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Much work has been done on the series Lay;_,Li;,[1;,;_,,TiO;
because of the high level of Li* ionic conductivity exhibited by
this material. Curiously, the structural aspect was not yet really
explored. We propose here a structural model for the series,
in the composition range 0.06 < x < 0.14, on the basis of X-
ray powder diffraction and transmission electronic microscopy
data: the symmetry is tetragonal (P4/mmm), and the unit cell
derives from that of the perovskite ABO; (a = a,, ¢ ~ 2a,).
Vacancies, La, and Li ions are unequally distributed on two
sites, 1a and 1b; the La distribution is approached by the
Rietveld method from the X-ray powder patterns and con-
firmed by simulation of high resolution electron microscopy

images. 0 1996 Academic Press

INTRODUCTION

The field of the lithium ion-conducting materials has
been widely studied because of their potential applications
for solid electrolytes in high energy batteries and other
electrochemical devices. One of the best lithium ion con-
ductivities (greater than 10°* S cm ™! at room temperature)
was found by Inaguma et al. (1) and by Kawai and Kuwano
(2) in the series Laz/37xLi3x|:|1/372xTiO3.

If the ionic conductivity property is well established for
this material, its crystal structure is not exactly known and
is still under discussion. A simple cubic perovskite was first
claimed for Lay sLiosTiO3 (3) while other studies proposed
an orthorhombic perovskite (4) or a tetragonal tungsten
bronze structure (5, 6). Recently Varez et al. (7) studied the
composition LagsLiysTiO; and proposed a new tetragonal
unit cell based on the cubic perovskite (a = 2"%a, and
¢ = 2a,) on the basis of X-ray diffraction and transmission
electron microscopy studies.

This paper presents our structural results on the series
La,;;_,Lis [,/5.,,TiO5 based on Rietveld treatment of the
X-ray diffraction powder patterns and on transmission
electron microscopy studies.
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EXPERIMENTAL

The compositions corresponding to the series Laj;s_,
Li; [0;/3-5,TiO; were synthesized from stoichiometric
amounts of La,03, TiO,, and Li,CO; (high purity grade).
The reagents were mixed and pressed into pellets and first
heated in air for 4 h at 850°C in platinum boats. After
regrinding and repressing, the samples were heated three
times for 10 h at 1150°C and were allowed to cool in the
furnace (naturally down to 200°C).

The chemical content (elemental weight %) was deter-
mined by the following methods. The samples were fused
with potassium pyrosulfate and solved in N sulfuric acid.
The lithium content was determined by flame photometry;
results were Li% = 0.05. Lanthanum content was deter-
mined by complexometric titration with EDTA 0.02 N and
xylenol orange in a light acidic solution (pH 6 adjusted
by hexamethylenetetramine); results were La% = 1.50.
Titanium content was determined by colorimetry (410 nm)
of the yellow color produced by hydrogen peroxide with
titanium(IV) in acidic solution; results were Ti% = 0.4.
Owing to the good agreement found within the limits of
accuracy between analytical and nominal values, it was
decided to retain the later for the sample chemical compo-
sition.

The samples were characterized by X-ray powder dif-
fraction on a D500 Siemens diffractometer (7" = 20°C;
radiation CuKea; 26 range, 9°-129° step A26, 0.04°%
time by step, 18s) and the patterns were analyzed
through the Rietveld method by the FULLPROF pro-
gram (8).

The TEM study (electron diffraction and high resolu-
tion) was performed with a JEOL 2010 electron micro-
scope operating at 200 kV and equipped with a side-entry
+30° double tilt specimen holder. High-resolution
multislice simulations were carried out with the EMS pro-
grams of Stadelman (9) using the following microscope
parameters:
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FIG. 1. Evolution of the unit cell parameters versus x (a, squares;

c/2, triangles).

—acceleration voltage, 200 kV;
—spherical aberration constant, Cs = 1.0 nm;
—defocus spread, A = 12 nm;
—semi-convergence angle, « = 0.8 mrad;
—objective lens aperture diameter, 11.6 nm™'.

TEM specimen preparation was carried out by dispers-
ing ultrasonically small particles in n-butanol and disposing
drops of this suspension on a Cu grid covered with a holey
carbon film.

EDX analysis was performed on numerous crystals, with
a KEVEX energy dispersive X-ray spectrometer coupled
with the TEM. La, Ti, and O were always found together
in the samples but it was not possible to do quantitative
analysis of different terms of the solid solution taking ac-
count of the small variations of La: for x = 0.06, %;, =
12.7 and for x = 0.14, %, = 10.7 (at. %).

RESULTS AND DISCUSSION

(a) X-Ray Powder Analysis

For the series La,/3-,Lis[113-,,TiO3, a pure phase was
found in the domain 0.06 < x < 0.14, a result in good

TABLE 1
Lay;_,Li; [y, TiO;: Structural Model in the
Space Group P4/mmm

Atom Position Atomic coordinates (x, y, z)
Lal + Li + O la 0,0,0
La2 + Li + O 1b 0,0,1/2
Ti 2h 1/2,1/2, z = 0.25
o1 1lc 1/2,1/2,0
02 1d 1/2,1/2,1/2
03 4i 0,1/2,z = 0.25
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FIG. 2. Structural model (P4/mmm).

agreement with the study of Kawai and Kuwano (2). Many
other compositions were unsuccessfully examined around
this line in the ternary system La,03;-Li,O-TiO, in order
to check the existence of a more extended solid solution
domain.

At room temperature, all the patterns were easily in-
dexed in a primitive tetragonal cell deriving from that of
the cubic perovskite ABO; (a = a, ~ 3.87 A and ¢ =~
2a,,) and with a c¢/2a distortion decreasing for high lithium
content. This evolution rules out, from our point of view,
the interpretation of Robertson et al. (10) who claimed the
existence of two different tetragonal unit cells, character-
ized by different c¢/2a distortion values. It is also to be
noticed that we did not find any line leading to a double
cell like that proposed by Varez et al. (7). The width and
the intensity of the diffraction lines, which impose the
doubling of the ¢ axis, vary with the composition: these
superstructure lines (with / = 2n + 1) become less intense
and broader as the lithium content grows. These facts are,
respectively, related to changes in the A sites population
and to a more and more disordered structure along the ¢
axis as discussed below. Figure 1 shows the evolution of
the lattice parameters versus the composition. We observe
that the tetragonal distortion c¢/2a vanishes strongly near
x = 0.08. These results are in agreement with those of
Kawai and Kuwano (2).

This kind of superstructure was already found in
La,;3TiO5_5 (11) with A-site deficient perovskite struc-
ture; in this compound, it is assumed that La and vacan-
cies are ordered in the cages of the perovskite network.
In order to approach the crystal structure of the ma-
terial Lay/s-,Lis [Jy/3-5,TiO5, we propose the simple model
in the space group P4/mmm reported in Table 1 and shown
in Fig. 2. It is characterized by a distribution of vacancies
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FIG. 3. Calculated and observed (...) X-ray diffraction patterns for x = 0.07. The difference spectrum is below at the same scale.

and of La and Li cations on the two sites 1a and 1b; we
call Lal and La2 the La®*" ions located in the 1a and 1b
positions, respectively. In a practical way, owing to the
poor value of the Li* scattering factor, we decide to omit
its contribution and to allow the La** content to be refined
between 1a and 15 sites. In order to overcome the problem
of the broadening of the superstructure lines (with [/ =
2n + 1) in the composition range 0.075 < x < 0.14, we
use for the pattern adjustment the two phases option of
the FULLPROF program: with this method the two
“phases,” defined by the two sets of ikl lines correspond-
ing, respectively, to [ = 2n and [ = 2n + 1, present the
same structural model and differ only by their linewidth
parameters. For example, Figs. 3 and 4 present the good
agreement obtained between the observed and calculated
patterns for x = 0.07 (one “phase”) and x = 0.11 (two
“phases”). Table 2 presents the crystallographic character-
istics for the two compositions. The broadening of the
superstructure lines is related to the presence of antiphase
domains (12); this phenomenon creates a disordered situa-
tion in the regular succession ...Lal-La2-Lal... along
the c axis. An annealing at 600°C for 10 days for the compo-

TABLE 2
Lay;—,Li;, [J;3-,,TiO;: Crystallographic Characteristics for
x = 0.07 and 0.11 (in italic)

Number of atoms  x y z B (A%»*

Lal 0.88, 0.784 0 0 0 ~033(2), —0.202)

La2 0304, 0.32 o 0 12 ~033(2), —0.20(2)

Ti 2 12 172 02678(4) —033(4), —0.32(4)
0.2670(6)

o1 1 2 12 0 1.36(9), 1.39(7)

02 1 12 12 112 1.36(9), 1.39(7)

03 4 0 12 025388)  136(9), 1.39(7)
0.251(1)

Note. For x = 0.07, 174 intensities, 17 parameters, R; = 11.3, R, =
20.7, Ryp = 24.1, a = 3.8714(1), ¢ = 7.7789(3) A. For x = 0.11, “Phase
1,” 82 intensities (hkl with [ = 2n + 1), R; = 16.8; “Phase 2,” 92 intensities
(hkl with | = 2n), R} = 7.512; 22 parameters, R, = 17.1, Ry, = 16.6,a =
3.8741(1), ¢ = 7.7459(5) A.

“ B factors are kept, respectively, at the same values for Lal and La2
and for all the O atoms.
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FIG. 4.
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FIG. 6. Evolution of the Ti—O interatomic distances versus compo-
sition.

sition x = 0.11 was without any effect on the width of the
superstructure diffraction lines.

Figure 5 presents the evolution of the La distribution
over the two sites 1la (0, 0, 0) and 15 (0, 0, 1/2) with
the composition. It can be seen that site 1la is markedly
preferred by La®** and that the introduction of Li* in-
creases the cationic disorder on the A sites. The maximum
La occupancy rate for site 1a is observed for an x value
near 0.08, corresponding to the composition exhib-
iting the maximum tetragonal distortion of the unit cell
(Fig. 1).

Our model does not take into account the Li* ions and
the vacancies. We suppose of course that they both partly
occupy the two sites la and 1b, the global formulation
being Laz/3,XLi3xD1/3,2xTiO3 .

The TiOg octahedra are distorted along the ¢ axis with
one short Ti—02 distance (=1.8 A) opposed to one long
Ti-O1 distance (=~2.0 A) and four equal Ti—O3 distances
(=~1.94 A). The mean Ti-O distance, 1.94 A, remains very
stable for all the compositions studied; it is a value very
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FIG. 7. Typical selected area diffraction pattern for all x values of
the solid solution: (100) zone axis. Miller indices correspond to spots of
an ‘ideal’ cubic (a = a,) perovskite cell.

close to the sum of the ionic radii, 1.955 A, for Ti*" and
O?% (13). The preferential location of the La®* ions in the
la site probably causes the displacement of Ti** toward
the O2 atom; this is also the case in Lag 33NbOj; (14) where
Nb atoms are displaced along the ¢ axis toward the layer
of empty cuboctahedra. It is interesting to see (Fig. 6)
that the Ti—O3 distance remains very stable whatever the
composition while Ti-O1 and Ti-O2 distances vary in
opposite sense (Table 3).

The Lal and La2 ions (in 1a and 1b sites, respectively)
are 12-fold coordinated (4 O1 + 8 O3 for Lal, and 4 O2
+ 8 O3 for La2) in the very slightly distorted cuboctahedral
cages of the perovskite structure. Table 3 gathers the La—O
distances in both cases; their mean value, 2.74 A, is in good
agreement with the sum of the ionic radii for La*" and
027,2.71 A (13). It is interesting to notice that this distance
is on the contrary very large if we take into account the
fact that these cages contain also Li* ions with a much
smaller ionic radius than La*; this steric factor strongly
favors here the Li* ionic mobility.

TABLE 3 .
Lay;_,Li; [ 13-, TiO;: Selected Interatomic Distances in A
X dTi-0O1 dTi-02 4 X dTi-03 4 X dLal-0O1 8 X dLal-03 4 X La2-02 8 X La2-03

0.07 2072(3)  1.818(3) 1.939(4) 2.738(5) 2.75(4) 2.74(5) 2.74(5)
0075  2.060(3)  1.829(3) 1.937(4) 2.736(4) 2.76(3) 2.736(4) 2.73(4)
008  2.046(2)  1.844(2) 1.941(3) 2.74(5) 271(2) 2.74(5) 2.77(2)
0.085  2.059(4)  1.830(4) 1.939(5) 2.74(5) 2.74(6) 2.74(5) 2.74(6)
009  2060(3)  1.813(3) 1.940(3) 2.74(3) 2.74(1) 2.74(3) 2.74(3)
0.11 2.068(5)  1.805(5) 1.941(5) 2.74(5) 2.75(6) 2.74(5) 2.73(6)
0.13 2.083(5)  1.785(5) 1.941(7) 2.74(1) 2.73(3) 2.74(5) 2.74(6)
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FIG. 8.
the composition x = 0.11 showing a mosaic structure with small 90°
oriented domains which give a SAED pattern such as Fig. 7 (white arrows
mark [001] directions).

(100) HREM image for a multiwinned typical crystal from

(b) Electron Diffraction Study

The electron diffraction study was performed on several
crystals arising from different compositions and the recon-
stitution of their reciprocal space from ED patterns led
always to an apparent cubic cell with the parameter
a=2a,.

A typical ED pattern observed is shown in Fig. 7 and
can be indexed with a cubic perovskite cell ((100), zone
axis). The corresponding HREM image (Fig. 8) exhibits a
more complex situation with a “patchwork contrast”: a
mosaic structure is formed by a lot of small domains (maxi-
mum size close to one hundred A2 for x = 0.11). Larger
monodomains are impossible to observe and selected area
diffraction patterns are always “‘twinned” due to the very
small size of the domains. Meanwhile, for x = 0.08 (the

FOURQUET, DUROY, AND CROSNIER-LOPEZ

maximum of tetragonal distortion of the unit cell), the
domains are often elongated, some hundred A? to almost
one thousand A? (Fig. 9). However, they are rarely large
enough to observe untwinned patterns even if the smallest
selected area aperture is used.

Optical diffraction experiments, carried out on different
domains for a crystal of the composition x = 0.08, propose
either the cell a, X a, or the cell a, X 2a, (Fig. 10),
confirming thus the unit cell deduced from the X-ray pow-
der analysis. Finally, it must be noted that such oriented
domains can be formed easier when the ratio ¢/2a is close
to 1 (e.g., for x = 0.11). Under such conditions, the ED
pattern observed in Fig. 7 can be explained by the superpo-
sition of three ED patterns of different domains in which
the c axis is randomly oriented along the three space direc-
tions. If this result agrees with our powder study, it is in
complete disagreement with the study of A. Varez et al.
(7) who propose a diagonal supercell, \/fap X \/iap X 2a,,
leading to a cell volume twice ours which seems unneces-
sary to describe this solid solution.

11.7 nm

FIG. 9. (100) low resolution image for a typical crystal from the
composition x = 0.08 showing larger 90° oriented domains which give a
SAED pattern such as Fig. 7 (white arrows mark [001] directions).
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FIG. 10. Optical diffraction pattern of several domains 90° oriented showing two possible orientations of the c axis and in the lower part of

the figure, the resultant optical diffraction pattern (x = 0.08).

Such a patchwork contrast has already been observed in
related perovskites (15-18) as in superconducting copper
oxides (19).

In Fig. 8, small domains (20-60 A) are statistically dis-
tributed to form a tweed pattern with boundaries aligned
either parallel to (100), and (010), or to (110), and
(110),. Whereas, in Fig. 9, the boundaries of the larger
elongated domains are predominantly parallel to (110),
and (ITO)p. An example of a coherent interface between
two domains with a boundary parallel to [110], is shown
in Fig. 11 for a crystal taken in a sample x = 0.08.

As mentioned by A. Varez (7), some weak cross shaped
diffuse spots can be often seen (Fig. 12) at (1/21/20),
and related positions: their arms are parallel to [100], and
[010],. M. Labeau et al. (17-20) have realized structural
studies on different ThNb,O,, samples, an A-cation-defi-
cient perovskite-related phase. They have shown that the
origin of these crosses can be due to the microdomain
structure (the orientation of the diffuse crosses are directly
related to those of the domain boundaries) but also to an
Al/vacancy ordering (preferential localization of cations
along some directions). In our case, these two phenomena
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FIG. 11. (100) HREM image of a crystal (x = 0.08) exhibiting a
coherent interface between the domains.

can be both responsible for the observed situation. Never-
theless, such crosses are not always observed on different
crystals examined for the same preparation and do not
allow us to be conclusive on these phenomena.

(c) {100y HREM Imaging

Taking into account the size of the domains, the
HREM study was performed on the sample x = 0.08,
which was assumed to be homogeneous. All the simulated
images of this work have been calculated by the multislice

FOURQUET, DUROY, AND CROSNIER-LOPEZ

TABLE 4
La,;;_,Liz[1;3-,,TiO;: Crystallographic Characteristics
for x = 0.08
Space group P4/mmm
a=387A
c=178 A
Number of atoms X y z
Lal 0.912 0 0 0
La2 0.256 0 0 1/2
Ti 2 1/2 1/2 0.2630
o1 1 1/2 1/2 0
02 1 12 1/2 12
O3 4 0 1/2 0.2446

method with the results proposed by the X-ray diffraction
powder study: space group P4/mmm (No. 123), cell
parameters, and atomic coordinates of the atoms (ex-
cepted Li atoms) are from the Table 4. For x = 0.08,
the total number of La atoms is 1.168, with a preferential
occupation of site la: 91.2% for Lal (site 1a) and 25.6%
for La2 (site 1b).

The (100) projection of the structure seems to be a
good orientation to test the sensitivity of the HREM
image contrast to the La occupancy since the columns
of cations Lal and La2 are separated (Fig. 13). In this
structure projection, three different types of cationic rows
perpendicular to the c¢ direction can be distinguished.
The first type of rows consists in only Ti atoms (B)
along the b axis, the second is built up only with La
atoms on the la site (A), and the third is built up only
with La atoms on the 1b site (C). Two successive rows
are regularly spaced of a,/2. The stacking sequence along
the ¢ axis is then ABCB.

With this object, we have simulated images for different
Lal and La2 occupancy rates with a total number of
La atoms equal to 1.168. Figure 14 displays simulated

FIG. 12. Enlargement of a selected area diffraction pattern along (100) showing diffuse crosses which arms are parallel to [100], and [001],.
Miller indices correspond to spots of an ‘ideal’ cubic (a = a,,) perovskite cell (x = 0.11).
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FIG. 13. (100) projection of the structure showing the three types
of rows A, B, and C and their stacking sequence along the ¢ axis.

images (slice thickness 0.1936 nm, sampling 128 X 64,
specimen thickness 2.3 nm, defocus range —40 = Af =
—100 nm) for three different Lal and La2 occupancy
rates:

Af 40 nm -50 nm -60 nm

b)

-40 ﬂm ﬁ ' -S n . -0 nm

Af

-70 nm
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Site 1a  100% 80% 60%
Sitelb  16.8% 36.8% 56.8%
Figure 14a 14b 14c

(The last distribution corresponds nearly to a statistical
distribution of the La on the two sites la and 1b).

At a thickness of 2.3 nm, a Lal site with an occupancy
rate close to 60% means that for this column containing
six cation positions, two or three vacancies (or Li cations)
may be detected. Under our imaging conditions, the com-
parison between the simulated HREM images allow us to
remark that the contrast is more sensitive to the respective
population of the two sites for defocus values in the range
from —40 to —60 nm. However, it seems really more diffi-
cult to estimate exactly their respective population, taking
into account the contrast evolution in function of the La
population. In the case of statistical distribution of La cat-
ions over their respective sites (c case), the typical contrast
of the perovskite-type oxides should be observed for defo-

-90 nm

-90 nm

-80 nm -90 nm -100 nm

FIG. 14. Calculated (100) HREM images of a perfect crystal of the composition x = 0.08 with a specimen thickness close to 2.3 nm for different
Lal (site 1a) and La2 (site 1b) occupancy rate: (a) site la, 100%; site 1b, 16.8%. (b) site la, 80%; site 1b, 36.8%. (c) site la, 60%; site 1b, 56.8%.
The (100) projected crystal structure is given at the top of the simulated images: large open circles are relative to Lal atoms; large black circles are
relative to La2 atoms; medium and small circles are, respectively, relative to Ti and O atoms.
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a)

Af -45 nm

FIG. 15.

-70 nm

FOURQUET, DUROY, AND CROSNIER-LOPEZ

b) c)

Experimental and calculated (100) HREM images of a crystal of the composition x = 0.08 for three defocus values and a thickness

close to 2.3 nm: (a) Af = —45 nm, (b) Af = —70 nm, and (c) Af = —100 nm.

cus values close to that of Scherzer (—60 nm), a regular
array of bright dots spaced by a,,/ V2 along (110) direction.
In our study, such contrast has never been observed, con-
firming thus the preferential occupation of one site by the
La cations.

An example of (100) HREM images observed for three
focus values is given Fig. 15 with the simulated images
inserted (the La occupancy rates considered are, respec-
tively, 91.2 and 25.6% for Lal and La2). The agreement
between calculated and experimental images is rather good
even if locally the real population of the two sites is not
exactly that used to compute the simulations.

However, an important feature must be pointed out: an
irregular contrast can be seen, more or less bright dots
correlated only to the sites of La atoms (A or C rows)
(Figs. 15 and 16). Such variations suggest an irregular distri-
bution of the La atoms over their sites. Moreover, a careful
examination of the HREM images reveals that these bright
spots seem to be located only on one type of La sites (A
or C rows). These remarks let us imagine that the occupa-
tion of one La site would be nearly constant (or show very
small fluctuations) while the occupation of the other would
be more irregular.

So, we attempted to simulate images showing ‘“anoma-
lous” contrast by using multislice simulations of supercells
(wk3 program, slice thickness 0.387 nm, sampling 256 X
128). The best agreement is observed when the defect
consists of a complete La vacancy on the site 1b (Fig. 17)

FIG. 16. (100) HREM image (x = 0.08) showing a lot of more bright
dots (Af = —50 nm, ¢ = 2.3 nm) and the calculated image with zero
cation occupancy on two La2 sites (same conditions as Fig. 17). White
arrows show more pronounced bright dots located only on one type of
rows (C).
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La2 vacancies

Af  -40nm -50nm -60nm

-70nm
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-90nm -100nm

-80nm

FIG. 17. Calculated (100) HREM images (¢ = 2.3 nm) of a crystal of the composition x = 0.08 with a complete La2 vacancy. The (100) projected
crystal structure with the defect is shown at the top of the simulated images: large open circles are relative to Lal atoms; large black circles are
relative to La2 atoms; medium and small circles are, respectively, relative to Ti and O atoms.

with the other sites occupancy rate close to that of x =
0.08 (respectively, 91.2 and 25.6% for Lal and La2). This
means that at the position of the defect, for a 2.3 nm
specimen thickness, all the six cationic positions are vacant
(or occupied by Li cation). The (100) projected crystal
structure with the defect is shown at the top of the simu-
lated images. Note again that if the contrast of the calcu-
lated images is sensitive to the defect for several defocus
values (—40 to —70 nm), it is nearly not affected for the
others (=80 to —100 nm). In the first defocus range, the
contrast reveals more pronounced bright dots at the La2
vacancy column. In the same time, the observed images
of Figs. 15a and 15b show a contrast with a lot of brighter
dots while that of Fig. 15c is more regular. Classically, it
seems that the visibility of a local ordering of the La over
its two respective sites is highly dependent of the focus
and of the specimen thickness as mentioned by Cerva (21).

In order to compare the calculated and the observed
HREM images, a higher magnification of the most sensitive
images is given in Fig. 16 (Af = —50 nm) with a simulated
image inserted. This result suggests that the observed varia-
tions of the contrast may be correlated to a local arrange-
ment of La atoms, vacancies, and Li atoms.

In the X-ray powder study, we have shown that further
annealing of the sample x = 0.11 was without any effect
on the shape of the superstructure diffraction lines and we
have confirmed by HREM study that (100) images exhibit
yet small domains and modulations of the contrast.

CONCLUSION

This study confirms the existence of a solid solution in
the composition range 0.06 < x < 0.14 in the series
Lay/s-,Lis [y/53-5,TiO3. X-ray powder diffraction and
transmission electron microscopy experiments show that
the symmetry is tetragonal (P4/mmm) with a unit cell
(ap, 2a,) deriving from that of the ABO; perovskite. The
tetragonal distortion c/2a vanishes strongly near x = 0.08.

The value of this ratio ¢/2a close to 1 allows the formation
of multidomains 90° oriented in a preserved anionic net-
work. The unequal distribution of the La over its two
possible crystallographic sites involves the doubling of the
a, parameter along one direction. The width and the inten-
sity of the surstructure lines (with / = 2n + 1) become
broader and less intense as the Li content grows. These
phenomena can be explained by the presence of antiphase
domains which creates a disordered situation in the regular
sequence ...Lal-La2-Lal... along the ¢ axis and by an
unequal distribution of the La between the two possible
sites. Moreover, the (100) HREM images show an irregular
contrast which may be correlated to local La population
fluctuations.

Further neutron diffraction studies are planned in order
to specify the Li distribution.
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