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Abstract

The structural, magnetic and magnetotransport properties of Sr deficient perovskite manganite oxide La, ¢,Sr, ;s0, ;sMNO, have been
investigated. X-ray diffraction patterns have been indexed in the rhombohedral structure with R3c space group. Magnetic measurements
showed that our sample exhibits a paramagnetic—ferromagnetic transition at T. =360 K, while electrical measurements show a maximum
resistivity at T, = 210 K. Strontium deficiency led to a strong decrease of the electrical transition temperature. At low temperature (20 K),
a magnetic applied field of about 0.3 T induced a decrease of the resistivity of about 85%. At low temperature, our sample exhibited a
magnetoresistance effect of about 30% under a magnetic applied field of about 4 T. O 2001 Elsevier Science BV. All rights reserved.
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1. Introduction

With the discovery of the very large negative magneto-
resistance, great interest has been focused on the perov-
skite-type hole doped manganese oxides with the genera
formula Ln,_ M, MnO, where Ln is a trivalent rare-earth
and M is adivalent akali-earth [1-8]. These systems have
been given much attention since they could possibly be
used for sensor applications [9-11]. Different substitutions
in these systems lead to different crystal structures, spin
states and transport properties. The replacement of the
trivalent element by a divaent or monovalent element
produces mixed valence Mn**—Mn*" ions to maintain
charge neutrality and subsequently a modification occurs
of both magnetic and transport properties. Such modi-
fications can be understood on the basis of double-ex-
change interactions between the spins of the Mn®" and
Mn** ions [12,13]. However, recent studies have shown
that the double exchange aone cannot explain the ob-
served behaviors in these systems and suggested, that other
effects ruled by average A-site cationic radius (r,) [14—
16], A-site cationic size mismatch [17,18], and oxygen
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deficiency [19-21] play a crucia role as to Mn valence,
charge ordering or pinning, polaron effects and Jahn—
Teller distortion [22].

Many studies are being carried out on the magnetic and
magneto-transport properties of these materials. Effects of
divaent akaline-earth elements have been extensively
studied [7-14]. These studies showed that the Curie
temperature T. and the magnetoresistance effects are
optimized for a Mn*" content of about 33%. However,
only few studies have been carried out on deficiency
effects in manganite systems [23—25]. Deficiencies in the
A perovskite site lead to an increase in the Mn** content.
In order to study the effects of vacancies in
La, ¢,Sro33MNO,, we investigate the structural, magnetic
and electrical properties in the La, ¢, Srg 15005 MNO,
deficient compound. In such sample, vacancy implies an
increase of the Mn*" content beyond 33% and dso a
change in the average ionic radius (r,) of the A-site.

2. Experimental

A powder sample of La, ;S 500,sMNO; was pre-
pared by a conventional solid—solid reaction. The pre-
cursors La,0,;, SI*CO, and MnO, in the form of high-
purity (>99%) powders were fired in air at 700°C for 10 h
before being used. These materials were thoroughly mixed
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in an agate mortar, in stoichiometric proportions and
heated in air at 900°C for 48 h to achieve decarbonation.
The resulting powder was then pressed into pellets form of
about 1 mm thickness and fired at 1350°C for 36 h in air
with several periods of grinding and sintering. Finaly, the
pellets were rapidly quenched to room temperature in
water. This final step was carried out in order to retain the
structure obtained at the sintered temperature 1350°C. In
fact, studies on Pr, Sr, ;MnO, [26,27] showed that the
guenching method has an important effect on the physical
properties of these manganites.

Phase purity, homogeneity and lattice parameters were
determined by X-ray powder diffraction using Guinier—
Hagg cameras, with CrKo, radiation, at room temperature.
High-purity silicon powder was used as an internal stan-
dard. Unit cell parameters were obtained by least squares
calculations.

Magnetization measurements versus temperature were
recorded by a laboratory-made Faraday balance, whereas
the susceptibility in 0.05 T was recorded with a vibrating
sample magnetometer. Magnetization measurements versus
magnetic applied field up to 8 T were recorded by an
extraction magnetometer in the temperature range 20—430
K.

Electrical measurements as a function of the temperature
and the magnetic applied field were performed on dense
ceramic pellets by the conventiona four-probe technique
in the temperature range 20—300 K.

oys and Compounds 320 (2001) 18-23 19
Table 1

a, (A) @’ V(A?)

Lay ¢,5r,55MNO, 5.469(0) 60.33 233.09

Lay 6,50 1500 1sMNO, 5.464(5) 60.25 23211

3. Results and discussion

X-ray analysis shows that our sample exhibits practical-
ly identical X-ray powder patterns as stoichiometric
La, ¢,Sro33MNO,. We plot in Fig. 1 the X-ray diffraction
(XRD) petterns at room temperature for both stoichio-
metric La, ¢,Sry33MNO, and Sr deficient
Lay ¢,Sro15000 1sMNO, samples. All the observed peaks
are indexed in a perovskite structure with a distortion from
the ideal cubic cell giving rhombohedral symmetry with
R3c space group. We list in Table 1 the crystallographic
data for both samples.

In order to check the oxygen stoichiometry, our sample
was annealed at 800°C in air for 2 weeks. XRD patterns
using a diffractometer (A=1.54056 A) of both stoichio-
metric and deficient annealed samples (Fig. 2) showed no
significant change in the structure. This result confirms that
our deficient sample is not substoichiometric in oxygen.

We plot in Fig. 3 the magnetization evolution versus
temperature of both stoichiometric and lacunar samples.
Our sample exhibits a clear transition from a paramagnetic
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Fig. 1. X-ray diffraction patterns for both La, ,Sr, ;s0, ,sMNO,; and La, ¢, Sr, ;;MNO, samples.
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Fig. 2. X-ray diffraction patterns for both annealed La, ¢,Sr, ;5[] ;sMNO, and La, 4,Sr, ;,,MNO, samples.

to a ferromagnetic state with decreasing temperature. The
Curie temperature is found to be 360 K. Strontium
deficiency induces a slight decrease in T, which is found
to be 375 K for the stoichiometric sample.

Fig. 4 shows the magnetization evolution versus mag-
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Fig. 3. Temperature dependence of the magnetization for

Lay ¢S 1500.,sMNO; and Lay ;S sMNO, a H=500 Oe.

netic applied field up to 8 Tesla in the temperature range
20—430 K. The magnetization exhibits a sharp increase at
very low magnetic applied field then saturates at 1T. This
result confirms the ferromagnetic behavior below 360 K.
In order to determine with precision the Curie tempera-
ture, we have plotted in Fig. 5 Arrott curves (M? vs.
H/M). The Curie temperature is found to be 360 K.
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Fig. 4. Magnetization evolution versus applied magnetic field at several
temperatures for La, ¢, Sr, 1500 ,sMNO,.



L. Larouss et al. / Journal of Alloys and Compounds 320 (2001) 18-23 21

A A R SR R B
i < L
4 T=300K <~<>§>>> L
| O\“O T=320K i
3 ] T=340K B
~ ] ‘A od@ T=360K !
= 1 & -
Nv 2 ooo B
= ] o° °® T=380K i
_ ‘§$§> ° L
°

4 o ° - =
1 -
_ o® )1/\[ T=400K |
] °® MR i
_ i L
1 o i i

O T T T T l T T T T ] T T T T l T T T T I T T T T
0 2 4 6 8 10

H/M (T/ L)

Fig. 5. Arrott curves M?(H/M) for Lay 4,Sry 150, 1sMNO,.

Fig. 6 shows the temperature dependence of the sponta-
neous magnetization (Mg,) and the inverse susceptibility
(x ) as function of temperature in our sample. The
M, (T) curve drops rapidly near T.=360 K showing a
well defined Curie temperature. The magnitude of the
spontaneous magnetization M, at 10 K is about 2.8 pg/
Mn. The theoretical Mg, value for full alignment of the
Mn ion spins (using S=4/2 for Mn*" and S=3/2 for
Mn*") is given by Mg, = 0.31X 4 + 0.69 X 3=3.31 uB/
Mn. The experimental value is smaller than the calculated
one which may indicate a canted spin state at low
temperature. The angle ¢ between the average magnetic
moments of the Mn cations in our sample can be obtained
using the following equation

(g)_ My 28 o
©S\2/)"m,, 33~

The angle ¢ is found to be 64°. The temperature depen-
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Fig. 6. Spontaneous magnetization and reciprocal susceptibility data
versus temperature for La, ¢,Srg 0, ,,MN0O;.

dence of the magnetic moment per mole M,(T) can be
described by the Brillouin—-Weiss molecular field theory
modeling the degree of spin collinearity.

In the paramagnetic phase, the inverse of the suscep-
tibility versus temperature exhibits the expected Curie—
Weiss law y = C/(T — 6,). From the linearity of the y * —
T curve, a net transition between the paramagnetic and the
ferromagnetic states is confirmed corresponding to a
paramagnetic Curie temperature 6, = 363.8 K. The ob-
tained Curie constant C is 0.48 K-ug/kOe. For the
stoichiometric sample La, 5,5, 33MNO;, 6, and C are
found to be 375 K and 0.65 K-z /kOe, respectively. The
strontium deficiency leads to a decrease in the T and 6,
values.

As a strontium vacancy induces an increase in the Mn*"
content, the T, decrease observed in our sample can be
explained by the increase of the Mn*" concentration which
leads to a decrease of the double exchange interactions.
This result is in concordance with previous work on
La, ,Sr,MnO, which shows a parabolic behavior of T.
versus Mn*" content with a maximum obtained at about
33% [28]. However, the double exchange mechanism
based on the Mn*":Mn*>" ratio alone cannot explain the
observed behaviors in the diluted manganese oxides. The
average A-site cationic radius (r,) of the perovskite ABO,
may play a cruciad role. As a vacancy must have an
average radius (r,)# O, the T, decrease due to the
strontium deficiency in the lacunar La, 4,Sr 51, 1sMNO,
sample can aso be explained according to Hwang et a.
[29] by a vacancy average radius (r,) smaller than Sr2*
(1.31 A). Such behavior has been observed in strontium
deficient Pr, ,Sr, 5, ,MnO; [25]. Finally the presence of
vacancies traps the carriers and then lowers the double
exchange interaction.

At zero applied field, resistivity measurements (Fig. 7)
shows a semiconductor-metallic-like transition with de-
creasing temperature. The maximum of the resistivity is
obtained at T, = 210 K. This value is far below the Curie
temperature, T, =360 K. The strontium deficiency leads to
an increase of the resistivity values and a net decrease of
the electrical transition temperature.

In the ferromagnetic range, the resistivity does not drop
to very small values as in good metallic samples. In fact
we deal with a granular material, thus there is a possibility
that more or less insulating barriers develop at the grains
boundaries. These barriers will limit the residual resistiv-
ity. This mechanism is well known in ceramics, in ferrite
as well as in high T, superconductors where insulating
barriers cause the appearance of Josephson junctions below
the transition temperature of the super-conducting grains
[30].

Asillustrated in Fig. 8, the effect of the magnetic field is
to lower the vaue of the resistivity and to weaken its
temperature dependence. Meanwhile the resistivity maxi-
mum becomes broader.

In the semiconductor-like phase, the conduction is
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Fig. 7. Temperature dependence of the resistivity for both
LaD.67erv15DO.18Mn03 (.) and LaD.67erv33MnOS (.) Samples

thermally activated indicating polaron conduction. Above
T,, the zero field resistivity data fit quite well the formulae
p = pexp (E,/KT) where E, is the activation energy (Fig.
9). At zero applied field, the activated energy is found to
be 0.35 ev. On applying a magnetic field H, the activation
energy decreases with increasing H, decreasing from 0.35
&/aH=0to031e/a4T.
Defining the magnetoresistance MR as

p(HvT) - p(O,T)
p(0.T)

where p(H, T) and p(0,T) are the resistivities in an applied
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Fig. 8. Temperature dependence of the resistivity for
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magnetic field H and in zero field, respectively, we have
plotted in Fig. 10 the magnetoresistance versus applied
magnetic field for several temperatures. Below T, two
regions in the field-dependence of the resistivity can be
distinguished, which are seen better for the 20 K isotherm:
an initial rapid drop in the region where the magnetization
saturates, and a gentle decrease for larger fields. The first
rapid drop of the resistivity that coincides with the
saturation of the technical magnetization is due to the
alignment of magnetization in neighboring grains, which
occurs below 3 kOe in the ferromagnetic range. This MR
is maximum at low temperature where p(0,T) is minimum.
The amplitude of this term is about 15% of the total
resistivity at 20 K. The second regime situated above 3
kOe corresponds to a slower decrease of the resistivity,
with a larger slope near the electrical transition tempera
ture T =210 K. This behavior is similar to the spin—
disorder resistivity of ferromagnetic materials [31], but
with a carrier density modified by the semiconducting—
metal transition. These ferromagnetic grains being sepa
rated by high resistivity grain boundaries. Our sample
exhibits a magnetoresistance behavior at low temperature
of about 30% for a magnetic applied field of about 4 T.

4. Conclusion

We have investigated the structural, magnetic and
magneto-transport properties of a  deficient
Lag 47570 15010.1sMNO; powder sample. Our sample crys-
tallizes in the rhombohedral structure.

Magnetic measurements show a paramagnetic—fer-
romagnetic transition at T.=360 K. The strontium de-
ficiency leads to a small decrease of T, which can be
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explained both by an increase of the Mn*" content, a
decrease of the ionic radius (r,) of the A site and pinning
of charge carriers by vacancies. Electrical investigations
show a semiconducting—metallic like transition at 210 K
related to the granular nature of the material. Our sample
exhibits a magnetoresistance effect at low temperature of
about 30% for a magnetic applied field of about 4 T.
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