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The dependence of the ac-magnetic susceptibility gfzt%r, 1C00; on the annealing temperature

used during synthesis is addressed. Such dependence has been previously attributed to
compositional inhomogeneities. Nevertheless, the presence of distinct phases with different

chemical compositions is excluded after explorations by several techniques. Instead it is proposed
that an electronic phase separation takes place in the material, whose state is changed after
charge-carrier redistributions due to the thermal history of the samples, analogously to parent

manganese-based perovskites. 2801 American Institute of PhysicgDOI: 10.1063/1.1365060

I. INTRODUCTION ment but, despite this, we have estimated convenient to re-

_ N _visit the dependence on synthesis temperature of the ac-
The renewal of interest on transition metal perovskitesmagnetic susceptibilities of kg:St 1:C00.

triggered first by the discovery of highe superconductots
and in a more decisive way by the reports on colossal mag-
netoresistive (CMR) effects®® has contributed different !l EXPERIMENTAL DETAILS

points of view to understanding their behavior. The most Lag 55, 1<C00; samples were prepared by a coprecipi-
recent is the realization of the important role of phase sepagiion method from LsOs, CANOy),-6H,0, and SrCQ as
ration, evidenced recently in mixed-valence manganites by, ing material€. The cobalt nitrate was first dissolved in

both  electron microsfcoﬁy and scanning tunneling \yater: the cobalt content in the solution was determined
spectroscopy,although it had been previously highlighted gravimetrically with anthranilic acid as a precipitating agent.

by Sérris-Rodfguez and Goodenou§io explain the mag-  known volumes of the cobalt solution were then mixed with
netic and electrical properties of Sr-doped cobalt perovskites, o yesponding lanthanum and strontium nitrate solutions, ob-
It is now well established that this phase separation is Nofyineq by dissolving in nitric acid weighted amounts of dry
due to chemlcgl mhomogenemes or tg_ the existence 0[a203 and SrCQ. Coprecipitation apH 11 was achieved by
phases W|th_ a different chemlca_l compositiollany reports adding aqueous solutions of KOH and@0; as precipitat-
are appearing on the electronic_phase-separated nature jgf agents. The precipitates were carefully washed, dried,
such perovskites, both from diréctor indirect results like and then decomposed at 1023 K. The obtained precursor
. . . ‘9 . . 0 -

conductivity flgctuat|on§, ~ electrical - nois¢;  and powders were pressed into pellets, heated in air for 24 h at
11-15including theoretical analysi§: 8 ;

: different temperature@l ,,= 1273, 1373, 1473, and 1573 K

others,
Concerning cobalt perovskites 13,Sr,Co0;, the idea  5ng then cooled very slowly to room temperatgat 0.3

was already proposed in the commented Ref. 6 and furthg¢;min down to 973 K and at 0.7 K/min thereafter

discussed in several work%:2° Among them, Miraet al® The product materials were examined by x-ray powder
analyzed the ac-magnetic susceptibility 0foks5f15C00; giffraction with a Philips PW 1729 diffractometer and

in the framework of interactions between hole-rich clusterss k ,=1.5418 A radiation. NaCl was used as an internal
imbedded in a hole-poor matrix. This work was criticized by sangard, Al the samples are single-phase materials. The
Anil Kumar et al,™ who argued that only in the framework i erma stability of all the materials was checked by differ-
of a compositionally inhomogeneous sample could the Maga+ia| thermal analysis and thermogravimetric analysis with a
netic behavior of the above-mentioned sample be explainegg kin_Elmer system. lodometric titrations were carried out
Nowadays, with numerous works reporting on the subject, if, gnalyze the oxygen content of the materials: the samples
is becoming clearer and clearer that this is an obsolete argy;ere dissolved in acidified Kl solutions and theglenerated

was titrated against a thiosulphate solution; the whole pro-
dElectronic mail: fajmirap@usc.es cess was carried out under a nitrogen atmosphere. The iodo-
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FIG. 1. Variation, with synthesis temperaturg,f), of the real part of the
linear ac-magnetic susceptibility vs temperature of,ds8r, 1C00;. In-
creases of ,, lead to the elimination of the anomalies at 170 and 240 K and
to the increase of the cusp @=70K, although for the highesI, the
value atTy is slightly reduced with respect ,,= 1473 K.

(b)

metric titrations reveal that the samples are stoichiometric in
oxygen, nevertheless, as the samples annealed at higher tem-
peratures only dissolved in more acidic conditions, in which
the experimental error increases, we cannot discard a slight
oxygen-deficiency in these samples with respect to those an-
nealed at lower temperatures. Particle size and morphology
of the samples annealed at 1273 K were studied with a JEOL
6400 scanning electron microscope. The coprecipitated
samples showed individual particles with quite perfect
spherical shapes with sizes between 700 and 900 nm.

High-resolution transmission electron microscopy obser-
vations were carried out with a Philips CM200 microscope
offering a point to point resolution of 0.27 nm. The samples
were prepared by depositing the powder material on a
carbon-coated copper grid.

Real and imaginary components of the external complex
ac-magnetic susceptibility were measured as a function oflG. 2. (a) High-resolution electron microscopy image taken along the
temperature with a Lake Shore 7000 system, using a mutudf—1:1] zone axis forT,,=1273 K. (b) The same fofTa,=1573 K. Ob-

. . . . . serve how the fringes lessen their intensity.

inductance technique. The calibration was performed using a
Gd,(SQy)5-8H,O paramagnetic standard with the same
shape and size as the investigated samples. Demagnetizing

effects have been taken into account in the calculation of th&aboratory. There is a main peak at aroufgk70K com-
so-called internal susceptibility. Data were collected onmon to all the cases. For loW,, a broad hump is present at
warming from 13 to 300 K after zero field cooling of the about T,~170K, and the onset of the magnetic signal,
sample with a driving field of amplitude#3.75 Oe, oscil- marking a magnetic transition, begins Bj~ 240 K. Both
lating at a frequency of 1 kHz. The temperature of thedisappear when increasing,,, and the one al increases
sample was controlled with an accuracy of about 0.1 K. its signal. The maximum &k, for T,,=1573 K is frequency
dependent and behaves in a similar way as canonical spin
glasses.

In order to investigate hypothetical structural changes,

As expected, the dynamic magnetic behavior ofhigh-resolution electron micrographs were taken along the
Lag gsSIp.1£C00; is strongly dependent on the annealing tem-[0,— 1,1] zone axis(Miller indices referred to the rhombo-
peratureT ,,. Figure 1 shows how the real part of its linear hedral crystallographic cellIn Fig. 2a) the micrograph of
magnetic susceptibility changes with such synthesis condithe T,,=1273 K sample is shown, and the presence of a
tion. The data of the sample annealed at 1273 K are coincistripe structure can be observed that much resembles the
dent with the ones of Ref. 19 but not with those of Ref. 27structure found in La ,CaMnO; attributed to charge
(following the same route as hérén any case, the general stripes?® This structure has been observed %oup to 0.30
trend can be regarded as similar, in spite of the quantitativand forT ,, until 1573 K, in regions with sizes between 8 and
differences that might lie on variations from laboratory to40 nm?° The increase ofT,, modifies their number and

Ill. RESULTS

Downloaded 24 Oct 2001 to 193.144.85.76. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/japo/japcr.jsp



5608 J. Appl. Phys., Vol. 89, No. 10, 15 May 2001 Mira et al.

makes the stripes more diffuse, although they are still presenta, ,Sr,Co0; is not already reachédbut a small net mag-
for the highest 5, [Fig. 2 (b)]. It is worth mentioning that no  netic moment is measured for loW,, samples, indicating
superstructure spots were detected in any of the various cryshat some hole-rich regions might be interconnected for
tallites selected and oriented along different zone axes. Thgose cases. This net magnetic moment is eliminated upon
coexistence of distinct phases with different chemical comincrease ofT,,,, which would happen if the interconnecting
positions has also been excluded by high-resolution neutropaths were supressed. Even if the stripe structure is still dis-
diffraction® on the basis of the expansion of the unit cell tinct for the Ta=1573K sample, it seems that the charge
with the increase of Sr dopirfd,which would cause varia- redistribution is enough to eliminate the interconnection be-
tions in the neutron diffraction patterns if different chemical tween hole-rich clusters and, subsequently, the net moment
phases were present. atT=240K in theT,,=1273 K case. In this framework, the
stripe structure could be interpreted as a charge pattern, simi-
lar to that reported for manganitésfor which a similar
dependence of the amount of ferromagnetic material on the

The key point is to identify what is changing wity,, thermal history has been reported, and attributed to a charge-
that is originating, so important variations in the ac magneticcarrier redistributior(see Ref. J.
susceptibility results. Anil Kumaet al. invoked composi- In summary, the presence of chemical inhomogeneities
tional inhomogeneity/ more concretely, they claimed that is excluded in LggsSio 15C00;, whatever the synthesis tem-
the Compounds L@Ssro.lSCOOE» synthesized at low tempera_ perature between 1273 and 1573 K. We propose that the
ture contain sufficient amounts &f=0.5 andx=0.2 phases existence of an electronic phase separation is the origin of
in order to explain both the onset of signal at 24Qwhich ~ the observed dependence of its magnetic ac susceptibility
is similar to the Curie temperature of § &S, s¢CoO; (Ref.  With the synthesis temperature.
30)] and the hump at 170 Kin the order of the Curie tem-
perature of LaggSrh,dC00; (Ref. 30]. In this picture the ACKNOWLEDGMENT
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