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Magnetic behavior of the La ;_,Ca,Mn;_,Fe,O3 perovskites
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The magnetic ordering of the compounds; LgCaMn; _,FgO; where 0.2y<0.5 and G<x

< 0.1 has been studied within the molecular field theory. We introduce a model based on the
competition between ferromagnetic coupling between the Mn ions and strong antiferromagnetic
coupling induced by the presence of Fe ions. The magnetization as a function of temperature and the
critical temperature have been calculated for several values of the paramétershow that even

for very smallx, the magnetic order of the system is reduced. Our results are in good agreement with
experimental findings on these systems. 2600 American Institute of Physics.
[S0003-695(00)03248-4

The discovery of colossal magnetoresistafC#R) in Mn and Fe ions via the oxygen ions, which is of antiferro-
the mixed valence compounds of the typqﬁA{,(A,A’ magnetic nature.
=La, Ca, Ba)MnQ has raised the interest in the perovskite ~ The main point we wish to investigate here is the effect
based oxides. The interest has focused on the phase diagrahthe competition between the Mn—Mn and Mn—Fe interac-
and the magnetic and transport properties. Materials of thigons which are of opposite signs, on the magnetic properties
type with a rich phase diagram which have been studie®f the La_,CaMn,;_,FgO; perovskites. We start with a
intensively experimentally® are the La_,CaMnO; com-  simple model considering a simple cubic lattice in which the
pounds. magnetic iongMn and F¢ are placed randomlfFig. 1). The

At low Ca doping §<0.2) these materials are ferromag- Mn—Mn coupling leads to ferromagnetic order with coupling
netic insulators, for high Ca doping/t0.5) the materials constantJz while the coupling between Mn—Fe ions and
become antiferromagnetic insulators. In the intermediaté-€—Fe ions leads to strong antiferromagnetic order with cou-
doping (0.2<y<0.5) they become ferromagnetic and CMR Pling constantl,. The Hamiltonian is
is measured near the ferromagnetic critical temperatyre
The_ferromagnetic or_dering and the appearance of CMR at Hexchzz ki3 0101S2S 1)
the intermediate doping range have been initially attributed
to the double exchang®E) mechanisni. According to this . )
mechanism the electrons hop between the manganese ioff§ere the sum is over nearest neighbors. Zlemponents
using oxygen as an intermediate, therefore tunneling takeSz ©f the spins can take two values, 1/2 anf/2, and the;
place between two configurations in which the Mn ions of@'® parameters that allow ion dependent couplings. We take
different charge (M and Mn*4) interchange their valence. =1 if the site is occupied by an Fe atom aimg=0.56 if
However recent experimental and theoretical stidiese (e occupancy is MnJj; is the exchange coupling constant.
shown that the carriers in ferromagnetic manganites are holes "€ Parametek;; allows for two types of interaction.
on the oxygen sites rather than on manganites. Edwards anff® Setxij=—1 if the coupling constang;;=Jg and ;;
his co-worker& have shown that the scattering rate given by = L if Jij=Ja. We study the effect of the paramete(Fe
the DE model is too small to explain the appearance of CMFEONcentration on the magnetic properties of the
and theoretical calculations in Ref. 5 have shown that thé-21-yC8Mn1-,F&O; compounds, considering thtis al-
resistivity of the LaCaMnO compounds can be interpreted in

terms of bipolaron formation above . _ O—O—O—0—0—0

More recently several experimental studies appeared, |
concerning the doping of Mn ions with another transition O=— O—O—O
metal, e.g., Fe or C6:'! In this case modification in the " |
magnetic and transport properties has been observed. The O—0—0—O— O —0
substitution with Fe has the advantage that it does not cause I | |
lattice distortion since the Fe ion has ionic radius of the same —O—$=Q= _(L
size as the Mn ions, as it has been demonstrated by powder | |
x-ray diffraction experiments. Early experimental studies O—@=—0 —0—0
have shown that Fe ions are a direct replacement of Mn | |
ions2?In the La - ,CaMn,;_,Fe0O; compounds the effect of O—O0—Q—0—0—0O
the iron is to induce superexchange interaction between the

OMn @OFe —Jr =Jar

dAuthor to whom correspondence should be addressed; electronic mail:
trohidou@ims.demokritos.gr FIG. 1. Schematic representation of the magnetic lattice studied.
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FIG. 2. The functionf, (x)=T(x)/T,(0) for A=2 (dashed ling together FIG. 3. The magnetization per sif@ units of temperature. fox
with the linear fitting(full line) and the experimental datéull circles and -2 .an.d severalgvallljzes Iof tr?e FS(-:{(cozc:eritrau%LnB) vs perature,
squares

) ) ) critical temperature shows the same linear behavior with the
ways in the range that creates ferromagnetic ordering b€z, iation ofx, in this case a field of 0.01 T has been applied

tween the Mn atoms. . in the sample; this explains the higher valuesTgf So we
The magnetic ion¢of Mn and Fe are randomly distrib- - .,ncjyde that the linear behavior dF, is due only to the

ute_d on the sites 01_‘ a simple cubic Iattic_e. The probability forpresence of Fe and not to the variation of La or Ca.
a site to be occupied by a Mf or Fe'3 ion is 1—x andx The net magnetization of the system is
respectively. The probability for Mn—Mn, Mn-Fe, and

Fe—Fe ions to be next to each other is-(4)2, 2x(1—x), M= (1—2x)NgugBy;(h), (4)
andx?, respectively. The formation of clusters ofFe ions where h=gugH/(kgT) and H=Hy+yM. H is the total

has a probability of the order of". This case has been magnetic fieldmolecular and externgbn each spin. To find
neglected. Provided that we are interested in the area the spontaneous magnetization as a function of temperature,
<0.1, this probability is of the order of 10 and we can e set the external field equal to zero and solve numerically
therefore restrict our considerations to the cases where all F@q (4) using an iteration procedure. The results are shown in
ions have Mn ions as nearest neighbors. _ Fig. 3 forA =2 and several values of Fe dopirdpetween 0
We consider Ising interactions between the spins. Byang 0.1. From this figure we observe a reduction in the mag-
applying standard mean field theory for ferromagneti8m, petization with increasing Fe doping in agreement with the
we find that the critical temperature is experimental results of Refs. 7, 8, and 10. This reduction in
— 2 2 the magnetization can be easily understood considering that
Te=(1=20Ng"ugyTks. @ the sub%titution of Fe creates cgmpetition between the fqerro-
The molecular field coefficient ig=2z(J)/(Ng?u3). In our  magnetic and antiferromagnetic interaction in the system.

model z=6, for nearest neighbor interactions, axd) In conclusion, we have developed a phenomenological
=Jp(X?—2x+1)+J(—2x%+2x) is the mean value of the model based on the molecular field theory in order to study
exchange constant.,. then becomes the magnetization behavior of the {3CaMn,;_,Fe0;

pervoskites with 0.2 y<0.5, which exhibit ferromagnetic

3) metallic behavior. We observe that even a small amount of
Kg Fe doping has a great influence in the magnetic behavior of
The critical temperature of the undoped systeri i&x=0) these compounds. Due to the antlfe_rronjagnetlc coupllng
_ _ : caused by the Fe atoms the magnetization and the Curie
=12 /kg. We seth=—J,/J and find thatT.(x)/T(x .
N 3 2 . temperature show a decrease even in the case where only 5%
=0)=—-2(2A+1)x°+ (6N +5)x“—2(\ +2)x+ 1. In Fig. 2 . N

’ - - N of Mn atoms have been substituted by Fe atoms. This is in
we plot the functionf, (x) =T (x)/T.(x=0) for A=2.0 for aareement with exoerimental findinas
several values of the Fe concentratiofdashed lingin the 9 P gs-

range 0<x<0.1. We have chosen the valhe-2 because it This work was financially supported by the program De-
is close to the ratio of the antiferromagnetic versus the fermoerevna 99Program No. 638

romagnetic interaction strength. In the same figure we have
plotted the linear fitting(full line) of this function. We ob-
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