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Electrical and magnetotransport properties (@8;,35M3),3A1sMN03 (A=Ca, Sr, and Ba
compounds, synthesized by the citrate gel route, have been investigated. These compounds
crystallize in an orthorhombic structur@pace groupPnma. Semiconducting-like behavior is
observed only in Ca-substituted sample while Ba and Sr-substituted samples show metal-insulator
type transition. The high and weakly temperature dependent magnetoresistance at low temperature,
thermal irreversibility in field-cooled and zero-field-cooled magnetization, and nonsaturating
magnetization behavior are expected in systems with electronic phase separation. The cationic size
disorder by varying alkaline earth ions causes the electronic phase separa®05G\merican
Institute of Physic§ DOI: 10.1063/1.1853277

INTRODUCTION surements were made using a vibrating sample magnetome-

Rare earth manganites of the typ@0, exhibit many ;e_r:(sggf&rd) at different fields and in the temperature range

interesting properties such as charge-ordering, colossal mag-

netoresistance, electronic phase separatioril,’ze't'dne phase

separation in manganites has attracted the attention of the@ESULTS AND DISCUSSION

reticians as well as experimentalists. Thsite cation disor-

der is responsible for the lattice distortion which leads to the Al the three samples are found to be single phase crys-
localization ofe, electrons, which in turn, leads to electronic t@llizing in the orthorhombic perovskite structurspace
phase separation in these materfalixing cations of dif- group Pnma No. 62. The Ca-substituted sample shows
ferent sizes and charges at thssite is the most straightfor- higher orthorhombicity than the other two samples which in

ward experimental method for systematically tuning theturn, is due to smaller ionic size of Ca i¢h.34 AZ in com-
properties of these materidls. parison to that of S¢1.44 A) and Ba(1.61 A) ions” The cell

In this article we present the results of Varying a|ka|ineparameters were refined by the Rietveld method. The refined

earth iongkeeping the rare earth ratio fixedn the magnetic  lattice parameters are given in Table I. .

and transport properties of some manganites. The series, [N (Lay3SNp3)22A13MNO3 (A=Ca, Sr, and Blseries,
(Lay3SMyj9),sA1,3MN05 (A=Ca, Sr, and Br was selected lattice distortion occurs in the three dimensional Mta-
for the present study. Tha-site ionic radius and its associ- hedra on varying the alkaline earth ions. TAsite average

ated cation disorder are the varying parameters in these cori2nic radius,(r,), varies from 1.30 A for Ca, 1.33 A for Sr,
pounds. and 1.39 A for Ba-substituted samples. The tolerance factor

(t) is the ratio ofA-O andB-O bond distances in th&BO;
perovskite which is responsible for the lattice distortion. The
tolerance factor increases from Ca- to Ba-substituted
Polycrystalline samples ofla;;sSmy3),3A1,sMNO5 (A samples. The increase of the Mn—O-Mn bond angles en-
=Ca, Sr, and Bawere synthesized by the chemical citrate- hances the hopping @&; electron between MY and Mrf*
gel route using high purity L#;, Sm0;, CaCQ, BaCQ,,  sites via double exchange which favors the ferromagnetic
SrCQ,, and Mn-acetate. The as prepared powders were ca(FM) metallic phase. The ionic radius ofOis 1.32 A which
cined at 1000 °C in air for 2 h. The powders were palletizeds comparable to Sr-substituted samjble,)=1.33 A but
in the form of rectangular bars and sintered at 1200 °C in airsomewhat different from(r,) of Ba (1.39 A)- and Ca
X-ray diffraction patterns of the samples were recorded using.30 A-substituted samples. This mismatch between the sizes
CuK, radiation (PANalytical, PW 3040/60 Philips Resis- may cause lattice distortion and, hence, electronic inhomo-
tivity measurements at different applied magnetic fields werejeneity at microscopic scale in these samplese distortion
carried out between 5 and 320 K using the standard fouref Mn—O—Mn bond angle caused by lattice distortion, leads
probe dc methodPPMS (Quantum Desigh Magnetic mea- to the charge localization effects for Ba- and Ca-substituted
samples. Further, it may also cause antiferromagra&)
Author to whom correspondence should be addressed; electronic mailteraction due to change in Mn—O-Mn bond angle and dis-
dhiren@met.iitb.ac.in tance. Thus the development of AFM regions within the pre-
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TABLE |. Refined lattice parameters, a,b,c using Rietveld method, tolerance faigr T and percentage of
MR in 8 T field for the series(La;3SMy3)23A1,sMNO3 (A=Ca, Sr, and Ba

Systems 4A) b (A) c(A) t T (K) Te (K)  %MRyay
(Lay/sSMy/9)23sCaysMn0O;  5.40843)  7.63942) 5.45286) 0.9620 e ~50 ~95
(Lay/sSMbja)2sShsMnO;  5.47225)  7.70637) 5.45996) 0.9742 196 200 ~80
(Lay/sSMjs)5sBayMn0O;  5.50561)  7.78017) 5.50228)  0.9950 56 100 ~99

dominantly FM regions causes electronically inhomogeneous for the higher order term has been found to be 4.5 in our
regions at the microscopic sc&l@he earlier-mentioned FM systems. The fitted data in metallic region are shown in the
and AFM interactions compete with each other and may bénset of Fig. 2.
responsible for frustration in the system. The plots of magnetization as a function of temperature
The temperature dependence of electrical resistivityfor (LayzSmps)s3A13MNO3 (A=Ca, Sr, and Bacompounds
p(T), for (LaysSmys)q5A13MN0O; (A=Ca, Sr, and Ba are shown in Fig. 3. The FM to paramagnetic transition tem-
samples in zero and 8 T fields is shown in Fig. 1. In zeroperatureT¢ in all cases is determined from the minimum in
field, semiconducting-like behavigdp/dT<0) is observed dM/dT (Table ). The T is not the same &k, especially in
only in the Ca-substituted sample, down to 70 K belowBa- and Ca-substituted samples. The discrepancy betigen
which the resistance of the sample was beyond measuremeditd Ty, is indicative of destruction of long range FM order-
limit. Typical metal-insulatofMI) type transition is observed ing and the latter leads to charge localization at low
in Sr- and Ba-substituted samples at temperatilg) of temperatureg.Thermal irreversibility effect in magnetiza-
196 and 56 K, respectively. In the Ba-substituted sample, théon, which is due to the competing AFM and FM interac-
semiconducting-like behavior reappears at some temperatuf®ns, is observed belowc in these compounds. There is
below T,. In the 8 T field,p(T) of Ca-substituted sample, Strong irreversibility behavior between the zero-field-cooled
becomes nearly temperature independent at low temperaturé%':c) ma_gnetigatien and the field. coold&C) magrlelt!za-
which indicates the reappearance of FM ordering. High bufion: The inset in Fig. 3 _shows the inverse susceptibility ver-
weakly temperature dependent magnetoresistai@® be-  SUS temperature plots in 0.01 T for_a_II_ the samples. It is
havior is observed at low temperatures in all the cases dgteresting to note that the susceptibility of Ba- and Ca-
shown in inset of Fig. 1. Table | gives the valuesTgf and ~ Substituted samples deviates from the Curie-WeEsN)

maximum MR(in 8 T field) values for all the compounds. W While that of Sr-substituted sample does not.
The resistivity data of the series The deviation from C-W law is larger in the case of Ca

(Lay5SMby)/3A1sMNO; (A=Ca, St, and Bare found to be compound compared to that in Ba compound. This deviation
well described by the Mott—VRH model in which from C-W law indicates the presence of magnetic inhomoge-
nities which is usually taken to be an evidence of electronic

In paT-Y4® This is shown in Fig. 2. The resistivity in the .
per g y phase separatioh.

[li ion(in Ba- - i ; . .
metallic region(in Ba- and Sr-substituted samplézas been Figure 4 shows field dependence of magnetization for

fitted to a Zener-double exchange polynomysgg py+ p,T? N
+p,T", wherep, is the temperature independent residual re\L81/3SM/3)2/9A1/3MN0O; (A=Ca, Sr, and Basamples at 5 K.

sistivity due to scattering by impurities, defects, grain bound—The magnetization reaches near saturation value in Sr-

. . o ) substituted sample. However, the magnetization of Ba-
aries, and domain wallsg,T< is ascribed to the electron- . .
. n  Substituted sample approaches saturation rather sk@oty-
electron and electron-phonon mechanismsnd pnT

corresponds to the electron-magnon scattering. The value g]gired to the Sr-substituted samplhile that of Ca-
b 9 9: Substituted sample is not saturated even in 5T field. This
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FIG. 1. Variation of normalized electrical resistivity with temperature for

the seriegLay;sSMy3)2/3A13MNO3 (A=Ca, Sr, and Br Inset shows the MR FIG. 2. Theoretical fitting of the experimental resistivity data of

behavior with temperature. (Lay/3SMy3)2/3A1/3Mn0O5 (A=Ca, Sr, and Bacompounds.

Downloaded 11 May 2005 to 203.197.74.148. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



10H711-3 Asthana et al. J. Appl. Phys. 97, 10H711 (2005)

0.35
_LamS mm)mAmMnOS 5
0.30 [H=001T EN
L B
025 éf
50.20 7
= L
Sb15K s
= I —e— Ca (ZFC)
= —0—Ca (FC)
0.10 ¢ —aA— Sr (ZFC)
005 e j
M —— Ba (ZFC) (La,, Sm, A MnO
5 —0—Ba (FC) o \ A M3 oo
0.00 0 1 2 4 5 6

] 3
0 50 100 150 200 250 300 350 Field(T)
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. . . (LaysS MnO; (A=Ca, Sr, and Brat 5 K.
FIG. 3. Temperature dependence of magnetization in a field of 0.01 T ir{-BusS Mg 2isAysMNO; (A=Ca, St, and Bea

ZFC and FC runs fofLay;sSmy3),381,sMN0O5 (A=Ca, Sr, and Bacom-
pounds. Inset shows the plot of inverse of susceptibility vs temperature. M-H behavior. The two competing interactions, namely, the

lattice distortion that favors charge localizatigimsulating

magnetization behavior of Ca- and Ba-substituted sampleghas¢, and FM ordering which favors metallic phase, pre-
support the presence of microscopic inhomogenities due teumably lead to electronic phase separation.

distortion in MnQ, octahedra, though this effect is more

prominent in Ca containing compound. The maximum magACKNOWLEDGMENT
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