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It has been pointed out that the magnetoresistive properties of the polycrystalline manganites with 
certain chemical compositions differ from those of single crystals of manganites with the same 
composition. We, therefore, prepared manganite ceramics with nominal compositions of 
(Lao.6Sro.4)I-xMn03 (0::; x::; 0.10) based on the prospect that the microstructures of the ceramics are 
modified by the ion-deficient nominal compositions. Perovskite-type phase and Mn30 4 were formed 
and the amount of the latter increased with increase in x. Deviations of chemical compositions of the 
perovskite-phases formed for all samples were within 2 % from the nominal composition x 
dependence of lattice constants. Grains grew remarkably for the samples with 0.02 ::; x ::; 0.06. These 
samples show higher resistivities than the remaining samples and also show stepwise increases in 
negative magnetoresistances when reducing temperature in the vicinity of 360 K, while the remaining 
samples show maximal negative magnetoresistances in the vicinity of 360 K. We present two plausible 
reasons for the properties ofthe samples with 0.02::; x::; 0.06 based on grain boundaries. 
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1. INTRODUCTION 
Since it was reported that the electric resistivity is 

sensitive to magnetic field, especially lower field at 
lower temperature in ceramics of perovskite-type 
manganites [1], the relationship between microstructure 
and magnetoresistive properties has been studied 
extensively for various the perovskite-type manganite 
ceramics [2 - 6]. 

The authors sintered for various time manganite 
ceramics with chemical composition of Lao.6Sr04Mn03 
and found that the ceramic samples were also more 
sensitive to magnetic field when they were sintered for 
shorter time, i.e., they have smaller grain [7, 8). The 
microstructures of ceramics are modified by additives. 
The authors also sintered the above manganite ceramics 
with Si02 as additive. Grains grow with increase in the 
amount of Si02 and increase in magnetoresistance 
around room temperature is achieved [9, 10]. 

It is well known that grains grow remarkably when 
perovskite-type oxides of which chemical compositions 
are A-site ion deficient are sintered. Thus, the authors 
prepared the title manganite ceramic of which nominal 
chemical compositions are A-site ions deficient. They 
also investigated the microstructures of the ceramics and 
the electric and magnetoresistive properties in the 
present study. 

2. EXPERIMENTALS 
The samples were prepared by solid state reaction. 

The starting materials, La20 3 (99.9 %), SrC03 (99.9%) 
and Mn30 4 (99.9%) were weighed with molar ratio of 
(Lao6Sro4 ) : Mn == 1 - x: 1 (0 S x S 0.10). Ignition losses 
of the materials were determined previously. Mixtures of 
the materials were calcined twice at 900 °C in air for 12 
h with an intermediate grinding. The calcined powders 
were pressed into pellets by cold isostatic pressing under 
pressure of 1 GPa. The pellets were sintered at 1500 °C 
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in 0 2 for 2 h and subsequently, annealed at 700 °C in 0 2 

for 12 h. 
Crystalline phases were identified by means ofX-ray 

diffractometer (RINT2500VHF, Rigaku). The lattice 
constants were calcula1ed by a least square method from 
diffraction angles which were -corrected by the angles of 
Si as an internal standard. Microstructures of the 
ceramic samples were observed by SEM. 

The temperature dependence of electric resistivity 
was measured by de four-probe method from 300 K to 
500 K under magnetic field of 0 and 15 kOe. 
Magnetoresistance in this study is defined as the 
reduction rate of the electric resistivity when magnetic 
field is applied. 

3. RESULTS AND DISCUSSIONS 
From X-ray diffraction profiles, rhombohedrally 

distorted perovskite phases were formed in all samples. 
Small amount of La20 3 exists in the sample with x == 0.0 
and Mn30 4 exists in the samples except x = 0.0 sample. 
Therefore, the proper chemical composition deviates 
from the nominal chemical composition and the 
stoichiometric chemical composition is achieved 
between x of 0.0 and 0.02. The amount of Mn30 4 

increases with increase in x. Figure 1 shows the lattice 
constants, which are transformed to those of hexagonal 
cells. The lattice constants of the sample with x = 0.0 are 
a 0.54876(2) nm and c = 1.33519(6) nm, and decrease 
with increase in x from 0.0 to 0.02. They, however, are 
nearly constant with further increase in x. There are 
several reports about A-site ion deficient perovskite-type 
manganites, such as Lao 97Mn0990 3 (Ref. [11], the 
deficiency is 2 %), L8o.93Mno.9s03 ([11], 2 %), 
Lao 91Mn0.950 3 ([12], 4 %), Lao 88Mn03 ([13], 12 %), 
Lao.7Mn03-d ([14], 30 %) and Pro.7-xSro3Mn03 (0 S x S 
0.23) ([15], 0 % ~ 23 %). The nominal composition x 
dependence of the lattice constants for our system 
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indicates that the samples with x :;:: 0.02 are the A-site 
ion deficient perovskite-type manganites and the amount 
of the deficiency is less than 2 % and is not changed 
with increase in x. In other words, the samples with 0.02 
:::: x:::: 0.10 have the same chemical composition. 

Figures 2 show the SEM photographs of the samples. 
Dark phases are dispersed at grain boundaries in the 
samples except the sample with x = 0.0 and the number 
of the phase increases with increase in x. Only 
Manganese is detected in the phases by energy 
dispersive X-ray spectra so that the phase is Mn30 4, 

comparing with XRD profiles. The average grain size is 
3 J.lm for the sample with x = 0.0 and grains grow 
remarkably (14 J.lm) with increase in x from 0.0 to 0.02. 
With further increase in x, the grain size reduces 
gradually, 12 J.lm for x"" 0.04, 11 J.lm for x = 0.06, 6 J.lm 
for x = 0.08 and 4 J.lm for x = 0.1 0. Generally, the grains 
grow remarkably when sintering perovskite-type oxide 
with chemical composition of A-site ion deficiency. 
Thus, the grain growth of the sample with x = 0.02 is 
due to the deficiency, while the reduction of grain size 
with further increase in x may be due to the prevention 
of grain growth by the impurity phase Mn30 4• 

Figure 3 shows the temperature dependence of 
electric resistivity measured under no magnetic field. 
The sample with x = 0.0 has the lowest resistivity among 
all samples. The resistivity increases with increase in x 
to 0.06 and tends to decrease remarkably with further 
increase in x. The sample having larger grain seems to 
have larger resistivity. The temperature dependence of 
the resistivity is positive from 300 K to 360 K and 
negative from 360 K to 500 K for the x = 0.0 sample. On 
the other hand, the samples with 0.02,:::: x:::: 0.10 have 
negative temperature dependences whole temperature 
range. 

Figure 4 shows the temperature dependence of 
magnetoresistance measured under magnetic field of 15 
kOe. All samples have the same magnetoresistances of 
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Figure 1 Nominal chemical composition x 
dependence of lattice constants for 

(L~.6Sro.4)I-xMn03. 

-5.0% at 300 K, but different temperature dependences. 
Negative magnetoresistance is maximal in the vicinity 
of 360 K for the sample with x = 0.0. For the samples 
with 0.02 :S x :::: 0.06, however, the negative 
magnetoresistances increase stepwise in the vicinity 360 
K when reducing temperature. Further, they show 
maximal values again in the vicinity of 360 K for the 
samples with x = 0.08 and 0.10. The samples having 
smaller grains seems to show a peak and those having 

Figure 2 SEM micrographs of surfaces of the samples (a) x = 0.0, (b) x = 0.02, (c) x = 0.04, (d) x = 0.06, (e) x == 0.08 
and (t) x = 0.10. The surfaces were thermally etched. 
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Figure 3 Temperature dependence of electric 
resistivity measured under zero magnetic fields. 

larger grains seems to show a step in the 
magnetoresistance - temperature curves, referring Figs. 
2. 

Remarkable increases in negative magnetoresistance 
are found generally around ferromagnetic Curie 
temperature Tc for single crystalline manganite samples. 
Moreover, the Tc depends on the average valence of 
manganese ions, which is controlled by the amount of 
cationic substitution, like La1.xSrxMn03 [16]. The very 
similar temperatures at which the remarkable increase in 
magnetoresistance are found for the sample with x = 0.0, 
0.08 and 0.10 indicate that the three samples have very 
similar chemical composition. The samples with x = 

0.02, 0.04 and 0.06 also show abnormal stepwise 
changes in magnetoresistance-temperature curves at the 
similar temperature so that they have also very similar 
chemical composition with the former three samples. 
The conclusion is consistent with that derived from the 
nominal chemical composition dependence of lattice 
constants. 

The electric and magnetoresistive properties of the 
samples with x = 0.02, 0.04 and 0.06, however, are 
different from those of the remaining samples, i.e. the 
higher resistivities and the stepwise increase in the 
negative magnetoresistances. Many physical properties 
depend on the average valence of manganese ions, i.e. 
chemical composition for perovskite-type manganites, 
as mentioned briefly above. The chemical compositions 
of all samples in the present study are supposed to agree 
each other within 2 %. Therefore, we cannot conclude 
that the difference in the electric and magnetoresistive 
properties are due to the difference in chemical 
composition. 

We have two plausible reasons for the difference of 
the properties. First, electric insulating films exist, such 
as Mn304 at grain boundaries for the samples in which 

Temperature I K 

Figure 4 Temperature dependence of 
magnetoresistance measured under magnetic field of 
15 kOe for the samples (a) x = 0.0, (b) x = 0.02, (c) x 
= 0.04, (d) x = 0.06, (e) x = 0.08 and (f)x = 0.10. 

grains grow abnormally. They cause the higher electric 
resistivities. Furthermore, form ferromagnetic metal -
insulator - ferromagnetic metal junctions. It has been 
predicted that tunneling magnetoresistance (TMR) 
appears through the junction [17]. Ceramic manganite 
samples sintered at various temperatures have different 
microstructure and show magnetoresistive properties, 
which are explained by the TMR [1, 4]. Therefore, we 
can conclude that the sample having larger grains shows 
higher resistivity and abnormal temperature dependence 
of magnetoresistance. 

Second, the lattices in the vicinity of grain boundaries 
are strained for the samples in which grains grow 
abnormally. Many results have been reported for the 
manganite films deposited on various bicrystals to 
investigate the relationship between grain boundary and 
magnetoresistive properties. Negative magnetoresistance 
through artificial grain boundary increases stepwise 
around Tc when reducing temperature in the reports, as 
our samples with x = 0.02, 0.04 and 0.06. Layers in the 
vicinity of grain boundaries are supposed to have lower 
Tc and lower magnetization than the grain due to 
structurally disorder [18]. The difference in 
magnetization form potential barrier, as pointed out by 
Furukawa [19] and tunneling of carrier through the 
barrier is analyzed to causes magnetoresistance at grain 
boundary [18]. The layers in the vicinity of grain 
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boundaries distort structurally more in the ceramic 
sample having larger grain. Thus, we also conclude that 
the sample having larger grains show higher resistivity 
and abnormal temperature dependence of 
magnetoresistance. 

4. SUMMARY 
We prepared the perovskite-type manganite ceramic 

samples with A-site ion deficient nominal composition, 
(Lao6SroA)J-xMn03 (0.0 :S x :S 0.10). The proper 
chemical compositions of perovskite phase formed are 
supposed to agree within 2 % for all samples. The 
samples with x = 0.02, 0.04 and 0.06 have larger grains 
than the remaining samples. They also show higher 
resistivity and abnormal temperature dependence of 
magnetoresistance. Two plausible reasons relating grain 
boundaries are proposed for the properties. 
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