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Abstract—\We present the results of an investigation of the
magnetic properties A,FeReOg (A = Ca, Sr, Ba). We have CFRO M 30

300 K

studied the magnetization, high-temperature susceptibility and
the ferromagnetic resonance response. The Ba and Sr systems are
conducting while the Ca material is an insulator. The ordering
temperature of the Ca materials is highest(~ 540 K) and
decreases to 315 K for the Ba system. The high-temperature
susceptibilit suggests a large moment, and the Curie-Weiss
temperature is very close to the ordering temperature, as expected
for a simple ferromagnet, although the ferromagnetic moment
is somewhat less than expected. The spin dynamics are rather
peculiar: the ferromagnetic resonance results suggest a magneti-
cally inhomogeneous material. We discuss these results in terms
of cation disorder.
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|. INTRODUCTION Fig. 1. 300 K magnetization curve for CFRO. The sample requires a large field
. for saturation and the high-field susceptibility is sizable. The line indicates how
HILE THE double perovskites have been known fothe spontaneous magnetization (Fig. 2) was determined.

many years, there has been renewed interest in the

system. This is because recent experiments indicate that th : -
y P ex?ractmn magnetometry. In addition, we have used ferromag-

system may pe h'alf.r.netalhc [1] and the magnetic orderin etic resonance at 9.8 and 34 GHz to investigate the spin dy-
temperature is significantly above room tempeature, thus R

- . . ; . . namics. Mdssbauer spectra have been reported elsewhere [2].
providing the potential for use in magnetic tunnel junctions.

With this in mind, we have undertaken a careful study of
the magnetic properties of these materials. We have performed
magnetization studies up to 600 K usin vibrating sample and dcsamples ofA;FeReOg (A = Ca, Sr, Ba) (designated herein

as CFRO, SFRO, and BFRO, respectively) were made by a
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Fig. 3. Temperature dependence of the inverse susceptibility (in cgs units)

) o aboveT for BFRO and SFRO. The slopes of the lines givealues of 3.0
Fig. 2. Temperature dependence of the spontaneous magnetization of CF&, 3.5 for BFRO and SFRO, respectively.
SFRO, and BFRO.

ordering temperaturé- decreases as does the resistivity (not
shown). We estimate the ordering temperatures to be 315, 4C
and 540 K for BFRO, SFRO and CFRO, respectively. Attempts
to use Arrott plots to locaté; and determine the critical expo- _
nents proved fruitless as the fits were less than satisfactory fc8 2°%° .o
any reasonable numbers. This is perhaps tied to the observaticg 2000
that saturation is difficult to obtain. i
We studied the/—H loop at 5 K. Again, the approach to sat-
uration is very slow, even at 90 kOe. By plotting versusl/ H,
we extrapolate the saturation values to 3.3, 3.2 adgp /Fe 500
site for CFRO, SFRO and BFRO, respectively. Mossbauer ex
periments [2] suggest that the valence of Fe is masHyS = 300 325 350 475 400 425
2) in BFRO, a mixture o8+ (S = 5/2) and2+ in SFRO, and
mostly 34+ in CFRO. However, the moments found from mag-
netization are smaller and nearly identical to each other. Fig. 4. Temperature dependence of the resonance field of SFRO at 9.8 GHz.
Next, we studied the high-temperature susceptibility dhe temperature dependence is rather peculiar and not indicative of a simple
BFRO and SFRO (Fig. 3). In this regim&{ is linear inH, and feromagnet
the susceptibilityy follows the Curie-Weiss formula, with
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The ferromagnetic resonance studies were performed on thin
slabs(~ 5 mm x 10 mm x 1 mm). The lines at room tempera-

1 _ 127kg(T - 6) ture are very wide (several kOe) and rather distorted. They are

X Nugp? ) clearly symptomatic of magnetic inhomogeneities. Combining
the data for the field applied parallel and perpendicular to the
where sample at both 9.8 and 34 GHz, the resonance fields yiel®
0 is the Weiss temperature, with 47 M of about a few hundred G. As seen in Fig. 4, the

N the number density, and temperature dependence does not correspond to any known be-

P the effective “moment” of the ions. havior for a ferromagnet. Although not fully settled, the most
One finds the values to be 3.0 and 3.5 for BFRO and SFRIikely explanation is that the material is an intimate mixture of
respectively. Again, the values are somewhat lower than theoexisting ferromagnetic and antiferromagnetic regions leading
moments indicated by the Mossbauer results but are in agreesevere magnetic frustration. The lack of saturation in the mag-
ment with the ferromagnetic moments found by the magnetizaetization curves and the inability to use Arrott plots are prob-
tion study forl” < T¢. ably also symptomatic of this frustration.

For the BFRO,# = 335 K while it is 410 K for SFRO. Magnetic frustration in these materials is perhaps not sur-
These values are only slightly higher than the correspondipgsing. It is well known that the ordering of Fe and Re sites
T¢'s and would be reasonable for a Heisenberg ferromagnistnot complete and rarely surpasses 95%. Not only does this
From this point of view, the systems appear to be relatively cooreate local distortions in the crystal structure, thereby changing
ventional localized ferromagnets. However, the dynamics atite bond angle but also gives rise to antiferromagnetic superex-
the approach to saturation suggest a different picture. change interactions between neighboring Fe atoms. This lack of
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long-range order has been investigated by Monte Carlo simula-
tions [4], which indicate the tendency of the material to nucleate
magnetic clusters. 1

IV. CONCLUSIONS

In conclusion, we have measured the magnetic properties of?]
Fe—Re double perovskites. Some of the static measurements, at
first glance, are suggestive of behavior expected for a simple fer-
romagnet. However, high-field data and resonance experiment8!
indicate a magnetically very inhomogeneous system. This is
perhaps a consequence of disorder in the Fe and Re sites which
results in magnetic clustering and not true long-range order. Prel4l
sumably, one will have to minimize this effect before one can
use these materials in tunneling-based devices.
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