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A MGossbauer-spectroscopy study is made of the magnetic hyperfine interaction for '!°Sn impuri-
ty atoms in ferromagnetic gadolinium intermetallides. At a temperature of 5 K the magnetic
hyperfine field B ¢ is found to have the following values: — 37.0 + 0.7 T in Gd;In, — 38.3 + 0.7
Tin Gd,In, and ( — )32.4 4+ 0.6 Tin GdAg, s In, 5. The temperature dependence of B, is close to
the Brillouin function for S = 7/2. For 'Sn in the intermetallide Gd, o5 Y, o5 Al, a satellite
structure appears in the spectrum as a result of the replacement of Gd by the nonmagnetic atoms
Y. It can be inferred from analysis of this structure that in GdAl, the Gd atoms of the closest
coordination sphere are responsible for (90 + 10)% of B ;. The data on the magnetic hyperfine
interaction for impurity Sn in gadolinium intermetallides and in gadolinium are interpreted in
terms of a model in which the main contribution to B ¢ in all of these systems is due to the nearest
magnetic neighbors. The inferred radial dependence of the partial contributions to B, is com-
pared with the analogous data for Sn in alloys of transition d metals. The conclusion is reached
that in ferromagnets based on gadolinium there is no positive contribution to B ¢ of the sort that
competes in transition-metal alloys with the negative contribution from the nearest neighbors.

1. INTRODUCTION

We recently reported the results of the first study of the
magnetic hyperfine interaction for Sn impurity atoms in a
gadolinium intermetallide.’ The magnetic hyperfine field
(Bys) and its temperature dependence were measured by
Massbauer spectroscopy for ''°Sn atoms which replace A1l
in the ferromagnetic intermetallic compound GdAl,. The
results of this work showed that tin forms a stable solid solu-
tion of replacement in GdAl, and does not substantially in-
fluence the magnetic properties of the matrix. Further study
along these lines using other rare earth intermetallides
would seem extremely promising. The great diversity of
structural and magnetic properties of rare earth intermetal-
lides creates favorable conditions for investigating how the
magnetic hyperfine interaction depends on the various pa-
rameters of the matrix. For checking theoretical models of
the magnetic hyperfine interaction it is particularly interest-
ing to study the radial dependence of the partial contribu-
tions to the hyperfine field, since this radial dependence con-
tains more—complete and detailed information on the
hyperfine—interaction mechanisms than does the total val-
ue B,;. For Sn atoms in alloys of transition d metals the
corresponding data were recently obtained® by comparing
the value of B ¢ in a large number of matrices having differ-
ent radial distributions of the magnetic moments. One ex-
pects that a comparison of the radial dependences of the
magnetic hyperfine interaction for magnets with substan-
tially different electronic structures (transition d metals and
rare earth elements) will prove extremely useful for putting
certain basic assumptions of the theory of the magnetic hy-
perfine interaction on a more concrete footing. For example,
one can expect to answer the question of the relative roles of
the contact interaction with the conduction electrons and
the direct overlap of the electronic wave functions. For
choosing an adequate model of the magnetic hyperfine inter-
action this problem is of primary importance (see, e.g., Ref.
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3), but its theoretical analysis is extremely complex and has
still not produced unambiguous results.

In the present study we have investigated the magnetic
hyperfine interaction for !'°Sn impurity atoms in the ferro-
magnetic intermetallides GdAg, s In, s, Gd,In, Gd;In, and
Gdy o5 Yo.05s Al,. For Sn in the (Gd,Y)Al, matrix we have ob-
served in the spectrum a satellite structure which can be
analyzed to yield a direct determination of the contribution
of the nearest magnetic neighbors in B,;. We have also ob-
tained some new data on the magnetic properties of the inter-
metallide Gd,In.

2. MAGNETIC AND STRUCTURAL PROPERTIES OF THE
INTERMETALLIDES CdAg, In, s, Gd,In, AND Gd,lIn

The properties of the ordered alloys GdAg, In, _, have
been studied in detail (see Refs. 4-6 and the literature cited
therein). The compounds GdAg and GdIn are antiferromag-
nets, but their quasibinary solutions near x = 0.5 are ferro-
magnetic. The Curie temperature (7.) is maximum for
x = 0.5 and is equal to 111-122 K,*® and the magnetic mo-
ment of the Gd atoms is equal to 7.3 uz.° The alloy GdA-
0.5 Iny 5 has a cubic structure (of the CsCl type) with a lattice
constant of 3.72 A. The nearest magnetic neighbors of the
Ag and In atoms are eight Gd atoms at a distance of 3.22 A.

The data on the properties of the intermetallides Gd,In
and Gd;In are extremely incomplete and contradictory.
This is probably due in part to the high chemical activity of
the alloys and to the difficulties in interpreting their behav-
ior in external magnetic fields. In Ref. 7 the anomalies of the
temperature dependence of the magnetic susceptibility of
Gd,In were attributed to a transition from an antiferromag-
netic state to a ferromagnetic state at a temperature of 103 K;
the value of T has not been determined. The results of our
measurements (which will be discussed below) are consistent
with this conclusion and show that the magnetic structure of
Gd,In remains ferromagnetic over the entire temperature
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interval from 5 K to 7. We note that the analogous magnet-
ic anomalies observed in the intermetallides R;Al, were at-
tributed not to a change in the spin configuration but to
anomalies in the reaction of the domain structure to the ex-
ternal magnetic field.*® One supposes that an analogous sit-
uation also occurs in the case of Gd,In and that the “meta-
magnetic” behavior of this intermetallide in an external field
does not reflect any anomalies of its magnetic structure at
the microscopic level.

The intermetallide Gd;In is a ferromagnet with
Tc = 190-213 K (Refs. 4, 9, 10). Magnetic saturation is not
reached even in strong fields, and therefore the magnetic
moment in the ferromagnetic state has not been measured.

The intermetallide Gd,In has a structure of the Ni,In
type with lattice constants? ofa = 5.413 A and ¢ = 6.756 A.
The nearest magnetic neighbors of the In atom are located at
distances of 3.12 A (three Gd atoms), 3.38 A (two Gd atoms),
and 3.55 A (six Gd atoms). The crystal structure of Gd,In
has not been determined. The other rare earth compounds of
the composition R;In have either a face-centered cubic
structure (of the CusAu type) or its tetragonal modification
(CuTi; type). It can be assumed that Gd,In also has one of
these two structures. It is known that in the rare earth series
the lattice constants for a given type of structure vary
smoothly as a function of the atomic number of the rare
earth element. Judging from this behavior and working in
analogy with other rare earth compounds, we have estimat-
ed the probable values of the lattice constants of Gd,In as
a=4.86 A for the Cu,Au structure and a = 4.65 A and
¢=4.99 A for the CuTi, structure. The distance between
nearest neighbors for both types of structure are approxi-
mately the same. We shall assume below that in Gd,In the
nearest neighbors of the In atom (the 12 Gd atoms) are locat-
ed at a distance of 3.44 A. The possible error of this value is
probably not over 0.05 A.

3. EXPERIMENTAL TECHNIQUES AND BASIC RESULTS
1. Preparation of intermetallides and resonant absorbers

The compounds were prepared by the standard tech-
niques (see the literature cited in the previous section). Met-
als of at least 99.9% purity were used. To increase the homo-
geneity, the ingots were remelted at least three times; the
indium was preliminarily doped with tin enriched to 92%
with the isotope '°Sn. Several alloys, containing from 0.3 to
1.0 at.% ''°Sn, were prepared for each intermetallide; the
results of the measurements were practically independent of
the tin concentration (except for some broadening of the
components of the hyperfine structure at the maximum con-
centrations). The main measurements were made with alloys
containing around 0.5 at.% '!°Sn.

Ingots of GdAg,sIn,s were annealed in vacuum at
700 °C for 50 h. The intermetallides Gd,In and Gd;In
formed in a well-ordered state directly from the melt, and so
in these cases no additional heat treatment was done. (One of
the samples of the alloy Gd;In was annealed at 750 °C for 55
h; the annealing was found to have no appreciable affect on
the Mossbauer spectrum.)

The intermetallide Gd, o5 Y, 05 Al, was prepared by the
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method used for GdAL in Ref. 1. The ingot was annealed at
750 °C for 55 h. The yttrium concentration corresponded to
the replacement of 5.5% of the Gd atoms by the nonmagne-
ticatom Y.

The high chemical activity of intermetallides of the Gd-
In system requires that careful precautions be taken, espe-
cially in working with the powders required for preparation
of Mossbauer absorbers. Even a brief contact of the powders
with air caused a marked degradation in sample quality. An
isolated line (or an unresolved doublet) appeared in the cen-
ter of the Mossbauer spectrum, indicating the formation of
extraneous phases due to oxidation of the alloy. Prolonged
contact with air caused the components of the magnetic hy-
perfine structure to vanish almost completely from the '°Sn
spectra. A similar degradation of the quality of the alloys
was observed upon contact with alcohol and even with liquid
paraffin. The powders were therefore prepared at liquid-ni-
trogen temperature; after preparation the powders were ra-
pidly sealed and were stored in liquid nitrogen. This proce-
dure permitted us to obtain Mdssbauer spectra in which the
parasitic central line was either entirely absent or of low in-
tensity. The powders were generally not annealed. Only for
the alloy Gd(Ag,In) did we use a brief (1-2 h) annealing at
500-600 °C, since in this case the quality of the spectra was
noticeably improved thereby.

2. Measurements and analysis of the spectra

The particulars of the measurement and processing
techniques for the Mdssbauer absorption spectra were dis-
cussed in our earlier papers.!''> The measurements were
made in the temperature range from 5 K to 7. [For
(Gd,Y)Al, the spectrum was measured only at 77 K]. A
Mossbauer radiation source in the form of CaSnO; was held
at room temperature. In some cases a spectrometer with a
CaSnO, resonance detector and laser interferometer were

" used to calibrate the velocity scale. The temperature of the

resonant absorber was held constant to within 0.1 K or bet-
ter. To determine the sign of B ¢ the absorption spectra were
measured in an external magnetic field of 0.9 T at a tempera-
ture of 77 K. For the alloy Gd(Ag,In) the sign of B, was not
determined: In this case we were unable to observe a shift of
the hyperfine-structure components in excess of the statisti-
cal accuracy of the measurements.

In all cases the spectra exhibited a well-resolved mag-
netic hyperfine structure, and so the spectra were analyzed
using the simple procedure of approximating the spectrum
by the sum of Lorentzian lines. The quadrupole shift of the
hyperfine-structure components did not exceed 0.3 mm/sec.
The widths of the components at low temperatures were 1.3-
2.0 mm/sec; the broadening of the lines indicates the pres-
ence of a small scatter in the values of B¢ (48 /B<3%). The
Curie temperature was determined from the temperature de-
pendence of the magnetic hyperfine splittings.

3. Results of the measurements

The main results of the measurements are presented in
Table 1.
Figure 1 shows the Mdssbauer absorption spectrum for
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TABLE I. Magnetic hyperfine field B, isomer shifts for ''*Sn impurity atoms in gadolinium intermetal-

lides, and the Curie temperatures of the compounds.

Intermetallide By, T Isomer shift, mm/sec Te, K
GdAgo,sIng,s (-)32,4+0.6 2,06+0,03 1151
Gd,In —38,3+0.7 1,95+0,06 2361
GdsIn -37.0+0.7 1.93+0.06 2112

Note. B\, and the isomer shifts were measured at 5 K. The isomer shift was measured relative to a CaSnO,
source held at room temperature; for Sn in the Gd(Ag, In) matrix the sign of B was not determined; T was

determined from the temperature dependence of the magnetic hyperfine fields.

''98n inGd,In at a measurement temperature of 77 K. The
spectra for Sn in Gd(Ag,In) and Gd,In had an analogous
form.

The temperature dependence of B (T ) is shown in Figs.
2 and 3. It is seen that the curves do not have features of any
kind and are extremely close to the Brillouin functions for
S = 1/2. In view of the high sensitivity of the hyperfine field
for Sn to features of the spin structure of the matrix, one can
conclude that for GdAg,sIn,s, Gd,In, and Gd;In this
structure remains unchanged over the entire temperature
range from 5 K to 7. For GdAg,sIn, s and Gd;In the
values of T~ found in this experiment are in good agreement
with published data; for Gd,In the value of 7T was deter-
mined here for the first time.

As can be seen from Table I, the isomer shift of the
Maoassbauer line is almost independent of the composition of
the intermetallide. The same isomer shift was also obtained
previously' for ''°Sn in GdAl,.

The spectrum for '°Sn in the Gdg¢s Y05 Al, matrix
was measured for the purpose of determining how B
changes when the magnetic atom Gd is replaced by the non-
magnetic atom Y. The replacement method is widely used to
study the radial dependence of the magnetic hyperfine inter-
action. Under favorable conditions a satellite structure can
be seen in the spectra; the shift of the hyperfine-structure
component corresponds to the change in B¢ upon replace-
ment of the magnetic atom by the nonmagnetic atom. Such a
structure can actually be observed only in cases where B ¢ is
due to a small number of magnetic coordination spheres (or
where the contribution of one of the coordination spheres is
predominant). For Sn in alloys of transition d metals the
contributions to B¢ from the nearest magnetic neighbors
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FIG. 1. Mssbauer spectrum measured at 77 K for ''°Snimpurity atoms in
Gd,In.
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and the magnetic atoms in the more remote spheres are com-
parable in absolute value,? and for this reason a resolved
satellite structure which would admit and unambiguous in-
terpretation is usually not observed.

The results obtained for Sn in (Gd,Y)Al, show that the
situation in rare earth magnets is substantially different from
that which obtains in magnetic alloys of transition metals.
For Snin (Gd,Y)Al, we observed a distinct satellite structure
which is easily interpreted under the assumption that the
shift of the hyperfine-structure components is due to the re-
placement of the Gd atoms by Y atoms in the first coordina-
tion sphere.

Figure 4 shows a part of the spectrum for !'°Sn in
(Gd,Y)Al, (the components located at negative velocities). In
addition to the lines coinciding with components of the spec-
trum for ''°Sn in GdAl, (Ref. 1), satellite lines due to the
replacement of a fraction of the Gd atoms by the nonmagne-
ticatoms Y appear in the spectrum. The position of the satel-
lites is well determined, so that the spectrum can be analyzed
(decomposed into the sum of partial spectra) without any
important additional assumptions. In processing the spec-
trum we neglected the change in the dipole contribution to
the magnetic hyperfine interaction, since, according to the
calculations, the change in the dipole field upon the replace-
ment Gd by Y is not over 0.25 T and the corresponding shift
of the hyperfine-structure components is small in compari-
son with the linewidth. We also neglected the shift due to the
anisotropic contribution to the magnetic hyperfine interac-
tion and the shift due to the quadrupole interaction, since for
the components shown in Fig. 4 these shifts are also small.’

The position of the first satellite between the two out-
side components of the main spectrum indicates that B, is

BT,
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FIG. 2. Temperature dependence of the magnetic hyperfine field for ''°Sn
impurity atoms in GdAg, s In, s . The solid curve is the Brillouin function
for S =17/2.
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FIG. 3. Temperature dependence of the magnetic hyperfine field for ''°Sn
in Gd,In (a) and Gd,In (b). The solid curve is the Brillouin function for
S§=17/2.

decreased strongly by the replacement of the Gd atom by Y.
It is natural to suppose that the decrease in B ; is due to the
occurrence of the nonmagnetic atom Y in the closest coordi-
nation sphere. In GdAl, this sphere contains six Gd atoms at
a distance of 3.27 A (Ref. 1). If the Y atoms are distributed
statistically over the Gd sites, the probability for » yttrium
atoms to occur in the first coordination sphere is

W (n)=Cop*="q,
where p and q are the relative concentrations of gadolinium
and yttrium. For our alloy { p = 0.945, g = 0.055) the config-
urations with n = 0, 1, and 2 should occur in the proportions
W (0):W(1):W (2) = 1:0.34:0.04. Figure 4 shows theresult ofa
decomposition of the spectrum into the three partial spectra
which correspond to these three configurations. In the de-
composition procedure the shifts, widths, and intensities of
the components were treated as free parameters. As can be
seen in Fig. 4, the sum of the resulting partial spectra ap-
proximates the experimental spectrum very well. The pa-
rameters found for the first partial spectrum (n = 0) agree
with the parameters’ of the spectrum for Sn in GdAl,. The
areal ratio of the n =0 and n = 1 spectra is 0.35 + 0.02, in
excellent agreement with the calculated ratio W (1)/ W (0).
These results confirm the correctness of the model used to
process the spectrum. The absolute value of B, for the con-
figurations with » =1 and n = 2 decreased in comparison
with the value of B for the n = O configuration by 3.3 + 0.5
T and 7.5 + 0.8 T, respectively.

At a temperature of 77 K the hyperfine field for Sn in
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FIG. 4. Mossbauer spectrum measured at 77 K for !**Sn impurity atoms in
Gd, o5 Yo0s Al,. The thin lines show the three partial spectra for configu- .
rations with » = 0, 1, and 2 yttrium atoms in the first coordination sphere.
The thick curve at the bottom is the sum of the partial spectra.

GdAl,is — 22.4 T (Ref. 1). If B ; is, on the whole, due to the
magnetic atoms of the first coordination sphere, then the
replacement of one or two Gd atoms by Y atoms should lead
to a decrease in the absolute value of B, by 3.73 Tor 7.47 T,
respectively (1/6 and 2/6 of the value of B,; in GdAl,). The
experimentally determined changes in the hyperfine field are
in good agreement with these values. In view of the statistical
error in the measurements, one can conclude that for the Sn
atoms localized at Al sites in the GdAl, matrix, the Gd
atoms in the closest coordination sphere are responsible for
(90 + 10)% of the total value of B ;.

4. RADIAL DEPENDENCE OF THE CONTRIBUTIONS TO B,,
FOR Sn ATOMS IN GADOLINIUM INTERMETALLIDES

On the basis of these results one can draw several con-
clusions about the radial dependence of the partial contribu-
tions to B, for Sn impurity atoms in gadolinium intermetal-
lides. Table II gives all the currently known data on the
values of B, for Sn atoms in metallic ferromagnets based on
gadolinium. The magnetic hyperfine fields are negative,
with absolute values lying in the narrow range 3040 T. It is
noteworthy that B, is relatively independent of the struc-
ture of the matrix and also of the relative sizes of the magnet-
ic moment M, of the first coordination sphere and the aver-

TABLE I1. Magnetic hyperfine field B, for Sn impurity atoms and the partial contributions p(r,) calculated

from formula (1).

Matrix By, T K, kg & N Mi, pg | (), T/upg
Gd =329 [13] 7,5 3,60 | 12 90.0 -0.37
GdAl; -29,3 [1] 74 3,27 6 428 -0,69
GdAgo,sIne,s (-)32,4 73 3.22 ! 8 58,4 -0,55
GdsIn =370 (7,3) (3.44) 12 87,6 -0,42

3.2 3 219 —0.66
Gd,In -38,3 (7.3) 3.38 2 14.6
3.55 6 438

Note. u is the magnetic moment of the Gd atom, N is the number of Gd atoms located at distance r,, M, is the
total magnetic moment of these atoms (M, = N ), and the values in parentheses are conjectural (see main

text).
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age atomic magnetic moment of the alloy. This
independence is in sharp contrast with the behavior found
for Sn atoms in ferromagnetic alloys based on transition d
metals.? In transition-metal alloys B, is determined by com-
peting contributions of opposite signs and comparable abso-
lute values: The contribution from the nearest magnetic
neighbors is negative and the contribution from more remote
magnetic atoms is positive. As a result, B, varies over wide
limits, being sometimes positive and sometimes negative de-
pending on the relative size of M, and the average magnetic
moment of the alloy. It seems clear that the radial depen-
dence of the contributions to B ; in the gadolinium interme-
tallides should be of a substantially different character.

To explain the experimental data, let us turn to the re-
sult obtained for the matrix (Gd,Y)AL,. Let us assume that
this result is of a general nature, i.e., that for all the matrices
represented in Table II the dominant contribution to B, is
from the Gd atoms of the first coordination sphere. In view
of the small collection of data currently available, it is advis-
able to consider only the simplest model, assuming that B ¢
is due entirely to the nearest neighbors (for all the matrices in
TableII the distance to the second magnetic sphere is greater
than 5 A). It is also natural to suppose that in all the investi-
gated intermetallides the Sn impurity atoms replace atoms of
the nontransition element, i.e., Ag, Al, or In (for GdAlL,) this
follows directly from the experimental data'). In this model
the general expression for B in terms of the partial contri-
butions? takes on the simple form

By ~=Mp(ry), (1)

where p(r,) is the partial contribution (in units of T/uy) to
B foramoment of 1 45 located at a distance r, from the Sn
atom (M is in units of u 5 ). With the data of Table II one can
use formula (1) to find the partial contributions p(r,) which
determine B ¢ for Sn impurity atoms. For Gd,In and Gd,In
the magnetic moments of the Gd atoms have not been deter-
mined. It is known,* however, that the moment of Gd in
alloys and intermetallides generally lies in the range 7.0~7.5
Mp; as a reasonable estimate we have adopted a value of
7.3 u g for this moment in Gd,In and Gd,In. For the matri-
ces Gd, GdAl,, Gd(Ag,In), and Gd;In the partial contribu-
tions p(r,) are calculated directly with formula (1); the results
of the calculations are given in the last column of Table II (in
Gd six of the “nearest” neighbors lie at a distance of 3.572 A
and the other six at 3.636 A; for simplicity we have neglected
this small difference in 7,). For the matrix Gd,In one should
consider three groups of “nearest™ neighbors with different
r, (see Table II).
In this case formula (1) becomes

—38,3=21.9p(3.12) +14.6p(3,38) +43.8p(3,55).  (2)

Using the data obtained for different matrices and taking
p(3.55)=p(3.60) = —0.37 T /up and p(3.38) = —0.52 T/
Hp [obtained by linear interpolation between the values of
p(3.44) and p(3.27)], we find from (2) the value
p(3.12)= —0.66 T /ug.

The resulting radial dependence of the partial contribu-
tions p(r) is shown in Fig. 5. In view of the approximate na-
ture of the model and of the assumptions made, the model
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FIG. 5. Radial dependence of the partial contributions p(r) to the magnetic
hyperfine field for tin impurity atoms in gadolinium and in gadolinium
intermetallides. The partial contributions were calculated with formulas
(1) and (2). The dashed curve shows the hypothetical form of the function
plr).

should be regarded as giving a consistent and reasonable ex-
planation for the experimental data. On the average, the par-
tial contributions fall off in absolute value as the distance
increases, as one would expect of polarization mechanisms
for the nearest-neighbor interactions. As in the case of tran-
sition-metal alloys, the nearest magnetic neighbors give a
negative contribution to the hyperfine field, but the positive
contribution from more remote neighbors is absent (or ex-
tremely small). It is for this reason that B ¢ is comparatively
large in absolute value for Sn atoms in gadolinium interme-
tallides in spite of the relatively small values of p(r). In ferro-
magnets based on d metals the partial contributions for the
first coordination sphere are much larger, between — 2 and
— 3T /ug (Ref. 2), but the corresponding negative contribu-
tion is compensated to varying degrees by a positive contri-
bution of comparable size. In gadolinium intermetallides
there is no such compensation. Subsequent experiments
should reveal to what extent this conclusion is of a general
nature. In this regard we should mention the paper by Eck-
rich et al.,"* who showed by analyzing the NMR spectra for
7Zn that around 80% of B, for Zn in the intermetallides
RZn is due to the nearest magnetic neighbors.

The above results show that in gadolinium intermetal-
lides the electronic-polarization mechanisms responsible for
B, have a comparatively small effective radius. The conclu-
sion that the magnetic hyperfine interaction for Sn atoms in
rare earth intermetallides is relatively “localized” is ex-
tremely unexpected. The models currently used to describe
the magnetic hyperfine interaction for nonmagnetic atoms
in metallic magnets usually consider two possible sources of
the hyperfine field: the contact interaction with polarized
conduction electrons, and the overlap of the electrons of the
nonmagnetic atom with the magnetic electrons of the neigh-
boring atoms of the matrix. For magnets based on rare earth
elements the second of these two mechanisms is usually ig-
nored, since the magnetic 4f electrons are well localized and
screened by the outer-shell electrons. The interaction with
conduction electrons is traditionally treated as an interac-
tion with a large effective radius, since the polarization of the
electrons on the Fermi surface is a relatively weak function
of the distance. On the basis of these ideas it is hard to ex-
plain why the contribution determined by the interaction at
large distances should vanish in the gadolinium intermetal-
lides (as opposed to alloys of transition d metals). This diffi-
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culty can be eliminated by assuming that the large-radius
interaction in transition-metal alloys is due not to the s con-
duction electrons but to the collectivized magnetic 3d elec-
trons (which are absent in the gadolinium intermetallides).
Such an assumption, however, would require a substantial
revision of the traditional ideas and can scarcely be justified
without further experimental and theoretical studies.

From an experimental standpoint it is interesting to
compare the derivatives dp/dr for Sn atoms in d-metal alloys
and gadolinium intermetallides. In d-metal magnets the neg-
ative contribution to B is characterized by a very strong
dependence on distance. For r = 2.45-2.60 A (typical near-
est-neighbor distances in transition-metal alloys) the deriva-
tives 9p/dr are equal to 10-14 T /u, A (Refs. 2, 15). For this
reason, effects due to the radial dependence of the magnetic
hyperfine interaction (a strong pressure dependence’® of B ¢
and the presence of temperature anomalies due to the ther-
mal expansion’>!?) are clearly manifested for Sn in transi-
tion-metal alloys. In gadolinium intermetallides the deriva-
tive dp/dr is much smaller; it can be estimated from the data
of Fig. 5as0.5-1.0 T /ug A. Thus for Sn in rare earth alloys
one should not expect the large temperature anomalies in
B, that are so characteristic for Sn in d-metal alloys. It
might also be noted that in alloys whose only magnetic
atoms are Gd, one should not observe positive hyperfine
fields for Sn. A different situation can arise in intermetal-
lides which, in addition to Gd atoms, also contain 3d metals
having a nonzero magnetic moment. The study of the mag-
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netic hyperfine interaction in these alloys would permit
comparison of the contributions to B, for the 3d and 4f
atoms in systems having the same electronic structure.
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