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Magnetic and transport properties of polycrystalline Lag ;SrysMn,_,Fe,O4
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The effect of Fe doping<10%) on polycrystalline samples of §.#88r, sMnO3 has been studied by means
of x-ray diffraction, resistivity, ac susceptibility, magnetization, and magnetoresistance measurements. Fe
doping does not affect the lattice structure, but it weakens the ferromagnetism and substantially augments the
resistivity of the samples. The magnetoresistance of a sample with 10% Fe doparty;Ti magnetic field, was
4 times greater than that of the undoped sample near the peak in the resistivity. The results were explained in
terms of the formation of antiferromagnetic clusters of Fe ions5A& the magnetoresistance showed no
significant dependence on Fe doping, but it displayed large variations in fields below 0.5 T for all samples.
This behavior was attributed to spin-polarized tunneling at the grain boundaries of the polycrystalline samples.
A variable-range hopping behavior in the resistivity was also encountered in all the samples at low tempera-
tures.
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Compounds of the typé;_,B,TO; (A represents a lan- netic transition(where the CMR is more pronouncedell
thanide,B an alkali metal, andrl a transition metalhave below room temperaturé® Ahn et al® observed that the
been the subject of intense research in recent yeafs. substitution of Mn by Fe encourages an antiferromagnetic
These materials have proved to be an ideal natural laboratotigsulator behavior which opposes the DE effects.
for the study of strongly correlated electronic systems, sinc&imopouloset al® studied Fe doping of the compound
they incorporate a wide variety of interactions and effects. ALa, _,CaMnO; by means of Mesbauer spectroscopy and
detailed study of these materials should therefore bring aboyhserved that Fe is coupled antiferromagnetically to its Mn
a profound understanding of solid-state physics, opening UReighbors. Ogaleet al® studied the effect of doping the
new opportunities for technological applications. compound Lg;<Ca ,Mn;_,FeO; with Fe and observed
_ Atroom temperature, the perovskite compound LaMnO the occurrence of a localization-delocalization transition in
is an insulator in which Mn is trivalent. The partial substitu- {4 system at a critical concentration. Ghatal® studied
tion of trivalent La ions with divalent ions such as Ca, Ba, ihe effect of doping in the compound 4.4&Ca MnO; with
Sr, Pb, and CdRefs. .1._.5’ 13, and 14yields a NEW COM-  \arious transition elements on the CMR properties. They ob-
pound capable of exhibiting strong ferromagnetism and hlghserved that the effects of local strains induced by the size
metallic conductivity. For example, in the compound ™ . .
La, St ,MnO, with the ideal stoichiometry, both Mr? and mismatch between the dopaqt and the host Ia’Ftlce dominate
Mn*4 coexist, allowing the hopping of electrons betweenthe magnetotransport properties of SUCh_ materials.
them. This phenomenon is usually explained using Zetrer's In this work we pre_sent re_su_lt_s, obtained frqm measure-
theory of double exchang®E). However, there is a grow- me_nts pf x-ray diffraction, r§S|st|V|ty, ac susce_ptlblllty, mag-

dt‘getlzatmn, and magnetoresistar(4R), on the influence of

ing body of evidence that suggests that the double-exchan ) : ]
model is insufficient to explain the rich variety of phenom- F€ doping &10%) on the magnetic and transport properties

ena observed in these oxides. Perovskites of this type have

been shown to exhibit the effect known as colossal magne- y
toresistancéCMR). In this phenomenon the application of a
magnetic field near the Curie temperattiginducesuptoa | | - La,,Sr, Mn, Fe O,
thousandfold decrease in the material resistiVifthe effect
was first observed in thin films of the oxide&! but also
occurs in polycrystafs® and monocrystal3.Another strong
effect is spin-polarized tunneling across grain boundaries in
polycrystalline sample%’ Among other things, such as the .
above-mentioned intergranular effect in polycrystalline sub- o
stances, it is now clear that lattice strain and deformation,
which affect the MA*-O-Mn"# bond angle and length, @

have dramatic consequences on the properties of these | J

systems” , L , 10 20 30 40 50 60 70 80
Another interesting way of modifying the properties of 26 (degree)

these systems is to dope the Mn site, which is the heart of

DE.>®!Most investigations of Fe-doped CMR materiéis FIG. 1. X-ray diffraction pattern of polycrystalling(a)

materials doped with other transition metalsave been per- La,_,Sr,MnO; and (b) Lag Sk sMn, Fe, 105 fired at 1000 °C in

formed on oxides whose undoped compound has a ferromagir for 20 h, showing the Miller index of the corresponding plans.
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0.3r FIG. 3. Magnetic field dependence of magnetization for five
02t different values fixed of temperature of polycrystalline
Sl Lay 7S1.3MNg &F€ 10s.
0y were sintered at 1000 °C and then cut into rectangular slices
on which the measurements were performed. The x-ray dif-
0.05} fraction results showed that all the samples had the perov-
. 0.04} skite structure in the absence of any secondary phases or
g impurities (Fig. 1).
a 003} In order to verify the effect of oxygen stoichiometry,
| some of the samples were exposed to a pressure of 1 atm of
L oxygen at a temperature of 1000 °C. No significant change
0.01t in their physical properties was observed.

Resistivityp (in zero aml 5 T fields and MR(in fields up
0.008F to 7 T) were measured using the standard four-contact tech-
0.007¢ nique. A conventional ac susceptometer was used to measure
0.006 the magnetic susceptibility at a frequency of 17.5 Hz using
0.005¢ a field of 1.5 Oe. Magnetization was measured using a Ssu-
0.004F perconducting quantum interference devi&QUID) from
0.003 Quantum Designs Inc.

8'83? Figures 2a) and 2Zb) show representative curves demon-

strating the temperature dependenceyofand p, respec-

050 100 150 200 250 300 350 400 450 tively. As the Fe concentratiorx in the compound

T(K) Lay 7St sMnO; is increased up to 0.1, we observe an atypical
FIG. 2. Temperature dependencexaf. (a) andp (b) of poly- increase inp accompar_ned by a decrease Tig.. All the
crystalline La Sk, Mn, _,Fe,0, for five different values ok. Inset ~ Samples display a maximum jm at some temperature,ay
of (a): Weiss constant as a function xf <Tc (see Table )l It is interesting to note that, for each

increase of 0.05 irx, the sample resistivity increases by at
of polycrystalline Lg Sty ;MnO; (Tc=360 K). There are least an order of magnitude. The magnetoresistance (MR
two principal reasons why a study of this type is important:=py—o— pn/pr=0o) NearT for x=0.1 is 4 times greater
(1) Both Fe and Mn have similar ionic radii, so the crystal- than that of the undoped sample.

line structure is not modified by the addition of K&) The TABLE I. Values of the Curie temperatufie-, resistivity peak

Which 5 free of Aenomen such as electionphonon inteiSPEratUd nac MR=8p/pp &l T=Tog, and § K, and resiiviy
. phe - pr at zero fieldp,, for five different values ofx of polycrystalline
actions characteristic of narrow-bandwidth materials. Conser-
. . 3751 aMN; F§,03.
quently, lattice effects may be ignored and effects due to the
variation in electronic structure become accessible. Fe may Te o MR MR 00

therefore be used as a control parameter to vary only the

. ; . X (K) (K) T=Tmax T=5 K (©Q cm)
magnetic and transport properties of these manganites.

The polycrystalline samples were prepared using the sol-0.000 366 324 0.11 0.44 0.008
gel proces€®?which offers unique advantages such as low 0.025 339 275 0.17 0.44 0.028
sinterization temperature, precise composition control, and 0.050 322 238 0.26 0.44 0.050
versatile powder formation. The precusor gel was heated t00.075 299 217 0.39 0.48 0.268
100 °C for 20 h after which the powder was fired at 1000 °C 0.100 265 179 0.40 0.50 0.462

for 20 h. The samples, in the form of compressed tablets

012408-2



BRIEF REPORTS PHYSICAL REVIEW B 63 012408

10}

1.0} :
09} ! Teex=0
. 0ot i A x = 0025 ]
08¢ _ ] ¥ x =005
07t 208 0 x=0075
0.6 = 0] o eex=01 ]
= T
0.6F "--n %ﬁi oo 1
1.0} : ?fiﬁ
L L 4
0.9} 0.5 , e
osl 0o 1 2 3 4 5 6 8
Field (T )

071

0.6t FIG. 5. Magnetic field dependence of MR for five different val-
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the grain siz& and the oxygen stoichiometfy.Since the
latter affectsT,.x and T equally, we conclude that the dis-
crepancies between Figgapand 2b) are due solely to sur-
face effects.

The dependence of magnetizatignormalized to the
value at 5 7 on magnetic field for thex=0.1 sample is
shown in Fig. 3 at five different temperatures. The depen-
dence of the resistivitynormalized to the zero-field value
on magnetic field is shown in Fig. 4 for five different values
of x. For eachx value the resistivity was measured as a
function of field at seven fixed temperature values. A sharp
variation in MR (>30%) was observed at low fields
(<5 T) for all the samples. This effect decreased as the
temperature was increased. The pronounced change in resis-
tance over this field range is associated with a field-induced
reduction in the scattering from the domain walls at the grain
boundaries of the polycrystalline samples. This interpretation
is confirmed by the absence of such effects in epitaxial films
and monocrystals? As can be seen in Figs. 3 an¢ett the
magnetoresistance varies rapidly throughout the region in
which the domains undergo rotation. The same behavior was
studied, and explained as spin-polarized tunneling, by
Hwanget al.” in a similar polycrystalline sample and by Li
et al? in polycrystalline films of such oxides.

FIG. 4. Magnetic field dependence of MR for five different val- ~ For x=0 the MR above 0.5 T appears to be independent
ues of x of polycrystalline Lg-SrMn;_FeOs, measured at Of temperature, but we observed an interesting temperature
seven different values of temperature each one. dependence for the Fe-doped samples. This dependence ap-

pears to be intimately related to the resistivity variation near

The variations of the resistivity and of the MR due to the T s [Cf. Figs. 2b) and 4, as discussed below.
addition of Fe are intimately linked, as already discussed. Previous studies have shown that, for light Fe dopixg (
For T<Tax p displays a metallic behaviordp/dT>0), <0.1), Mr?* is directly substituted by Fé (Ref. 22. De-
but at low temperatures all samples clearly show an increasspite the coexistence of both Mh and Mrf* in
in resistivity which decreases with the application of a mag-La, ;Sr, Mn; _,Fg0,, almost all the Fe is present as’Fe
netic field. This effect is characteristic of polycrystalline as confirmed by our own Mossher spectr® and other
manganites? and has been attributed to variable-range hopstudies’® Recent Massbauer resuft indicate that Fe
ping of electrons in the region of disordered grain bound-couples antiferromagnetically with its Mn neighbors. The
aries. There does not appear to be a clear correlation betwesharp increase in the resistivity of the Fe doped samples
a large decrease imin the metallic stat¢Fig. 2(b)] and the could be related to the appearance of local antiferromagnetic
ferromagnetic transition temperature as measured from th@\F) ordering of the Fe atoms and their Mn neighbors. The
susceptibility datdFig. 2(a)]. However, it is worth noting presence of antiferromagnetic interactions was checked by
that the relationship betweéeh,,, and T depends on phe- measuring the Weiss constar#t) (as a function ok, from a
nomena such as the effect of surface phonons associated wiihto reciprocal susceptibility in the paramagnetic phgee
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set to Fig. 2a)]. It is seen thatd decreases rapidly with significantly decreasing the resistivity of the samples. At low
increasingx, tending towards a negative value. We note thattemperatures AF order is fairly stable, and the magnetic field
at low concentrations in which the atoms are highly dilute,is less able to realign the spins. In this case the MR is almost
minimizing the probability of appreciable AF clusters, theresolely associated with spin tunneling, and is practically inde-
should be no increase in resistivityther than that due to the Pendent of Fe concentratidfig. 5.

increase a reduction in the quantity of Rin since Fé&" In summary, the effect of Fe doping in 4#1, MnOz on
does not participate in the DE mechanfsmAt the other  transport and magnetic properties has been studied. An in-
extreme €=0.2), the AF clusters dominate the system,Cre@se in Fe concentration in this material decreased ferro-
which becomes insulatirfg. In the range 0.05x=<0.1, at magnetic ordering, increased resistivity, and produced large

which some clusters are already present, the Fe clusters d\é@lue_s of MR near the resistivity peak. _These results were
explained as due to AF Fe cluster formation. Large values of

polarize the spins of their Mn neighbors. Hence, we believ X . .
that conduction, in this doping regime, is reduced by scatteﬁ—vIR at low temperatures and low fields, attributed to spin

ing off these depolarized spins. This mechanism explains th Qlanzed tunpelmg at the grain boundarles, were observgd.
lJnaIIy, a variable-range hopping behavior was observed in

large values of MR of these samples at temperatures ne il 'samol t low termperatur
Tmax- IN this range, thermal fluctuations are very strong. Ap- € all samples at low temperatures.
plication of intense magnetic fields<(1l T) realigns the Mn This work was financially supported by CNPqg and
spins, favoring hopping of electrons between Mn ions andCAPES(Brazilian Research Councjls
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