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Abstract

Samples of La ,Ca FeQ; were synthesized in air for 0.65x < 0.55. X-ray powder diffraction analysis showed that the samples were formed
in a single phased orthorhombic structuPd®m) where the lattice parameters were calculated and reported. The dc magnetic susceptibility was
measured using Faraday’s method from room temperature up to about 850 K at five different magnetic field intensities. The obtained results showe
that the samples were antiferromagnetic with slight canting of thedpéns. The substitution of Baby C&* ions lowers the Mel temperature.
The calculated values of the effective magnetic moment as a function of #e@wentration were in good agreement with the reported data.
The results were interpreted on the basis of the charge difference and the ionic radii of'taed.&€3" ions.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The remarkable magnetic properties of the rare earth orthofer-
rite family of crystals (RFeg) have attracted continued experi-
The perovskite type oxidefl] have the general formula mental and theoretical intere$2y]. For example, they were the
ABO3 with A representing a large cation, usually rare earthfirst group of materials to be considered in bubble memory appli-
ion, while B is the smaller one. The perovskite structure carcationsfor computer desi¢@8]. The direct magnetic interaction
be described as a framework of corner-sharingsB©tahe- between nearest neighbors®tenoments in this case is negli-
dron that contains A cations at 12-coordinate sites. Amongggible. Instead, the spins are coupled through the oxygen ions by
the perovskite compounds, there are tfé-83* or (3—-3) per-  the mechanism of super exchange interaction. This interaction
ovskites, in their orthorhombic forms, the displacement of dif-is predominantly antiferromagnetic; however, it has an antisym-
ferent A>*cations from the ideal positions appears to decreasmetric component that causes a slight canting of the moments of
with increasing the size of & with the same B cation[2]. adjacentiron atoms and a resultant weak ferromagnetic moment
Recently, it was found that the rare earth orthoferr[dls  as well[29].
(RFeQ) with perovskite type structure are interesting materi-  The importance of orthoferrites in many applications encour-
als for most of electronic applications because of their mixedages us to through light on the role of&aons substitution on
conductivity [4]. These materials display ionic and electronicthe crystal structure and magnetic characterizations of LgFeO
defectg5], which make them important candidates for the devel-y X-ray diffraction and magnetic susceptibility. Also, one of our
opment of solid-oxide fuel cel[§], active catalysis for oxidation goals is to study the solubility limit of G4 ions in the LaFe@
or reduction of pollutant gasgg,8], oxygen sensor electrodes matrix in order to improve the physicochemical properties of the
[9,10], gas diffusion electrodes, oxygen permeation membranesompound to be more applicable.
[11-13] chemical sensors for the detection of humidity],
alcohol [15] and gase$16—18] such as oxygelifil9,20] CO
[21,22] and NG [23-25]as well as environmental monitoring
applicationg26].

2. Experimental techniques

Samples of La ,CaFeQ; (0.05< x < 0.55) were prepared
by the conventional solid-state reaction from oxides of analar
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transferred to electric ball mill for another 3h. The sampledattice parameters at=0.45 is directly related to the generation
were pressed into pellets form using uniaxial press of pressuref a relatively large amount of E& ions instead of F¥ ions
5 x 10° N/m?. The pellets were presintered in air at 9%&Dfor  as the result of increasing €acontent. The chemical formula
20 h with a heating rate ofIC/min. They were cooled to room could then be written a81] Lal_xCa,cFeff,FefJ“Og_y where
temperature with the same rate as that of heating, regrinded amg x, 0<7<0.07. These results are in good agreement with
pressed again into pellets. The pellets were fired at 1200r  those reported by Komornicki et §81].
30 h at the same previous rate and then cooled to room tempera- The tolerance factor) Eq. (1) [32], is a geometrical factor
ture with the same rate as that of heating. Regrinding was carriezharacterizing the size mismatch that occurs when the A-site
out again, then the powder was sieved and pressed into discs @ditions are too small to fill the space in the three dimensional
diameter 1 cm and thickness &f1.5 mm, fired at 1200C for network of BQ; octahedra:
another 30 h in air with the same rate of heating. R
; . . A+ Ro

The samples were checked by X-ray diffraction analysi¥ = ————
using Philips Diffractometer model “PW3710” with a Cu target V2(Rs + Ro)
of wave length { = 1.54060&) to assure the complete solid- Ra, Rg andRgp are the ionic radii of the A, B and oxygen ions,
state reaction. Indexing of the obtained diffraction patterns usingespectively, in the AB@perovskite. The effective ionic radius
JCPDS cards was done and the lattice parameters were calaf-the A-cation is calculated from the relati¢3i:
lated using the computer program Tr¢80].

The dc magnetic susceptibility measurements were carriegeff = (L= 0)Rz + xRegr [32] @)
out using Faraday’s method in which a very small amount of theihen the tolerance factor decreases, the orthorhombic distor-
powdered sample was inserted in a cylindrical glass tube at thgon increases. On the other hand, #hgo_g angle, which
point of maximum gradient. The measurements were performeid a measure of the tilting of the octahedron, is directly cor-
from room temperature up &850K at five different values of related to the cell distortiory decreases when the distortion

1)

magnetic field intensity ranging from 833 to 3800 Oe. increaseg32]. The ideal perovskite structure has1, where
the orthorhombic distorted perovskite structure h&9.8. In
3. Results and discussion the investigated samples, the iron is the B cation; increasing
C&* content decreases the tolerance factor fion®.902 at
3.1. X-ray analysis x=0.05tor=0.895 atc = 0.55, assuming nine-fold coordination

A-cation. This means that the orthorhombic distortion increases

X-ray diffraction analysisFig. 1, of the samples of La,  With C&* content which agrees well with the variation of the
CaFeQ; (0.05<x < 0.55), reveals single-phase orthorhombiclattice parameterssig. 2, as the Ca content increases.
structure with space groupknm). At x=0.55, a small intensity
of a secondary phase appeared which was identified as CaO. Th&. Magnetic susceptibility
variation of the lattice parameters with Ca content is illustrated
in Fig. 1, from which it is clear that the value df is nearly The dependence of the molar magnetic susceptibility on the
constant with increasing up to 0.35, after that it decreases absolute temperature as a function of the magnetic field intensity
giving a minimum atc = 0.45 and increases again. The trend offor the sample La_,Ca.FeQ; (x=0.25) is shown irFig. 3(a)
both parameters andc is nearly the same, where they reach aas a typical curve. The data in the figure shows stabilityyn
maximum value at = 0.45 corresponding to the minimumf  from 900 down to=690K, below which, a sudden increase in
and then decrease. This result reflects the distortion that takes is observed with the continuous decrease in temperature.
place in the lattice at=0.45 due to the mismatch between the The value ofym at room temperature &6 times its value at

size of the L&* and C&* ions. Also, the peculiar change of the 690 K. The intensity of the magnetic field affects directly on the
values ofyy where it decreases with increasing the intensity of

the magnetic field.
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Fig. 1. X-ray diffraction patterns for the samples 1LaCaFeQ;
(0.05<x <0.55). Fig. 2. Variation of the lattice parametersb andc with the Ca contentx.
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g =0 This expectation is enhanced by the decrease in the effective
= w0 magnetic moment with increasing €aconcentration. The pos-
= sible explanation is that the e (3c®) ions have the largest
20 i ilE magnetic moment (5.85B.M.) as compared with that of iron
iRl HRE RO AREE ions in another valence stg&5]. This means that, with increas-
€90 940, =90 440 430 540 S0 BA0 BRO M0 ing x, the number of F& (3d*), of lower magnetic moment,
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Fig. 3. (a) The dependence of the molar magnetic susceptibjlify on the Theoretically, the effective magnetic moment of the investi-

absolute temperature for the sample with0.25 as a function of magnetic field gated samples can be calculated using the forif@@h
intensities as a typical curve; (b) the dependence of the reciprocal of the molar

magnetic susceptibility;(,;ll) on the absolute temperature for the sample with 2 2 2 2 1/2
x=0.25 as a function of magnetic field intensities as a typical curve. pett = (1 — )i o +xugpr + (1 —igar + 1gar)

As, the L&* and C&* ions are diamagnetic, therefore their

The magnetic susceptibility data obeys the Curie—-Weiss lamet magnetic moments are too small so they can be neglected.
below the Neel temperature, while abo%g the sample behaves The resultant is that of the iron ions, in the investigated sam-
like a normal paramagnet obeying the Curie ldig. 3b). ples, taking into consideration that iron exists in two different
The values of the magnetic constants were calculated from thealence states. The dependenceugf on x is mainly due to
plot of x~1 versusT (Fig. 3b)). Below the Neel temperature, ratio of (FE*/Fe**) ions due to the increase of €aions. It
Tn =693 K atx=0.25; the magnetic ordering of Feions in  was reported thd85] e is calculated for the metal ion from
orthoferrites is that of a canted antiferromagnet of the G-typeuet = g+/J(J + 1); whereg is the Landau splitting factor and
[33]. At room temperature, the net moments ofFens lie s the total angular momentum; which is equal to 5.85 B.M. for
along thec-axis where as the sublattice momer@ lie in (a,b) Fe** ions. This value agrees with the experimental calculated
plane being slightly canted to theaxis. Above the Mel tem-  value (et = 2.83v/C, C is the Curie constant) fromy(* ver-
perature, the samples behave as completely paramag@wtic  susT) atx=0.05 (6.20 B.M.) at 833 Oe. The difference here is

Depending mainly on the synthesis techniques and conddue to the canted antiferromagnetic character of the samples.
tions (sintering atmosphere, cooling rate, etc.) and the difference The influence of the tolerance facta) pn the magnetic
in ionic radii between L& (rioni0:1.216&) and C&* ions  properties is well establish¢@7,38]for super exchange antifer-
(rionic = 1.180,5\) in nine-fold coordination, the substitution of romagnets such as LaFgQ\nalysis of this system has shown
La3* by C&* in LaFeQ has at least two possibilities. First: thatthe Neel temperature is directly proportional to é6sCon-
the system La_,Ca,FeQ; consists of two or more phases; iron sequently, one can attribute the decrease of thed tdémperature
possesses an intermediate valence state that increases gradusaiith increasing C&' content to the decrease of the tolerance fac-
from Feé* to F&"* with increasingr. The second possibility is  tor.
that the iron keeps its stable trivalent state and the oxygen defi- The variation of the molar magnetic susceptibility with the
ciency appears in the lattice in order to neutralize the compounabsolute temperature at differentCaontents is illustrated in
electrically. Fig. 5 The remarkable increase jy with increasing C&" ion

Fig. 4 represents the variation of the calculated effectivecontentis explained by the increase inthe number &f leams on
magnetic momentyeff), the Curie constant() and the Neel  the expense of P&, thus giving rise to a high probability of the
temperature Ty) as a function of the calcium content. The super exchange interaction betweed*Fand Fé* where they
decrease of the &kl temperature is probably due to the factare antiferromagnetically coupled through the oxygen anions.
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