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Abstract

The doubled perovskite structure (2ap; 2ap; 2ap) of the fast ionic conductor Li0.18La0.61TiO3 was investigated between 5 and 773K

by powder neutron diffraction. The Rietveld refinement of this orthorhombic (Cmmm Space Group) perovskite showed that at low

temperature, La and vacancy rich planes alternate along [001] direction, and TiO6 octahedra were out-of-phase tilted around the

b-axis. As temperature increased, the octahedral tilting decreased and the structure approaches, at about 773K, that of the

tetragonal phase, a; ap; 2ap (P4=mmm Space Group). In the temperature range of the study, the La-vacancy distribution remained

unchanged, but LaO12 cuboctahedra became more regular. In the tetragonal phase the elimination of this tilting favors the two-

dimensional motion of lithium in alternate ab-planes of the perovskite.

r 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Interest in Li3xLa2/3�xTiO3 perovskites (0oxo0:167)
has increased since the discovery of their high ionic
conductivity (10�3O�1 cm�1 at T ¼ 300K) [1,2] and
their possible application in electrochemical devices.
In Li-poor perovskites, the ordering of La-vacancies
was produced in alternate ab-planes, favoring a two-
dimensional Li conductivity [3–5]. In Li-rich samples,
this ordering decreased and the Li conductivity
was three-dimensional. However, a closer analysis
is required to understand Li ion mobility in these
perovskites. In particular, octahedra tilting is a
predominant feature that introduces distortions in
the oxygen square windows that connect contiguous
A-sites and could seriously affect Li mobility. By means
of X-ray diffraction (XRD) experiments, different
symmetries have been found, and related to either a
single perovskite or a doubled one along one direction
[6–11].
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Neutron diffraction (ND) experiments carried out in
the Li-poor Li0:12La0:63TiO3 sample, showed that the
structure adopted by Li-poor perovskites was ortho-
rhombic, with a unit cell (2ap; 2ap; 2ap) bigger than that
(ap; ap; 2ap) deduced from XRD experiments [12,13].
This difference was due to the difficulties of the XRD
technique to locate oxygen atoms with accuracy. In this
perovskite, the axes doubling was produced by
La-vacancy ordering along the [001] direction and an
out-of phase tilting of octahedra along the b-axis. In
previous works [3,14], a orthorhombic–tetragonal trans-
formation was detected above 573K in the Li-poor
Li0:18La0:61TiO3 perovskite by XRD. In the temperature
range of the study, superstructure peaks associated with
La-vacancy ordering did not change. This result
suggests that cation disordering is not involved in this
transformation.
In this paper, structural changes, during the heat-

ing from 5 to 773K, of the Li-poor perovskite
Li0:18La0:61TiO3 are studied by ND. Changes in the
geometry and/or the disposition of TiO6 octahedra
are examined, and the structural modifications of the
oxygen square windows are related to changes on the Li
mobility of the perovskite.



ARTICLE IN PRESS
J. Sanz et al. / Journal of Solid State Chemistry 177 (2004) 1157–11641158
2. Experimental

The Li0.18La0.61TiO3 sample was prepared by solid-
state reaction of a stoichiometric mixture of high purity
LiOH �H2O, La2O3 and TiO2 reagents [2,13]. To reduce
the absorption cross section in ND experiments, a
7Li enriched reagent was used. The Li loss during
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Fig. 1. Refined ND patterns of Li0.18La0.61TiO3 at 5, 300 and 773K.

Peak positions and differences between observed and calculated

profiles are included. Arrows denote superstructure peaks of the

orthorhombic phase whose intensity progressively decreases with

temperature.
calcinations was reduced using a slowly heating rate
(1�/min). In all the treatments, high-density alumina
crucibles were used. Pellets of the reacted powder were
fired at 1600K in air for 6 h. From 1600K, the sample
was cooled slowly (1�/min) to room temperature. For
highest temperature treatments, a thin foil of Pt was
used to avoid the reaction with alumina. Surface of the
pellets were analyzed by EDS microanalysis and Al was
not detected. Inductively coupled plasma spectroscopy
(ICP) using a JY-70 plus spectrometer was used to
determine the metal molar ratio. From the chemical
analysis the formula Li0.16(2)La0.62(1)Ti0.98(1)O3 was
deduced.
ND patterns were collected in the very high-resolution

powder diffractometer D2B at ILL-Grenoble. A wave-
length of 1.594 Å was selected from a Ge mono-
chromator. The counting time was 4 h, using about 4 g
of sample contained in a vanadium can. ND patterns
were taken at increasing temperatures in the 5–773K
range. From 5 to 300K the cryostat sample environment
was used, while high temperature experiments were
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Fig. 2. Lattice parameters of the three-axes doubled Li0.18La0.61TiO3
perovskite as a function of temperature.

Table 1

Structural parameters used in ND pattern refinements with orthor

hombic and tetragonal models (Li was not considered)

Atom Position S.G. Cmmma Atom Position S.G P4=mmmb

Atomic

coordinates

Atomic

coordinates

La1 4i 0; yE1=4; 0 La1 1a 0,0,0

La2 4j 0; yE1=4; 1=2 La2 1b 0,0, 1
2

Ti 8o xE1=4; 0; zE1=4 Ti 2h 1/2, 1/2, z

O1 4g xE1=4; 0; 0 OI 1c 1/2, 1/2, 0

O2 4k 0; 0; zE1=4 OII 4i 0, 1/2, z

O3 4l 0; 1=2; zE1=4 OIII 1d 1/2, 1/2, 1/2

O4 8m 1=4; 1=4; zE1=4 — —

O5 4h xE1=4; 0; 1=2 — —

aTaken from Ref. [12].
bTaken from Ref. [10].
-
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Table 2

Refined structural parameters for Li0.18La0.61TiO3 between 5 and 773K using the Cmmm Space Group

Atom Parameter 5K 100K 200K 300K 370K 473K 573K 673K 773K (O) 773K (T) Parameter

La1 y=b 0.2555(4) 0.2557(3) 0.2545(6) 0.2546(5) 0.2542(6) 0.2539(6) 0.2532(3) 0.2518(9) 0.2516(11) — y=b

B 0.28(3) 0.38(3) 0.63(4) 0.61(3) 0.82(4) 1.01(4) 1.08(4) 1.30(4) 1.38(4) 1.53(7) B

occ 0.966(5) 0.965(6) 0.968(6) 0.969(5) 0.983(6) 0.971(5) 0.959(5) 0.964(5) 0.964(6) 0.97(1) occ

La2 y=b 0.2621(15) 0.2620(15) 0.2617(21) 0.2616(17) 0.2608(23) 0.2591(23) 0.2583(21) 0.2575(34) 0.256(4) — y=b

B 0.29(14) 0.32(15) 0.66(18) 0.60(15) 0.87(19) 1.11(17) 1.04(15) 1.37(12) 1.40(4) 1.37(26) B

occ 0.244(4) 0.238(5) 0.236(5) 0.245(4) 0.235(5) 0.241(5) 0.239(4) 0.241(5) 0.241(5) 0.247(8) occ

Ti x=a 0.2477(10) 0.2486(10) 0.2479(12) 0.2477(11) 0.2489(13) 0.2487(13) 0.2489(13) 0.2484(13) 0.249(1) — x=a

z=c 0.2599(4) 0.2596(4) 0.2602(4) 0.2601(4) 0.2606(4) 0.2599(4) 0.2602(4) 0.2603(4) 0.2607(4) 0.2609(7) z=c

B 0.37(3) 0.41(3) 0.59(4) 0.55(3) 0.56(4) 0.80(3) 1.02(4) 1.14(4) 1.22(4) 1.25(7) B

O1 x=a 0.2724(5) 0.2715(5) 0.2712(6) 0.2710(6) 0.2698(7) 0.2678(7) 0.2650(8) 0.2604(10) 0.256(1) — x=a (OI)

B 0.87 (6) 0.91(6) 1.01(7) 1.23(6) 1.03(7) 1.54(7) 1.74(7) 2.13(7) 2.48(8) 2.40(12) B

O2 z=c 0.2139(4) 0.2137(4) 0.2141(5) 0.2139(4) 0.2136(5) 0.2168(5) 0.2186(6) 0.2207(9) 0.223 (1) 0.2360(4) z=c (OII)

B 0.62(6) 0.66(6) 0.91(7) 0.75(6) 0.97(7) 1.11(8) 1.30(8) 1.48(12) 1.59(18) 2.12(5) B

O3 z=c 0.2612(4) 0.2613(4) 0.2600(5) 0.2592(5) 0.2592(5) 0.2574(5) 0.2569(6) 0.2517(9) 0.245(1) z=c

B 0.94(7) 0.89(7) 0.96(8) 1.12(7) 1.21(8) 1.37(9) 1.68(10) 1.82(13) 1.86(23) B

O4 z=c 0.2329(4) 0.2333(4) 0.2337(4) 0.2341(4) 0.2356(4) 0.2342(5) 0.2346(6) 0.2360(9) 0.238(1) z=c

B 1.02(4) 1.03(4) 1.10(5) 1.17(4) 1.11(4) 1.55(5) 1.70(5) 1.87(8) 2.16(11) B

O5 x=a 0.2314(6) 0.2311(6) 0.2328(7) 0.2304(6) 0.2311(7) 0.2296(7) 0.2303(8) 0.2301(9) 0.235(1) — x=a (OIII)

B 1.06(6) 1.21(6) 1.31(7) 1.27(6) 1.37(7) 1.55(7) 1.95(8) 1.98(9) 2.06(10) 2.71(12) B

Ti–O1 2.028 2.028 2.033 2.031 2.033 2.032 2.035 2.036 2.040 2.042 Ti–OI

Ti–O2 1.949 1.953 1.951 1.959 1.957 1.954 1.955 1.936 1.943 1.952 Ti–OII

Ti–O3 1.943 1.941 1.945 1.940 1.942 1.945 1.945 1.960 1.960 —

Ti–O4 1.946 1.946 1.947 1.948 1.947 1.950 1.950 1.950 1.951 —

Ti–O5 1.871 1.870 1.869 1.874 1.872 1.878 1.878 1.875 1.873 1.871 Ti–OIII

j (�) 4.7(2) 4.6(2) 4.6(3) 4.6(2) 4.5(3) 4.5(1) 3.9(3) 3.4(4) 2.4(4) 0

RI 6.94 7.23 8.40 6.41 7.25 6.13 5.80 6.10 6.60 5.87 RI

RF 7.73 7.84 8.81 6.75 8.03 7.87 9.24 9.70 9.77 8.71 RF

RP 5.12 5.29 5.69 5.03 5.08 4.89 4.52 4.67 4.90 5.19 RP

RWP 7.16 7.38 7.76 7.10 7.29 6.74 6.35 6.72 6.73 7.83 RWP

Rexp 2.67 2.67 2.66 2.57 2.66 3.63 3.16 3.17 3.18 3.20 Rexp

w2 7.18 7.62 8.50 7.64 7.53 3.44 4.04 4.49 4.49 5.51 w2

At the highest temperature, the tetragonal P4=mmm model has also been tested. Ti–O distances and octahedral tilt angles (j) are given in Å and

degrees, respectively.
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carried out in a furnace. A pseudo-Voigt function was
chosen to reproduce the line shape of diffraction peaks
in structural refinements carried out with the Fullprof
program. In this analysis, coherent lengths used for La,
Li, Ti and O were 8.24, �1.90, �3.45 and 5.80 fm.
3. Results

The room temperature XRD pattern of the
Li0:18La0:61TiO3 sample was indexed with the ortho-
rhombic ap; ap; 2ap unit-cell (Pmmm Spage Group),
where ap stands for the cell parameter of the ideal cubic
perovskite. As reported previously [3,14], a change of
symmetry from orthorhombic to tetragonal was de-
tected between 600 and 800K.
In order to analyze this structural change, ND

experiments were carried out as a function of the
temperature. In Fig. 1, ND patterns of the sample
heated at three different temperatures (5, 300 and 773K)
are shown. Indexing of ND patterns with the unit cell
ap; ap; 2ap deduced by X-ray was not successful, and left
a number of un-indexed peaks (marked with arrows in
Fig. 1). As in the case of the Li-poor perovskite,
Li0.12La0.62TiO3 [12,13], all the peaks were indexed when
the orthorhombic 2ap; 2ap; 2ap unit cell was considered.
The intensity of the un-indexed peaks decreased as the

temperature increased displaying very low intensity at
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Fig. 3. Temperature dependence of atom positions in the orthorhom-

bic perovskite. La and Ti (a) and of apical and equatorial oxygen (b).
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deduced with the tetragonal model from the ND pattern recorded at

773K.
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773K. From this fact, the high temperature phase was
also indexed with the tetragonal ap; ap; 2ap unit cell
(P4=mmm Space Group). During the heating of the
sample, the intensity of the superstructure peaks related
to the c-axis doubling (the most characteristic appear at
2yE11:7�) did not change. This coincides with the result
obtained with XRD [14].
In Fig. 2 the evolution of the unit cell parameters,

deduced from ND patterns, is shown as a function of the
temperature. Below 400K, thermal expansion was
isotropic, but above this temperature the expansions of
the c- and a-axes are major than that of the b-axis.
Differences between a- and b-axes decreased with
temperature, and both parameter are basically equal at
773K. The ND pattern of the sample heated at 773 was
indexed with the tetragonal unit cell a ¼ 3:876 Å and
c ¼ 7:816 Å.
To determine the structural changes produced during

the orthorhombic–tetragonal transformation a Rietveld
analysis of ND patterns collected at increasing tempera-
tures was carried out. In a first step, Li ions were not
considered because their small contribution to ND
patterns. For the structural analysis of samples heated
between 5 and 773K, the orthorhombic 2ap; 2ap; 2ap
unit cell (Cmmm model of Table 1) was used. At the
highest temperature, the tetragonal ap; ap; 2ap unit cell
(P4=mmm model) was tested improving slightly the
quality of the refinement. Other intermediate models
that reproduce the superstructure peaks, such as the
diagonal perovskite (O2ap; O2ap; 2ap) [15,16] were also
considered, but they were rejected because of low figures
of merit obtained. The observed, calculated, and
difference ND profiles at three different temperatures
are also shown in Fig. 1. Structural parameters and
agreement factors obtained in this analysis are given in
Table 2. In all cases, the occupancy of structural sites
was consistent with the chemical formula, and the
isotropic thermal factors deduced for La, Ti and O were
reasonable.
The evolution of the atomic positions with tempera-

ture (Fig. 3) showed that the atomic coordinates of the
orthorhombic phase approach those of the tetragonal
phase as the temperature increases. The Ti coordinates,
x=a and z=c; basically did not change, but y=b

coordinates of La1 and La2 sites approached 0.25 at
the higher temperatures. A similar trend was found for
oxygen atoms where z=c coordinates of equatorial O2
and O3 oxygen approached that of O4 oxygen (z=c ¼
0:235), and x=a coordinates of apical oxygen, O1 and O5
came near to z=c ¼ 0:25: At 773K, the atoms had not
still reached positions of the tetragonal phase (Table 1).
This result suggests that slightly higher temperatures are
required to achieve the orthorhombic–tetragonal trans-
formation. In the tetragonal model, only three oxygens,
two apicals (OI, OIII) and one equatorial (OII), are
distinguished in TiO6 octahedra (Tables 1 and 2).
The analysis of Fourier map differences between
reflections observed at 5K and those calculated with the
Cmmm model, in which Li ions were not included,
showed that Li+ ions are preferentially located at square
windows relating contiguous A-sites of the perovskite
[17]. In this analysis, it was shown that the probability to
occupy square windows at La poor planes is high.
However, the probability to occupy those of La rich
planes is very low. In this case, the shift of Li ions to
square windows located at the plane z=c ¼ 0:25 was
detected. The analysis of Li location was not possible in
perovskites heated above 600K, because the small
amount of Li at structural sites and the high Li mobility.
4. Discussion

The Rietveld analysis of powder ND patterns of
Li0.18La0.61TiO3 recorded at increasing temperatures,
showed the progressive orthorhombic–tetragonal trans-
formation. In both structures, La and vacancies were
ordered in alternating planes along the c-axis, and Ti
atoms were shifted from the center of the octahedra
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towards the vacancy-rich plane. Both structural features
were also deduced from XRD experiments [10,11].
The main difference between low and high tempera-

ture structures was the octahedral tilting scheme.
Structural views of two phases of Li0.18La0.61TiO3
perovskite, along a- and b-axes, are given in Fig. 4.
Along the a-axis there are no big differences between
both structures. The main difference is seen along the
b-axis where oxygen displacements associated with
out-of phase tilting of the octahedra are observed.

4.1. Polyhedra distortion

As a consequence of the La distribution in alternating
planes, TiO6 octahedra are clearly distorted and two
different Ti–O distances were deduced along the c-axis
(Ti–O1E1.87 Å and Ti–O5E2.02 Å (see Table 2). At
increasing temperature the changes produced in TiO6
octahedra are small: distances corresponding to apical
oxygens, Ti–O1 and Ti–O5, increased slightly with
temperature and those of equatorial oxygen, Ti–O2,
Fig. 4. Crystal structure of Li0.18La0.61TiO3 perovskite along the [010] (left) a

from Cmmm and P4=mmm model. The octahedral distortion and the octahe

phase. Differences on La coordination in z=c ¼ 0 (fully occupied) and 0.5 (p
Ti–O3 and Ti–O4 approached a common value at higher
temperatures (1.95 Å) (see Table 2). Since octahedral
distortion are mainly due to the La distribution in
alternated planes and do not change with temperature,
differences between two apical Ti–O distances (1.8 and
2.02 Å) remained constant during structural transforma-
tion.
In LaO12 polyhedra, important modifications were

detected between 5 and 773K. In the orthorhombic
phase, cuboctahedra showed five different La–O
distances, four with double multiplicity and one with
four-fold multiplicity (Fig. 5). According to the pre-
ferential location of vacancies in the z=c ¼ 0:5 plane, the
mean distance calculated for /La2–OS=2.794 Å at 5K
is higher than /La1–OS=2.687 Å. As the temperature
increased, the differences of La–O distances decreased.
In each cuboctahedra, the two distances of La ions to
apical oxygen (O1 or O5) approach to a common value.
The same effect is detected for the La–O distances at
the equatorial plane (O2, O3 and O4). Consequently, the
number of La–O distances were reduced from ten, at
nd [100] directions (right) at 5K (top) and 773K (bottom) as deduced

dral tilting along the b-axis is clearly observed in the low temperature

artially occupied) planes are illustrated.
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low temperature, to only three at the highest tempera-
ture. In the tetragonal model, only two La–O distances
are present in each La cuboctahedra. In both LaO12
polyhedra, La–O distances are equal in the central plane
(La1–OI=La2–OIII=2.75 Å); but distances of La to O
atoms to adjacent planes are notably different
(La1–OII=2.68, La2–OII=2.84 Å). This difference
produces cuboctahedra flattened/elongated in the [001]
direction. This distortion is again caused by the ordering
of vacancies in alternate planes along the c-axis (Fig. 5).

4.2. Octahedral tilting

The main feature of the orthorhombic structure is the
out-of phase (0j0) tilting of octahedra around the b-axis
[12,13] (a0b�c0 in the Glazer notation [18]). Since Ti
cations are shifted from the center of the octahedra,
the tilting of octahedra must be estimated from the
inclination of O1–O5 direction with respect to the c-axis.
The study of tilting angles (j) showed that they
decreased in a non-uniform way with temperature
(Table 2). This angle remained basically constant,
around 5� up to 400K, and then decreased rapidly
above this temperature. However, the presence of
residual peaks of the orthorhombic phase in the ND
pattern of the sample heated to 773K, indicated that
octahedral tilting has not completely disappeared at this
temperature (Table 2).
Similar conclusions were derived by Yashima et al.

[19] in the La0.64(Ti0.92Nb0.08)O3 perovksite, where
octahedral tilting decreased as increasing temperature.
In this sample, the high temperature phase was
described with the ap; ap; 2ap tetragonal unit cell
(P4=mmm S.G.). However, in this case the (2ap; 2ap;
2ap) orthorhombic- (ap; ap; 2ap) tetragonal transforma-
tion was produced at lower temperatures, 650K, than in
our sample.
As a consequence of changes produced in the

octahedral tilting, the thermal expansion of the unit cell
became anisotropic. Below 400K, the three crystal-
lographic axes showed a similar thermal expansion,
whereas above this temperature, the expansion of the b-
axis was clearly lower than those of the a- and c-axes.
Given that the octahedral tilting takes place around the
b-axis, the modification of the octahedral tilting only
affect to a- and c-axes.
Changes in the octahedral tilting produced important

modifications of the geometry of the square windows
that connect contiguous A sites of the perovskite. It is
interesting to correlate structural modifications to Li
conductivity reported previously [3,5]. In the orthor-
hombic phase, the octahedral tilting produced four
different square windows along the b-axis, two along a-
axis and only one along the c-axis (Fig. 6). Table 3
includes diagonal O–O distances of square windows at
5K. As a consequence of the low occupancy of La2
sites, diagonal O–O distances of square windows that
connect contiguous A-site at z=c ¼ 0:5 plane are greater
than those at the z=c ¼ 0 planes. From this fact, Li
mobility should be enhanced in planes z=c ¼ 0:5:
The differences between two diagonal distances

produces a rhombic deformation of square windows.
From the analysis of different square windows of the
low temperature phase, it was concluded that Li
mobility must be favored along the a-axis in z=c ¼ 0:5
planes, where square windows are less distorted
(3.88–4.15 Å) than those along the b-axis (3.58–4.45
and 3.71–4.13 Å). In the [010] direction, the alternating
rotation of contiguous octahedra reduces also the cross
section for Li diffusion (see Fig. 6). In the c-axis,
diagonal distortion of square windows is smaller
(3.82–3.95 Å); but the presence of alternating La-rich
planes hinders Li diffusion along this axis.
As temperature raised, the octahedral tilting decreases

and the 12 different diagonal O–O distances along the
b- and a-axes converge into three (Fig. 7), reducing
the number of square windows from six to three in the
tetragonal phase. In this phase, diagonal O–O distances
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Table 3

Diagonal O–O distances of square windows that connect contiguous

A-sites along three axes deduced with orthorhombic and tetragonal

models

Phase Direction z=c Window

label

Oxygen

diagonal

windows

dO2O (Å)

Orthorhombic [001] — Wc1 O4–O4 3.859

— O3–O2 3.888

[100] 0.5 Wa1 O4–O4 4.145

O5–O5 3.880

0 Wa2 O4–O4 3.626

O1–O1 3.885

[010] 0.5 Wb2 O2–O2 4.453

O5–O5 3.578

Wb1 O3–O3 3.710

O5–O5 4.140

0 Wb4 O2–O2 3.320

O1–O1 4.206

Wb3 O3–O3 4.061

O1–O1 3.512

Tetragonal [001] — Wc1 OII–OII 3.884

— OII–OII 3.884

[100]/[010] 0.5 Wa1 OII–OII 3.884

OIII–OIII 4.132

0 Wa2 OII–OII 3.694

OI–OI 3.884

In both phases, information about planes z=c ¼ 0 and 0.5 is

differentiated.

Fig. 6. Structural views along the three crystallographic axes of the

Li0.18La0.61TiO3 perovskite as deduced from neutron diffraction data

obtained at 5K. The octahedral tilting produced along the b-axis is

also indicated.
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of square windows at z=c ¼ 0; labeled as Wb1; Wb2 and
Wa1; become similar at high temperature (see Figs. 3
and 6). A similar trend is observed in square windows of
the z=c ¼ 0:5 plane, labeled as Wb3;Wb4 and Wa2: As a
consequence of the different size of square windows at
z=c ¼ 0 and 0.5 planes (3.694� 3.884 and 3.884�
4.132 Å), the two-dimensional motion of Li in alternat-
ing planes is preserved in the tetragonal phase.
At 5K, Li ions are located at square windows

(bottlenecks) that connect contiguous A-sites of the
perovskite. However, at increasing temperatures, oxy-
gen local motions increase destabilizing Li coordination
at square windows; from this fact lithium conductivity is
considerably improved. At this point, it is interesting to
analyze the variation of isotropic thermal factors of
atoms (Biso) with temperature (Fig. 8). At every
measured temperature the thermal oxygen factors are
higher than those of the La and Ti ions. Thermal factors
of La ions increased in a linear way; however, thermal
factors of O and Ti atoms increase more rapidly above
400K. These results suggest that high dc-conductivity
values reported at this temperature in this sample is a
consequence of the local motions of octahedra than
destabilize the Li coordination at square windows of the
perovskite.
5. Concluding remarks

The analysis of ND patterns recorded at increasing
temperature in the Li-poor Li0.18La0.61TiO3 perovskite,
showed that the 2ap; 2ap; 2ap orthorhombic structure
tends towards that of the ap; ap; 2ap tetragonal phase. In
this transformation, the octahedral tilting around the
b-axis progressively disappears, and La ions shifted to
special ((0,0,0) and (0,0,1/2)) positions of the tetragonal
phase. However, in this phase, the arrangement of La
and vacancies in alternating planes along the c-axis was
not affected.
The octahedral tilting in the orthorhombic phase,

(aob�co in the Glazer notation) produced different
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square windows along the three crystallographic axes.
As a consequence of the window distortion, the mobility
along the a-axis must be favored in this phase. The
number of square windows is reduced to three as
temperature increases, favoring a two-dimensional
motion of lithium at 773K in alternating planes of the
perovskite. The two-dimensional mobility of Li-poor
members contrasts with the three-dimensional one of the
Li-rich samples, where the distribution of La-vacancies
is disordered.
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