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Role of the rare-earth on the electrical and magnetic properties
of cobalt perovskites
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The magnetic and electrical properties of _RSr,CoO; materials (R=La, Pr,Nd, Gd) (G=x

=<0.50) are studied. Rare-earths with angular momeriten® enhance coercive field values. They

are maximum for R=Nd (the highestL) and much smaller for Gd and Ld &0). The result is
interpreted as the contribution of the L—S coupling in the rare-earth to the magnetic anisotropy of
the system. Electrical conductivity is improved with Sr doping, but increases of rare-earth atomic
number lead to decreases of conductivity. This is attributed to the increase of lattice distortions, due
to the smaller R' ionic size, and to the effect of the rare-earth on the spin state of cobalt ions.
© 2000 American Institute of Physids$0021-89780)92608-3

I. INTRODUCTION sents the lattice parameter of a cubic unit cell containing one
ABO; unit, and can be defined as=(V/Z)3 whereV is

the volume of the unit cell and is the number of ABQ@
units in one unit cell of the crystal.

The complexity of the magnetic and electrical propertie
of hole-doped lanthanum cobaltites;LgSr,CoO; has been
known since long agd.3However, the interest on these ma-
terials has increased recently due to the finding of colossal
magnetoresistive effects in parent hole-doped manganesgr ResULTS
based perovskités> Sr doping favors the onset of ferromag-
netic interactions but, in contrast with the manganites, the ~The general trend of the variation of the pseudocubic
Co" Spin state Changes with temperature, addmg a new ai{,attice constanta’, as a function of botlx andR, is that in
pect to the physics of the system. The complete phase di&ach of the series the cell expands upon Sr doping and that
gram has already been described by &®r-Rodrguez and @'-Pr;_xSKCoO;  series  >a’-Nd;_,SrCoO;  series
GoodenougH. >a’'-Gd; _,Sr,Co0; series.

Although LaCoQ and La_,Sr,CoO; have been exten- In Fig. 1(a) field cooled dc magnetic susceptibility ver-
sively studied” the behavior of other members of the seriessus temperature of Nd,Sr,CoG; is shown. As for RelLa,
R;_,SrCo0;, with R=rare-earth, has not. The purpose of the material exhibits an ordered magnetic phase below a
this work is to deepen into the effects that variations in thecritical temperaturd ¢, which increases with the doping ra-
rare-earth induce in the magnetic and electrical properties dfo, x. For La_,Sr,CoO; the ordered magnetic phase sets in
the resulting perovskite. For this, ;R .Sr,CoO; samples, atx=0.20 and further increase in the Sr content hardly alters
with R=La, Pr, Nd and Gd and€©x=<0.50 have been syn- Tc. But this does not seem to be the case here, where de-
thesized and their dc magnetization and resistivity analyzed?e€ndence ofTc with x is observed in the whole doping

range. Magnetization versus magnetic field curves taken at
Il. EXPERIMENTAL DETAILS 77 K [Fig. 1(b)] indicate that the magnetic state is, for low
. , , doping rates, paramagnetic, and fo¢0.20, ferromagnetic,

Single phase polycrystalline ;R,S,COO; series o5 eypected. The magnetization grows wittbut does not
(R=La, Pr,Nd, Gd) (6<x=0.50) were prepared by the ni- g, rate within the available field range. It is worth mention-
trate decomposmc‘J‘n_ m_etho_d”m the case oflRa and Nd, g the high coercive fields, which reach a maximum of
and the so-called I|qg|d-m|x me_thod in the case 0f=_HPr about 4000 Oe fok=0.30, decrease thereafter.
and Gd® The so-obtained materials were characterized by For R=Pr the behavior is similar. The ferromagnetic
means of x-ray powder diffraction. In this context, while the phase sets in at=0.20, butT’s are higher and their depen-
La compounds are rhombohedrally distorted perovskites, thgence onx is more important. Hysteresis loops show also
x-ray diffraction(XRD) patterns of the RNd and Gd series g jigence of ferromagnetic phase, with coercive fields near
were indexed in the orthorhombic perovskite GdgasBuc-  p_ng (measured after maximum applied fields of 13000
ture (~v2acX ~v2a, X ~v2a.), and those of RPr were g for x=0.30. This concentration of divalent ions at the
indexed on the basis of orthorhombic structures with ;e earth site is close to=1/3, which in manganites yields
(~2a.,xX ~2a.X ~2a,). _ _ _aratio 2:1 MAT/Mn**, found to be optimal for the devel-

To compare _the lattice parameters of the different Serie§pment of the ferromagnetic state via double exchange
pseudocubic lattice constan®') were calculateda’ repre-  echanisnf. In cobaltites, coercive fields decrease after
=1/3, but theirT’s keep on growing, in some contrast to
dElectronic mail: fajmirap@usc.es what happens in manganites.
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FIG. 1. (a Field-cooled dc-magnetic

(b) Hysteresis loops of some of the above samples.

When R=Gd important differences appear with respect

0 15

susceptibility of
Nd; _,Sr,Co0; samples, measured under a magnetic fieltHsef1000 Oe.
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FIG. 3. Resistivity vs temperature of the;PfSr,CoO; series.

field, and much lower values of coercive fieldsaximum of
1380 Oe for thex=0.30 samples The form of the hyteresis
loops was found to be dependent on the thermomagnetic
history of the samples, which does not happen for oRigr

As for their electrical behavior, hole doping increases
electrical conductivity(Fig. 3). LaggoSrhdC00; is already
metallic, but as the atomic number of the lanthanide in-
creaseqi.e., as its ionic radius decreasdbe onset of me-
tallic state occurs at higher Doping values ok=0.35 and
0.40 are required for RPr and Nd, respectively. No metallic
state is observed in any of the GgSr,CoO; samples, al-
though the conductivity is notably improved upon Sr doping
by 6 orders of magnitude from=0 to 0.50.

IV. DISCUSSION

Two main parameters are altered upon substitutions at

to the two precedent cases. Samples are ferromagnetic fgfe rare-earth sitg(a) the ionic radius, andb) the magnetic
x=0.20, but theiT’s are lower(~160 K) and do not show  giate of the B ion.

appreciable dependences wnAlso, magnetization versus

Reducing ionic radii means increasing the distortion of

field curves(Fig. 2) indicate a less developed ferromagngticthe perovskite. In particular, theaO—Cobond angle is
state, that does not saturate under the maximum availablgquced, with the subsequent diminution of the electronic
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FIG. 2. Hysteresis loops of some G4Sr,CoO; samples al =77 K.

12

transfer integral between Co sites, that controls the electronic
(hole) conduction'® It would also make more difficult the
stabilization of ferromagnetic interactions via double ex-
change, which would explain the IlowTc's of
Gd,_,Sr,Co0;. In addition, the spin state of the Co ions is
likely to be altered. In fact, it is well accepted that o
undergo a thermal activated spin—state transition in LaZoO
form low S=0 to intermediaté&s=1 or highS=2 spin states
already at moderate temperatufdsdetermines not only the
magnetic but also the electrical properties of the material. Sr
doping introduces holes in the system, expands the cell and
favors higher spin states, but the physics of Lgr,CoO;

are still strongly influenced by the changing state of
Co*"/Ca*" ions® On the other hand, as the rare earth be-
comes smaller and more acidfbigher g/r ratio), it com-
petes more strongly with the cobalt for bonding to the oxy-
gen atoms, which results in a progressive stabilization of the
m*(Co-0) levels and a large splitting betwegyy and e
ones, and therefore in lower spin states for the cdbhit.
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these cases, transitions to higher spin configurations takevidence of the contribution of the L—S coupling in the rare-

place at higher temperatures. For example, spin—state trangarth to the magnetic anisotropy of the system. The mecha-

tions in RCoQ systems with low-radius ions like Eti and  nism would then be not active in=0 ions like L&", and

Ho®*" have been reported to occur at temperatures above 50B*. Gt has also high values of spin angular momentum.

and 800 K, respectivel* This is in agreement with our The high magnetic moment created by this rare earth, with

results, which show that on passing fron?Pto GF* the  no L—S anisotropy, can be easily oriented with a small mag-

effective magnetic moments for the cobalt ions get smallernetic field. This might be the origin of the thermomagnetic

For x=0.30 the values ofi; (Co) at room temperature are dependence of hysteresis loops in,Gdr,Co0O; samples.

3.0, 1.7, and=0 for R=Pr**, Nd®*, and Gd", respectively. _ , _

Also, the maximum values of magnetization of .FlnanC|aI support' from the Spanish DGICYT under

R,_,Sr,Co0; decrease when increasing the atomic numbeProjéct MAT98-0416 is acknowledged.
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