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Magnetic phase transformations and hyperfine interactions
in a multicomponent system alloys (Ho;_«Yx)¢sSmg,Fe; (0 < x < 1)
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This paper presents the results of the study of structural and magnetic properties, as well as hyperfine interactions
in a multicomponent system alloys (Hoj_xYx)o.sSmg 2Fe,, where x = 0, 0.2, 0.4, 0.6, 0.8, 1.0. It is established that
all the obtained alloys are single-phase and possess atomic-crystalline structure of cubic symmetry of the type of
Laves C15 phase. For alloys of the system (Hoi—xYx)o.sSmo2Fe, the values of Curie temperatures, saturation
magnetisation os have been determined, the values of magnetic moment coming to the iron atom ur. have been
calculated. The studies of the Mossbauer effect on >'Fe nuclei at room temperature have been carried out. The
values of hyperfine parameters of Mossbauer spectra for all alloys of the system (Hoi—xYx)osSmg2Fe, have
been determined. The dependences of structural and magnetic parameters on the concentration of yttrium (a
non-magnetic analogue of rare-earth elements) have been analysed and the features related to magnetic phase

transformations in the studied system have been revealed.

Keywords: Laves phases, magnetization, Curie temperature, magnetic moment, Mossbauer effect, hyperfine
fields, isomeric shift, quadrupole coupling constants, easy magnetisation axis.

DOIL: 10.61011/PSS.2024.10.59629.176
1. Introduction

The rare-earth intermetallic compounds based on iron
R-Fe (R — atoms of rare-ecarth elements (REE)) are
suitable objects to study the interaction of two types of
magnetoactive atoms, namely R atoms with 4f-electron
shell located deep and screened by above laying electron
layers, and so having weak reaction to the external effect,
and Fe atoms, in which 3d-electron shell is rather strongly
subjected to the effect of crystal and exchange fields. That’s
why study of properties of the alloys R-Fe is rather actual
and associated, mainly, with search of new compounds with
predictable or regulated set of functional parameters and
properties.

Currently, as we known, the multi-component alloys are
actual based on rare earth element having one of structure
of Laves phase. Our studies [1-4] executed previously
showed that multi-component Laves phase based on rare-
earth metals (R;_xYx)o.sSmg,Fe; (where R=Gd, Tb, Dy
and Er), are rather interesting objects of study both due to
fundamental, and practical (high efficient magnetostriction
alloys) points of view. Using complex type of substitution
in rare-earth sublattice, as well as changing temperature and
values of external magnetic fields we can actively affect their

magnetic and magnetostriction properties, as well as to ob-
serve some unique magnetic transformations including mag-
netic compensation of rare-earth sublattice and Fe sublattice,
as well as spin re-orientation of magnetic moments.

It was interested also to study the similar
(Ri—xYx)o0.sSmgoFe; system of alloys with Ho, as all
previously studied systems [1-4] are rare-earth intermetallic
compounds, that additionally to light rare-earth element
samarium comprise also heavy REEs. Holmium is one of
them and has maximum magnetic moment 10 - ug. So,
synthesis and study of the system (Ho;_xYx)o.sSmgoFe
can expand works relating study of the multi-component
alloys (R;—xYx)0.sSmg 2Fey with structure of Laves phase,
this ensures further analysis and forecast, including
theoretically, the regions of concentration of components
where we can obtain compounds with most optimal
magnetic characteristics in specified range of temperatures
and magnetic fields.

Selection of the exactly such (R;_xYx)o.gSmgFe, com-
pound of alloys is due to that compounds of type RFe;
with heavy REEs are ferrimagnetics in wide range of
temperatures of magnetic orderings. This means that
intersublattice R-Fe exchange is negative, and magnetic
moments of rare-earth and 3d-sublattices are directed
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antiparallel [5]. The compound SmFe; is ferromagnetic, as
Sm relates to light REEs and intersublattice exchange Sm-Fe
in it is positive. When substituting atoms of heavy rare
earth element R initially atom of light rare earth element
Sm with fixed concentration (for example, 20at.%), an
then Y with different value of substitution parameter (for
example, X = 0, 0.2, 0.4, 0.6, 0.8, 1.0), in system alloys the
competition of intersublattice exchange interactions in pairs
Sm-Fe and R-Fe (R — heavy REE) will occur depending
on concentration of weak magnetic yttrium.

Note that signs of magnetic anisotropy constants, and
signs of magnetostriction constants in alloys RFe, with light
and heavy REE can differ. As a result, in multi-component
alloys of type (Ri—xYx)o.sSmg »Fe,, where R — heavy REE,
we can observe also inversion of signs of these constants.

Competition of exchange interactions in alloys of
new multi-component system with holmium of type
(Ho1—xYx)o0.sSmg 2Fe; can ensure in the obtained alloys
some magnetic transformations, including, for example,
phenomenon of magnetization compensation of rare-earth
sublattice and Fe sublattice [6] not only by compound, but
by temperature, due to high magnetic moment Ho*.

Together with magnetometric methods of properties
study of magnetic materials the hyperfine interactions are
sensitive to changes in sign and type of exchange and crystal
interactions between magnetoactive atoms of REE and Fe,
such interactions are studied, as a rule, using Mossbauer
effect of *"Fe.

Study of properties of rare-earth intermetallic compounds
of type RFe; with structure of Laves phases has great prac-
tical value. Currently these compounds are widely used in
various areas of science and engineering as magnetostrictors,
and detectors and sensors of movement [7]. This study will
ensures scope expansion of such materials, for example, by
creation based on them of the temperature transmitters and
other devices.

In connection with the above the main aim of this work
was detail investigation of atomic-crystal structure, magnetic
properties and hyperfine interactions in multi-component
alloys based on holmium, samarium and yttrium, namely
of system (HOlfox)o.gsmo.zFez.

2. Sample preparation and methods

In this paper we for the first time synthesized the system
of multi-component alloys based on heavy rare-earth metal
holmium (Ho; _xYx)o.sSmg »Fe, with substitution parameter
x=0,0.2, 04, 0.6, 0.8, 1.0.

The (Hoj_xYx)o.sSmgFe; samples were prepared from
high-purity constituting metals in an induction furnace
under a purified atmosphere of argon. The so-obtained
ingots with weight of 10—-20g were wrapped in nickel-
iron foil, sealed in an evacuated quartz tube with an argon
pressure of 70 kPa and annealed in a resistive furnace. The
annealing regime contains the following stages: heating with
rate 7°C/min up to 800°C, dwelling for 40 hours. Finally, all

samples were quenched in water. The presence of noble gas,
argon, in the tube prevented alloy component evaporation
during annealing.

X-ray diffraction analysis was performed for all sam-
ples using DRON-7 diffractometer using Cu-Ka radiation
(A = 0.1540598 nm) at room temperature in the angle
range 20 = 15—105°. To determine structural properties,
the diffraction patterns were analyzed using the spectrum
fitting procedure. The diffraction patterns were analyzed
by a whole pattern fitting procedure to determine the
structural properties. Each structural model was refined
to convergence and the best results were chosen based
on the agreement factor and stability of the refinement.
A refinement of the lattice parameter of a unit cell was
determined by the Rietveld Method.

To measure field dependences of magnetization of the ob-
tained samples the automated vibration magnetometer was
used. Measurements were performed in wide temperature
range of 85 to 750K in fixed magnetic fields up to 1.5T.

The Mossbauer spectra were recorded in transmission
geometry using MS-1104Em spectrometer in constant accel-
eration mode. °’Co gamma radiation source in Rh matrix
and with activity ~ 20mCu was used for the experiment.
The spectrometer was calibrated at room temperature using
a-Fe reference standard. Spectra were processed using
SpectrRelax software [8,9].

3. Experimental results and discussion

System of multi-component alloys (Hoj_x Yy )o.sSmg 2Fes,
obtained by us, comprises 6samples, namely, three-
component HoggSmg,Fe; and Yo sSmg,Fe;, and four-
component (Hog§Yo.2)0.8Smg 2Fes, (Hog.sY0.4)0.8Smg 2Fes,
(Hoo.4Y0.6)0.8Smg 2Fe,, and (Hop2Y0.3)0.8Smg 2Fe,.  Figu-
re 1 presents the diffraction spectra of above alloys, obtained
at room temperature (at T = 290K).

According to X-ray diffraction phase analysis of the
obtained spectra were identified that all alloys of the system
(Ho1—xYx)o0.8Smg »Fe; are practically single-phase and have
atomic-crystal structure of cube symmetry of Laves phase
type C15 (sp.gr. Fd3m). The literature data analysis shows
that this atomic-crystal structure is rather well studied. Its
features are described in detail in many papers relating
structural studies of both binary compounds RFe,, and
multi-component alloys, including, similar one studied in
this paper [5,6,9-11].

It is known, for example, that at Curie temperature
there is magnetic structural phase transition associated with
different distortions of the cube structure depending on
direction alignment of magnetic moments.

Parameter calculation of cubic lattice for all ob-
tained samples ensures determination that in the system
(Hoi—xYx)o0.sSmg 2Fe, at room temperature with yttrium
concentration increasing the lattice parameter steadily in-
crease from 0.7321nm in compound HopsSmg,Fe, (i.e.
at x=0) to 0.7368nm in compound Y gSmg,Fe, (ie.
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Figure 1. X-ray reflection spectra of system alloys
(Ho1—xYx)0.8Smg2Fe, at various values of substitution parame-
ter X, obtained at T = 290K.

at X = 1.0) (Figure 2). But, in Figure 2 we observe the
deviation of dependence a(x) from the Vegard linear law.
Such behaviour can be determined, as per our opinion,
by two basic reasons. Firstly, at room temperature all
alloys of this system are in magnetic ordered state. As it
was stated above, in Laves phases the transition over the
Curie temperature is accompanied by not only occurrence
of spontaneous magnetic moment, but also by spontaneous
magnetostriction, which can be one of the reasons of such
behaviour. Secondly, we rather well know the phenomenon
of ,Janthanide® contraction in row of REEs [6], which leads
to the fact that the greater the atomic number of rare earth
element is the lower its ionic radius is. So in Ho, which is
practically at the end of row of heavy REEs, the ionic radius
is less the radius of Y ions introduced into its sublattice. So,
concentration increasing of larger Y ions in the system leads
to abrupt rise of lattice parameters of alloys.

For comparison note that in the binary compounds
YFe;, SmFe; and HoFe,, as per known literature data [12]
the parameters of cubic lattice are 0.7363, 0.7401 and
0.7287 nm, respectively.

Note that while in alloy YosSmg,Fe,, the lattice para-
meter is rather close to appropriate value for the binary
compound YFe, (within experimental and calculation er-
ror), and in alloy HopgSmg,Fe, the lattice parameter a
differs from value for the binary compound HoFe,. This fact
can be associated with the presence and, on the contrary,
with absence of significant in value magnetic moment in
atoms of holmium and yttrium, respectively.
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One of the main parameters of magnetic-ordered state is
the Curie temperature. For system (Ho;_xYx)ogSmg2Fes
Curie temperature was determined using thermomagnetic
analysis, which assumes measurement and analysis of
the temperature dependence of specific magnetization in
external magnetic field. In our study curves o(T) were
obtained for all studied samples in wide range of tem-
peratures T = 85—700K in magnetic field yoH = 1T and
are represented in Figure 3. Values of Curie temperature
were determined by plotting the derivative of magnetization
with respect to temperature, at which do/dT has minimum
values.

During the experiment we determined (see Figu-
re 3, insert) that Curie temperature of system alloys
(Hoi—xYx)o0.8Smg 2Fey decreases from Te = 595K for al-
loy HopgSmg,Fe; (ie. at x=0) to Tc =501K for
Y().gsm().zFeg (1 e.at X = 1)
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Figure 2. Crystal lattice parameter vs. substitution parameter X
in system (Hoi—xYx)o.8Smg.2Fes.
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Figure 3. Specific magnetization of system alloys
(Ho1—xYx)o0.8Smo.2Fes vs. temperature in external magnetic field

1T. Insert: Curie temperature vs. substitution parameter X in
system (Hoj_xYx)o.sSmo.2Fe;.
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So, we see from Figure 3 (Figure 3, insert), that
while yttrium concentration increases the Curie temperature
of studied alloys steadily decrease, this is explained by
magnetic moment absence, and, hence, by absence of
magnetic contribution into T¢ from yttrium atoms. At the
Curie temperature the magnetic phase transformation takes
place in alloys — transition of type ,,order-disorder. This
phase transformation according to Landau theory of phase
transition [13] occurs as second-order phase transition. At
templeratures above and below T the alloys are in para-
and ferrimagnetic state, respectively. Only compound
Yo.8Smg rFe; is ferromagnetic with typical form of depen-
dence o (T) (see Figure 3, curve for compound x = 1.0).
In ferro- and ferrimagnetic state the alloys demonstrate
rather high magnetization. For the ferrimagnetics the curves
o(T), as a rule, can have more complex form (this is
observed in Figure 3), which is associated with feature
of behaviour of the temperature dependences of individual
magnetic sublattices.

The field dependences of magnetization o(H) were
measured at room temperature in magnetic fields below 1T
(Figure 4). By extrapolating the o (H) curves extrapolation
to region of high fields we determined values of saturation
magnetization os for compounds (Ho;_xYx)o.sSmg2Fe,. It
was identified that the saturation magnetization abruptly
decreases from 40.79 Amz/kg for compound Hog sSmy Fe,
(i.e. at X = 0) to 05 = 8.38 Am?/kg at values of substitution
parameter X = 0.4. Then the saturation magnetization again
increase to 59 Amz/kg at X = 1 for compound Y §Smg rFe;.
Thus, in the yttrium concentration range 0.4 < x < 0.5 we
can expect the mutual magnetic compensation of magnetic
moments of rare-earth sublattice and Fe sublattice.

It is known that compound at which compensation is
observed is called compensation compound. Such compo-
sition can be determined using calculations, in particular,
under model of collinear magnetic moments.

80
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Figure 4. Specific magnetization of system alloys
(Hoi—xYx)0.sSmg2Fes vs. external magnetic field at tempera-
ture 300 K.
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Figure 5. Calculated dependence of complete magnetic moment
on yttrium concentration for compounds (Hoi—xYx)o.sSmg.2Fes.

The made calculations showed that in range of tempera-
tures near the absolute zero the compensation compound
is compound with yttrium concentration Xcomp = 0.62 [14].
In our calculations, the full magnetic moment was calculated
using the following equation

Ueale = 2UFe + 0.20sm — 08(1 — X)‘uH0

Here ppe = 1.45up/at. — magnetic moment of Fe
determined from magnetization of compound YFey;
Uio = 10 up/at. and pgy, = 0.7 up/at.

Remember that signs in the above equation are given con-
sidering direction of magnetic moments of iron, holmium
and samarium. The total magnetic moment of the com-
pounds under study (Hoj_xYx)o.8Smg 2Fe; depends linearly
on the substitution parameter X (see Figure 5). In range of
calculation concentration Xcomp = 0.62 in range of low tem-
peratures there shall be equality of the directed antiparallel
magnetic moments of atoms of iron and samarium with
magnetic moments of holmium atoms.

Note that some incompliance of the experimentally
determined yttrium concentration X, at which mutual
compensation of magnetic sublattices of REE and Fe with
the theoretically calculated value is observed, also occurred
for same system (Er;_xYx)o.sSmg2Fes, studied by us [15].
In both cases as per our assumptions said fact can be
associated with several factors, including — violation of
collinearity of magnetic structure, and different path of
temperature dependences of magnetizations of 4f- and
3d-sublattices.

We performed experimental studies of magnetization in
range of low temperatures, they showed that phenomenon
of mutual compensation of magnetic sublattices in sys-
tem (Hoj_xYx)0.sSmg2Fe; in region of low temperatures,
namely at T =85 K, is observe near compound with
Xcomp = 0.6, i.e. mnear yttrium concentration calculated a
per theoretical model.

Physics of the Solid State, 2024, Vol. 66, No. 10
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The main  magnetic properties of system  alloys
(Ho1—xYx)0.8Smg 2 Fe; at 85K
Substitution Os, M, U,
parameter Compound emu/g | up/f.u. | us/at. Fe
x=0 Hoo sSmg > Fe; 81.99 | 4.02 201
Xx=0.2 | Hooe4Yo0.16Smg2Fe; | 57.56 | 2.70 1.35
X =0.4 | Hoo43Y0.32Smg2Fe; | 31.15 | 1.39 0.70
X =0.6 | Hoo3Y04Smg,Fe; | 1032 | 044 0.22
x=0.8 Hoo.16Y0.64Smg 2 Fe, | 27.8 112 0.56
Xx=1 Yo.8Smg ., Fe; 61.55 | 235 1.17

Basic magnetic characteristics of the system alloys ob-
tained at T = 85 K are presented in Table.

Important feature of the system (Hoj_xYx)ogSmgFe;
is dependence of magnetic moment on iron atom yr. on
yttrium concentration (for T = 85K see Table). In com-
pounds RFe, and substitution alloys on their basis it
is accepted that magnetic moment on Fe atom is prac-
tically constant (within experiment error) and equal to
ure = 1.45 up, like in ferromagnetic compound YFe; [12].

Calculations of the magnetic moment on Fe atom con-
ducted using the saturation magnetization us determined
from experiment showed that up. for alloys of the system
under study varies and depends on the yttrium content in
REE sublattice. In initial compound Hog gSmg 2Fe, (X = 0)
the experimentally determined value up. is 1.00-up at
room and 2.01 - ug at nitrogen temperatures, respectively.
During complete substitution of Ho atoms by Y atoms
(alloy Yo.sSmg Fe;) the magnetic moment up. = 1.13 - up
and 1.17 - up at same temperatures, respectively.

So, it is determined that value pp. in system
(Ho1—xYx)o.sSmg 2Fe, is below value in binary YFe, and
depends on yttrium content in REE sublattice. Therefore,
we studied the Mossbauer effect and found hyperfine
magnetic fields indirectly associated with magnetic moments
of Fe atoms [16,17].

Mossbauer spectra on “’Fe nuclei in system alloys
(Hoj—xYx)o0.8Smg 2Fe;, obtained at room temperature (Fi-
gure 6), were analyzed within the tensor description of
magnetic hyperfine interactions [18,19].  Spectra were
processed in the SpectrRelax software [8,9] using techniques
based on model fitting of spectra ,Laves“ described in
detail in papers [20,21]. The model consists of four
Zeeman sextets with hyperfine parameters whose bonds
consider the local magnetic inhomogeneity of Fe atom sites
in compounds of type RFe, with collinear magnetic and
cubic (sp.gr. Fd3m) atomic structures and are based on
relationships (19)—(30), given in Ref. [20].

As a result of this model application in the process of
minimizing the chi-square functional, it is possible to find
the optimal values of the physical quantities of interest
to us: the isomer shift 4, quadrupole coupling constants
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Figure 6. Model interpretation of spectra of >’Fe nuclei in system
alloys (HOlfox)o‘gSmo‘zFez.

e2qQ of isotropic Hjs and anisotropic H,, magnetic fields,
azimuthal ¢ and polar ¥ angles specifying orientation of
easy magnetic axis (EMA) relative to crystallographic axes.

Figure 6 shows that use of ,Laves® model provides good
description of the obtained >’Fe nuclei spectra of alloys
system (HOlfox)o.gsmo.zFez.

Dependence of the spectrum shift § on Y atom con-
centration obtained by means of model interpretation is
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shown in Figure 7. It is shown that the §, that is
equal to the sum of the isomer shift due to the electron
density in the nucleus and of the temperature shift due
to the dynamic properties of nucleus, increases almost
linearly with Y concentration. The observed increase in the
shift by 0.023(6) mm/s with full substitution of Ho atoms
by Y atoms (Figure 7) is primarily associated with increase
in the isomer shift due to the decrease in the electronic
density on the nucleus with increase in the lattice parameter
(see Figure 2) and, therefore, in the interatomic distance
with Ho atoms substitution by Y atoms.

Figure 8 presents behavior of quadrupole coupling con-
stant €qQ in system alloys (Hoj_xYx)o.gSmgFes upon
substitution of Ho atoms by Y atoms according to value
of substitution parameter X. Figure 8 shows that in
this alloys system value (absolute value) of quadrupole
coupling constant remains practically unchanged with some
oscillations within range (1.0—1.1) mm/s.

In system alloys (Hoj_xYx)o.sSmg,Fe, Ho atoms sub-
stitution by Y atoms the decrease by 21.4(4)kOe in
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Figure 7. Spectrum shift § of *’Fe nuclei depending on Y con-
centration in system alloys (Hoi—xYx)o.sSmo 2Fe,.
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Figure 9. Isotropic field Hi on >’Fe nuclei and magnetic

moment ur. of Fe atom depending on Y concentration in system
(Ho1—xYx)o.8Smy.2Fes.

the isotropic magnetic field in region of nucleus location
(Figure 9) is observed. According to the density of state
calculation of the rare-earth Laves phases RFe; [22,23]
the hybridization of 3d—5d electron shells in the positive
local 4f —5d interaction results in increase in Fe ion spin
(and magnetic moment) with increase in the rare earth
spin. Such increase in the Fe ion spin, in turn, results in
increase in the main contribution into the isotropic field —
Fermi contribution Hpemi. According to the theoretical
calculations [24], the Fermi contribution into the isotropic
field depend linear on the magnetic moment of 3d-shell of
iron atom. For crystalline and amorphous rare earth —
iron alloys, the aspect ratio between the hyperfine magnetic
field strength and magnetic moment of iron atom equal
to 145kOe/up is commonly used [16,17]. Using the
isotropic field data, the magnetic moment of iron atom
in system alloys (Hoj_xYx)o.sSmgFe; may be estimated
at room temperature. For this, in Figure 9, besides the
y axis for the isotropic field, an axis for magnetic moment
of Fe atoms is provided. It can be seen that values
Ure, obtained from value Hj,, are somewhat higher the
values obtained by the magnetometer method, like system
(Dyl_xYx)(),gSmoszez [25].

For anisotropic hyperfine magnetic field H,,, dependence
on Y concentration similar to that of the isotropic field
Hjs is observed: anisotropic field strength (absolute value)
decreases by 4.9(4) kOe when Ho atoms are substituted
by Y atoms (Figure 10). According to [26,27], contribution
into the anisotropic field due to the conduction electrons,
polarized by magnetic dipole field of the localized magnetic
moments of atoms, has the same sign as the dipole-dipole
contribution.

Both contributions to the anisotropic field, either dipole-
dipole contribution from the localized magnetic moment of
the lattice atoms or the contribution from he conduction
electrons, decrease with Ho atoms substitution by Y atoms,

Physics of the Solid State, 2024, Vol. 66, No. 10
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Figure 10.  Anisotropic field Ha., on *'Fe nuclei in sys-
tem alloys depending on Y concentration in system alloys
(Ho1—xYx)0.8Smg 2 Fes.
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orientation of easy magnetic axis relative to crystallographic axes
vs. Y concentration in system alloys (Hoi—xYx)o.sSmg 2Fes.

because the mean magnetic moment of rare-earth atoms
decreases and the interatomic distance increases.
Interpretation of spectra of the system alloys
(Ho1—xYx)o0.sSmg 2Fe, in the ,Laves® model allowed the
EMA orientation to be defined depending on the degree
of Ho atoms substitution by Y atoms (Figure 11). The
spectra processing showed that until yttrium concentration
X = 0.6 the azimuthal angle ¢ =45°, i.e. EMA lies in
plane (110), at that with increase in concentration X the
polar angle 0 (angle between EMA and direction [001])
increases from 6.3 +0.2° at x=0 to 14.2+0.3° at
X =0.6. At concentration X = 0.8 there is abrupt EMA
exit from plane (110) — azimuthal angle ¢ decreases
to 27.9+£0.7°, at that the polar angle 0 continues its
increasing and becomes equal to 24.9 +0.5°. For last
compound Hog2Y¢sFey (X = 1) the polar angle 6 is more
larger (39.440.7°), and azimuthal angle ¢, equal to

8" Physics of the Solid State, 2024, Vol. 66, No. 10

38.6 +1.4°, indicates that EMA stays beyond the plane
(110).

So, at room temperature EMA does not coincide with
crystallographic directions in the crystal. Such deviations of
the EMA orientation from the crystallographic directions at
room temperature were observed in RFe; in Refs. [27-29].

4. Conclusion

The findings show that yttrium introduced into the rare-
earth sublattice of system (Hoj_xYx)o.8Smg 2Fe,, significant
effects the basic magnetic characteristics and parameters
of hyperfine interaction. The substitution parameter X
increasing leads to an increase in the lattice parameter, and,
hence, interatomic distances, this is frequently accompanied
by competition of intersublattice exchange interactions in
pairs Ho-Fe and Sm-Fe. Considering the change in the
interatomic distances in the rare earth sublattice, we obtain
the system with competing exchange interactions, both
intersublattice and intrasublattice.  This in turn causes
phenomena, such as decrease in the Curie temperature
of alloys (from T¢ = 587K in compound HogsSmy 2Fes
to Tc = 501K for Y gSmg,Fe, with increase in Y con-
centration). Additionally, there is mutual compensation
of magnetic moments of rare-earth and 3d-sublattices at
yttrium concentration X = 0.6. This can also include the
dependence of magnetic moment on Fe atoms (upe) on the
value of the substitution parameter X in multi-component
system (Ho;_xYx)o.sSmg 2Fes, in contrast to the generally
accepted concept that (upe) keeps its value in the RFe;
stoichiometry.

The model interpretation of Mossbauer spectra of system
alloys (Hoj_xYx)0.sSmg 2Fey showed that the isomer shift
é increases almost linearly with the concentration of Y
atoms. The observed increase in the isomeric shift
by 0.023(6) mm/s with complete Ho atoms substitution
by Y atoms is primarily due to the decrease in the electronic
density on the nucleus with increase in the lattice cell
parameter, therefore, in the interatomic distance (similar to
systems with Tb, Ho and Er).

The quadrupole coupling constant €>qQ of ’Fe nu-
clei with electric field gradient tensor, provided by lo-
calized charges of ions and Basic magnetic characte-
ristics by polarized conductivity electrons in system al-
loys (Hoj—xYx)o.sSmgFe,, practically does not change
upon Ho atoms substitution by Y and is equal in absolute
value to 1.05(4) mm/s.

In system alloys (Hoj_xYx)o.sSmg2Fe, upon Ho atoms
substitution by Y atoms there is a decrease in both the
isotropic magnetic field His and the anisotropic magnetic
field H,n (His decreases by 21.4(4) kOe, and His decreases
in magnitude by 4.9(4) kOe).

Azimuthal ¢ and polar 6 angles specifying orientation
of easy magnetic axis relative to crystallographic axes are
determined, and their dependence on Y concentration
is determined. It is shown that in this alloys system
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EMA direction does not coincide with the crystallographic
direction in any of system alloys.

This study will facilitate creation of new multi-component
alloys with optimal physical and chemical parameters for
various applications.
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