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Samples of Lai-sxLixM2xC00z-5 (M = Ca, Sr, Ba; 0 <x < 0.1) were synthesized by co-precipitation method. It
is shown that the region of their homogeneity lies in the range of substitutions 0 <x < 0.05. The volume of the
unit cell increases with the size of the alkaline earth metal that replaces lanthanum. Surface morphology of the
obtained mixed oxides was studied by SEM. In all samples (except strontium - containing) paramagnetic Co%*
ions from the impurity CosO4, which are in different local environments and have different degrees of exchange
interaction with each other, are contained in the form of chain fragments -Co?*-0%-C0%**-0%-C0?*-0?~ and
contain defective centers Co?*, which are formed during the desorption of lattice oxygen from the surface, or in
the process of diffusion of oxygen from the volume of material to the surface. In strontium-containing samples
Lao.esLix0.05Sr0.00C003-5 there are mainly ferromagnetic clusters Co3*-Co**.
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Introduction

In multicomponent oxide systems Ln — Co — O, wide
fields of homogeneity of unlimited solid solutions are
observed, and their ordering takes place with the
formation of phases with a perovskite-like structure.
During heterovalent cationic substitution, the primary
structure remains unchanged, but there is an
uncompensated conditional electric charge of the cationic
sublattice.

Muhumuza et al. and Ao et al. proved that it is the
uncompensated electric charge that causes the unique
electrophysical and catalytic properties of these
materials [1, 2].

Currently, there is no unambiguous understanding of
the mechanisms of uncompensated electric charge in the
phases of complex oxides. Among the most probable
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assumptions are: the occurrence of defects (vacancies) in
the anionic oxygen lattice, changes in the apparent
degree of oxidation of Co, changes in the coordination of
the oxygen environment of cations with changes in the
length of the metal-oxygen bond and partial curvature of
the primary perovskite-like structure. In our opinion, the
latter mechanism is the most correct in terms of structural
chemistry and practically combines the two previous
ones.

The unique electrophysical properties of cobaltates
are conditioned by the competition of low-spin,
intermediate spin and high-spin states. Despite the
significant amount of work in this direction, the
mechanism of spin transitions and the influence of the
simultaneous introduction of polyvalent substituents on
the properties of the samples, which is of both theoretical
and practical interest, has not been clearly established.

Therefore, we can assume that the main purpose of
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the synthesis of such materials is to create phases with
the most uncompensated conditional electric charge.

This can be achieved by heterovalent replacement of
the cation with a lower charge in the maximum possible
amount, which does not dramatically change the
perovskite-like structure and does not shift the phase
composition outside the homogeneity region. The
maximum possible amount of doped cation is determined
by the principle of tolerance and depends on its radius
and crystallographic position (coordination) in the
structure of perovskite.

The aim of this work was the synthesis of
perovskite-like phases and the establishment of the
influence of the type and amount of the heterocharging
substitution cation on the polycharging of cobalt cations.

Currently, there is a wide range of methods for
obtaining complex rare earth cobaltates of different size
ranges: from nano- to micro-size. Depending on the
requirements for the physicochemical properties of
ceramics, it is obtained either by the solid-phase method
or by the methods of chemical homogenization from
solutions. For example, catalysis requires ceramics with
submicron particle size, and this is achieved through the
use of methods of chemical homogenization from
solutions: co-precipitation method, sol-gel method. Both
ceramic  method and methods of chemical
homogenization from solutions methods are most often
used to obtain superconducting compounds, as well as
ferrites and complex oxides with dielectric properties.

Synthesis methods that use chemical homogenization
have significant advantages over ceramic. Synthesis from
solutions in comparison with synthesis from oxides or
their solid salts requires much lower annealing
temperatures and provides homogenization at the ionic-
molecular level, which allows to obtain materials with a
high degree of homogeneity. In addition, using chemical
methods of homogenization can increase the specific
surface area of complex oxides and thus improve their
catalytic properties.

However, when wusing methods of chemical
homogenization from solutions we should also take into
account some preparative features of the synthesis. In
particular, in some cases, co-precipitation causes a
problem associated with different rates of deposition of
individual components of the solution. Therefore, for the
method of co-precipitation of components one of the
main criteria is the choice of precipitator and pH of
precipitation.

Synthesis of oxides by the method of co-
precipitation of components was developed in previous
works [3-5].

I. Materials and methods

Synthesis  of  samples in  the  system
Laz-sxLixM2xC003.5 (M = Ca, Sr, Ba; 0<x<0.1) was
performed in two stages. In the first stage, a precursor
was obtained by calcining a co-precipitated mixture of
cobalt, lanthanum and alkaly hydroxooxalates at 1023 K
for 36 hours.

For this purpose, a mixture of co-precipitated
hydroxycarbonates of lanthanum, alkaline earth metals
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and cobalt was obtained by precipitation from aqueous
solutions of nitrates of the corresponding metals mixed in
the required proportions 1M Na,CO3 (,,CP”) in the ratio
1:1.75.

Coprecipitation was carried out with vigorous
stirring on a magnetic mixer. The mother solutions were
tested by the methods of qualitative analysis for the
absence of sodium cations (reaction with zinc uranyl
acetate) [3]. After ageing, the precipitate was filtered off,
washed with a water-alcohol (1:1 by volume) mixture,
then with a large amount of distilled water and absolute
ethyl alcohol. The color of the obtained co-precipitated
hydroxycarbonates of lanthanum, alkaline earth metals
and cobalt was mainly pink-violet.

The precipitate products were air-dried, ground in an
agate mortar and subjected to heat treatment with
intermediate grinding after 12 and 24 hours of heat
treatment. In the second stage, the resulting mixture was
grated with a stoichiometric amount of lithium carbonate
Li,CO;3; (“CP”) and annealed at 1073 K (36 hours with
intermediate grinding after 12 and 24 hours of heat
treatment) to form the final product. Next, the resulting
mixture was homogenized, compressed into tablets at a
pressure of 100 MPa and kept for about 36 hours at
1123 K in air.

The structural features of the synthesized phases
were studied by X-ray diffraction on Shimadzu LabX
XRD-6000 diffractometers (CuKa - radiation,
A =0.154056 nm, range of angles 5 <260 <70° samples
in the form of powders). Shooting was performed at a
speed 1-2 °/min.

Further calculations of the obtained X-ray
diffractograms (assignment of diffractograms, calculation
and refinement of the crystal lattice parameters) were
performed using the Match software [6]. The results of
the calculations were compared with the data given in the
literature, on the basis of which a conclusion was made
about the phase composition and structure of the
samples. The database of the International Committee for
Powder Diffraction Standards (JCPDS PDF-2) was also
used to identify the phases in the studied systems.

The average crystallite size of the substituted
cobaltates was calculated by the X-ray line broadening
method using the Scherrer formula [7]:

KA )
Borz - €0 b2

where Doi2(nm) is the average size of crystallites along
the direction normal to the diffraction plane (012), K is a
constant related to crystallite shape, normally equal to
0.9, 1 is the x-ray wavelength 0.15406 (nm) of Cukq
radiation, Soi12 is the integral breadth of the peak related
to the diffraction plane (012) and 6u1> is the Bragg angle
in radians for the crystallographic plane (012). Taking
into account that the integral width of the peak in the
diffractogram is approximated by the pseudo-Voigt
function with a large (up to 90% or more) contribution of
the Lorentz function, the Lorentzian was used to describe
the shape of the diffraction reflection at 26 =~ 22.8°. In
order to exclude the instrumental broadening Pinst, a
standard silicon (Si) X-ray powder diffraction data is
recorded under the same condition. The integral width of
the peak was calculated by the formula [8]:

Do1z =
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ﬂou = ﬂexp - ﬁinst ’ (2)
where Sexp is the experimental width of the sample peak
at half the maximum intensity; finst — instrumental
broadening of the diffraction line, which depends on the
design features of the diffractometer (in radians).

The process of batch decomposition was monitored
by IR spectral method. IR absorption spectra of
thermolysis products in the range of 400-4000 cm* were
recorded on a Perkin Elmer Spectrum BXFT-IR
Spectrophotometer in a tablet mixture with KBr. The
error in measuring the oscillation frequencies was
+2cml

The morphological features and particle sizes of
solid solutions were determined by scanning electron
microscopy (SEM) using a Hitachi S-2400 microscope.
Image processing and analysis were performed using the
ImageJ program.

Diffuse reflectance spectra in the 400-800 nm range
were recorded on a UV/VIS Varian Cary 5000
spectrophotometer; magnesium oxide was used as the
reflectance standard.

Electron paramagnetic resonance spectra of
polycrystalline samples were recorded at room
temperature on a Bruker Elexsys E580 spectrometer.
Experiment parameters: microwave power 2 mW,
radiation frequency ~ 9.9 GHz, modulation intensity
2 Gs, modulation frequency 100 kHz, sweep time 300 s,
1024 point sampling 1024 points. The spectra were
processed using the WINEPR Bruker program. The
concentration of paramagnetic centers was estimated by
comparing the integral intensities of the spectra of the
studied and reference (CuSO4*5H20) samples.

The oxygen index in cobaltates was determined by
iodometric titration. A sample of Laj-axLixM2xC00;:5
(M = Ca, Sr, Ba; 0<x<0.1) m = 0.05 mg was placed in a
flask, then were added 10 mL of HCI solution
(Cn = 0.7 mol/L) and 10 mL KI solution (Cy = 1 mol/L).
The process of sample dissolution lasted on average from
10 to 30 min. The iodine formed after the dissolution of
the substituted cobaltate powder was titrated with a
Na,S,0s solution (Cy = 0.1 mol/L) using a freshly
prepared starch solution as an indicator. The error in
determining the oxygen content during iodometric
titration is +0.02.

It is known that KI can be oxidized in the presence
of light in the presence of atmospheric oxygen according
to the scheme:

4Kl + O, + 2H,0 — 2I,+ 4KOH

To minimize the loss of iodine, a so-called "control
experiment" (without a sample) was carried out.

The oxygen index, as well as the average oxidation
state of the transition metal (in this case, cobalt), were
determined in air at room temperature. For complex
oxides with a perovskite structure (ABOs type), partial
substitution in the A and/or B positions can lead to a
change in the cobalt oxidation state and/or the formation
of oxygen vacancies.

The value of the oxygen index (3-6) was calculated
by the formula:

0.001-N- (Vs -V,)-M, 3)
2-m-0.016-N-(V, -V,)
where N, Vs and Vo are the concentration (mol/L) and

3-0=25-2-x+
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volume (mL) of the Na2S,03 solution used for titration of
sample and in "control experiment"”, respectively; M, is
the molecular weight of the reduced form of the

substance La. ", Li™*M;2Co"*0,_, (g/mol).

I1. Results and discussion

For solid solutions in the system Lai.xMexCoOs
(Me=Ca, Sr, Ba) it is known that they exist in the whole

range of substitutions. The magnitude of the
rhombohedral distortion decreases with increasing
alkaline earth metal content and at x = 0.5 the
compositions take a cubic structure [9-12].
r LLC-2
| LLC-1

r LLS-2 ]
] LLS-1
LLB-2
1 A LLB-1

Intensity, arb. units

20 40 60
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Fig. 1. The X-ray powder diffraction patterns of
LazaxLixM2xC003.5: L-0 (X = 0),

LLB-1 (M = Ba; x = 0.05), LLB-2 (M = Ba; x = 0.1),
LLS-1 (M = Sr; x=0.05), LLS-2 (M = Sr; x=0.1), LLC-
1 (M =Ca; x=0.05) and LLC-2 (M = Ca; x = 0.1).
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The X-ray powder diffraction patterns of
Lai-3xLixM2xC003.5 (M = Ca, Sr, Ba; 0<x<0.1) samples
are shown in Figure 1. It can be seen that the cobaltates
of lanthanum, modified by alkali earth metals and
lithium, have at room temperature rhombohedrally
distorted perovskite cell (SG R-3c) with the parameters
shown in Table 1. When lithium and alkali earth metal
ions are introduced into the structure of the initial
LaCoOs.s, there is a slight increase in the parameters of
the unit cell associated with the change in the ionic
radius of the substituent. It should be noted that due to
the slight difference in the ionic radii of the La®* and
Ca?* cations, the lattice parameters do not really change
during the transition from the initial matrix to Ca-
containing cobaltates.

The crystallites size D of (102) planes of complex
oxides were calculated from X-ray diffraction data on the
expansion of the diffraction maximum with an angle of
260 = 23.3. As can be seen from Table 1, the average
value of Do, varied from 32 nm to 73 nm depending on
the steric factor of the modifying additives. Thus, the
obtained data confirm the fact of formation of
nanoparticles of substituted cobaltates of lanthanum.

Figure 2 shows SEM images of the surface of
nanocrystalline  solid solutions  Lai-3xLixM2xC003-5
(M = Ca, Sr, Ba; 0<x<0.05). Based on these data, it can
be validated that the grains of substituted cobaltates are
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Table 1
Unit cell parameters and grain sizes of oxides with perovskite structure
Lay.3xLixM2xC003.5 (M = Ca, Sr, Ba; 0 <x <0.1).
Sample Unit cell parameters Dio2, Dsewm,
a, nm c,nm vV, nm® nm nm
LaCoOs.5 0.5438(7) 1.3085(9) 0.3351(1) 73 910
Lao.gsLio.0sCa01C003.5 0.5438(2) 1.3084(7) 0.3351(3) 56 810
Lao.7Lip.1Ca0.2C003.5 0.5436(1) 1.3083(4) 0.3353(6) 52 750
Lao.ssLio.osSr0.1C003.5 0.5441(3) 1.3100(3) 0.3358(2) 48 570
Lag.7Lio.1Sr02C003.5 0.5434(2) 1.3162(6) 0.3366(3) 36 430
Lao.gsLio.osBao1C0035 0.5437(4) 1.3130(4) 0.3362(5) 37 440
Lag.sLio1 Ba2C00s.5 0.5443(1) 1.3136(4) 0.3370(6) 32 380

18um

Fig. 2. Surface morphology of a) (LaC00,.1) and modified b) (Lag.gsLio.0sCa0.1C00,.¢3) lanthanum cobaltates.

plates with the morphology of a hexagonal prism. The
average size of individual particles is of the order of
hundreds of nanometers and decreases with heterovalent
substitution. Comparison of the results of SEM studies
and data on grain sizes obtained from the diffraction
experiment (Dio2) (Table 1) shows that most particles are
in an aggregated state.

The IR spectrum of lanthanum cobalt LaCoOs;
(Fig. 3) consists of two bands of valence vibrations
(vi = 605 cm?, v, = 565 cm?) and one band of
deformation vibrations (vs = 430 cm™2).

According to research [13], in the rhombohedrally
distorted structure of LaCoOs perovskite, two types of
Co® (Co, Coy) are distinguished in oxygen octahedra,
and the distance Co, — O is shorter than the distance
Coy — O, i.e. the Co; — O bond is stronger than the
Cou — O bond. Therefore, the higher frequency of
valence oscillations v; refers to the oscillations of the
Coi — O bond; the lower frequency v is determined by
the oscillations of the less strong Coy — O. The band with
a frequency of 430 cm™ can be attributed to La-O bond
oscillations dodecahedral coordination [14].

With an increase in the content of cobaltates and
lithium in the base matrix in the IR spectra there is a
noticeable shift of the frequencies v1 and v, in opposite
directions, and then their fusion (vs = 600 cm?) in the
spectra of solid solutions Lai-sxLixM2xC00s3.5 (M = Ca,
Sr, Ba; 0<x<0.05). In addition, in the spectra of

substituted cobalts of lanthanum revealed a narrow arm
of about 670 cm'%, the appearance of which in accordance
with [15] is associated with the formation of Co*" ion.
The shift of this band to the high-frequency region is
caused by an increase in the force constant of the Co-O
bond due to an increase in the electric charge of the
cobalt ion.

(]

1. rel. units

T T d T T T T T
800 700 600 500 400

Fig. 3. IR spectra of solid solutions of the system Las.
3xLixM2xC003.521 — LaCOO:g.a; 2 — Lao,gsLio,osBao;COOs.a;
3- LaoyssLio,ossl’o,lCOOs-s; 4— LaovgsLio,oscaMCOOa.s.



Synthesis and Properties of Polycharge Phases in the System La-Li-M-Co-O (M=Ca, Sr, Ba)

Since, as is known from the literature,
nonstoichiometry by oxygen has a significant effect on
the electrophysical properties of complex cobalt oxides,
we determined the value of nonstoichiometry by oxygen
for samples of the studied system. The results of the
analysis given in Table 2, show that the existence of Co*
ions in the compounds was confirmed by chemical
analysis, which correlates well with the data of IR
spectroscopy. With increasing x, 6 oxygen decreases by
approximately 0.09 for all compositions.

Table 2
Oxygen nonstoichiometry and valence state of cobalt in
system samples
Lai.axLixM2xC003.5 (M = Ca, Sr, Ba; 0<x<0.1).

Sample 3-3 Co™
LaCoOs.5 2.91 2.82
Lag.gsLio.0sCao1C003-5 2.93 3.06
Lao.7Li0.1Ca0.2C003.5 2.79 2.97
Lao.ssLi0.05Sr0.1C003.5 2.96 3.13
Lao.7Li0.1Sro2C003.5 2.82 3.04
Lag.gsLio.osBag1C003.5 2.97 3.13
Lag7Lio.1Ba02C003-5 3.01 3.42
-4
6,0x10 |}
B
g4,0x10 i
=}
-4
2,0x10 |}
0,0 -
1.4

hv, eV
Fig. 4. Diffuse reflection spectra for solid solutions
Laz-sxLixM2xC003.5: 1 — LaC007.91;
2 — Lao.ssLio.05Ca0.1C002.93; 3 — Lao.ssLio.05Sr0.1C002.96;
4 — LaggsLio.osBao1C002.97.

Diffuse reflection spectroscopy (DRS) allow us to
identify information about the local environment. The
valence state of cobalt ions, as well as to assess the
relationship between the nature of the alkaline earth ion
and the optical properties of solid solutions
Laz.3xLixM2xC003.5 (M = Ca, Sr, Ba; OSXS0.0S). Diffuse
reflection data (Fig. 4) in the visible part of the optical
spectrum are presented in the coordinates of the Kubelka
— Munk F(R) function [16]:

(1-R)? «

2R S , (4)
where R — diffuse reflection of the layer of the test
sample relative to the layer of powder of standard non-
absorbent material (MgO «CP»); the value of o and S are
the absorption and scattering coefficients of the sample.
The optical band gap (Eg) of the studied complex oxides
was determined from the ratio:

aE=K(E - E)", (5)
where E — photon energy (hv); K — constant; degree 7 (in

F(R) =
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the case of a direct allowed optical transition takes the
value of 14S) [16].

According to this equation, the width of the optical
slit can be found by extrapolating the linear section of the
dependence F(R)E = f(E) to the intersection with the
abscissa axis (Fig. 4).

The obtained values of the optical slits of the band
gap for the samples Lai.axLixM2xC00s.5 (M = Ca, Sr, Ba;
x=0.05) and pure LaCoOs; are 2.14; 2.07; 2.01 and
2.43 eV, respectively. As the ionic radius of the
substituent increases, the width of the optical gap of the
band gap narrows. It is known that the introduction of
LaCoO; alkali earth metals and lithium leads to an
increase in oxygen vacancies. As a result, there is an
increase in the concentration of carriers, and,
accordingly, the approach of the Fermi level to the
conduction band of the semiconductor with the
subsequent expansion of the band gap. The band on the
spectra with E = 2.07eV corresponds to the d-d-transition
of the Co?* ion in the tetrahedral oxygen environment
characteristic of spinel Co304 [17]. Low Eg values
indicate the possibility of using lanthanum cobaltates as
potential photocatalysts along with classical TiO;
(Eg=3.2eV) [18-19].

Investigation of magnetic properties of complex
cobalt oxides LaiaxLixM2xC00s35 (M = Ca, Sr, Ba;
0 <x<0.1) was performed in a wide temperature range
(20-300 K) by ferromagnetic resonance [20] (Fig. 5).

1,0

2
o0

,O
=N

i

FMR signal intensity, arb.un.
-

e
o

0,0

2080 120 léoT 240
Fig. 5. Temperature dependence of the integral intensity
of the FMR signal for samples Lag7Lip1Mo2C00s35,

where M = Ca, Sr, Ba.

It is shown that the dependences of the integral
intensity of the FMR signal, which is proportional to the
magnetic susceptibility of the samples, have the form of
a curve with a maximum, the position of which is
significantly influenced by the nature of the alkaline
earth metal. This behavior can be explained by the
formation of a state of the type "cluster spin glass".

The values of the double integrals of FMR signals,
normalized to the mass of the samples, indicate the
antiferromagnetic nature of the exchange interaction
between cobalt ions.

The parameters of the signals on the electron
paramagnetic resonance spectra and the characteristics of
the signals for samples Lai-axLixM2xC003.5 are shown in
Table 3.

The line in the electron paramagnetic resonance
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Table 3

Parameters of signals on the electron paramagnetic resonance spectra for samples Laj-axLixM2xC003.5
(M = Ca, Sr, Ba; 0<x<0.1) [23].

Signal | g-factor | AH, G Signal characteristics
1 5.00 680 isolated Co?* ions in an octahedral oxygen environment — structural defect centers
2 2.80 1250 | ferromagnetic clusters Co®*-Co**
paramagnetic Co?* ions from the impurity CosO4 that are in different local
3 2.25 1500 | environments and have different degrees of exchange interaction with each other;
contained in the form of chain fragments -Co?*-0%-Co0?*-0%*-C0?*-O?%-
surface complexes of adsorbed anion radical O, (0-oxygen) with ions Co®* —
4 2.14 40 3+ e
[Co%+07]
defective centers of Co®*, which are formed during the desorption of lattice
oxygen (B-oxygen) from the surface
) 1 .
5 202 1650 | COurnO>C0%um —>Co(z;rf)VOCO(ZSer)+EO2 (g) or in the process of oxygen
diffusion from the volume of material to the surface
3+ - 3+ 2+ 2+ 2+ 2+ 3+ - 3+
COu1g O2C0 puiky + COury Vo COurn > CO uiky VoCOputg + COsurn O2C0 gy

spectra with ger. = 2.02 i 4H = 1600 — 1700 G is
determined by defective centers Co?*, which are formed,
according to the authors’ assumptions [21-22] based on
the data of thermoprogrammed desorption of lattice
oxygen (Table 4):

3+
(sur

2+

3+
Co (surf)

1
- 2+
surh Q2C0surny —> €05y Vo CO(gyrpy + 5 0,(9)

or in the process of diffusion of oxygen ions from the
volume of the material to the surface of the oxide matrix
(volume defect):

CO?l:ulk)O-ZCO?l:ulk) + CO(Zerf)VoCO(ZsTM) —
—)COfI:LJIk)VOCO(Zgqu) + Coi;rf)o-zcoarf)
Table 4.
Narrow line parameters for solid solutions
Lal.3xLixM2xCOO3.5.
Sample g-factor, | Intensity / AL G
+0.0002 | Mass ’
LaCoO3 2.1430 71.9 39.6
Lag.gsLio.osCap1C00s5.s 2.1446 40.1 37
Lag7Li01Cap2C0o03. 2.1439 410.4 39.1
Lao.gsLio.osSro1Co0;45 2.1436 45.4 36.3
Lag7Li01Sro2C00;345 2.1446 387 39.15
Lag.gsLio.osBag1C003.s 2.1439 401 37.5
Lag7Lio1Bap2C003.5 2.1439 558 41.8

Thus, analyzing the obtained data, we can identify
certain correlations, namely to establish the relationship
between the average ionic radius of the metal, the
average degree of oxidation of cobalt n and the
parameters of the jumping conductivity with a variable
jump length.

As the radius of the alkaline earth metal and the
value of x increases, the chemical pressure in the system
decreases. This prolongs the Co — O bond and reduces
the p-d hybridization of the oxygen and cobalt electron
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clouds. The effect of the crystal field created by the
oxygen environment on cobalt ions weakens, and the
energy gap between the tog- and eg-levels narrows.

Conclusions

For the first time, solid solutions of
Lai.3xLixM2xC00s.5 (M = Ca, Sr, Ba; 0 <x<0.1) were
synthesized and investigated. It is shown that the region
of their homogeneity lies in the range of substitutions
0<x<0.05. The volume of the unit cell increases
symbate with the size of the alkaline earth metal that
replaces lanthanum. A comparison of the results of SEM-
studies and data on grain sizes obtained from the
diffraction experiment shows that most particles are in
the aggregate states. The values of the optical gaps of the
band gap were found for samples Lai-sxLixM2xC00Os.5
(M =Ca, Sr, Ba; x =0.05) i and pure LaCoO3.s which are
2.14, 2.07, 2.01 and 2.43 eV, respectively. It was found
that in all samples (except strontium - containing)
paramagnetic Co?* ions from the impurity Co304, which
are in different local environments and have different
degrees of exchange interaction with each other, are
contained in the form of chain fragments
_C02+_OZ-_C02+_02-_C02+_02-
and contain defective centers Co?*, which are formed
during the desorption of lattice oxygen from the surface,
or in the process of diffusion of oxygen from the volume
of material to the surface. In strontium-containing
samples  LagagsLioosSro01CoO3zs there are mainly
ferromagnetic clusters Co®*-Co™.
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CuHTe3 i BJIaCTHBOCTI MOJi3apsaaHuX (pa3 B cUCTEMI
La-Li-M-Co-O (M=Ca, Sr, Ba)

! Kuiscokutl nayionansnuii ynieepcumem imeni Tapaca Ileeuenxa, Kuis, Yxpaina, dziazko@univ.kiev.ua
2 Vxpainucwkuil Oepaicasnuii Haykoeo-0ocnionut incmumym "Pecypc”, Kuis, Yxpaiua,
8 Kuiscokuil nayionanshuii ynieepcumem 6yoienuymea ma apximexmypu, Kuis, Yxpaina
4 Hayionanvnuti meduunuii ynisepcumem imeni O.0. Bozomonvys, Kuis, Yrpaina
5 Hayionanonuii ynieepcumem xapuoeux mexnonoziii, Kuis, Yxpaina

MeToIoM CyMICHOTO OCaDKeHHsS KOMIIOHEHTIB CHHTe30BaHO 3pa3ku Lai-3xLixM2xC00s.s (M = Ca, Sr, Ba;
0<x<0,1) (M= Ca, Sr, Ba; 0 <x<0,1). IToka3aHo, o 0671acTh iX FTOMOTE€HHOCTI JeXHUTh B miana3oni 0 < x < 0,05.
O0’eM eNeMEeHTapHOI KOMIPKH 30UIBIIYETHCS 3 PO3MIPOM IY)KHO3EMENBHOTO MeTaly, SKHH 3aMillye JaHTaH.
Mopdororito MOBepXHI OTPUMaHHMX 3MIIIaHMX OKCHAIB HochiukyBann Mmeronom SEM. V Bcix 3paskax (kpim
CTpOHIIii-BMicHHX) TapamarHiTHi ionn Co?* Big nomimku Co3Os, AKi 3HAXOAATECA B PI3HOMY JIOKAIEHOMY OTOYEHHI
MaloTh Pi3HMH CTYNiHb OOMIHHOI B3a€MOMIT MiXk cO0OI0; MICTATHCA Yy BHUTUIAMAI JaHIIOroBUX (parmenTis-Co?*-0%-
Co%*-0%-C0?*-0% i wictare medekTHi nentpu Co?*, sKi YTBOPIOIOTHCS NP AecOpOIii PEIIiTKOBOrO KHCHIO 3
MMoBEpXHi, abo B mpoueci Audy3ii KUCHIO 3 00’eMy MaTepially Ha TOBEpPXHIO. B CTpOHIH BMiCHHX 3pa3kax
Lao,gs5Li0,05510,00C003-5 icHyt0TH epeBaXkHOo (epomarHiThi Kmactepu Co®*-Co**,

Konrouosi ciosa: LaCoOs; 3mimrani okcuay; koOaabTaTH JTaHTaHY; MEPOBCKITOMOAIOHA CTPYKTypa; MOP(OIIOTis
noBepxHi; FMR; criekTpu mudy3HOro BiIOUTTS; KilacTep CIIiHOBOTO CKIIA.
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