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ABSTRACT

The structural, electrical and magnetoresistance of La0.7Ca0.28Sr0.02MnO3 perovskites
have been investigated. The materials were prepared using co-precipitation method
(COP) at sintering temperature of 1120 oC, 1220 oC and 1320 oC, respectively.
Characterization by X-Ray diffraction showed that they have orthorhombic structure
with Pbnm space group. Insulator metal transition, Tim increased from 261 K to 272 K
with increasing of sintering temperature. Magnetoresistance (MR) measurements were
carried out in the presence of magnetic fields from 0.1 T to 1 T at room temperature. In
the present investigation, the percentage of MR of all the materials are found to increase
with increasing magnetic field. MR values almost increase with increasing sintering
temperature and this trend can be explained by the conduction mechanism due to the
grain growth of materials.
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INTRODUCTION
Perovskite manganites with the form RxA1-xMnO3 (R is the rare-earth ion, A is alkalineearth divalent ion) have attracted considerable attention in recent years because of the
discovery of colossal magnetoresistance effect (CMR) in this materials and their
potential applications in magnetoresistive transduser and sensors [1]. Substitution on
La3+ site by a divalent alkaline earth ions (A2+) results in a mixed valence of
Mn3+/Mn4+, where Mn4+ lacks eg electron and hence the itinerant hole associated with
the Mn4+ ions may hop to Mn3+ but, because of a strong on-site exchange interaction
(Hund’s rule) with the localized Mn electrons, only hoping between sites with localized
parallel spins is favored [2].
Recent studies on these materials revealed that CMR phenomenon is attributed not only
to the double exchange (DE) mechanisme but also to the interactions such as electronphonon coupling, electron-magnon interaction, and the complicated band structure [2,
3]. La0.67Sr0.33MnO3 (LSMO) has high magnetic transition temperature Tc, while
La0.67Ca0.33MnO3 (LCMO) exhibits high magnetoresistance (MR) [3]. In order to have a
CMR material system with both high Tc and high MR, a series of La0.67Ca0.33-xSrxMnO3
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has been investigated [3]. Change et al. also found the raising of sintering temperature
induced the formation of an interfacial phase near the grain boundaries of
La0.67Sr0.33MnO3 and Nd0.67Sr0.33MnO3 [4]. In view of these fact, it is interesting to
study the structural and electrical properties of magnetoresistive La0.7Ca0.28Sr0.02MnO3
(LCSMO) at different sintering temperatures.
EXPERIMENTAL DETAILS
The La0.7Ca0.28Sr0.02MnO3 samples were prepared by using co-precipitation method.
Lanthanum acetate, calcium acetate, strontium acetate and manganese acetate were
weighted and dissolved in glacial acetate acid. 0.5M oxalic acid was added to the
solution in an ice bath until white suspension was obtained. The resulting slurry was
filtered after 5 min of reaction and dried in an oven at 80˚C for 8 hours. The powders
were calcined at 900˚C in air for 12 hours and then cooled to room temperature at
2˚C/min. The samples were examined using X-ray diffraction (XRD) and scanning
electron microscope (SEM). The temperature dependence of resistivity was measured
using the standard DC four probe method. The MR measurements have been done by
measuring the resistance of the samples with magnetic field from 0.1 T to 1 T at room
temperature.
RESULTS AND DISCUSSION
X-ray diffraction patterns of the samples are single perovskite phases with
orthorhombic structure (space group Pbnm) as shown in Figure 1. The grain size
increased with increasing of sintering temperature (Figure 2). The same results have
been reported by Siwach et al. in the series of La0.7Ca0.3MnO3 that synthesized at 500,
600, 900 and 1300 ⁰C [5]. By looking at the SEM images, sample that sintered at 1120
o
C has well separated smaller grains and the grains do not seem to connect tightly.
While for samples sintered at 1220 oC and 1320 oC, well-formed granular crystallites
with larger grain size than sample sintered at 1120 oC can be seen. The effect of grain
size on charge-ordering and phase segregation of Nd0.5A0.5MnO3 (A= Ca & Sr) has
been investigated [6]. The sample with smaller grain size which was sintered at 1173 K
showed greater feromagnetic (FM) interaction at lower temperature due to phase
segregation compared to sample with the largest grain size that sintered at 1673 K [6].
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Figure 1: X-Ray diffraction patterns of La0.7Ca0.28Sr0.02MnO3 prepared at different
sintering temperatures

(a)

(b)

(c)

Figure 2: Scanning electron micrographs of La0.7Ca0.28Sr0.02MnO3 at different sintering
temperatures (a) 1120, (b) 1220 and (c) 1320
Figure 3 shows the temperature dependence of the resistivity for La0.7Ca0.28Sr0.02MnO3
sintered at 1120˚C, 1220˚C and 1320˚C, respectively. The Tim value is found to increase
from 261 K to 271 K with the increased of sintering temperature. In sol-gel prepared
La0.67Ca0.33MnO3 samples, the decreased in grain size creates a non-magnetic surface
layer that has nano crystalline size around the grain [2]. Here, the shifting of Tim
towards higher temperature region can be explained as the enhancement of grain growth
that improved the connectivity between the grains and reduced the existing of the pores
and voids as shown in Table 1.
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Table 1: Grain size, Tim, density and porosity of La0.7Ca0.28Sr0.02MnO3 at different
sintering temperatures
Density (ρexp) Porosity
Sintering
Grain saiz
Tim
(%)
(K)
(g/cm3)
Temperature
(µm)
(˚C)
1120
18
261
4.64
24.8
1220
33
266
5.25
15.0
1320
38
271
5.62
9.0

Figure 3: Resistivity versus temperature curves of La0.7Ca0.28 Sr0.02MnO3 at different
sintering temperatures

Figure 4: Magnetoresistance (%) versus magnetic field (B) of La0.7Ca0.28 Sr0.02MnO3 at
different sintering temperatures
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MR measurements were carried out in the presence of magnetic field from 0.1 T to 1.0
T at room temperature. A typical plot of percentage of MR over magnetic field is shown
in Figure 4. The percentage of MR of all materials are found to increase with increasing
magnetic field. Futhermore, the MR values almost increased with increasing in sintering
temperature and it can be explained by the conduction mechanism due to better grain
growth of the samples.
CONCLUSION
In conclusion, the insulator-metal transition temperature (Tim) shifted to higher
temperature with increasing of sintering temperatures. The MR values are found to
increase with increasing magnetic field and can be explained by the suppression of the
magnetic spins scattering with the application of magnetic field and causing the local
ordering of the magnetic spins. The MR values almost increase with increasing in
sintering temperatures and it may due to the grain growth of the materials. Grain growth
mechanism plays an important role in determining the structural, electrical and
magnetoresistance of magnetoresistive La0.7Ca0.28Sr0.02MnO3.
ACKNOWLEDGEMENTS
This research has been funded by Ministry Of Science, Innovation and Technology
(SciFund 03-02-03- SF 0148) and Ministry of Higher Education of Malaysia under
Fundamental Research grant no. 01090001FRGS.
REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]

C. Xiong, H. Hu, Y.H. Xiong, Z.H. Zhang, H. Pi, X. Wu, L. Li, F. Wei and C.F.
Zheng, J. Alloy Compd. 479 (2009) 357
G. Venkataiah, D.C. Krishna, M. Vithal, S.S. Rao, S.V. Bhat, V. Prasad, S.V.
Subramanyam and P. Venugopal Reddy, Physica B, 357 (2005) 370
G. Lalitha, P. Venugopal Reddy, J. Physica and Chemistry of Solid. 70 (2009)
960
Y.L. Change and C. K. Ong, J. Phys Condens. Matter 16 (2004) 3711
P.K. Siwach, R. Prasad, A. Gaur, H.K. Singh, G.D. Varma and O.N. Srivastava,
J. Alloy Compd. 443 (2007) 26
L. Sudheendra, H.D. Chinh, A.R. Raju, A.K. Raychaudhuri and C.N.R. Rao,
Solid State Comm. 122 (2002) 53

87

