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Abstract
High-quality single crystals of La1.2Sr1.8−yCayMn2O7 (0 � y � 0.2) were
studied by means of electrical resistivity and magnetoresistance measurements.
They exhibit a phase transition to a metallic ferromagnetic state at low
temperature and strongly anisotropic electronic transport properties, which
result from their lamellar structure. The temperature range of the resistivity
measurements is extended up to about 1000 K, which allows us to discriminate
between different theoretical models. In addition, an accurate comparison of
parallel and perpendicular resistivity is carried out in order to reveal the effect of
the two-dimensional magnetic correlations. The effect of disorder achieved by
substitution of Ca2+, of smaller ionic radius, for Sr2+ is also investigated in detail.

1. Introduction

The layered manganites of general formula La2−2x Sr1+2x Mn2O7 with 0.3 � x � 0.5 exhibit
remarkably rich physical properties, that stem from the great intricacy of the orbital, lattice,
charge and spin degrees of freedom [1, 2]. Moritomo et al [1] first unveiled, in La1.2Sr1.8Mn2O7,
a reversible insulator–metal transition and a maximum magnetoresistance (MR) MRmax =
(ρ(0 T) − ρ(7 T))/ρ(7 T) ≈ 199 at T (MRmax ) = 129 K, associated with a paramagnetic–
ferromagnetic transition at TC = 126 K, as well as strongly anisotropic electrical resistivity.
These quasi-2D n = 2 manganites also are, from the point of view of the electronic behaviour,
at the boundary between the perovskites (La, Sr)MnO3 (n → ∞) and the n = 1 variety
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(La, Sr)2MnO4 (K2NiF4 structure). Whereas the former exhibit a metallic character beyond
a certain strontium content, with a finite density of states at the Fermi level n(EF ), the
(La, Sr)2MnO4 manganites possess a gap in the density of states n(E) at EF , rendering
all of them insulating. The La1.2Sr1.8Mn2O7 band structure, recently investigated [3], is
characterized by a vanishingly small spectral weight at EF , making a forecast concerning its
metallic and/or insulating nature delicate. The absence of thermal hysteresis was also observed
in high-pressure resistivity measurements [4]. Furthermore, several studies [5] have shown
that the three different Mn–O distances in this compound vary rapidly but continuously with
temperature near the insulator–metal transition, clearly indicating the second-order character
of the transition. The magnetic phase diagram in the vicinity of the nominal composition
La1.2Sr1.8Mn2O7 is still controversial [6]. Some authors claim that it undergoes a second-
order ferromagnetic transition at TC = 116 K, resulting in a slightly canted uniform phase,
while according to other researchers, ferromagnetic and antiferromagnetic phases could coexist
at this composition. The transport anisotropy results from the structure, consisting of magnetic
Mn bilayers parallel to the ab-plane, separated from each other by a non-magnetic (La, Sr)O
layer. This confers a 2D character to the magnetism leading to relatively low TC -values and to
spin correlations extending well above TC [7], although the ferromagnetic transition is induced
by the small exchange interaction between the adjacent Mn bilayers [8].

In this paper, we present an extensive study of the transport and magnetotransport
properties of high-quality single crystals of La1.2(Sr, Ca)1.8Mn2O7. With respect to previous
similar investigations on La1.2Sr1.8Mn2O7, the temperature range of resistivity measurements
is extended to temperatures up to about 1000 K, which allows us to discriminate between
different theoretical models. In addition, an accurate comparison of parallel and perpendicular
resistivity is carried out in order to reveal the effect of the 2D magnetic correlations. Finally, we
shall consider the effect of disorder achieved by substitution of Ca2+, of smaller ionic radius,
for Sr2+ in detail.

2. Experimental procedure

The growth of La1.2Sr1.8−yCayMn2O7 (0 � y � 0.2) single crystals, by the floating
zone method associated with an image furnace, along with chemical, crystallographic and
microstructural characterizations, were reported in detail elsewhere [9]. Electrical resistivity
measurements were made by the standard four-probe technique using typically 2 × 4 × 8 mm3

oriented single crystals at temperatures varying from 2 to 300 K. 50 µm gold wires were fixed
by means of a slowly drying silver paint. In order to enable the latter to wet the cleaved surface
better, metallic tracks were pre-sputtered (a 100 Å thick Cr one covered by a 1000 Å thick
Au one). A magnetic field varying up to 10 T, supplied by a superconducting coil, allowed
MR measurements, all performed with the current injected parallel to the magnetic field, itself
always applied parallel to the crystallographic direction. High-temperature measurements
were carried out in air from 300 to 1000 K, with the same heating and cooling rates (8 mK s−1)
as those used in the 2–300 K resistivity measurements. The sample was fixed on an alumina
rod and the contacts, attached with Pt paint, underwent a further annealing after deposition.

3. Results and discussion

3.1. High-temperature resistivity of La1.2Sr1.8Mn2O7

Figure 1 shows the temperature dependence of the parallel (current along [110]) and
perpendicular (current along [001]) resistivity of La1.2Sr1.8Mn2O7 from Tim ≈ 128 K up
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Figure 1. High-temperature resistivity of La1.2Sr1.8Mn2O7. The parallel resistivity data fit
to a semiconduction law so well that the resulting non-linear least-squares fit merges with the
measurements.

to 1000 K ∼ 7.7Tim. We also plotted the non-linear least-squares best fits between the
measurements and the theoretical predictions of textbook models. The experimental data for
the parallel resistivity fit very well the classical semiconduction law, ρ = ρ0 exp(−Eact/kB T )

in the 165–1000 K temperature domain, with ρ0 ≈ 2 × 10−5 � m and Eact/kB ≈ 937.2 K ∼
1.07h̄ω0/kB (ω0 being the most energetic optical phonon frequency [10]). In contrast, the
polaron and variable-range hopping models satisfactorily fit the data only in a restricted
temperature range (�300 K). In the same 165–1000 K range, the semiconduction and adiabatic
polaron hopping models do not fit the perpendicular resistivity data even reasonably well. On
restricting the temperature range to 400–1000 K, a reasonable fit to the classical semiconduction
law with ρ0 ≈ 7.3×10−4 � m and Eact/kB ≈ 961.3 K is obtained, but this law clearly departs
from experimental data at lower temperature. This difference in temperature dependence
between the perpendicular and parallel resistivity clearly shows the effect of the non-magnetic
(La, Sr)O barriers.

The anisotropy ratio, ρ[001]/ρ[110], for La1.2Sr1.8Mn2O7 varies from ≈54 at room
temperature to ≈214 at ≈120 K (figure 2). This large increase is probably due to there
being stronger spin correlations in the ab-plane than along the c-direction with lowering
temperature. At temperatures higher than ∼425 K, this ratio becomes nearly constant, in
agreement with the observed mean-field magnetic behaviour in all directions [8], which reflects
the absence of significant spin correlations in this temperature range. On the other hand, once
the magnetic moments are all almost perfectly aligned in all directions well below the Curie
temperature, the ρ[001]/ρ[110] ratio again reaches a constant value of ≈60. Interestingly, in
La1.2Sr1.6Ca0.2Mn2O7, the remarkable result is a strong reduction in resistivity anisotropy at
low temperatures, with ρ[001]/ρ[110] ≈ 4.

At 300 K, that is ∼2.8TC , there remains a MR(8 T) of ≈ 0.2 for all compositions and
in all directions. This effect, of much lower magnitude than that exhibited by perovskites,
whose Curie point lies near room temperature, is probably related to the existence of weak
quasi-two-dimensional magnetic fluctuations at ambient temperature. The latter appear, for
instance, at about 420 K for La1.2Sr1.8Mn2O7 [8].
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Figure 2. Resistivity anisotropy ratio, ρ[001]/ρ[110], of La1.2Sr1.8Mn2O7 and
La1.2Sr1.6Ca0.2Mn2O7, as a function of temperature.

3.2. Resistivity and magnetoresistance in the vicinity of the insulator–metal transition

The insulator–metal transition of La1.2Sr1.8Mn2O7 occurs reversibly at Tim ≈ 128 K ∼
θD/2 [11], higher than TC ≈ 108 K [8]. If we rely exclusively on the resistivity slope sign
criterion, the eg electron delocalization happens along the c-axis for all compounds (figure 3),
consistently with the three-dimensional nature of the ferromagnetic ordering. However,
the conclusion is completely different when using the Ioffe–Regel criterion for metallicity,
ρ < 2πhc/(4e2) ≈ 8 × 10−3 � cm, which expresses the fact that the mean free path exceeds
the distance between two neighbouring atoms. In the present case, this inequality is fulfilled,
and thus the metallicity established, only within the perovskite blocks of La1.2Sr1.8Mn2O7

and at low temperatures. This is probably related to the fact that the ferromagnetic couplings
within the perovskite slabs are two orders of magnitude higher than those between the bilayered
blocks [12]. Indeed, in the double-exchange model, the ferromagnetic coupling between two
Mn cations is proportional to the transfer integral of the eg electron between these cations
and, thus, it is not surprising that the parallel resistivity is also about two orders of magnitude
smaller than the perpendicular one.

Ca doping reduces Tim to ≈104 K for La1.2Sr1.6Ca0.2Mn2O7 and clearly shifts the
resistivity towards higher values, as shown in figure 3. The values of the resistivity at the
insulator–metal transition temperature remain much higher than those of perovskites with
similar hole concentration [13]. The abrupt drop in resistivity just below Tim (figure 3) does
not fit conventional models (neither ∝T 2 nor ∝T exp(T/θD) functional forms). Even in
the range of smoother variation ∼50–75 K, fits to a ρ0 + aT α type of law yield unexpected
exponents α > 6 for all compositions and in all directions. In any case, figure 4 strongly
suggests that the insulator–metal transition takes place when the magnetic correlation length
starts to diverge, which means that the delocalization of the eg electron occurs when the spins
of Mn neighbours in perovskite bilayered blocks become almost parallel. The strong 2D
spin correlations in La1.2Sr1.8Mn2O7 explain why the temperature of maximum resistivity is
significantly larger than the Curie temperature for this manganite, whereas these temperatures
are close together for 3D perovskite materials.
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(a) (b)

Figure 3. Perpendicular (a) and parallel (b) resistivity of La1.2Sr1.8Mn2O7 and
La1.2Sr1.6Ca0.2Mn2O7 single crystals, as a function of temperature under various applied magnetic
fields.

Figure 4. The transport–magnetism correlation in La1.2Sr1.8Mn2O7. The magnetic susceptibility
measured under 1.48 mT is taken from [8].

High-field MR values produced at the insulator–metal transition are indeed present in
the MRmax = ((ρ(0) − ρ(µ0 H ))/ρ(µ0 H ))max versus TC curve drawn for polycrystalline
manganese perovskites by Khazeni et al [14] (MRmax[110](8 T) ≈ 500 for La1.2Sr1.8Mn2O7

and MRmax[110](8 T) ≈ 60 for La1.2Sr1.6Ca0.2Mn2O7), but a comparison with data provided
by studies carried out on single crystals modifies this picture. If we extrapolate, at low
temperatures, the performances of the manganese perovskites, whose TCs are in the room
temperature range, then it appears that La1.2Sr1.8Mn2O7 exhibits somewhat higher MR
values [15]. A closer examination of this maximum MR leads to an interesting observation.
This latter, for La1.2Sr1.8Mn2O7 and in all directions, is located right in the two-dimensional
critical magnetic fluctuations regime (around 121 K > Td ≈ 117 K, Td standing for the
lattice crossover temperature [8]), indicating that the dimensionality of the critical fluctuations
influence the high-field MR to some extent. That such a maximum occurs in this temperature
range agrees well with their lower relative thermodynamic stability. Several authors [16] have
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explained why lower Tim yield higher maximum values of MR. But what our measurements
on single crystals reveal is much deeper than a simple effect on Tim . In figure 3, we can
note that for La1.2Sr1.8Mn2O7 (La1.2Sr1.6Ca0.2Mn2O7), the resistivity drops by an order of
magnitude going from 2 (1) below the insulator–metal transition along the [110] direction to
3 (3) in the direction perpendicular to the double-perovskite slabs (reflecting the way in which
transport anisotropy evolves in this temperature domain (figure 2)). MR ratios obtained in this
direction are consequently higher than those along [110], and hence than those of their single-
crystalline three-dimensional homologues with identical TC s (MRmax[001](8 T) ≈ 1150 for
La1.2Sr1.8Mn2O7 and MRmax[001](8 T) ≈ 1260 for La1.2Sr1.6Ca0.2Mn2O7). The non-magnetic
insulating (La, Sr, Ca)O barrier does indeed make a contribution to the magnetoresistive effect.
In passing, note also that this feature, for T < Tim , was not identified for powder specimens of
similar compositions [17], because of the extrinsic complexity that their microstructure causes.

3.3. Low-temperature resistivity

At low temperatures, the resistivities measured without an applied field along [110] and [001]
exhibit the same insulating behaviour, diverging logarithmically over a wide temperature
range, typically 7–30 K (figure 5). In this temperature range, the transport anisotropy remains
constant; this suggests a common charge transport mechanism within the bilayers and along the
perpendicular direction, and not a two-dimensional weak localization. None of the resistivity
experimental data below Tmin could be fitted to a thermal activation law or the variable-
range hopping model nor any power law. The best fit is achieved to a logarithmic function
ρ = a + b ln T , and this is somewhat puzzling. Indeed, the resistivities are likely to be
too high to account for the weak localization. In particular, Ca-doped compounds possess
a resistivity higher than that of La1.2Sr1.8Mn2O7 by two to four orders of magnitude, so one
would rather expect a Mott law (Anderson insulator) to account for the resistivity increase at
low temperatures. Such low-temperature resistivity increases have already been observed in
transition metal oxides with perovskite structure such as LaNiO3 and La0.6Sr0.4CoO3 [18] and
(La, Ca)MnO3 [19], and are generally associated with weak-localization effects or electronic
correlations [20]. However, in the particular cases of (La, Ca)MnO3 [19], (La, Sr)MnO3 and
Pr0.7Sr0.3MnO3 manganites [15], this low-temperature divergence does not occur in metallic
single crystals and, so, one can rightly invoke some extrinsic origin due to microstructure.

Figure 5 suggests that in La1.2Sr1.8Mn2O7, the magnetic field affects only the constant a.
According to Matthiessen’s law, a consists of the sum of a residual resistivity (due to defects)
and a magnetic one. Consequently, we are dealing with a classical MR that goes to zero
with temperature. On the other hand, in La1.2Sr1.6Ca0.2Mn2O7, it seems that the magnetic
field influences both a and b, and so there would be some quantum corrections to the
resistivity, providing the beginnings of an explanation for the higher MR values obtained at low
temperatures (MR[110](2 T) ≈ 0.5 for La1.2Sr1.6Ca0.2Mn2O7 as against MR[110](2 T) ∼ 10−2

for La1.2Sr1.8Mn2O7 at 2 K). This particular MR emerges at low temperature when the relative
contribution of the residual resistivity to the total resistivity prevails over the thermal scattering
ones.

4. Conclusions

The close relations between magnetic and electronic properties in the La1.2Sr1.8−yCayMn2O7

(0 � y � 0.2) system have been given further support through detailed resistivity and MR
measurements. The insulator–metal transition, which is reversible like the ferromagnetic
one [8], occurs in all directions, if we exclusively rely on the resistivity slope sign criterion,
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Figure 5. The logarithmic divergence of the resistivity at low temperatures under various fields for
La1.2Sr1.8Mn2O7 and La1.2Sr1.6Ca0.2Mn2O7, along the c-axis and [110].

consistently with the three-dimensional nature of the ferromagnetic ordering. A further
examination of the resistivity value reveals that metallicity is indeed poor and ‘rigorously’
established within the bilayered perovskite slabs, in agreement with the magnetic coupling
anisotropy [12]. Quasi-two-dimensional correlations could account for the substantial high-
field MR at room temperature as well as for the temperature dependence of the ρ[001]/ρ[110]

anisotropy transport ratio. The non-magnetic (La, Sr, Ca)O barrier was found to increase
the high-field MR values, just below Tim , to above those of La1.2Sr1.8−yCayMn2O7 three-
dimensional homologues. Finally, the intrinsic resistivity divergence at low temperatures and
its field dependence have been specified and found to follow a logarithmic form.
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