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Abstract

We report the magnetic and transport properties of the cobalt layered mixed-oxides La1−xSr1+xCoO4 (0 � x � 0.40). An evolution towards an
anomalous “cluster-glass”-like behavior as x increases has been found. The onset of the ferromagnetic order in the layered phases occurs at around
150 K followed by a blocking process around 125 K. Also, present in the magnetic response of these materials is the signal coming from small
intergrowths of a perovskite phase, also detected by TEM, although invisible for powder-X-ray diffraction. From the electrical point of view these
materials are semiconducting and their resistivity decreases upon doping. Most interestingly, at low temperature these layered compounds show
rather large magnetoresistance (MR). The highest effect is found in the sample with x = 0.20 that shows a magnetoresistance MRmax = −24% at
T = 15 K under a field Hmax = 50 kOe.
© 2006 Elsevier SAS. All rights reserved.
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1. Introduction

The influence of dimensionality in the magnetism and elec-
trical conductivity of perovskite and Ruddeslen–Popper-type
mixed oxides has been studied in the last few decades [1].
More recently a renewed interest in this topic has arisen in con-
nection with colossal magnetoresistance (CMR) discovered in
manganese oxides [2], as this property is affected by the effec-
tive dimensionality of the structure. For example, an increase
in the 2D character of the structure in Ruddeslen–Popper sys-
tems, that enhances electronic correlations, can lead to higher
magnetoresistance, even at lower temperatures [3–6].

Apart from manganese oxides, magnetoresistance has been
found in other systems such as cobalt mixed oxides with per-
ovskite structure [7,8]. These cobalt compounds are another
specially interesting family of compounds that have been the
focus of numerous studies since the 1950s [9–11], in par-
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ticular the lanthanum materials. In this context, LaCoO3 has
been found to exhibit remarkable transport and magnetic prop-
erties as a result of thermally induced transitions from low-
spin (LS: t6 e0) to higher-spin states of the trivalent cobalt
ions (intermediate spin IS: t5 e1, high spin HS: t4 e2) [10,12].
Those early studies also showed that whereas LaCoO3 shows
high resistivity and antiferromagnetic exchange interactions,
the La1−xSrxCoO3 materials evolve towards a ferromagnetic
metallic behavior as the doping degree increases [11]. The evo-
lution takes place smoothly and a number of different magnetic
and electrical behaviors are present for different degrees of
doping and different temperature intervals [13–15]: superpara-
magnetism, spin-glass/cluster glass behavior and so forth, semi-
conducting/metallic behaviors and even metal-insulator transi-
tions as a function of temperature. Such complex electric and
magnetic behaviors have been explained on the basis of an
electronic phase segregation that gives rise to hole-rich ferro-
magnetic regions within a hole-poor matrix, that coexist within
the same crystallographic phase [13].

More recently, this La1−xSrxCoO3 system has also attracted
attention in connection with MR, that specially occur in the
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Fig. 1. Schematic representation of the K2NiF4 structure displayed by the
La1−xSr1+xCoO4 compounds.

low-doped samples with x < 0.20 with a MRmax(x = 0.07) =
−40% at T = 40 K under H = 60 kOe [7].

Contrary to the case of the 3D Co-perovskites, the study of
the magnetic and transport properties of other Co-Ruddlesden–
Popper phases is a relatively much less explored area, although
also very interesting as shown by the recent discovery of super-
conductivity in layered cobalt oxides [16].

In this work we focus in the properties of the La1−xSr1+x-
CoO4 compounds, which are the n = 1 members of the
Ruddlesden–Popper series and exhibit the so-called K2NiF4
structure (Fig. 1). As it can be seen, this structure that is the
two-dimensional analogue of the 3D perovskite consists of
perovskite layers of corner-sharing [CoO6] octahedra that are
separated from one another by the presence of rock-salt type
(La/Sr–O) layers along the c-axis.

From the physical point of view, the LaSrCoO4 compound
is the relatively better characterized member of the series, even
if there are discrepancies in the literature about its magnetic
behavior and the spin configuration of the cobalt ions. In this
context whereas Moritomo et al. [17] found a spin-glass behav-
ior in LaSrCoO4 single crystals, Demazeau et al. [18] described
a paramagnetic behavior for this compound (after subtraction of
the ferromagnetic contributions from ferromagnetic impurities)
and other authors reported a ferromagnetic behavior [19]. Con-
cerning the spin configuration of the trivalent cobalt ions, it has
first been proposed that low spin (LS) and high spin (HS) Co3+
ions coexist in the material [18]. Nevertheless, more recent
work gives evidence for an intermediate spin (IS) at the trivalent
cobalt ions, which would be favored in this structure [17].

When LaSrCoO4 is further doped with Sr2+, and mixed va-
lence 3+/4+ is induced in the cobalt ions, the La1−xSr1+xCoO4
compounds evolve towards a ferromagnetic-like behavior and
their resistivity decreases [20], although there are not detailed
studies available in the literature about the evolution of those
properties as a function of x.
In a previous work, using an appropriate synthetic method
we were able to prepare Sr-doped La1−xSr1+xCoO4 (0 � x �
0.40) enlarging the compositional range of solid solution avail-
able so far [21]. Also, we carried out their structural and mi-
crostructural characterization of the obtained compounds [21].

According to the powder X-ray diffraction (PXRD) re-
sults of this study [21], these compounds with 0 � x � 0.40
are single-phase crystalline materials, and the presence of
perovskite-related phases (that often appear as impurities of
the Ruddlesden–Popper phase with n = 1) is not detected.

On the other hand, TGA results showed that while the x = 0
compound is oxygen stoichiometric, as the Sr content gets
higher (x > 0) a small but increasing oxygen-deficiency (δ) ap-
pears, so that δmax(x = 0.40) = 0.06.

According to the corresponding Rietveld refinement of the
PXRD data [21] these La1−xSr1+xCoO4 samples (0 � x �
0.40) crystallize in the tetragonal K2NiF4 structure, space
group I4/mmm, in which the La3+ and Sr2+ ions are randomly
distributed in 9-coordinated sites while the cobalt ions are in
a tetragonally-elongated octahedral environment. Upon doping
the distortion of the [CoO6] octahedral decreases, as the longer
apical Co–O(1) distance decreases with x while the shorter
equatorial Co–O(2) distance remains almost constant. The de-
tailed evolution of cell parameters and bond lengths upon dop-
ing can be found in reference [21].

On the other hand, TEM studies revealed the presence, in
some microcrystals, of stacking defects along the c-axis that
were identified as perovskite slices of different widths, inter-
grown with the predominant K2NiF4 structure [21].

With this background and using the previously described
samples, we have reexamined in detail the evolution of the mag-
netic and transport behavior of the La1−xSr1+xCoO4 system
upon doping and explored the influence of dimensionality on
these properties. The most outstanding results of this study are
presented in this paper, where we also describe for the first time
in these compounds the influence of the magnetic field on their
electrical properties.

2. Experimental

The samples with nominal composition La1−xSr1+xCoO4

x = 0, 0.10, 0.20, 0.30 and 0.40 used for this study were pre-
pared by the decomposition of the corresponding mixture of ni-
trates in the presence of KNO3, as reported in Ref. [21], where
their structural and microstructural characterization is also de-
scribed and discussed.

For the magnetic characterization of these materials we car-
ried out both DC and AC measurements, as these later are spe-
cially useful to reveal magnetic transitions in complex systems.

In this context, the DC magnetic properties of these com-
pounds were studied by means of a Quantum Design MPMS
Squid magnetometer. Zero-field-cooled (ZFC) and field-cooled
(FC) magnetic susceptibility data were obtained under a field of
1000 Oe in the temperature range 4 � T (K) � 300. Hysteresis
loops in ZFC conditions were obtained at 5 K varying the field
up to ±50 kOe.
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On the other hand, the linear and non-linear components of
the AC magnetic susceptibility were measured as a function of
temperature with a Lake Shore 7000 system using the mutual-
inductance technique. Data were collected on warming from 15
to 300 K, after zero-field cooling of the sample. The calibra-
tion was performed with a Gd2(SO4)3·8H2O paramagnetic salt,
having the same shape and size as the investigated samples.

The four-probe electrical resistivity of pressed pellets was
measured as a function of temperature in the range 4 � T (K) �
300 at zero magnetic field (H = 0) and using a constant field
between 0 < H (kOe) < 50 in a homemade device. In this
device the magnetoresistance of the samples was measured at
a constant temperature using a field ranging between 0 and
50 kOe.

Seebeck coefficients were measured in the temperature in-
terval 77 � T (K) � 450 using a homemade device similar to
the one described in Ref. [22].

3. Results

3.1. Magnetic properties

First of all we will refer to the magnetic properties of the
as-prepared x = 0 compound LaSrCoO4 for which, as already
mentioned in the introduction, different magnetic behaviors
have been previously described [17–20].

In our study, when measuring the magnetic susceptibility,
χm(T ), of the x = 0 sample we found a complex curve shape in
both the DC and AC measurements (Fig. 2). As it can be seen
in this figure, the susceptibility changes markedly below some
critical temperatures, marked by arrows, and specially remark-
able are the rises below ∼220 and ∼150 K.

The DC χm(T ) data of this x = 0 sample follow a Curie–
Weiss law for ∼250 < T (K) < 300, and from the correspond-
ing fitting we obtained an effective magnetic moment per cobalt
ion μeff-Co = 2.80 µB and a Weiss constant with a small nega-
tive value θ = −14 K.

As the doping degree increases (x > 0), the DC magnetic
susceptibility of the samples increases markedly with x below
∼220 K (Fig. 3). On the other hand, a fit of the χm(T ) data to a

Fig. 2. DC [ZFC (opened circle) and FC (closed circle)] and AC (opened trian-
gle) molar magnetic susceptibility data for LaSrCoO4 (x = 0). The DC results
were obtained under H = 1000 Oe and the AC data were taken with a driving
field amplitude Ho = 2.5 Oe, oscillating at a frequency of 1 kHz.
Curie–Weiss law in the temperature range 220 < T (K) < 300
provides an indicator of how the effective mean atomic mo-
ment per cobalt ion, μeff-Co and the mean interatomic exchange
interactions, as expressed by the Weiss constant, are evolving
with x. As shown in Table 1, such curve fitting gives a μeff-Co

that changes very little with x, and a Weiss constant that in-
creases from a small negative value for x = 0 to a rather high
positive value for x = 0.40.

The temperature dependence of the real part of the AC sus-
ceptibility, χ ′, of these samples with x > 0 is shown in Fig. 4.
As it can be seen, the sharp rise of the susceptibility below
∼220 K is followed by a shoulder at ∼150 K and a maximum
at ∼125 K. It is also remarkable that as x increases the intensity
of these last two features increases markedly and their position
slightly shifts towards higher temperatures.

Fig. 3. DC ZFC (open symbols) and FC (closed symbols) molar magnetic sus-
ceptibility of La1−xSr1+xCoO4 (0.10 � x � 0.40) measured under a field
H = 1000 Oe.

Table 1
Effective magnetic moment of the Co ions μeff-Co and Weiss constant (Θ) of
La1−xSr1+xCoO4 (0 � x � 0.40)

x = 0 x = 0.10 x = 0.20 x = 0.30 x = 0.40

μeff-Co (μB) 2.80 2.72 2.93 2.90 2.91
Θ (K) −14 92 133 168 200

Fig. 4. AC magnetic susceptibility of La1−xSr1+xCoO4 0.10 � x � 0.40 com-
pounds measured with a driving field amplitude Ho = 2.5 Oe, oscillating at a
frequency of 1 kHz.
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Fig. 5. ZFC magnetization versus applied field H of La1−xSr1+xCoO4
(0 � x � 0.40) measured at T = 5 K.

On the other hand, the M(H) curves at T = 5 K of these
samples (0 � x � 0.40) are shown in Fig. 5. Specially interest-
ing is the fact that magnetization increases with x and also the
lack of saturation of these curves under the highest field used
(50 kOe).

3.2. Transport properties

The La1−xSr1+xCoO4 (0 � x � 0.40) materials are all semi-
conducting with a rather high resistivity, ρ, even if it decreases
as the doping degree increases (Fig. 6).

In the temperature range 250 < T (K) < 300, the resistivity
data of all the samples can be fitted to the non-adiabatic small
polarons expression [23]:

(1)ρ ∝ T 3/2 exp[Ea/kBT ].
Meanwhile, for 80 < T (K) < 220 the temperature dependence
of the resistivity is better fitted to the Mott Variable-Range Hop-
ping (VHR) expression [23]:

(2)ρ ∝ exp[T0/T ]1/(d+1)

where d is the dimensionality of the system and T0 is related
to the density of states at the Fermi energy and the localization
length.

Fig. 6. Electrical resistivity versus temperature of La1−xSr1+xCoO4
(0 � x � 0.40) for 80 � T (K) � 300.
Fig. 7. (a) Temperature dependence of the Seebeck coefficient of La1−x -
Sr1+xCoO4 (0 � x � 0.40) in the temperature range 100 � T (K) � 450.
(b) Fitting of the Seebeck data from the samples with x = 0.20, 0.30 and 0.40 to
2D and 3D VRH and to polaronic behavior in different temperatures intervals.

For x � 0.20 the data are most consistent with Eq. (2) con-
sidering d = 2 (2D behavior) while for x � 0.30 the best fit is
obtained for d = 3 (3D behavior).

Measurements of thermoelectric power versus temperature,
α(T ), are shown in Fig. 7 for these samples 0 � x � 0.40. As it
can be seen the Seebeck coefficient (α) is in all cases positive,
indicating that the charge carriers are holes; and as x increases
its value decreases, indicating that the number of charge carri-
ers is increasing. It is interesting to note that in the case of the
x = 0 sample, where all the cobalt ions are expected to have
a formal valence of 3+, the Seebeck coefficient is much lower
than expected, as compared with the very high values found in
the corresponding 3D perovskite LaCoO3 [12].

As for the temperature dependence of the Seebeck coeffi-
cient of these samples, the plateau that appears for T > 250 K
is a signature of a small-polaron transport regime [23]. Mean-
while, for T < 250 K the Seebeck coefficient data can be fitted
to the following expression [24]:

(3)α = AT 1/(n+1)

that corresponds to a variable range hopping mechanism, with
n = 2 (2D behavior) for x � 0.20 and with n = 1 (3D behavior)
for x > 0.20, see Fig. 7(b).

To study the influence of the magnetic field on the electri-
cal resistivity of these materials, we measured ρ(T ) under a
constant field of 40 kOe. As can be seen in a typical example
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in Fig. 8, at low temperatures the magnetic field reduces the
samples’ resistivity, and the effect becomes more pronounced
as the temperature decreases. For this reason, we measured the
magnetoresistance of these samples at the lowest possible tem-
perature, with the limitation imposed by the high resistivity of
these samples at low temperatures. For example, in the low-
doped sample x = 0.1, MR could only be measured above 55 K.
The obtained MR values [MR defined as (ρ(H) − ρ(0))/ρ(0)]
are shown graphically in Figs. 9(a) and (b). As it can be seen,
the highest values of MR are obtained for x = 0.20 for which
MRmax = −25% at T = 15 K and MR = −14% at T = 25 K
under an Hmax = 50 KOe.

Fig. 8. Temperature dependence of the electrical resistance of the x = 0.30
sample in the absence of a magnetic field and under a field of 40 kOe
(5 � T (K) � 35). Inset: MR versus temperature under a field of 40 kOe in
this same interval.

Fig. 9. Field dependence of the electrical resistivity of the La1−xSr1+xCoO4
samples: (a) x = 0.20, measured at 15 and 25 K. (b) x = 0.30, measured at 5
and 10 K.
4. Discussion

The magnetic and transport properties of the La1−xSr1+x-
CoO4 compounds are rather complex.

Starting by the sample with nominal composition LaSrCoO4
(x = 0), that in principle should be a Co3+ compound, its mag-
netic and electrical behaviors are rather surprising.

In this context, in view of the obtained magnetic results
one would think that LaSrCoO4 shows a spin-glass-like behav-
ior, as other authors have already noted [17]. But one has to
be very careful with the obtained results and their interpreta-
tion as some features, of both the DC and AC susceptibility
curves, show clear analogies with those typical for low-doped
La1−xSrxCoO3 perovskite [15,25]. In fact, comparison with
previous results leads us to identify the features marked in Fig. 2
as Tc (3D) at T ∼ 250 K and Tg (3D) at T ∼ 60 K with the
Curie temperature and glass-freezing temperature of the minor-
ity low-doped La1−xSrxCoO3 perovskite phases [15].

We therefore assume that the sample with x = 0 and nomi-
nal composition LaSrCoO4 is a mixture of a majority layered
phases La1−xSr1+xCoO4 with x > 0 (and therefore 3+ and
4+ mixed-valence in the cobalt ions) and a minority phase
La1−xSrxCoO3. This assumption is also supported by the fact
that even if that impurity is not detected by means of powder
X-ray diffraction, transmission electron microscopy reveals the
presence of small intergrowths of a perovskite phase [21].

The results of the thermoelectric power of this sample of
nominal composition x = 0 corroborate this picture: as already
pointed out the Seebeck coefficient of this material is much
lower than expected for a purely trivalent Co compound, result
that reveals that the starting layered compound is in fact already
doped with a certain number of holes, so that the compound
nominal composition and the real composition are different.

Now, focusing in the magnetic signals coming from the lay-
ered phase we assign the shoulder seen in the AC curves around
∼150 K to the ferromagnetic coupling in the 2D compound
[Tc (2D)], while we attribute the maximum at ∼125 K to a
blocking process [TB (2D)]. This features become more evident
as x increases and as the samples evolve towards a “cluster-
glass” behavior.

The evolution of the Weiss constant with x corroborates the
increase in the strength of the ferromagnetic interactions as x

gets higher.
On the other hand, the estimated effective magnetic moment

per cobalt ion (Table 1) suggest an intermediate spin state con-
figuration of the Co3+ ions in these bidimensional compounds
(IS: t5 e1). Such configuration could be stabilized by the axially-
elongated octahedral environment of the Co ions [17], revealed
by the X-ray diffraction data. This feature has also been ob-
served in other transition metal oxides such as in Sr–Ru–O sys-
tem, where the dimensionality of structure influences the spin
configuration of the transition metal ions [26].

From the electrical point of view, even if the resistivity of
these materials decreases upon doping, the metallic behavior
is not achieved even in the highest-doped sample at difference
with the corresponding 3D compounds. Another remarkable re-
sult is the crossover behavior observed as a function of x for
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T < 250 K: while both the resistivity and Seebeck data show
a 2D VRH behavior in the x � 0.20 compounds they both
do show a 3D VRH behavior in the x > 0.20 samples. This
crossover between 2D and 3D VRH has been described in the
literature for different compounds, for example high Tc super-
conducting materials [27,28]; or Ge–As alloys [29] in which a
strong magnetic field can also provoke this crossover. It should
be pointed out that this crossover is only electronic and does not
affect the dimensionality of the crystal structure.

If we now analyse globally the results for these Sr-doped
layered compounds and how they evolve with x, and compare
them with the 3D analogues La1−xSrxCoO3 [13], we find clear
analogies between the magnetic and transport properties of the
two.

As mentioned before, in that extensively studied La1−xSrx-
CoO3 system it has been proposed [13] that upon doping the
material segregates into two distinguishable electronic states
that coexist within the same crystallographic matrix: hole-rich,
metallic ferromagnetic regions where the cobalt ions are in the
intermediate-spin configuration, and a hole-poor matrix simi-
lar to LaCoO3 which experiences a thermally induced low spin
to high spin transition. According to that model [13], corrob-
orated in later investigations [15,25], for low Sr2+-doping, the
hole-rich regions are isolated from one another, show super-
paramagnetic behavior below a Tc ≈ 240 K that changes very
little with x, and the samples show semiconducting behavior.
Long-range magnetic order via frustrated intercluster interac-
tions occurs below a superparamagnetic freezing temperature
TB that increases with x. A magnetic percolation threshold is
reached at xm ∼ 0.20, and for xm < x � 0.50, the ferromagnetic
hole-rich regions couple ferromagnetically to give bulk ferro-
magnetism below Tc. However, the electrical conduction in the
ferromagnetic regions is modulated by the matrix, which has a
spin state that varies with temperature, and that gives rise to a
reentrant semiconducting behavior for 0.20 � x � 0.30. Metal-
lic behavior is found once the electrical percolation thresh-
old xc, (xc ∼ 0.30) is achieved, but the presence of the hole-
poor matrix interpenetrating the metallic ferromagnetic regions
persists and gives rise to peculiar magnetic behavior.

In view of the similarities we propose that in general the
above model can also be extended to La1−xSr1+xCoO4 materi-
als (0 � x � 0.40), taking into account the role played by the
different dimensionality of the two crystal structures.

Of course, to do so, one has to take into account that the
lower dimensionality of the crystal structure will influence and
introduce differences in the spin state of the Co ions, the char-
acteristics of the hole-poor and hole-rich regions as well as the
magnetic and electrical connection between them. In this con-
text the axially-elongated octahedral environment of the cobalt
ions in the 2D K2NiF4 structure stabilizes an intermediate spin
configuration in Co3+ ions, in the whole temperature interval
studied, as difference with the thermal activated spin transition
that occurs in the case of the 3D compounds.

On the other hand, it should be remember that the structure
of both these K2NiF4-phases and the perovskite compounds,
that is based on corner-shared [CoO6] octahedra, that in the case
of the 2D phase are just linked to other four [CoO6] octahedral
within the a–b plane, while they are linked to six in the three
space directions in the case of the 3D perovskites.

As a consequence and as the Curie temperature depends on
the number of nearest neighbors [30]:

(4)Tc ≈ 2zS(S + 1)J/3kB

where z = number of nearest neighbors, S = total spin angular
momentum, J = exchange integral and kB = Boltzmann con-
stant).

Tc turns to be lower (and the ferromagnetic interactions
weaker) in the layered compounds as compared to the cor-
responding 3D perovskites: Tc (2D) ∼ 150 K vs Tc (3D) ∼
240 K.

In addition, the bandwidth w ≈ 2zb [31], that also depends
on the number of neighbours z will be narrower in the case of
the 2D compounds and will hinder stabilization of ferromag-
netic interactions via double-exchange.

As a result, the 2D compounds show lower Tc , lower mag-
netization and lower conductivity than the corresponding 3D
compounds.

These factors also explain why, contrary to the case of 3D
samples, magnetic percolation has not been reached in these
layered compounds that still show a cluster-glass-like behavior;
and why they are also below the electrical percolation threshold
and still show semiconducting properties.

The magnetoresistive effects of these 2D compounds can
also be explained invoking this electronic phase segregation
scenario. These samples display magnetoresistance effects at
low temperatures, T < 40 K, where the ZFC and FC curves
show a large split and where the samples exhibit a spin-glass or
cluster-glass type of behavior by blocking of the ferromagnetic
clusters. At low temperatures and at zero field the FM clus-
ters are randomly aligned but, as the magnetic field increases
the FM clusters tend to increase their size and align themselves
with the field to minimize magnetic energy. In this situation
the hopping probability of the charge carriers increases, the
scattering of the electrons at the boundaries between the ferro-
magnetic regions gets reduced and negative magnetoresistance
is observed.

In this context, similar MR effects have been found in other
spin-glass materials, for example (La1−xSrxCoO3 (x < 0.20)

[32], Gd1−xSrxCoO3 (x � 0.30) [8], Sr3Fe1.5Co0.5O6.67 [33],
SrRu1−xFexO3 [34], where the observed MR (high at low
temperatures) is due to their glassy magnetic behavior. Re-
cently, to explain the origin of the MR in the La1−xSrxCoO3
(x < 0.2) [35] it was argued that these systems are natural
analogues of artificial structures consisting of nanoscale ferro-
magnetic particles embedded in a metallic or insulating matrix.
La1−xSr1+xCoO4 compounds can be classified into this new
kind of MR materials.

In addition for the doping level x = 0.20, that shows the
highest magnetoresistance effect, there is another factor that
can be contributing to the observed behavior: the compound
with this composition is close to a crossover between 2D and
3D VRH. In this situation the magnetic field could be affecting
the dimensionality of the sample’s conductivity and changing it
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from 2D to 3D. This is turn would lead to a more pronounced
decrease of the resistivity and to the highest MR.

Finally, and although the MR effects found in these layered
compounds are smaller than in the case of the corresponding
3D perovskites [32], it is worth noting that these values are rel-
atively very high for a 2D phase. Note, for example, that the
n = 1 La1−xSr1+xMnO4 layered manganites do not show any
MR [36].

5. Conclusions

We have studied the magnetic and transport properties of the
La1−xSr1+xCoO4 (0 � x � 0.40) bidimensional compounds
and compared them with the corresponding 3D perovskites.

From the magnetic point of view, these materials evolve
towards an anomalous “cluster-glass”-like behavior as x in-
creases. The onset of the ferromagnetic order in the layered
phases is seen to occur at around 150 K, followed by a blocking
process around 125 K. The layered nature of these compounds
prevents the percolation of the FM clusters, contrary to what
happens in the 3D La1−xSrxCoO3 perovskites.

Other feature of the dimensionality is that in the layered
compounds the spin configuration for the Co3+ that seems to
be stabilized is the IS configuration (t5 e1).

Contrary to the case of the corresponding 3D perovskites,
the layered structure maintains a semiconducting behavior in
the whole compositional interval 0 � x � 0.40, preventing elec-
trical percolation to be achieved, even if the resistivity of the
samples decreases as x increases.

A peculiarity of the electrical behavior of the layered
La1−xSr1+xCoO4 compounds is that they show a crossover
behavior between 2D VRH (for x � 0.2) and 3D VRH (for
x � 0.3 for T < 250 K.

At low temperature these layered phases show rather large
MR: MRmax(x = 0.2) = −24% at T = 15 K under a field of
50 kOe.

As in the case of the 3D perovskites, we explain the
magneto-transport properties of these layered Co-compounds
on the basis of an electronic phase segregation scenario.
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