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Rb.FeF,, a KoNiFy-structure planar antiferromagnet with large anisotropy and spins perpendicular to
the ¢ axis, has a broad susceptibility maximum at 90°K. Méssbauer effect shows no long-range order in the
interval 60-90°K. Between 50 and 60°K there is a gradual transition to long-range order accompanied by a
crystallographic distortion. Three-dimensional order exists only at low temperature in the distorted crystal.

T has recently been shown theoretically that the
two-dimensional, isotropic Heisenberg model with
finite-range interactions can be neither ferromagnetic
nor antiferromagnetic at nonzero temperature.! This
proof does not rule out infinite susceptibility in the
limit of small external field and thus is not in contradic-
tion with the conclusion of Stanley and Kaplan? based
on spin-wave arguments. It is not known whether
similar results obtain in the presence of anisotropy. We
have experimentally investigated the nature of the
magnetic order in a planar antiferromagnet with large
anisotropy and find results very similar, except for a
crystallographic distortion, to those reported in iso-
structural compounds with small anisotropy.

The investigation was conducted with the new
compound RbyFeFs, which was shown by powder and
single-crystal x-ray crystallography to have the
K,NiF; structure with ¢=4.176 A and ¢=13.6 A. In
this structure, perovskitelike layers containing a square
planar net of Fe** ions are separated from each other by
RbIF layers. Symmetry arguments show that the
magnetic interaction between adjacent layers vanishes.?
The RbyFeF, was prepared from FeF, made by heating
high-purity metallic iron in HF at about 900°C and
from high-purity commercial RbF. Stoichiometric
amounts were zone melted under an inert atmosphere.
Spectroscopic analysis showed K in the range 0.1 to 0.5
wt%, as the dominant impurity. The effect of K on the
magnetic properties should be minimal, since the
related compound K,FeFs, which also has the K,NiF,
structure, has similar magnetic properties.

The Mgssbauer spectra were obtained with a conven-
tional constant-acceleration spectrometer. The radio-
active source consisted of ¥Co diffused into palladium.
The samples were made either from cleaved single-
crystal pieces or from powder crushed in dry nitrogen
and cast with epoxy binder into thin slabs. For measure-
ments at 4.2 and 20.4°K the samples were immersed in
the cryogenic liquids. For other temperatures they were
in the Dewar vacuum but connected to the liquid
reservoir by a variable thermal resistance. The tempera-
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ture was controlled by a differential thermocouple
between the sample and the liquid-hydrogen reservoir,
and a heater in the sample block.

The susceptibility of RboFeFs, Fig. 1, has the char-
acteristics associated with such planar magnets,* i.e., it
has a broad maximum and falls off slowly in the
paramagnetic region. The data are similar to those
reported for K,CoF,5 and, except for the effects of
anisotropy, also to those of KeMnF4® and KyNiF4.5 The
susceptibility with the external magnetic field parallel
to the ¢ axis shows that the spin direction is perpendi-
cular to the symmetry axis. This is different from the
other case with large anisotropy, K;CoF,, where the
spins are parallel to the ¢ axis. The direction of the spins
in the plane was ascertained from data with H along
[100] and [110] directions. In neither case does x
approach zero at low temperature. This is in accord
with the domain structure observed in optical-rotation
studies, which show regions with deformation in
mutually perpendicular directions below ~50°K. The
lowest x is obtained with H in a [100] direction. Under
these circumstances, the spins in one half of the domains
are parallel to H and the rest perpendicular. The
susceptibility at T=0 then is 4x.+ in the plane. The
susceptibility with H along [1107] should be V2 as large,
as is indeed observed.

The Mossbauer-effect data confirm that the spins lie
perpendicular to the ¢ axis. Detailed analysis of the
low-temperature spectra show an optimum fit when the
magnetic field is taken along the minor axis of an almost
axially symmetrical electric field gradient (EFG)
tensor. The results rule out canting greater than a few
degrees. The quadrupole splitting and isomer shift,
Table I, are similar to those of FeF,, another divalent
iron fluoride, and are well behaved over the entire
temperature range. At high temperature, powdered
samples exhibit quadrupole splitting with a slight line-
intensity asymmetry suggestive of Karyagin effect.”
The asymmetry persisted even when the absorber was
rotated by 45° with respect to the y-ray direction, ruling
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out line-intensity asymmetry due to preferential
orientation of crystallites in the absorber. :

The Mossbauer spectra below the temperature of the
susceptibility maximum, Fig. 2, provide additional
information concerning the transition to the ordered
state. From 60 to 90°K the spectra are indistinguishable
from those at high temperature, indicating that there
is no long-range order. Short-range order may be
present, but the relaxation time of the spins must be
very short, i.e., less than 10~ sec, because the magnetic
hfs interaction is completely averaged out.

The transition to the ordered state takes place be-
tween 50 and 60°K, as shown in Fig. 3. This is similar to
the findings in K;MnF,, where significant anisotropy in
the susceptibility, indicative of long-range order,
appears only below 0.67, . ..° All aspects of the observed
behavior are compatible with an interpretation based
on the assumption that there is a gradual increase in the

Tasre I. Parameters of hfs interaction at selected temperatures.

T IS Qsv Hged
(°K) (cm/sec) (cm/sec) n° (kOe)
298 0.115p 0.204, oo
195 0.121, 0.245, oo see

78 0.126, 0.280, .. eee

20.4 0.127, 0.280, 0.049; 355,

4.2 0.127, 0.277; 0.0655 364,

 Isomer shift relative to the 5Co in palladium source.

b Quadrupole splitting 3e2gQ (1 +%17?)" 2,

® Asymmetry parameter,

d hfs effective magnetic field,

© Subscripts denote probable errors in last significant figure.

spin-correlation time of the short-range order. However,
similar behavior would also be observed if the Néel
transition were spread over a 5°K interval, leading to
a superposition of paramagnetic and magnetically
ordered hfs. Experiments with powdered material show
that this transition is indeed structure sensitive, taking
place over a wider range of temperature in material in
which the two-dimensional nature has been at least
partially destroyed by slip. This suggests that stacking
faults could be responsible for the 5°K spread in the
transition temperature.

It is unlikely that chemical impurities are responsible
for the spread in the transition. Potassium, the major
impurity, is present in from 0.6 to 3.0 mole % in our
samples but their properties do not depend measurably
on K content. K,FeF; has similar magnetic properties
and also exhibits a gradual transition to long-range
order, but its transition temperature is higher by ~159,.
As a result, the net broadening expected for our
impurity content is only 0.3°K. It was ascertained that
weak magnetic fields, ~200 Oe, do not affect the
transition. In planar ferromagnets,fweak magnetic fields
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FiG. 2. Mossbauer absorption spectra of single-crystal RbyFeF,
oriented with the ¢ axis parallel to the direction of the vy rays.
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F16. 3. Parameters of single-crystal absorption spectra. I' is the
linewidth in cm/sec of the lowest energy line as obtained from a
least-squares fit; A the fraction of the area in the quadrupolar
doublet; Hes the hfs effective magnetic field in kOe, and » the
asymmetry parameter of the EFG tensor. The quadrupole splitting
is independent of temperature in this region, see Table I.

could induce long-range order; in planar antiferro-
magnets no effect is expected.

Below 45°K the linewidths of the Mossbauer spectra
give no indication of relaxation broadening. This is
indicative of long-range order, but is in principle also
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compatible with short-range order having a very long
correlation time. The latter is an unlikely alternative
since short-range order at low temperature is predicted
only for isotropic, two-dimensional systems. Further-
more, if the magnetic hfs at low temperature were the
result simply of a long spin relaxation time then the
dominant effect of raising the temperature would be
line broadening rather than the reduction in the hfs
effective field which is in fact observed, Fig. 3(c).
The observation of optical rotation gives direct con-
firmation that the crystal has three-dimensional long-
range order in this temperature range.

Mossbauer-effect absorption spectra, as well as
optical-rotation studies, show that the transition to
long-range order is accompanied by a crystallographic
distortion which lowers the symmetry of the crystal.
The latter show optically active domains with mutually
perpendicular distortions when viewed along the ¢ axis
below 50°K. Careful analysis of the low-temperature
Mgssbauer absorption spectra shows that the EFG
tensor departs significantly from axial symmetry,
indicating that the fourfold axis has been destroyed.
The results, Fig. 3(d), show increasing asymmetry with
increasing sublattice magnetization, suggesting that the
distortion is of magnetostrictive origin. Since the spins
are perpendicular to the ¢ axis, the anisotropic magneto-
striction is expected to have this effect.

The crystallographic distortion may destroy the
condition for the cancellation of interplane interactions
and would thus promote three-dimensional order, but
is not itself responsible for the appearance of long-range
order. This follows from the observation of a similar
transition to long-range order in the isostructural com-
pound K,CoFy, in which the spins lie along the ¢ axis.
The effect of anisotropy on the transition to long-range
order also appears to be minor since in both KoMnF,
(very small anisotropy) and Rb.FeF; (large aniso-
tropy), long-range order appears near 0.67 ymax.

The susceptibility of Rb.FeF; has the characteristic
features of a planar antiferromagnet with a broad
maximum near 90°K. Mgssbauer-effect measurements
show no long-range magnetic order down to 60°K, i.e.,
even well below the susceptibility maximum. Between
50 and 60°K there is a gradual transition to long-range
order. The appearance of long-range order is accom-
panied by a crystallographic distortion probably of
magnetostrictive origin.

The authors are indebted to M. E. Lines and H. H.
Wickman for valuable comments on this manuscript.



