Hyperfine Interact
DOI 10.1007/s10751-011-0486-2

Maossbauer study on Y-type hexaferrite Ba;Mg;Fe1,0,;

Shin Nakamura - Yorihiko Tsunoda - Akio Fuwa

© Springer Science+Business Media B.V. 2011

Abstract Mossbauer study on a Y-type hexaferrite Ba,Mg,Fe,0,, has been con-
ducted by using a single crystal specimen. The spins are in the c-plane down to 60 K.
For 18hyy site Fe, the quadrupole shifts and the outermost line width change around
195 K, where the transition from ferrimagnetic to proper screw spin structure takes
place. Below 50 K, the spin reorientation transition to a longitudinal conical structure
was also recognized. At 16 K, the spins incline about 15° from the c-plane.
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1 Introduction

A Y-type hexaferrite Ba,Mg,Fe,0,, has a hexagonal structure (R3m) with the
lattice constants of a = 5.880A and ¢ = 43.515A at room temperature. The Fe’*
ions and Mg?* ions equally occupy six crystallographic sites: two tetrahedral sites
(6crv and 6¢*y) and four octahedral sites (3ayy, 3bvi, 6¢yy, and 18hyy) [1, 2]. The
material is a ferrimagnet with the Curie temperature of 553K. The Fe3* spins are in
the c-plane, i.e. along [11 0] direction. Below 195K, the spins form a proper screw
structure with the propagation vector along the c-axis. The turn angle of the helix is
about 70° at 9 K [2]. It was found recently that a spin reorientation transition to a
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Fig. 1 Mossbauer Spectrum of 2
single crystal Ba,Mg>Fe 2,02
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longitudinal conical structure takes place below 50 K [3]. The spins incline about 10—
20° from the c-plane. The magnetoelectric behavior, or multiferroic behavior, was
also found, and thus the interests on this material have been revived. The Mdssbauer
spectroscopic studies on this material, however, have not been conducted so much
[4, 5]. This is presumably because of its complex spectrum originated from the six
crystallographic Fe sites. Moreover, in the ferrimagnetic region, Fe ions on 18Ay;
site (site symmetry .m) decompose into three types, since there are three different
electric field gradient (EFG) axes with respect to the spin direction [11 0]. Here in

this paper, we report the detailed Mossbauer spectrum of Ba,Mg,Fe;,0», by using a
single crystal specimen.

2 Experiments

The single crystal of Ba,Mg,Fe ,0,, was prepared by the flux method [1, 2]. The
c-plane platelet with about 6 mm x 4 mm x 40 um size was used as absorber. The
>TFe Mossbauer spectroscopy was conducted in conventional transmission geometry
by using ’Co-in-Rh (25 mCi) as the vy ray source. The incident y ray direction was
parallel to the c-axis. Doppler velocity scale was calibrated with respect to Fe-metal.
Lorentzian line shapes were assumed for the spectrum analysis.

3 Results and discussions

The paramagnetic spectrum at 583 K apparently consists of an asymmetric broad
doublet. At this point we cannot analyze as a superposition of the sex doublets, but
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we tentatively obtain the average quadrupole splitting (QS) of about 0.43 mm/s.
In Fig. 1, the magnetically ordered spectrum at 292, 150, and 16 K are shown.
Considering the strength of magnetic interaction (or magnitude of hyperfine field)
[2, 4, 5] and the site symmetry, we classified the six types of Fe** into three groups:
from the inner one, termed S; (6¢rv, 6¢vi, 3bvi), So (18hyy), and S; (6¢*y, 3avy)
for convenience. The intensity ratio should be S;:S,:S; = 1.67:2:1. The absorption
line intensity ratios are 3:4:1:1:4:3 above 60 K, which indicates that the spins are in
the c-plane. The isomer shifts (IS) are 0.36, 0.36, and 0.29 mm/s for Sy, S;, and S3,
respectively, indicating that all Fe ions are in 3+ state. The hyperfine fields (Hy¢) are
374.5,410.5, and 439.1 kOe, respectively. The quadrupole shifts (g4) are —0.10, 0.00,
and —0.07 mm/s, respectively. For S; and S3, where all the constituent sites have
three-fold axial symmetry, the principal axis of EFG (z-axis) is in the c-direction
and thus approximately —4eq = ¢2gQ/2 = QS. The observed &4 values for S; and
S; seem to be in accordance with this relation. On the other hand for S,, it is not
valid, because the constituent 18hyy site does not have any axial symmetry. In the
ferrimagnetic region, S, is actually composed of three subspectra having different
£4’s, which apparently results in &4 = 0.00 in the analysis. At 16 K, IS ’s are 0.44,
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0.42, and 0.43 mm/s for S;, Sy, and Ss, respectively, and Hy’s are 494.8, 503.0, and
514.5 kOe, respectively. The intensities of 2-5 lines decrease below 50 K. The line
intensity ratio is about 3:3.5:1:1:3.5:3 at 16 K, which indicates that the spins are no
longer in the c-plane but incline about 15° from the c-plane. This corresponds well to
the longitudinal conical spin structure below 5S0K.

In Fig. 2, the temperature dependences of ¢4 are shown. That of S, changes from
0.00 to —0.022 mm/s below 195K. At the same time the outermost line width Wi¢
(FWHM) of S, becomes sharper as shown in Fig. 3. These features can be explained
by calculating ¢4 of 18Ay; by using the crystal structure parameters [1]. The three z-
axes (calculated) are directed about £10° from the c-plane. Above 195K, the angles
between the z-axes and [11 0] give three e of 0.189, —0.026, and —0.082mm/s. The
average of the three is 0.027mm/s. Since the moment rotates in the c-plane below
195K, the angular factors are averaged, which gives unique &£ of —0.012mm/s.
Although the values are slightly different from the analyzed ones, its changing nature
through 195K is consistent. On the other hand for S; and S3, no changes in ¢4 occur
around 195K, since the spins are still in the c-plane. Below 50K, the magnitudes of &4
for these two decrease, which correspond to the longitudinal conical spin structure.
From the angular factor, we can estimate that the spins of S; and S; incline about 14°
and 12°, respectively, from the c-plane. The values are in good agreement with that
estimated by the 2-5 line intensity.
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