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Magnetic hyperfine field at diluted °’Fe in vapor-quenched heavy-rare-earth films
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In this work, we combine vapor-quenching technique at low temperé20r&) andin situ >’Fe Mésshauer
spectroscopy at different temperatuf@s-300 K) to study out-of-equilibrium solubility and magnetic proper-
ties of 5’Fe(5 at. %) in some magnetic heavy-rare-egRE) metals(RE=Dy, Ho, Er, and Tm. The spectra
were fitted using the full Hamiltonian including electric quadrupole and magnetic interactions. Two magnetic
components are observed iretd K Massbauer spectra: one with a magnetic hyperfine filg) (varying
between 5.@) and 1.92) T, which has been attributed to Fe at a substitutional site, and the other one, with a
smaller field 2.1 T), which is assumed to be due to Fe at an interstitial site. The behavy; ffr Fe at
the substitutional site in the different RE metals scales with the de Gennes {&1463-182807)10117-5

I. INTRODUCTION velopment of several methods particularly suitable to prepare
out-of-equilibrium alloys, such as the vapor-quenching tech-
The magnetic behavior ofBimpurities in rare-eartiRE) nique and sputtering, a great number of new materials con-
metals is a classical problem and the basic physics of thiaining Fe have been preparéd? These new materials are
interaction mechanisms involved is essentially understdod. interesting from the fundamental physics point of view, es-
The main point is the detailed balance between the two magoecially in connection with their magnetic properties. In this
netic subsystems, namely that of the localizéidefectrons, respect, a great _amount of work has been concentrated on the
resulting in localized magnetic moments and that of tde 3 Study of magnetism of systems based on metals which do not
conduction electrons giving rise to itinerant magnetism. Thd®M any kind of solid solution or intermetallic compounds

) : : - in the corresponding equilibrium phase diagram. Therefore,
af 3.d.couplllng proceeds via the REd5(_eI(_actron_s which we have addressed the problem of Fe in RE matrices based
hybridize with the 8 electrons and participate in a local

: . ) : on the vapor condensation at low temperature.
4f-5d exchange interactioh Studies of dilute systems as b b

. : , Most of the work which has been done on such RH:
well as of an intermetallic (8-4f ) compound can help in system&'~13is related to measurements of hyperfihé in-

the better understanding of thel3if interaction. In the case tgractions at TM impurities iGd and Th systems. Few years
of very dilute transition-metalTM) impurities in RE metgls, ago, Forkeret al2 found that Fefb, prepared by melting
however, only a few systems have been studied until nowyace amounts of radioactiv¥Co (the parent nucleus of the
for reasons which will be given below. 5’Fe Mossbauer isotopento RE ingots, has a unique Fe site,
‘Mossbauer spectroscopy is a common method where thghich does not follow the magnetic behavior of the matrix.
Mossbauer nucleus is used as a probe to study the magneferker explained his results assuming that Fe goes only to
behavior as well as the charge transfer due to hybridizatiointerstitial sites or forms some kind of micro-intermetallic
of dilute impurities in metals. With this technique it is pos- compound. However, Brewest al,'® using in-beam time-
sible to measure simultaneously the magnetic hypeffifle  differential perturbed angular distributi¢diBTDPAD), have
field and the isomer shift, which are proportional to spin andfound that in Gd and in Tb matrices 60% of the Fe atoms go
charge density, respectively, at the $ébauer nucleus. An to an interstitial site and 40% to a substitutional site. Both
example is the magnetic hf fiel,; measured at aonmag- sites show magnetic order at low temperatures and follow the
netic probe, such as®’Au or %ir embedded in heavy RE magnetic behavior of the matrices. TBg; values obtained
hosts*® In these works,By; have been interpreted in the from IBTDPAD for FeGd are in agreement with the values
framework of the standard Rudermann-Kittel-Kasuja-Yosidaestimated from local electronic structure calculatiérs.
(RKKY) theory, which predicts a linear decreaseBig go- Here, we report ornin situ °’Fe Massbauer spectroscopy
ing from Gd to Tm. In the case of magnetid 3mpurities, = measurements on a solid solution of diluted Fe atoms in a
like Fe, we can expect that there is an additional contributioheavy RE host, prepared by the vapor-quenchihg)
to the hf field coming from the Fe impurity itself, since in method at low temperature. The obtained results give infor-
many cases Fe keeps part of its own magnetic moment, aBation about the local environments of Fe as well as on its
was shown for Fe at the substitutional sites. magnetic properties in these matrices, which can be consid-
In the case of TM and RE metals, the formation of ther-ered as disordered or polycrystalline films.
mally stable alloys of the RE ,TM, type is inhibited, for
most_of TM elements by conventional.metall_urgical me_th— Il. EXPERIMENT
ods, in the range of low TM concentrations, since there is a
very small TM solubility in RE metals. This is the reason STFe(5 at. 9%9:RE(RE=Dy, Ho, Er, and Tm films were
why only a few number of experiments have been reported girepared in a He cryostat by thermal coevaporation of iron
low TM concentration in RE metals. However, since the de{90% enriched ir’’Fe) and RE (4N) metals from two inde-
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pendent resistively heated Ta crucibles; the deposition was
performed onto kapton substrates kept at a temperature of 20 400
K. Before the deposition, the residual pressure in the cryostat

was 5x10 °® mbar and during the deposition it was6

X 10”8 mbar. Crystal oscillators were used to control the € 0.980 —
deposition rates and the composition of the films and all 2 1.000
prepared films have a thickness of about 2000 A. The details @

of the evaporation setup have been given elsewHefdis £
system is especially suitable for the present experiments be- 2 0.980 —| o
cause, it allowsn situ measurements, and thus avoids the 8, 400 |

oxidation of the RE metal films. -

The evaporated films were analyzedihysitu Mossbauer g
spectroscopy in transmission geometry, in the temperature 'ﬁ 0.990 —
range 7—300 K, using a 50 mCiCo:Rh source moving in S 1.000 —
sinusoidal mode. The film surface was tilted with an angle of €
45° with respect to the gamma-ray direction, a geometry de-
fined by our experimental condition$Source and absorber 0.980 |
were kept at the same temperature during the measurements.
For each spectrum obtainéd situ the usual time of mea- I ! |
surement varied from 6 to 144 h, depending on fiEe @ -2 0 2
thickness and the temperature range. Thesdhbauer spectra
were fitted using the full hyperfine Hamiltonian, since elec-
tric quadrupole and magnetic interactions have the same or-
der of magnitude. The isomer shiftS) values are given
relative to ana-Fe absorber at room temperatFeT).

Ill. MO SSBAUER SPECTRA OF THE FILMS PREPARED
AT LOW TEMPERATURE

The ®Fe Mossbauer spectra taken at 7 K, for all as-
prepared films of the FRE (RE=Dy, Ho, Er, and Tm sys-
tems, are shown in Figs.(d and ib), respectively. Their
shapes depend on the different RE matrices. These are not
well-resolved spectra and they contain several components,
with small quadrupole interaction for the spectra at 300 K,
and a combined quadrupole and magnetic interaction, both of
the same order of magnitude, in the case of the 7-K spectra.
In order to analyze these spectra, we used the data obtained
at different temperatures especially those Tor T (T¢ is v
the Curie temperatuyewhere the magnetic interaction is ex- | | |

Relative Transmission

pected to be absent. -2 0 2
The 300-K Massbauer spectifgFig. 1(a)] were analyzed (b) Velocity (mm/s)
with either two or three nonmagnetic components with dif-
ferent isomer shifflS) and quadrupole splittingQS) values. FIG. 1. (a) and(b) ®>"Fe Mossbauer spectra taken at 300 and 7 K

In the case of’Fe:Dy and °’Fe:Ho films, the spectra were for as-prepared films of K8%):RE (RE=Dy, Ho, Er, and Tm
fitted with two doublets, but foP’Fe:Er and °>'Fe:Tm films systems. The full lines are least-squares fits as described in the text.
three nonmagnetic components were taken into account. The
use of two components fot'Fe:Dy and °’Fe:Ho films and  the case of F&d and FeTh. The T values of the films, as
appearance of this third component in tR&e:Er and obtained from the Mssbauer measurements, are approxi-
5Fe:Tm samples will be discussed later. mately 50% lower than the corresponding values of the pure
The temperature dependences®@fe Mcssbauer spectra RE metals. For example, in the case ofHf@: T is about 80
for the FeDy and FetHo films are shown in Figs. 2 and 3, K in comparison with 131 K(Ref. 19 for bulk Ho metal.
respectively. From these figures one can see a change in tAiée reason for the reduction @f, could be the disordered
shape of Mgsbauer spectra as the temperature increases: fstructure of the RE filmgsee below
example, in the case of the Bg: film, the asymmetry The thermal stability of F&RE systems has been experi-
changes its side. This change in the shape occurs in‘@sMo mentally confirmed by cooling again the samples down to 7
bauer spectra of the FRE films and it is attributed to mag- K after the measurements at high temperatures: e
netic ordering occurring fol <T, probably due to an an- Mossbauer spectra did not show any appreciable difference
tiferromagnetic coupling between the Fe moments and thosas compared with those obtained for as-prepared samples.
of the heavy RE elements, as expected from the thésugh We would like to comment here on the appearance of a
magnetic ordering was also observed by Breweal'®in  third doublet in the spectra, obtained at high temperatures,



12 384 PASSAMANI, BAGGIO-SAITOVITCH, AND MICKLITZ 55

5
s 1.00 —
2
£
/2]
| =
c o
) -
@ ®0.98
£ =]
0 I
[ [J]
o o
= 1 | l
g -10 -5 0 5 10
& Velocity (mm/s)
©
o FIG. 4. 5'Fe Mtssbauer spectra takeh &K for the F€5%):Tm

film. The full lines are least-squares fits as described in the text.

inner part of the spectrufsee also Fig. (b)]. The broader
magnetic component does not have a well-defined magnetic
structure, i.e., does not exhibit sharp magnetic lines and,
thus, does not affect the analysis of the spectrum collected
with a smaller velocity[|velocity <3 mm/s, see Fig. (b)]

for as prepared films at low temperatureb<(T:). How-
ever, at room temperature, the broader magnetic component
collapses to the third doublet mentioned abdgee Fig.
1(a)]. This behavior also appears for the Eefilms, as can

be seen from the corresponding high-temperature spectra

Velocity (mm/s)

FIG. 2. Temperature dependence®dfe Msshauer spectra for
the F&5%):Dy film. The full lines are least-squares fits as described
in the text.

for the FeEr and FeTm systems. The spectrum at low tem-

perature for the F@mfilm, using a higher maximum veloc- (300 K). ) .
ity, is shown in Fig. 4. It shows the coexistence of one mag- B2ased on our high-temperature data and the experimental

netic component, with a very broad magnetic hyperfine field"€Sults for FeSd and FeTb samples obtained by Fe implan-

. 13 .
together with the two magnetic components located in thdation by Breweret al,™ we have fitted the spectra at low
temperature for F&y, Ho, Er, andTm films with two com-

ponents, each of them having combined magnetic and qua-
drupolar interaction. For all the spectra ¥Fe:RE films, the
linewidths (I') are an average of the order of 0.38 mm/s for
the component which has a negative (&mponentB),
while it is around 0.64 mm/s for the component with a posi-
tive IS (componentd). These larger values fdr could be an
indication of the disordered character of the matrices. The IS
values, obtained at low temperatures for these two compo-
nents, are assumed to be the same as those obtained at high
temperatures, since source and absorber are kept at the same
temperature. The QS values, at low temperature, are about
15% larger than the values obtained at high temper48ge
K), as it is expected from the temperature dependence of QS.
The main hyperfine parameters, obtained from the fits of
Mossbauer spectra at 7 K, are shown in Table | for all films.
The asymmetry parametér) has an average value around
0.2 for componenfA and large values, up to 1, for compo-
nent B, indicating that componer® has lower lattice site
symmetry than those of componeékt On the other hand, the
angle(6), betweerB,; and the component,, of the electric-
' ' ' field gradient tensor, depends on the site and on the the RE
4 -2 ] 0 2 4 matrix, which is an indication for different magnetic struc-
Velocity (mm/s) tures of RE metals. It should be mentioned at this point, that
the angle# only represents aaverageangle, since in the
FIG. 3. Temperature dependence®de Mossbauer spectra for case of a noncollinear structure of the RE moments and a
the F&5%):Ho film. The full lines are least-squares fits as describedstatistical distribution of the Fe atoms in the RE matrix there
in the text. exist no well defined.

ission
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TABLE I. Hyperfine parameters obtained from the fits of $dbauer spectra & K of FeRE (RE=Dy, Ho, Er, and Tm films.

Component A Component B

IS Qs B¢ 0 IS Qs B¢ 0
Matrices (mm/9 (mm/9 (T) °) (mm/9 (mm/9 (T) ()
Dy 0.242) 0.632) 5.33) 66(6) 0.062) 0.41(2) 0.92) 47(9)
Ho 0.262) 0.61(2) 3.92) 90(15) —0.11(3) 0.442) 1.5(3) 66(6)
Er 0.253) 0.593) 2.612) 70(18) —0.092) 0.453) 2.1(4) 85(20)
Tm 0.193) 0.563) 1.92) 42(10) —-0.102) 0.443) 1.1(2) 90(2)

IV. DISCUSSION value than componer. Therefore, one possibility is to as-

sume that componed corresponds to some kind of micro-
intermetallic compound while component is associated
The two magnetic components, obtained from the fits ofo the formation of a solid solution between Fe and the RE
the at 7-K Masbauer spectra fot'Fe: Dy, Er, Ho, andTm  metals. This approach is also supported by the fact that, in
films, have different values of the magnetic hyperfine fieldthe experiments with high substrate temperature, the oc-
(Bhp). The component with the smaller magnetic hyperfinecurence of diffusion is more likely. This would promote the
field (componentB) has a highess electron density at the formation of this kind of microintermetallic compound lead-
nucleus(negative I3, in comparison to componedt (posi-  ing only to the formation of compone#, as seen in Fig. 5.
tive IS), which exhibits at the same time a larger hf field. It is
well known that the IS for’Fe in metals shows quite sys-
tematic trends for substitutional as well as for interstitial B. Quadrupole splitting and isomer shifts

sites’® For an interstitial site a strongly increaseelectron We return now to the discussion of the behavior of the QS
density and, therefore, more negative IS can be expected, dy@q the IS values for both components, obtained from the fits
to a reduced volume of the Fe Wigner-Seitz CIThere- ot the Messbauer spectra at 7 K, for allFe:RE films (RE
fore, we assume that these two components, appearing in thé hexagonal crystalline structure in the bulRigure 62)
MoOssbauer spectra of Fe:RE correspond to' interstitial  shows the behavior of the QS for tiseFe andi-Fe against
(componenB) and substitutionalcomponent) sites. From  yhe atomic volume of RE elements. The QSSofe increases
here on they will be named interstitial Fe-Fe) and substi- smoothly from Tm to Dy, while the one df-Fe remains
tutional Fe(S-Fe) sites, respectively, for most of the discus- 5mqst constant. Figure(f) shows the behavior of the IS for
sion of the data. o both sitesS-Fe andl-Fe. The IS ofS-Fe increases from Tm
As mentioned above, Fe has a very low solubility in REq by while the IS ofl -Fe increases much more going from
metals; however, Miedem&has shown that in the case of 1, 1o Dy. This general increase of the [8ecrease irs

some solubility unq:?r eqfuilibrium fon?ﬁtions between F‘_a,irl‘electron densityfor both sites, going from Tm to Dy, is that
RE matrices, Fe will prefer to be localized at an interstitial\yhich one would expect from the increase in the atomic

site instead of a substitutional one. In order to simulate thg, | \me!® The larger increase fdr-Fe, compared to that of
equilibrium conditions, we havg prepared films at about 30 Fe, may indicate some pressure effect for Fe at the inter-
K. The results show that at this substrate temperature °”|¥titial site

the FeTmsample exhibits a unique site, i.e., no precipitation
of Fe clusters and/or the formation of some intermetallic
compounds was detected. =
The Massbauer spectra fot'Fe:Tm, prepared at 300 K .2
and measured at 300 and 6 K, are shown in Fig. 5. The ¢
source and absorber in this experiment were kept at different'é
temperatures. Therefore, the spectrum at low temperature is»
shifted to higher velocities due to the second-order Doppler g
(SOD effect. From this figure the existence of a very sym- I:
metric doublet at 300 K is clear.t/ K the spectrum shows 4
a little broadening, which is attributed to the appearance of >
magnetic order. The analysis of this spectrum shows that thée 0.95 —

A. Site assignment

1.00 —

component which appears in the spectrum, take® i for ©

the >Fe:Tmfilm prepared at 300 K, is the same as the mag- & 0.90

netic componenB which appears in the Misbauer spec- ) I | |
trum of the °’Fe:Tmfilm prepared at 20 K and measured at -4 0 4
7 K; this supports the assignment of compon&nto Fe Velocity (mm/s)

located at interstitial sites.

At this point another possible site assignment should be F|G. 5. 57Fe Massbauer spectra for Fenfilms prepared at 300
mentioned, which is mainly based on the observed linewidttk and measured at 6 and 300 K. The full lines are least-squares fits
(I') values. As mentioned above, componArtias a largel’ as described in the text.
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030 Tm Er Ho Dy (g N 1HJ
0.20 - §/§—§~\Q FIG. 7. By dependence withg;—1)J for the two magnetic
i S-Fe (A) sites, S-Fe andl-Fe. The star symbols correspond to values ob-
—~ 0.10— te_\ined frqm implantatioriRef. 12 for interstit.ial and substituti_ongl
®L " sites, while the other symbols are from this work. The solid lines
1= 1 are the result of fits using the equatiBp~C(g;—1)J+A.
£ 0.00-
040 _ _ o
® J IFe (B) [ ] a smaller hf field for the interstitial site as compared to that
0.00 — ‘ of the substitutional sit&® in agreement with the experimen-
i tal data.
910 e Within the framework of the standard RKKY theory,
s (e § B should be given byB.~C(g;—1)(J,)+A,>° where
0420 A is the magnetic hf field coming from the Fe magnetic
) ot moment and the second term is the transferred magnetic hf
58 60 62 64 5 66 field resulting from the RE moments with total momentum
(b) Atomic Volume of RE (A") J. In this first term,C is an impurity dependent constant

across the RE seriés.If crystal-field effects are neglected,
FIG. 6. (a) and (b) QS and IS for the substitutional R&-Fe)  one hasl,=J.°> The quantity §;— 1), which is the projec-
site and interstitiall-Fe) Fe site obtained from the fits of Ms-  tion of the spinS on the total angular momentudnof the RE
bauer spectrate K plotted against the atomic volume of RE ele- jons, decreases almost linearly with the atomic number of
ments. The dashed lines are only a guide for the eyes. RE. We have made a least-squares fit through the data points
. . for S-Fe andl-Fe sites, assuming th& is given by the
C. Magnetic hf fields RKKY theory, usingA andC as a free-fitting parameter and
In the following, we want to discuss the behavior of the the results correspond to the solid lines in Fig. 7. One can see
hyperfine field By) for the two components in different RE from this figure that the measurdgl,; values for substitu-
hosts, as shown in Fig. 7. We have also included in thigional Fe in different RE metals scales with the de Gennes
figure the values 0B for the two sites(substitutional and factor, while the corresponding one for interstitial Fe do not
interstitia) obtained by implantation of Féd and FeTh®*  show any systematic behavior: the hf field at interstitial Fe in
From this figure, it is quite clear that, in order, to be consis-RE matrices seems to have an aver8gevalue of 1.9 T.
tent with the results by Brewest al,™® the component with Dunlap et al?® have pointed out that deviations from the
the larger field is related to the substitutional sig&Fe), linear relation betweeB,; and (g;—1)J, for a substitutional
while the component with the smaller field is related to thenonmagnetic impurity, can occur due to the effects of the
interstitial site(l-Fe). This identification, which is based on nonzero angular momentum on the exchange interaction be-
the assignment made by Brewedral1* for FeGdand FeTb,  tween the localized # moments and the conduction elec-
supports the assignment made from the IS valuesSfée  trons, i.e., contributions due to orbital and spin-dipolar inter-
and | -Fe sites, respectivel{see above It should be men- actions. On the other hand, Leal and Trdpéave discussed
tioned that LMTO-ASA calculations for Féd for both sites  the different contributions t®,; using a model based on an
(substitutional and interstitininot only show that the inter- extended RKKY theory. In our case, the deviations from the
stitial site has a highes electron density, but in addition give standard RKKY theory could be even larger due to the fact
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TABLE Il. The experimental relative arg@b) of each compo-
nent, obtained by fitting the Misbauer spectra of Fe(Dy films,
and the normalized values of nearest-neighbor configurations, cal-

c
O culated using the binomial probability distributidwe have as-
g sumed 12 nearest neighbprEP(n=0) is the probability for iso-
E lated Fe atoms an®(n=1) is the probability for having one Fe
@ nearest neighbgy.
=
E Experimental values Calculated values
“>’ Component A Component BP(n=0) P(n=1)
:'3 x in Fe(X):Dy (%) (%) (%) (%)
& x=3% 59 41 73 27
. x=5% 62 38 61 39
0.98 T T - T X=7% 71 29 53 47
-4 -2 0 2 4

Velocity (mm/s)
different Fe nearest-neighbor configurations. In order to test
FIG. 8. °'Fe Mossbauer spectrd @ K for Fe(x): Dy as-prepared  this model, we have prepared two additional samples of the
films with different values of Fe compositioix=3, 5, and 7 % Dy matrix with different iron compositions, namely,
The full lines are least-squares fits as described in the text. SFe(x): Dy (x=3 and 7 at. % The spectra for these films at
7 K, including the spectrum for thé&’Fe(5%) Dy film al-
that we have a magnetic impurity located at an interstitiaready discussed, are shown in Fig. 8.
site, where the pressure effect is expected to be more rel- By comparing the results, obtained from the fits of the
evant. Mossbauer spectra for these three samples with different Fe
In general, the values & obtained for both substitutional compositions, and the calculated normalized values for the
and interstitial sites are quite small. This indicates that Feccurence of different Fe nearest-neighbor configurations,
may lose its own magnetic moment when it is built-in into ausing a binomial probability distributiosee Table )} we
RE host.In situ Mossbauer measurements with an externahave to conclude the following: comparing the tendencies
magnetic field at the Fe in Yb matrix, which can elucidate(increasing or decreasing intensity with increasixigwe
the small values dB,; observed at the two sites, for Fe in RE could attribute componerd (greater field to iron atoms
matrices have been performed. The results of such an expefiith one Fe in the nearest-neighbor coordination and com-

ment will be published elsewhe(&ef. 22. ponentB (smaller field to isolated Fe atomé&with only RE
atoms as nearest neighbprslowever, in this case we have
V. ADDITIONAL EXPERIMENTS to assume a noqstausucal d|.sfcr|but|on o_f the Fe atoms, i.e.,
WITH HIGHER Fe CONCENTRATION quite general a higher probability for having another Fe atom

as a nearest-neighbor atom than expected from a statistical
There is, in principle, an alternative explanation for thedistribution. The calculated probabilities for Fe with more
two components appearing in théFe:RE spectra than the than one Fe as nearest neighbor=(2,3...) are ssmall that
one given in Sec. IV A. This is based on the probability forthese configurations can be neglected. Furthermore, these

.§ 1.00 —
@
£
2 —
S 0.58 @
H =
5
& T T | T
-10 -5 0 5 10 0 20 40
Velocity (mm/s) Bhf (T)

FIG. 9. 5"Fe Mtssbauer spectrum for the @8%):Dy film taken at 7 K. The full line is a least-squares fit with three components: the two
low-field components as shown in Fig. 2 and a high-field component. The right side of the figure shows the hf field distribution for the broad
magnetic component only.
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configurations would probably appear in spectra with large VI. CONCLUSION
By fields and, therefore, they will disappear in the back-
ground, at low temperature. These configurations will con- We have prepared films ofFe diluted in RE matrices at
tribute to the area of the Msbauer spectra collected with Jow and high substrate temperatures. The films obtained at
the low velocity range only at high temperatures, as we haveow substrate temperature show that the Fe atoms occupy
seen for the temperature dependence of thesWlauer spec-  interstitial as well as substitutional sites, while the films pre-
tra of >'Fe:Er and */Fe:Tm films. In order to support this pared at high substrate temperature exhibit only one compo-
argument, with respect to configurations with more than ongent for the Fe atoms, which corresponds to an interstitial
Fe nearest-neighbor atom, we prepared &e(x):Dy film  gjto The behavior oBy, for Fe at the substitutional site in
with X:5710%' . ) different RE metals scales with the de Gennes factor, while
The >'Fe Mossbauer spectrunt @ K for Fe(10%)Dy is g for interstitial Fe does not show such a systematic behav-

shown in Fig. 9. It shows a very broad magnetic hf field, . ' .
o . . . ) ) ior. The valuesA of the magnetic hf field coming from the
distribution (see right side of Fig. Qwith an average hf field Fe magnetic moment are quite small for both the substitu-

of 23 T, this indeed indicates that at such high compositior). ; . N S
we have a high probability of forming Fe clusters. r}lona_l site and the m_terstltlal S|t¢. Th_ls_lndlcates that F_e may
alpge its own magnetic moment, if built into a RE hdstsitu

The discussion made above leads us to conclude th : . . o
from the results obtained in this work, the assignment ofvloSsbauer experiments with Fe imarmagnetic 0=0) Yb

component to Fe on a substitutional site seems to be clearMatrx unc;er applied external magnetic field will be
while the assignment of componeBtis difficult. However, performedz. In this way the values oA can be determined
we believe that our first modésubstitutional and interstitial 1N @ more direct way By=A for J=0).

site9 is the correct one since it is supported by the values of

the IS andBys, as discussed above, and, in addition, by the
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