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Magnetic transition in highly frustrated SrCrsGa40». The archetypal kagome system
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Both dc and ac magnetic susceptibility have been carefully measured and analyzed in order to deter-
mine the features of the low-temperature magnetic state of the highly frustrated SrCr, Ga40» compound.
The scaling analysis of the nonlinear part of the dc magnetic susceptibility gives clues that indicate that
the nature of the magnetic state below Tf does not correspond to a conventional spin glass. This idea is
further con6rmed by the study of the dynamic scaling that also differs from what is expected for a con-
ventional spin glass. A progressive change towards a more conventional magnetic ordering below Tf is
observed by substituting Ga atoms by Fe atoms in the compound SrCrsGa4 2„Fe„O». For x = 1.5, both
the scaling analysis of the nonlinear part of the dc magnetic susceptibility and the dynamic scaling seem

to indicate that a true spin-glass phase transition does exist at Tf. This change in the magnetic behavior
is attributed to the fact that the presence of a magnetic atom in the 4f„,sites as a first neighbor of the Cr
atoms, located in the 12k sites, will impose a "local preferential direction" for the magnetic moments re-

moving somehow the strong intrinsic magnetic frustration of the kagome lattice.

INTRODUCTION

Antiferromagnetic interactions between magnetic mo-

ments arranged in geometrical units that frustrate the
formation of ordered states usually leads to magnetic sys-

tem that exhibit a highly degenerated ground state,
which tnay be magnetically disordered' or unconven-

tional non-Neel type in which the average magnetic mo-
ment vanishes at every site. ' Even though the classical
ground state is highly degenerated, small fluctuations
(quantum or thermal) may induce what has been called
"order from disorder" selecting configurations in which
all spins are coplanar (spin-nematic order). '

The simplest experimental realization of these locally
frustrated geometric structures are triangles and tetrahe-
dra. In particular the so-called kagorni lattice is made up
of a network of corner-sharing triangles. The intrinsic
frustration in combining antiferromagnetic interactions
and a network of corner-sharing triangles may be easily
appreciated by considering three spins in a single trian-
gle, arranging two spins into an up-down pair implies
that, no matter what the third spin is up or down, one of
the tow interactions is frustrated.

The ground-state properties of these geometrically
frustrated systems have arisen great interest both theoret-
ical and experimental, due to its very peculiar magnetic
behavior. %hile some theoretical studies show that the
classical Heisenberg antiferromagnet on a kagome lattice
is an example of a spin-nematic order, some others indi-
cate that the ground state of the spin- —,

' quantum antifer-

romagnet does not possess magnetic order. ' The role
played by defects has also been taken into consideration

and very recent studies show that site disorder induces
noncoplanar states that compete with the thermal selec-
tion of coplanar states, ' nevertheless this disorder does
not include conventional spin-glass behavior.

Among the compounds that exhibit these geometrical-
ly frustrated units the most widely studied by far are py-
rochlores" (in which metal sublattices form an infinite
three-dimensional network of corner-sharing tetrahedra)
and the SrCrsGa40&9 compound' (where antiferromag-
netically coupled Cr atoms are arranged in a kagome lat-
tice).

Spin-glass-like behavior has been reported for
SrCr8 „Ga4+ 0» compound together with an unusually
low-temperature specific heat varying as T instead of the
typical linear T dependence of the spin glasses. '3 It has
been suggested that this T form might arise from finite-
size antiferromagnetic regions and that blockage might
occur between the regions, allowing difFerent physical ori-
gins, from the spin-glass freezing, for the magnetic and
thermal behavior of the system. ' On the other hand, the
efFect of dilution has also been addressed' ' showing
that the magnetic frustration, 0/Tf =135+5 is indepen-
dent of the degree of dilution, thus making evident the in-
trinsic structural origin of the magnetic frustration.

Low-temperature neutron powder difFraction' shows
the absence of long-range ordering with static correlation

0
length that does not exceed 7+2 A and Auctuations that
account for more than 75% of the free-ion moment even
at T=1.5 K, which would imply a spin-liquid ground
state. However, the presence of hysteresis in the dc sus-
ceptibility' ' probably excludes this scenario.

In this work we present a detailed study of the dc and
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ac magnetic susceptibility of the SrCrsGa40» compound
in order to gain a deeper insight on the nature of the
magnetic transition that takes place at Tf and whether or
not the system is in a conventional spin-glass state below
this temperature. In addition, since the only effect of the
dilution with nonmagnetic species seems to be a decrease
of the freezing temperature, ' ' we have also studied the
magnetic behavior of the system SrCr8Ga4 „Fe 0,9 to
observe what is the effect of the addition of a different
magnetic moment in the magnetic frustration. %e have
limited our study to x (2, since for this Fe concentration
reentrant behavior starts to appear. '
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Details about the preparation of the samples may be
found elsewhere. ' ' dc magnetic measurements were
performed by using a superconducting quantum interfer-
ence device (SQUID) magnetometer in the temperature
range from 1.6 to 340 K, and a Faraday balance from
room temperature to 1000 K. ac magnetic susceptibility
data were measured in the temperature range from 2.5 to
300 K in a Lake Shore susceptometer, where tempera-
tures lower than 4.2 K were reached by pumping over the
He bath.

Regarding to the structure of the SrCrsGa40&9 com-
pound the most important feature is that Cr + ions do
only enter in the three different ocahedral sites, namely
2a, 12k, and 4fv, , with an almost random distribution
between them (2o sites are occupied with slight prefer-
ence}.' In the case of the Fe-doped compound, Fe atoms
substitute Ga atoms randomly. The magnetic sublattice
is made up of a sequence of c-stacked two-dimensional
kagome layers (12k sites}. 12k layers are connected be-
tween them through the more diluted 2a and 4fv& layers,
the latter acting as bottleneck, since there are two 4f lay-
ers between two consecutive 12k layers. This stacking
mimics a kagome lattice along the c axis and leads, in
fact, to a kagome block structure made of five stacked
layers (4fvi-12k-2u-12k-4f vi).

In Fig. 1 we show the reciprocal of the dc magnetic
susceptibility for the two samples containing Fe atoms.
A Curie-Weiss law is followed in the high-temperature
region, as in the case of the sample with x =0.' The
values obtained for the Curie temperature 6, and the
effective magnetic moment are summarized in Table I.
The values of the extrapolated Curie temperature range
from —537 to —767, making evident the existence of
strong antiferromagnetic interactions in the three sam-
ples. Nevertheless, it should be pointed out that the de-
gree of magnetic frustration, measured by the ratio

~ 8/T& ~, clearly decreases increasing the Fe content, going
from 138 for x =0 to 30 for x =1.5. This result is in
strong contrast with what is observed when doping with
a nonmagnetic atom (Ga). As it has been stated previous-
ly' *' changing drastically the Ga content does not affect
the magnetic frustration of the system, on the contrary
the addition of a small quantity of a new magnetic species
(Fe) produces a strong decrease of the magnetic frustra-
tion. At the same time a strong increase of the freezing
temperature Tf is also observed.

FIG. 1. Reciprocal of the dc magnetic susceptibility showing
the Curie-Weiss behavior in the high-temperature range for the
samples x =0.5 (0) and x =1.5 (0).

TABLE I. Values of the effective magnetic moment, extrapo-
lated Curie-Weiss temperature, freezing temperature, and mag-
netic frustration parameter as a function of the Fe atoms con-
centration.

X

0
0.5
1.5

p (p&/FU)

3.9(1)
4.2(1)
4.4(1)

e (x)
—537(5)
—565(5)
—767(5)

3.9
9.0

25

/exT, I

138
62.7
30.1

Once we have made a general picture of the magnetic
behavior of our samples let us focalize our attention in

the main aim of this work, that is, to study the nature of
the freezing phenomenon that takes place at Tf To
determine the nature of the freeing phenomenon at Tf we

have studied the dependence of field-cooled (FC) magnet-
ic susceptibility g, as a function of both temperature and

applied magnetic Geld from which we derive the static
critical behavior. In Fig. 2 we depicted dc susceptibility
curves from 3 to 15 K with the applied field varying from
20 Oe to 50 kOe; it can be observed from the figure that
as a result of the nonlinear effects, the peak associated
with the freezing phenomena broadens and becomes
rounded as the field increases. However, the nonlinear
contribution to the magnetic susceptibility becomes more
evident in Fig. 3, where susceptibility data are depicted as
a function of the applied field, a substantial increase of
the nonlinear part of the susceptibility is observed as the
freezing temperature is approached from above.

To study the nature of the transition that takes place at
TI, we have analyzed the nonlinear part of the magnetic
susceptibility by developing the magnetization above Tf
in terms of the odd powers of the field, '

M =yoH b3 (yoH ) +b—5 (NOH )

being yo the linear susceptibility, while the rest of the
coefficients stand for the nonlinear contribution. The
least-squares fit of the isothermal magnetization curves
obtained from the field cooled data to Eq. (1) allows the
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FIG. 2. Magnetic susceptibility obtained
after a field-cooling process as a function of the
external applied field for the sample with
x =0. Solid line corresponds to the linear sus-

ceptibility yo, obtained by fitting the experi-
mental data to Eq. (1).
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determination of the temperature dependence of yo, b3,
and b5.

The temperature variation of the b3 coefficient is
shown in Fig. 4; bs coefficient is omitted due to its very
broad error band. A slight increase of the b3 coefficient
as T& is approached from above is observed. Neverthe-
less, this increase is very small when compared with that
observed for a typical spin glass (three orders of magni-
tude' ' ) and that is usually taken as a proof of the ex-
istence of a true spin-glass transition at Tf.'

The most relevant test of the critical behavior of a
spin-glass system is obtained by measuring and analyzing
the nonlinear part of the magnetic susceptibility de5ned
by the equation

M(H, T)
Xnl(H T)=Xo(T)

where go is the linear susceptibility obtained through the
fitting of FC experimental data to Eq. (l). In the case of
a spin-glass transition a scaling behavior according to the
single-parameter relation given by Eq. (3) is expected:2o

y i(H T)~H f2rS (3)

f (x)=const, x =-0,
f(x)=» r, x

(4)

The critical exponent 5 may be determined making use
of the above asymptotic relations by the following equa-
tion:

y„,(H, T, ) ~ H2~s

that represent the asymptotic behavior of the critica1 iso-
therma1 as x approaches 0. In the inset of Fig. 5 we show
the log-log plot of gz as a function of H, from which, by
using Eq. (5), a 5 value of 5+0.3 have been obtained from
the slope of the linear regime. The data points for this

where e = ( T —T, )/T„5 and II) are the critical exponents
that characterize the spin-glass transition, T, is the criti-
cal temperature at which the phase transitions occurs,
and f (x) is an arbitrary scaling function with the follow-

ing asymptotic behavior:
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FIG. 3. Field-cooled magnetic susceptibility at selected tem-
peratures as a function of the logarithm of the applied magnetic
field.

FIG. 4. Plot of the b3 coeScient of the series expansion of
the magnetization in odd powers of (NOH) as a function of tem-
perature for SrCrsGa4 Fe„O&9 compound.
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FIG. 5. Scaling plot of the
nonlinear part of the susceptibil-
ity, g„~, for the SrCr8Ga40]9
compound. (0) 50 kQe, (Q) 40
kOe, ( ) 30 kOe, (0) 20 kOe,
(~) 14 kOe, (t) 12 kOe, (EH) 10
kOe, (S) 5 kOe, ( A ) 2 kOe. In-
set: Determination of the 6
value from the slope of the log-
log plot of g„& as a function of H.
Data at T=3.4 K have been
used.

plot have been taken at T=3.4 K that corresponds to
the nearest measured temperature to that at which the b3
coemcient shows its maximum. Then we have used Eq.
(3) to scale our FC data, in the temperature range
1.1T, & T & 2T„varying the values of T, and P in order
to get the best data collapsing. The result is depicted in
Fig. 5 and corresponds to the following set of critical ex-
ponents 5=S+0.4, /=4. 4+O. S, and a critical tempera-
ture T, =3.45+0. 1.

The reliability of the scaling behavior and the set of
critical exponents can be checked by studying the asyrnp-
totic behavior of the scaling functions given by Eq. (4).
In the limit of x large with constant magnetic field (at
small fields or for large values of the reduced ternpera-
ture, e), an asymptotic behavior of the form x ~ has to
be observed, where y is the susceptibility exponent that is
related to 5 and P exponents through the following
hyperscaling relation: '

y=g(1 —1/5) . (6)

In our case, the asymptotic slope that we obtain from the
scaling plot (Fig. S) is —2y//=0. 6820. 1 given a value
of @=1.5+0.3 that is two times smaller than the corre-
sponding value obtained through the hyperscaling rela-
tion expressed in Eq. (6). Even though an asymptotic
constant value is observed in the limit x ~0, the fact that
the scaling relation given by Eq. (6) is not fulfilled with
the value obtained for y from the asymptotic slope indi-
cates that the scaling plot we have obtained is just a
mathematical relation, but it lacks of physical meaning. '

This fact together with the nondivergence of the b3 and
b5 coefficients of Eq. (1) as Tf is approached from above
indicates that the transition observed Tf does not corre-
spond to the transition at a conventional spin-glass state,
i.e., that the low-temperature state of the SrCr8Ga40» is
not a conventional spin glass, as its low-temperature
specific heat of the T form' and some very recent
theoretical studies' indicate.

In order to get a more complete comprehension of the
nature of the low-temperature magnetic state of the

SrCr86a40» compound we have also studied its dynami-
cal critical properties by measuring the real, y', and
imaginary, y", parts of the ac magnetic susceptibility as a
function of the frequency of the ac 6eld. In-phase mag-
netic susceptibility shows a peak that de6nes the freezing
temperature, Tf(co), that has a smooth dependence on
frequency of measurement (see Fig. 6). Taking the tem-
perature corresponding to the cusp of X', Tf(ro), as the
onset of strong irreversibly of each measuring time
t =1/co (being ro the frequency of the ac magnetic field)
and studying its dependence on the ac field frequency the
dynamical properties of the transition may be checked.
There are basically two different interpretations of the
freezing phenomenon: One is the cluster model, in which
the system is considered as a set of superpararnagnetic
clusters with each cluster having a probability to over-
come the anisotropy energy barrier E, following an Ar-
rhenius or Vogel-Fuclher law. The other model as-
sumes the existence of a true equilibrium phase transi-
tion, in which case the divergence of the relaxation time r
as the critical temperature is approached from above is
given by:

Tf(co) —1
T.

where v is the critical exponent for the correlation length
g, z is the dynamic exponent relating g and r, and T, is
the phase-transition temperature. In the framework of
this second model we have studied the dynamic scaling of
the quantity

~X'= [Xo(T)—X'(~ T)]/Xo(T»

where xo( T) =x'(0, T) is the equilibrium susceptibility
that can be assumed to be equal to the linear susceptibili-
ty deduced from Eq. (1). In Fig. 6 the real part of the ac
magnetic susceptibility X (T,co) is depicted for different
frequencies together with the linear susceptibility xo(T).
The above assumption that Xo( T)=X'(0, T) is fully
confirmed in this picture, since, as temperature increases,
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FIG. 6. Thermal dependence of the real
part of the ac susceptibility y' as a function of
the frequency of the ac field for SrCr8Ga40&9
sample. The sold line represents the equilibri-
um susceptibility obtained by fitting the dc FC
data to Eq. (1).
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the asymptotic behavior of y'(io, T) perfectly matches the
yo( T) curve (solid line).

It follows from Eq. (7) and (8) that bg'(co, T) data
should assume, as T~T, and ~~0, the following scal-
ing form:

b,y'(a), T)=(T/T, —1)~F[ro(T/T, —1) "], (9)

where P is the exponent of the order parameter and F(x)
a general scaling function. In Fig. 7 we depicted the re-
sults obtained by using the power law scaling given by (9)
in the temperature range T, & T & 1.5T„as in other insu-
lator systems. The best collapsing of the data points in
a single curve is obtained with the following set of critical
exponents: zv=9+0. 3, P=0.6+0.1, and T, =3.5+0. 1.
Even though the values of the dynamic critical exponents
are similar to other previously published in difFerent
spin-glass systems and nutnerical simulations of three-
dimensional spin glasses with short-range interactions,
the poor quality of the fitting is evident as well as the fact
that the asymptotic behavior is not observed. It is also

worth mentioning that the value of the exponent P=0.6,
obtained from the scaling plot does not obey at all the
hyperscaling relation p=p/5=0. 9 being p and 5 the crit-
ical exponents deduced from the analysis of the nonlinear
part of the dc susceptibility. This fact leads us to con-
clude that, as in the case of the nonlinear part of the dc
susceptibility, the scaling fit is merely mathematics. '

Then, the existence of a true phase transition to a spin-
glass state at T, seems to be also preluded from the point
of view of the dynamical behavior of the system.

Since the existence of a conventional spin-glass state
below Tf in the SrCrsGa40» compound seems to be in
confiict with its statistical and dynamical behavior, it
could shed some light on the magnetic state to substitute
some amount of Ga by another element carrying a mag-
netic moment, such as Fe. As we have commented
above, increasing the degree of dilution of the Cr atoms,
by substituting Cr by Ga, only produces a shift of the
freezing temperature, but does not affect the magnetic
frustration. ' ' On the other hand the addition of Fe
atoms produces a strong decreases of the magnetic frus-

10
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FIG. 7. Power-law scaling of hy'(co, T) data
according to Eq. (9) for the SrCr, Ga40» sam-
ple. Data from T =3.6 to 6 K have been used.
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FIG. 8. Magnetic susceptibility measured
after a field-cooling process as a function of the
external applied field for the sample with
x =1.5. The solid line corresponds to the
linear susceptibility y0, obtained by fitting the
experimental data to Eq. (1).

tration as well as an increase of the freezing temperature.
In order to determine whether or not these changes

also imply a change in the magnetic state below Tf we
have analyzed both dc and magnetic susceptibility in the
system SrCrsGa4 „Fe„O» (x =0.5, 1.5). In the case of
the sample having x =0.5 we observe both an increase of
the freezing temperature and a decrease of the magnetic
frustration (see Table I). Nevertheless, the study of the
nonlinear susceptibility makes evident that only small
changes, if any, have been produced in the nature of the
magnetic state below Tf, idea that is also corroborated by
the observed dynamic behavior. Both static and dynamic
scaling show very similar features and results to that ob-
served in the SrCr8Ga40» pure compound.

On the other hand, when the Fe content is further in-
creased (x =1.5 sample} things start to change in a no-
torious way. In Fig. 8 we show the susceptibility curves
from 100 Oe to 50 kOe as a function of temperature, that
we have used to study the static critical behavior follow-
ing the same procedure described in the case of pure

SrCrsGa40(9 (x =0 sample}. In the inset of Fig. 9 the
log-log plot of y„& as a function of 0 is depicted, from this
data, by using Eq. (5), we have deduced a value of
5=4.5+0.2 from the slope of the linear regime. Note
that in this case the linear regime holds for a very wide
range of field sin contrast with the case of the x =0 sam-
ple that exhibits linear regime for very high fields only
(H ) 10 kOe). Using this value for 5 we have scaled the
FC data in Fig. 8 according to Eq. (3}varying T, and P in
order to get the best data collapsing in a single curve. The
best result obtained is depicted in Fig. 9 and corresponds
to the following set of critical exponents: 5=4.5+0.3,
/=4. 5+0.4, and a critical temperature T =24.9+0. 1 K.

The asymptotic slope obtained from the scaling plot in
Fig. 9 is —2y/(()= —1.5+0. 1, which gives a value of
y =3.4+0.4 that is very good agreement with the corre-
sponding value obtained through the hyperscaling rela-
tion given by Eq. (6) (y =3.5+0.3) at the same time, the
asymptotic constant value is also observed in the limit
x~0. Regarding the set of critical exponents we have

K3 0 FEEI ~

-17
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5.4
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&.5 5
Log[H(oe) ]

FIG. 9. Scaling plot of the
nonlinear part of the susceptibil-
ity g„& for the SrCr&Ga& 5Fel 5019
samples: (c}) 50 kOe, (8, ) 40
kOe, ( ) 30 kOe, (0) 20 kOe,
(1) 10 kOe, (H3) 7.5 kOe, (~ ) 5
kOe. Inset: Determination of
the 5 value from the slope of the
log-log plot of y„& as a function
of H. Data at T =25 K have
been used.
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FIG. 10. Power-law scaling of hy'(co, T)
data according to Eq. (9) for the
SrCrsGa2 5Fel 50» sample. Data from
T =25.2 to 28 K have been used.
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used, it is worth noting that they are in very good agree-
ment with those reported for insulating-type spin
glasses, for which typical values are 5=4+0.5 and
/=3. 5+0.5, ' but different from those reported, for
example, in BaCo6Ti60», ' which has a very similar
structure, or Feo 5Mno 5Ti03. Then, from the point of
view of the scaling theory it seems possible to conclude
that in the case of the SrCrsGa2 5Fe, 50» sample a con-
ventional spin-glass phase transition takes place at T, .
Nevertheless, we should remark here that b3 and b5
coefficients of Eq. (1), even though they show a consider-
able increase when compared with those of the pure com-
pound, do not diverge as Tf is approached from above
(see Fig. 4).

We have also checked the dynamic properties of the
system by analyzing the scaling behavior according to
Eq. (9). The best data collapsing of the experimental
points to a single curve (see Fig. 10) is obtained with the
following set of critical exponents: z v = 10+0.5,
P= 1+0.2, and T, =24.9+0. 1 K. It is worth mentioning
here that, even the quality of the scaling plot (see Fig. 10)
is similar to that of the pure compound (Fig. 7), in this
case the asymptotic behavior is properly observed and
the value of the P exponent also complies with the hyper-
scaling relation P=P/5 (using the values of P and 5 de-
duced from the static analysis), relation that is not ob-
served for the pure compound.

The set of critical exponents obtained from the scaling
analysis compare well with those previously published for
semimagnetic semiconductors, BaCo6Ti60», ' and also
with results of numerical simulation in the case of three-
dimensional spin glasses with short-range interactions.
Then, dynamic scaling analysis also gives further clues to
the existence of a true equilibrium phase transition at T,
to a low-temperature conventional spin-glass phase.

CONCLUSIONS

We have carefully analyzed both dc and ac magnetic
susceptibility in the highly frustrated SrCrsGa40» corn-
pound to study the properties of its low-temperature
magnetic state and to determine whether or not a conven-

tional spin glass state exists below Tf. The high magnet-
ic frustration in this compound arises from the Cr + ions,
interacting antiferromagnetically, arranged in a corner-
sharing triangular lattice (kagome lattice) in the 12k
planes.

Even though the scaling of the nonlinear part of the dc
susceptibility y„i appears to be of good quality and the
critical exponents are similar to others reported for spin
glasses, it turns out to be a mathematical fit lacking of its
physical meaning, since the value of the y exponent ob-
tained from the asymptotic slope in the limit of x~ ac

does not comply with the hyperscaling relation given by
Eq. (6). ' The difFerent asymptotic slope observed in
Figs. 5 and 9 has nothing to do with the different scale
used in each figure, and refiects the difFerent intrinsic
behavior of each sample. Furthermore, b 3 and b 5

coefficients of Eq. (1) show only a small increase ap-
proaching Tf from above, while the divergence of both
coefficients should occur in the case of a true spin-glass
transition. ' These facts seem to indicate that the mag-
netic state below Tf of the SrCr8Ga40» compound does
not correspond to a conventional spin-glass state. Simi-
larly, the analysis of the dynamical critical behavior also
points to a nonconventional spin-glass state below Tf.

As some number of Ga atoms are substituted by Fe
(SrCrsGa4 „Fe„O»), which carry a magnetic moment
that may help to increase magnetic interaction between
different 12k planes, a smooth change of the magnetic
behavior towards that of a conventional spin glass is ob-
served. In the case of the sample with x =1.5 we obtain
a good scaling of the nonlinear part of the dc magnetic
susceptibility with critical exponents that are in good
agreement with others previously reported for typical
spin-glass systems. Furthermore, in this case both
asymptotic behavior and hyperscaling relations between
the difFerent critical exponents are observed. The
analysis of the dynamical behavior of this sample also
shows a proper scaling with exponents that compare well
with those previously reported and complies with the
hyperscaling relation P=P/5 using the values of P and 5
deduced from the static analysis. Then, both the dynam-
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ic and the static scaling analysis seem to indicate that, in
the case of the SrCrsGa2 5Fe1 5019 sample, a true transi-
tion to a conventional spin glass state takes place at T, .

In order to understand the effect of the introduction of
Fe atoms, that randomly substitute Ga atoms, in the
structure we shall bear in mind the hierarchy or the mag-
netic interactions. It turns out from Ref. 30 that

12k —4fui + 4fui —4fut' 12k —12k J12k —2a

what this implies is that as Fe atoms do substitute Ga
atoms in the structure, two effects that greatly affect the
intrinsic magnetic frustration of the kagome lattice (12k
sites} takes place. One is the substantial increase of the
probability to find a path for the magnetic interaction be-
tween two kagome planes across the bottlenecklike struc-
ture made up of two stacked 4f~& planes. Then the ap-

pearance of three-dimensional short-range magnetic
correlations may be greatly favored. The other one is
also the increase of the probability to find a magnetic
atom as a nearest neighbor in the 4f~, layer for a Cr
atom located in a 12k site. Since J,2k 4fvg interactions
are very much stronger than J,2k, 2k interactions the
presence of Fe atoms in 4f&, sites will impose a "prefer-
ential direction" for the orientation of the spins removing
somehow the "degenerate disorder'* imposed by the in-
trinsic geometrical frustration of the kagome lattice.
These facts are reflected in a progressive change from the
low-temperature frozen state with "degenerate disorder"
that is observed in the case of the SrCr86a40» pure com-
pound to the conventional spin-glass ordering that is ob-
served in the case of SrCr86a2 5Fe1 50» sample.
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