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Physical properties of polycrystalline Laj sBa, sMnOj5 are reported from low temperature (10 K) up
to above room temperature. An aim has been to obtain microscopic parameters and to search for the
characteristic lengths in terms of which one can discuss the interplay between magnetic, electric,
and phonon excitations. The structural and magnetotransport measurements reveal a set of relatively
high transition temperatures (near 300 K) between ferromagnetic/metallic and paramagnetic/
semiconducting phases. It is found, in particular, that the so-called localization length increases from
0.085 to 0.24 nm when the magnetic field varies from 0 to 8§ T. Moreover a “special field value”
~0.03 T is observed in the description of the electrical resistance. It cannot be presently
distinguished whether it is the signature of a spin reorientation transition in the canted phase or a
mere saturation field for aligning magnetic domains. The relatively high magnetoresistance effect
(=55% at 8 T and 10 K) makes the LajsBa,sMnO; a very interesting material for among others

sensor applications. © 2009 American Institute of Physics.

[DOLI: 10.1063/1.3032326]

I. INTRODUCTION

The perovskite manganites of general formula
A,_ M MnOs (A=rare earth, M =divalent atoms) attract con-
siderable attention, especially following the discovery of the
so-called colossal magnetoresistance (CMR) observed in the
vicinity of an insulator-metal (Mott) transition congruent to a
paramagnetic-ferromagnetic (Curie) or paramagnetic-
antiferromagnetic (Néel) transition."> Some of us have dis-
cussed elsewhere that these transitions do NOT occur at the
same temperature.S_5 Strong correlations between (ionic)
structure, (electronic) transport, and magnetic properties lead
to a sophisticated phase diagram for these manganites,6 the
presence of many phases, and subsequent inhomogeneities in
the microstructure. Electrons, magnetic moments, but also
collective excitations, i.e., phonons and magnons all play a
role in the observed features.” On the other hand, for applied
aspects the occurrence of a significant CMR at low applied
magnetic fields is required. It is found in the Ba/La manga-
nite family.g’9 We report data and considerations on a specific
compound LajsBaysMnO; and sort out physical features.
We indicate a large change in the localization length at small
magnetic fields. We consider that this finding and the rather
large value of the magnetoresistance are in favor of consid-
erations to pursue technical work on such materials and use
them in, e.g., sensitive low magnetic field sensors.

In Sec. I we recall basic features of the x=0 and x=1
compound, i.e., LaMnO; and BaMnOj; and recall previous
work on Lag sBay sMnO;. In Sec. III are succinctly presented
generalities about the present experimental methods. In Sec.
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IV magnetic characterization results and electrical ones are
presented with a discussion, in relation to other findings in
Sec. V, i.e., the data on the magnetoresistance. A conclusion
follows in Sec. VI.

Il. BASIC MANGANITES
A. LaMnOg

Properties of the pristine AMnO5(A=La) were originally
studied in Refs. 10 and 11. Much work has been done later
on LaMnO;_,. It is known that LaMnOs transforms into a
canted spin insulator (CSI), at a Néel-Mott temperature near
160 K, made of ferromagnetic layers being coupled antifer-
romagnetically along the c-axis. The high temperature phase
is paramagnetic and insulatinglike.” Many studies can be
also found on compounds where A is substituted, e.g., by
M=Ca (see, as an example, Ref. 12) or also Sr (see, as an
example, Ref. 13). When doping with, e.g., Ca, the low tem-
perature phase becomes metalliclike, due to the presence of
percolating electric paths in the system. This is due to the
presence of a so-called mixed valence (Mn**/Mn**) in the
system, whence leading to an electric instability.

B. BaMnO,

The BaMnOs;_, (0=y=0.1) perovsklte much studied
by Gonzalez-Calbet and co- workers'*'® shows several types
of crystallites with hexagonal symmetry, for 0.1 =y=0.25,
but are rhombohedral for 0=y =0.1. On the basis that oxy-
gen deficiency is accommodated by the introduction of
BaO, s cubic layers in the hexagonal close packing of
BaMnOs, the existence of different crystallographic phases

© 2009 American Institute of Physics

Downloaded 19 Aug 2009 to 139.165.16.183. Redistribution subject to AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp


http://dx.doi.org/10.1063/1.3032326
http://dx.doi.org/10.1063/1.3032326

013923-2 Pekata et al.

can be deduced from the expression y=0.5N./(N.+N,),
where N, and N, refer to the number of cubic and hexagonal
layers per unit cell, respectively.

Neutron powder diffraction data on BaMnOj; indicate
that the oxide ion vacancies are localized in the hexagonal
layers and that the structure consists of chains of face-
sharing MnOj, octahedra, separated by Ba* cations. At room
temperature, a=0.569 91(2) nm, ¢=0.481 48(2) nm, space
group P63/mmc. At 80 K, a=0.98467(1) nm, c
=0.480 75(1) nm, space group P63cm.'""®

Long-range antiferromagnetic ordering is apparent as
high as 200 K.'"® A structural phase transition introduces a
displacement of neighboring chains and reduces the coordi-
nation number of Ba®>* inducing another magnetic transition
at a Néel temperature Ty=59(2) K, below which is found a
canting of the ordered magnetic moment ~1.31(5)up per
Mn** cation at 1.7 K. Neighboring spins within each chain
are antiferromagnetically coupled and lie in a plane perpen-
dicular to [001]. The spin directions associated with the
chains at (1/3,2/3,z) and (2/3,1/3,z) are rotated by *120°
with respect to that of the chain at (0,0,z).

Recently, Hu et al.’ performed the synthesis of single-
crystalline nanorods/nanowires of BaMnOj. The synthesis
clearly yields nanorods with a hexagonal perovskite struc-
ture. Resistance measurements show that a (magnetic) phase
transition happened at ~58 K. Interestingly, the ability to
synthesize such nanorod manganites of a desired length
should enable detailed investigations of the size-dependent
evolution of magnetism, magnetoresistance, nanoscale phase
separation, and realization of a magnetic sensor nanodevice.

C. (LaBa)MnO,

In Ref. 8, Millange et al. reported that three types of
perovskites can be synthesized in the LaBaMn,Og_, family
by controlling the oxygen pressure, during both synthesis
and postannealing. Structural determination from powder
neutron diffraction data shows that one form of LaBaMn,Ogq
is cubic (¢=0.3906 nm), with a disordered distribution of
La’* and Ba?* cations, whereas a second form of
LaBaMn,Oy is tetragonal (¢=0.3916 nm; ¢=0.7805 nm),
with an alternate stacking of lanthanum and barium layers
along the ¢ axis. The third form is a tetragonal LaBaMn,Os.
The LaBaMn,Og¢ forms exhibit a remarkable CMR feature:®
T is increased from 270 K for the disordered phase to 335 K
for the ordered one, probably owing to the La/Ba ordering.

Later on, Cherepanov et al®®  found that
La;_,Ba,MnO;., phases with 0=x=0.10 possess
O-orthorhombic structures (space group Pnma) and samples
with 0.125=x=0.30 have rhombohedral structures (space
group R;c) in Hermann—Mauguin (or international) notation.

The complex situation is basically due to the induced
strain resulting from the variation in ionic radius size. The
ionic radius of La is equal to 0.116 nm in coordination VIII;
that of Ca is 0.112 nm in coordination VIII. Thus substitution
by a bigger alkali-earth ion, such as Sr having an ionic
radius=0.126 nm in coordination VIII, is of great interest;
the more so if there is a substitution by Ba (radius of 0.142
nm in coordination VIII), but this is less common. A change
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of ~10% is induced by Ba in the so-called tolerance factor,2
while it is only about 3% for La (or Ca). This suggests to
study a 50% substitution of Ba on La. It is expected that a
stable crystallographic phase exists as up to 40% substitu-
tion, beyond which mixed phases of LaMnO; and BaMnO;
are formed' although data on a single phase, apparently
Laj 54Bag 44MnOj3, has been reported.21

A discussion of physical properties of some
La;_,Ba,MnO; can be found in Refs. 22-27 on polycrystal-
line materials for various concentrations or on films.***’ For
completeness, see reporting results sometimes on properties
not examined here, i.e., like the Hall effect.*’

Therefore despite the long lasting scientific interest in
magnetoresistive manganites, there is a very scarce charac-
terization of the La;_ ,Ba,MnOj; system. The present paper is
aimed at a deeper characterization of the LajsBajsMnO;
physical, i.e., magnetic and electrical, properties. We will
consider the 0.50-0.50 case which formally has equal densi-
ties of Mn** and Mn** ions.

lll. EXPERIMENTAL
A. Synthesis and structural determination

Samples of La, sBa; sMnOs_, were prepared by the car-
bonate coprecipitation method described previously.31 Pow-
der x-ray diffraction (XRD) was carried out using high-
resolution angle-dispersive synchrotron source at Cornell
High Energy Synchrotron Source (CHESS). The synchrotron
source was operated at a wavelength of 0.619 921 A with
the Ge crystal (111) orientation. XRD patterns were collected
in transmission geometry spinning the sample in a sample
holder to avoid spurious effects due to the powder polycrys-
talinity. Several two-dimensional diffraction images col-
lected by image plate were integrated using the FIT2D
program.32 The Rietveld refinement of the powder XRD data
were carried out using GSAS program.3 334

A phase analysis of a Lays;BaysMnO; sample has re-
vealed the presence of a secondary Ba,;Mn;0,, phase (ICSD
051-1784). Its weight fraction estimated by GSAS fitting was
4.4 wt %.

It is well known that ordering of Ba and La atoms leads
to a tetragonal structure with doubled ¢ axis.”>?® We do not
see any additional peak on the XRD pattern which could
reveal such an effect. There is also no phase separation like a
cubic LaMnOj; and/or a hexagonal Ba.

The results of a Rietveld refinement of a Lay sBag sMnOj5
sample are shown in Fig. 1. The XRD pattern of
Laj sBaysMnO; phase was fitted to data on the primitive
cubic perovskite (space group Pm-3m) structure. The refined
lattice parameter a=0.390 770(6) nm and the unit cell vol-
ume V=0.059 671(2) nm®. These values are perfectly in
agreement with those reported by Nakajima et al.>"*® How-
ever the structural data reveal that in the studied manganites
the MnOg octahedra are not tilted and the apical O—Mn—-0O
angles are equal to 180°. The oxygen content does not differ
more than 0.01 from the stoichiometric one according to io-
dometric titration.

The scanning electron micrographs show a spongelike
structure with unit cross section approximately below
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FIG. 1. (Color online) Observed intensities and calculated intensities from
Rietveld refinement (upper line) of LaysBaysMnO; sample. Positions of
Bragg reflections are shown with bars for the cubic perovskite phase and
Ba,Mn;0,,. The difference between observed and calculated intensities is
shown on the bottom line.

500 nm? (Fig. 2). The average size of the grains is visually
of the order of a few micrometers. The structure details are
described sepalrately.31 The size variance (disorder) of the A
cation radius distribution parameter o> for Lay sBay sMnOj is
0.000 161 nm?, as calculated by the formula

*(Ry) = 2 iR} - Ry, (1)

where y;, R;, and R, stand for the fraction and radius of the i
or A cation, respectively.39 The o2 value is not much differ-
ent from that one reported by Raveau et al®?

B. Physical properties determination

The low field magnetization measurements were per-
formed in a 10 mT magnetic field, whereas the ac magnetic
susceptibility was registered at 0.1 mT amplitude, in a physi-
cal property measurement system (PPMS). The four probe
method was used to measure the electrical resistivity, the
applied magnetic field going up to 8 T, by 1 T steps. It was

FIG. 2. Scanning electron micrograph of spongelike microstructure of a
Laj sBay sMnO; sample.
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FIG. 3. Temperature variation of the FC and ZFC magnetizations measured
at 100 Oe for a Laj sBaysMnO; sample.

applied under the standard zero-field-cooled (ZFC) tech-
nique, i.e., an experimental run ends after heating to (above)
room temperature, the field is removed, the sample cooled
down to 10 K when a larger field is applied, before starting a
new run; the temperature was changed with a mean rate of 1
K/min up to (above) room temperature. The cooling rate is
about 8 K/min though we set 20 K/min to the PPMS.

IV. RESULTS
A. Magnetic characterization

The temperature variation of the low field (10 mT) dc
magnetization and the ac magnetic susceptibility are shown
in Figs. 3 and 4. It is seen that the Laj sBay sMnOs_, remains
ferromagnetic well above room temperature. Moreover no-
tice some mild feature at low temperature, i.e., a change in
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FIG. 4. Temperature variation of the in-phase y’ and out-of-phase y” ac
magnetic susceptibility of a Lay sBaysMnO; sample.
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FIG. 5. Temperature variation of the electrical resistance of this
La, sBay sMnO; sample measured at various magnetic fields.

curvature in M(T); it reminds us that resistance measure-
ments show that a (magnetic) phase transition happens at 58
K in BaMnO,.'""’

The pronounced split between the field-cooled (FC) and
ZFC curves registered in a 10 mT field is observed to occur
below what is called the irreversibility temperature T
=308 K. We do not enter the debate on whether the transi-
tion is first or second order in this work. One may notice that
the out-of-phase component of the magnetic susceptibility
attains its maximum near the transition temperature.

B. Electrical resistivity in high magnetic fields

The temperature variation of the electrical resistance of
Lay sBay sMnO,_, is plotted in Fig. 5 for magnetic field vary-
ing up to 8 T. The electrical resistivity is of the order of 2
X 10™* Q m at room temperature in zero field.

The electrical resistivity peak separating the metallic and
semiconducting phases shifts from 7p=274 to 288 K when
the magnetic field is changed from O to 8 T.

V. DISCUSSION
A. Magnetic properties

The Curie temperature 7 determined by the maximum
slope in the temperature variation of x’ is found to be equal
to 323 K. Such an elevated T value confirms the high oxy-
gen content™* or/and is due to an excellent ordering of the Ba
and La ions and correlates with the high value of the so-
called tolerance factor f= 1.026.%7 Moreover, it should be no-
ticed that the ferromagnetic ordering in Laj sBaysMnO;_, is
observed, despite some predictions™ that a spin glass phase
may dominate, when the variance o° of A-cation distribution
exceeds 0.0001 nm2**%*! The ferro- to paramagnetic tran-
sition occurs in a narrow temperature interval (about 20 K)
revealing a high homogeneity of the samples.

It is worth to recall that A-site ordered and disordered
forms of LaysBaysMn O;_, both have the same Curie
temperature.42 Therefore it is not possible to distinguish,
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which form dominates in the samples studied here. On the
other hand there are also papers which report 7~ equal to 350
and 300 K for ordered and disordered phases, respectively,
e.g., in the polycrystalline Lao_54Ba0_46MnO3.21

Below this temperature regime, one observes (Fig. 3) in
the real part of the magnetic susceptibility a departure from
linearity at 308 K, corresponding to a peak in the imaginary
part of the susceptibility. Later on, below 274 K the real and
imaginary parts of the susceptibility rebecome linear down to
70 K or so at which both components have a change in
curvature. This temperature can be as done by others attrib-
uted to an antiferromagnetic transition, well marked on the
FC and ZFC data for the magnetization (Fig. 4), near 55 K.
On this data one also remarks the presence of a change in
slope at 308 K, a maximum slope at 325 K, and the magne-
tization disappearance at 335K. The tiny upper part of the
curve indicates the possible existence of magnetic domains,
likely in the larger grains.

The low temperature reduction in the magnetic suscepti-
bility and the field-cooled magnetization reveal a competing
magnetic ordering of possibly spin glass type, but it might be
also representative of grains with various magnetic orienta-
tions. The latter being likely more probable here due to the
small grain size. See also Fig. 1 in Ref. 22 where a marked
change in curvature is observed below the main critical re-
gion.

B. Electrical properties

The electrical resistivity shows a complex variation, de-
creasing from low temperature, going through a minimum
and a maximum before decreasing again at high temperature.
The sharpness of the evolution near the peak is usually in-
terpreted as due to the lattice distortion, as should be ex-
pected here. The overall shape indicates the presence of a
multigrain  structure with probably unstable magnetic
domains.” Let us observe that the ratio of electrical resistiv-
ity values at the peak and at low temperature is about 3, i.e.,
a typical value for polycrystalline manganites.44 The resistiv-
ity minimum, at 30 K in absence of magnetic field, shifts
toward zero temperature and finally vanishes in high mag-
netic fields. Notice that the low temperature residual resistiv-
ity decreases more than twice when the magnetic field varies
from 0 to 8 T.

The low temperature resistivity minimum origin is con-
troversial. It is sometimes considered to be due to the grains
of smallest size>*~% inducing electron localization. Never-
theless recall that resistance measurements show a magnetic
phase transition to happen at 58 K in BaMnO;.

Assuming the validity of Matthiesen rule,"”*® the full
temperature dependence of the electrical resistivity might be
written as a linear superposition of various temperature de-
pendent terms representing various electron, phonon, mag-
non, scattering mechanisms, i.e., residual, impurities, grain
boundaries, phonon (~T7) above the Debye temperature,
electron (~7?), ferromagnetic magnon (~7%2), phonon
(~T°) below the Debye temperature, etc. Recall that the De-
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FIG. 6. Magnetic field dependence of the N exponent of the temperature
variation of the electrical resistivity below T for a Lajy sBay sMnO; sample;
a spline function is used as a guide for the eye on the last six data points.

bye temperature is of the order of 300-700 K in manganites,
thus much above the temperature regime hereby investi-
gated.

It is hardly conceivable to extract all the contributions
from the resistivity data, and to make some sense of the
coefficient values, without drastic approximations. Thus a
“global,” one exponent formula is used.'’ In the medium
temperature metalliclike phase the electrical resistivity may
be fitted to

R(T) =Ry + ATV (2)

from which N is extracted and should be interpreted. Values
of the N exponent as plotted in Fig. 6 exhibit a relatively
small but undubious maximum (N=2.52) near/below a 1 T
magnetic field and monotonically diminish with increasing
magnetic field values; a spline function fit serves as a guide
for the eye. Our values differ much from those of Ref. 25
where it was found that N=0.75-1.00 for samples with very
low Ba content.

The 0.3 T field at the maximum can be thought as some
“critical field” at which the magnetic domains tend to align
along the field direction. Inside a magnetic domain the
Mn3**/Mn** pairs allow for an easy transfer of electrons™®
which becomes more temperature dependent due to fluctua-
tions when the system approaches the magnetic transitions.
However the H=0.3 might also have a more microscopic
origin. Rather than the magnetic saturation field** which
should be temperature dependent the field could be the sig-
nature of a critical field at which a spin reorientation transi-
tion occurs in the canted antiferromagnetic phase. A third
possibility would be a strong effect on the grain boundary
scattering mechanism, through some destruction of a lack of
coherence of the electronic wave function through the inter-
grain barrier. See the argument continuing in Sec. V C on the
magnetoresistance.

Other temperature components can be imagined,47’48 ie.,
a T or T°, at high or low temperature, as in Gruneisen law—
the regime of validity depending on the Debye temperature,
~400 K.*® However the deconvolution parameters of a
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FIG. 7. Mott plot of the temperature variation of the electrical resistance of
this Laj sBay sMnO; sample measured in various magnetic fields.

(supposedly linear) combination, according to Mathiessen
rule, could hardly be interpreted due to the complexity of the
grain inner structure and the polygranular nature of the
samples. It could also finally be discussed whether a Grun-
eisen form can be used for the background, in view of the
grain boundaries requesting some complex averaging. There-
fore we accept Eq. (2) as a rough approximation, neverthe-
less observing that the derived N values spread between 2
and 2.5, most likely revealing a superposition of several scat-
tering mechanisms. However the diminishing variation of N
values in Fig. 6, clearly shows that the electron-magnon scat-
tering is reduced in strong magnetic fields, which causes a
high level of mutual ordering among the Mn magnetic mo-
ments. It is also worth to notice that in contrast to single
crystals, values of the peak temperature 7 are lower as com-
pared to the Curie temperature T (Ref. 49) and as discussed
in Refs. 3 and 4.

In the semiconducting phase (Fig. 7) the electrical resis-
tivity behavior was found to be best fitted to the expression
corresponding to the variable range hoppingso’51

R(T) = Rye ™", (3)

where v is dimension dependent; v=4 in three dimensions.

The T, and Ry, plots as a function of the field reveal
some irregularity below 1 T, as for N (Fig. 6). Fit functions
valid at high field are indicated in the captions of Figs. 8 and
9 and serve to quantify the parameter values. They are com-
parable to those reported for similar manganites.zg’sz_54 No-
tice the specific B power law dependence for the derived T
and Ry, parameters. For the three dimensional case, T is
related to the density of states at the Fermi level N(Ep) and
to the localization length L as follows:**>

24

" kpNEp) 7L @

Ty
Then, in absence of data from the Hall coefficient, we rely on
assuming that in manganites the density of states N(Ep) is
about 2.4 X 10% (eV m3)~1.5® This allows one to estimate
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FIG. 8. Magnetic field dependence of the T, parameter of the variable range
hopping model; the interpolating curve is a guide for the eye only, but
corresponds to Ty=2 X 10087085,

the localization length L to be about 0.085 nm in absence of
field. At higher magnetic fields 7, is a decreasing function of
magnetic field (Fig. 8) and shows that the localization length
L rises with the applied magnetic field strength, achieving
0.24 nm at 8 T. Such a localization length is comparable to
0.07 nm reported for Laj-Bay;MnO; thin film manganit630
and to 0.045 nm for Lao_7OSr0430MnO3.57 The opposite ten-
dency is observed for the Ry, parameter, which is enhanced
by the magnetic field (Fig. 9).

Alternatively the experimental resistivity (in fact, resis-
tance) can be also fitted to the nonadiabatic small polaron
model of electron conduction®®

R(T) = A, T A k8D, (5)

where E, is an energy of small polaron activation, where « is
often taken equal to 1 assuming an adiabatic regime. How-
ever this leads to unphysically low values of the activation
energy E, according to other studies of manganites.sg’60

0.7

0.6 -

0.5 -

0.4 -

R, (M)

0.3 4

0.2

0.1

0.0 T T T T

FIG. 9. Magnetic field dependence of the Ry (m{)) parameter of the variable
range hopping model; the interpolating curve is a guide for the eye only, but
corresponds to Ry=0.04B'33,
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FIG. 10. Temperature variation of the magnetoresistance measured at vari-
ous magnetic fields.

C. Magnetoresistance

Even though our interest stems in the low field regime,
for practical applications, it is of interest to observe the CMR
in not too low fields. This allows some information on intra-
and intergrain effects indeed.”!

An important information on magnetoresistive materials
is supplied by the magnetoresistance defined as

R(H) }

R(H =0) (6)

MR = - [ 1-
where R(H) and R(H=0) correspond to the electrical resis-
tivity value in finite magnetic fields H and in H=0, respec-
tively. Figure 10 shows that the absolute value of MR in-
creases in strong magnetic fields up to 55% at 8 T. At
temperatures below 7 this points out to the enhanced order-
ing of the Mn** and Mn** spins likely at magnetic domain
boundaries, by the external magnetic field. The temperature
variation of MR is most abrupt above room temperature. In
this temperature interval an interesting trace of MR mini-
mum around 310 K is observable only at weaker magnetic
fields. This effect is related to the ordering of manganese
spins in the paramagnetic phase, which is proportional to
magnetic field strength. Below 280 K values of MR increase
approximately linearly with lowering the temperature down
to 10 K.

Notice in this respect the change in behavior of the MR
at H~0.3 T, congruent to the lack of feature at low tem-
perature below the Néel temperature. It does not seem appar-
ent that the overall shape of the resistance changes much
when the field is modified, indicating that the magnetic do-
mains are rapidly aligned, and domain boundary resistance
having an equivalent value. The position of the minimum
and the decrease in localization of the carriers [R(T) de-
creases with increasing 7 might indicate a microscopic in-
tragrain effect, such as a spin reorientation transition. We
substantiate the argument in pointing out that the magnetiza-
tion and susceptibility have a mild feature at low temperature
in a field below 0.3 T (Figs. 3 and 4).
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VI. CONCLUSION

Here above magnetic and electrical properties of an un-
usual magnetoresistive manganite, in a polycrystalline form,
have been reported. It is known that the physical properties
of such compounds differ whether they are measured on
polycrystalline, films or single crystals. Much strain is ex-
pected because of the ion radius difference between Mn and
the divalent metals on one hand, and that between Ba and La,
on the other hand. Moreover the variation in critical tempera-
ture(s) is known to be wide, much depending on the Ba/La
ordering. However there is more to examine in such materi-
als than the critical temperature(s).

Thus, the phase content has been examined. The pres-
ence of a 4.4 wt %. Ba;Mn;0,, impurity phase is observed
which implies that the composition of the perovskite phase
shifts to a La-rich region, i.e., Lays,,Bays_,MnOs. This cor-
roborates reports by Chakraborty and co-workers.”*® Thus
the incommensurate ratio of La/Ba concentrations should
suggest some not too high Curie temperature, and the pos-
sible presence of several transition temperatures if the grains
are not homogeneous. Ju et al. ** studied the effect of oxygen
content on the same properties as here for the y=0.17 com-
pound. Data comparison shows that the studied samples were
highly oxygenated.

However a comprehensive magnetic and transport inves-
tigation reveals one relatively high transition temperature be-
tween the ferromagnetic/metallic and paramagnetic/
semiconducting phases. This implies a rather homogeneous
grain composition, as guessed from the structural x-ray
analysis, irrespective of the magnetic content and behavior. It
seems also that the synthesis technique leads to ordered
samples.g’42 Yet the magnetic features appear to be complex;
several shoulders or change in slope in the magnetization and
the susceptibilities indicate several temperature regimes.

The electrical resistance as measured in fields below 8 T
has also a complex behavior reminiscent of the coexistence
of band and localized carriers and magnetic domains.***
The temperature dependence roughly goes as 772, indicating
an interplay between different scattering mechanisms. Their
relative weight has not been examined because they would
lead to a set of parameters hardly reconcilable with theoret-
ical work. However in the magnetoresistance we observe a
change in curvature behavior for the data between 0.2 and
0.5 T, thus suggesting a critical field near 0.3 T which can be
conjectured to correspond to a reorientation field for the
magnetic moments in the magnetic-metallic phase, some-
times called a saturation field as well. The insulating behav-
ior has been examined. We have concluded that the elec-
tronic system is characterized by a localization length which
increases from 0.085 to 0.24 nm when the magnetic field
increases from 0 to 8 T.

Finally, the comprehensive structural and magnetotrans-
port investigations reveal a relatively high transition tem-
perature  between the  ferromagnetic/metallic  and
paramagnetic/semiconducting phases. The relatively high
magnetoresistance effect makes LajsBa,sMnOs_, an inter-
esting material, e.g., in low field sensor applications.
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