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A discontinuity of the hyperfine field at Co® nuclei in intermetallic Gd(Co,Fe,_,), compounds was
observed by the NMR method. This discontinuity is attributed to a change in the degree of

delocalization of the 3d electrons.

We obtained nuclear magnetic resonance (NMR)
spectra of certain samples of the system Gd(Co,Fe,_),,
which have a crystal lattice of the Laves cubic phase

type.

The NMR lines of the GdCo, and Gd(Co, ,Fe, ,), sam-
ples were recorded with a spin-echo spectrometer at
4.2°K. The duration of the first and second pulses was
10 usec, the delay between them was 60 usec, and the
repetition frequency of the series was 1 Hz. The con-
tours of the NMR signals of these samples are shown in
the figure, and the values of the hyperfine fields are
listed in the table, which gives also the results of the
magnetic measurements. It is seen from the figure that
the gravity centers of the NMR lines of Co® in the
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NMR line contours of GdCo, and Gd(Coy,;Feq g, samples.
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GdCo, and Gd(Co, ,Fe, ,), samples lie close to 62 and
165 MHz, respectively, i.e., the average hyperfine
field at the Co®® nuclei changes by a factor 2.7, which is
much larger than the change observed in other iron-
cobalt compounds. !'*!

At the same time, the average magnetic moment [;4,
of the 34 sublattice, calculated by us from measure-
ments of the magnetization show that the change of i,
on going from GdCo, to Gd(Co, ;Fe, ,), does not exceed
80%. To compare the change of the hyperfine field with
the change of the magnetic moment of the cobalt, we
have separated p, from the values of u,,, representing
the latter in the form

Bag=2pc, *(1=%)pp . (1)

It must be recognized here that the electron structure
of the Fe atoms in compounds of the RFe, type is

Magnetic characteristics of the alloys GdCo, and Gd(Coy Fey g},

. S i : Curie
. Hyperfine field, balurat.lonA Magnetic moment
Composition kOe magnetization, of 3d sublattice tempsra-
G-cm®/g ture, *K
GdCo, 67.0 67.0 1.1 408
Gd(Cog  Fey ol 170 96.0 1.85 812
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stable, as a result of which the ratio HE?/up, = const
remains in force for the considered class of compounds.
Our measurements of the NMR of Fe® show that the
hyperfine fields at the iron change only by a factor 1.08
on going from GdFe, to Gd(Co, ,Fe, ,4),. Since pz,

=1.7 ug in the GdFe, compound, ‘*! we find on the basis
of*! the values ugpe=1.83u, and pc,=1.8u, for
Gd(Coy, Feg o),.

Thus, the change of the hyperfine field at the Co®®
nuclei in the investigated samples is not proportional to
the change of the magnetic moment of the cobalt atoms.
This anomalous behavior of the hyperfine field can be
explained by recognizing that the field H,, has several
sources, namely

neighb neighb

H.=H +H +l{::50+H3d +H4/ R (2)

hf ep orb

where H,, is the field resulting from the exchange polar-
ization of the atomic core by the atom’s own magnetic
moment, H,,, and HE are the contributions connected
with the orbital momentum and the polarization of the
4s electrons by the self-moment of the Co atom, and
H®™ and HiS'#M® are the contributions of the neighboring
atoms from the 4/ and 34 sublattice, respectively.

The contributions H,,, H,,, and HSS are proportional,
in one degree or another, to the magnetic moment of the
atom, and for cobalt H_; is close to the theoretical value

125 kOe/uy. '®! Using this circumstance, Christopher

and Taylor'' estimated the contribution of H2f'*" in the
GdCo, compound and found it to be +80 kOe. As to the
contribution Hi5%"™, it is known'®! that the neighboring
Fe atoms produce a negative hyperfine field, whereas
for Co'"! the contributions from the environment are
positive up to the fourth coordination sphere.

Thus, it can be concluded that the discontinuity of the
hyperfine field at the Co®® nuclei is due to an abrupt
change in the value of H]S'®", A comparison of the
Curie temperatures of the investigated samples show
that on going from Gd(Co, ,Fe, ,), to GdCo, the ex-
change~interaction energy decreases. Within the frame-
work of Friedel’s theory!®! this means a change in the
wavelength A and in the amplitude of the oscillations of
the spin density of the collectivized 3d electrons, and
this should lead to a shift of the modes of these oscilla-
tions owing to the increase in the value of A/d ~1/k,d,
where d is the lattice constant and 2, is the Fermi wave
vector for the d band. It is this change of the spin den~
sity which leads to the strong change of the contribution
of HISi%hb to the hyperfine field.
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