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Abstract—The Sr; 3Ce( ,Mn; _ ,Co,0;_5(y=0.2,0.3,0.4, 0.5, and 0.6) complex oxides with the perovskite
structure obtained from simple oxides by the solid—state reaction technique have been examined using struc-
tural analysis and magnetic measurements. Substitution of Co for Mn in the dilute Sr, ¢Ce, ,MnOj; antifer-
romagnet with a Néel temperature of 7y = 210 K leads to a decrease in the degree of tetragonal distortion of
the crystal structure and transition to the cubic cell. The degeneracy of the antiferromagnetic interaction
(Ty = 138 K at y = 0.2) observed at the first stage of the substitution of Co for Mn changes for its gradual
enhancement with an increase in the magnetic transformation temperature up to 239 K at y=0.6. An increase
in the Co content weakens the competition between the ferromagnetic and antiferromagnetic couplings and
reduces the temperature of the transition to the spin-glass-like state. The magnetic inhomogeneity and for-

mation of Co?"—Mn** ferromagnetic clusters in Sry sCe, ,Mn 4Co 4O, ¢o at 140 K have been observed.

DOI: 10.1134/S1063783418120089

1. INTRODUCTION

Manganites and cobaltites of alkaline- and rare-
earth elements with the perovskite structure attract
attention of researchers due to their interesting physi-
cal and chemical properties important for application.
In particular, the interest in Ln, _ ,A,MnO; (Ln is the
rare-earth element and A is the alkaline-earth ele-
ment) manganites is due to the colossal magnetoresis-
tive effect caused by the optimal balance between spin,
charge, and orbital orderings [1, 2]. The SrCoO;
cobaltite is a ferromagnet with a Curie temperature of
T- = 270—300 K and metallic conductivity [3], while
the substituted cobaltite La; _ ,St,CoO; has a complex
phase diagram with the antiferromagnetism and insu-
lator behavior at the low Sr concentrations and ferro-
magnetism and conductive properties at the high Sr
concentrations.

In [4—6], the effect of substitution of Co for Mn in
the La,_,AMn,_,Co0; (A = Ca, Sr) complex
oxides with the hole conductivity was studied. It was
established that an increase in the Co content leads to
the weakening of the ferromagnetic ordering and for-
mation of the spin-glass-like state of the cluster type
inside the ferromagnetic state. In particular, the mag-
netism of the La, 551, ;sMnCoOg perovskite was iden-
tified using two transformations: a ferromagnetic tran-

sition at 7 (217 K) and a frequency-dependent tran-
sition at 7, < 100 K [6]. The high 7. value is
determined by the local 7. values of weakly fluctuat-
ing clusters based on the valence combination of
Co?*—Mn**", while the low spontaneous moment at
2 K results from their low content.

It is interesting to investigate the effect of cobalt on
the structure and properties of electron-doped man-
ganites, including A, _ ,Ce*"*MnO; (A is Sr or Ca)
solid solutions (SSs) [7—9], which are considered to be
potential cathode materials for solid-state fuel cells

[10]. The Ce-substituted A,_ Ce'"CoO; cobaltites are
attractive for studying the influence of a heterovalent
substitution on the Curie temperature and conductiv-
ity [11, 12].

Substitution of high-valence Ce** cations for stron-
tium in SrMnO; and SrCoO; significantly affects their
structural and charge characteristics and magnetic and
transport properties. As is known [13], StMnO; pre-
pared under normal conditions has a hexagonal struc-
ture and is an antiferromagnet with a Néel tempera-
ture of Ty = 278 K. Embedding of high-valence Ce*"
cations in the Srsites first (at x = 0.01—0.05) stabilizes
the Sr, _,Ce MnOj; cubic structure and, at 0.1 < x <
0.3, the tetragonally distorted perovskite structure
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(sp. gr. 14/mcm). In this case, the corresponding num-
ber of Mn*" cations are reduced to Mn>®* ones, which
leads to a strong distortion of MnOg¢ octahedra and an
increase in the parameter a and unit cell volume. The
parameter c in Sr, _,Ce, MnO; first increases, attain-
ing its maximum value at x = 0.15, and then decreases
[14].

The magnetic and electrical properties of these SSs
depend, to a great extent, on the x value. The
Sry9Ce,;MnO; SS is a C-type antiferromagnet with
Tn = 290 K, which passes from the metallic to semi-
conductor state at 315 K. The magnetic behavior of
Sr,_ ,Ce MnO;at 0.1 < x < 0.3 is caused by the strong
competition between the double exchange and super-
exchange couplings [9], which results in the absence of
a magnetically ordered state in this system and the
dominance of the cluster or spin-glass-like state at low
temperatures (below 20 K). The temperature depen-
dence of the magnetic susceptibility of the
Sty 5Cey ,MnO; sample has a broad maximum at 150—
300 K, which is interpreted in the framework of a con-
cept of dilute antiferromagnetism with 7y = 210 K.
According to [8], in the paramagnetic region (x> 0.2),
the ferromagnetic clusters form.

The solid solutions with x = 0.25 and 0.35 [9] are
characterized by the negative magnetoresistive effect
based on the charge ordering, which occurs near
110 K.

Zhang et al. [15] reported on the synthesis,
structure, and conductive properties of the
Sty sCey,Mn, sCo, ,0; complex oxide. In contrast to
Sty 5Cer,MnO;, the octahedra in the Co-containing
compound structure are regular, which is due to the
absence of Jahn—Teller Mn3* cations. Embedding of
cobalt to the Mn sites reduces the electrical conductiv-
ity. The electrochemical characteristics of the Co-
doped Sr,, 3Ce, ,MnO; compound as a cathode mate-
rial were described in [10].

The crystal structure of the Sr; _ ,Ce, CoO; _ 5com-
pound obtained under high-pressure [11] remains
cubic up to x = 0.4. When the synthesis is performed in
sealed ampoules, the cubic phase concentration range
is limited to 0 < x <0.15 [12]. This SS has a crystal
structure of the high-temperature SrCoO; _, modifi-
cation and is characterized by the high oxygen
exchange and electrical conductivity. The oxygen defi-
ciency in the Sr; _ ,Ce,CoO;_5 compound increases
with temperature and decreases with increasing partial
pressure of oxygen and Ce concentration.

In this work, we present the results of investigations
of the structural characteristics and magnetic properties
of the double-substitution Sr;3Ce;,Mn;_ ,Co,0;5_;
SSs in a wide concentration range (y is 0.2, 0.3, 0.4,
0.5,and 0.6). In our previous study [16] of two samples
in this series (y = 0.3 and 0.4), we showed that embed-
ding of cobalt to the manganese sites in
SrysCep,Mn, _ ,Co,05 _; is interesting in terms of the
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crystal structure evolution and competition between
the antiferromagnetic and ferromagnetic couplings. In
[17], we analyzed the Ce, Mn, and Co oxidation states
in the Sr,_,CeMn,_,Co,0;_5 SSs using X-ray
absorption spectroscopy and magnetic measurements.

2. EXPERIMENTAL

The Sry¢Ce,Mn, _ ,Co,05_5 samples were syn-
thesized by the solid-phase reactions from CeO,,
MnO,, Co;0,4, and SrCO; simple oxides containing
no lower than 99.95% of the basic substance. The stoi-
chiometric mixtures of these oxides and strontium
carbonate were thoroughly grinded, pressed at a pres-
sure of 3000 kg/cm?, and sintered at a temperature
increased with a step of 100°C with intermediate
grinding each 10 h. The calcined reaction products
were cooled in a furnace to room temperature. The
initial annealing temperature was 950°C and the final
temperature was 1350°C. The presence of impurities
in the products was monitored by X-ray diffraction on
a Shimadzu XRD-7000S diffractometer using the
PDF 2 database (ICDD, USA, Release 2009). The
processing of diffraction patterns and refinement of
the crystallochemical parameters were performed by a
Rietveld full-profile analysis using the FULLPROF
2016 program.

The oxygen content in the samples was analyzed by
the weight loss upon calcination in the H, flow at
950°C for four hours. The oxygen index in the initial
samples was calculated taking into account the fact
that during the reaction cobalt is reduced to the metal-
lic state and the residual oxygen is bound to divalent
manganese, trivalent cerium, and SrO.

The magnetic measurements were performed at the
Center of Collective Use of the Mikheev Institute of
Metal Physics, Ural Branch, Russian Academy of Sci-
ences on a QD MPMS-XL-5 SQUID magnetometer
in the temperature range of 2—300 K in magnetic
fields of 0.5 and 5.0 kOe (dc susceptibility). The mea-
surements were performed upon cooling the samples
in measured (FC data) and zero (ZFC data) magnetic
fields. Using the dynamic magnetic susceptibility (ac
susceptibility) measuring technique, the real ()') and
imaginary (") susceptibility components were deter-
mined at ac magnetic field amplitudes of up to 4 Oe
and a frequency of 80 Hz. The magnetization curves
and magnetic hysteresis loops were obtained at 2 K on
the samples cooled in zero magnetic field according to
the following scheme: first, the magnetization curve
was measured in a magnetic field increased from 0 to
+50 kOe and then the hysteresis loops were measured
upon field variation from +50 to —50 kOe and from
—50 to +50 kOe.
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3. RESULTS AND DISCUSSION

3. 1. Structural Characteristics
Ofthe Sr()vgce()sznl _ yC0y03 _%
(vy=0.2 0.3, 04, 0.5 and 0.6) SS

According to the X-ray data, all the samples with y
values between 0.2—0.6 are single-phase. The compo-
sition with y = 0.7 contains, along with the main
phase, CeO,. The Sr,3Ce;,MnO; crystal structure
parameters obtained by us are almost consistent with
those reported in [8]. Table 1 gives the parameters a
and c of the Sr 4Ce; ,Mn; _ ,Co,0; (y =0-0.6) SS and
oxygen contents the samples. It was established that
the SSs with y = 0.2 and 0.3, similar to
Sty 5Cey,MnO;, are tetragonal (sp. gr. 14/mcm). The
samples with y > 0.4 have a cubic cell (sp. gr. Pm3m).
Thus, the SSs with y > 0.4 undergo the phase transition
from the tetragonal to cubic syngony stable in the SSs
with y = 0.5 and 0.6. The decrease in the oxygen con-
tent in the SS upon substitution of Co for Mn is indic-
ative of the formation of oxygen-deficient samples,
which is quite natural and agrees with the
Sty 9Ce( Co0; 49 cobaltite composition [12].

Figure 1 shows dependences of the parameters a
and ¢ and volume V of the Sry3Ce(,Mn,_ ,C0,0;_;
SS unit cell on the y value. The a, ¢, and V values for
the SSs with y =0, 0.2, and 0.3 in Fig. 1 are presented
for comparison for a simple perovskite cell. The aver-
aged parameter V|, for the tetragonal SSs was calcu-

lated using the formula V;, = a’c/V. It can be seen that
with an increase in the degree of substitution of Co for
Mn, the crystal lattice parameters significantly
change. Embedding of Co in the oxygen octahedron
leads, first of all, to a sharp decrease in the parameter
¢, which is caused by a decrease in the number of Mn3*
cations. In the range from 0 to 0.3, the parameter a
decreases weaker.

The unit cell volume of the SS with a tetragonal struc-
ture in this y range also decreases with increasing cobalt
content. At y > 0.3 and in the cubic SSs, the parameter a
and volume Vincrease. The solid solution with the max-
imum Co content (Sr,3Ce;,Mn,,Coyc0,¢) has the
parameter a (3.841 A) similar to the parameter of
Sty 4Ce,,C00, 7, (a = 3.843 A [12]).

3.2. Magnetic Properties
of the SrysCey ,Mn; _ ,Co,0;_5SS

The measured magnetic characteristics of the
SrysCep,Mn,; _ ,C0,05_; SS in the range of 2—300 K
are shown in Figs. 2—5. The temperature dependences
of the magnetic susceptibility  for all the investigated
samples at H = 5 kOe have two anomalies (Figs. 2 and
3) and demonstrate a decrease in x with the increasing
Co content. The high-temperature 7,,,,, anomalies at
all the y values correspond to the transition from the
paramagnetic to some new magnetic state. The fact
that the FC magnetic susceptibility does not tend to a
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Table 1. Structural parameters and oxygen content in the
Sry 3Ce,Mn; _,Co,05 _ 5 solid solutions

y Space a, A ¢, A v, A3 3
group

0 [8]| i4/mem |5.4013(1) | 7.7481(1) | 225.95 0

0.2 | M/mem |5.3962(1) | 7.6674(1) | 223.22(1) | 0.04
0.3 | I4/mem |5.3953(1) | 7.6487(1) | 222.64(1) | 0.06
0.4 | Pm3m |3.8222(1) 55.83 0.12
0.5 | Pm3m |3.8292(1) 56.15 0.25
0.6 | Pm3m |3.8406(1) 56.65 0.31

sharp increase at temperatures below 7,,,,,, allows us to
conclude that there is no ferromagnetic ordering in all
the investigated SSs. Below these maxima, the FC and
ZFC curves start diverging; the discrepancy between
them sharply increases at 7,,,,, (at 20—40 K). The dis-
crepancy between the FC and ZFC curves below the
magnetic transformation point 7,,,; is typical of all
the Co-containing samples. The measurements in
magnetic fields of 0.5 and 5 kOe coincide, except for
the SS with y = 0.6. It follows from Fig. 4 that the tem-
perature dependence of 7 for St 3Ce; ,Mn; 4C0( O, 69
measured in a field of H = 0.5 kOe contains one more
anomaly accompanied by a sharp divergence of the
ZFC and FC curves. This anomaly accompanied by
small maxima in the ZFC curves at 136 K in a field of
500 Oe is especially pronounced and shifted to 142 K
when measured in a magnetic field of 100 Oe (inset in
Fig. 4).

At the minimal substitution of Co for Mn (y = 0.2),
the SS is characterized by a weaker broad maximum in
the x(7) dependence in the range of 100—160 K
(Fig. 2) as compared with Sr,;Ce,,MnO; [8]. The
temperature dependence of the magnetic susceptibil-
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Fig. 1. Dependence of the parameters @ and ¢ and volume
V (inset) for SrygCey,Mn; _ ,Co,03_5 on the cobalt
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Fig. 4. Temperature dependence of magnetic susceptibility
X for Sty ¢Cey ,Mng 4Co 6O, 79 in magnetic fields of 0.5

and 0.1 (inset) kOe.

ity below 138 K reveals a discrepancy between the ZFC
and FC curves and the %(7) curve has no kink typical
ofthe AFM transition related to a decrease in the mag-
netic susceptibility. At the same time, the x~'(7)
dependence (Fig. 5) obeys the Curie—Weiss law far
above T, (138 K) and has the positive © constant in
the range of 250—400 K, as in Sr, ;Ce, ,MnO; [8].

In the SSs with the higher cobalt content, the max-
imum at 7,,,,; becomes more clear and shifts towards
higher temperatures to 179, 195, 197, and 230 K at y =
0.3, 0.4, 0.5, and 0.6, respectively (Fig. 3). At y = 0.3,
0.4, and 0.5, upon further cooling in the range of 75—
100 K, the magnetic susceptibility slightly increases,
which is accompanied by the divergence of the FC and
ZFC curves. At 28 K (y = 0.3), 20 K (y = 0.4), and
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Fig. 3. Temperature dependence of magnetic susceptibility
x for Srg gCeq ,Mn; _ ,Co,03 _5 (y = 0.3—0.6) in a mag-
netic field of 5 kOe.

36 _ qﬁ,«“
L i,ﬂ"
32t
=28t
‘24t ot
=) e 0
Sef =" =03
T>< L
= yn -0.2
1 1 1 1 1 1 1
0 100 200 300
T, K

Fig. 5. Temperature dependence of reciprocal magnetic
susceptibility X_I(T) for Srp gCe ,Mn; _ ,C0, 03 _5 (v =
0.2—0.6) in a magnetic field of 5 kOe.

15 K (y = 0.5), the maxima in the ZFC dependences
are fixed. It can be seen in Fig. 5 that at high tempera-
tures the magnetic susceptibility of SSs with x values of
0.3, 0.4, 0.5, and 0.6 obeys the Curie—Weiss law

1 =CAT - ©),

where C is the Curie constant (cm®) and © is the
Curie—Weiss constant (K). The negative © values are
indicative of the preferred antiferromagnetic cou-
plings. The solid solution with x = 0.2 is characterized,
similar to Sr, ;Ce,,MnO;, by the positive ® constant
(Table 2).

The magnetization curves at 2 K (Fig. 6) contain
narrow hysteresis loops without saturation traces in a
magnetic field of 50 kOe with a residual magnetization
Vol. 60
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Table 2. Magnetic properties of the St 3Ce ,Mn, _,Co0,0;3_5

solid solutions
C,emu
> T.K Twn, K
Y ®.K K/mol 8 N
0.2 11 2.83 35 138
0.3 —34.7 2.42 28 179
0.4 —39.4 2.0 20 195
0.5 —35.6 1.96 16 197
0.6 —80 1.98 12 230

of up to 0.02 emu/g and coercivity B of up to 350 Oe.
Taking these data into account, the low-temperature
anomalies for the Srj3Ce,,Mn;_,Co,0;_5 SSs at
20—34, as in the case of Sr, ;Ce, ,MnO; [9], should be

attributed to the transitions to the spin-glass-like state.

According to the ac susceptibility measured for a
number of samples (Fig. 7), the x'(7) curves exhibit
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Fig. 6. Magnetic field dependences of magnetization ¢ for
(a) Sro'gceo'zMn0_7C00v302'g4 (y = 03) and (b)
SI'O'8C60'2Mn0'4C00'602.69 (y = 06) at 2 K.
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anomalies at temperatures similar to 7,,,,, and T,
recorded during the dc susceptibility measurements.

Tables 2 and 3 give the magnetic characteristics of
all the investigated samples. The data on the sample
with y = 0.2 were obtained from the }~!(7) depen-
dence in the range of 250—400 K [16]. According to
the RAS and XANES data from [15, 17], cerium in
these SSs has the form of Ce** cations; therefore, the
total magnetic moment corresponds to cobalt and
manganese cations. The Mn and Co valence and spin
states in Sry 3Ce,Mn; _ ,Co,0; 5 (v = 0.2—0.6) were
calculated taking into account the data on the oxygen
nonstoichiometry of the samples (Table 1) and the
experimental effective magnetic moments. In the cal-
culations, we used the following configurations of cat-

ions in the octahedral environment: Mn** (tggeg, S =
3/2), Mn** (e, S = 2), Co** (fr,e;, S = 3/2), and

Co** (t;geg, S = 2 — the high-spin state). In addition,
the spin—orbit contribution to the Co?* effective mag-
netic moment was taken into account.

It follows from the data given in Table 2 that the
experimental effective magnetic moment U, (4.76Lg)
for the Sr,;Ce,,Mn,3Co,,0; compound is much
higher than the [, value calculated assuming manga-
nese to have the form of Mn** cations and cobalt to
have the Co?* form. Meanwhile, as was shown in study
[15] by the XANES technique, Mn in
Sty sCey,Mn, Coy ,05 has the higher valence than in
Sty 5Cey,MnO;. This means that the larger Mn frac-
tion in this SS has the form of Mn*" cations and Co is
in the form of Co?* cations. This conclusion agrees
with the results of investigations of other Mn and Co
complex oxides, including those with the perovskite
[6] and spinel structures [18], where the stable

¢l 39K
y—03 8K
=
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- o =04
) oer, ) LY
= L otetan,, 195K
X 4 %
= %230 K
y= 0.6 "o.
3F e
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Fig. 7. Temperature dependence of ac magnetic suscepti-
bility ' for Sry gCeq ,Mn; _ ,Co,03 _5aty=0.3,0.4,and
0.6.
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Table 3. Experimental and calculated Mn and Co magnetic moments in the Sty sCe, ,Mn; _,Co,0; _ 5 solid solutions

y Composition Wealer UB Wexp> UB
0 Sty Ce(IVy ,)Mn(IV, ) Mn(I11), 405 4.31 5.96 [8]
0.2 Sty Ceg ,Mn(IV)g ,Mn(I11) 6sCo(11)g.0205 06 4.27 4.76
0.3 Stp sCeg,Mn(IV)g oMn(IT1)g 10Co(I1)g 20CO(IITHS ) 100504 4.38 4.40
0.4 Stp sCeq,MN(IV)g 6gCo(I1)g 2Co(ITTHS) 04Co(ITILS)g O 58 4.06 4.04
0.5 Sty §Ceq ,Mn(1V)g sCo(I1)g ,5Co(IITHS) 7Co(I1ILS)( 130, 75 3.99 3.96
0.6 Sty Ceq,MN(IV)g 49Co(11)g 40Co(ITHS)g 07Co(IIILS ) 2005 60 4.10 4.01
Mn**—Co?" valence configuration, rather than paramagnetic region. Analysis of the Mn and Co

Mn?**—Co*", was also fixed. The L, value higher than
the calculated one can be attributed, as in
Sty sCe,,MnO;, to the formation of ferromagnetic
clusters in the paramagnetic region.

As follows from Table 2, with a further increase in
the Co content in the SS, the number of Mn?* cations
decreases (to 16% at y = 0.3) and, at y = 0.4 and 0.5,
they completely vanish. As the oxygen content in these
samples decreases, the bivalent cobalt content grows.

It is interesting to compare the examined Co and
Mn valence state evolution with the available data on
the SrMn, _ ,Co0,0; system. In this system, in contrast
to Sry3Cey,Mn, _ ,Co,0;, the substitution of Co for
Mn leads to the formation of a number of homologous
compounds with the quasi-one-dimensional struc-
ture, including Sr;;MngCo;0;5, SrgMn;Co,0,,, and
S1,Mn,CoOy [19]. In these compounds, the d elements
are ordered in different structural positions in the form
of Mn** and Co?* cations. The presence of Mn*" cat-
ions is considered to be the most probable situation in
the SrCo; _ ,Mn,O; _5(0<x<0.30) SS [20]. It follows
from Table 3 that in the Sr, 3Ce, ,Mn, _ ,C0,0; SS with
increasing y, there is a trend to a decrease in the num-
ber of Mn?" cations and preferred formation of the
Mn**—Co?" valence combination.

Based on the data from Table 3, we can explain the
change in the unit cell parameters in the series of
SrysCep,Mn; _ ,Co,0; 5 (v = 0-0.6) SSs. The
decrease in the tetragonal distortion and parameters a
and c at the first stage is consistent with a decrease in
the content of Jahn—Teller Mn?* cations with an ionic
radius of 0.645 A [21], which are replaced by Co3" cat-
jons with a smaller size (0.61 A). Further, Co?* cations
with an ionic radius of 0.745 A make a decisive contri-
bution to the unit cell size and transition to the cubic
structure.

To estimate the nature of the magnetic interactions
in the investigated solid solutions, we used the data
from [8, 9] that Sr,3Ce,,MnO; is characterized as a
dilute antiferromagnet (7 = 210 K) with a spin-glass-
like state below 20 K and ferromagnetic clusters or a
microscopic inhomogeneous magnetic phase in the
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valence and spin states in SryCe,,Mn, _ ,Co,0;_;
(y = 0—0.6) on the basis of the magnetic measure-
ments suggests that the possible antiferromagnetic
(AFM) couplings in the investigated compositions are
Mn3*—O—Mn3", Mn**—O—Mn*", and Co*'—0O—
Mn*" and the ferromagnetic (FM) couplings are
Co**—O—Mn** and Mn3*—O—Mn**. In
Sty 5Cey,MnO;, the magnetism is determined by the
competition between the Mn?**—O—Mn3* and
Mn**—O—Mn*" couplings and the Mn**—O—Mn**
couplings. The shift of the broad maximum in
Sty sCey,Mn, ;Coy,0, 95 to 138 K is indicative of the
weakening of the short-range antiferromagnetic cor-
relations at the retained complex x~!(7) dependence
above this temperature. The positive constant © for
this sample and a significant discrepancy between the
ZFC and FC curves below 35 K point out the conser-
vation of the competing ferromagnetic and antiferro-
magnetic couplings, which result in the spin-glass-like
state at low temperatures. An increase in 7}, with the
Co content (up to 239 K at y = 0.6) and the growth of
the negative constant @ are apparently due to the
enhancement of the AFM Mn*"—O—Mn** couplings
against the background of the weakened FM cou-
plings. The occurrence of a ¥ jump in the FC curve
and a weak maximum in the ZFC x(7) curve at 140 K
in the Sr,¢Ce,,Mn; ,Co, O, sample when measured
in magnetic fields of 500 and 100 Oe evidence for the
magnetic inhomogeneity of this sample and are
caused by the high content of Co?* cations and forma-
tion of FM Co*"—Mn** clusters. This conclusion can
be confirmed by the results of investigations of the
SrCo, _ . Mn,0, 7 SS, in which the ferromagnetism
with 7 = 150 K detected at the minimum Mn content
(x =0.05—0.10) is broken at the higher content of this
element [20].

4. CONCLUSIONS

The results of crystal structure investigations and
magnetic measurements of the electron-doped
Sry5Cep,Mn,; _ ,Co,0;_5 (v = 0.2, 0.3, 0.4, 0.5, and
0.6) SSs allowed us to draw the following conclusions.
Vol. 60
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The solid solution with y > 0.4 undergoes a concentra-
tional phase transition from the tetragonal syngony
(sp. gr. 14/mcm) to the cubic one (sp. gr. Pm3m),
which is stable up to y = 0.7. The observed structural
transformation is related to the substitution of Co?*
and Co*' cations for Jahn—Teller Mn** ions and a
decrease in the oxygen content. The evolution of the
magnetic properties of the SSs was analyzed using the
available data on the Sr;¢Ce;,,MnO; manganite,
which is characterized as a dilute antiferromagnet with
Tn = 250 K and a spin-glass-like behavior and con-
tains ferromagnetic clusters in the paramagnetic
region at low temperatures. Upon the minimum sub-
stitution of cobalt for manganese (y = 0.2) in
Sty 3Ce,MnO;, we observed a sharp decrease in 7y to
138 K, a positive © constant in the Curie—Weiss law,
and a spin-glass-like behavior at 7'< 35 K. The behav-
ior of the samples with the high cobalt content is
caused by a further decrease in the content of Mn3*
cations (at y = 0.3) and their disappearance (at y = 0.4
and 0.5). As a result, the magnetic transformation
point shifts to the high-temperature region, apparently
due to the enhancement of the AFM Mn*"—O—Mn**
couplings at the retained spin-glass-like state at low
temperature. In the sample with the maximum cobalt
content, when measured in fields of 100 and 500 Oe,
the region of ferromagnetic clusters was observed
against the background of possible antiferromag-
netism (7 = 230 K) below 140 K.
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