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Spin-orientation diagram of the pseudobinary Tb,_, Dy, Fe, Laves compounds
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The spin-orientation diagram of Tb,_,Dy,Fe, is constructed by *’Fe Mossbauer measurements and compared
with single-ion calculations. The 4 f-crystal-field interaction dominates the magnetocrystalline anisotropy
properties, though the presence of additional contributions to the magnetic anisotropy free energy is indicated.

Nonmajor cubic symmetry axes of easy magneti-
zation have been established in some mixed rare-
earth ternary R}__R%Fe,,"? as well as in binary
CeFe,,’ SmFe,,* and HoFe,’ cubic Laves com-
pounds. These unusual axes of magnetization
were found to occur over a relatively broad tem-
perature interval, within which the easy axis of
magnetization 0 rotates continuously over a wide
range of directions, usually from one major cubic
axis to another. It was believed"? that the appear-
ance of unusual, or transition regions, in the spin-
orientation diagrams of the R, _, R, Fe, compounds,
is due either to coexisting domains of different
major-axis spin alignments, or to additional, non-
cubic anisotropies, besides that which arises from
the 4f —crystal-field interaction. Recent calcula-
tions® have demonstrated that the single-ion model,
applied to the rare-earth ion, accounts for un-
usual axes of easy magnetization within the frame-
work of cubic symmetry. These calculations in-
volved the diagonalization of the single-ion Hamil-
tonian—with the 4f —crystal-field interaction the
only source of magnetocrystalline anisotropy —for
n parallel to the three major cubic axes, as well
as for other directions of n which were confined
to the (110) and (100) planes. Using the eigenval-
ues of the single-ion Hamiltonian, the magneto-
crystalline anisotropy free energy per ion Fp m, T)
is calculated. For a ternary R,_, R, Fe, compound

F(x,0,T)=(1 = Y)Fp(®, T) + xFg2(n, T) .

The easy direction of magnetization, of a given
composition, at a given temperature, is that for
which the free energy has its lowest value.

We report ¥"Fe Mdssbauer-effect measurements
that were made in order to reexamine and supple-
ment the previously reported! spin-orientation
diagram of the Tb,__ Dy, Fe, system. The analysis
of the present Mossbauer results of Tb,_, Dy, Fe,
follows a least-squares-fitting procedure which is
described elsewhere,*? and enables determination
of the direction of 1 relative to the cubic-cell
axes. The present study was prompted by the
single-ion calculations,® which revealed regions of
unusual spin alignments in Tb,_, Dy, Fe,, at tem-
peratures and compositions that have not been in-
vestigated before. Anomalous M&ssbauer spectra
were recorded then' at the [111]-[100] phase
boundary above 70 K only, and were not ascribed
to the 4f —crystal-field interaction.

Figure 1 presents both the calculated and ex-
perimental spin-orientation results for the
Tb,_, Dy, Fe, system. The solidlines in the figure are
the single-ion boundaries between [111],{100], and
unusual regions (shaded area) as calculated in Ref.
6. The calculation employs crystal-field param-
eters A, =36a;* K and Ag/A, =-0.043a;2.° The ex-
change field, ugH,. =-150 K was taken to be tem-
perature independent up to 300 K.¢ The calculated
directions of easy magnetization within the shaded
area of the spin-orientation diagram are listed in
Table I. The dashed lines in Fig. 1 are the ex-
perimental boundaries between regions of different
spin alignments in Tb,_, Dy, Fe,. These are in agree-
ment with recent elasticity data on Tb,_, Dy, Fe,.”
It is observed that unusual directions of n are
obtained experimentally within only a part of
the calculated unusual region (shaded area) of the
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FIG. 1. Spin-orientation diagram of the Tby_, Dy, Fe,
system. The solid and dashed lines are the calculated
and experimental boundaries, respectively, between
regions with [111], [100], and unusual (shaded area)
directions of easy magnetization. Solid circles and
squares correspond to [111]- and [100]-type Mdssbauer
spectra, respectively. Open circles and triangles cor-
respond to {xuw)- and (wv0)-type spectra which, within
the shaded area, were fitted using the calculated direc-
tions of easy magnetization (Table I).

spin-orientation diagram (Fig. 1). Within this
part of the diagram, the MdOssbauer results could
be adequately fitted using the calculated spin align-
ments (Table I). The possibility that n in
Tb,_, Dy, Fe, is not confined to a cubic symmetry
plane—so that four inequivalent iron sites are ob-
tained—could not be verified using the present
data. Evidently, a four-site fit, employing more
adjustable parameters, should be at least as ade-
quate as the [100] single-site, [111] two-site, and
(uuw) or (uv0) three-site fits.

The single-ion calculations® fail to reproduce the
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TABLE I. Calculated directions of easy magnetization
in Tb,.,Dy,Fe,, within the unusual region of the spin-
orientation diagram (shaded area in Fig. 1). The angle
0 is between 1, which is confined to the indicated cubic
plane, and the [001] axis. Since the magnetic anisotropy
Hamiltonian was calculated for a discrete set of 30 di-
rections of i, the indicated angle 8 is correct to within
4°.

x T (K) 6 (deg) Plane Axis
0.4 10-40 29 @11o0) uuw)
0.4 50—60 35 110) (uuw)
0.5 10-120 23 1710) (uuw)
0.5 130 29 1710) (uuw)
0.6 10-20 16 (45 11)) (uuw)
0.6 30-40 11 (100) (uv 0)
0.6 50 8 1T0) (uuw)
0.7 10-20 6 (100) (uv 0)

displacement of the experimental [111]-[100]
boundary towards a region of higher Dy content,
nor could the narrow regime of unusual spin align-
ments above! 70 K be accounted for. Though ex-
tremely sensitive to the values of the crystal-field
parameters employed,'~® the calculated spin-ori-
entation diagram® could not be significantly im-
proved by using different A, and A4/A, over a wide
range of values. The discrepancies between the
calculated and experimental results may be attri-
buted to sources of magnetocrystalline anisotropy
other than the 4f~crystal-field interaction. How-
ever, the reproduction of the general features of
the experimental spin-orientation results justifies
the present single-ion treatment.
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