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We have measured electrical resistariR€T), magnetizationM(T), and for the first time
impedance spectrosco(T,w) of polycrystalline samples of lgaPry 4 Ca ;MnO3; compounds.

The combined results suggest the coexistence of two metallic ferromagnetic phases below the Curie
temperature of the system. THT) data exhibit two important features: the occurrence of a
metal—insulatofMI) transition at temperatures closeTg,~170 K and a large thermal hysteresis
below Ty, . The first feature was found to be associated with the development of ferromagnetism
and takes place when the magnetization of the samples becomes about 15% of its saturated value at
low temperatures. The second feature suggests two contributioi®(Tp below the Curie
temperaturd .. TheZ(T,®) data taken from 77 to 300 K and frequency varying from 5 t6HD

are much more valuable. These results reveal two well defined bulk contributions to the transport
properties of these manganites belevi70 K: one occurring at high frequenciestx 10° Hz and

a second one at low frequencies, typically on the order ok1® Hz. An analysis of th&(T,w)

data suggests that these contributions are related to the spin lattice relaxation rate of the two distinct
phases. Such a result suggests a phase separationglovthe compound in complete agreement

with recent muon spin relaxation and neutron spin echo measurements performed on manganites.
© 2001 American Institute of Physic§DOI: 10.1063/1.1357139

The mixed-valent manganites with general formuladisplay diffusive relaxation nedf. and an increasing vol-
Ln;_,T,MnO; (Ln=rare earth; FCa, Sr, or Ba exhibit ume fraction belowT., suggesting overdamped ferromag-
rich and interesting physical properties because of the strongetic spin waves beloW. . In the second phase the fluctua-
interplay between small lattice distortions, transport propertion of spins develops over a slower time scale and a
ties, and magnetic orderirlg? In particular, the magnetic decreased volume fraction was found belBw. They also
phase diagram of the La,CaMnO; system has been re- estimated the characteristic length scale of the inhomogene-
ported recently. In the low Ca doping regionx<0.2, the ity of the system to be-30 A7 These experimental results

compounds are antiferromagnetic and insulating, due to thg.e in complete agreement with the phase separation pre-
superexchange interaction between the*Rlions. For 0.2 jicteq theoretically by a number of techniqdds.

<x<0.5 the compounds exhibit ferromagnetism and a me- In this article, we focus on the transport and magnetic

tallic conductivity owing to the double exchange interaction :
. . roperties of LgsPry 4Ca sMnO3; compounds. We have per-
between Mii3—Mn** pairs. The Mi* ions are created by & " 83 0.4~ &.5VINDs COMP ; P
) o . . > formed temperature dependence of electrical resistance
the partial substitution of a divalent alkaline earth for triva- o .
R(T), magnetizationM(T), and impedance spectroscopy

lent lanthanum, which corresponds to the creation of holes ai(_l_ ) at temperatures varying from 77 to 300 K. The latter
@ .

the Mn*? sites(hole doping. Furthermore, it has been sug- ; dinal oy ina f
gested that the arrangement of these*faMn** pairs are V&S Periormed in a large range ot frequency ranging from 5
to 10 Hz. These results enabled us to address the issue of

confined to small regions of these manganites with dimen*
sions of~30 A7 phase separation beloly,, in these manganites, where Ml is
As far as this point is concerned, recent measurements ¢fetal—insulator.

muon spin relaxation(uSR) and neutron spin echo in High  quality  polycrystalline  samples  of

Lay -Cay sMnO; manganite strongly suggested that belbw  L80.3P1h.4Ca MnO; compounds were prepared with the

two spatially separated phases or regions with very differenstandard solid state reaction. Details of the sample prepara-

Mn—ion spin dynamics coexi$tOne phase was found to tion are described elsewhef®MagnetizationM (T) mea-
surements were performed using a commercially available

dAuthor to whom correspondence should be addressed; electronic mai[nagn_etomEter from Quantum Design, San Diego, CA. In the
riardim@if.usp.br zero-field-cooled measurements the samples were cooled
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FIG. 1. Temperature dependence of the electrical resis®GTg of poly- Some of the observed features in tR€T) data have
crystalline Lg 4Pr, .Ca, sMnO; compound. Arrows denote data taken during their counterpart in magnetization dak&(T) taken in H
increasing and decreasing temperature. =2.5kOe (not shown. First, a saturated moment of the
sample at low temperature ef7.73 emu/mol was observed.
Also, it seems that thd(T) transition shown in Fig. 1

down from room temperatur@t5 K in zero field before a occurs at the temperature in which the/(H) data assume
measured field was applied. In the field-cooled measurea value close to 15% of 7.73 emu/mol. This indicates that
ments the sample was cooled in an applied magnetic fielthe decrease in the magnitude B{T) occurs at a given
from room temperature to 5 K. Electrical resistariReT) temperature in which the volume fraction of the metallic
measurements were measured with the standard four prolphase reaches about 15%, which is appropriately close
method under two different conditions: increasing andto the three-dimensional percolation threshold. In fact,
decreasing temperature. Impedance spectroscopy mekim et al? observed a similar behavior in polycrystalline
surements were performed by using the standard twdagsg Pr,Ca;sMnO; compounds. It was assumed that the
probe method and a HP4192A LF impedance analyzer. Theolume fraction of the metallic phase is temperature depen-
impedance analyzer is connected via HPIB to a modetlent and it increases with decreasifig
363 HP controller for collecting, storing, and processing  To gain further information regarding the coexistence of
[—Z"(T,w)XZ'(T,w)] data in the 5 Hz—13 MHz frequency phases in LgsPry 4Ca& sMnO;, we have performed measure-
range. The temperature dependence of the impedance diaents of the temperature dependence of the impedance spec-
gram was measured as follows: after collecting the impedtroscopy from 77 to 300 K. A typical experimental result of
ance diagram data at room temperature, the sample waq w)=2'(w)+iZ"(w) taken in increasing temperature and
cooled down to 77 K. At this temperature, both #ET, ) at 154 K, which is just below the temperature in whRR{ir)
andZ'(T,w) data were collected and this step was repeatedalls significantly with decreasing temperature, is shown in
at several temperatures between 77 and 300 K during thEig. 2. The figure displays th&'(w) vs —Z"(w) diagram
sample warming. All impedance diagrams were corrected foobtained at frequencies varying from 5 to’ He. The fre-
parasite inductances and analyzed using the software for dguency decreases with increasirgf () values. The ex-
convolution of the impedance diagrams that showed mor@erimental curvgopen circle§ clearly shows two contribu-
than one semicircle. tions to theZ(w) which were obtained by the deconvolution

It is useful to start the discussion by showing the tem-of the data by fitting two semicircles and are also shown in
perature dependence of tR€T) data which are displayed in the figure. One of them, at high frequencies and denoted as
Fig. 1. A careful inspection of these results reveals importanR, (open triangles has a very low electrical resistance.
features of these manganites. First, we have found that thEhe other one, which is much more resistive, is referred to as
most pronounced feature of both curves is the occurrence d® ¢ and appears at low frequenci@gpen squargsFrom an
a maximum at a temperaturg,~160 and 170 K corre- analysis of severaZ(w) curves taken at different tempera-
sponding to the decreasing and increasing temperatutteres, we have computed the values of b&hk and Ry
branches, respectively. This maximum is certainly related tavhich are displayed in Fig. 3. The figure also shows the
the development of the metal-insulator transition in thistemperature dependence of tRgr+ Ry behavior at the
compound. Second, the(T) curves taken under different right axis.
conditions(increasing and decreasing temperataehibit a The first point to be addressed here concerns the behav-
well pronounced thermal hysteresis which was found to existor of the total componerR + Ry, which is similar to the
in a large range of temperature, typically from 60 to 170 K.R(T) data shown in Fig. 1. This corroborates the assumption
The observation of such thermal hysteresis is consistent witthat theR(T) curve is comprised of at least two contributions
the coexistence of two different phases with distinct spin-and that the impedance spectroscopy technique is able to
lattice relaxation times. separate them. Second, contributions arising from I5yth
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1000 s OurZ(w,T) data seem to be in complete agreement with
r the results discussed in Ref. 7. We have found that the char-
~ 800 acteristic frequency associated to g component is close
@, [ to 1.5x10° Hz, which corresponds to a spin lattice relax-
B 600 | ation time of~6 ws. This is similar to that found in Ref. 7 of
~ L ~2.2 us. The same analysis can be made forRg com-
5 400f ponent which shows a characteristic frequency -off
- X X 10° Hz or more appropriately to a spin relaxation time of
A 200 [ ~0.2 us. Again, our estimate is in complete agreement with
o r the uSR data of~0.1 us.” Thus based on these results, we

argued that ouZ(w,T) data correspond to the contributions
50 100 150 200 250 to the transport properties of both faf,(r) and slow )
TEMPERATURE (K) Mn—ion fluctuation rates in LgPry 4Cay sMnOs.

FIG. 3. Temperature dependence of b&} and Ry components. The : o
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