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Phase and structural behaviour in the SmCoO;-SmFeO5 pseudobinary system has been
investigated at the ambient conditions in a whole concentration range by means of X-ray
powder diffraction technique applied laboratory and synchrotron radiation sources. Series
of mixed samarium cobaltites-ferrites SmCo,_,Fe ,O5 was obtained by the solid state reac-
tion in air at 1578 K. Formation of a continuous solid solution SmCo, ,Fe,O; with
orthorhombic perovskite structure (GdFeOj type, space group Pbnm) has been revealed.
Crystal structure parameters of the mixed samarium cobaltites-ferrites, as well as nomi-
nally pure SmCoO4; and SmFeO; have been established by full profile Rietveld refinement.
Based on the analysis of structural parameters, an influence of the cation substitution on
the deformation of the orthorhombic perovskite structure in the SmCo,_,Fe, Oj series has
been established.

MeTo0M TOPOIITKOBON ANPPAKIINN PEHTIEHOBCKOTO U CUHXPOTPOHHOTO MBIYUEHUS UCCIIe-
ToBAaHBI ()asoBEIE M CTPYKTYDHBIE COOTHOINEHHA B IiceBJo-OnHAapHOH cucreme SmCoO5-
SmFeO; npu KOMHATHOM TeMIeparype B IIOJHOM KOHIEHTPAIMOHHOM mHTepBaie. Cepus
CMEIIaHHEIX Ko6anbTuToB-xpomutos SmCo,  Fe O, moryuena meTogoM TRepAo(asHOTo CUH-
Teza HA Bo3Ayxe Ipu TeMmiepartype 1573 K. YeranosiaeHno o6paszoBaHue HepPepLIBHOTO TBEP-
moro pacteopa SmCo,_ Fe O; ¢ pombuueckoit cTpykTypoil meposckurta Tuna GdFeOj (mpo-
cTpaHcTBeHHasa rpynmna Pbnm). Mcenonbsys MONHOTPOMUILHEIA MeToq PUTBeNbaa, YTOUHEHB
CTPYKTYPHEIE IapaMeTpsl HOBBIX CMEIIAaHHEIX KobGanbruros-xpomuros SmCo,_,Fe,Os, a
TaK:Ke HOMHHAIbHO uncThix coepubenuit SMCoO; u SmFeO;. Ha ocHoBe aHammsa CTPYKTyD-
HBIX [IAPAMETPOB YCTAHOBJIEHO BIMSHNME KATHMOHHOT'O 3aMEIeHMsA Ha CTEleHb aedopmanmii
poMOuyeckodl mepoBCKUTHON cTPyKTypsl B pagy SmCo,_,Fe Os.

CrpykTypHa mnosejinka HenepepsHoro teepjoro posumny SmCo,  Fe,O;. O.B.Xapro,
JI.0.Bacuneuro, C.B.Y6iscoruii, A.B.ITawyrx, FO.IIpoys.

Meromom mopomikoBoi gudpakiii peHTreHiBCbKOro Ta CHHXPOTPOHHOTO BUIIPOMIiHIOBAHHSA
mocrimKeHo GasoBy Ta cTPyKTypHY moseminky B cucremi SmCoO;—SmFeO; npu kimuarHiR
TeMIIepaTypi y moBHOMY KoHIleHTpariiiHomy imtepsBani. Cepilo smimrammx xobaabTuTis-(e-
puris camapito SmCo,_,Fe O; ogepixano TeepgodasHuM cHHTe30M Ha ToBiTpi mpm 1573 K.
BcranoB/eHO YTRBOpPEHHS HellepepBHOTO TBepforo posuury SmCo,  Fe O iz pomGiumoro
cTpyKTypoio neposckuty tuny GdFeO; (mpocroposa rpyna Pbnm). BUKOpPHCTOBYIOUN IIOBHO-
upodinpuuii merox PireBenbga, yToOuHEHO IIapaMeTPy KPHUCTAJIIUYHOI CTPYKTYPH 3MimIaHuUX
kobanpruris-pepuris camapito SmCo,  Fe,O;, a Takox HOMIHANEHO UYHMCTHX CIIONYE
SmCo0O; i SmFeO3. Ha ocHoBi aHamisy cTPpyKTypPHUX TaHWX BCTAHOBIEHO BILIUB KATIOHHOTO
saMileHHsa Ha cTymiub gedopmariii meporekuTHoi eTpykTypu y mHusni SmCo, ,Fe Oj.
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1. Introduction

Complex oxides with perovskite structure
RMOj;, where R and M are rare earth and
transition metals, respectively, represent an
important class of functional materials. In
particular, the RCoOz and RFeOz; com-
pounds are used in thermoelectric devices,
solid oxide fuel cells [1-3], as membranes
for partial oxidation of methane and clean-
ing oxygen, as catalysts for CO oxidation
and decomposition of NO,, as sensory mate-
rials [4—6]. Complementary, the interest in
the rare earth cobaltites RCoO3 is also
stimulated by their unique fundamental
physical properties, such as temperature in-
duced metal-insulator transitions and dif-
ferent types of magnetic ordering, which
are strongly dependent on the spin state of
Co3+ cations. The latter undergo a ther-
mally driven transition from a low-spin (LS)
to intermediate-spin (IS) and high-spin (HS)
states. Stabilization and purposeful tuning
of the different spin states of Co3* can be
achieved by a mutual substitution of cations
and they can be controlled by probing of
thermal expansion, which is very sensitive
to spin-state transitions and ecrystal-field
excitations as well as their coupling to the
lattice [7-14].

Among of RC0O5;-RFeOj systems, the
most studies are devoted to the systems
with La [15-20] and Pr [21-28]. In the
LaCoOs-LaFeO5 system, two kinds of solid
solutions LaCo,_,Fe,O; with rhombohedral
and orthorhombic perovskite structure are
formed at x < 0.5 and x > 0.4, respectively
[15]. Temperature-induced structural transi-
tions from the rhombohedral phase into the
orthorhombic one are detected in
LaCOO'sFeo'sos and LaCOO.42Feo'5803 sam-
ples in [16]. Magnetic properties of
LaCo,_,Fe,O3 were explained assuming a
low spin state of the Co3* ions, whereas
antiferromagnetism is caused by magnetic
interactions between the Fe3+ ions. Based on
the results obtained the combined crystal
and magnetic phase diagram of the
LaCo,_,Fe,O3 system has been constructed [16].

Phase and structural behaviour in the
PrCoO5;-PrFeO5 system has been studied in
the temperature range of 298-1173 K by
means of in situ high-resolution X-ray syn-
chrotron powder diffraction [21-23]. For-
mation of continuous solid solution with or-
thorhombic perovskite structure has been
revealed in this system. Peculiarity of the
PrCo,_,Fe,O3 solid solution is the lattice pa-
rameter crossover which results in four re-
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gions of solid solutions with different rela-
tions of the unit cell dimensions [21, 22].
All PrCo,_,Fe, O3 samples show anomalies in
thermal expansion, which are evidently as-
sociated with partial transitions of Co3*
ions to the higher spin states. The influence
of cation substitution on the structural and
thermal parameters of the PrCoOs;—PrFeOj
system has been established [23].

All other RCoO;-RFeO; systems are
much less studied. In [24] low-temperature
specific heat measurements have been car-
ried out on the NdCo,_,Fe,O; perovskite
system (x =0, 0.1, 0.5, 0.75, 1). Electrical
and sensory properties of the nanocrys-
talline neodymium cobaltites-ferrites were
studied in [25]. It was showed that the
NdCo,_,Fe, O3 samples with x = 0.5-1 adopt
an orthorhombic structure and both the
unit cell volume and grain size decrease
with an increasing of the Co content.

Nanocrystalline SmCo,_,Fe, O3 powders
with perovskite structure were prepared by
sol-gel method at 1073 K [26]. It was found
that conductivity of the materials increases
with the temperature rising and achieve the
maximum at 1073 K for the sample with
x = 0.8. The study of Oz and NO, sensing
properties of the fine particles of the
SmCo,_,Fe,O3 perovskite oxides was per-
formed in [27]. Compared with SmFeO;, the
Co-contained oxides show good response and
recovery behaviour even at low temperatures
and can be candidates for a low temperature
sensing material. The influence of the Co
content on microstructure, electrical and
ethanol-sensing properties of SmCo,_,Fe, Os
perovskites was investigated in [28]. It was
shown that the lattice constant, unit cell
volume and average grain size decrease with
an increase in the Co content due to form-
ing oxygen vacancies in SmCo,_,Fe,Os.

However, the information about the
structural parameters of the mixed
RCo,_,Fe,O; perovskites with rare earth
heavier as Pr is very limited. Only the lat-
tice parameters for the selected
NdCo, ,Fe,O3 and SmCo, ,Fe,O3 speci-
mens, which are rather disputable, are re-
ported in [25] and [28].

The aim of the present work is the de-
tailed phase and structural investigations of
the mixed cobaltites-ferrites formed in the
SmCoO3;-SmFeO; pseudo-binary systems.
Preliminary results on the crystal structure
and anomalous lattice expansion in the
RCo,_,Fe, O3 systems with Pr, Nd, Sm and Eu
have been represented at the conference [29].
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2. Experimental

Series of mixed samarium cobaltites-fer-
rites of nominal composition SmCo,_,Fe,Oj
(x=0.1, 0.3, 0.5, 0.7 and 0.9), as well as
end members of this system SmCoOj; and
SmFeO3; were obtained by solid-state reac-
tion technique from constituent oxides
Smy03, Co30, and Fe,O3. Stoichiometric
amount of the oxide powders (about 1.3-
1.5 g) were ball-milled in the ethanol for
4 h with 400 rpm. After drying of the
slurry, the mixtures were loaded in alumina
boats, heated in air up to 1573 K for 6 h,
reacted at this temperature for 24 h and
slowly cooled down to 373 K within next
12 h. X-ray phase and structural charac-
terisation of the SmCo,_,Fe,O5 samples at
room temperature was performed by using
Huber imaging plate Guinier camera G670
(CuK,; radiation, A= 1.54056 A). Crystal
structures of the end members of the sys-
tem — SmCo0O5; and SmFeO3; compounds —
have been studied by means of high-resolu-
tion X-ray powder diffraction applied syn-
chrotron radiation. Corresponding experi-
ments were performed at the beamline B2 of
HASYLAB/DESY (Hamburg, Germany). The
diffraction experiments were carried out in
Debye-Scherrer capillary vertical geometry
at the powder diffractometer equipped with
on-site readable imaging plate detector OBI
[30, 31]. The diffraction patterns were col-
lected in the 20 range 3—65 degrees with a
step sizeoof 0.004 deg. The wavelength of
0.53842 A was selected using a Si(111) dou-
ble flat-crystal monochromator and deter-
mined from eight reflection positions of
LaBg reference material (NIST SRM 660a).
All crystallographic calculations including
refinements of the lattice parameters, frac-
tional coordinates of the atoms and their
displacement parameters were performed by
full-profile Rietveld technique implemented
in the program package WinCSD [32].

3. Results and discussion

X-ray powder diffraction examination re-
vealed that all samples synthesized possess
orthorhombic perovskite structure isotypic
with GdFeOj;. No extra phases were de-
tected in the specimens within a sensitivity
limits of the method 2-38 wt. % . Full pro-
file Rietveld refinement, performed in space
group Pbnm, led to a good agreement be-
tween calculated and experimental patterns
and confirms isostructurality of the mixed
cobaltites-ferrites SmCo,_,Fe,O5 with the
end-members of the system — SmCoOj; and
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Fig. 1. Laboratory X-ray powder diffraction
patterns (small circles) of SmCo,sFey ;04
(top) and SmCo,Fey 305 (bottom) in com-
parison with the calculated patterns. The dif-
ference between measured and calculated pro-
files is shown as a curve below the diagrams,
reflection positions are indicated by ticks.

SmFeO3;. As an example, Fig.1 demon-
strates the fragments of diffraction pat-
terns of SmCOO_3F90_703 and SmC00_7Feol303
specimens, in comparison with the corre-
sponding calculated patterns. Refined wval-
ues of lattice parameters, positional and
displacement parameters of the atoms in the
structures investigated, as well as the corre-
sponding residuals, are collected in Table 1.
Selected interatomic distances, calculated
from the structural parameters obtained,
are presented in Table 2.

Crystal structure of the mixed cobaltites-
ferrites SmCo,_,Fe, O3 can be described as a
framework of corner-sharing MOg (M=
Co/Fe) octahedra with the Sm atoms occupy-
ing hollow spaces between them (Fig. 2).
But in contrast to the ideal cubic perovskite
structure, mutual displacements of the rare
earth and oxygen atoms from their ideal
positions are observed in the orthorhombic
Pbnm structure (Table 1). Such displace-
ments of rare earth and oxygen atoms lead
to a significant redistribution of intera-
tomic distances in SmCo,_,Fe,O3. In par-
ticular, instead of 12 equal Sm-0O distances
in the cubic perovskite structure, there is a
set of twelve Sm-0O distances (typically
grouped in 1-2-1-2-2-1-1-2), which are dis-
tributed in a rather broad range from 2.24
to 3.44 A (Table 2). The six Co/Fe—O bonds,
which are equal in the cubic structure, split
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Table 1. Lattice parameters, coordinates and displacement parameters of atoms in SmCo,_,Fe, Og

structures
Atoms,| Para- x in SmCo,_,Fe, O4
sites | meters
0 0.1 0.3 0.5 0.7 0.9 1
a, A | 5.2876(2) | 5.29830(9) | 5.32201(7) | 5.84459(6) | 5.36493(6) | 5.38959(6) | 5.39827(8)
b, A | 5.8502(1) |5.87120(9) | 5.42189(7) | 5.47472(6) | 5.52267(7) | 5.57932(6) | 5.59872(8)
e, A | 7.5007(2) | 7.5200(1) (7.56172(10)| 7.60379(8) | 7.64282(9) | 7.69010(8) | 7.7071(1)
Sm, 4c x —0.0078(3) | —0.0090(8) | —0.0092(3) | —0.0113(3) | —0.0102(3) | -0.0121(3) | —0.0117(2)
y 0.0465(2) | 0.0483(2) | 0.0501(2) | 0.0528(2) | 0.0541(2) | 0.0558(2) | 0.0564(2)
z 1/4 1/4 1/4 1/4 1/4 1/4 1/4
B, AZ| 0.77(1) 0.98(2) 0.61(2) 0.49(2) 0.47(2) 0.41(2) 0.77(1)
Fe/Co*, x 0 1/2 0 0 0 0 0
4b y 1/2 1/2 1/2 1/2 1/2 1/2 1/2
z 0 0 0 0 0 0 0
B, AZ| 0.60(3) 1.36(4) 0.98(4) 1.06(4) 0.59(5) 0.40(4) 0.60(4)
01, 4c¢ x 0.080(3) 0.097(2) 0.082(2) |0.1032(15) | 0.091(2) 0.087(2) 0.096(2)
y 0.494(2) 0.486(2) |0.4780(15)|0.4717(15) | 0.4759(15) | 0.4820(14) | 0.481(2)
z 1/4 1/4 1/4 1/4 1/4 1/4 1/4
B, A2 1.2(3) 2.0(3) 1.3(3) 1.0(3) 1.2(3) 2.1(3) 0.1(2)
02, 8d x —0.289(2) |-0.2929(15)—0.2901(14)|-0.2937(13)|-0.3019(12)(-0.3013(12)-0.3011(14)
y 0.288(2) |0.2934(15) | 0.2805(14) | 0.2912(12) | 0.2855(13) | 0.2993(12) | 0.3004(14)
z 0.040(2) |0.0220(13) | 0.0527(9) | 0.0485(8) | 0.0422(9) | 0.0428(9) | 0.0489(10)
Bi,,» A2 0.8(2) 1.1(2) 1.6(2) 1.00(15) 0.7(2) 1.5(2) 0.56(15)
R, 0.0928 0.0866 0.0938 0.0704 0.0796 0.0741 0.0987
R, 0.1546 0.1168 0.1159 0.1172 0.1175 0.1220 0.1767

* The occupancies of the Fe/Co position were fixed at nominal composition, due to the small

difference of the scattering factors of Co and Fe.

into two shorter, two medium, and two
longer ones (Table 2). Due to the deforma-
tion of the cation sublattice, a redistribu-
tion of Sm-Sm, Sm-Co/Fe, and Co/Fe—
Co/Fe distances is also observed (Table 2).
Mutual displacement of oxygen atoms in the
SmCo,_,Fe, 05 structures results in the con-
siderable deviation of M-O-M (M = Co/Fe)
angles from 180° (Table 2) and it is re-
flected by cooperative tilts of the MOg octa-
hedra, as it is shown in Fig. 2.

An analysis of the concentration depend-
ence of the lattice parameters and unit cell
volume of the SmCo,_,Fe, O3 (Fig. 8) proves
the formation of a continuous solid solution
in the SmCoO3;-SmFeO; system. All lattice
parameters increase practically linearly
with the increasing of Fe content in
SmCo,_,Fe,O3 in accordance with Vegard’s
rule. In contrast to the PrCoO5-PrFeOg3 sys-
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Fig. 2. Orthorhombic SmCo,_,Fe, Oj structure
as a framework of corner-shared octahedra.
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Table 2. Selected interatomic distances (A) and angles (degs.) in SmCo,_,Fe, Oj structures

Atoms” x in SmCo,_,Fe, O4
0 0.1 0.3 0.5 0.7 0.9 1

M -202 1.923(10) | 1.914(8) 1.928(8) 1.973(7) 1.929(7) 2.000(7) 2.006(8)
-201 1.931(3) | 1.933(3) | 1.944(2) | 1.985(2) | 1.976(2) | 1.981(2) | 1.997(3)

-202 1.932(10) | 1.977(8) 1.990(8) 1.977(7) 2.032(7) 2.011(7) 2.030(8)

Sm -101 2.245(14) | 2.289(11) | 2.306(9) 2.226(8) 2.292(9) 2.330(9) | 2.286(10)
-202 2.348(10) 2.326(9) 2.346(7) 2.842(7) 2.396(7) 2.866(7) 2.346(8)

~101 | 2.488(11) | 2.858(9) | 2.371(8) | 2.874(8) | 2.391(8) | 2.436(8) | 2.448(9)

-202 2.555(10) 2.44709) 2.454(7) 2.515(7) 2.570(7) 2.610(7) 2.595(8)

-202 2.588(10) 2.714(9) 2.728(7) 2.690(6) 2.650(7) 2.648(7) 2.684(8)

~101 | 8.005(11) | 3.064(11) | 3.075(9) | 8.195(8) | 3.143(9) | 8.123(9) | 3.179(10)

~101 | 3.074(14) | 3.099(9) | 3.140(8) | 3.240(8) | 3.239(8) | 3.246(8) | 3.272(9)

-202 3.232(10) 3.286(9) 3.315(7) 3.3870(7) 3.363(7) 3.442(7) | 3.1437(7)

02 -202 2.714(14) | 2.719(11) | 2.744(11) | 2.777(10) 2.787(9) 2.828(9) | 2.853(11)
~101 | 2.682(13) | 2.685(12) | 2.702(10) | 2.744(8) | 2.721(8) | 2.810(8) | 2.827(10)

~101 | 2.718(12) | 2.689(12) | 2.708(10) | 2.797(9) | 2.830(9) | 2.810(8) | 2.841(10)

-101 2.737(14) | 2.752(10) | 2.769(8) 2.806(8) | 2.801(10) | 2.820(10) | 2.834(11)

~101 | 2.780(15) | 2.843(11) | 2.860(9) | 2.853(9) | 2.839(10) | 2.835(10) | 2.854(11)

—202 | 2.739(14) | 2.785(11) | 2.797(11) | 2.809(9) | 2.817(10) | 2.844(10) | 2.854(11)

Sm —2M 3.0667(7) | 3.0705(6) | 3.0866(6) | 3.1002(6) | 3.1173(6) | 3.1371(6) | 3.1437(7)
“oM | 8.218(1) | 3.224(2) | 3.236(1) | 3.243(1) | 8.263(1) | 3.272(1) | 3.280(1)

—9M | 3.284(1) | 3.294(2) | 38.315(1) | 8.341(1) | 8.351(1) | 3.378(1) | 3.382(1)

—9M | 8.4787(7) | 3.4935(7) | 3.5314(6) | 3.5745(7) | 3.6082(7) | 3.6494(7) | 3.6633(8)

Sm —28m 3.705(2) 3.712(2) 3.731(2) 3.742(2) 3.7756(2) 3.789(2) 3.802(2)
—28m 3.7840(2) | 3.7964(2) | 3.8209(2) | 3.8475(2) | 3.8694(2) | 3.8974(2) | 3.9068(3)

—-2Sm 3.818(2) 3.833(2) 3.868(2) 3.911(2) 3.926(2) 3.971(2) 3.977(2)

M ~9M | 8.7503(1) | 8.7601(1) | 3.7809(1) | 3.8019(1) | 3.8214(1) | 3.8450(1) | 3.8533(1)
—4M | 3.7610(1) | 3.7724(1) | 3.7987(1) | 3.8255(1) | 3.8497(1) | 3.8787(1) | 3.8885(1)
M-O1-M | 152.49(6) | 153.06(5) | 153.01(4) | 146.45(4) | 150.47(4) | 152.10(4) | 149.47(4)
M—-O2-M | 154.58(6) | 151.55(5) | 151.60(4) | 151.18(4) | 152.75(4) | 150.53(4) | 148.96(4)

“M = Co,_,Fe,

tem recently investigated [21-23], the lat-
tice parameter crossover is not observed in
the SmCoOz-SmFeOj; system, because
SmCoO3; and SmFeO; adopt the same se-
quence of the unit cell parameters (b, > cp
> ap) within the orthorhombic GdFeO3; type
of structure.

The analysis of the concentration depend-
ence of interatomic distances shows increase
of the degree of deformation of the orthor-
hombic perovskite structure in SmCo,_,Fe, O4
series, which is particularly reflected in a
divergence behaviour of Sm-Co/Fe and Sm—
Sm interatomic distances with increasing of
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Fe content (Table 2). As it was shown in
[33] and [34], an analysis of the ratio of
cation-cation distances (4B),,,,/(AB),,;, and
(AA)g/(BB)g in the ABOg3 perovskites is very
useful tool for the characterisation of the
deformation of the perovskites structures.
In the ideal cubic perovskite structure, all
individual A-B, A—-A, and B—B distances are
equal and hence it is trivial that the ratios
of (AB),,,,/(AB),;, and (AA)g/(BB)g are
equal to unity. Concentration dependency of
the average distance ratio (SmSm)g/(MM)g
and (SmM) ., /(SMM),i, (Fig. 4, top) indi-
cates the increase of the orthorhombic de-
formation in SmCo,_,Fe,O3 series with the
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Fig. 3. Concentration dependences of normal-
ized lattice parameters and unit cell volumes
in 8mCo,_,Fe,O5 series. Lattice parameters
and cell volumes of the orthorhombic cell are
normalized to the perovskite one as follows:
a,=a,N2, b,=b,/N2, ¢, =¢,/2, V,=V,/4.

increasing x values. Increasing deforma-
tions of the perovskite structure in the
SmCoO3-SmFeO5 series is also illustrated
by the concentration dependences of the
bond-length distortion of the polyhedra (A),
calculated after [35, 36] for the closest Sm—
Sm and Sm-M contacts (Fig. 4, bottom).

4. Conclusions

Single-phase samples of the mixed samar-
ium cobaltites-ferrites SmCo,_,Fe,O5 (x =
0.1, 0.3, 0.5, 0.7 and 0.9) as well as nomi-
nally pure SmCoO5; and SmFeO; were suc-
cessfully prepared by solid-state reaction in
air at 1573 K. Formation of continuous
solid solution SmCo,_,Fe,O; with orthor-
hombic perovskite structure has been re-
vealed by means of powder diffraction tech-
nique applying both laboratory X-ray and
synchrotron radiation sources. Analysis of
structural parameters, obtained by full pro-
file Rietveld refinement routine, show that
increase of the iron content in the
SmCo,_,Fe, O3 series led to regular increase
of the unit cell parameters in accordance
with the Vegard’s rule and to the rising
deformation of the orthorhombic perovskite
structure. In order to study the influence of
the cation substitution on the electronic and
spin phase transitions in the SmCo,_,Fe, O3
series the temperature-dependent measure-
ments of structural and transport proper-
ties are required. Up to now, in situ X-ray
synchrotron powder diffraction experiments
have been  performed for  selected
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Fig. 4. The ratios of interatomic distances
(SmM) ./ (SMmMM) .. and  (SmSm)g/(MM)g
(M = Co,_,Fe,) and bond-length distortion of
the polyhedra (A) in SmCo,_,Fe,O4 solid solu-
tions as a function of Fe concentration.

A= (l/n)Z(rl. - r)/r% - 103, where r; and r are

the individual and average values of the in-
teratomic distances in the polyhedra with co-
ordination number n [35]. Experimental data
points were fitted by second-order polyno-
mials.

SmCo,_,Fe,O; specimens. The data evalu-
ation is in progress and the results will be
published in a near future.
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