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The effect of Dy substitution for La site in layered manganese oxides La1.3−xDyxSr1.7Mn2O7 on the magnetic

and electrical properties has been investigated. With the La3+ substituting by Dy3+, the long range three-dimensional

ferromagnetism transition and the insulator–metal transition disappear. These effects are attributed to the lattice

distortion due to the substitution of the smaller Dy3+. Addtionally, the small Dy3+ is inclined to occupy the R site

which is in the rock-salt layer, then the distribution of La, Sr, Dy ions in Dy-doped sample should be more orderly than

that in La1.3Sr1.7Mn2O7, so there is only one insulator–metal transition in the ρ–T curve of the sample with x = 0.05

and x = 0.1.
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1. Introduction

In the past few years, layered manganites of the
type La2−2xSr1+2xMn2O7 [LSMO(327)] have been the
subject of intensive investigations due to their colos-
sal magnetoresistance (CMR) and a variety of the
fascinating physical properties.[1−3] The structure of
LSMO(327) is considered as the n = 2 member of
the Ruddlesden–Popper series An+1BnO3n+1 in which
two perovskite blocks composed by two-dimensional
layers of BO6 corner-sharing octahedral are separated
by rocksalt AO layers.

As we know, the properties of the layered per-
ovkites Ln2−2xM1+2xMn2O7 are very sensitive to
the lanthanide ions. The La-based perovskites
La2−2xSr1+2xMn2O7 (x = 0.3–0.4) are ferromagnetic
(FM),[4] but the Tb-based or Dy-based layered per-
ovkites are paramagnetic.[5] The Gd-doped layered
manganite (La0.8Gd0.2)1.4Sr1.6Mn2O7 shows the non-
magnetic spin-glass-like state below 30 K.[6] Partly
doping La with Nd and Eu results in the weakening
and disappearing of long-range FM ordering.[7] So the
different ionic sizes of the Ln site and the Ln site dis-
order greatly affect the magnetic properties.

In this report we present the effect of Dy substitu-
tion for La on the magnetic and transport properties
in the La1.3Sr1.7Mn2O7.

2. Experiment

The samples of La1.3xDyxSr1.7Mn2O7 (x = 0,
0.05, 0.1 and 0.2) were prepared by the conven-
tional solid-state reaction method. The oxides La2O3,
SrCO3, MnCO3 and Dy2O3 (with purities higher than
99.9%) were weighed in stoichiometric amount, then
mixed and prefired at 1000 ◦C for 24 h. Then the
powder was ground and sintered in air repeatedly un-
til single-phased samples were obtained. The phase
purity and the crystal structure for these samples
were examined by a Rigaku x-ray diffractometer. The
magnetic measurements were performed by a super-
conducting quantum interface device magnetometer
(Quantum Design, MPMS-7). The resistivity mea-
surements were carried out using the standard four-
point technique. The magnetoresistance (MR) is de-
fined as the following relation:

MR(%) =
ρ(0)− ρ(H)

ρ(0)
× 100
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where ρ(0) and ρ(H) are the resistivities at zero field
and applied field, respectively

3. Results and discussion

Figure 1 shows the x-ray diffraction (XRD) pat-
terns for the La1.3Sr1.7Mn2O7 sample as a representa-
tive pattern. All samples with x in the range of 0–0.2
can be indexed to an Sr3Ti2O7-type tetragonal per-
voskite structure with a space group I4/mmm. The
crystal structure was refined by the Reitveld program,

Fig. 1. The x-ray diffraction patterns of La1.3Sr1.7Mn2O7.

and the fitting results show that the cell parameters of
La1.3−xDyxSr1.7Mn2O7 decrease gradually with La3+

being replaced by smaller Dy3+ which are presented
in Table 1.

Table 1. Lattice parameters and c/a ratio for

La1.3−xDyxSr1.7Mn2O7, (1 Å=0.1 nm).

x a/Å c/Å c/a

0.0 3.8742 20.0819 5.1835

0.05 3.8731 20.0821 5.1850

0.1 3.8693 20.0758 5.1885

0.2 3.8653 20.0708 5.1926

Figure 2 shows the temperature dependence of
magnetization under applied magnetic field of 0.1 T
for La1.3−xDyxSr1.7Mn2O7. For the undoped sample,
a clear increase in magnetization is observed in the
temperature range of 200 K ≤ T ≤ 250 K, which
indicates that the two-dimensional (2D) short-range
FM ordering is formed around the temperature T ∗ ∼
225 K. With further decreasing temperature in the
temperature range 100 K ≤ T ≤ 125 K, the magneti-
zation increases rapidly, forming a three-dimensional
(3D) long-range FM ordering at TC ∼ 120 K. Similar
phenomenon is also observed in Refs. [2], [7] and [8].

Fig. 2. Temperature dependence of the magnetization M in a 0.1-T field for the samples. ZFC and FC present

zero field cooling and field cooling. (a) x = 0, (b) 0.05, (c) 0.1, and (d) 0.2.
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The two transition temperatures are related to
the anisotropic exchange interaction. The higher 2D
transition temperature T ∗ results from the in-plane
exchange interaction, and the lower 3D transition
TC temperature results from the out-plane exchange
interaction.[2,9] When x = 0.05, the magnetic transi-
tion temperatures T ∗ and TC decrease to 200 K and
75 K, respectively. Then, the ZFC and FC curves ex-
hibit a characteristic splitting below 35 K, indicating
the presence of a low temperature spin-glass state as
in ABO3-type perovskites. When x = 0.1, 0.2, there is
no long-range magnetic ordering at low temperatures,
the transition temperature T ∗ decreases to 170 K for
x = 0.1, 100 K for x = 0.2.

Temperature dependence of resistivities and MR
for La1.3−xDyxSr1.7Mn2O7 at 0 T and 5 T are shown
in Fig. 3. We find that the resistivities of the sam-
ples show a peak with x = 0 at 126 K and x = 0.05
at 87 K. It indicates that there is an insulator–metal
(MI) transition in the samples. For x ≥ 0.1, the MI
transition disappears and the resistivities dramatically
increase. At the same time, the applied field greatly
suppresses the resistivities for all samples. An appli-

cation of 5-T field drives an MI transition for x = 0.1,
but the sample of x = 0.2 is still insulating at 5 T.
This is because an applied field can suppress the mag-
netic frustration and the spin scattering of electrons,
so the resistivity reduces and drives an MI transition.
Moreover, the ρ–T curve in 5 T shows two MI transi-
tion temperatures (signed in Fig. 3 with peak A and
peak B) for x = 0. Similar curve was reported by Liu
et al.[10] This is because the La or Sr ion has two kinds
of occupation sites, a 12-coordinate site (P-site) in the
MnO2 bilayer and a 9-coordinate site (R-site) in the
rock-salt layer. The small-sized ion preferentially oc-
cupies the R site, but the radii of La3+ and Sr2+ are
close to each other, so the distribution of La3+ and
Sr2+ at P-site and R-site are disorder, the compound
can exist in two phases. Then the two peaks of ρ–T

curve corresponding two phases. With La3+ replac-
ing by Dy3+, the small Dy3+ is inclined to occupy
the R site, then the distribution of La, Sr, Dy ions in
Dy-doped sample should be more orderly than that in
La1.3Sr1.7Mn2O7, so there is only one peak in the ρ–T

curve of the sample with x = 0.05 and x = 0.1.

Fig. 3. Temperature dependence of resistivities and magnetoresistance for the samples at the field of the 0 T

and 5 T with (a) x = 0, (b) 0.05, (c) 0.1 and (d) 0.2.

For undoped sample, the MR maximum is observed at the peak temperature TMR = 126 K, which agrees well
with the MI transition temperature. The temperature of the MR maximum decreases to 81 K for x = 0.05, and
the MR maximum reaches 79% which is bigger than the undoped sample. But the MR maximum disappeared
over the whole temperature range for x = 0.1, 0.2. The results described above can interpret as substituting
Dy for La decreases the average ionic radius, then results in the lattice distortion, and consequently, electrons
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become more localized, the mobility of electrons is reduced, so the maximum temperatures of MI and MR
gradually disappear.

4. Conclusion

The effect on magnetic and transport properties of La1.3Sr1.7Mn2O7 by substituting La site with Dy has
been investigated. It is found that the Dy substitution for La greatly affects the magnetic and transport
properties of the parent compound La1.3Sr1.7Mn2O7. With increasing Dy doping level, the long range 3D
FM is weakened and gradually disappearing. For the lightly Dy3+-doped samples, the MI transition occurs
accompanying the 3D FM transition and they display the CMR which is the common phenomenon in the
mixed-valent manganese oxides. For the heavily Dy3+-doped samples, the MI transition disappears. These
effects are attributed to the special lattice distortion due to the substitution of the smaller Dy3+.
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