PHYSICAL REVIEW B 71, 024419(2005
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A detailed magnetic study has been carried out for the air-syntheRBe@9,0s, s (R=La—Ho) cobaltites.
RBaCo,0s,s compounds exhibit complex magnetic behavior depending on the rare earth, the oxygen content,
and variable Co valency. Spin-state transitions have been observed in the paramagnetic flegidbaK for
R=Nd, Sm, Eu, Gd, and Th compounds. The spin transition was found to depend delicately on the oxygen
content and can be detected at oxygen concentrations varied within 5.3-5.5. Clear effects of the rare earths on
the magnetic properties of the compounds at low temperature have been ob&Ba€d,Os,s compounds
show Co weak ferromagnetism plus rare-earth paramagnetism for the heavy rare-earth-based compounds
(Gd—Ho) and strongly ordered noncollinear ferromagnetic structure with high coercivity for light rare-earth-
based compound®r—Eu), thereby indicating the existence of a competing ferromagnetic and antiferromag-
netic interaction at low temperatures. We show that the spin-state transition and low-temperature magnetic
behavior have two distinct sources of origin. A phenomenological model incorporating the effects of rare-earth
and Co—O interactions has been proposed to explain the low-temperature magnetic behavior of the

RBaC,0s,s compounds.
DOI: 10.1103/PhysRevB.71.024419 PACS nuni®er75.50~y, 71.27+a, 75.30.Cr, 75.30.Et
[. INTRODUCTION Co—O octahedral structure is realized. The only reported

compound of the above formula is LaBa@g, which has a
The discovery of technologically important magnetoresis-simple cubic perovskite structure with a single mixed La/Ba
tive materials, in particular the manganites, has resulted isite® The intermediate caséand the interesting oneis
renewed extensive studies of other magnetoresistive oxidBBaCgOs s, (6=0.5 where the structure gets quite compli-
materials like cobaltites Studies of La_,Sr,CoO, show that ~ cated with the coexistence of both GeO square pyramid
the compound is metallic fox=0.25 although the magne- and Co—O octahedrd:'® The magnetic properties have also
toresistance(MR) ratio is low compared to manganite. been found to be strongly oxygen content dependent. Thus,
However, subtle changes in the composition leading tovhereas GdBaGs 45 shows a complicated magnetic be-
RBaCo0s. s (R=Eu and Gil have been reported to exhibit a havior with possible spln_-st?zte transitions, GdBgQg,
higher MR ratio® These compounds of the general formulaSNOWs no such complexity:? Similar oxygen-content-
RBaCo,0s. ; are layered perovskites with alternatingc@  dependent Chg”zges in properties have also been observed in
- ; NdBaCgOs, 5. A high-magnetic-field study of
square pyramid and octahedral layers alonglrexis. De- GdBaCeO h th t a first-order field-
pending on the oxygen content there is a variation in the abqbs,s shows ne presence ol a Tirst-order fie

L : induced transition below the Néel temperature of 255 K
mean oxidation number of cobalt. The change in the numb%hich is attributed to the polarization of Gd and Co

of Co ions of different oxidation number due to difference in .\ /- 44 A neutron diffraction study of ThBaG®s 4 in-

oxygen content of the sample results in a variation of th&jicates that in the intermediate-spin state the Co ions are
structure as well as magnetic and electrical transport propefygered antiferromagnetically in addition to a spin reorienta-

ties. Moreover, Co has the ability to exist in different spinjon procesd’ Theoretical studies of YBaG®s by Kwon et
states, and a temperature- induced low-gpif) state C8" 5| 16 jndicate that C&" and C&* are in two different spin
(t5,,S=0) to high-spin(HS) state C8" (t,s’e,?,S=2) transi-  states and the orbital moment contributes significantly to the
tion in LaCoQ, has been observeéd. Therefore, in addition et magnetic moment. On the other hand, local density ap-
to the interplay of structure, magnetic, and electrical transproximation (LDA) calculations on ThBaG®ss by Wu
port properties, there exists another degree of freedom-show that Cé" is in a high-spin state with competition be-
namely, the spin state of the Co ion—that needs to be takefiveen the high-spin superexchange antiferromagr@ti)

into account for understanding the properties of this systemgoupling and double-exchange ferromagnéEt/) interac-

For the stoichiometric compoun@BaCq0s (6=0), the  tion being responsible for complex magnetic properties.
Cc?*/Co* ratio is unity and the Ce-O forms a square is clear, therefore, that there is a lot of information, but at the
pyramidlike structure with the rare eartR) and Ba being same time there is also a lack of coherency. In particular, the
arranged alternately along tieeaxis2°5-8On the other hand, low-temperature behavior and role of rare earths is not clear
for RBaCg,0g (6=1), the CG*/Ca** ratio is unity and the at all. It is also not understood why subtle changes in oxygen
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would cause the compound to show drastic changes in magan. Approximately 50—70 mg of sample was taken. The
netic propertied!-13Reports of systematic studies involving samples were heated from room temperature to 1000 °C at
all the rare earths are very limited and until now to the besthe rate of 10 °C per minute. The TGA was carried out with
of our knowledge there is only one report by Maigreral1®  95% Ar and 5% H at a pressure of 1 atm. Magnetization
Since the overlap between the transition-metairbital and  measurements were carried out by a Quantum Design super-
oxygen 2 orbital is strongly influenced by the average ra- conducting quantum interference devi@QUID) magneto-
dius of ions on theR site, a systematic variation of thiesite ~ meter in the temperature range 5—-400 K. All the thermo-
cation size by varying the lanthanide will shed light on themagnetic data were taken after the samples were field cooled
role of the d-2p interaction in determining the magnetic from room temperature to 5 K at 1 kG. The transition tem-
properties and the effect of the rare earth itself. In this articlgperatures were determined from the maxima of div&/dT

we report on the result of our detailed study of the magnetizversus temperature curves.

properties of air-synthesizedRBaCg,0s,5 (R=La—Ho0)

compounds. Various parameters like the paramagnetic Curie

temperature and effective paramagnetic moment have been lll. RESULTS

extracted from magnetization data to determine the spin-state The oxygen content measurement shows that the oxygen

transition and effect of the rare earth. A phenomenologicatontent is different for different rare-earth-based compounds.
model has been proposed to explain the low-temperaturghis indicates a strong link between tResite radius and the

magnetic behavior of thBBaCo,0s.; compounds. amount of oxygen that the compound can accommodate. The
6 value for the end member of tHeBaCgOs, s series of
Il EXPERIMENTAL PROCEDURE compounds is approximately 0.2 while it increases to 0.5 for

the intermediate compounds. The variation of the oxygen

Ceramic polycrystalline samples oRBaCg0Os,s; (R content is qualitatively similar to what has been reported in
=La—Ho) were prepared using the conventional solid-stateRef. 18. However, as reported in Ref. 9, we did not see any
reaction method. Stoichiometric amounts R§O;, BaCQ,,  evidence of oxygen being 6.0 in La-based compounds. The
and CoO were thoroughly mixed and then calcined achange in oxygen concentration results in a change in the
900 °C for 12 h. The calcined powder was then regroundPxidation number of Co ions. As a result a different ratio of
and sintered at 1000 °C for 15 h. The final step consisted dihe mixed-valence Co ions is realized. In case of the end
regrinding the aforementioned sintered powder, pressing inteembers of the serie§5~0.2), the CJ*/Cc** ratio is
pellets and then sintering at 1100 °C for 24 h. The samplesmaller compared to the intermediate compounds, since the
were cooled in the furnace by employing a cooling rate ofCo?* number decreases asincreases from 0 to 0.5. This
5 °C per minute. The sample quality was checked by x-raychange in the Co mixed-valency ratio has a dramatic effect
diffraction (XRD) at room temperature. The XRD intensity on the magnetic properties as we will see later. Bhalues
data were collected by a Rigaku automated diffractometer
with Cu Ka radiation. The data were collected within the 2
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FIG. 1. XRD pattern of NdBaGC®s 57 The cross points are FIG. 2. Variation of the(a) lattice parameter an¢b) unit cell
experimental data points. The fitted curve is superposed on it. Theolume with(rg). The dashed line is a straight line fit to the cell
difference curve is shown at the bottom. volume data.
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TABLE I. Lattice parameters and magnetic propertieRBRC,0s, s compounds. The ionic radius is the radius of B¢ ions. § is the
amount of oxygen excess of 548.b, andc are the lattice parameterEg, Ty, andTst are the Curie, Néel, and spin transition temperatures,
respectively.f is the Curie-Weiss constantes is the effective paramagnetic moment, andndR;, are the goodness-of-fit factor and the
residual factor as obtained from Rietveld refinement.

R3* jons pPr* Nd* Snét Euw* Gd* Th* Dy®* Ho3*
lonic radius(pm) 113.0 112.3 109.8 108.7 107.8 106.3 105.2 104.1
S 0.531) 0.5798) 0.394) 0.342) 0.433) 0.41(0) 0.20(8) 0.2009)
aA) 3.9144) 3.9038) 3.8922) 3.891(7) 3.8785) 3.8714) 3.891(4) 3.8839)
b (A) 7.8306) 7.8213) 7.8427) 7.8477) 7.8364) 7.8330) 7.7706) 7.7542)
c(A) 7.6353) 7.6126) 7.5674) 7.5587) 7.5442) 7.5334) 7.5336) 7.5087)
Cell volume(A3) 233.75 232.36 230.95 230.77 229.25 228.77 227.75 226.06
Ty (K) 76.5 107.9 221.7 236.5 242.9 254.1 188.6 178.2
Te (K) 115.71 246.7 263.9 282.9 278.3 282.4 260.6 286.2
Tst (K) — 355.1 366.7 368.0 365.5 348.3 — —
6 (K) 54.15 T<Tgr T<Tgr T<Tgr T<Tgr T<Tgr 41.46 14.67
215.05 283.62 182.35 205.98 217.24
T>Tst T>Tg7 T>Tgt T>Tst T>Tst
44.82 94.19 260.27 175.08 33.78
Pest OF R®* ions (ug) 3.557 3.619 0.842 0 7.937 9.721 10.630 10.583
5.311 T<Tsr T<Tgr T<Tgt T<Tgr T<Tst 9.803 9.281
3.536 1.752 3.118 6.04 6.285
Peit OF T>Tgr T>Tgr  T>Tgr T>Tgr  T>Tgr
RBaCq,0s. 5 (ug) 5.265 5.265 6.063 8.99 9.89
S 1.469 1.511 1.975 2.025 1.721 1.954 2.326 2.490
R, 3.307 4.487 3.765 3.512 3.762 3.801 3.812 3.971

p

for the different compounds are given in Table I.
Room-temperature x-ray diffraction shows the formationbelow.
of homogeneous single-phase compounds.

LaBaC@Os.s all other compounds have an orthorhombic hasically similarM(T) behavior. As shown in Fig.(8), with

crystal structure with space grommmm For LaBaCgOs, s,
a simple cubic structure with space groBpiBm and lattice
parameter of 3.888) A is obtained. Figure 1 shows a typi-

and they can be broadly divided into two groups as described

Except for (i) The compounds with light rare eartiBr—Ey show

a decrease in temperature, PrBaGg ;s makes a paramag-
netic to ferromagnetic transition with-=115 K. The sharp
decrease of magnetization beldw indicates the likelihood

cal XRD pattern for NdBaCfDs s7. The goodness of factors f the presence of antiferromagnetic interactions in the com-
and residual factors as obtained for different compoundgound. In the case of NdBa@®s,s two transitions have
from Rietveld refinement is given in Table 1. XRD refine- peen observed at 107 and 246 K, respectiyEly. 3(b)]. We

ment shows that for all the orthorhomiRBaCqgOs, s cOm-
pounds, the lattice parameters may be expressedaixa2a

attribute the transition at 246 K as due to cobalt ions but the
origin of the first transition afy=107 K is not very clear,

X 2a, which indicates tge doubling of the lattice parameterajthough a different magnetic phase being the reason could
along theb and c axes.® Figure 2 shows the variation of ot pe ruled out? Magnetization versus temperature curves

lattice parameters as function of the radiusPokite (rg).
Both b and ¢ axes increases with increasiisite radius

for RBaCg0s,5 R=Sm, Eu, are shown in Fig.(8 and are
in good agreement with previously published restiftsThe

with the lattice parametes, which shows a dip around 106 compounds pass through several magnetic states as the tem-
<(rp=109 pm and then increases @g) increases. The perature is scanned from 5 K to 400 K. Né&r 250 K, the

unit cell volume decreases monotonically with decreasingnagnetization increases steeply and the compound goes from
(rr), and a straight line could be fitted reasonably well to thean antiferromagnetic to a ferromagnetic state followed by a
unit cell volume. This indicates that the cell volume decreasderromagnetic-to-paramagnetic transition. The relevant tran-

is due to the lanthanide contraction.

netizationM(T) for RBaCq0Os,s compounds. TheM(T) of
La-based compounfFig. 3(@)] is typical for ferromagnetic
ordering withTc=179 K. In contrast, th&®BaCqg0Os, s cOMm-

sition temperatures are given in Table |. A nonzero magneti-
Figure 3 shows the temperature dependence of the magation until the lowest temperature of 5 K indicates that the

ferromagnetic
antiferromagnetic-ferromagnetic phase at low temperatures

component.

The

compound is not fully antiferromagnetic but has a substantial

coexistence of the

pounds with magneti® ions do not show simple ferromag- will be more evident in field-dependent magnetization curves

netic behavior, but have a complicated magnetic propertyand will be discussed at length later.
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(i) For the heavy rare-earth-basé@BaCqg0Os,5s (R change temperature there is structural phase transition and
=Gd—Ho) compounds, the temperature-dependent magnewmetal-insulator transition in these compouf®$®2?2 The
tization shows paramagnetic behavior in the low-temperaturglope change means an increase in the effective paramagnetic
region and weak ferromagnetism in the temperature ranggoment of the compound. One of the likely causes for such
190<T=260 K, with an antiferromagnetic phase in be- anincrease in thpe; value could be a spin-state transition of
tween[Figs. 3d) and 3e)]. The effective paramagnetic mo- the CG* ions. It may be noted that all the compounds that
ment is calculated as 8.p3/f.u., 9.98ug/f.u., 10.34ug/f.u.,  show the spin-state transition have oxygen content close to
and 10.6@/f.u. for Gd-, Th-, Dy-, and Ho-based com- 5.5. It is also noted that neither the metal-insulator nor the
pounds, respectively. Since these values are very near to tiggh-temperature spin transition has been observed for the
Pers Value of the freeR®* ion, it implies that at least for the light (La, Pn and heavy(Dy, Ho) rare-earth-based com-
heavy rare-earth-bas&BaCq0Os. s system, Co has negligi- pounds although the entire seriesRBaCg,0s, s compounds
bly small moment in the low-temperature region. does exhibit a ferromagnetic-to-paramagnetic transition. The

A magnetic anomaly in the high-temperatur€f  spin transition temperaturdsy are listed in Table I.
=310 K) paramagnetic state has been observed for several The low-temperature magnetic state of RBaCg0Os,s
of the intermediate lanthanides from Nd to TlFigs. compounds have been determined by measuring the magne-
4(a)—-4(e)]. The anomaly is manifested in the form of a de- tization as function of applied magnetic field at a temperature
crease of slope in the thermomagnetization curve in the temsf 5 K. The results of the measurements are shown in Figs.
perature range 355T<2370 K. Resistivity and structure 5(a-5(f). The M(H) curve for LaBaCgOs,s shows sponta-
measurements have shown that coinciding with the slopeeous irreversible magnetization that increases with field, in-
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dicating the predominantly ferromagnetic nature of the combecome oriented towards the field and the magnetization in-
pound. Since Co is the only magnetic species increases. Note that the paramagnetic nature of the
LaBaCgOs,, the ferromagnetism in the compound is due toRBaCg,0s, 5, R=Gd—Ho, has also been observed M(T)

the ferromagnetic alignment of the Co ions. As the field iscurves at low temperatures. It is worth mentioning that re-
increased, the spins become aligned, causing an increasesdults from bothM(T) and M(H) curves show that, magneti-
the magnetization. The magnetization at 5 K in a 5-T field iscally, the RBaCg,0s, 5 series of compounds can be divided
36.85 emu/g, which agrees well with the published véfue. into three groups. Namely, compounds with nonmagnitic
The shape of the hysteresis curve fBBaCg0Os,5 R ions (La), light magnetic rare earthPr—Eu), and heavy
=Pr—Eu is quite differenfFigs. 8b)-5(d)]. The magnetiza- magnetic rare earth&d— Th).

tion value at 5 T is far less than for LaBagl;, s and shows

no sign of saturation. Th&(H) curves have a linearly in-
creasing tendency as a function of applied magnetic field
along with a considerable remanent magnetization. This is We start the discussion section by summarizing three im-
due to the presence of both antiferromagnetic and ferromagportant results that have emerged from our studigsthe
netic interactions at low temperatures with the antiferromageoexistence of ferromagnetic and antiferromagnetic phases,
netic component being the larger of the two. For the remain{2) the existence of spin-state transition temperafugefor

ing four compoundgGd—Ho), the magnetization versus RBaCg0s.5 compounds withR=Nd, Sm, Eu, Gd, and Tb,
applied magnetic field shows a typical paramagnetic behawand (3) radical changes in magnetic properties of the com-
ior. In accordance with a typical paramagnetic behavior, apound as we pass from light to heavy rare-earth compounds
zero applied magnetic field the spins are devoid of any oras is evident fromM(T) and M(H) curves. To get a better
dering. As the applied field increases, the spins graduallyinderstanding of the magnetic behavior of Co in different

IV. DISCUSSION
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FIG. 5. Applied magnetic field dependence of magnetization a!s,H HS spin-state transition. These facts are summarized in

a temperature of 5 K 0RBaC,0s, s compoundsR=La— Ho). Fig. 7, where we have plotted the phase diagram of .the
RBaCo,0s, s series of compounds. Various parameters like

electronic states, we have determined the Curie-Weiss cori, Ty, andTgr are plotted against the rare-earth radius and
stant# and the effective magnetic momemny for the spin-  oxygen content. The shaded region in thg - & plane indi-
state transition exhibiting compounds in the two temperatur@ates the area that corresponds to the spin-state transition.
regions of Tc<T<Tgr and Tsr<T<400 K. In the case \ye hypothesize that if th& z) and 8 of a RBaCo,0s, s com-

Tc<T<Tsr, the compounds have paramagnetic Co in the,q \nq is such that it falls within the shaded area; then, the
intermediatespin state and paramagnetic rare earth, while

for Tst<T<<400 K, Co is inhigh-spin state and paramag-
netic rare earth. Sincé is related to exchange interaction

characteristics, by determinirgbelow and abové@ sy, infor- e T
mation about exchange interaction is obtained for com- —T,
pounds with Co in different spin states. This is shown in Fig. e T
6 where the value o# is plotted both below and abovi 350 ST
as a function of the rare-earth ion size of the spin transition 295

exhibiting compounds. Th& remains positive for all the -

compounds forTc<T<Tgr, Whereas in case ofgt<T

<400 K, the# changes sign and becomes negative for Sm-, & 278

Eu-, and Gd-based compounds and has substantially smaller % 2%

value for Nd and Tb compounds. Thus, not only ferromag- "5 25| _fé--t i i yie—-o===

netism and antiferromagnetism coexist in these compounds, ', 200 05

the intermediate to high-spin transition of Co increases anti- ¥ 175 0.4
ferromagnetism in spin transitions exhibiting compounds Wy T 0.3

with EuBaCgOs,s having maximum antiferromagnetism H 0.2

(6=-277 K).

The spin-state transition of Co from IS to HS is observed
only for compounds witiR=Nd, Sm, Eu, Gd, and Tl of
the above-mentioned rare-earth-based compounds show thatFiG. 7. (Color onling Phase diagram oRBaCg0s,; com-
its increase abov@st is much larger than the corresponding pounds(R=La—Ho). T¢, Ty, and Ty are plotted against the rare-
value belowTst. Such an increase can happen if Co makes @arth radius and oxygen content. Vertical dotted lines are projec-
transition from the intermediate- to high-spin state. Furthertions of Tst onto the(rg)-5 plane.

104 106 108 110 112 114 116 118
<r.> (pm)
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Co IS-HS spin-state transition will be observed for that com-s in the magnitude of thR-Co exchange term. The value of
pound. This leads us to make the important conclusions: theffective magnetic field originated by the Co subsystem and
IS— HS spin transition of Co is governed by thB oxygen acting on theR subsystem depends on the Co moment and
content and2) crystal cell volume. constants of th&®-Co exchange field. They can have a maxi-
An inspection of Fig. 5 indicates that tHRBaCo0Os,s  mum value for Gd and Tbh, compared to Dy and Ho. As a
compounds show Co weak ferromagnetism plus rare-eartresult the effective field to create order in rare-earth magnetic
paramagnetism for the heavy rare-earth-based compoundsbsystems is much smaller in Dy and Ho. This explains the
(Gd—Ho) and strongly ordered noncollinear ferromagneticsmall antiferromagnetic component seen in the Dy- and Ho-
structure with high coercivity for light rare-earth-based com-based compounfsee Figs. &) and 3e)].
pounds(Pr—EU. We propose a model based on a phenom- In the case of light rare-earth systems el interaction
enological approach to explain the low-temperature magnetichanges sign because of a change in the sign$toupling
behavior of theRBaCg0s,5; compounds. At low tempera- as governed by Hund’s rule. Notice that this does not affect
ture, a possible weak interaction of the rare earth with Co hathe antiferromagnetic Co magnetic subsystem because, for
been proposetf Considering the existence of a non- antiferromagnetic Co, the sign of tlieCo interaction does
negligible R-Co interaction, the magnetic property of the not matter. However, what does is the increase the ferromag-
RBaCq0Os,s compounds then have contributions from anetic component of the Co subsystem. So we have now a
rare-earth magnetic subsystem and ©gygen is nonmag- high-anisotropy noncollinear ferromagnet as obsef\égs.
netio magnetic subsystem. We can then wign,ngE(R  5(c) and §d)]. An additional contribution to the high coer-
-R)+E(Co—Co)+E(R-Co), where R-R, Co—Co, andR  civity could be the large anisotropy arising out of thé 4
-Co are the rare-earth interaction, Co interaction, and rarshells of the rare earth. It is worth mentioning that within this
earth—Co interaction and all these interactions are indirecgpproach we can also explain the different magnetic behavior
The Co magnetic subsystem has a noncollinear complicateef GdBaCgOs and GdBaCgOss Because of the oxygen
magnetic structure with mutually orthogonal noncompensateontent, if the Co remains in the low-spin state throughout
ing weak ferromagnetic moment and antiferromagnetic ordefor GdBaCgOs, then the paramagnetic state of GdBaG#
resulting in a net strong antiferromagnetic component belovis evident because of the very sm&liCo interaction. The
Tc (Ref. 10. Therefore the Ce-Co interaction has two complex magnetic behavior of GdBagd s is already ex-
components: a positive component responsible for ferromagplained above. In this model, the Co behavior is sort of the
netism and a negative component that gives rise to antiferrcsame for all the whole series. The difference is in the effec-
magnetism. Th&R-R interaction is weak. Th®-Co interac- tive field created by thér-Co interaction due to different
tion is positive for light rare-earth and negative for heavymagneticR ions. It is this effective field acting on the Co
rare-earth-based compounds. subsystem that gives rise to antiferromagnetism for heavy
For the heavy rare-earth-based compounds, the Co subare-earth-negativeR-Co interaction and ferromagnetism
system starts to get ordered bel@wand acts opposite to the for light rare-earth{positive R-Co interaction based com-
R-R interaction and prevents the rare earth from getting orpounds at low temperature.
dered, resulting in paramagnetic rare earth. As temperature In conclusion, we have done a detailed study of the mag-
decreases, negati\®Co increases. ThB-Co together with  netic properties of th&BaCagOs.; (R=rare earthfamily of
negative Ce—Co interaction increases the effective mag-compounds. We showed that the electronic transition of Co
netic field acting on the rare earth. This causesRhsub- from the intermediate- to high-spin state and the low-
system to order opposite the Co moments. The magnetizatidemperature magnetic state of the system have different
therefore decreases and an antiferromagneticlike transition 8purces of origin. The Co spin-state transition is due to oxy-
observed for Gd- and Th-based compounds. The magnet@en content in the compound. The spin-state transition can
structure of theR subsystem is governed by tfeCo inter-  therefore be manipulated by varying the oxygen content in
action. Also, the antiferromagnetic transitioniTatis induced  the system. The low-temperature magnetic state does not de-
by Co via theR-Co interaction. At low temperatures, Co pend on the oxygen content but rather could be explained by
goes to a low-spin state. The Co moment &@o interac- considering the net interaction arising out of the rare-earth
tion now have a diminished value. Hence, although theand Co magnetic subsystem. We have proposed a model
R-Rinteraction increases, the overall effective field acting orwhich could explain reasonably well the low-temperature
the R-R subsystem is not big enough, thereby resulting in anagnetic behavior of thRBaCg,Os, s compounds.
paramagnetic or almost paramagnetic behavior of the heavy
rare earth at low temperatures, as experimentally observed. It ACKNOWLEDGMENT
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