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Influence of the effect of lanthanum deficiency o
properties have been studied on a series of La12xM
samples. The powder samples were prepared by
of the samples revealed a single phase of rhomb
weak ferromagnetic ordering for the samplex50.0
samples showed ferromagnetic phase. The Curie
x50.05 to x50.33, was found to be increased f
magnetic moments per Mn atom at 80 K forx50.0
small increasing La defects resulted in changes o
defect samples, the temperature dependence of
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occurs near theTC and is closely related to the magn
@Dr/r~0!# has been obtained at 272 K underH51.5 T
formation of double exchange is also shown in x-ra
Physics. @DOI: 10.1063/1.1362652#

I. INTRODUCTION

The colossal magnetoresistance for the general formu
La12tDtMnO3, where D is a divalent ion, are generally un-
derstood in terms of double exchange interaction1 between
Mn31 and Mn41. Recently the colossal magnetoresistance i
LaMnO3 has been reported without any divalent ion
substitution.2,3 It can be possible by controlling La or oxygen
deficiency in stoichiometry and by a formation4 of Mn14.
Toffield and Scott,5 with neutron diffraction study, pointed
out that LaMnO31d is the only system in lanthanum-
transition-metal perovskites which exhibits a wide range o
oxidative nonstoichiometry. Also, the Ritter6 group have re-
ported the influence of oxygen content on magnetic structu
of LaMnO31d . We have studied the lanthanum deficiency
on the crystallographic, magnetic properties, and magnetor
sistance of La12xMnO3 (x50.0, 0.05, 0.01, 0.2, and 0.33! by
x-ray diffraction, magnetization, and resistivity measure
ments. In this article we report, by an artificial small lantha
num deficiency, the metal to insulator transition occur
around the ferromagnetic transition temperature for th
samplex>0.05. We interpret it as a formation of Mn41 and
finally the double exchange interaction occurs.

II. EXPERIMENT

Polycrystalline samples of La12xMnO3 (x50.0, 0.05,
0.1, 0.2, 0.33! were prepared by the sol–gel method
Appropriate portions of La~NO3!"6H2O ~99.99%! and
Mn~CH3CO2!2 ~99.9%! were dissolved in 2-metha-
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the structural, magnetoresistance, and magnetic

3 (x50, 0.05, 0.1, 0.2, and 0.33! powder
e sol–gel method. The x-ray diffraction analyses
edral symmetry. Magnetization curves showed a
ith its CurieTC5138 K, but for the other

temperatureTC , with increasing deficiency from
m 272 to 279 K, respectively. The saturation
nd 0.10 are 2.30, 3.21mB , respectively. A
heir magnetic structures thoroughly. In all the La
esistance shows that metal to insulator transition
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etization. The magnetoresistance value of 30%
for the samplex50.1. The evidence for the
y measurements. ©2001 American Institute of
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oxyethanol. The solution was refluxed at 80 °C for 24 h.
Afterward, it was dried at 100 °C, powdered, and heated at
1000 °C for 12 h in an oxygen atmosphere. The stoichiom-
etry of samples was checked by Rutherford backscattering
~RBS! analysis.

The crystal structure was analyzed using Philips x-ray
diffractometer with a CuKa radiation. Magnetization curve
was also obtained with a vibrating sample magnetometer
~VSM!. Magnetoresistance was measured by using the Van
Der Pauw method.

III. RESULTS AND DISCUSSION

The x-ray diffraction ~XRD! pattern of the samples
La12xMnO3 (x50.0, 0.05, 0.1, 0.2! at room temperature re-
vealed a rhombohedral symmetry7,8 of R3̄c. But in the
sample x50.33 a negligible slight peak of Mn3O4 was
shown. The calculated XRD parameters, lattice constants,
structural angles, and unit cell volumes for the samples are
listed in Table I. Lattice constant and angle of the samplex
50.0 werea055.4873(3) Å, anda560.695(3)°, respec-
tively. As shown in Table I, the lattice constants and unit cell
volumes revealed a decreasing tendency as lanthanum defi-
ciency increased.

In order to examine oxygen stiochiometry we obtained
RBS spectra for our samples. Figures 1~a! and 1~b! show the
representative RBS spectra for the samplex50.0 and 0.33,
respectively. From the RBS data analysis we obtained Mn41

content.9

For example, in the samplex50.0, the analyzed portion
was found to be LaMnO3.09. Now, the portion of the Mn41

can be obtained by the following assumption:
il:
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