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Mossbauer spectroscopy and magnetoresistivity of >'Fe substituted Mn in
Lag7—,YxCap3MnO3; manganites
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We have studied the general physical properties of polycrystalline samples of
Lag 7Y «Cay sMnNg o9 F& 0103 X=0 and 0.1; manganites prepared through sol—gel precursors.
Characterization of these samples through electrical resistpffl), and magnetizationiy (T),
measurements indicated a transition to a ferromagnetic state~8240 and 100 K fox=0 and 0.1,
respectively. Mgsbauer spectra taken from room temperature down to 4.2 K revealed the presence
of two paramagnetic doublets from 300Tg having temperature independent hyperfine parameters
and, that belowl -, the appearance of two ordered components that coexist with one paramagnetic
phase. The coexistence between these phases is preserve@drdawn to ~20 K. The highest
magnetoresistance effect was found in the temperature range in which the change of volumetric
fraction of these phases is maximum. ZB02 American Institute of Physics.
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The mixed-valence manganites with the general formula  In order to produce homogeneous materials, polycrystal-
Ln;_T,MnO; (Ln=rare earth; FCa, Sr, or Ba exhibit line samples of Lg;_Y,Ca Mnggg F& 03 With x=0
strong interplay between small lattice distortions, transporand 0.1(hereafter referred as YO and Y10, respectiyehgre
properties, and magnetic orderihig.In particular, the occur-  prepared through sol—gel precursors. Details of this chemical
rence of colossal magnetoresistai€®R) close to the Cu- route for producing high-quality samples are described
rie temperature,;T, of these compounds is an object of elsewheré® The powders were heat treated at either 800 °C
great interest? For example, the magnetic phase diagram ofand 1000 °C in air for 30 h, subsequently pressed into pellets,
the La _,CaMnO; system shows the existence of different and subjected to a final heat treatment at 1200 °C in air for
phases with increasing Ca contérin the low Ca doping 30 h. All samples were analyzed by x-ray powder diffraction
region,x<0.2, the compounds are found to be antiferromag-using a Brucker Advanced D8 diffractometer. The x-ray
netic and insulating due to the superexchange interaction bgatterns show that the orthorhombic structspace group
tween Mn"3ions. Increasing the Ca contenfrom 0.2 to 0.5 symmetryPnma is preserved in all samples, with no ves-
results in compounds that exhibit both ferromagnetic andiges of extra phases in any of the samples studied. Electrical
metallic behavior belowl - due to the double-exchange in- resistance measurements in applied magnetic fieldap to
teraction between Mi?—Mn** pairs. Several experimental 5 T were performed with a Linear Research LF-40ac
result§ have suggested that the arrangement of theskesistance bridge operating at 16 Hz with variable excitation
Mn*3—Mn™* pairs is confined to small regions of these man-current.
ganites with typical dimension of-50 A. In fact, several Mossbauer spectra were recorded in transmission geom-
spectroscopic and macroscopic measurements indicate theify between 4.2 and 300 K using a 100 n¥@Zo (Rh ma-
below T, at least two separated phases or regions coexist iffix) source in constant acceleration mode. Lorentzian line-
these compounds.’ It has been also argued that one of theseshapes were used to fit the spectra by means of a nonlinear
phases has ferromagnetic and metalfi1) character and least-squares program. Isomer shifts and velocity scales were
the other is antiferromagnetic and insulati®d1). Indeed, it ~ referred toa-Fe absorber at room temperature. Magnetiza-
was suggested that the CMR effect has its origin on the cotion M(T) measurements were performed in a commercial
existence of these FM and AFI phases closd@ o These Superconducting quantum interference device magnetometer
experimental results are in agreement with the phase separi-both zero-field-coolindZFC) and field-cooling(FC) con-
tion scenario predicted theoretically by a number ofditions between 5 and 300 K in applied fields up to 70 kOe.
models8? It is useful to start this discussion by summarizing the

In this work, we focus on Nssbauer, magnetic, and M(T) behavior in both YO and Y10 samplésot shown. A
transport properties of'Fe doped Lg, .Y, Ca, sMnOs, x sharp transition to a ferromagnetic state was observed at 237
=0 and 0.1, samples prepared through sol—gel precursor§. (S58mple Y0 and 100 K(sample Y10. Below these tem-
The partial substitution of La by Y preserves the number ofP€ratures, a clear irreversibility i (T) between ZFC and
Mn*3—Mn*4 pairs and thé’Fe local probe was used to in- FC curves was observed. Regarding thesstzauer data, the

vestigate the coexistence of phases belgwin these man- spectra for both YO and Y10 samples at room temperature
could be fitted with two paramagnetic components, whose

ganites. \ : :
hyperfine parameters are listed in Table |. These parameters
are very similar to those found for botfFe and®’Co doped
dElectronic mail: goya@macbeth.if.usp.br LaCaMnO compound¥:*? The component with quadrupole
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TABLE |. Hyperfine parameters from Msbauer spectra for T T T T T T
LagCa Mg o5 F€0:0s YO and L& gY:CeMnges FeoOs Y10
samples at 300 and 4.2 K: QS, IS, and linewidth. Errors are given in paren-
thesis.

T(K) Sample Site BI) QSmm/g IS(mm/g I'(mm/9 ’E\
(&)
YO P1 0.1704)  0.3662) 0.3275) G
300 P2 1.364) 0.3657) 0.529) a
Y10 P1 0.26%7) 0.3692) 0.401)
P2 1.344) 0.271) 0.5717)

YO Bl 52.26) 0.0%1) 0.491)  0.441)

4.2 B2 481  0011) 0341 0703 10" b - : : . '
Y10 Bl  5227)  0.011) 0341)  0594) 0 50 100 150 200 250 300
B2  491) 0.01(1) 0.321)  0.954) Temperature (K)

FIG. 2. Temperature dependence of the electrical resistpffly) of the
Lag gY o 1Ca Mg oo Fey 0:0; Sample in several applied magnetic fields.
splitting (QS) ~1.35 mm/s corresponds to a minor fraction The insulator—metal transition temperatufe,, is defined as the tempera-
of a total resonant area and increases fra) 8 11(1)%  ture of the maximum ip(T) curves.
with increasing Y content. The larger linewidth, of this
component indicates a more disordered environment for th
corresponding Fe site. The isomer shiff6) values of all
components are characteristic of & Fexidation state.
When lowering the temperature from 300 KTo- T,

Below Tc. Such a paramagnetic phase was observed to co-
exist with two ordered phases in a wide temperature range,
roughly from 100 to 20 K. It has been argued that the devel-

. o opment of paramagnetic region®r superparamagnetic
the. hyperflne paramgters of the two pgramagnetlc sites a PM) islandg when approachind ¢ from below could be
their relative population remain essentially constant. How-

ver, belowT (for sample Y10, two magneti mponent due to increasing suppression of the long-range FM order
?s:xiet;);artio ge\?:lop :m 4 cé)exiost v;?h "ausct (:)cr)we pc;r:mz towardsT¢.'* Indeed, our Mssbauer spectra exhibit typical
. P "t P Y%eatures of a SPM transition when approachingfrom the
netic componentdoublej. The magnetic components have

; . ordered state(1) a gradual increase of the central doublet at
broad lines and a complex structure characteristic of mag el ag

. . . . expense of the magnetic component, an asymmetric
netic relaxing spectra. However, in contrast to an ordinar P 9 P 4py y

) . y(inward-curving lineshape due to a distribution of phase
ferromagnetic transition, between 80 and 20 K both the P&, | mes. It is worthwhile to mention that, to accurately char-

magnetic doublet and the two magnetic sextets ComponenEfcterize a SPM system, measurements of the blocking tem-
coexist, suggesting the presence of competing phases even %tr . ’ . .

. ature, anisotropy constant, and fluctuation time must be
T<Tc. At 4.2 K, only two magnetic sextets B1 and B2 are b Py

IR A ; : ... performed as a function of both temperature and magnetic
Zgzegevill\:vel?szlén#g[glzy)?erﬂne fields but different linewidth field. However, due to the intrinsic character of the SPM

The distribution of iron population at the two madanetic regions in manganite’$,other effects are occurring close to
pop 9 Tc, making a separation of these contributions difficult.

o . .
E:aosr?: da;gé Eﬁ\;vl?es g:)os: dt(IJ_ 502, mMﬁ(())ntrszsr;WII(tez p\:;vé?gsmevertheless, if one assumes that these regions are SPM,
P P & 3 Pies, their average volume can be estimated by using the expres-

:gtea:orvggﬁgnste;:géhsg?:gﬂi;gagggﬂ;i\éinfgﬁ%ﬂgg :2e4 5 sion 7= 15 exd KV/kgT] for the dependence of the relaxation
: : t'%me. In this equationy is the average volume of paramag-

K, the tgmperature dependen_ce of the relative populgtlons etic regions, 7, is the characteristic relaxation time
magnetic and nonmagnetic sites was extracted and is shovin
n

S 2 > 2" 107°-10 1 s for antiferromagnetic particlgsand iskK
in Fig. 1. The_ data clearly |nd|c§1te the_: presence of significa he total anisotropy of the region. The SPM-like behavior
volume fraction of paramagnetic regions in the sample eve

Bbserved within the time window of Msbauer spectroscopy
(~108 9 at T~100 K implies thatKV~200—-400 K. As-
sumingK~10® ergcm 2 (Ref. 15, these regions are esti-

£ 10014 g TERomw mated to have typical linear dimensions between 40 and 200
& 80 ¢ ] A. Islands with similar dimensions were obtained from other
S 60 ‘ Pl ] techniques in these manganifés.
L 40 ? g =P . Some of the features discussed have their counterpart in
()] 4 B1+B2 . .
E 20 H ] transport properties of these compounds. Regarding {hg
S om® 2o o o curves taken on the Y10 samplethup to 3 T(see Fig. 2,

0 50 100 250 300 the data exhibit a field independent semiconductor-like be-

Temperature (K) havior of p(T) down to~200 K. Below this temperature, the

_ curves slightly deviate from each other and the material un-
FIG. 1. Temperature dependence of the volume fraction of some phases

the La Y 1Cay MNg os> Fey 0105 Sample. Circles and triangles denote two Eergoeg an mSUIatorTmetal trangltlorTF@(H). Incr?aSIng_'
ordered phases, diamonds represent the sum of these ordered phases, ERgults In-an appreciable negatllve magnemreS'Stance CMR
squares are associated with the paramagnetic component. mostly in T<T. and a careful inspection of these results
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