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Abstract

The crystal structure and electric properties of different compositions of the Li1/2La1/2TiO3–SrTiO3 system, which were prepared by solid-state
reaction, were investigated. The limits of the Li1/2−xSr2xLa1/2−xTiO3 solid solution (0.0625≤x≤0.25) were established by X-ray diffraction (XRD)
and scanning electron microscopy (SEM) analyses. All compositions exhibited a single cubic perovskite structure (ac≈3.87–3.90 Å; SG Pm-3m),
as determined by XRD analysis. Along the solid solution, a positive deviation from Vegard's law was observed. This deviation was related to the
occurrence of incipient La and Sr segregation/clustering in apparently homogeneous single phases. The room-temperature Li conductivity ranged
from 7.4� 10−4 to 2.8� 10−5 S cm−1, and the activation energy of the samples was close to 0.33 eV, similar to that of the best Li-ion conductors.
The substitution of Li by Sr decreased the number of effective vacancies (nt¼ [Li]+ϒ, where ϒ is the nominal A-vacancy concentration), which
appreciably reduced the Li conductivity when the nt approached the 3D percolation threshold. In this series, the percolation threshold is greater
than expected, which reinforces the idea that the incipient segregation is responsible for the deviation from Vegard's law.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Over the last two decades, the search for new materials with
high lithium ionic conductivity has attracted considerable
interest. A wide variety of solid electrolytes with high ionic
conductivities and potential applications in all-solid high-
energy batteries and other electrochemical devices have been
reported.

Since the discovery of the fast ion conductor Li0.5La0.5TiO3

(LLTO) by Belous et al. [1] and Inaguma et al. [2], researchers
have extensively sought to understand its high lithium con-
ductivity. In this sense, several chemical substitutions have
been performed on this material. Most of them have been
mentioned in the review by Stramare et al. [3], who focused on
the ionic conductivity–composition–structure relationship of
LLTO and related materials.
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The substitutions of Ti (located at the B sites of perovskites)
by trivalent cations such as Al result in an increase in the
conductivity [4], whereas substitutions by tetravalent cations,
such as Zr, Sn, Mn or Ge [5] diminish it. The replacement of
Ti by pentavalent cations such as Nb [6,7] or Ta [8] decreases
the ionic conductivity despite the increase in the A-site
vacancy concentration. The substitution of La3+ by other
trivalent rare-earth (RE) metals in these perovskites produced
a single phase with the formula RE2/3−xLi3xTiO3 but did not
improve the ionic conductivity of this series (10−3 S cm−1 at
room temperature) [9–11]. The partial substitutions of La by
larger cations, such as Sr, Ba or Na, produce variable effects
[12]. In the case of Sr, the ionic conductivity slightly increases
at low degrees of substitution (5 %mol). In Ba-containing
samples, no single phases are obtained, whereas, in Na-
containing samples, the conductivity decreases rapidly with
cation dilution [12].
Recently, the LixSrxLa2/3−xTiO3 series has been revisited [13].

In these samples, La3+ cations were substituted by (Sr2++Li+)
(line 3 of the ternary phase diagram in Fig. 1), and the number
ghts reserved.
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Fig. 1. La2/3TiO3–SrTiO3–Li2TiO3 compositional diagram illustrating the
Sr-doping of LLTO perovskites. The solid solutions investigated in this paper
are indicated with bold circles along arrow number 2. Other substitution
schemes previously studied are also included (Li3xLa2/3−xTiO3 along line
number 1 and LixSrxLa2/3−xTiO3 along line number 3).
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of nominal A vacancies decreased along the series. However,
the effective number of vacancies, which is calculated according
to the expression nt¼ [Li]+ϒ [14] (ϒ¼nominal A-site vacancy
concentration), remained constant.

In the present work, we have prepared different composi-
tions of the La1/2Li1/2TiO3–SrTiO3 join (line 2) of the ternary
phase diagram. In this case, (La3++Li+) have been replaced by
two Sr2+ cations, thereby maintaining the charge balance and
the amount of nominal vacancies. The limits of the solid
solution have been investigated by a combination of XRD and
SEM techniques. Structural features were deduced from the
Rietveld analysis of XRD patterns, and the Li mobility was
investigated by impedance spectroscopy (IS). The dependence
of the conductivity on the effective vacancy concentration is
also discussed.

2. Experimental

2.1. Sample preparation

Reagent-grade Li2CO3, La2O3, SrCO3 and TiO2 were mea-
sured according to the formula Li1/2−xSr2xLa1/2−xTiO3 for
x¼0.0312, 0.0625, 0.125, 0.15, 0.25, 0.3125 and 0.375.
High-purity reagents were purchased from Aldrich. Before
being weighed, the La2O3 was heated at 800 1C for 4 h for
decarbonation. These reagents were ground together in an agate
mortar and heated at 800 1C for 12 h. The reground products
were cold-pressed at 150 MPa and heated at 1150 1C for 12 h.
Finally, powders were uniaxially pressed and heated at 1300 1C
for 6 h. To avoid lithium losses, the heating rate used in the
thermal treatments was 1 1C/min [15,16]. The cooling rate of
the last treatment was 5 1C/min.

2.2. Sample characterisation

X-ray diffraction powder (XRD) patterns were recorded on a
Philips X'Pert diffractometer equipped with a CuKα radiation
source. This instrument has a (θ/2θ) Bragg–Brentano geometry
and is equipped with a curved graphite monochromator. Data
were taken with a 0.51 divergence slit, a receiving slit of 0.011
and a set of soller slits with 11 of axial divergence. The 2θ
range analysed was 5–1201 with a step scan of 0.021 and a
counting time of 8 s per step. XRD patterns were indexed and
analysed by the Rietveld method using the Fullprof pro-
gramme [17].
The microstructure of sintered samples was analysed with a

Philips XL30 scanning electron microscope equipped with a
backscattered-electron detector (BSE) and an energy-dispersive
analyser (EDAX 4i). Elemental analyses were performed with a
fixed take-off angle, live time (60 s) and acceleration voltage
(15 kV). For each detected phase, at least five analyses were
performed on different crystallites. Due to the insulator character
of the samples, sintered samples were coated with a very thin
layer of carbon.
Electrical measurements were performed by impedance

spectroscopy on pellets with a diameter of 12 mm and a
thickness of 1 mm. These samples were prepared by being
uniaxially pressed and sintered at 1300 1C for 6 h. The relative
densities of the samples with 0ox≤0.25 were approximately
90%, whereas samples with high Sr contents exhibited lower
densities. The electrical measurements were performed on a
parallel-plate capacitor configuration. Gold electrodes (Dupont
QG150 Au paste) were painted onto polished surfaces of the
sintered ceramic discs. The prepared pellets were heated to
850 1C for 1 h and then slowly cooled to RT. For the electric
characterisation of most of the samples, a 10 K step was
chosen in the 90–480 K range, and the temperature was
controlled using a Cryostat Janis VPF700 coupled to a Lake
Shore 331 temperature controller. In the case of samples with
low conductivity (x≥0.25), the electrical characterisation was
extended to 800 K using a home-made jig with a controlled N2

atmosphere. The electric behaviour of the materials was
studied using an automatically controlled Agilent Precision
LCR E4980-A apparatus in the frequency range of 20–2 MHz.
All the measurements were performed under vacuum or inert
atmosphere. The impedance data analysis was performed using
the “derivative criterion” [18] and non-linear least-square
fittings were obtained with the ZView2 programme.

3. Results

3.1. X-ray diffraction

Fig. 2 shows the powder X-ray diffraction (XRD) patterns
recorded at room temperature of samples La1/2−xLi1/2−xSr2xTiO3

with x¼0.0312, 0.125, 0.25 and 0.375. All of the samples
exhibited typical ABO3 perovskite diffraction peaks that were
indexed on a primitive cubic perovskite cell (ap� ap� ap).
As the Sr content was increased, the XRD peaks shifted to lower
angles, which indicates that lattice parameters increase with Sr
content, in agreement with the larger ionic radii of Sr2+ (1.44 Å)
compared to that of La3+ (1.32 Å). In the case of the sample
with the lowest x value (x¼0.0312), broad peaks (labelled with
asterisks) associated with a doubled tetragonal perovskite were
detected. Additional small peaks (labelled with arrows) asso-
ciated with a Li2TiO3 impurity were also detected; however, the
peak intensity of this impurity was estimated to be less than 1%.



Fig. 2. Powder X-ray diffraction patterns of La1/2−xLi1/2−xSr2xTiO3 perovskites
with compositions x¼0.0312, 0.125, 0.250 and 0.375. For the samples with
the lowest Sr composition, the magnified version of the low 2θ range of the
pattern indicates the presence of small amounts of Li2TiO3 (indicated by the
arrow). The amorphous halo around the superstructure peaks of a double
perovskite (labelled with an asterisk) suggests the presence of extended defects
associated to some cation ordering [15].
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In the case of samples with the largest amount of Sr
(x≥0.375), additional peaks were detected at 2θ values lower
than those of the main perovskite peaks (see the upper inset of
Fig. 2). These peaks correspond to a Sr-rich perovskite with
larger unit-cell parameters, which indicates that some segrega-
tion occurs in these compositions. The presence of this phase
was used here to define the Sr solubility in the La1/2−xLi1/2−x
Sr2xTiO3 solid solution.

3.2. Microstructural characterisation of sintered samples

SEM micrographs of the sintered samples are depicted in
Fig. 3. A combination of BSE and EDS detectors were used to
analyse the homogeneity of samples and to identify possible
secondary phases.

The microstructures of the samples with compositions that
range from x¼0.0625 to 0.25 correspond to homogeneous and
well-densified samples. This microstructure corresponds to the
nominal perovskites detected by XRD and EDS (Table 1). Few
pores (black contrast in the micrographs) are observed in
samples in this compositional range. This porosity is especially
important in samples with the highest Sr content (x≥0.312).

The micrograph of the sample with x¼0.0312 shows the
presence of a small amount of a secondary phase that appears
as areas of dark-grey contrast in the BSE images. EDS
analyses of this impurity showed the absence of Sr and La
(sample labelled as II in Table 2), which indicates an elemental
composition consistent with either a titanium oxide or a
lithium titanate. In the case of the major light-grey-contrast
phase, the composition obtained by EDS analysis is in good
agreement with the nominal composition of the sample.
The sintering of the samples with x¼0.375 is clearly worse

than that achieved with the other compositions, and numerous
cracks appear in the compact, as shown in the SEM images.
In these samples, two different grain morphologies with
different compositions are distinguished. EDS analysis indi-
cated that La is almost absent in the agglomerated particles
(labelled as II in Table 2) and that the Sr/Ti ratios approach 1;
these results suggest that this phase is SrTiO3.
3.3. Electrical conductivity

Fig. 4a shows room-temperature impedance diagrams for
samples with x¼0.0625 and 0.125. The main semicircle shown
in the figure corresponds to the grain-boundary contribution
(capacitance of approximately 10−9–10−10 F). The bulk con-
tribution was detected at high frequencies; however, the full
semicircle could not be displayed except in the case of the
La0.375Li0.375Sr0.25TiO3 (x¼0.125) sample. The samples had to
be cooled to 210 K (inset of Fig. 4a) to acquire the full
semicircle of the other three samples.
The frequency dependence of the real part of the conduc-

tivity indicates behaviour typical of fast ionic conductors
(Fig. 4b). In Sr-poor samples (x≤0.125), a dc plateau ascribed
to the bulk contribution was detected at high frequencies. The
decay of the conductivity observed at low frequencies was
assigned to ion blocking at the grain boundaries. The
conductivity decreased as the Sr content increased; moreover,
a displacement of the bulk conductivity plateau to lower
frequencies was observed.
For samples with x≥0.150, the characteristic dc conductivity

plateau was not detected, which suggests the absence of long-
range ionic mobility. The erratic values observed at low
frequencies for x¼0.250 are produced by the high impedance
of the samples, which are out of the impedance range of the
measurements.
The evolution of the bulk dc ionic conductivity with

temperature is shown in Fig. 5. The sample with the lowest
Sr content exhibited the best conductivity values. As the Sr
content increased, the conductivity decreased, and for samples
with x≥0.25, it was diminished considerably; the dc conduc-
tivity of these samples could only be measured at higher
temperatures.
4. Discussion

In the prepared samples, one Li+ and one La3+ are replaced
by two Sr2+ in La1/2Li1/2TiO3. The valence of the Ti

4+ cations
does not change, and charge neutrality is preserved along the
series. X-ray analyses indicate the apparent formation of a
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Fig. 3. Scanning electron micrograph obtained with the BSE detector for different compositions of the Li1/2−xSr2xLa1/2−xTiO3 series (x¼0.0312, 0.0625, 0.125,
0.250 and 0.375).

Table 1
EDS microanalysis results for the single phase or biphasic areas found in La1/2−xLi1/2−xSr2xTiO3 compositions. The La:Sr:Ti ratio is also indicated for each
composition. (I) and (II) denote the main phase (Li-perovskite) and the secondary phase, respectively, in biphasic samples.

x 0.031 (I) 0.031 (II) 0.062 0.125 0.15 0.250 0.3125 (I) 0.3125(II) 0.375 (I) 0.375 (II)

La 15.4 0 14.0 11.7 11.0 7.4 6.3 2.9 6.5 1.6
Sr 2.4 0 4.2 8.3 10.1 15.8 18.2 25.5 18.6 26.2
Ti 32.0 75.4 33.1 31.6 31.9 30.9 31.3 32.0 31.0 31.3
O 50.2 24.6 48.7 48.4 47.0 48.0 44.2 39.6 43.9 40.9
La:Sr:Ti 0.48:0.07:1.00 – 0.42:0.126:1.00 0.37:0.26:1.00 0.345:0.317:1.00 0.24:0.51:1.00 0.20:0.58:1.00 0.09:0.80:1.00 0.21:0.60:1.00 0.05:0.84:1.00

The results shown are the averaged analysis results for five different crystallites.
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homogeneous La1/2−xLi1/2−xSr2xTiO3 solid solution in the
0.0625≤x≤0.25 compositional range.

Vegard's law is a linear empirical approximation that
describes the relationship between lattice parameters and the
composition of solid solutions. In accordance with ionic radii,
lattice parameters of samples should increase linearly with the
Sr content, from 3.8763 Å (x¼0.0312) to 3.8930 Å (x¼0.25).
In Fig. 6, the unit-cell parameter is plotted as a function of the
Sr content in the La1/2−xLi1/2−xSr2xTiO3 series. As illustrated in
the figure, the unit-cell parameter follows a smooth curve,
showing an upward departure from the linear prediction of
Vegard's law (solid line). This positive deviation was also



Table 2
Structural parameters deduced from X-ray powder diffraction data of La1/2−xLi1/2−xSr2xTiO3 perovskites. All the patterns were refined in the cubic Pm-3m space
group (N1 221) (see Ref. [16]).

x 0.0312 0.0625 0.125 0.150 0.165 0.250 0.3125 (I) 0.3125 (II) 0.375 (I) 0.375 (II)

a (Å) 3.8763 (1) 3.8800 (1) 3.8857 (1) 3.8864 (1) 3.8881(1) 3.8930 (1) 3.8950 3.9033 3.8959(1) 3.9044 (1)
BLa(Sr) (Å

2) 0.446 (1) 0.482(1) 0.475 (1) 0.468 (2) 0.501 (1) 0.487 (1) 0.565 0.413 0.562 0.403
BTi (Å

2) 0.612 (2) 0.693 (1) 0.607 (3) 0.727 (4) 0.698 (1) 0.701 (1) 0.728 0.555 0.727 0.547
BO (Å2) 1.263 (3) 1.209 (2) 1.210 (4) 1.161 (6) 1.204 (1) 1.149 (1) 0.961 0.944 0.962 0.934
dLa–O (Å) 2.7409 2.7436 2.7476 2.7481 2.7493 2.7528 2.7542 2.7601 2.7548 2.7608
dTi–O (Å) 1.9381 1.9400 1.9429 1.9432 1.9440 1.9465 1.9475 1.9517 1.9479 1.9522
La(occ) 0.490 0.460 0.402 0.351 0.330 0.250 0.213 0.025 0.189 0.002
Sr(occ) 0.049 0.111 0.230 0.300 0.344 0.500 0.597 0.981 0.615 0.988
Rp 8.13 8.11 7.95 6.48 7.39 7.59 7.05 7.05 7.53 7.53
Rwp 10.5 10.7 10.4 8.91 10.4 9.96 9.41 9.41 9.89 9.89
χ2 3.25 3.09 2.95 4.48 2.90 3.40 4.15 4.15 3.41 3.41
RB 7.28 8.09 5.94 4.49 3.72 3.56 5.24 6.23 5.32 5.47
RF 6.22 6.39 5.19 3.55 2.23 2.37 3.77 5.35 2.62 3.55
wt% 100 100 100 100 100 77.3 22.7 61.66 38.34

Bi denotes the isotropic thermal factors of the different ions (i subscript); the metal–oxygen distances and the weight phase percentage(wt%) are also calculated;
Rp, Rwp, χ

2 and RB are the conventional agreement factors given by the Refinement Programme.

.

Fig. 4. (a) Complex impedance diagrams of samples with different Sr contents,
measured at 300 K and at 210 K (inset). (b) Evolution of the conductivity with
the frequency for different compositions in the La1/2−xLi1/2−xSr2xTiO3 system.

Fig. 5. Temperature dependence of the Li conductivity in La1/2−xLi1/2−x
Sr2xTiO3 samples.
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observed with respect to the unit-cell volume. A similar trend
has been reported for the Li2TiO3–MgO solid solution [19],
where the deviation was attributed to the presence of some
incipient cation clustering in apparently homogeneous sam-
ples. A similar deviation has also been described for the SnO2–

TiO2 system [20–22], where the deviation from Vegard's law
was attributed to the minimisation of the elastic strains while
the structural coherency of the crystals was maintained [23].
The presence of two-phases in the Sr-rich samples

(x40.25) was detected by XRD and SEM. The analysis of
the unit-cell parameters of both phases suggests the segrega-
tion of a Sr-rich phase with a composition close to SrTiO3.
However, for Sr-poor samples (x≤0.125), the presence of an
amorphous halo at the characteristic peaks of the doubled
perovskite (2θ≈25.6 and 34.71) was attributed to the presence
of strains and extended stacking faults, which resulted in
broadened peaks [15,24,25]. Further studies should be con-
ducted to ascribe the observed deviations from Vegard's law
to microstrains associated with extended defects and/or to
incipient cation segregation at the nanoscale level. To mini-
mise these effects, other synthesis methods may be required.
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XRD profiles for La0.25Li0.25Sr0.5TiO3. Vertical bars denote Bragg positions.

Fig. 8. (a) Bulk ionic conductivity of La1/2−xLi1/2−xSr2xTiO3 perovskites as a
function of the Sr content at room temperature. (b) Conductivity as a function
of the effective vacancy concentration (nt) of two series: Li0.5−xNaxLa0.5TiO3

(LNLTO) values (black squares) are taken from Ref. [30] and La1/2−xLi1/2−x
Sr2xTiO3 (LSrLTO) values (open circles) correspond to the solid solution under
investigation. The lines represent fittings to the percolation equation depicted
in the plot with K¼−1.84 and t¼2.
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In particular, the Pechini-type polymerisable precursor method
[26] yielded well-crystallised lithium lanthanum titanates
(LLTO) at a much lower temperature (900 1C) and with a
shorter synthesis time (2 h) compared to those used in the
conventional solid-state reaction method. The use of low-
temperature synthesis methods may allow samples with a
higher homogeneity and an extended solid solution range to be
obtained.

In the second stage of our study, we analysed XRD patterns
using the Rietveld method. For the end-term of the
series (i.e., La0.5Li0.5TiO3), different structural models have
been proposed [16]. We first used a double perovskite
(ap� ap� 2ap) with tetragonal symmetry and space group
P4/mmm (N1 123); however, the absence of sharp super-
structure peaks made the adoption of a higher-symmetry unit
cell more convenient. Patterns were successfully refined in the
single cubic perovskite (ap� ap� ap) with space group Pm-3m
(N1 221), where La and Sr are randomly distributed on the
unique A-site of the perovskite. The structural parameters
deduced from Rietveld analysis are given in Table 2. The
results in this table include the unit cell, the atomic and
isotropic thermal parameters (B) and the agreement factors
obtained in the final refinements. During the refinements, the
lithium contribution to the XRD patterns was not considered
because of its small scattering factor. The La and Sr contents
were first constrained to nominal compositions; however, these
occupancies were considered for the last refinements. Fig. 7
illustrates the goodness of the fit obtained with the Rietveld
analyses. Because of the limitations of the XRD technique,
other structural models associated with different octahedral
tiltings, such as the rhombohedral model detected by neutron
diffraction experiments in the La0.5Li0.5TiO3 composition
[27,28], cannot be disregarded.

Dc-conductivity values measured at 300 K in La1/2−xLi1/2−x
Sr2xTiO3 samples are plotted as a function of the lithium
content in Fig. 8a. The dc conductivity slightly increased in
samples with small Sr substitutions and achieved a maximum
in samples with lithium contents of approximately 0.47
(x¼0.0312). These results are in good agreement with those
reported by Inaguma et al. [29]; however, in the present work,
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the compositional range investigated by Inaguma et al. was
considerably extended. The slight increase detected in the
conductivity of Sr-poor samples has been attributed to the
increase in the unit-cell volume, which facilitates lithium
diffusion. However, the increase observed in the pre-
exponential factors of conductivity, which are associated with
the cation vacancy disordering, could also contribute to the
observed increase [13,30]. The subsequent decrease in the
conductivity of almost two orders of magnitude has been
related to the decrease in the concentration of charge carriers
and the blockade of A-site vacancies by Sr in the conduction
pathways of perovskites. The main differences observed
between La2/3−xLixSrxTiO3 (0.04≤x≤0.29) [13] and the La1/2−x
Li1/2−xSr2xTiO3 solid solutions are related to the vacancy
concentrations in their perovskite structures. In the former
series, the substitution of La by (Sr+Li) decreases the amount
of nominal vacancies but maintains the amount of effective
vacancies, nt, that participate in the conduction process. In the
solid solution studied in this paper, the nominal vacancy
concentration does not change (ϒ¼0) along the series.
However, effective vacancies (nt) are progressively eliminated
during Sr incorporation, and the conductivity decreases almost
two orders of magnitude near the percolation threshold. The
other difference concerns the vacancy ordering, which reduces
the dimensionality of the conduction in Sr-poor samples of the
former series, whereas, in the solid solution studied here, no La
(Sr)-vacancy ordering was observed. The analysis of the
conductivity percolation threshold of this series (Fig. 8b)
afforded a critical exponent of 2 and a nc value of 0.35. The
percolation threshold was greater than expected for 3D
conductivity (nc¼0.31), which suggests the existence of some
incipient phase segregation. The non-conducting Sr segregated
domains will interrupt, in some extent, conduction pathways of
the Li-conducting phase, thereby resulting in an increase in the
percolation threshold. This effect was not observed in the cubic
Li0.5−xNaxLa0.5TiO3 series [14], where nc¼0.30 and where
heterogeneities were not detected.

In all cases, the lithium motion was thermally activated, with
activation energies of approximately 0.3470.02 eV for the
best conductors and approximately 1.3370.02 eV for the
worst conductors (x¼0.25) (see Table 3). In the analysed
samples, the bulk activation energy does not change linearly
with the composition; however, the grain-boundary activation
energy varies between 0.39 eV and 0.50 eV as the Sr content
increases. Notably, the substantially greater activation energy
Table 3
Activation energy values calculated from the impedance data for bulk and
grain boundary (g.b.) conductivities.

Activation energy

x Bulk (eV) Grain boundary (eV)

0.031 0.3370.02 0.3970.02
0.061 0.3370.02 0.4270.02
0.125 0.3670.02 0.5170.02
0.250 1.3370.02
(1.33 eV) found in the sample with a high Sr content
(x¼0.250) is related to the absence of Li conductivity. In this
sample, the effective vacancy concentration, nt, is below the
percolation threshold for the Li conductivity (nc¼0.35, see
Fig. 8b).
5. Conclusions

The structure and transport properties of samples with
compositions along the Li1/2La1/2TiO3–SrTiO3 line of the
phase diagram were investigated. A cubic solid solution,
La1/2−xLi1/2−xSr2xTiO3, formed over a relatively wide compo-
sitional range of 0.0625≤x≤0.25. A biphasic region was
observed for Sr-rich samples (x40.25), where phases close
to SrTiO3 were detected.
Samples belonging to the solid solution adopt a single cubic

perovskite (ap� ap� ap) structure, as deduced by XRD
experiments. The substitution of Li and La by two Sr ions
produced a progressive increase in the unit-cell parameters,
which was in agreement with ionic radii of atoms; however, a
positive deviation from Vegard's law was observed, which was
attributed to deviations from the random distribution of La and
Sr cations.
The results described in this work confirm the important role

played by effective vacant A-sites, nt, on the Li conductivity in
perovskites. In the La1/2−xLi1/2−xSr2xTiO3 series, the amount of
A-site nominal vacancies, ϒ, was not modified; however, the
total amount of effective vacant A-sites, given by the expres-
sion nt¼ [Li]+ϒ, was progressively reduced. This decrease in
effective vacant A-sites substantially diminishes the lithium dc
conductivity when nt approaches the 3D percolation threshold
of vacancies in perovskites. In this series, the percolation
threshold is larger (nc¼0.35) than expected (nc¼0.30), which
suggests the existence of an incipient cation segregation on the
nanometre scale. The activation energy of samples belonging
to the solid solution is 0.32 eV, which is similar to the 0.34 eV
reported as one of the lowest activation energies for lithium-
ion conductors.
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