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A series of cerami®g ¢Sl 38C00; samples wittR=La, Pr, PpsNdy 5, Nd, Ndy sSmy 5, and Sm have been
prepared. We report on detailed structural, electrical, magnetic, and thermodynamic studies. All samples reveal
magnetic order, spanning the range from a ferromagnetic metal to a ferrimagnet close to a metal-to-insulator
transition. We found a clear correlation between structural properties and resistivity as well as between struc-
ture and magnetic exchange interactions. In this context the importance of double exchange is discussed. Heat-
capacity experiments show a significant anomaly at the magnetic transition temperature of the La compound
only. The samples with magnetic rare-earth ions reveal significant Schottky anomalies at low temperatures and
allow for a rough estimate of the crystal-field splittings.
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I. INTRODUCTION FM order evolves fox=0.3 only? The same doping depen-
dence occurs when La is substituted by other rare-earth

For trivalent cobalt in LaCo@the subtle balance between ions!®™*? In this paper we report on systematic magnetic,
the crystal-field energyA.; and the intra-atomic exchange €lectric, ~and ~ thermodynamic ~ measurements in
energyJe, (Hund’s coupling is the precursor of a peculiar Ro.67510.34C00; which clearly indicates magnetic ordering
spin-state transition observed around 96 Kt the lowest ~and spin-state transitions as a functior{ of).
temperatures, G0 is in a low-spin(LS) Configurationtggeg
revealing a nonmagnetic ground state with 0. Upon heat- Il. EXPERIMENTAL DETAILS

ing, 'Fherma! excitations Lea(lj tq a gradu;al3 populationlof inter- - the polycrystal specimens were prepared using conven-
mediate spin state§S) ty,e; with S=1.% At even higher {ional ceramic techniques. Ultra pure oxide powders were
temperatures a metal-insulator transition occurs and mOQiried, mixed in the appropriate amounts, and were Carefu”y
probably the high spin stat@S) t3,e; with S=2 is estab- ball-milled to ensure homogeneous samples. The
lished. Recently in the structurally relatd®BaCo,Os (R R /Sl 38C00; samples have been pressed into pellets and
=Y, Th) compounds, a spin-state transition of the Co ionswere prepared by heating in air at 1250°C for 120 h and then
has also been observéd. slowly cooled to room temperature. For practical reasons,
In general the magnetic and electronic propertieaBO;  when refering to a specific sample, only tRdons are de-
perovskite oxides can easily be tuned by modifying the latnoted(e.g., Ng sSmy s holds for[ Ndy sSimy gl o.67560.34C005).
tice parameter®.The crystal symmetry changes from cubic It has been experimentally established that for samples pre-
to rhombohedral and subsequently to orthorhombic, depengpared in air, oxygen stoichiometry is prevailed for doping
ing on the size of theA and B ions. The different lattice levels up to 50%4>'*Hence we assign our samples a nomi-
distortions are determined by the tolerance fattevhich is  nal oxygen content of 3, although we are aware of possible
defined ast=((ra)+{ro))/[V2((rg)+(ro))]. Here (r;)  small deviations from the ideal stoichiometry. Powder-
represents the ionic size of each element in ®WBO, diffraction patterns were collected employing 8y, radia-
perovskites.Whent is close to 1, the cubic perovskite struc- tion at room temperature. All samples revealed the proper
ture is obtained(e.g., SrTiQ). As t decreases the lattice perovskite structure with no traces of impurity phases. For
symmetry transforms to rhombohedral and subsequently tB=La the diffraction pattern was indexed on the basis of a
orthorhombic, in which theB-O-B bond angle more and hexagonal lattice §=5.4424 A, c=13.1380 A, although
more deviates from 180°. Concomitantly the crystal fieldrhombohedral indexing is equivalent. All other samples re-
(CF) slightly changes at thB site. In most cases this effect veal an orthorhombic structure. The lattice parameters for the
can be neglecte¢e.g., in the manganatesHowever, in co-  orthorhombic samples as a function of average ionic radii
balt based perovskites the aforementioned balance betweghn) are shown in Figs. (8—(c). Clearly two orthorhombic
A.; andJ,, can easily be disturbed, yielding transitions be-phases can be distinguished. Rog)>1.21 A the typical
tween different electronic configurations. This possibility of orthorhombic distortion &/c> J2) appears as a conse-
inducing and controlling a spin-state transition through strucgquence of the cooperative buckling of the Go@rtahedra.
tural tuning motivated us to reinvestigate tRe_,A,CoO;  However, for(r,)<1.21 A the ratioa/c becomes almost
series R=rare earth A=divalent ion series. In the early equal to\2 and might signal the onset of additional Jahn-
work of Jonker and Van Santénit was shown that Teller distortions. We note that the parent compounds with
La; _,Sr,CoO; becomes ferromagnetiM) for x=0.15.  heavy rare-earth ions do not show any cooperative long-
Recent studies revealed that for Sr concentrations<0x15 range Jahn-Teller distortiofi. However, the possibility of
<0.25 a cluster formation sets in and that true long-rangshort-length dynamical Jahn-Teller distortions, as reported
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FIG. 2. Temperature dependence of the dc resistivity Ror
=La, Pr, Nd, and Sm. The inset shows the room-temperature resis-
tivity p,7 as a function ofr ).

FIG. 1. Orthorhombic lattice parameters for tRgg Sty 38005
compounds as a function ¢f 5). The hexagonal La compound has
been omitted. Solid lines are to guide the eye.

mum in the magnetization as we discuss in Sec. IlIB. The
for La; ,SKCoO; by Loucaet al,'® cannot be excluded. room-temperature resistivity strongly increases with decreas-
Especially when considering the doped compounds, one hagg ionic radii(r ,) and is enhanced by almost a factor of 10
to pay attention to the fact that the intermediate spin states Qfhen (r,) decreases from 1.24 to 1.20 (&ee the inset of
Co** (t34e4) and C4™ (t3,eq) are both susceptible to Jahn- Fig. 2). This effect results from an increasing buckling of the
Teller distortions due to the double degeneracy of ége  CoQy octahedra and a concomitant decrease of the charge
orbitals. transfer along the Co-O-Co bonds.

The magnetic susceptibility and magnetization were mea-
sured using a dc superconducting quantum interference de-
vice magnetometer (0-50 kOe, £5<400 K) and a dc-
extraction magnetometer (0-140 kOe, € 5<300 K). Figures 3a)—(d) shows the temperature dependence of
Resistivity measurements were performed with a standarthe magnetizatior{left scale for R=La, Pr, Nd, and Sm.
four-probe method. The heat capacity of the samples wagVithin the same frame the inverse susceptibilityy lis

B. Magnetic properties

measured using an ac method. shown vs temperatur@ight scale. In the paramagnetic re-
Il. RESULTS AND DISCUSSION Bo.e78ro.c:‘scooe 100
A. Electronic properties 0.7}
Prov . S La A

The temperature dependence of the dc resistanéer (a) Zr >=1.247
R=La, Pr, Nd, and Sm is shown in Fig. 2. The La, Pr, and 0.0 : - - 190
Nd samples reveal metallic behaviatg/dT>0) above and R J g
below T.. The Sm sample exhibits a weak semiconducting = * ’ .

L . = (b) 57 <1 >=1.222 3

characteristic §p/dT<0) aboveT., and changes slope in ~ 00 0 2
the magnetically ordered regime, although it should be noted = ¢4 ‘ 559100 &
that the overall temperature dependence is relatively weak. = e csb
An anomaly atT. with an increase of the slopdp/dT on 0.0 o ar>=1.211 0 £
decreasing temperature can be detected for all samples inves- ’
tigated. This effect probably is due to a freezing out of spin- 0.5 R 100
disorder scattering. One could argue that the increase in con- (d) , O, <r,>=1.191
ductivity below T, also indicates the onset of double 003 e 7D

exchange(DE) interactions, which are known to play a
dominant role in the manganate systems. But as we discuss
later on, the DE mechanism seems to be only of minor im- FiG. 3. Temperature dependence of the dc magnetizalign
portance in the cobaltites. The Nd and Sm samples show aftalg and inverse magnetic susceptibilify (right scale for the
additional interesting behavior concerning the electronicsamplesR=_La (a), Pr(b), Nd (c), and Sm(d) measured in a field of
properties. The resistance shows a pronounced minimum ab® Oe. The average ionic radigs,) of the A site for each com-
low temperatures correlated to the observation of a maxipound is also indicated.

T(K)
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TABLE I. Variation of average ionic radiu§ »), paramagnetic Curie-Weiss temperat@referromag-
netic transition temperatur€,, spontaneous magnetizatidh; measured at 5 K, and effective magnetic
momentpg¢; (Measured and calculatefbr various Ry 5,Sr 33C00; compounds. The most probable corre-
sponding spin state of the &b and C4* ions are also indicated.

R Ay OK)  TdK)  Moug)  peiPms)  psiiAms) Cot Co*t

La 1.2470 2635  239.0 1.64 3.37 3.21 IS IS
Pr 1.2222 2001  192.6 0.88 2.63 2.52 IS LS
Pro.sNdy 5 1.2168  187.3  186.2 0.56 2.64 2.52 IS LS
Nd 1.2115 1788  173.6 0.37 2.57 2.52 IS LS
Ndo sSMy 5 1.2011  152.3 1424 0.52 2.98 3.21 IS IS
sm 1.1907 1259 1123 0.55 3.54 3.21 IS IS

gime all samples obey the Curie-Wei(&W) law. The para- The paramagnetic Curie-Weiss temperat@réelecreases lin-
magnetic CW temperatur® steadily decreases on decreas-early on decreasing average ionic radih), driven by the
ing ionic radii of theRions(Table )). It amounts 263.5 K for same reasons as discussed in the cask, ¢Fig. 4@)]. To
R=La and decreases to values as low as 112.3 K for the Smlucidate the spin states of the cobalt ions in the various
compound. While the almost semiconducting Sm compoundamples we calculated the effective paramagnetic moments
exhibits an ideal CW behavior, FM fluctuations show up inp_ . from the linear part of the Curie-Weiss regime by sub-
the metallic La sample, while fdR=Pr, PpsNdys, and Nd  tracting the contribution of the rare-earth ipfig. 4(b) and
the inverse susceptibility gets suppressed closeThe latter  apje ). For this calculation tabulated values for the mag-
behavior most probably indicate the onset of ferrimagnetismqatic moments of th® ions were used’ Attention has to be
Below the transition temperatuig, all samples reveal a paid in the case of the Sm compound, since paramagnetic
spontaneous magnetization which becomes minimal for thg,3+ is known not to follow a Curie-Weiss law. We are
Nd compoundFigs. 3a)—(d) and Table ]. The suppression 4y are of the fact that some error in our analysis could be
of T is closely related to changes in the lattice distortioncaysed by a nonlinear behavior of the inverse susceptibility,
induced via the reduction of the average radius ofAHen. ~ but we see no other possibility to properly analyze our data.
As (rp) decreases from La to Sm, the hexagonal latticepegpite those considerations, it is, however, quite astonish-
structure transforms to orthorhombic, in which the Co-O-Cojng that the Sm sample shows an almost perfectly linear
bond angle deviates significantly from 180°, yielding a re-curie-weiss behavior above the magnetic ordering tempera-
duced effectived-d electron transfer via the O@states. ture[see Fig. &l)]. A minimum of p.¢; can be observed for
The results of the analysis of susceptibility and magneti-<rA>~1_21 A. We also calculated theoretical valuespgf;
zation are summarized in Table | and in Figéa)4and (b).  for all compositions assuming a simple ionic spin-only pic-
ture, taking the possible spin statésS, 1S, and H$ of the
Co®* and C4™ ions into account. We note that all calcula-
tions were performed using a Lanéctor of g=2, despite
the fact that measurements made by Bahaetal® re-
vealed ag value close to 1.25 for related materials. Theoret-
ical values for the most probable corresponding spin state of
the Co ions are indicated in Table |. FRe=La, both cobalt
speciegi.e., C¢* and C4") seem to be in an IS state. As
discussed later, this conclusion also is supported by field-
3.5r dependent magnetization measurements. For the Pr,
................................ GOS8 Cons) T Pro.sNdos, and Nd samples either €b or Cd'* transforms
into a LS state, yielding a reduced;;. This spin-state tran-
oM ISHCa L) sition is triggereq by the change in lattice symmetry as ob-
D Gk TR LT served by rep|ac|ng La through Pr or Nd. Concom|tant|y a
Nd P () change in the crystal field makes the LS state more favor-
1‘20 120 v able. It is somewhat unexpected thmg; rises again for the
<> (A) R=NdysSmy 5 and _Sm compounds. However, t_hls can be
A understood by taking the structural changes into account
FIG. 4. The paramagnetic Curie temperat@rga) and the ef- which appears fofr,)<1.21 A (Fig. 1). We al_rea_dy noted
fective magnetic momerp.; (b) as a function of average ionic that for these compoundsa~ V2, a fact that indicates the
radius(r ») for the seriesRy 5:S1.34C00s. In (b) we included theo- ~ System to be close to an Jahn-Telld) instability. It is
retical values ofp, for two different electronic configurations of generally accepted that polaronic effects can significantly
the cobalt iongdotted line$, which come close to the experimen- renormalize and enhance tipg values, especially in the
tally observed values. case of JT ionge.g., Mr#").° As mentioned in Sec. I, this

200+

o (K)

100+

P (1g)
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R, 67500.4.C00, ercive fields can be se¢imset(a) of Fig. 5]. This effect most
2 - probably is driven by an enhanced magnetic anisotropy in-
et duced through the spin-orbit coupling of the rare-earth ions

as already discussed by several auttbféAt 5 K the value
of the spontaneous magnetizatibh, decreases from La to
Nd, reveals a minimum foR=Nd, and becomes almost con-
stant for smaller ionic radijinset (b) of Fig. 5]. In the La
compound the ordered moment agrees quite well with the
1.20 1.5 expected value considering localized magnetic moments. In
" ' fact, the saturated magnetic moment for the La sample is in
ta |1 reasonable agreement with the value reported from neutron-
(b) diffraction experiment&??In the others samples, the ordered
Sm,_Nd magnetic moments deduced from thi{H) curves are sig-

2 4 nificantly smaller than predicted from a simple ionic picture.
This behavior is opposite to what has been observed in man-
ganates systems, where the ionic picture worked rather

FIG. 5. Field dependence of the magnetizatioiats K for the  well.'® In the cobalt compounds under consideration the for-

Ro.67510.38C00; compounds R=La, Pr, Nd, and Sm In the insets ~ mation of a narrows™ band evolving the Ce, states calls
(@ and(b) the coercive fielH ., and the spontaneous magnetiza- for an itinerant electron description. The origin of ferromag-
tion M are shown as a function &f »), respectively. netism in cobaltites is still controversial although many au-
o . o thors proposed a double exchand2E) mechanisni. The
possibility has to be taken into account when considering IS e mechanism was initially introduced by Zener to explain
Ca®* (t34e4) and IS C8™ (t3,ep) electronic configurations, the simultaneous occurrence of ferromagnetism and metallic
which are both susceptible to Jahn-Teller distortions of dyconductivity in the manganaté$However, there are several
namical and static nature. Since charge carries are close &jidences that a simple DE picture cannot hold for the FM
localization in the NgsSny s and Sm samples and are rather state in the cobaltites. First, the essential ingredient of the
itinerant in the La and Pr compoundsee Fig. 2 itis rea-  DE mechanism, a strong Hund’s coupling, is absent for the
sonable to assume that polaronic effects due to dynamic Jdobalt ions. This is primarily because of the lack of a half
distortions become more effective for the former com-fjjled t,q band which is neccessary for a strodg,. It is
pounds, naturally explaining the enhanqgeg; values. It is  questionable whether DE can drive such a system ferromag-
also possible that short-length cooperative JT effects stabhetic. A second evidence comes from the fact that unlike in
lize the IS state for both cobalt species in the samples witllhe manganates, no intimate coupling between ferromag-
c/a=\2 as suggested by Loue al'® netism and metallic behavior is present in the cobalt series.

The low-temperature magnetization behaves rather differone would expect a similar behavior of the conductivity at

ently in the various compounds under investigatieig. 3, T, as has been observed in the manganates. The lack of
left scale. For an applied magnetic field dfi=10° Oe  strong discontinuities in the transport propertiesTat(the

Lag 6751 38C00; shows a steep increase Mif(T) just below  resistivity reveals a metallic behavior even fbr-T.) and

the ferromagnetic ordering temperature and a saturatioalso the absence of colossal magnetoresistance effects call
close to 0.8g. The Nd and Sm compounds exhibit a muchfor an alternative explanatiofband magnetisin

smaller increase oM(T) and saturation values close to  Figure 6 shows the temperature dependence of the coer-
0.5ug (Nd) and 0.Gug (Sm) are reached, followed by a de- citive field H.,e, (8) and the remanent magnetizatith,,,
crease ofM(T) towards lowest temperatures, a feature(b) for Nd, ¢Sl 34C00;. Heoer €Xponentially increases upon
which is especially distinct in NghSip 3C00;. We note that  decreasing temperature reaching values up to 8 kOe. This
in related systems a glassy behavior at low temperatures hésct makes zero-field-coole@FC) measurements very dif-
often been reportetf:?! Considering the ferromagnetic ficult to interpret. Even a very small remanent field freezes
nature of double exchange interactions betweefi*@@o** the spins in and can easily lead to wrong conclusions. Often
and antiferromagnetic superexchange interactions betweghe splitting of the ZFC and field-coolgdC) branch of dc
Co®"-Co®" and C4*-Co**, it was suggested that cluster- magnetization is due to this effect and not driven by spin-
glass behavior shows up, due to the competition betweeeglass behavior. Finally the temperature dependendd gf,

FM and AFM interactions along with randomness. However,qualitatively follows theM(T) curve (see Fig. 3

we do not think that in our case a glassy state drives the We now focus on the low-temperature properties of the
low-temperature magnetization. We address this issue iNd sample. Foif =50 K the magnetization starts to decrease
more detail at the end of this section. again. The same behavior has also been observed for

Hysteresis measurements taken for various samplé@s at PrysNdy 5, Ndy sSmy 5, and Sm. In order to study the role of

=5 K are plotted in Fig. 5. We note that no metamagneticthe rare-earth ion we prepared a number of samples with
transitions or other anomalies have been observeiiid) identical(r ») as for the Nd compound. The temperature de-
in fields up to 140 kOe. In the insets the coercive fidld.,  pendences of the magnetization for these samples are shown
(@ and the spontaneous magnetizatidy (b) vs (r,) are in Fig. 7. It can be clearly seen that the ferromagnetic tran-
shown for all compounds. For smaller ionic radii larger co-sition temperaturél . remains almost constant. This nicely

Pr

M (u, /f.u.)
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FIG. 6. Temperature dependence of the coercive fitlg, (a) T

and the remanent magnetizatibh.,, (b) for Ndg 651 34C00;. FIG. 8. Specific heat for the sampl&-=La, Pr, Nd, and Sm.
The curves are shifted in steps of 0.1 J/mdl K sharp transition

confirms the conclusion thd, is a function of(r ) only and  associated with a pronounced peak has only been observel for

that in these compounds the structural fine tuning works very= La. For the other samples the anomalyl ais smeared out. In the

well. However, the low-temperature transition accompaniednset we plotC/T vs T2 for the La sample.

with a reduction inM which clearly is observed in the Nd

compound, can hardly be detected inb@mezand is al- e ¢4 explain the reduced values of the low-temperature

most absent for BgaSmy 3. This points out Fhat this featgre agnetization, we assume that the Nd moments are aligned

is not related to structural changes. A possible explanation og]

. R o ntiparallel to the field created by the Co moments. Hence
a decreasmg magnetization certamly IS an spontan.eous anlome antiferromagnetic Nd-Co coupling must be invoked.
ferromagnetid AF) order of the N@* ions. However in un-

doped NdCo@the N&* ions order antiferromagnetically at Recently  ferimagnetism has been reported for
G n05.2” The authors suggested a molecular-field
Ty=1 Kwhile the CS" ions remain paramagneti¢®It is o 671G 3MNOq 9g

. I X model with a ferromagnetic manganese sublattice antiparal-
straightforward to assume that the magnetic interactions bgg,| {5 the gadolinium sublattice and we think that the very

i : )
tween Nd* ions in NcheStp3C00; remain weak. In @ game considerations apply also in the present system.
forthcoming paper we will present neutron-scattering data,

which reveal that the reduced magnetization at low tempera-
tures is due to a ferrimagnetic ordering of the Nd magnetic C. Specific heat

sublattice mainly induced via the ordered Co moméhts. ) n
Figure 8 shows the specific heat fBf 5:S15 34005 (R

R Sr CoO =La, Pr, Nd, Sm. At the moment only the data down to 8 K
067 033 3 are available. A sharp transition associated with a pro-

nounced peak at the ferromagnetic transition temperature has
04r ¢ L5 SMg e 1100 only been observed foR=La. For the other samples the
RS anomaly afT . is smeared out. It is noticable that the data in
(@) <r>=1.211 the vicinity of the magnetic phase transition reveal very
0.0 ¥ i o & small values for the entropy changes associated with the Co
’::\ 0.4 4 9100 e ordering. An estimate, as obtained by integrating the area
Z ; 3 between the measured curve and a smooth background curve
= o passing through the temperature range from 180 to 250 K
> o0 > <ry>=1.211 0 g only gives~10% of the expected entropy. Similar observa-
' £ tions in related materialée.g., manganatghave been re-
0.4} 1100 ported by other group® -3 The inset of Fig. 8 show&/T
vs T? for the La sample. Since the La compound is metallic
<r,>=1.211 a linear electronic contribution to the specific heat has been
0.0 0 expected. A linear extrapolation d&/T—0 K yields a
0 TQ(OKO) 400 Sommerfeld coefficieny=47.8 mJ/¥ mol. Thisy value is

two times larger than in NgkSr 3qMn05,%° and 16 times

FIG. 7. Temperature dependence of the dc magnetizélign  larger than 3'9 L'g7.Sr0.3Mn03.31 As already discussed by
scalé and inverse magnetic susceptibilify (right scalg for the ~ Gordonet al™" this linear term probably is mainly magnetic
samplesR=LaSm, Nd, and PrSnta), (b), and (c), respectively, in origin and similar contributions have also been observed

measured in a field of £00e. in the nonmetallic NdC30,.%? For the other samples contri-
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IV. CONCLUSIONS

R, 6,50, 5,000 <15 -

We have presented detailed magnetic susceptibility, mag-

0.2 10 /;/V/M,yA T netization, electrical resistivity, and heat-capacity results on
e

the doped rare-earth cobaltit€) 5,51y 33C00;. We would
like to recall that in the doped manganates of similar com-
050 700 150 position, large magnetoresistance effects are apparent when
T(K) the systems passes from an insulating paramagnetic to a me-
tallic ferromagnetic state. For these effects the double ex-
change interactions play a vital role. Depending on the spin
state of the cobaltites similar effects were expected. How-
g ever, it is well established that in these systems the crystal-
AC=C -C 1 field energies are of the order of the Hund’s coupling making
=C.,-C, T X
these systems even more complex. In the course of this work
0.9, 50 100 150 polycrystalline samples have been prepared. The lattice con-
T (K) stants show a steplike increase as the average ionic radii of
the rare-earth ions increase. We interpret this observation as
FIG. 9. Schottky anomalies f&2=Pr, Nd, and Sm obtained by 3 result from an increasing importance of Jahn-Teller distor-
taking the difference between tiiecurve and the La one. In the tjons for larger ionic radii. All samples reveal a metallic
inset we show the calculated entropy obtained by integrating theharacter, with the La compound being a rather good metal
curves shown in the main frame. and the Sm compound being on the borderline of a metal-to-
insulator transition. We established a clear correlation be-
butions due to crystal-field effects of the magnetic rare-eartiween the ionic radii and metallicity. In addition, another
ions make an analysis of the low-temperature data morelear correlation exits between the magnetic ordering tem-
complicated. peratures and the ionic radii. From the effective paramag-
Figure 9 shows Schottky anomalies fe=Pr, Nd, and netic moments we give an estimate of the spin states of the
Sm which have been obtained by substracting the heat c@ompounds investigated. We conclude thaf Calways is
pacity of the La .Sl 3€C00; from that observed for the in an intermediate spin state, while Coreveals a low spin
other rare-earth compounds. Schottky-type anomalies hawfate forR=Pr and Nd. The La compound exhibits a pure
been found in all three compounds investigated with maximderromagnetic ground state, while in the systems doped with
close to 30 K(Pr), 35 K (Nd), and 20 K(Sm). However, for magnetic_ rare—earth ions we find indications for ferrimag-
the latter two compounds a further Schottky anomaly aphetism with the spins of the cobalt and the rare-earth ions
pears toward lower temperatures. We also calculated the eROINting in opposite directions and yielding a reduction of
tropy from these curves by integrating tBéT curves from 5 the bulk moment at low temperatures. The_se effects are
to 150 K in steps of 25 K. The upper limit is given by the strongest in the Nd compound. The decrease in the mangeti-
ferromagnetic transition temperatures of the samples, sincgftion due to a strong increase of the ordered rare-earth mo-

only the contributions from rare-earth ions should be take ent a!igned.an'ti'ferromagnetically to the'C.o.ions is corre-
into account and not the ones resulting from the ordering o ted with a significant increase of the resistivity. At present

the cobalt moments. Theoretically values# 0.67R In(2J we have no explanation for this behavior. From heat-capacity
+1) J/mol K(Pr: 12'2 Nd: 12.8. and Sm: laré expected measurements we find a linear electronic contribution to the

The discrepancy between measured and calculated vaIuéBeCifiC heat with a Sommerfield coeffieny=47.8

2 - - .
can be understood if one considers that the analysis was Iirﬁ]j‘]/K mpl. Th|§ Iar.gey yalue can only be explained taklng
ited by a lower boundfcs K and that especially for Nd and magnetic contributions into account. The samples containing

Sm contributions are expected to show up below this temMmagnetic rare-earth ions reveal clear Schottky-type anoma-

perature as is evident from Fig. 9. Errors could also rise uﬁ'es due to crystal-field effects.
from the fact that the ferromagnetic order of the cobalt mo-
ments may be not the same throughout the whole series, i.e.,
the polarization of the spin-up and spin-down bands may This research was supported by the BMBF via Contract
differ. Measurement of the low- specific heat have to be No. VDI/EKM 13N6917 and partly by the Deutsche For-
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