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Abstract

Single-phase samples of the layered perovskite-like cobalt oxides Lng2SrosC005.5 (Ln =
Sm, Gd, Dy) with the same oxygen nonstoichiometry index 6 = 0.37 = 0.01 were synthesized.
All samples are characterized by a tetragonal unit cell with the space group I4/mmm. The
structural, magnetic, electric transport and dilatation properties of the obtained samples are
investigated. The studied samples are characterized by two anomalies in magnetic properties, a
high-temperature maximum near 7, = 350 K with magnetic field hysteresis below T., and a
diffuse peak in the intermediate temperature range, which shifts with ionic radius decrease of the
rare-earth element to higher temperatures. The high-temperature maxima of the magnetic
susceptibility correlate with anomalies in thermal expansion, heat capacity and the features in the
temperature dependences of the electrical resistivity, pointing to a strong relationship between
the structural, magnetic and electronic degrees of freedom. The given comparative analysis of
the experimental data of various substituting rare-earth elements with the same oxygen
nonstoichiometry has been carried out for the first time.

Keywords: rare earth cobalt oxide solid solutions; layered perovskite-type cobalt oxides;
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Introduction

The unique physical properties of complex cobalt oxides with the perovskite structure
LnCoOs, when Ln is the lanthanide, have attracted the attention of researchers over the past
decades due to the competition of various spin states of Co** ions. Filling the electron d°- shell
of the Co**ion in the octahedral environment of anions does not follow the Hund's rule, and
instead of the high-spin (HS) state with spin S = 2, the ground state is the low-spin (LS) term
with S = 0. Many physical properties of complex oxides strongly depend on the balance between
the value of the intra-atomic exchange interaction and the crystal field energy [1,2]. The
possibility of various isovalent and heterovalent substitutions in these compounds with the
general formula LnyMe;.xCo0O3.s (Me is an alkaline earth or rare earth metal (REM), § is the
oxygen nonstoichiometry index) leads to a great variety of magnetic, structural, electric transport
properties and a strong correlation between them.

In addition to the substitution of rare earth ions by alkaline earth ions, there is another
way to control the magnetic and electrical properties of cobaltites i.e. by changing the oxygen
amount. A transition of ferromagnetic state to antiferromagnetic state was shown in [3] to occur
when decreasing the oxygen content in LagsBagsC003 s, with both phases being able to coexist.
Both the ferromagnetic and antiferromagnetic phases are cubic, with oxygen vacancies being
statistically distributed. In the LagsSrosCoO3 5 system, a decrease in the oxygen content also
promotes the ferromagnetic — antiferromagnetic transition, however, vacancies are ordered,
leading to a crystal symmetry change at a significant content of oxygen vacancies [4]. In
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addition, cobaltites are promising materials for various technological applications, in particular
in hydrogen energy or as thermoelectric materials [5,6].

The generation conditions of substituted single-phase rare-earth cobaltites Ln;xSryCoO3.5
(Ln = La** — Yb**, YY) were determined by comprehensive analysis using electron, X-ray, and
neutron diffraction. The type of cation and the value of oxygen nonstoichiometry were found to
lead to the formation of a complex of superstructures (tetragonal, orthorhombic, monoclinic)
with various properties [7-10]. For the elements with smaller radius than that of Nd**, there are
some disordered perovskites at high temperatures, however, a structure with an ordered
arrangement of the Sr**, Ln** cations and anionic vacancies at low temperatures is stable [7, 8,
11]. These disordered Ln;,SrCoOs; perovskites can be obtained in the form of metastable
phases by quenching high temperature states [12]. Ordered/disordered perovskites have generally
been studied in a large number of works [11, 13-15]. The effect of order — disorder transitions on
the material properties is extensively investigated, with oxygen vacancies ordering in the anion
sublattice being considered, the physical and chemical properties being analyzed at different
levels of cation substitution in the A- position and different oxygen nonstoichiometry indices
[16-20]. Despite the great number of published materials, there are no studies devoted to a
comparative analysis of physical properties of solid solutions with the same level of REM
doping and the same oxygen nonstoichiometry. This work is devoted to the study and
comparative analysis of the physical properties of the Lng »SrosC003.s compounds (Ln = Sm, Gd,
Dy) with the same oxygen nonstoichiometry index & = 0.37 + 0.01.

Samples and experimental methods

The cation-ordered polycrystalline samples of Lng»SrosC003.5 (Ln = Sm, Gd, Dy) with a
perovskite structure were prepared using conventional ceramic processing from a stoichiometric
mixture of oxides Co304 (99.7%, metalsbasis), Sm,03, Gd,O3, Dy,O3(all 99.99 %, REO), and
SrC03(99.99%, metalsbasis). The purity of hygroscopic Ln,Ogz, in terms of water content, was
checked additionally by TGA. Then, the powders were thoroughly mixed in an agate mortar
using ethanol. The resulting mixture was annealed at Ts= 1473 Kin a corundum crucible for 24 h
in air with multiple repetition of grinding-annealing cycles. After annealing, the mixture was
ground again; tablets in the form of disks, with a diameter of 20 mm were pressed, then annealed
in air at 1493 K for 8 hours and cooled together with the furnace to room temperature at 2
deg/min. To study thermal expansion and transport properties, the 5 x 13 x 1 + 2 mm bars were
cut from the samples obtained. To stabilize the oxygen content and its homogeneous distribution
by volume, the samples were kept at 773 K in air for 12 hours.

Powder X-ray diffraction (PXRD) data were collected on a PANalytical X’Pert PRO
diffractometer equipped with a solid state detector PIXcel using CoK, radiation over the 20
range 10-130°. An Anton Paar HTK 1200N camera with the automated sample alignment was
used for high-temperature measurements. Powder samples were prepared by grinding with
octane in an agate mortar and packed into a flat sample holder for the PXRD measurements in
the Bragg-Brentano geometry. The full-profile PXRD refinement was done using the derivative
difference minimization (DDM) method [21].

The oxygen content was determined with the TG-DSC NETZSCH STA 449C analyzer
by the mass loss value (Am,%) [22] when the samples are reduced in the flow of the 5% H,-Ar
mixture upon heating up to 1173 K at a rate of 10 degrees per minute, assuming that cobalt is
reduced to a metallic state. The reduction occurred in a corundum crucible with a perforated lid;
the mass of the samples under study was 20+0.5 mg. The measurements were performed taking
into account the correction for buoyancy force, that is, the control measurements for an empty
crucible (zero line) were obtained under the same conditions. The error in determining the
oxygen nonstoichiometry index 6 was + 0.01.

Thermal expansion was studied in the temperature range 100-700 K in a NetzschDIL-
402C induction dilatometer in dynamic mode with heating and cooling rates of 3 K/min with dry
helium purge (O, content = 0.05% of the volume). The rod load on the sample is 30 cN. The
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silica glass standards were applied to calibrate the measuring system, accounting for the
expansion.

The temperature and field dependences of the magnetization were measured in the
temperature range from 2 to 400 K and in the fields up to 9 T using the flexible Physical
Properties Measurement System (PPMS-9) Quantum Design (USA) unit, equipped with special
modules for such measurements, in the center for collective use of Lebedev Physical Institute
RAS (Moscow). The temperature dependences of electrical resistivity in the region of 100—700
K were obtained with the experimental set-up for thermopower and resistivity measurements
[23].

Experimental

Crystal structure

PXRD analysis suggests that crystalline phase is monophasic. Annealing at a temperature
of 773 K to stabilize the oxygen content and its homogeneous distribution by the sample volume
resulted in the Lng,SrpsCo03.s solid solutions (Ln = Sm, Gd, Dy) had the same oxygen
nonstoichiometry index 6 = 0.37 + 0.01 and corresponded to the Lng,SrosC00,63 formula.
According to X-ray diffraction analysis, the Lng2SrosC00,63 samples structure is a tetragonal
14/mmm superstructure (Fig. 1) with a layered ordered arrangement of A- cations, similar to that
described in [24].

Fig. 1. The tetragonal structure of
Lng,SrosCo0,63. The octahedra correspond to
Co> cations, the red and violet spheres
I correspond to the position of the O*/ anion
vacancies, the green ones correspond to the Sr**
positions, the purple spheres correspond to the
positions of Ln* cations, and the O2 marks
II indicate the locations of oxygen vacancies.

I - CoO.s layers in which oxygen atoms are
randomly removed from O2 positions,

I - CoOg layers.

We gave the X-ray diffraction patterns of the samples Gdy2SrosC00263 and Dyp2SrosC00;63 in
[11] and [20], respectively. In the current work we have presented X-ray diffraction patterns of
the Smg2SrpgC00, gscompound ordered by crystallographic A- positions (Fig. 2).
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Fig. 2. Observed (top, black), calculated
(mid, red), and difference (bottom, blue)
PXRD profiles after DDM refinement of
Smy,SrosC00, 63 Crystal structure at 298 K.
The calculated peak positions are marked by
ticks.

Intensity' (arb. units)

N J. L JL A

IR N Y

60 70 an a0 100

10 20 a0 40 50
20 (degrees)

The crystal lattice parameters at T = 298 K for various Ln are given in Table 1.

Table 1. Lattice parameters of Lng>SrysC00, 63 (Ln = Sm, Gd, Dy) samples

LNng»SrpsC00; 63 Sm Gd Dy

a, b (A) 7.6847(4) 7.6844(3) 7.6802(4)
c(A) 15.427(1) 15.402(1) 15.378(2)
V (A7) 911.0(1) 909.5(1) 907.1(2)

Cation arrangement in the ordered tetragonal phase based on the results of X-ray
diffraction analysis is demonstrated in Fig. 1. The studied Lng2SrosC00,63 perovskites (Ln =
Sm, Gd, Dy) structure is similar to the structure of double strontium cobaltites with rare-earth
metals [24], where the A- cations are partially ordered in “columns” [25]. There are three
nonequivalent positions of the A- cation in this structure, two of them are occupied by the Sr**
ions; the third position is filled with randomly selected Sr** or Ln** cations (Fig. 3). The
structure contains four nonequivalent oxygen positions (Fig. 1, positions O1-O4), anionic
vacancies in the samples are exclusively localized in position O2 at T = 298 K (Fig. 1), which is
in agreement with the data [24].

‘ Fig. 3. The local environment of the oxygen anion
Q Co A2 O (black sphere) in the structure of tetragonal
perovskite (A1-A4 - Sr**/Ln* cations).

A3

@ Co

In the structure under consideration, the O? anions are surrounded by six cations,
generally forming a distorted octahedral environment: two Co>*cations at the poles and four Al-
A4 cations (Sr¥*/Ln*") in the equatorial plane (Fig. 3). Moreover, the environment (A1-A4) of
the four nonequivalent oxygen positions primarily depends on the position of the O anion itself
in crystal structure and is only partially determined by the random choice of Sr or rare-earth
element.
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It should be noted that X-ray diffraction analysis in the low-angle region did not show the
presence of the broadened superstructure reflection observed in the SrogYo1C00s-, compounds
[10] and the associated existence of a monoclinically distorted phase described in terms of the
superstructure inherent in the A2/m space group. We also did not observe the orthorhombic

superstructure  (Cmma,; 2\/§apx4apx2 /2ap) given in [26] for the Dy 2SrpsCo0271

composition, which is most likely to be associated with different oxygen nonstoichiometry of the
samples.

Magnetic properties

Temperature dependences of the static magnetic susceptibility for the Lng2SryosC00; 63
(Ln =Sm, Gd, Dy) samples obtained in zero-field cooling (ZFC) and magnetic field cooling H =
0.5 T (FC) are shown in Fig. 4 (a) - 6 (a). Above room temperature all the studied compositions
are characterized by a sharp maximum, which slightly shifts to lower temperatures with a
decrease in the ionic radius of the rare-earth element (Rsma+ = 1.24 A | Rggs+ = 1.215A, Rpys: =
1.19 A [27]). This is clearly seen in Fig. 7, presented for clarity. In the intermediate temperature
range between 50 and 300 K, a peak is also observed for all Lng,SrpsC00,63 (LN = Sm, Gd, Dy),
which is strongly broad in temperature, and with a decrease in the rare earth ionic radius, is
characterized by a shift to higher temperatures, in contrast to the high-temperature maximum.
With decreasing temperature (T < 50 K) for Lng,SrogC00,63 (Ln = Gd, Dy), a sharp increase in
magnetization is observed, associated with a large paramagnetic moment of Gd** and Dy** ions
(for free Gd** and Dy*' ions, the effective magnetic moments are peor(Ms) = 7.94 and 10.6,
respectively [28]). For SmqSrysC00, 63 in both ZFC and FC measurement modes, an increase in
the susceptibility at low temperatures was not noted (Fig. 4a), which is probably due to the small
effective magnetic moment of the Sm®" ions (Weor = 1.55 Wg), although for LnCoOs; (Ln = Sm,
Gd, Dy) compounds [29, 30], the increase in the susceptibility at low temperatures is
characteristic of all compositions.

In the helium temperature range for SmgSrogsC00, 63, @ magnetic transition is observed
in the temperature dependence of the magnetic susceptibility (Fig. 4a, inset), resulting in a shift
of the hysteresis loop at T = 2 K (Fig. 4b, inset). The field dependences of the magnetization are
given in Fig. 4 (b) - 6 (b). The field hysteresis is most pronounced for Smg,SrysC00,63 Iin the
magnetization isotherms at T = 2 K. The field hysteresis is retained up to temperatures of ~
350+360 K, here, the broadening of the hysteresis loop in the region of strong fields rapidly
disappears with increasing temperature for Gdg 2SrosC00, 63 and Dy 2SrosC00; ¢3.

. 300 0:80 Sm_Sr CoO._(5=0,37)
0,030 — Sm, Sr, CoO._ (3-0.37) 00 Moz =00 ©
SHON —ZFC
0,025 z —FC [ {250
H=05T
> 200 2
& 0,020+ E
E >
£ 0,015 150 O
3 °
£ £
2 0,010 100 =
= 28
0,005 50
0,000 . . . . 0
0 100 200 300 400 )
T (K)

Fig. 4. Temperature dependences of the molar and inverse magnetic susceptibilities (a) and
magnetization isotherms (b) of the Smg,SrosC00,63 compound. In the inset to Fig. (a) the
behavior of the inverse magnetic susceptibility in the magnetic transition region is shown, in the
inset to Fig. (b) the field dependence of the magnetization at T = 2 K is given.
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In the region of 300 K, the coercive force (Hcoer) and remanent magnetization (Mye) maxima are
observed for all samples, taking the values Hcoer = 4.52 kOe, 2.15 kOe, 3.95 kOe and Myes =
0.0095, 0.0074, 0.028 pg/f.u for the Sm, Gd and Dy compounds, respectively. A further
temperature increase leads to the Hcoer and My decrease, and the type of the magnetization
isotherms corresponds to paramagnetic behavior at T = 400 K.
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Fig. 5. Temperature dependences of the molar and inverse magnetic susceptibilities (a) and
magnetization isotherms (b) of the Gdg,SrogCo00,63 compound. The field dependence of the
magnetization at T = 2 K is depictedin the inset to Fig. (b).

An accurate determination of the saturation magnetization (M) is not possible due to the
absence of saturation in fields up to 10 T. A rough estimate gives Mg, = 0.05, 1.25 and 1.1
ps/f.u for Sm, Gd u Dy compounds, respectively (Fig. 4-6 (b), inserts). These values are
significantly lower than the expected contributions from non-interacting rare earth elements (0.2
X Heri(Re®)), being equal to 0.17, 1.56, and 2.13ug for Sm**, Gd** u Dy** respectively. The
given difference suggests a magnetic interaction between the sublattices of the rare-earth element
and cobalt, similar to the observed magnetic coupling in the HopsNdgsFes3(BO3s), compounds
between the Nd**, Ho®*" and Fe®" ions [31].

T T T T
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Fig. 6. Temperature dependences of the molar and inverse magnetic susceptibilities (a) and the
magnetization isotherms (b) of the Dy, ,SrpsC00,6; compound. The field dependence of the
magnetization at T = 2 K is illustrated in the inset to Fig. (b).

Temperature dependences of the inverse magnetic susceptibility of the samples under
study are shown in Fig. 4 (a) - 6 (a). The dependences are not approximated by straight lines in
the studied temperature range (up to 360 K). Thus, the x(T) dependences do not obey Curie (x ~
CI/T) or Curie-Weiss (y ~ C/(T-©)) laws. The high temperature range about 400 K, with
paramagnetic behavior according to the field dependences of the magnetization observed, is too
small to reliably determine the asymptotic Curie temperatures followed by the calculation of
effective magnetic moments.
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Fig. 7. Temperature dependences of molar

006 magnetic susceptibility in the temperature

= range from 50 to 400 K, obtained in the
% 0,05~ ZFC mode for the Lng»SrgsCo0; 67 (Ln =
O 0041 Sm, Gd, Dy) samples.
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Thermal expansion

Temperature dependences of the thermal volume expansion coefficient p of the
Lno2SrosC00267 (LN = Sm, Gd, Dy) samples is illustrated in Fig. 8 (a). A sharp minimum is
observed on the B(T) curves for all the studied compositions, which is also reflected by the
anomalous behavior of the strain AL/L in the temperature range 300-450 K, (Fig. 8 b). The
anomaly in the heat capacity noted for the Gdy2SrpsC00,63 compound [11] in the same
temperature range correlates with the minimum in temperature dependences of the thermal
expansion coefficient. These sharp minima correspond well to the high temperature peaks for
magnetic susceptibility in Fig. 7.
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Fig. 8. Temperature dependences of the coefficient of volumetric thermal expansion B (Fig. (a)),
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strain AL/L (Fig. (b)) and lattice parameters (c) in the temperature range from 285 to 500 K. The
anomalous contribution to thermal expansion is shown in the inset in Fig. (a).

X-ray diffraction studies of the Dyg,SrosC00, 63 sample in the temperature range 285—
500 K (Fig. 8 c) revealed the anomalous lattice contraction in the (a, b) plane and the absence of
anomalies along the caxis. Nevertheless the space group of symmetry does not change. A slight
discrepancy in the temperature minima can be explained by the fact that the temperature
dependences of the coefficient of volumetric thermal expansion B(T) were obtained on bulk
samples, while the crystal lattice parameters were derived from the X-ray diffraction.

Electrical resistance

The electrical resistance was measured in the range from 100 to 700 K. Temperature
dependences of the electrical resistivity p (T) are presented in Fig. 9 and qualitatively correspond
to the semiconductor type dp(T)/d(T) < 0 up to temperatures when observed a high-temperature
magnetic transition. In this case, the behavior of electrical resistance in the low-temperature
region is best described in terms of the Mott's three-dimensional conductivity model (Fig. 9,
inset). As the temperature subsequently rises (in the magnetic transition field), a bending in the p
(T) dependences obviously associated with additional scattering of charge carriers on magnetic
fluctuations in the magnetic transition field is observed.

Fig. 9. Temperature dependences of
the electrical resistivity of the

12
10° Dy 10 Dy LNng.2SrpsC00; 67 (Ln = Sm, Gd, Dy)
; 8 By samples within the temperature range
75\10 7 Gd j from 100 to 700 K. In the inset the
S 16°1 \ /m Mott law in the log scale is shown.
g {Sm " The red arrows indicate the high
101 018 " 021 1734(&_2174) 030 033 temperature _magnetic peculiarities
] peaks from Fig. 7.
10"4
10°4

0 100 200 300 400 500 600 700
T (K)

Discussion

We have found the clear correlation of the temperature dependences of magnetic
susceptibility, lattice expansion and electrical resistivity. The high temperature narrow peaks of
magnetic susceptibility at T = 350-370 K in Fig. 7 shift with the Ln ionic radius in the same way
as the minima in the thermal expansion coefficient in Fig. 8 and in the same way as electrical
resistivity peculiarities shown in Fig. 9. To understand the origin of these peaks we compare our
results with the literature. The first question concerns the charge state of the Co ion. In many
other metal oxides with dominant ionic bonding like manganites the substitution of the Ln** ion
by Sr** ion results in the change of the 3d ion valence, one may expect Co** appearance to
restore the electroneutrality. Nevertheless due to oxygen vacancies the concentration of Co*" for
our composition is not large and equal to 6%. Our previous XANES measurements at the Co K-
edge of the single crystalline Gdy4Sro6C00,g5 did not found any change of the Co ion valence
[32].

Thus in our discussion below we consider only Co*" ions that may be in different
crystallographic positions and in different spin states. The rare-earth cobalt oxides with ordered
oxygen vacancies and partial substitution of Ln element by divalent metals like Sr or Ba have
been actively discussed recently, especially their magnetic properties [33-39]. In the most
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relevant paper [39] with the high resolution XRD and neutron diffraction the sample composition
Sr3YC04010.72 that is equivalent to Sro75Y0.25C00,6g is rather close to our composition with the
Sm, Gd and Dy ions instead of Y. According to [39] in the tetragonal phase 14/mmm there are
nonequivalent Co positions in CoOg octahedra and in CoO, tetrahedra shown in Fig. 1 above.
The ferrimagnetic phase in Sr3YCo040107, appears below T, = 360K and the paramagnetic-
ferrimagnetic transition does not coincide with several structural transitions found in [39].
Ferrimagnetism occurs within two almost antiferromagnetic sublattices with slightly different
magnetic moments of sublattices. The Co** ions in tetrahedral positions have large magnetic
moment 4 up [39] that is associated with the HS state, the Co®* ions in the octahedral positions
have small moment 1.16u5. Obviously these ions are mixtures of the HS and LS with dominant
contribution of the LS state. Indeed, rather small external pressure 2 GPa can stabilize the LS
state [40]. Due to the known lanthanoid compression decreasing ionic radii results in the
increasing the crystal field and stabilization the LS state for heavy Ln elements. Starting from La
and for all Ln the LS spin state is stable in the octahedral coordination, as is well known for all
LnCoO3; compounds. The value of spin gap, the energy Eps-EL s has been estimated in [41].
Below 550K the crystal structure of Sr3YCo0401072 has the symmetry Cmma with additional
superstructure and third nonequivalent Co** ion position with magnetic moment 2.7 u [39]. Our
samples with another Ln ion did not reveal this phase, so we will restrict ourselves to HS
tetrahedral and LS octahedral Co®" ions.

The sharp peaks in Fig. 7 at 350 K for Dy, 356 K for Gd and 364 K for Sm we relate with
the ferrimagnetic transition temperature Ty, that is close to Ty, = 360 K in [39]. The magnetic
hysteresis below T shown if Figs 4-6 confirms the ferromagnetic magnetic order. While the
XRD in SrgYCo0401072 did not reveal structural changes at Ty, [39], our thermal expansion
measurements for Dy, Gd and Sm cobaltites demonstrate some anomalies in thermal volume
expansion coefficient B and lattice parameters related to Tn,. These anomalies are some
isostructural deformations, and the sharp minima in Fig. 8 corresponds the variation of T, for
Dy, Gd and Sm. The same temperatures are related to the changes in the temperature dependence
of resistivity in Fig. 9. The correlation of the conductivity with magnetic phase transition is a
common phenomenon in narrow band materials [42].

As concerns the low temperature wide and smooth maxima in magnetic
susceptibility in Fig. 7 we related it with the temperature occupation of the HS octahedral Co**
ions. The largest spin gap for Dy and the smallest spin gap for Sm reveal itself with different
temperatures of the maxima. Substitution of Ln**ions by divalent Sr** ions with a large ionic
radius (Rs2* = 1.44 A, z = 12) [27] enhances the oxygen octahedra distortions and the unit cell
volume [43]. Nevertheless, taking into account the disorder in the arrangement of Ln** and Sr**
ions in terms of A- positions of the crystal lattice, this leads to the fact that, some of the Co**
ions in the octahedral environment in the substituted Ln1.,Sr,CoOs3.5 cobaltites can be found in
the HS state even at low temperatures [44]. With increasing temperature, the rest of Co®* ions in
the LS- state goes into the HS- state, as evidenced by the maximum in the intermediate
temperature range on the temperature dependences of the magnetic susceptibility (Fig. 7), which
explicitly shifts to higher temperatures as the ion radius of the rare-earth ion decreases. Finally,
the low temperature upturn of the susceptibilities in Figs. 4-7 is obviously related with the f-
electron contribution.

Conclusion

The synthesized single-phase samples of layered perovskite-like rare-earth cobalt oxides
LNng,SrosCo035 (Ln = Sm, Gd, Dy) with the same oxygen nonstoichiometry index & = 0.37+
0.01 have been characterized by a tetragonal unit cell with the space group 14/mmm. The study of
structural, magnetic, electric transport and dilatation properties of the samples has allowed one to
carry out the comparative analysis. The obtained samples are characterized by two anomalies in
magnetic properties i.e. the high-temperature maximum near 7 = 350 K, and the diffuse peak in
the intermediate temperature range, which shifts with ionic radius decrease of the rare-earth
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element to higher temperatures. The high-temperature maxima in the temperature dependences
of the magnetic susceptibility correlate with anomalies in thermal expansion, heat capacity and
the features in the temperature dependences of the electrical resistivity. A magnetic transition for
the Smy 2SrysC00, 63 compound at helium temperatures was found.
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