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Detection of a Correlation between the Orientation
and the Magnitude of the Hyperfine Field
of “Fe in YFeMnO,
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Bunkyo-ku, Tokyo 112

Overlapped Mossbauer spectra of a single crystal YFeMnO, are ana-
lyzed using the Hesse method extended to determine the distribution of
magnetic two parameters, specifying the orientation and the magnitude
of the hyperfine field. A nearly linear correlation between them is detected
under the condition of incident r-rays parallel to the c-axis. Itis discussed
that a misfit around the center two lines may be attributed to a certain
dynamical effect of spin behavior.

§1. Introduction

Méssbauer study on Y FeMnO, gives us various interesting information®?.
One of them is the existence of a correlation between the orientation and
the magnitude of the hyperfine field. To obtain this correlation, the Hesse
method has been extended. '

The Hesse method has been known to be useful to determine a hyper-
fine field distribution, p(H), for a powder Mossbauer spectrum with an
overlapping sextet”. This method is also applicable to the distribution of
the magnitude of H with a preferred direction. Actually, there are some
examples in spin glass and even in amorphous materials, where not only
the p(H) but also the intensity ratio, R, of the second or the fifth lines
to the innermost lines” were determined. In the determination, it must be
required that all the hyperfine fields have the same orientation-distribution.
However this requirement is not always valid for all the cases. An
anisotropy axis is generally the most stable direction in the spin system,
so that its magnetic energy should differ compared with other axes. For
instance, in a case, where an anisotropy energy can not be neglected in a
spin system with a competing interaction, the dynamic behaviors of spins
would depend on their orientation with respect to the anisotropy axis. The
Mossbauer nucleus feels the spin fluctuation as the time averaged hyperfine
field. In such a case, if the sample is a single crystal, correlation between
the orientation and the magnitude of hyperfine field would appear in the
spectrum.
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There is a Hesse method extended to the determination of the distri-
bution of any two parameters among the magnetic parameter H,,, and the
other four quadrupole parameters, ¢’Qq, 7, 6, . ;

In our case, however, the special interest is in the correlation between
the magnetic two parameters, specifying the orientation  to the anisotropy
axis and the magnitude H,, of hyperfine field. We have no information
about such a correlation, except our present oxide*.

Such a correlation is observed in the narrow temperature range between
50 and 60 K for "Fe in YFeMnO,.

We need to introduce characteristic features of this oxide. YFeMnO,
has been known as a Heisenberg-like spin system in the antiferromagnet
on a triangular lattice. The temperature 60 K is the point where a cusp-
like peak is observed in the magnetization measurement (H/[c-axis, H=50
Oe)®, and a broad magnetic spectrum begins to be observed in the Mossbauer
measurement”. The spectrum indicates not only the very wide distribution
of H,, but also a preference of hyperfine fields to the c-axis. In the
temperature range 80 K< T<150 K, the spectra are similar to but slightly
different from the paramagnetic quadrupole doublet at 300 K. At least in
the Mossbauer time scale, the spins are in a paramagnetic-like state. In
the neutron diffraction measurements, however, the spin-correlation is
observed below 200 K”. Such a temperature range is very wide compared
to those in other two-dimensional competing systems. On the other hand,
below 45K, the anomalously wide distributions disappear. In the both
cases of y//c-axis and y//c-plane at 4.2 K, the line widths are very narrow
and the intensity ratios are the same as that of the powder spectrum.
These phenomena reflect the anomalous features of this frustrated system,
and not incompatible with the model of the Heisenberg spin system on a
triangular lattice in an antiferromagnet®.

In this report, the experimental results and the analysis in the tem-
perature range between 50 and 60 K will be shown in detail.

§2. Experimental

Mossbauer spectra were detected for three species A, B and C: A is
a platelet of the single crystal cut in the c¢-plane, B is that cut in the a-c
plane, or in the plane parallel to the c-axis. Each thickness is about 60 pm,
C is the polycrystalline sample crushed from a part of the same rod as the
single crystal. Hereafter, each spectrum is called A, B or C, respectively.

* The procedure of a bi-parameter distribution analysis by R.E. Vandenberghe et al.
is similar to ours. It has been reported in the ICAME 1989 (Budapest) in the same
section with ours. They have applied it to the Mossbauer spectra with external
magnetic fields.
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The spectrometer is a conventional constant acceleration spectrometer

in a usual transmission arrangement.
metal absorber.
in the range between 4.2 K and 300 K.

The paramagnetic spectrum at 300 K shows
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was calibrated with a Fe

Temperatures were controlled within an accuracy of 0.1 K

a quadrupole doublet with

the splitting (from peak to peak) of 0.52 mm/s and the full widths of half

maximum (FWHM), I', of 0.4 mm/s.
resolved sextet with narrow widths,
of about 0.4 mm/s for the innermost

The spectrum at 4.2K is a well
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shape shows marked changes in the Fig. 1. Mossbauer spectra for the
hyperfine field distribution and the single crystal A (7//c-axis)
. . . . of YFeMnO,: the hyperfine
intensity ratios in the temperature sextet at 4.2K, and the
range between 50 K and 60 K. The quadrupole doublet at 300 K.
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Fig. 2. Temperature dependence of Mossbauer
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spectra of YFeMnO,:

(a) for A (y//c-axis); (b) for B (r_Lc-axis) ;

(¢) for C (powder sample).
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analysis of these spectra is the main object in this report.

§3. Analysis and Results

a) Method for the determination of two parameter-distribution.
The theoretical spectrum can be written as follows :

Yineor V)= SSP(e, H)Y..(0,H, V)d6dH,

where P(0, H) is a two-dimensional distribution function of two parameters,
6 and H. 6 is the angle between the hyperfine field and the incident r-rays,
and H is the magnitude of the hyperfine field. Y., H, V) is a line shape
function written as follows. V means the Doppler velocity in Mossbauer
effect.

Yul0,H, V)=BG—Y, Int(6, L(V, I),

where BG represents a back ground and 7 the line number of a sextet.
Int(6, I) is a intensity function and L(V,I) is a Lorentzian shape function.

LV, D=("2)°|(V—=Vy(H, I)*+(I"[2)9,

where Vi(H, I) is a function of the I-th line position. In the present case,
the quadrupole interaction can be neglected, because the spectra are sym-
metric to the center in position and intensity, so that the intensity
function can be written as follows:

Int(@, [)=3(1+cos*d) for I=1,6
Int(6, I)=4sin%0 for I=2,5
Int(4,I)=1+cos?8 for I=3, 4.

P9, H) is determined according to the least square ﬁtting method :
Yool V)= Yoo V)P V=minimum,

where Y,,(V) means the observed spectral intensity. We call this method
the 2D-Hesse method. In the case of no correlation, P(, H) can be sepa-
rated into p(@) and p(H), and the determination of R is possible using the
usual Hesse method.

b) Selection of parameters

The analysis by the 2D-Hesse method was performed in three tem-
perature points, 50 K, 55K and 60 K. In this temperature range, the
region of H,, from 30kOe to 450 kOe was selected through the analysis
of the powder spectra by the usual Hesse method. Smaller hyperfine fields
were cut to avoid a spurious fitting because of the non-zero quadrupole
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interaction. The region of the angle 6 is from 0° to 90°. These two
parameters were divided into 22 and 7 sections with each width, AH,,=
20 kOe and Af=15 degree, respectively, for the reason of a limit in the
memory size of the computer. If the width of the field division, AH,,
is less than 10 kOe, we can use as a line width the experimental value of
0.4 mm/s determined from the analysis of the paramagnetic spectrum, of
which the line width is mainly due to the distribution in the quadrupole
splitting. On the condition of AH,,=20kOe, we have to use a larger
value of 0.6 mm/s. This was confirmed by fitting the powder spectra
using the usual Hesse method with the H-division into 22 sections.

¢) The analytical results

Good agreements between data and fitting curves can be seen in Figs.
3(a) and (b) for A and B, respectively, except the center lines. Fig. 3(c)
is given for C, for the sake of comparison. In these figures, negative
values of P(6, H) with no physical meaning have been replaced with zero,
and then the fitting curves have been recalculated.

T=55K

I‘°(mm/s) -10 0 10(mmvs)
|

3-1 (3-2) 3-3)

Fig. 8. The best fit curves with experimental results at 50K (3-1),
55K (3-2) and 60K (3-3) using 2D-Hesse method with Hpy
=20k0e and I'=0.6 mm/s: (a) for A; (b) for B; (¢) for C.

The results of P(§, H) are shown in Figs. 4(a) and (b) for A and B;
here P(f, H) is not a usual distribution-density with the weight sind, but
is proportional to a number of spins having an angle §. We must direct
our attension to the peak of distribution in higher fields than 250 kOe,
because the peak in lower fields is attributed to a certain dynamical effect
of the spin behavior as discussed later.

A nearly linear relation of the correlation is observed between # and
H, as shown by P(6,H) on a §-H plane in Fig. 5. At 50K, it is only in



30 M. TANAKA, J. It1pA and H. OmnIl NSR. 0.U., Vol. 41

P(O.H) F(O.H)

(a) (a)

(b)

(4-1) (4-2) (4-3)

Fig. 4. Two dimensional distribution P(9, H) at 50K (4-1), 55K (4-2)
and 60K (4-3), here, ¢ is the angle of the hyperfine field to
the c-axis (the anisotropy axis) and H is the magnitude of the
hyperfine field: (a) for A and (b) for B.

the narrow region 350 kOe < H,,, < 390 H(kOe)
kOe. At 60K, it is uncertain which 400}
shows the maximum of the distri- 380@ B f
bution, since the distributions have g0} f §

50K
plateau shapes. Thus the correlation 350k i i

is most clearly seen at 55 K.

From the very nature of the 2 { {
case, such a correlation is not ob- 300 { 85K
served for B. 280} %
d & ek
%00
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§ scuss e
Existence of the correlation can Fig. 5. The correlation between 6
be confirmed also in the usual Hesse . and H: (O) for 50K ; (&)
fitting for A (the 1D-Hesse method for 55K; (O) for 60K.

with AH,;=10k0e, I'=0.4 mm/s):

First, we determine the distribution of p(H) for powder spectra C with
R=2. Next, with fixed p(H), the least square method is performed in
order to obtain the optimum R value for the single crystal spectrum.
Through this procedure, a spurious fitting can be avoided. We can find
clear misfits as described later.
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Obtained R represents the best fit value within a limit of such a
procedure, and is useful to know the characteristics of this material. Not

only p(H) but also R drastically
change with increasing temperature
above 50 K, as shown in Figs. 6 and
7. These phenomena are very anom-
alous.

Fig. 6. Temperature variations of the
hyperfine field distribution,
p(H) in 1D-Hesse method, for
powder spectra.

As shown in Fig. 8(a), this
fitting curve for A does not show
so good agreement as those of the
2D-Hesse method. The very differ-
ence is in the shapes of the second
and the fifth lines. The misfit in
the both lines represents the tend-
ency that higher fields incline to
the c-axis rather than lower ones
do. As references, the fitting curves
for B and C are also shown in the
figure.

The other difference is in the
center part: Their absorptions are
weaker and their two lines are
sharper than the fitting curves. This
is not a misfit arising from neglect-
ing the non-zero quadrupole inter-
action. If a dynamical effect of the
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Fig. 7. Temperature variations of the
intensity ratio, R, of the sec-
ond (or the fifth) line deter-
mined in 1D-Hesse method:
(a) for A and (b) for B.

-0 0 10 (marys)
—

Tig. 8. Fitting curves at 55K using
the 1D-Hesse methhd with
H,;=10kOe and I'=0.4 mm/s:
under the restriction of assum-
ing the same hyperfine field
distribution with the powder
one; (a) for A with R=1.24;
(b) for B with R=24; (c)
for C with R=2.0.
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spin fluctuation was introduced, the calculated center lines should become
narrower than outer lines”, and the center absorptions should become
weaker, because the superposition of the second and the fifth lines to the
center part must decrease. Such an analysis, however, would become more
complex. Now we assume the static model with the same width for every
line in the fitting.

Unless the above mentioned restriction on p(H) is imposed, the spec-
trum is fitted with different p(H).
Fig. 9 is a result of the un-
restricted fitting for A with R=1.12
at 60 K. The agreement is the best
of all, including the restricted 1D-
Hesse and the 2D-Hesse methods.

The p(H), however, has another
peak at about 100kOe for any R Fig. 9. The best fit results at 60K
value. This means that the corre- using the unrestricted 1D-Hesse
lation in A is substituted with a method for A with E=1.12.
spurious distribution over small -3 0 3 (omin)
field values. Note the similar re- sk
sult in p(H) at 55 K shown in Fig.
6. It is the problem that even in 75K
the powder spectrum, the H-distri-
bution has two peaks. Fitting 0K
curves based on this p(H) represent
the center two lines with very 100K
strong absorptions compared to the :
data as shown in both of Figs. 8(a) )3
and (b). The peak of the p(H) in LWM~ Y ,,M 150K

H

the low fields is considered to be 3
spurious. It would suggest another
effect than the correlation, probably e
a certain dynamical effect. The g
anomalously wide distribution of Fig. 10. Temperature va.riations of t.he
p(H) at 60K can be considered to spectra for A in the velocity

range —3mm/s< V<3 mm/s

reflect the dynamical spin behavior.
We add a remark that no co-
existence of a paramagnetic doublet
is observed below 60 K**. The va-

and the temperature range 60
K<T<300K. The spectra are
different from the paramagnet-
ic doublet at room temperature,
and there is no coexistence of a
paramagnetic doublet at 60 K.

** In the sintered powder sample of YFeMnO, reported in reference 1), coexistence of
a paramagnetic doublet was observed down to 35K. It is suggested that the sample

was not homogeneous.
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riations of the spectra from paramagnetic state to ordered one can be seen
in Fig. 10.

The spin dynamics in YFeMnO, is of very interest. Physical consider-
ations for this oxide will be reported elsewhere.
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