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Crystal-field effects and the magnetic properties of rare-earth rhodium borides
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The magnetic properties of the RRh4B4 (R represents rare-earth metal) compounds are discussed
in terms of a combined crystalline-electric-field and molecular-field approach. Magnetization data
taken on single-crystal ErRh4B4 in five orientations are used to obtain the crystal-field and
molecular-field coefficients, resulting in a complete analysis for the paramagnetic properties of this
compound. The crystal-field parameters are additionally used to discuss all previously published
magnetic data for polycrystalhne RRh4B4 compounds. For these highly anisotropic materials, the
effect of preferential crystallite orientation on the observed data is pointed out. Consideration of the
variation of the magnetic transition temperature T between different constituent rare earths has
verified a previous conclusion that the crystal field has a pronounced effect on T, but this alone

does not fully explain the observations.

I. INTRODUCTION

Since the original observation of reentrant superconduc-
tivity, great effort has been devoted to measurements of
the physical properties of ErRhq8q and the isostructural
compounds containing other rare earths. In particular, a
great deal of magnetic data became available as details of
the ways in which superconductivity and magnetism
could coexist began to be worked out. Such studies re-
vealed a number of very interesting features, such as ex-
tremely strong magnetic anisotropies, surprisingly simple
mean-field behavior for some ferromagnetic compounds,
Curie-law susceptibilities in apparent conflict with the
strong crystal-field effects implied by the other data, an
unusual variation of the magnetic transition temperature
as the rare-earth atom was changed, etc. '

It was recognized early that crystalline-electric-field
(CEF) effects were very important in determining the
properties of these materials. This was seen most clearly
by the observation of Schottky anomalies in specific-heat
data, and was believed to play a primary role in determin-
ing the magnetic properties. Recently, the parameters of
the crystal-field Hamiltonian have been evaluated for
ErRh484. Extrapolated to other members of the series,
those parameters have been used for a general description
of several experimental observations, and for a description
of the Schottky specific-heat results. In the following we
will present more extensive single-crystal magnetization
measurements in ErRh484. . These will be analyzed in a
combined crystal-field and molecular-field approach to
provide improved crystal-field parameters. The parame-
ters, so obtained, will then be used in a detailed discussion
of the effect of CEF interactions on magnetic properties
of other RRh484 (R represents rare-earth metal) com-
pounds, including a quantitative comparison with the
available experimental results.

II. SINGLE-CRYSTAL ErRh484
MAGNETIZATION DATA AND ANALYSIS

Previous work on single-crystal ErRh484 has shown the
presence of extremely large magnetic anisotropies, with
the magnetization along the tetragonal c axis being about
l order of magnitude smaller than that along the a axis.
Anisotropic behavior was also observed in the paramag-
netic susceptibility. Based on previous CEF parameters, a
magnetic anisotropy in the basal plane was predicted and
this was subsequently verified. In the following, we will
provide an analysis of these magnetic observations in
terms of a combined crystal-field and molecular-field ap-
proach.

In the paramagnetic state, the magnetic properties of
the material are determined by crystal-field plus Zeeman-
interaction terms:

A CEF
——8g02+B404+B404+8606+B606,

where O„are Stevens operators and B„are constants
which must be determined empirically. The magnetic
field appearing in the Zeeman term has contributions due
to the applied field, the demagnetizing field, the Lorentz
field, and the exchange field:

~a +~demag +~L +~ex . (3)

Within usual approximations, all of the last three terms in
Eq. (3) are proportional to the magnetization, so we write

H=H, +(A,d, ,s+k,l +A,,„)M:H, +A,M . —(4)

For a spherical single crystal, Hd, ,s ———4n. /3M. In a

A =A CEF—gyp' J H .

The crystal-field Hamiltonian appropriate for the 42m
symmetry of the rare-earth iona in the RRh484 system is
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normal classical calculation of the Lorentz field with a
spherical cavity, one obtains Hl. ——(4m. /3)M, so that the
effective field in Eq. (4) consists of the applied field plus
the exchange field. However, in noncubic materials the
degree to which the demagnetizing fields and the Lorentz
fields exactly cancel is not known, and one may addition-
ally expect the Lorentz field to be anisotropic. This prob-
lem may not be serious in cases where the magnetic tran-
sition temperature is such that A,,„»Ad,~,s, AI, . However,
that is not the case for these materials. We therefore will
treat the constant k as an empirical, temperature-
independent parameter which may be anisotropic.

Magnetization data have been obtained in fields up to 2
T for orientations of the single crystal having H, along
the c axis, and in the basal plane at angles of 0', 17.5', 27',
and 45' relative to the crystallographic u axis. Suscepti-
bility data were also obtained along the e axis and the a
axis in applied fields of 1 T, which is above the supercon-
ducting critical field for this material. The field- and
temperature-dependent magnetization for the four orien-
tations in the basal plane, the susceptibility along the c
axis, and previous data for the Schottky anomaly due to
crystal-field levels in the specific heat of Yo 9Ero,Rh~Bq
were combined simultaneously into a least-squares fitting
program. This program calculated the physical parame-
ters under the influence of Eqs. (1)—(4), varying the five
crystal-field parameters and the values of A, in the c and a
directions. The previously obtained CEF parameters were
used as a starting point for the fit, and initial values for
A,, and A,, were estimated from the magnetic transition
temperature of -1 K. The results of this analysis are
compared to the magnetization, susceptibility, and
specific-heat data in Figs. 1—3, respectively. In all cases,
one sees that the fit is excellent, with the exception of the
magnetization data at 2 K, which may indicate short-
range ordering effects occurring near the magnetic tem-
perature.

Values of the CEF parameters obtained in the above
way are given in Table I. These differ from the previous
results primarily in a decrease of Bz by about 30%, and a
substantial change in both the signs and magnitudes of
the sixth-order parameters. These changes do not signifi-
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cantly alter the calculated properties of the RRh48& com-
pounds from those reported previously, with the excep-
tion that the discrepancy between calculation and experi-
ment for the Schottky anomaly in TbRhqBq is now sub-
stantially removed. Therefore, we believe these to
represent a real improvement in the CEF parameters. The
fits also give the values A,,=0.0385 emu/mo1=0. 215
kG/po and 1,, = —0.432 emu/mol= —2.41 kG/pz. The
value of A,, is roughly half the value of A,,„expected from
the observed susceptibility and magnetic transition tern-
perature The v. alue of A,„being much larger and reversed
in sign, is not understood at this point.

The CEF coef6cients B„are often written in the form

where the (r") are radial integrals over the 4f electrons
and the u„are Stevens factors which are known for any
particular ionic configurations. Assuming that the A„
are independent of the particular rare-earth ion in an iso-

FIG. 2. Solid points give measured magnetization at the indi-
cated or1cntat1ons relative to thc Q ax18 1n slnglc c&jstal
ErRh484. Solid lines are calculated as described in the text.
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PIG. 3. Measured and calculated magnetic specific heat for
Y09Ero iRhgBg. Data are &om Ref. 3.
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B4 (10 ' K)

TABLE I. CEF parameters for RRh484 compounds obtained by scaling according to Eq. (2) from
the values obtained for ErRh4B4. Values for the various constants in Eq. (5) are summarized in Ref. 19.

R Bp (K) B4 (10 K) a', (10-' rg

Dy
Ho
Er
Tm

—1.85
—0.49

0.53
2.05

—2.45
—1.27

1.56
5.44

9.69
5.03

—6.19
—21.54

—4.08
4.49

—6.36
8.61

3.68
—4.06

5.74
—7.77

structural series of compunds, and that the radial integrals
can be obtained from atomic calculations, the CEF pa-
rameters determined for any one compound in a series can
be extrapolated to give the parameters for all the others.
Values of B„obt aine d in this way for several other
RRh484 compounds are also given in Table I.

common to all the RRh484 compounds.
Because of the very large magnetic anistropy, relatively

small deviations from a random distribution of crystallites
may produce significant curvatures in the temperature
dependence of the polycrystalline susceptibilities. Suscep-
tibilities are given in Fig. 4(a) for several values of n,

III. CRYSTALLINE-ELECTRIC-FIELD
AND MAGNETIC EFFECTS

IN POLYCRYSTALLINE SAMPLES

All paramagnetic susceptibility data previously pub-
lished have been taken from polycrystalline samples. The
general result for these compounds has been that a simple
Curie-Weiss law is observed with an effective moment
near the free-ion value down to texnperatures near the
magnetic transitions. This appears to be in conflict with
the assumption of relatively large crystal fields in these
materials. We have previously discussed this effect and
have shown that the observation of simple free-ion-like
behavior in the polycrystalline susceptibility should be
fairly common in metallic systems where large anisotro-
pies are present, even though the susceptibility obtained in
a single crystal may show strong CEF effects. This is il-
lustrated in Fig. 4(a), where the calculated susceptibility
for HoRh4B4 is given. Parallel to the tetragonal c axis
(the easy axis of magnetization for this material), the sus-
ceptibility is larger than for the free ion. Although the
slope of the inverse susceptibility versus temperature is
roughly the same at high temperatures as for the free ion,
substantial curvature exists at temperatures below approx-
imately 100 K. Along the a axis (perpendicular to the
tetragonal c axis), the susceptibility is much smaller than
for the free ion. At high temperatures, the slope is also
comparable to that of the free ion, but very strong devia-
tions occur at temperatures below about 50 K. These
arise because the CEF ground state in this compound has
a small magnetic moment along the a axis, while an excit-
ed CEF state has a much larger moment. Also shown in
the figure are average susceptibilities formed by weighting
the susceptibilities along the a axis (X, ) and the c axis
(X, ) in varying proportions:
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X=nX, +(1 n)X, . — (6)

The value n = —,
' corresponds to a random distribution of

crystallites relative to 0, for this tetragonal system.
From the figure one sees that a randomized sample shows
none of the unusual temperature-dependent features, and
inspection shows that this gives a Curie-law susceptibility
essentially equal to that of the free ion. This feature is
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FIG. 4. (a) Calculated susceptibility for HoRh484 along the c
axis (n =0), the a axis {n=1), a random polycrystalline sample
(n =

3 ), and varying degrees of preferential orientation [see Eq.
(3)j. (b) Calculated magnetization for HoRh484 at T=10 K
along the a axis, the c axis, and for a polycrystalline sample.



which provides an indication of the deviations that will
occur when preferential orientation effects are present.

Figure 4(b) shows the calculated magnetization as a
function of applied field at T= 10 K for HoRh&B4. Here
one sees the dramatically large magnetic anisotropy that
occurs, with the magnetization varying by 1 order of mag-
nitude between the a and c axes. When the applied field
is sufficiently large that M is no longer linear in H„ the
simple averaging procedures of Eq. (6) are no longer valid.
The figure shows the polycrystalline magnetization ob-
tained by a numerical integration over angles for each
field and temperature assuming a random distribution of
crystallite directions relative to H„and a comparison
with 8 simple RvcI'Rgc, M= 331~+ 3 Mg. In gcncral, the
shape of the magnetization curve will depend strongly on
the degree of preferential orientation in the material, mak-
ing detailed comparisons with data very difficult for other
than the random case.

In the following we will deal only with phenomena
occurring in the paramagnetic state, in order to avoid the
complications arising from admixtures of crystal-field lev-
els due to exchange fields. However, in comparing with
experimental results 1t ls cssclltial to 111cludc cxcllailgc ef-
fects when magnetic ordering is seen. Because of the tem-
perature dependence introduced in X by the CEF, it is not
appxopriate to simply include 8 Curie-%eiss constant on
the temperature scale. Rather, in the mean-field approxi-
mation the exchange enhanced susceptibility is given by

where Xo is the susceptibility from the CEF alone. From
Eq. (7) one sees that the mean-field coupling constant A, is
related to the magnetic transition temperature T accord-
Ing to

&=1/Xc(T ),
whclc +0 1s cvaluatcd RloQg thc magnetic easy axis. Al-
though the results discussed above clearly indicate that A,

is anisotropic, we presently have no systematic informa-
tion available. Therefore, in the following we will take A,

to be the same in all directions, being determined by the
experimental value of T~ through Eq. (8).

[0011 [100] [1101

FIG. 5. Angular dependence of the magnetization of
ErRh484 for T=2 K and 0,=2 T.

with a first excited state given by

0.720
~

+-,'&+0.6[0
~

+-,' &+0.329
~

+-', &, (10)

1.83 K

2.48 K

3.40 K

4.31 K

lying 1.3 K above the ground state. This is in agreement
with the magnetic entropy measurements which require
four levels lying near one another. With H, =o, these
wave functions both give intrinsic values for the magnetic
moment along the c axis of about lpga, and moments of
roughly 3.Sps along the a axis. This clearly shows that
the basal plane contains the easy axis of magnetization, in
agreement with experiment. This becomes more pro-
nounced in the presence of a magnetic field applied along
the a axis. Then the wave functions given above are
strongly admixed, and the magnetic moment of the
ground state rapidly increases. Calculations of the mag-
netic properties therefore cannot simply make use of the
H, =o wave functions. Figure S shows the calculated
magnetization in a field applied at various directions rela-
tive to the crystalline axes, and provides a summary of ef-

In this section we will compare the available published
mcasurcmcnts on magnctlzatIon and susceptlbIllty data
for the RRh&84 compounds with the results of CEF cal-
culations. This includes polycrystalline magnetization
and/or susceptibility data for the compounds with
R =Br» Tm» Ho» Rnd Dy.

A. Erlh484

Calculations with the CEF parameters in Table I give
the zero-field ground state for the J'= —", manifold of
Er3+ in ErRh&84 as

o.66s ~+-,' &+0.74s ~+-,' &,

0.2 0.4 0.6
H (T)

0.8 1.0

FIG. 6. Magnetization data (Ref. 9) for polycrystalline
ErRh4Bq. Solid lines are calculated using a full numerical po-
lycrystalline average, assuming a randomized sample.



DUNLAP, HALI, BEHROOZI, CRABTREE, AND NIARCHOS

I

C 8XIS

XIS

20
E
CP

E0

15
E

FIG. 8. Angular dependence of the magnetization of
HoRh4B4 for T=10 K and H, =10T.

FIG. 7. Measured susceptibility for ErRh484 (solid points,
see Ref. 9) and calculated susceptibilities for single-crystal and
random polycrystalline samples.

fects seen in the magnetization data discussed above. The
principal features of the anisotropic magnetization are
saturation magnetization values of 1.6p~ along the c axis,
8.6@II along the a axis, and 6.6p,z in the [110]direction.

In view of Fig. 5, it is clear that some care must be tak-
en in discussing magnetization data for polycrystalline
samples, Magnetization results for polycrystalline
ErRh4B4 are shown in Fig. 6 for the temperature range of
1.83—8.96 K, and applied fields up to 10 kOC. ~ The solid
lines in the figure show the results of the crystal-field cal-
culation 1nclud1Ilg a numer1cal 1ntegI'atloIl over the angu-
lar dependence of the moment in both the polar and az-
imuthal directions. A random distribution of crystallites
has been assumed for this calculation, and this is seen to
be in good agreement with the data. Figure 7 shows po-
1ycrystalline susceptibility data in comparison with re-
sults calculated from Eq. (6) for n = —, . One sees that the
random or1eIltatlon assUITlptlon also allows a pI oper
description of that data.

$. HoRh484

Applying the crystal-field model to the J=8 manifold
of Ho + in HoRh484 gives a ground-state doublet of the
approximate form (1/V2)[ I

+8)+
I
+8)]. This is an

intrinsically nonmagnetic state, but application of very
small magnetic fields quickly polarizes the levels into the
magnetic doublet

~

+8). The first excited state is a doub-
let

~

+7) at 54 K above the ground state. This compound
is extremely anisotropic, with a saturation magnetic mo-
ment of 10@II along the c direction (easy axis). With
H, =0, the perpendicular moment vanishes at low tem-
peratures, but application of a field in the basal plane in-
duces a small moment by admixture of higher-lying
states. Figure 8 shows the angular dependence of the
safuraf1on moment fol' varying dll'cctlolls of 'tllc applied
field. The basal-plane anisotropy here is seen to be very

small, commensurate with the small basal-plane moment.
Neutron-diffraction measurements confirm that the c axis
is the easy axis of magnetization.

Figure 9 shows the calculated susceptibilities along the
c and a axes. This is equivalent to Fig. 4 except that ex-
change enhancement has been included in both directions
appropriate to the magnetic transition temperature of 6.7
K, in accordance with Eqs. (7) and (8). Data exist for two
different polycrystalline samples of HoRh4B4, shown by
the closed. circles and crosses in Fig. 9."' In the former,
good agreement is obtained with the assumption of ran-
dom orientation. However, the latter shows distinct cur-
vature in the susceptibility, indicating a nonrandom distri-
bution of crystallites preferentially oriented along the a
axis. As seen in the figure, good agreement is obtained
with the data using Eq. (6) with a value of n =0.17. For
this latter sample, high-field magnetization data are also
available at a temperature of 10.7 K, shown in Fig. 10.'2

The solid line in the figure shows the calculated magneti-
zation for a random distribution. This reproduces well
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FIG. 9. Measured susceptibilities of polycrystalline HoRh484
from Ref. 11 () and Ref. 12 (& ). Solid lines sho~ calculated
susceptibilities for various degrees of preferential orientation
[sce Eq. (3)].



29 CRYSTAL-FIELD EFFECTS AND THE MAGNETIC PROPERTIES OF RRh4Bg 6249

30 l

c axis

O

Nl 3

20

$5
E
I

)k g0

XIS

2.0 4.0 6.0
H (T)

8.0 40.0
50 75 100
Temperature (K)

125

FIG. 10. Measured magnetization for HoRh4B4 at 10.7 K
(solid points, see Ref. 12). The solid line is calculated by numer-
ical averaging assuming a random orientation of crystallites.
The dashed line is obtained by reducing the calculated magneti-
zation by 0.80.

FIG. 11. Measured susceptibility for polycrystalline
TmRh4B4 (closed points, see Ref. 15). Solid lines are calculated
for the e axis, a axis, and random polycrystalline orientations.

0.825
I
+1&+0.558

I
+3&, (12)

the field dependence of the data, but the absolute mea-
sured values are lower than calculated. This again indi-
cates preferential orientation in the basal plane. No at-
tempt has been made to introduce a detailed model of
preferential orientation. The dashed line shows the result
of arbitrarily reducing the curve calculated for a random
distribution by 0.80.

It should be noted that neutron-diffraction data taken
in the ferromagnetic state' give a saturation magnetic
moment of 8.75pii, rather than the full value of 10@ii ob-
tained by this calculation. This may indicate a need to re-
lax the elementary assumption made in obtaining the CEF
parameters, whereby a simple scaling through Eq. (5)
from the crystal-field parameters of the Er compound has
been used. On the other hand, it should also be recalled
that there is a discrepancy in the saturation value of the
magnetic moment in the ferromagnetic state obtained by
neutron diffraction and that found in single-crystal mag-
netization and in Mossbauer-effect measurements. ' A
similar phenomenon may be occurring here, but resolution
of this question must await the availability of single crys-
tals of HoRh4B4.

and the third excited state at 5.8 K is a singlet,

0 27914&+0 919
I
0&+o 279

I

—4& . (13)

I

TIRh4B

These are well separated from the higher levels which be-
gin at 31 K. Again, small fields applied in the basal plane
cause substantial mixing of the levels, with a large mo-

C. TmRh484

Application of the crystal-field Hamiltonian to the
5=6 manifold of Tm + in TmRh4B4, gives four low-lying
levels. The ground state is a nonmagnetic singlet of the
orm

IW2(I2&+
I

—2&)

the first excited state at 2.6 K above the ground state is a
doublet,

20 40 60
H {7}

80 100

FIG. 12. Measured magnetization {Ref. 16) for TmRh4B4 at
1.4 K {closed points) and 11.7 K {open points}. Solid lines are
calculated at those temperatures by numerical integration as-
suming a random orientation of crystallites. The dashed lines
are obtained by reducing the calculated magnetization by 0.85.



E. Magnetic transition temperatures
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It has been frequently noted that the variation of the
magnetic transition temperatures with R in the RRh484
series does not follow the de Gennes rules, T
-(gq —1) J(J+1), which is expected in the absence of
CEF effects. Noakes and Shenoy' have shown that
much of the discrepancy can be resolved when CEF ef-
fects are included. With the use of a simplified Hamil-
tonian containing only the term in Oz, a formal calcula-
tion showed that values of T could be strongly enhanced
when strong magnetic anisotropies are present, and that
the peak in the T vs R plot occurred with Tb rather
than Gd. For a more general CEF Hamiltonian, numeri-
cal procedures are most easily used to include the CEF ef-
fects. Within the context of a mean-field model, Eq. (8)
may be applied and scaled from one rare earth to another
according to

A, =A,o(gJ —1) /gJ . (14)

FIG. 13. Measured susceptibility (closed points, Ref. 17) for
polycrystallme DyRh484. Sohd hnes are calculated for the tndh-

cated orientations [see Eq. (3)].

ment developing in the basal plane. The angular depen-
dence of the saturation magnetization is very similar to
that shown in Fig. 5 for ErRh484, including the extent of
the basal-plane anisotropy. Neutron-diffraction measure-
ments verify that the easy axis of magnetization is in the
basal plane. '4

Calculated susceptibilities along the a and c axes for
TrnRh484. are shown in Pig. 11. Comparison with the ex-
pcrlrncntal dRta show's good Rgrccmcnt assuming a ran-
dom distribution of crystallites. High-field magnetization
data are also available, shown in Fig. 12.' The solid line
in the figure shows the results of a polycrystalline average
assuming random orientations, and the dashed lines give
those results arbitrarily reduced by 0.85, again indicating
some preferential orientation toward the hard axis of
magnetization for that particular sample.

D. DyRh484

Crystal-field calculations for the J= —", manifold of the
Dy + ion in DyRh484 give a simple ground-state doublet

~

+ —, ) with a
~

+ —,
' ) doublet at 134 K. This results in

an extremely anisotropic magnetization with the c axis be-
ing the easy axis of magnetization. The angular distribu-
tion of the saturation magnetization is very similar to that
shown ln Flg. 8 fox' HQRh484. Thc calculated susccptlblll-
ties, including exchange effects due to the magnetic tran-
sition at 10.7 K, are shown in Fig. 13. The observed sus-
ceptibilities are in good agreement with the calculated
values for n=0.4, rather than the random orientation
value of —,

'
[see Eq. (6)]. It was previously suggested'

that the observed deviation from linearity for 1/X vs T
was due to crystal-field effects, however, this is seen to be
due to preferential orientation effects. No magnetization
data exist for this material.

By utilizing the measured value of T for one compound
to determine Ae, Eqs. (8) and (14) may be coupled with nu-
merical calculations of the susceptibility along the easy
axis to obtain the magnetic transition temperature for oth-
er members of the series.

It is easily seen that this procedure also provides the
enhancement demonstrated by Noakes and Shenoy. For a
crystal-field ground state given by

~
J,=+J), the suscep-

tibility in the easy direction is

Xg~p~ Jx= ""'
kT (15)

With the use of Eqs. (8) and (15), this gives a magnetic
transition temperature

NiuMg(gg —1) J
Tm =

k

compared to the value in the absence of crystal fields
given by

NA, ()pg(gg 1) J(J+1)—To
3k

(17)

The enhancement T /T =3J/(J+1) is the same as that
which was obtained by Noakes and Shenoy.

Flgulc 14 show's thc I'csUlts obtalncd by this plocedurc
using the measured T =5.8 K for GdRhqB4, to deter-
mine A,o. Susceptibilities were calculated using the full
crystal-field Hamiltonian for the appropriate easy direc-
tion (the a axis for Er, Tm, and Sm, and the c axis for the
remainder). It should be emphasized that a procedure
such as this is appropriate only for ferromagnetic com-
pounds slncc lt utlllzcs only the static susceptibility.
However, for completeness, the calculation has been car-
ried out for all the materials, with the measured antifer-
romagnetic compounds being noted in the figure.

From the figure, one sees that little is changed from
Ref. 18 by the inclusion of the additional CEF terms. In
particular', the calculation still gives a peak of T~ at Tb,
while the experimental values peak at Dy. In general,
there remain discrepancies in the calculated values of 1—3
K. In order to fully understand these results, it will there-
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FIG. 14. Measured magnetic transition temperatures for
RRh484 compounds showing both ferromagnetic (closed points)
and antiferromagnetic (open points) transitions. Solid line is cal-
culated as described in the text.

A detailed analysis has been given for the magnetic
properties of the RRh4B4 materials within a combined
crystal-field and molecular-field model. This has provid-
ed improved values for crystal-field coefficients over those
previously presented. The current parameters adequately
describe the field and temperature dependence of the
paramagnetic magnetization of single-crystal ErRhqB4 in
five different orientations. In addition, all previously pub-
lished polycrystalline magnetization and susceptibility
data for various R Rhq84 compounds have been described,
and the effects of preferential crystallite orientation on the
magnetic measurements have been pointed out. Applica-
tion of the crystal-field model to the R dependence of the
magnetic transition temperature has verified a previous
conclusion that the CEF has an important effect on T,
but does not completely explain the observations.
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