
Materials Chemistry and Physics 72 (2001) 281–285

Chemical control of colossal magnetoresistance in manganites

Chih-Hung Shena, Ru-Shi Liua,∗, Ravi Gundakarama, Shu-Fen Hub,
Jauyn Grace Linc, Chao-Yuan Huangc,d,e, Chien-Min Wangf

a Department of Chemistry, National Taiwan University, No. 1 Roosevelt Road, Section 4, Taipei 106, Taiwan
b National Nano Device Laboratories, Hsinchu, Taiwan

c Center for Condensed Matter Sciences, National Taiwan University, Taipei, Taiwan
d Department of Physics, National Taiwan University, Taipei, Taiwan

e Department of Electrical Engineering, National Taiwan University, Taipei, Taiwan
f SYNergy ScienTech Corp., Hsinchu, Taiwan

Abstract

The evolution of the structural, electrical and magnetic properties with the isovalent chemical substitution of Ca2+ into the Sr2+ sites in the
new series of two-dimensional La1.2(Sr1.8−xCax)Mn2O7 samples(0 ≤ x ≤ 0.8) and three-dimensional La0.6(Sr0.4−xCax)MnO3 samples
(0 ≤ x ≤ 0.4) has been investigated. The compositional dependence of the structural variation has been found in La0.6(Sr0.4−xCax)MnO3.
The Curie temperatures (TC) decreased from 135 to 102 K and 370 to 270 K forx = 0–0.4 in La1.2(Sr1.8−xCax)Mn2O7 and La0.6(Sr0.4−xCax)

MnO3, respectively. Our results confirm that the dimensionality as well as ionic size plays an important role in controlling the colossal
magnetoresistance in manganites. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Since the discovery of high-temperature superconduc-
tivity in perovskite copper oxides, there has been revived
interest in mixed valence transition metal oxides. The
ABO3-type manganites Rn+1MnnO3n+1 (R = rare earth
and n = ∞), exhibit colossal magnetoresistance (CMR)
in a relatively small temperature range around the Curie
temperature (TC) [1]. CMR is the large decrease in resis-
tance under an applied magnetic field, concomitant with a
paramagnetic insulator-like phase at high temperature and
a ferromagnetic metallic phase at low temperature. Suitable
substitution of A2+ ions for R3+ ions results in Mn3+/Mn4+
mixed valence, and hence the strong coupling between the
magnetic ordering and the electrical conductivity leading
to a strong relationship between the electrical resistivity
and the spin alignment, which has been explained by the
double-exchange mechanism [2]. This mechanism describes
the transfer of an electron between the Mn3+ and Mn4+
ions. The electrons in theeg orbitals of Mn3+ (t2g

3eg
1) ions

are the charge carriers that move in a background of Mn4+
(t2g

3) ions. The alignment of the Mn4+ localized spins fa-
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vors the delocalization of theeg electrons and reduces the
total energy of the system.

In the Ruddlesden–Popper (RP) Lan−nx(Sr, Ca)1+nxMnn-
O3n+1 system, the dimensionality can be varied by increas-
ing the number of perovskite layers and by controlling the
arrangement of MnO6 octahedra. Many interesting studies
have been carried out on the manganites of the series
Lan−nxSr1+nxMnnO3n+1 with x = 0.4 and n = 2.
La1.2Sr1.8Mn2O7 is a conducting ferromagnet with aTC
of 130 K and with a high MR value; this composition is a
paramagnetic insulator aboveTC [3,4]. Thec = 2 member
of the RP series exhibits conducting ferromagnetic behavior
with a MR ratio([ρ(0) − ρ(H)/ρ(0)]) higher than that of
then = 3 and∞ members, whereρ(0) is the resistivity in
zero field andρ(H) is the resistivity under a field of 1.5 T
[1]. This implies that a lower dimensionality is more favor-
able for CMR. However, the properties of the solid solution
of Sr2+ and Ca2+ in La1.2(Sr1.8−xCax)Mn2O7 have not
been systematically studied.

In the n = ∞ compounds, the gradual replacement of
Ca2+ by Sr2+ in La0.75(Ca0.25−xSrx)MnO3 results in an
increase ofTC from ∼225 K (x = 0) to ∼340 K (x =
0.25) [5]. The phase transformation from orthorhombic to
rhombohedral has been observed in the La0.75(Ca0.25−xSrx)-
MnO3 system with fixed Mn valence, which is difficult to
explain as the effect of increasing the Mn valence. There-
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fore, a detailed study on the phase transformation is very
informative.

In this paper, we report the evolution of the structural,
electrical and magnetic properties of La1.2(Sr1.8−xCax)

Mn2O7 (0 ≤ x ≤ 0.8) possessing the layered structure, and
La0.6(Sr0.4−xCax)MnO3 (0 ≤ x ≤ 0.4) with the 3D struc-
ture, wherein isovalent chemical substitution of Ca into the
Sr sites has been carried out.

2. Experimental

High purity powders of La2O3, SrCO3, CaCO3 and
MnO2 were weighed in appropriate proportions to obtain
the nominal compositions of La1.2(Sr1.8−xCax)Mn2O7
(0 ≤ x ≤ 0.8) [6] and La0.6(Sr0.4−xCax)MnO3 (0 ≤ x ≤
0.4). The former were calcined in air for 24 h at 1200◦C
and the latter for 24 h at 900◦C. Then, the samples were
sintered in air at 1400–1500◦C for 72 h with an interme-
diate grinding after every 24 h. X-ray powder diffraction
(XRD) measurements were carried out with a SCINTAG
(X1) diffractometer (Cu K� radiation,λ = 1.5406 Å) at
40 kV and 30 mA. The program GSAS [7] was used for
the Rietveld refinement in order to obtain the structural pa-
rameters. High-resolution transmission electron microscopy
(HRTEM) was carried out using a JEOL 4000EX electron
microscope operating at 400 kV. Magnetization data were
collected on a superconducting quantum interference device
(SQUID) magnetometer (quantum design).

3. Results and discussion

In Fig. 1, we show the XRD patterns of the series
La1.2(Sr1.8−xCax)Mn2O7 (0 ≤ x ≤ 0.8). All of the samples

Fig. 1. Powder XRD patterns of the La1.2(Sr1.8−xCax)Mn2O7 samples.

are of single phase. The samples can be indexed to the
Sr3Ti2O7-type structure with a tetragonal unit cell (space
group: I4/mmm). Based on our XRD refinements, both lat-
tice constants (a andc) and cell volume (V) decrease as the
Ca content increases. The structural changes are simply due
to a manifestation of the size effect between Ca2+ (1.18 Å
for CN (coordination number) = 9) and Sr2+ (1.31 Å for
CN = 9) [4]. The bottom left portion of Fig. 2 shows the
crystal structure of La1.2(Sr1.4Ca0.4)Mn2O7 which con-
sists of double perovskite layers, each layer consisting of
a two-dimensional network of MnO6 octahedra. The unit
cell is shown with a solid line and the arrangement of
MnO6 octahedra is shaded. This model is also supported
by HRTEM observations. Fig. 2 shows the HRTEM image
with the incident electron beam along the [1 1 0] direc-
tion. The corresponding selected area electron diffraction
pattern is shown in the top left. The lattice image clearly
shows layers with uniform spacing of about 10 Å, which
corresponds to nearly half thec-axis unit length. There
are no stacking faults as can be observed from this image,
indicating a high homogeneity in this compound. The elec-
tron diffraction pattern can be indexed with respect to the
h + k + l = 2n reciprocal lattice sections of the tetragonal
cell with a = b ∼ 3.9 Å andc ∼ 20 Å.

The powder XRD patterns of the La0.6(Sr0.4−xCax)MnO3
(0 ≤ x ≤ 0.4) samples are shown in Fig. 3(a). All the
samples of this series are of single phase. For the samples
with x = 0 and 0.4, all the peaks in each pattern can be
indexed with a rhombohedral unit cell (space group:R-3c)
and orthorhombic (space group:Pbnm), respectively. As
x increases to 0.3, some reflections merge together, which
indicates that in the regionx < 0.3, the structure is rhombo-
hedral and forx ≥ 0.3, the structure becomes orthorhombic.
An increase in the Ca content in La0.6(Sr0.4−xCax)MnO3
leads to an increase in the distortion of the MnO6 octa-
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Fig. 2. HRTEM image along thec-axis for La1.2(Sr1.4Ca0.4)Mn2O7. The top left portion shows the electron diffraction pattern along [1 1 0] of the
tetragonal cell.

Fig. 3. (a) XRD patterns of the series La0.6(Sr0.4−xCax)MnO3. (b)
Basic perovskite cell parameters (ap and bp) as a function ofx in
La0.6(Sr0.4−xCax)MnO3.

hedra. The basic perovskite lattice constants (ap andbp) also
decrease asx increases (as shown in Fig. 3(b)).

The crystal structure and the results of HRTEM
of La0.6(Sr0.4−xCax)MnO3 are shown in Fig. 4. The
HRTEM lattice image along [1 1 1] zone-axis direction of
La0.6(Sr0.4−xCax)MnO3 (x = 0.1) is shown in Fig. 4(a).
The inset of Fig. 4(a) shows the structural model along
[1 1 1] of the rhombohedral cell (space group:R-3c) of
La0.6(Sr0.4−xCax)MnO3. The corresponding lattice im-
age is in agreement with the model. Fig. 4(b) shows the
HRTEM lattice image along the [0 1 0] zone-axis direc-
tion of La0.6(Sr0.4−xCax)MnO3 (x = 0.3). The structural
model along [0 1 0] of the orthorhombic cell (space group:
Pbnm) is shown in the inset of Fig. 4(b). The perfect order
along thec-axis is confirmed by the HRTEM image. No
superstructures were found in the La0.6(Sr0.4−xCax)MnO3
(0 ≤ x ≤ 0.4) series samples.

The temperature dependence of the magnetization in an
applied field of 0.1 T for La1.2(Sr1.8−xCax)Mn2O7 (0 ≤ x ≤
0.8) and La0.6(Sr0.4−xCax)MnO3 (0 ≤ x ≤ 0.4) is shown in
Fig. 5(a) and (b), respectively. A systematic analysis of the
phase diagram of the transition temperature (TC) versus the
concentration of Ca2+ for La1.2(Sr1.8−xCax)Mn2O7 indi-
cates that theTC decreases from 135 to 71 K forx = 0–0.8.
For the series La0.6(Sr0.4−xCax)MnO3, paramagnetic to
ferromagnetic transitions are observed in the temperature
range of 250–350 K, as can be seen from Fig. 5(b). A
decrease in theTC’s from a value greater than 350 K for
x = 0 to 270 K forx = 0.4 has been observed. These re-
sults lead to the understanding that theTC is very sensitive
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Fig. 4. HRTEM lattice images taken along the (a) [0 0 1] zone-axis
directions of the La0.6(Sr0.4−xCax)MnO3 sample with x = 0.1. The
corresponding rhombohedral structure is shown in the inset of (a).
(b) [0 1 0] zone-axis directions of the La0.6(Sr0.4−xCax)MnO3 sample
with x = 0.3. The corresponding orthorhombic is shown in the inset
of (b).

to chemical pressure (i.e., structural distortions induced by
changing the average radius of the cations). This suggests
that the smaller Ca2+ ions substituting into the bigger Sr2+
sites leads to a decrease inTC. Based on the model of
double exchange, a lowerTC corresponds to a poor overlap
between Mn 3d and O2p orbitals resulting in a reduced
bandwidth (W) [8,9]. With increasing Ca content, there is a
decrease in the overlap between Mn 3dz

2 and O2pz which
may result in a decrease inTC’s. Therefore, the structural
transformation of the La0.6(Sr0.4−xCax)MnO3 composi-
tions from rhombohedral to orthorhombic by chemical
substitution of isovalent Ca2+ for Sr2+ causes a decrease in

Fig. 5. Temperature dependence of magnetization at a magnetic field
of 0.1 T for the series: (a) La1.2(Sr1.8−xCax)Mn2O7 (x = 0–0.8); (b)
La0.6(Sr0.4−xCax)MnO3 (x = 0–0.4).

TC due to poor hybridization between Mn 3dz
2 and O2pz

in the orthorhombic cell. The results are consistent with
the series La0.6(Sr0.4−xCax)MnO3 with x ≥ 0.3 exhibiting
a distorted MnO6 octahedral structure which indicates that
the Jahn–Teller distortion occurs along thec-axis in these

Fig. 6. Variation of TC of (Ln, A)MnO3 as a function of the ave-
rage radius〈rA 〉 of the Ln/A (Ln = La or Y; A = Ca, Sr or Ba)
cations.
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compounds. Such an effect would lead to a decrease in the
spatial overlap of the Mn 3dz2 and O2pz orbital.

In Fig. 6, we show theTC’s of (Ln, A)MnO3 as a func-
tion of the average radius (assuming ninefold coordination)
of the Ln/A (Ln = La or Y; A = Ca, Sr or Ba) cations,
〈rA〉 = [(1−x)rLn +xrA]. The data in this figure include re-
sults from our study on the series La0.6(Sr0.4−xCax)MnO3,
as also those from earlier studies [5,9,10]. An increase in
〈rA〉 gives rise to an increase inTC. Therefore, the isovalent
chemical substitution of the smaller Ca2+ ions into the big-
ger Sr2+ sites in the series Lan−nx(Sr, Ca)1+nxMnnO3n+1
causes the decrease of theTC’s.

4. Conclusion

In conclusion, an investigation of the new series of
two-dimensional La1.2(Sr1.8−xCax)Mn2O7 (0 ≤ x ≤ 0.8)
and three-dimensional La0.6(Sr0.4−xCax)MnO3 (0 ≤ x ≤
0.4) manganites has allowed us to establish the relationship
between the ionic size andTC. This study has demon-
strated that the size of the interpolated cation by tuning
the concentration between Ca2+ and Sr2+ plays a crucial
role in controlling the magnetotransport properties in the
Lan−nx(Sr, Ca)1+nxMnnO3n+1 compositions.
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