(3) 2.8160(2) 2.8102(2) 2.8030(2)
-0@3)(1x)  2.626(6) 2.613(4) 2.601(4) 2.605(6) 2.614(4) 2.610(4) 2.6104)

At 50 K.

TABLE V

MAIN OXYGEN-OXYGEN DISTANCES (A) FOR R,BaCuQ;s (R = Dy, Ho, Y, Er, Tm, Yb, aND Lu) OXIDES,
INSIDE THE [CuOs] PYRAMID AND BETWEEN NEIGHBORS [CuQs] PYRAMIDS

Dy,BaCuOs* Ho,BaCuO; Y,BaCuOs Er,BaCuOs Tm,BaCuO; Yb,BaCuO;s Lu,BaCuO;

Intra O(1)-0O(1)  2.738(4) 2.914(2) 2.754(2) 2.737(5) 2.734(3) 2.735(3) 2.737(3)
Pyra- O(1)-0(2)  2.838(5) 2.842(2) 2.840(2) 2.835(4) 2.841(3) 2.829(3) 2.834(2)
mid O(2)-0(2) 2.792(6) 2.786(4) 2.779(3) 2.796(4) 2.798(4) 2.780(3) 2.783(3)

Inter O(1)-0(1)  2.942(4) 2.914(3) 2.905(2) 2.909(5) 2.894(3) 2.881(3) 2.863(3)
Pyra- O(1)-O(1)  2.907(4) 2.880(3) 2.884(2) 2.865(3) 2.834(3) 2.836(3) 2.812(2)
mid O(1)-0(2)  2.974(5) 2.952(3) 2.949(2) 2.946(4) 2.916(3) 2.901(3) 2.885(2)

0(2)-0(2)  2.888(6) 2.8774) 2.880(3) 2.850(6) 2.830(4) 2.836(3) 2.817(3)

4 At 50 K.

TABLE VI

VALENCE BOND SuMs (e.5.d’s <0.01 v.u.) OBTAINED FOR THE DIFFERENT R,BaCuO; (R = Dy, Ho, Y, Er,
Tm, Yb, AND Lu) OXIDES

Dy,BaCuOs; Ho,BaCuOs; Y,BaCuO; Er,BaCuO; Tm,BaCuOs; Yb,BaCuOs Lu,BaCuO;s

Ba 1.86 1.90 1.92 1.94 1.98 2.01 2.04
R(1) 3.11 3.08 3.01 3.03 3.03 2.98 2.91
R(2) 3.04 3.02 2.94 3.01 3.04 2.96 2.94

Cu 1.94 1.94 1.94 1.94 1.94 1.97 1.97
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FIG. 4. (a) R(1)-0O(1)-R(2) exchange angle, (b) basal
distances Cu-0(1) and Cu-O(2) and apex distance
Cu-0(Q3) of the pyramid [CuOs], and (c) R(2)-0(2)-Cu
exchange angle vs the ionic radii for the different R,Ba
CuO;s oxides.

havior. The phenomenological relation be-
tween the bond length and the valence of a
bond can be expressed as s; = exp[(R, —
R;)/B] (13), B = 0.37 being a ‘‘universal”’
constant and Ry is a constant characteristic
of the cation-anion pair. The valence sum
rule (VSR) establishes that the sum of va-
lence bonds around a cation (anion) must be
equal to the formal valence (charge) of the
i-cation (anion) (i.e., 2;s; V,). This
method has been widely used by mineralogi-
cal crystallographers for many years, giving
very useful results because the VSR is veri-
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fied, within a few percent, for many inor-
ganic compounds. However, one of the
bases of the VSR is that the structure should
permit the release of the stress introduced
by the coexistence of different structural
units, i.e., the structure should have enough
degrees of freedom. In cases like highly sym-
metric structures or ions with very strong
Jahn-Teller effect, or compounds with dis-
orders or vacancies, such a simple calcula-
tion is of limited validity. The case of R,Ba-
CuO; oxides could be considered as
belonging to the type of structures where the
VSR should be fulfilled. All the calculations
have been done at RT where the R, parame-
ters are known (24) and diffraction data un-
der similar conditions are available. From
the deviation of the valence sum around each
ion with respect to the expected value, there
isaclear evidence of possible instabilities (or
unusual features) in the crystal structure.

Table VI shows the valence bond sums for
the different R,BaCuQ; oxides. The valence
sums around barium increase with the de-
crease of the ionic size of the rare earth
element. While for both crystallographic po-
sitions of the rare earth element, i.e., R(1)
and R(2), a decrease is observed when the
atomic number of R increases. As was ex-
pected for copper, the valence bond sums
remain almost constant, which agrees with
the data shown in Fig. 2b, where the Cu-0O
distances remain constant. Since the Cu®*
shows a Jahn-Teller effect the valence sums
give a value of 1.94 valence units (v.u.) in-
stead of the theoretical value of 2. However,
for the last two compounds of the series (Yb
and Lu) this value increases up to 1.97 v.u.

The root mean square of the bond valence
sum deviations for all the atoms present in
the asymmetric unit is a measure of the ex-
tend to which the VSR is violated over the
whole structure (25). We shall call this value
“‘global instability index (GII),”

on- G /v
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In Fig. 6 we have plotted the variation of
GII vs ionic radius for the family of R,Ba
CuO;s oxides. It can be observed that mini-
mum values (higher stability) are obtained
for the Er, Tm, and Yb oxides. When the
ionic radius of the lanthanide cation in-
creases, the instability index goes up taking
its maximum value (less stable) for Sm,Ba
CuQs. This could justify the fact that for
the Nd,BaCuO;s and La, 3Ba, ,CuOs oxides,

having Nd** and La** with larger ionic ra-
dius than Sm**, this structure type does not
exist. These two compounds adopt the
Nd,BaPtOs-type structure, with tetragonal
symmetry and space group P4/nmb (Z = 2)
(26, 27).

On the other hand, our experimental data
show that for the smallest lanthanide cation,
Lu?*, the instability index starts to increase,
which is indicative of larger stress in the
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FIG. 6. Instability index of the different R,BaCuQO; compounds vs the ionic radii. The open circles.are
the data calculated from Refs. (6) and (8). The triangles are the data obtained from single-crystal X-ray

diffraction study given in Refs. (2) and (3).
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structure. Qur attempts to prepare the hypo-
thetical isostructural Sc,BaCuQ; oxide have
been unsuccessful until now. The effect of
decreasing the size of the ionic radius going
from Lu’* (0.91 A) to Sc** (0.81 A) should
give higher values of the instability index
parameter, which justify the nonexistence
of the analogous compound of scandium
with this structural type. As suggested by
Brown (25) and Armbruster et al. (28), GII
values higher than 0.2 v.u. indicate the pres-
ence of intrinsic strains large enough to
cause instability at room temperature.

To conclude, we have shown in detail how
the structure varies with the presence of
different rare earth elements in this system.
In particular, the [CuQOs] pyramids remain
unchanged, but the interpyramid distances
vary as a function of the rare earth. The
global instability index of the structure de-
pends on the rare earth and probably pres-
ents a critical value above which this struc-
ture type does not exist. The shape of the
GII vs ionic radius curve suggests the exis-
tence of an interval of allowed ionic radius
for R atoms. The upper limit is around 1.05
A, and the lower limit is below 0.9 A.
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