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We report on Mossbauer spectroscopy study of magnetic ordering in FeTa,O,. At
temperatures above 10 K, the compound is paramagnetic; the spectrum obtained at
10 K shows a very asymmetric doublet, suggesting the onset of the magnetic order-
ing; between 9.75 K and 4.2 K the spectra consist of magnetic components. Ther
temperature dependence of the sublattice magnetization, as determined from
Mossbauer measurements, qualitatively resembles that calculated for the two-
dimensional Ising model.
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1. Introduction

In FeTa,O; the sublattice formed by the iron atoms
has the same symmetry as the Ni sublattice in the body-
centered tetragonal K,NiF, compound, the well-known
two-dimensional Heisenberg antiferromagnet. This ob-
servation has motivated investigations to search for the
existence of low-dimensional magnetic behavior in the
title compound. Magnetic susceptibility measurements
have suggested an antiferromagnetic ordering with the
Néel temperature at about 15 K [1,2]. Heat capacity mea-
surement [2] has shown a clear transition at about & K,
suggesting short-range correlations at about 15K, and a
long-range ordering at about 8 K. Similar results have
been obtained for the isomorphous compounds CoTa,O,
and NiTa,04 {3]. Thus, the magnetic behavior of the
FeTa, 0, family is analogous to that of the K,NiF, one
[4,5]. In both families the susceptibility has a broad maxi-

mum and falls off slowly in the paramagnetic region, a

characteristic associated with planar magnets [6].

Mossbauer spectroscopy (MS) has been used to study
the magnetic behavior of Rb,FeF, [4], K,FeF, [5] and
FeTa,0, [1,2,7]. For the K,FeF, compound, the MS
results have shown a gradual phase transition from the
antiferromagnetic to the paramagnetic regime, with the
temperature range extending from about 64 K to 70 K. In
this range the spectrum consists of two fractions, belong-
ing to antiferromagnetically ordered and paramagnetic
K,FeF,, respectively. For Rb,FeF, a similar result was
observed, with the Néel temperature ranging from 55 K
to 60 K. For the FeTa,0; compound, as far as we know,
only MS measurements at RT and at 4.2 K have been
published [1,2,7]. In this communication we report pre-
liminary results on the MS measurements of this com-

pound at temperatures between RT and 4.2 K.
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2. Experimental

Appropriate amounts of powdered Fe, Fe,O, and

Ta,Os were mixed, ground, pelleted, encapsulated under
vacuum (p =10"°Tor#) and heated at 1320 X for 48 h,
with an intermediate regrinding after 24 h. Subsequently

the sample was cooled at 320 K/h and powdered to 320
mesh. X-ray powder diffraction pattern was obtained in a
Siemens diffractometer with monochromated CuKa radi-

ation (A = 0.1542 nm). Measurements were performed in
the range of 10 <26 <100 with a scan rate of 2° /min.
MS measurements were carried out at temperatures be-

tween 300 X and 4.2 K, using a constant acceleration
electromechanical drive system with a multichannel ana-
lyzer for collecting and storing the data. ’Co in rhodium
was used at room temperature as a source. The tempera-

ture stability was better than 0.1 K.

3. Results and Discussion

As discussed elsewhere [7], the X-ray pattern and
lattice parameters of our sample are quite similar to those
published by other authors [1,2]. The hyperfine parame-
ters obtained from the RT and from the 4.2 K MS mea-
surements are also almost the same as those previously

reported [1,2].

 Typical spectra are shown in Fig. 1. The hyperfine
parameters obtained by a least-squares procedure are
shown in Table I. All the spectra obtained at temperatures
T > 10 X were fitted to a quadrupolar doublet. At 10 K
the spectrum shows a very asymmetric doublet that can be
fitted to a hyperfine Hamiltonian Hyz=H,+H,, where
H,, is a very low effective magnetic field interaction and
H,, is the electric quadrupolar interaction, as given by [2].
The spectra obtained between 9.85 K and 4.2 K show
relaxation broadening characteristic of magnetic phase
transition [4,5]. These spectra were fitted to a field distri-
bution with the same hyperfine Hamiltonian as before,
and linewidth (I) fixed at 0.27 mm/s. This T value,
obtained by fitting the RT spectrum, is indicative of the

good quality of the sample; as the iron foil calibration
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Figure 1- Mossbauer spectra taken at indicated

temperatures,

resulted in I'=0.26 mm/s, the early result suggests that
there is no significant impurity effect on the M&ssbauer
spectra of our sample. The average values of the hyper-
fine fields are plotted in Fig, 2,

These results suggest that between RT and 11 K
there is no indication of long-range order. Based on the
fitting of the Mdssbauer spectrum obtained at 10 K, this
temperature was designed as the onset of long-range or-
der. 1t is interesting to note that 10 X is about 0.67Tx,w,
where T, is the temperature of the susceptibility maxi-
mum [1,2]. Such a behavior, also observed in Rb,FeF,
[4], is compatible with heat capacity measurements on
FeTa,0;, as reported by Eicher et al [2]. Their data ex-
hibit a relatively sharp peak at 8.5 K and have motivated
them to assign a critical temperature of 8.5 K for the 3-d
magnetic transition in FeTa,0, and to attribute the suscep-

tibility maximum at 15 K to short-range correlations.

]
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TABLE I - Hyperfine parameters of FeTa,0, measured at
different temperatures. H is the average effective magnet-
ic field at the iron sites; AH is the difference between the
maximum and the minimum values of H used in the field
distribution; AE, is the quadrupolar splitting; 8, is the
isonier shift relative to a-Fe; T is the linewidth at half-

height; 7| is the asymmetry parameter of the EFG tensor.

T (K) 42 8 975 10 15 RT
H (kG) 254 251 207 5 - -
AH (kG) 4 8 17 - . -
AE, (mnvs) 315 316 316 311 3.17 3.06
8, (mm/s) 123 126 128 125 126 112
T (mm/s) 027 027 027 027 027 027
M 033 032 031 033 - -

In this sense it is interesting to discuss, in more
detail, the spectra we have obtained below 10 K, which
are qualitatively compatible with a slowing down of the
electron-spin relaxation process in the critical region [8].
In this picture the Mdssbauer hyperfine splitting is as-
sumed to be proportional to the sublattice magnetization,
and other relaxation mechanisms responsible for the line
broadening are simulated by the field distribution used in
the fitting algorithm. The increasing contribution from the
slowing down mechanism as the temperature is decreased,
is suggested by the decreasing of AH, as shown in Table
I, but even at the lower temperature there is a small relax-
ation effect. The spectrum taken at 4.2 K was fitted to a
field distribution with an average hyperfine field of 254
kG and a difference between the maximum and the mini-
mum values of 4 kG; the obtained chi-square was 0.84.
We have tried to fit thi§ spectrum  with different
strategies, having the chi-square as a criterion for the
fitting goodness. For instance, it can be fitted to a single
field with the linewidth as a free parameter; the obtained
results were: H=254 kG, I'=0.30 mm/s. Significantly,
the obtained chi-square was 0.84. With T fixed at 0.27
mm/s, the chi-square changes to 1.04 in the single-field
scheme. Thus, the fitting program systematically con-

verges to a spectrum with broadened lines, or with a
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Figure 2 - Hyperfine magnetic field vs temperature, as
obtained from fitting the Md&ssbauer spectra.

The solid line is a guide to the eyes.

small-range field distribution. These results suggest a
small relaxation effect, since the linewidth obtained at
high temperatures ruled out impurities effects. In summa-
ry, fitting this spectrum to a field distribution, we are
suggesting a long-range order with minor contribution

from some kind of spin relaxation mechanism at 4.2 K.

As can be seen in Fig. 2, the sublattice magnetiza-
tion vs T curve qualitatively resembles that one obtained
for the two-dimensional Ising model, with a remarkable
sharp transition at Ty=10 K. In this sense our results are
compatible with the fitting of the susceptibility data per-
formed by Eicher et al [2]. Their best result was obtained
with a 2-d Ising model.

4, Conclusions

Although we do not have a more conclusive model
of the magnetic behavior of the FeTa,O; compound, as
measured by MS, it is possible to establish, at least, a
qualitative picture. From RT to about 11 K, the com-
pound is clearly in the paramagnetic regime. Below 11 K
the onset of long-range order is manifested by an asym-
metfy of the doublet, compatible with the emerging of a
small hyperfine magnetic field. The local magnetization at

the iron site increases suddenly up to about 8 K after
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which it remains almost constant up to 4.2 K. A plot of
the hyperfine magnetic field as a function of the tempera-
ture, shows a curve qualitatively quite similar to the one
obtained for the two-dimensional Ising model. Further
studies are in progress to obtain the model-related critical
temperature Ty, as well as the critical exponent B.

A more striking result from our experiment is the

absence of superposition of paramagnetic and magnetical-
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ly ordered components, differently from what was ob-
served in Rb,FeF, [4] and in K,FeF, [S].
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