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We recently showed that iron antimonate of composition FeSbO, undergoes a spin glass transition at
ca. 20 K. New magnetic susceptibility measurements which we have subsequently recorded in low
magnetic fields of 50 and 100 Oe show that the magnetic behavior at temperatures below ca. 80 K is
more complex than was initially observed. Two peaks in the zero field cooled magnetic susceptibility
data have been determined at temperatures of ca. 70 and 25 K. Neutron powder diffraction patterns
recorded at temperatures below 160 K show a peak of magnetic origin which can be indexed as (100).
The absence of a magnetic contribution associated with the (001) peak is indicative of a highly
anisotropic spin structure. Analysis of the linewidth of the (100) reflection indicates a finite antiferro-
magnetic spin correlation within the (001) plane which increases in length to a maximum of ca. 30 A
with decreasing temperature until ca. 70 K when saturation occurs. The low field magnetic susceptibility
data and the neutron diffraction results may be associated with an inhibited antiferromagnetic transition.
The processes may be associated with the formation at ca. 70 K of clusters of ca. 30 A of imperfectly
antiferromagnetically ordered Fe’* ions and the subsequent onset at ca. 25 K of magnetic interactions
between the clusters. © 1990 Academic Press, Inc.

Introduction

We recently described (/) how the zero
field cooled magnetic susceptibility data re-
corded between 4.2 and 900 K from rutile-
related iron antimonate of formula FeSbO,
in an external magnetic field of 1 KOe shows

that the material undergoes a spin glass tran-
sition at ca. 20 K. The data, together with
results from ’Fe and !?!Sb Mdssbauer spec-
troscopy, were interpreted in terms of the
formation at low temperatures of imper-
fectly antiferromagnetically ordered clus-
ters of Fe’* ions.
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We have now recorded data in smaller
applied magnetic fields which, together with
neutron diffraction results, show that the
magnetic behavior at temperatures below
ca. 80 K is more complex than that which
we initially described. We report in this
communication on the interpretation of the
new results in terms of low-temperature
magnetic freezing phenomena and empha-
size the importance of recording low field
magnetic measurements from these types of
materials. A definitive account of all aspects
of the work, including an examination of
the dynamic properties of the system, will
appear later.

Experimental

Iron antimonate was prepared by meth-
ods similar to those described previously
).

The magnetization measurements were
performed with a Quantum Design SQUID
magnetometer at temperatures between 4.2
and 130 K in applied magnetic fields of 50
and 100 Oe.

Neutron powder diffraction patterns were
recorded at several temperatures between
4.2 and 600 K at the Institute Laue-Langevin
with the high-resolution D2B two-axes dif-
fractometer using an incident beam of wave-
length A = 1.5945 A. Diffraction patterns
were also accumulated in 2 min with the
sample temperature increasing at a rate of
0.7°C/min using the high flux multidetector
D1B powder diffractometer with an incident
beam wavelength A = 2.52 A. All the dif-
fraction data were analyzed by using pro-
grams in the STRAP package (2).

Results and Discussion

The temperature dependence of the zero
field cooled magnetization of iron antimo-
nate, FeSbO,, at 100 Oe in the temperature
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F1G6. 1. Temperature dependence of the low field (H
= 100 Oe) zero field cooled (ZFC) and field coded (FC)
magnetization of iron antimonate. The peak positions
are indicated by the arrows.

range 4.2 to 130 K is shown in Fig. 1. The
data show two peaks at ca. 70 and 25 K. The
onset of magnetic irreversibility occurs at a
temperature very near to 70 K. The results
contrast with those recorded in high mag-
netic fields (1 KOe) which showed only the
maximum at low temperature (/) and clearly
demonstrate the high sensitivity of the mag-
netic susceptibility of iron antimonate to the
strength of the applied magnetic field.

The neutron diffraction patterns recorded
at temperatures exceeding ca. 600 K where
the magnetic susceptibility data showed the
absence of antiferromagnetic correlations
between the Fe’* ions displayed no evi-
dence of magnetic interactions. The data
could be refined in the space group P4,/mnm
interms of the rutile-related structure of iron
antimonate, a = b = 4.6370 A, ¢ = 3.0743
A. No evidence of the presence of impurity
phases was observed.

The neutron diffraction patterns recorded
at temperatures lower than 160 K were sig-
nificantly different in that they showed a
new broad peak which could be indexed as
(100) in a material with identical lattice pa-
rameters to those determined from the neu-
tron diffraction patterns recorded at higher
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F1G. 2. Neutron powder diffraction patterns recorded from iron antimonate between 160 and 4.2 K.

temperatures (Fig. 2). The origin of this new
peak may be associated with short-range
atomic order, perhaps similar to that pro-
posed for the cobalt- and manganese-alumi-
nosilicate glasses (3), or to short-range
magnetic correlations. It is difficult to dis-
tinguish between these two possibilities
because either or both could produce the
observed phenomenon. However, the mag-
netic susceptibility results reported here
show a peak at ca. 70 K which can be associ-
ated with the new peak in the neutron dif-
fraction data recorded at low temperature
(see below). Hence we suggest that the new
(100) peak in the neutron diffraction pattern
is of magnetic origin. The absence of a mag-
netic contribution associated with the (001)
peak is indicative of a highly anisotropic
spin structure. The linewidth of the (100)
reflection of magnetic origin exceeded the
intrinsic experimental resolution of the D2B
diffractometer even at 4.2 K. The result is
indicative of a finite antiferromagnetic spin
correlation over a short distance within the
(001) plane and thereby shows that the mag-

netic structure of iron antimonate is not
amenable to description in terms of long-
range antiferomagnetic order. A quantita-
tive estimate of the length of the spin corre-
lation within the (001) plane was achieved
by fitting the magnetic peak to a Lorentzian
shape convoluted with the Gaussian resolu-
tion function and in Fig. 3 the spin correla-
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F1G. 3. Variation of the spin correlation length within
the (001) plane as a function of temperature.
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tion length as deduced from our fitting pro-
cedure as a function of temperature is
depicted. The results indicate that a progres-
sive increase in the spin correlation length
with decreasing temperature occurs at tem-
peratures above ca. 70 K while at lower
temperatures, where irreversibility is ob-
served in the magnetic susceptibility data,
the correlation length within the (001) plane
saturates to ca. 30 A and does not change
with decreasing temperature.

The complex magnetic behavior of iron
antimonate at low temperatures is not easily
explained in terms of current theories. It is
possible to associate the low field magnetic
susceptibility data and the neutron diffrac-
tion data with inhibited antiferromagnetism
such that the peak at ca. 70 K in the ZFC
magnetic susceptibility data may be associ-
ated with two-dimensional antiferromag-
netic correlations within the (001) plane.
This behavior would be analogous to that
observed in anisotropic spin glasses. Given
the observation of magnetic scattering only
in the (100) reflection, the results suggest
that any magnetic correlations perpendicu-
lar to the (001) planes would involve dis-
tances which are significantly shorter than
30 A.

The result can also be related to magnetic
cluster formation and can be directly associ-
ated with the magnetic susceptibility data
recorded from iron antimonate in high mag-
netic fields which we reported previously
(I). The earlier results (/) showed that a
Curie-Weiss law was obeyed at tempera-
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tures between ca. 130 and 70 K which was
associated with the formation of imperfectly
ordered clusters of Fe** ions such that each
cluster carried a magnetic moment. Hence
the first peak at ca. 70 K in the magnetic
susceptibility data recorded in low magnetic
fields may be related to the formation of
clusters of imperfectly antiferromagneti-
cally ordered Fe’* ions. We envisage that
the antiferromagnetic interactions within
the clusters extend over a maximum dis-
tance of ca. 30 A. The second peak at ca.
25 K may be associated with the onset of
magnetic interactions between clusters such
as the freezing of the magnetic moments on
the imperfectly antiferromagnetically or-
dered clusters in an ordered fashion.

Itis important to record that the plot of the
nonlinear terms of the magnetization against
field does not show any divergence. Hence
we contend that the magnetization data re-
corded in the temperature range 4.2 to 130
K are not indicative of a phase transition.
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