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Magnetic hyperfine interaction for Sn119 impurity atoms in ferromagnetic (FM) and antiferromagnetic 
(AFM) FeRh alloys containing from 49.5 to 53 at. % Rh was.investigated by means of the Mossbauer 
effect. The transition from the AFM to the FM state as the temperature is increased is accompanied 
by a sharp increase in the hyperfine field for Sn impurity atoms. The values (extrapolated to 0°K) are 
147 ± 3 kOe in the FM phase and 21 ± 2 kOe in the AFM phase. The strong positive field in the FM 
phase is interpreted in terms of a model in which the difference between the radial dependences of 
the positive and negative contributions to the hyperfine field is taken into account. It is shown that 
for Sn atoms in metallic ferro- and antiferromagnetic substances a simple relation exists between 
the hyperfine field strengths and the character of the magnetic moment distribution over the coordi
nation spheres. In both FM and AFM FeRh alloys the hyperfine magnetic field for Sn impurity atoms 
decreases with temperature much more rapidly than the hyperfine field for Fe atoms. 

THE characteristics of hyperfine interaction in metal
lic systems occupy the attention of many authors and 
are investigated by various methods. In recent years, 
the nature of magnetic hyperfine interaction in metals 
and alloys has become much better understood; however, 
there are still many aspects of this problem that are far 
from being clear and continue to be discussed. In the in
terpretation of experimental data authors are prone to 
use either empirical models that have not yet obtained a 
sufficient theoretical foundation or theoretical ideas of 
somewhat doubtful adequacy for any real situation. The 
development of a theory of magnetic hyperfine interac
tion in metallic systems and the formation of a single 
approach to the interpretation of experimental data de
pend to a very large extent on new results from the in
vestigation of systems with different magnetic charac
teristics. 

Magnetic hyperfine interaction for nonmagnetic atoms 
(i.e., atoms not having an intrinsic magnetic moment) in 
ferro- and antiferromagnets arises as a result of a po
larization of its electrons by the magnetic moments of 
neighboring atoms. In order to analyze the experimental 
data on the magnetic fields acting on the nuclei of atoms 
in magnetically ordered alloys, it is necessary, in par
ticular, to have sufficient information about the radial 
dependence of the exchange interaction, which is respon
sible for these fields. In other words, one needs to know 
the relative contributions (in sign and magnitude) of the 
magnetic moments of the neighboring atoms arranged in 
the different coordination spheres to the hyperfine field. 
Some experiments pertaining to this problem and their 
interpretation were considered in an earlier paper. [11 

It was noted that the features of the radial dependence of 
the exchange interaction can have a very strong effect 
on the hyperfine interaction for Sn atoms, since for this 
element the relatively small observed hyperfine fields 
are the algebraic sum of two large ones, almost equal 
in magnitude but of opposite sign. The experimental 
data for Sn impurity in different ferro- and antiferro-
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magnetic substances can be explained by assuming that 
these two contributions to the field are characterized 
by different radial dependences. This means that even 
small changes in the distribution of the mean magnetic 
moments over the coordination spheres can alter the 
magnetic fields on the nuclei of Sn atoms very drastic
ally. As a result, Sn displays "anomalous" values of 
the hyperfine magnetic fields in different matrices, 
sharp anomalies in the temperature dependence of the 
magnetic hyperfine interaction, [1' 21 etc. The known val
ues of the magnetic hyperfine fields for Sn in metallic 
ferromagnets varies from - 329 kOe in Gd [31 to + 107 
kOe in the alloy Co2MnSn. [41 

To investigate the radial dependence of the exchange 
interaction, it is convenient to use systP.ms in which the 
mean magnetic moment is a known and rapidly varying 
funCtion of the coordination sphere number (ordered 
alloys, intermetals). For this it is necessary that the 
magnetic structure of the alloy be rather well known 
and relatively simple. Unfortunately, only a very small 
number of such systems is known for Sn. Wider possi
bilities are afforded by the study of magnetic hyperfine 
interaction for Sn impurity atoms in different metallic 
ferro- and antiferromagnetic substances. Experiments 
in the last few years[1- 3•5-71 have shown that one can ob
tain in this way extremely useful information both about 
the features of the magnetic hyperfine interaction and 
about the magnetic characteristics of the matrix. 

One of the interesting possibilities in such experi
ments is associated with the transition from the ferro
magnetic (FM) to the antiferromagnetic (AFM) state, 
which is observed in certain systems with a change in 
temperature. In this transition the crystallographic 
characteristics of the system do not usually change or 
change only slightly, but the values of the mean mag
netic moments in the different coordination spheres 
change sharply. As a result, it is possible to compare 
the values of the magnetic fields at the nucleus of a 
given atom in practically identical systems, but with 
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Table I. Distribution of mean atomic magnetic moments 
VLi) over the coordination spheres for the two types of 

lattice sites in FM and AFM FeRh alloy 
l'i l'i 

i ni Rhgte I Fe site i n; Rhgte I Fe site 

FM IAFM FM I AFM FM I AFM FM I AFM 

Note.-i is the number of the coordination sphere, ni is the number of atoms in the 
i-th coordination sphere. The magnetic moment of the Rh Atom in the AFM alloy is 
taken to be equal to zero. 

different distributions of the magnetic moments of the 
neighboring atoms over the coordination spheres. 

We report here an investigation, using the Moss
bauer effect on Sn119, of the magnetic hyperfine inter
action for Sn impurity atoms in ordered alloys of Fe 
and Rh. These alloys are well known examples of me
tallic systems in which there is a first-order phase 
transition with an inversion of the exchange interaction. 
At temperatures below the transition temperature Tt 
the ordered FeRh alloy is antiferromagnetic; above Tt 
it is ferromagnetic. The temperature Tt depends on the 
composition of the alloy. For the equal-atom composi
tion Tt Rj 340°K; however, the data of different authors 
on this temperature do not agree very well, possibly 
because of the high sensitivity of Tt to the impurities 
of other elements. [s-101 As the Rh content is reduced, 
Tt rapidly drops, and the alloy Fe51Rh 49 remains ferro
magnetic at least down to 1.4°K. uoJ According to mag
netic measurements (see, for example, [8• 111 the 
AFM - FM transition occurs over a temperature 
interval of only a few degrees, but in uaJ, where the 
neutron diffraction method was used, coexistence of 
FM and AFM was observed over a wide temperature 
range. 

The ordered alloy FeRh has a BCC (CsCl) structure, 
which may be considered as made up of two simple cubic 
sublattices (Fe and Rh). The ordered structure occurs 
over a wide range of concentrations (greater than 20 at. 
% Rh); near the equi-atomic composition complete order 
is achieved even in quenched alloys. The kinetics of the 
ordering process was thoroughly investigated in [131 • 

The magnetic structure of the FeRh alloys was most 
thoroughly studied by the method of neutron diffraction 
by Shirane, Nathans, and Chen. [141 According to their 
results, the magnetic moments of the Fe and Rh atoms 
near the equal atom composition in the FM phase are 
parallel and equal respectively to 3.1 and 1.0 ILB· In the 
AFMphase the Fe moments are 3.3J.Ls· The Rh moment 
in the AFM phase was not measured; it is usually as
sumed to be zero. In the AFM phase the directions of 
the moments on the Fe atoms alternate (magnetic struc
ture of the G-type according to the classification pre
sented in [151). The distribution of the mean magnetic 
moments over the coordination spheres in the FM and 
AFM phases is presented in Table I. 

The magnetic hyperfine interaction for the Fe atoms 
in FeRh alloys was investigated by means of the Moss
bauer effect by Shirane et al. usl and Obenshain et al. u 71 

The latter, in particular, found that the temperature 
dependence of the hyperfine magnetic field for Fe57 in 
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FIG. l. Mossbauer absorption spectra for Sn 119 impurity atoms in 

ferromagnetic (FM) and antiferromagnetic (AFM) FeRh alloys: a-alloy 
with 49.7% Rh at 77 K; b, c, d-52% alloy at 77, 290, and 357 K, re
spectively. The ordinate is the intensity of the 'Y-quantum flux in rela
tive units; the abscissa is the velocity of the 'Y-quantum sources. 

the FM phase follows a B(l'z) Brillouin function, and in 
the AFM phase the field varies with temperature as 

H(T)=H(0)(1-af"), (1) 

where a = 7.32 x 10-8 and n = 2.45. 
We investigated ordered FeRh alloys in the concen

tration range 49.5 to 53.0% Rh, containing from 0.7 to 
1.0 at.% Sn enriched to 87% isotope Sn119• (The compo
sitions of the alloys will be indicated in atomic percent 
Rh, calculated without the Sn taken into account; the ac
curacy of determination of the composition was not 
worse than 0.3%.) At lower Sn concentrations, measure
ments were not made because of the difficulties associ
ated with the strong absorption by rhodium of the reso
nant y-radiation of energy 23.9 keY. The samples were 
obtained by melting in vacuum and homogenization at 
1000°C for 50 h. The ingots were ground to powder, 
which was then annealed at 900°C for 20-50 h and slowly 
cooled to room temperature. Measurements of the Moss
bauer absorption spectra were carried out at tempera
tures from 4.2 to 750°C with a BaSn03 source in an elec
trodynamic spectrometer with an NTA-512 analyzer. 

The magnitude of the hyperfine magnetic field and its 
temperature dependence for a single magnetic phase did 
not vary with alloy composition; Figure 1 shows typical 
absorption spectra for the 49.7 and 52% alloys, the ones 
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FIG. 2. Temperature dependence of 
the hyperfine magnetic field for Sn 119 im
purity atoms in ferromagnetic (FM) and 
antiferromagnetic (AFM) FeRh alloys 
containing 49.7% Rh (solid circles) and 
52% Rh (open circles). The dashed 
curves are: 1-Brillouin function 147B 
(3/2); 2-function calculated from Eq. 
(I) with H(O) = 21 kOe. 

we investigated most thoroughly. For the 49.7% alloy, 
no transition to AFM was observed. The sharp change 
in the hyperfine field during the AFM to FM transition 
is clearly seen in the absorption spectra for the 52% 
alloy (Fig. 1, b-d). The dependence of the hyperfine 
field on temperature is shown in Fig. 2. 

The absorption lines in the spectra were markedly 
broadened, particularly for the AFM phase at low tem
peratures. This broadening is explained by some vari
ation in the magnitude of the hyperfine field associated 
with the statistical distribution of the Sn impurity atoms 
and with the deviation of the composition of the investi
gated alloys from equi-atomic. The line broadening di
minished with increasing temperature, but near the 
Curie temperature Tc it increased again. Supposedly, 
the broadening near Tc is due to relaxation effects, but 
we did not investigate this phenomenon in detail. In the 
paramagnetic region the absorption line width was 0.83 ± 
0.03 mmjsec. 

The spectra were analyzed using g factors for the 
ground and excited states of Sn119 equal to- 2.093 and 
+ 0.46, respectively. The sign of the hyperfine field in 
the FM phase was determined by measurement of the 
absorption spectra in applied transverse magnetic fields 
of 10 to 16 kOe. Control measurements of the Mossbauer 
spectra for the 14.4-keV y-radiation of Fe 57 were also 
made; the results agreed with the data of r16' l7l. 

RESULTS 

The magnitudes of the magnetic hyperfine fields for 
Sn119 impurity atoms in ordered FeRh alloys (49.5-53% 
Rh) at low temperatures (extrapolation to 0°K) were 
found to be + 147 ± 3 kOe in the FM phase and 21 ± 2 kOe 
in the AFM phase. The hyperfine field in the FM phase 
is the same large positive field known for Sn at the pres
ent time. 

The absorption spectra obtained for Sn119 in the FM 
phase show that the Sn impurity atoms occupy only one 
kind of site in the FeRh lattice (only Fe or only Rh sites). 
In fact, if the Sn atoms were located on sites in both sub
lattices, we should have observed two hyperfine fields 
differing in magnitude and possibly in sign, since the dis
tribution of the mean atomic magnetic moments over the 
coordination spheres is very different for the two types 
of sites (see Table I). In particular, the mean magnetic 
moment of the first coordination sphere in the FM phase 
for the Rh sites is 3.11-LB but only 11-LB for the Fe sites. 

In the discussion, we shall present arguments that sup
port the contention that the Sn atoms occupy only Fe 
sites. This particular arrangement of Sn atoms is 
achieved very easily and was observed for all alloys 
irrespective of the annealing time. 

It is significant that the Sn impurity in the amounts 
used did not have any great effect on the basic magnetic 
properties of the alloys. The Curie temperatures we 
measured on our alloys was found to be in good agree
ment with the literature data obtained on alloys without 
Sn impurity. For example, our 52% alloy has Tc = 656 ± 
3°K; the value reported in u 71 is 654°K. It should be 
noted, however, that such a comparison is difficult be
cause of the gross discrepancies between the data of 
different authors, which reaches 20 to 30°K for alloys 
in the concentration range of 50 to 52% Rh. 

The first-order phase transition (FM .......... AFM) for 
our samples was observed in the same temperature re
gion as for alloys not containing Sn. The high sensitivity 
of the hyperfine field for Sn to the magnetic properties 
of its surroundings permitted this transition to be reg
istered very sharply. The temperature interval in which 
both phases coexisted was extremely wide. For example, 
for the 52% alloy, both phases were observed simultane
ously at temperatures from 270 to 335°K. In accordance 
with the data of [121 , it might be assumed that the coexis
tence of the phases in a broad temperature interval is a 
property of the FeRh alloy, irrespective of its impurity 
content. However, it is quite probable that the widening 
of the transition region in our case is connected with the 
effect on the temperature Tt of impurity Sn atoms that 
are nonuniformly distributed over the sample volume. 
The Sn impurity evidently does lower the transition 
temperature somewhat, since according to the literature, 
disappearance of the transition should be observed (for 
alloys without tin) at somewhat lower Rh concentrations. 
Note that the upper limit of the coexistence region for 
our 52% alloy was very close to Tt = 330oK, which is the 
value found in r171 for an alloy of the same composition 
without tin. 

The temperature dependence of the hyperfine field 
for Sn119 impurity atoms in the FeRh alloys both in the 
FM phase and in the AFM phase was markedly sharper 
than the temperature dependence of the hyperfine field 
for Fe 57 atoms (Fig. 2). A particularly sharp dependence 
was observed for the AFM phase, where raising the 
temperature from 4.2 to 300°K cut the hyperfine field 
in half. 

DISCUSSION 

It is usually assumed that the basic (if not the only) 
source of hyperfine field for a nonmagnetic atom in a 
ferromagnetic matrix is the interaction of this atom 
with polarized conduction electrons. Daniel's model, r181 

as well as ours, r191 is based on this assumption. In 
Shirley's model, [20l along with this mechanism, the pos
sibility is considered for some atoms that the wave func
tions of the outer electrons of the nonmagnetic atoms 
overlap with the wave functions of the magnetic 3d elec
trons. These models give a qualitative explanation of 
some of the important features of the hyperfine inter
action of impurity atoms in ferromagnetic matrices, 
but they still do not pretend to a quantitative interpre-
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tation of the data on alloys. The radial distribution of 
the spin density of conduction electrons in explicit form 
is considered in the model of Caroli and Blandin, [211 

which is used for the interpretation of the experimental 
data on certain alloys (see, for example, [4• 221 ). This 
model, however, excessively idealizes the real situation 
and contains free parameters that cannot be measured 
directly, and for this reason we believe that any quanti
tative interpretation of experimental results based on 
this model can hardly be good enough. 

In [11 we discussed certain features of the radial de
pendence of the contributions to the magnetic hyperfine 
field which permitted an explanation of some of the ex
perimental data on the magnetic hyperfine interaction 
for Sn impurity atoms in metallic ferro- and antiferro
magnetics. We shall now use the same approach to qual
itatively explain the results described above. 

1. Magnitudes of the Hyperfine Fields for Sn Impurity 
Atoms in the FeRh Alloy 

According to the model proposed in [191 (see also [11 ), 

the hyperfine field H for a nonmagnetic atom in a metal
lic ferromagnet can be represented as the sum of two 
large contributions of opposite sign: 

H=-H-+H+. (2) 

For Sn, H- and H+ are almost the same magnitude; hence 
the observed field H is relatively small. Both H- and H+ 
are sums of partial contributions corresponding to mag
netic moments located in different coordination spheres 
relative to a given Sn atom, so that Eq. (2) can be writ
ten down as follows: 

(3) 

where i is the coordination sphere number, ni and IJ.i 
are the number of atoms and the atomic magnetic mo
ment in the i-th sphere, hi and hi are the negative and 
positive partial contributions to the hyperfine field. 

It is obvious that hi and hi decrease with distance 
(with increase in the coordination sphere number); how
ever, the form of the functions hi and hi is unknown, and 
Eq. (3) cannot be used directly for interpreting the data 
on alloys. In [11 we presented arguments according to 
which hi and hi have different radial dependences. That 
is to say, hi decreases with distance more slowly than 
hi, or in other words, the negative contribution to the 
field is more "local" than the positive, since the latter 
is ultimately determined by a larger number of coordi
nation spheres. It is obvious, then that the magnitude of 
the hyperfine field ought to depend not only on the mag
nitudes of the magnetic moments of the matrix atoms, 
but also on the character of the distribution of these 
moments over the coordination spheres. Considering 
that for Sn, H- ~ H+, we should expect a predominance 
of the positive contribution to the hyperfine field in 
those cases when the atomic magnetic moment of the 
nearest neighbors is significantly smaller than the av
erage atomic magnetic moment of the alloy. Other things 
being equal, a relative increase in the moment in the 
first coordination sphere, on the other hand, ought to 
lead to the appearance of large negative fields. 

The positive hyperfine field for Sn in a matrix of Ni 

was attributed in [11 to the strong suppression by the 
impurity atom of the magnetic moments of the matrix 
atoms in the first coordination sphere. The large posi
tive field ( + 107 kOe) observed by Williams [41 in the al
loy Co 2MnSn is explained by the relatively small mo
ment of the Co atoms (about 0.71J.B) situated in the first 
sphere relative to Sn, compared to the mean moment of 
the alloy (1.351J.B)· On the other hand, in antiferromag
netic Cr the mean magnetic moment is zero, whereas 
the moment of the first sphere is nonzero. In this con
nection, a large hyperfine field of 98 kOe is observed [?l 

for Sn impurity atoms in a Cr matrix, in spite of the 
small magnetic moment in the first coordination sphere. 
(The sign of the field in this case must be assumed neg
ative relative to the direction of the magnetic moments 
of the Cr atoms in the first sphere. [11 ) 

The large positive field that we found for Sn atoms 
in the FM phase of the FeRh alloy agrees well with these 
ideas. To explain this, it suffices to assume that the Sn 
atoms in FeRh are localized on sites of the Fe sublat
tice. In this case (see Table I), the atomic magnetic mo
ment of the first coordination sphere (l~J.B) is one-half 
as large as the mean moment of the alloy (2.051J.B), lead
ing to a marked relative decrease in the negative contri
bution to the hyperfine field. 

The correlation of the values of the hyperfine fields 
for Sn with the distribution of magnetic moments over 
the coordination spheres can be treated semiquantita
tively with the aid of a simple model used in [11 for the 
interpretation of the temperature dependence of the mag
netic hyperfine interaction. By drastically simplifying 
the real situation, one can say that the negative contri
bution to the field H- is completely "local," i.e., it is 
determined by the magnetic moments of the matrix 
atoms in the first coordination sphere, whereas the 
positive contribution consists of two parts, of which the 
first aH+ is "local" in the same sense as H- and the 
second (1- a)H+ is "collective," i.e., is determined by 
the mean magnetic moment of the alloy. In this approx
imation; 

H-=n1 J.1 1h,-, 
n+ = n,J.t,h, + + j1n, (4) 

where j1 is the mean magnetic moment of the alloy, ii is 
the positive contribution to the hyperfine field per liJ.B, 
averaged over all spheres except the first. From Eqs. 
(2) and (4) we obtain 

(5) 

whence 
(6) 

Equation (6) shows a linear dependence of H/1J. 1 on 
~/IJ. 1 under the condition that the parameters h~, h~, and 
h do not differ very much for different metallic systems. 
A comparison of the experimental data (see Table II) 
with Eq. (6) is shown in Fig. 3. It is seen that to a good 
approximation the relation between these quantities is 
indeed linear, which confirms our ideas about the radial 
dependence of the positive and negative contributions to 
the field. In view of the avowed approximate character 
of the model on which Eq. (6) was based, the scatter of 
the experimental points in Fig. 3 must be considered 
surprisingly small. 
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Table IT. Experimental data 
on the hyperfine magnetic 
fields for Sn atoms and 

on the magnetic moments 
in several metallic ferro

and antiferromagnets 

Matrix I ''' I f' I H I H/1'-• I ii'il'• 
Fe 2.2 2.2 -83 -38 1.0 

Co (fl.(K) 1.7 1.7 -22 -13 1.0 
Ni -0.45 0.6 +19 +42 1.33 
Gd 7 7 -329 -47 1.0 

Co,MnSn 0.7 1.35 +107 +153 1.93 
FeRh 1.0 2.05 +147 +147 2.05 

Cr ~0.5 0 -98 -196 0 

Note.-j.t 1 is the atomic magnetic moment in 
the first coordination sphere (relative to Sn), ji 
is the mean atomic magnetic moment of the al
loy, and H is the hyperfine magnetic field for 
the Sn atom in kOe. 

FIG. 3. Correlation of the quanti
ties H/ll 1 and Ji/ll 1 for Sn atoms in 
metallic ferro- and antiferromagnetics 
(see Table II). His the hyperfine field 
in kOe, llt is the atomic magnetic 
moment in the first coordination 
sphere, and Ji is the mean atomic mag
netic moment of the alloy. 

liljt, 
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It is interesting that according to Fig. 3, in metallic 
systems, for which ii./J.J.1 ""' 1.15, one would expect for Sn 
impurity atoms hyperfine fields that are close to zero, 
regardless of the absolute values of the magnitudes of 
the atomic magnetic moments. Such a situation can arise, 
for example, in a matrix with a uniform distribution of 
moments over the coordination spheres, if the perturba
tion introduced by the Sn atom leads to a small decrease 
in the moments in the first coordination sphere. 

In the AFM FeRh alloy, the mean magnetic moment 
of the first coordination sphere of the Sn impurity atom 
is equal to zero (see Table I}; hence the hyperfine field 
is determined by the moments of Fe atoms located in 
more distant spheres (in the second and third, mainly). 
The signs of the moments in these spheres alternate, 
which obviously leads to an effective diminution of the 
contributions to the field from neighboring spheres. As 
a consequence, the observed hyperfine field is small. 

2. Temperature Dependence of the Hyperfine Fields 
for Sn Impurity Atoms in FeRh Alloys 

In the final analysis, the temperature dependence of 
the hyperfine field for Sn impurity atoms in the FeRh 
alloy is determined by the temperature dependence of 
the mean values of the magnetic moments of the Fe and 
Rh atoms (IJ.Fe) and (IJ.Rh ), which to a first approxima
tion additively affect the polarization of the conduction 
electrons. The temperature dependence of (IJ.Fe) should 
be close to that of the hyperfine field for the Fe atom, 
since this field in the FeRh alloy is determined mainly 
by the intrinsic magnetic moment of the atom. The mean 

moment of the Rh atom can behave otherwise because of 
the difference in the effective exchange fields acting on 
the atoms in the two sublattices. In this connection it is 
natural to assume that the observed large difference in 
the temp~rature dependences of the hyperfine fields for 
Sn and for Fe (Fig. 2) is associated with (IJ.Rh)- Unfor
tunately, this assumption does not explain the strong 
temperature dependence of the hyperfine field for Sn in 
the AFM alloys. More than this, difficulties also arise 
in the interpretation of the temperature dependence of 
the field in the FM phase. In this case, the moments of 
the Rh atoms in the first coordination sphere should 
give a negative contribution to the hyperfine field for 
Sn (since h~ > h; ). And the strong temperature depen
dence of the observed positive hyperfine field can occur 
only under the condition that (IJ.Rh) diminishes with in
creasing temperature to a lesser extent than (IJ.Fe ). 
However, such a behavior of (IJ.Rh) would be difficult to 
explain. 

An alternative interpretation of the strong tempera
ture dependence of the hyperfine field for Sn atoms can 
be based on a consideration of the effect of an impurity 
atom on the exchange interaction in the FeRh alloy. An 
atom of Sn, not having a magnetic moment of its own, 
is equivalent to a vacancy in the Fe sublattice, and so 
it is natural to expect that the exchange interactions for 
the atoms close to the impurity will be weakened. As a 
result the mean magnetic moments of the Fe and Rh 
atoms located close to the impurity will strongly depend 
on temperature compared with the moments of atoms 
far from the impurity (or compared to the moments of 
atoms in an alloy without the tin impurity). This effect 
of an impurity Sn atom can be particularly strong in the 
AFM alloy, where, evidently, there is no exchange inter
action between Fe and Rh. It is quite possible that in the 
AFM phase the temperature dependences of (IJ.Fe) in the 
second and third spheres are different. If the contribu
tions to the hyperfine field due to the moments of Fe 
atoms in these spheres then have different signs (because 
of oppositely oriented moments), it is natural to expect a 
very strong dependence of the magnetic hyperfine field 
for the Sn impurity atom on temperature, which is indeed 
observed in our experiment. 
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