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The magnetization curves along the crystal axes for GdaFe17 and GdaFeq17Hg were analysed based on the single-ion

model. If the Gd—Fe exchange interaction has been taken as isotropic as usual, the fitted values of magneto-crystalline

anisotropy of the Fe sublattices in GdaFe;7; and GdaFe;7Hs would become unreasonably different from those of the

corresponding Y or Lu compounds. It was shown that the large difference is caused by the neglect of the anisotropy of

the Gd-Fe exchange interaction.

Keywords: magnetization curves, magnetic anisotropy, rare-earth compounds

PACC: 7560E, 7530G, 7550B

1. Introduction

The magneto-crystalline anisotropy (MCA) of
the Rn—T (Rn=nonmagnetic rare earths Y, La and
Lu;T=Fe,Co) compound is the anisotropy of the T-
sublattice in the R-T compound and differs little for
different Rn.'~7 Since Gd3*t ion is in an S state
with negligibly small magneto-crystalline anisotropy,
the MCA of a Gd-T compound is expected to be
nearly the same as that of the corresponding Rn—T
compound. Based on the single-ion model, we anal-
ysed the magnetization curves along the crystal axes
measured at 4.2K on the single crystal of GdsFe;r
and its hydride GdsFe;7H3 using the values of Gd—
Fe exchange interaction measured directly by inelastic
neutron scattering (INS).[S] The calculations showed
that the fitted values of MCA of the Fe sublattices
in GdsFe;7; and GdgFei7H3 are strikingly different
from those of LusFe;7; and LusFei7Hs, respectively.
A similar difference of anisotropy constants for YoFe;7
and GdyFe;; is also observed.[®! Some authors of this
paper found that the fitted values of MCA of the
Co sublattices in the large MCA Gd—Co compounds,
such as GdCos, Gd3Co7 and Gd;Co14B, are unrea-
sonably different from those of the corresponding Rn—

T compounds, and concluded that the large differ-
ence is ascribed to the anisotropy of the Gd—Co ex-
change interaction.'%11] Gerard and Ballou ['?] suc-
ceeded in explaining the magnetization curves of the
Gd(Co;_;Ni,)s compounds by taking into account
the anisotropy of the Gd—Co exchange interaction.
In this connection, the Fe sublattices in RyFe;7 and
RoFe;7Hs exhibit a large MCA, so that the MCA con-
stant at 4.2K is 2.5K/(Fe atom) and 2.4K/(Fe atom)
for LusFe;7 and LugFe17H3,[7] respectively. Such a
large MCA reveals that an appreciable part of the or-
bital angular moments of Fe atoms remains at some
crystallographic sites. So it is expected that the R-Fe
exchange interaction and the magnetic moments of Fe
atoms in RyFeq7; and RyFe7yHs are anisotropic. The
apparent anisotropy of the magnetic moments of Fe
atoms, indeed, has been observed in RyFeq7 (R: Y, Lu
and Gd)[%713] and their hydrides RyFe;7Hj.[6:7]

This work will show that the anisotropy of
the Gd-Fe exchange interaction in GdsFe;7 and
GdgFe;7H3 is nonnegligible. If the anisotropy is ne-
glected, the fitted values of the MCA constants for the
Gd—Fe compounds would become unreasonably differ-

ent from those of the corresponding Y or Lu com-
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2.Method of analysis

GdyFe;7 and GdyFe;yHs have a ThyNijr-type
hexagonal structure with space group P63/mmec.
There are two sites for Gd ions. By neglecting the
MCA of the Gd®t ions and the Gd-Gd exchange
interaction,['*15 the Hamiltonian of the Gd ions av-
eraged over the two crystallographic sites is simply
the sum of Gd-Fe exchange interaction and Zeeman

energy, i.e.
H=2upH. . oS +2upSeH. (1)

In the coordinate system with the  and z-axes along
the a and c-axes, respectively, the Gd—Fe exchange
interaction can be expressed as!1!
H . (T) = ngare Mpe(T)(1 + Psin? O, + P’ sin Og,),
2)
where nggre is the molecular-field coefficient, Mg,
and Op,. are the magnetic moment of the Fe-sublattice
per formula units (fu.) and the angle between
M. and the c-axis, respectively; p and p’ are the
anisotropy constants of the Gd—Fe exchange interac-

tion. Mg, is anisotropic and is expressed as
Mre(0re, T) = Mye(T)(1 — Po(T) cos® Op.)  (3)

with P, (4.2K)= 0.012 for GdyFe;7 and GdyFe;;Hs.[6]

By diagonalizing the 8x8 matrix, the eigen-
states and eigenvalues of the Hamiltonian, |i) and E;
(i=1,---,8), are obtained for a given H and a given
The free energy of GdyFe;7 and
GdgyFe 7Hgs are given by

direction of Mp..

F(H,Mr.,T)=—2kTInZ + K;(T)sin® fp,
+ Ko(T) sin® Op, — Mpe(T) @ H,
(4)

where

Z= Zexp(—E,- /kT). (5)

Here, K;(T) and K5(T) are the MCA constants
of the Fe-sublattice. @My, (T/Tc)/Mr.(0K) and
Ki1(T/Tc)/K1(0K) for GdgFe;7; and GdgFe;7Hs are

assumed to be the same as those for Y,Fe;7 and
Y,Fe;7H; respectively.[®! The values of Mp.(4.2K),
which are adjusted around the value of LusFe;7 and
LuyFe;7H37 for better fit, are taken to be 36.9 and
36.6up/f.u. for GdaFe;7 and GdaFe;7Hs, respectively.
The equilibrium direction of Mg, is determined from
minimization of the free energy. The magnetic mo-
ments of the Gd ions and of the GdyFe;7H, (2=0,3)

are given by
Maa(T) = — Y (1128 i) exp(~E:/KT), 7, 6)
M(T) =Mye(T) + 2Ma(T). (7)

The values of the Gd—Fe exchange interaction 2up Hex
(T=15K), which are measured directly from the in-
elastic neutron scattering experiment, are about 384
and 343K for GdsFe;7 and GdaFe;7Hs, respectively. (8]
Three sets of parameters p, p’, K; (4.2K) and K,
(4.2K) are used. In set 1 and set 2, the anisotropy
of the Gd-Fe exchange interaction is neglected, i.e.
p = p = 0, and the values of K; (4.2K) and K>
(4.2K) are obtained by fitting the calculations to the
magnetization curves at 4.2K for set 1, and the val-
ues of the two parameters are those of Lu2F617[7] and
LusFe 7H;!™ for set 2. In set 3, the anisotropy of the
exchange interaction is taken into account and the val-
ues of p and p’ are obtained by fitting the magnetiza-
tion curves at 4.2K with the values of K; (4.2K) for
LusFe;7 and LusFe;7Hs, respectively.

3. Results and discussion

Figures 1 and 2 show the magnetization curves
of GdgFe;7 and GdoFe;7Hs along the c-axis and the
basal plane at 4.2K, respectively. The symbols rep-
resent the experimental data of the single crystals, [
and the solid and the dashed curves are the calcula-
tions for the parameters of set 1 and set 2, respectively.
The maximum difference of the calculated magnetiza-
tion M (H) along c-axis by using the parameters of set
1 and set 3 is 0.01 pp/f.u. So the calculations for set
3 are essentially the same as those for set 1. It can be
seen that the solid curves reproduce the experimental

curves well, while the dashed curves do poorly.
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Fig.1. The magnetization curves of GdaFe;7 along
the c-axis and along the basal plane at 4.2K: - - -, ex-
perimental data taken from Ref.[6]; —,calculation by
using the parameters of set 1; - - -, calculation by using
the parameters of set 2.

Fig.2. The magnetization curves of GdaFe;7H3 along
the c-axis and along the basal plane at 4.2K: - - -, ex-
perimental data taken from Ref.[6]; —, calculation by
using the parameters of set 1; - - - calculation by using
the parameters of set 2.

Table 1. The values of 2ug Hex, p, p’, pz, K1, K2 in Gd2Fej7 and GdaFej7Hs at T=4.2K.

Compound set 2upHex /K P p P Ki(K/f.u.) Ko(K/fu.)
GdaFey7 1 384.2 0 0 0.012 —62.0 19.0
2 384.2 0 0 0.012 —42.0 0
3 384.2 —0.0074 0.0071 0.012 —42.0 0
GdyFei7Hs 1 361.0 0 0 0.012 ~57.0 22.0
2 361.0 0 0 0.012 —40.0 0
3 361.0 —0.0067 0.0087 0.012 —40.0 0

The three sets of the parameters for GdaFeq7 and
GdyFe7Hsz at T=4.2K are listed in Table 1. It can be
seen from the table that the fitted MCA constants of
the Fe-sublattice for GdsFe;7 and GdyFe;7Hs (set 1)
are apparently different from those for the correspond-
ing Lu—Fe compounds (sets 2 and 3) if the anisotropy
of the Gd—Fe exchange interaction is neglected. Table
1 also show that the fitted values of the anisotropy

of the Gd—Fe exchange interaction in set 3, 4ngqrepn
SMy, (4.2K) p and 4nggrepis SMrp. (4.2K) p', are
just equal to the difference of K (4.2K) and K, (4.2K)
between set 3 and set 1 for GdyFe 7, and GdyFe 7Hs.
The relations can be deduced as follows. Since the cal-
culated magnetization curves for set 3 are essentially
the same as those for set 1, the free energies for the

two sets should be the same. From Eq.(4) we have

F(set 1,4.2K) ~4ngape S Mr.(4.2K) + 4upS ¢ H + K (set 1,4.2K)sin?0p,
+ Ko(set 1,4.2K)sin*0p, — Mp.(4.2K) ¢ H
= F(set 3,4.2K) ~4ngarepn S Mre(4.2K)(1 + psin®fp. + p'sin®Or.)
+ 4ngarepnS @ H + K (set 3,4.2K)sin6p,
+ Ky(set 3,4.2K)sin*0p, — Mr.(4.2K) o H.

So we obtain

K (set 1,4.2K) — Ky (set 3,4.2K) = 4ngapepnS Mr.(4.2K)p,
K(set 1,4.2K) — Ka(set 3,4.2K) ~ 4ngarepnSMr.(4.2K)p'.

It is shown that the large difference between the fit-
ted MCA constants of the Fe-sublattice for GdoFe;7
and GdsFe;7H3 and those of the corresponding Lu—Fe

compounds is caused by the neglect of the anisotropy

of the Gd-Fe exchange interaction.
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