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dc magnetization, electronic transport, and structural properties are studied on the mixed valence rare earth
Sr-doped cobaltites Y 3351y 67C00;_s. Oxygen deficiency and alternative layered structure with CoOg octahe-
dron and CoO, tetrahedral polyhedron lead to the mixed valence states of Co ions. We found a Curie tem-
perature at 304 K and a magnetization jump around 200 K under 0.01 T with a thermal hysteresis indicating
a kind of magnetic memory effect. Temperature dependence of the electrical resistance exhibits nonmetallic
with a thermal activation type. The observed magnetization jump is interpreted in term of a spin state transition
of Co™* ions in the octahedral site from the intermediate to low spin state. The intermediate spin configuration
of Co** with tgge i may develop an orbital ordering which accounts for the nonmetallic transport. With increas-
ing magnetic field, the magnetization jump gradually disappears and its onset temperature shifts to lower
temperature. The oxygen rich compound Y3351 ¢7C005 704 With 6% rich Co** population compared to the
less oxygen compound Y|y 3351 7C00; 614 shows a relatively large magnetization jump as well as the enhance-
ment of the e, electron localization leading to higher magnetic transition temperature from the intermediate to
low spin state. Contrary, the less oxygen Y 3351 ¢7C00, ¢4 shows the substantial low oxidation state as Co”*

which guides to a possible intermediate spin state stabilization.
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INTRODUCTION

The transition-metal oxides with oxygen deficient super-
structures of the basic perovskite ABO; have been exten-
sively studied because of their rich physics and potential
application in their behaviors of electrical transport and mag-
netic properties.!> The rare-earth strontium cobaltites
RE,_,Sr,CoO; (RE is the rare-earth ion) have received lots
of attention due to a couple of unique properties; namely, the
existence of different Co spin states.>™ i.e., high spin state,
intermediate spin state, low spin state with different S in
Co?*, Co**, and Co** ions, as well as the unusual magnetic
ground state of doped cobaltites.5® The physical properties
of these materials are dependent upon the compositions as
well as ionic and nonstoichiometric oxygen vacancy order-
ing. The cobaltites are composed of Co-O octahedral, tetra-
hedral, or both of them depending on the oxygen populations
in the crystal structures.®' Comparatively, a series of cobal-
tates REBaCo,0s, 5 exist with Co-O octahedral, pyramids or
both structure under the different oxygen stoichiometry.”-!! It
has been pointed out the oxides of high oxidation states lead
to the change of the electronic structure, especially to a pos-
sible intermediate spin state stabilization.'”> The magnetiza-
tion data of GdBaCo,0s, 5 (Ref. 7) reveals a reentrant para-
magnetic phase at 75 K, which was interpreted as a spin-
state transition of the Co** ions in the octahedral site from
the intermediate to low spin state. A part of the magnetiza-
tion below 75 K comes from the contribution of Gd** ion
which is magnetic. On the other hand, no paramagnetic be-
havior exists in YBaCo,0s!? down to low temperature be-
cause Y is nonmagnetic. The Y;_ Sr,CoO;_s family of com-
pounds forms the single phase for compositions x> 0.6.!413
Recently, Kobayashi et al.® reported a room-temperature fer-
romagnetism with a Curie temperature of 335K in
Y ,_,Sr,Co0;5_s (0.75<x=<0.8) due to the peculiar Sr/Y or-
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dering. The temperature dependence of the resistivity is non-
metallic which is ascribed as the antiferromagnetic state in
the Co>* orbital order. In cobaltites, the magnetic and elec-
tronic behaviors have been interpreted with the orbital order-
ing of Co** ions.”®!! Theoretical calculation by Korotin et
al.'® on LaCoO; suggests that the intermediate spin configu-
ration t;ge; is associated with a strong Jahn-Teller active
state. Assuming the occupied e, orbital order, the ordered
intermediate spin state forms the ferromagnetic state in
planes (001) under the antiferromagnetic coupling between
planes. This accounts for the nonmetallic transport of
LaCoO; at 90 K< T<500 K well.

In this paper, we prepared Y 3351, 7C005_s polycrystal-
line samples with different oxygen contents. The compounds
induce a different population of spins with different mixed
valance states of Co ions according to the existence of Co-O
octahedral and tetrahedral coordinates. We found out a dc
magnetization jump, the decrease in the magnitude around
200 K during the field cooling measurement under 0.01 T.
Such discontinuous jump was observed with the only de-
creasing temperature and with increasing temperature the
magnetization showed a relative small magnetization above
the jump temperature followed from the lower temperature
curve. The present magnetic phase transition indicating a
kind of magnetic memory effect suggests a spin-state transi-
tion within a Co ionic site under the ferromagnetic ordering.
The results are discussed with respect to the possible appear-
ance of the spin states related to the oxygen deficiency.

EXPERIMENTS

Polycrystalline samples of Y 3351r)4,C005_s were pre-
pared from stoichiometric mixtures of SrCO; (99.999%),
Co050, (99.9%), and Y,05 (99.99%) by the conventional
solid state reaction. The mixtures were ground, pressed into a
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pellet and calcined at 1100 °C for 48 h under the oxygen
flow. The product was regrounded, pressed into a pellet and
sintered at 1250 °C under flowing oxygen for two days until
no further reaction was evident by the x-ray powder diffrac-
tion to obtain the oxygen-processed sample. The air-
processed sample was prepared in air under the same tem-
perature condition. As has been noted, the Y;_,Sr,CoO;_s
family of compounds forms single phase for compositions
x>0.6."%15 Room temperature x-ray diffraction measure-
ments by the RIGAKU RADII-A diffractometer with Cu K«
radiation verify the crystal structure and parameters around
Co ions successfully. The refinement of the crystal structure
for the obtained diffraction data was done by using a pro-
gram RIETAN.!'7 dc magnetization was measured by quan-
tum design SQUID magnetometer in the temperature range
of 5 K-340 K under the magnetic field of 0-5 T. dc elec-
trical resistance was measured by a four-probe method down
to 10 K.

The oxygen content as well as chemical composition of
doped Sr for Y is considered to have an important influence
on the structural stability with electronic and magnetic states.
The homogeneity and stoichiometry of the samples were
analyzed by the electron-probe microanalysis (EPMA) and
inductively coupled plasma (ICP) spectroscopy. The results
confirmed that the molar ratio of Y:Sr:Co is 0.323:0.672:1 in
the oxygen-processed sample and 0.337:0.707:1 in the air-
processed sample, respectively. They are close to the nomi-
nal compositions. The oxygen content was determined
through iodometric titration.'® Powdered sample 20 mg was
dissolved in 6 M HCI solution (circa 5 ml) containing an
excess KI (50%, circa 10 ml). The formed iodine of the sto-
ichiometric amount was titrated with Na,S,0; solution using
electrochemical reaction of AgCl and Pt electrode to detect
the end point. The concentration of Na,S,05 solution was
standardized against both KIO; and KI solution. To prevent
oxidation by oxygen in air, the titration experiment was con-
ducted under the Ar atmosphere flow. We repeated every
experiment for three times and found the reproducibility.
Eventually, the oxygen contents of both samples were ob-
tained as Y(3351)4,C00,44 for the oxygen-processed
sample and Y 3351) 7C00; 704 for the air-processed sample,
which suggested the existence of both Co** and Co’* ions
(see Table I).

RESULTS AND DISCUSSIONS

Powder x-ray diffraction profiles and Rietveld refinement
procedure for the oxygen-processed Y 3351 ¢7C00, ¢4 rE-
veal the existence of the tetragonal structure with a space
group of I4/mmm (No. 139). The x-ray diffraction is coming
from the elastic scattering process of charge density distribu-
tion with an x-ray electromagnetic wave and the number of
electrons of Y ion is close to those of Sr ion. Therefore, we
have taken a choice of the initial coordinations of both Y and
Sr ions from the results of the neutron diffraction analysis in
Y .33910,67C005_.'° The results of the refinement by using a
program RIETAN are shown in Fig. 1 with the observed and
calculated diffraction intensity profiles. The refined crystal
structure and crystal parameters are given in Fig. 2 and Table
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TABLE 1. Crystal data for oxygen-processed Y 3351, ¢7C005_g
from the refinement with a program RIETAN in space group
14/mmm using x-ray diffraction data at room temperature. The oxy-
gen contents determined by an iodometric titration are shown to-
gether with averaged valence of Co.

Y 33510 67C003_g O,-processed Air-processed

a (A) 7.616(0) 7.630(6)
c (A) 15.274(1) 15.284(13)
V (A3) 885.93(5) 889.80(13)
S/RE/R; 2.8/4.70/5.54 3.2/4.74/4.86
Y:Sr:Co 0.323: 0.672:1 0.337: 0.707:1
3-6 2.614 (3) 2.704 (11)
Co valence 2.917 2.982

I, respectively. The lattice parameters are a=7.616(2) A and
¢=15.275(5) A. In the refined structure, there are two asym-
metry occupations for the Co cations, Col and Co2 as sum-
marized in Table II. Two kinds of Co-O coordination form
the alternated layered structures of CoOg octahedron block
and CoQ, tetrahedral polyhedron block along the ¢ axis. The
present result is consistent with the previous results.>!”
There remains a small impurity phase of Y,0O5 at about 29°
in the x-ray diffraction. The magnetization of Y,05; powder
sample was measured separately and there was no specific
contribution to the present study. The air-processed sample
exhibits the similar structure to that of the oxygen-processed
sample.

Table I shows that the lattice parameters of the air-
processed Y3351 7C00, 704 are longer than those of the
oxygen-processed sample. This verifies that the oxygen con-
tent in the air-processed sample is larger than that in the
oxygen-processed sample. This is confirmed with the oxygen
contents determined by the chemical analysis as shown in
Table 1. The reason why the air-processed polycrystalline
sample has a rich oxygen composition than that of the
oxygen-processed sample is not clear in the present stage. It
is worth to note that the present procedure is not an anneal-
ing but sintering process. Such peculiar oxidation is open for
future study. In fact, other preparation studies in the different
sintering temperatures for the same Y-Sr-Co-O compounds
by using the identical technique exhibit that the oxygen pro-
cess leads to the high oxygen content in comparison with the
air-processed samples.'” We speculate that the Co®* exis-
tence so as to more Co?* and Co** double exchange in the
oxygen prepared samples generally results in the lower oxy-
gen content in the oxygen-processed sample than that in the
air-processed sample.

As shown in Table II, the averaged Co2-O interatomic
distance in the air-processed Y3351 47C00, 704 1s longer
than  that obtained in the  oxygen-processed
Y 33510 67C00; 614, While the averaged Col-O bond distance
is slightly smaller than that in Y3351 ¢7C00;¢14. The air-
processed Y3351 67C00, 704 implies the relatively rich oxy-
gen content which may result in the strong distortion leading
to the different magnetic and electrical properties from the
oxygen-processed sample. Following the bond valence sum
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calculations on Y 3Sr,;,C00,¢,,° the samples showed that  calculation'® shows that the spin state transition from the
the tetrahedral site of Col was occupied by Co?* and Co** intermediate to low spin state occurs at about 90 K in
ions and the octahedral site of Co2 was occupied with Co** LaCoO;. The magnetization increase at 75 K (Ref. 7) and
ions only in the present polycrystalline samples. The calcu- 108 K (Ref. 11) in GdBaCo,0s, ;s is explained to be accom-
lation by using the chemical compositions, there are 4% Co** panied with the spin-state transition of the Co®* ions in the
and 96% Co®* on the tetrahedral site where 100% Co** on octahedral site from the intermediate to low spin state be-
the octahedral site for the air-processed sample, and 16% cause the spin state of Co®* ions in the square-pyramidal site
Co?* ion on the tetrahedral site and 100% Co** on the octa- may be high spin or intermediate spin state. The population
hedral site in the oxygen-processed sample. The change in of Co** ions is much larger than the Co?* population in both
the number of Co ions with different oxidation number due samples, so we consider this phase transition at 180 K in
to difference in the oxygen content induces the structural Y 33510 67C00, 614 s most likely to be the spin state transi-
distortion so as to possibly relate to different magnetic and  tion of Co®* in the octahedral site from the intermediate to
electronic transport properties.''?%2!  The air-processed  low spin state and magnetization drops instantly. With in-
Y 33519 67C00, 704 has 6% increased population of Co™* creasing temperature, another transition, the Curie tempera-
compared to the population of Co** in the oxygen-processed ture T, is observed at 304 K, which comes from the com-
Y 33519 67C005 ¢14- petition of the Co** orbital ordering state in the intermediate

Figure 3(a) shows the dc magnetization as a function of  spin configuration between superexchange antiferromagnetic
temperature for oxygen-processed sample (less Co**) under and ferromagnetic interactions. Similar phenomena appear in
an applied static magnetic field of 0.01 T. There is a Curie the air-processed Y, 33510 67C00, 704 (rich Co**) as shown in
temperature at 304 K below which the magnetization in- Fig. 3(b). They show a Curie temperature at 304 K and the
creases up to 280 K. This result shows a formation of ferro- magnetization increases up to 280 K. The magnetization is
magnetic phase. There is an abrupt jump in the dc magneti- larger than that in the oxygen-processed Y3351 47C00; 414
zation at 180 K, we define the temperature as 7, upon with 6% less Co’* population than the air-processed
decreasing temperature under the magnetic field in the Y (3351 67C00, 704. Subsequently, below 280 K, we observe
oxygen-processed Y 3351)67C00,414. Below 180 K, the a substantial decrease to a magnetization jump at 7

magnetization shows the temperature independent magne- =204 K in the air-processed sample. The temperature of the
tism associated with a possible small paramagnetic contribu- magnetization jump is higher than that 7;,=180 K in the
tion down to 10 K. With increasing temperature, the dc mag- oxygen-processed sample, which deviates the conclusion'?

netization monotonously increases and subsequently transit  that a relative high oxygen state in the sample of
to the paramagnetic phase above 304 K. The result shows a Y 3351),67C00, 704 should stabilize the intermediate spin
thermal hysteresis, indicating a kind of magnetic memory state. It is mainly due to the appearance of Co>* ions in the
effect as a function of temperature. To our knowledge, the samples and there is no Co** ion in the compounds which are
present transition is reported in Y3351 47C005_s for the first ~ different from the discussion of Ref. 12. It should be related
time. Magnetization jump was observed in the GdVOj; single  that the oxides of the low oxidation states lead to the elec-
crystal along the a axis at about 8 K,?> which suggests the tronic structure modification, especially to a possible inter-
different domain arrangements in the homogenous antiferro- mediate spin state stabilization. In Y3351 4,C00, 704, the
magnetic phase. Cao et al.?? also reported the magnetization  increasing Co** ions due to oxygen deficiency induce larger
step in Prs,3CassMnO5; manganites at low temperature which ~ magnetization and result in the strong Jahn-Teller distortion
is possibly related to the spin quantum transition. Theoretical to localize the e, electron®® which increases the antiferro-
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FIG. 2. (Color online) Crystal structure of the oxygen-processed
Y 33510 67C00, 614 Obtained from the Rietveld refinement of x-ray
powder diffraction data by using a program RIETAN. The crystal
symmetry is tetragonal with a space group P4/mmm; a=7.616 A
and ¢=15.274 A.

magnetic interaction so as to the jump temperature and pos-
sibly weakens the intermediate spin state. The conjecture is
also proved in the annealed samples of the oxygen-processed
Y .33510,67C007 614

As shown in Fig. 4, the magnetization jump of the
oxygen-processed Y3351 67C00, 614 slowly vanishes and
relative 7, shifts to the lower temperature from 180 K at
0.01 T to 164 K at 1 T. It indicates the “melting” of the or-
bital ordered antiferromagnetic state and the decrease of the
ordering temperature which have been reported in
manganites.” It is also shown in Fig. 4 that the magnetiza-
tion increases around the low temperature with increasing
the applied field, which may support the existence of the
antiferromagnetic state at low temperature.

Figure 5 shows zero-field cooled magnetizations as a
function of temperature for the oxygen-processed
Y 33519 67C00, 614 under the applied magnetic field of
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TABLE II. Interatomic distances between Co and oxygen ions
in Y33519,67C003_s

Y 33510 67C003_s O,-processed Air-processed

Tetrahedron
Col-01(X2) 1.857(7) 1.814(11)
Col1-02(X2) 1.961(12) 1.978(17)
Col1-03(X2) 1.921(5) 1.911(8)
(Co1-0O) 1.913 1.901
Octahedron
Co2-01(X1) 2.057(8) 2.144(15)
Co2-04(Xx4) 1.909(0) 1.911(1)
(Co2-0) 1.983 2.028

0.01 T and 0.5 T, respectively. There is a cusp below 304 K
at 0.01 T, which is related to glassiness?® or spin glasslike.?’
With the magnetic field increasing to 0.5 T, the cusp tem-
perature is still around 304 K, which suggests the cusp
should be attributed to glassiness,?® the system appears to
contain the ferromagnetic clusters in an antiferromagnetic
matrix. It is postulated that the competed phase separation of
Co** ion ferromagnetic interaction and antiferromagnetic su-
perexchange interaction induces the appearance of the cusp
around 7'c.

For studying the character of the difference magnetic tran-
sition temperature, we measured the dc magnetizations as a
function of applied field for the oxygen-processed
Y0'33Sr0'67C002.614 at 285 K, 190 K, and 10 K, for the air-
processed Y3351 67C00, 704 at 295 K, 210 K, and 10 K, as

T T T T T T T T T T T

emul/g)

-2

Magnetization (10

0 50 100 150 200 250 300
Temperature (K)

FIG. 3. (a) Magnetization as a function of temperature of the
oxygen-processed Y3351 67C00, 41, measured with decreasing
temperature under magnetic field of 0.01 T (solid circles) and in-
creasing temperature (open circles); (b) temperature dependence of
magnetization of the air-processed Y3351 7C00, 704 (triangles)
under 0.01 T. The field cooling curve is shown as the solid sym-
bols, whereas the field warming curve is shown as the open
symbols.
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shown in Figs. 6(a) and 6(b). The existence of the hysteresis
loop for the air-processed sample at 295 K and 210 K im-
plies a ferromagnetic component, suggesting a kind of ferro-
magnetic material; the lack of saturation will correlate with
the antiferromagnetism.?° The ferromagnetic clusters within
an antiferromagnetic matrix are the most likely model here,
which consists of the orbital ordering state mentioned. There
are no hysteresis loop and saturation for Y3351 ¢7C005 704
at 10 K, which indicates the antiferromagnetism of the low
spin state at low temperature. For the oxygen-processed
sample, there exists only a small hysteresis at 285 K and no
hysteresis at other temperatures. The antiferromagnetic inter-
action is stronger than the ferromagnetic exchange in the
Co** orbital ordering state so that the magnetic field depen-
dence of the dc magnetization exhibits antiferromagnetic.
We measured the temperature dependence of the dc elec-
trical resistance of the oxygen-processed Y 3351 7C00, 614
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FIG. 5. Zero-field cooled magnetization as a function of tem-
perature for the oxygen-processed Y3351 ¢7C00, 14 under fields
of 0.01 T and 0.5 T.
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for oxygen-processed Y 33S1r)7C00,4614 at 285 K, 190 K, and
10 K. (b) Magnetization curves as a function of magnetic field for
air-processed Y 3351) 7C00; 704 at 295 K, 210 K, and 10 K.

(a) and the air-processed Y3351 ¢7C00, 704 (b) under zero
magnetic field down to 115 K below room temperature. Fig-
ure 7 shows the electronic transport of both samples. The
obtained results follow with the thermal activation-type p
=po exp( ﬁ) which suggests nonmetallic, where A is the
activation energy. They are interpreted in the term of the
appearance of the Co®* ions with an orbital order in the in-
termediate spin state.'® The obtained activation energies are
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FIG. 7. Normalized dc electrical resistance as a function of tem-
perature for both oxygen-processed Y 3351( ¢7C00, 64 (a) and air-
processed Y0_33Sr0_67C002_704 (b)
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approximately 0.33 eV for the air-processed
Y3351 67C00, 704 and 0.6 eV for the oxygen-processed
Y 33515,67C00, 614 below room temperature. Obviously, it is
rather incompatible with the double-exchange interaction be-
cause Co®* ions in Y3310 ,,C00, ¢4 are more than that in
Y 3391, 67C00, 704 With 6% increase of Co®* population,
which induces the stronger exchange interaction with Co®* to
reduce the thermal activation gap. From the magnetic mea-
surement results, due to relatively rich Co®* ions population
the air-processed Y 3351 7C00, 704 €xhibits the larger mag-
netization in the intermediate spin state which may decrease
the activation energy. So the oxygen rich Y 3351 ¢7C00; 704
possesses the lower activation energy than that of the oxygen
less Y33510,67C007 614

From the above the experimental results, it can be con-
cluded that the magnetic memory effect of Y3351 47C005_s
compounds arises from the Co®* spin state transition in the
octahedral site from the intermediate to low spin state at a
certain temperature. The formation of the orbital order inter-
prets the nonmetallic property in the electronic transport.”-!6
For Y 3351 c;C005_g samples, the ferromagnetic properties
above the T, suggest that the electron ordering of Co** ions
should be ascribed to the orbital ordering and not the charge
ordering. There exists the alternative layered structure of the
octahedral and tetrahedral with different Co-O bond length
due to oxygen deficiency in the samples. This crystal struc-
ture is crucial to the ordering of the orbital of Co®*. The
intermediate spin state configuration is z‘;ge; with the strong
Jahn-Teller active state. By the x-ray diffraction data in the
powder form and the single-crystal of LaCoQ5,?® the alterna-
tion of short and long bands in the a-b plane indicates the
presence of e, orbital ordering in the intermediate spin state
induced by a cooperative Jahn-Teller distortion. The experi-
mental results of Chernenkov er al. on GdBaCo,0s 5 (Ref.
29) indicate that the e, electrons of Co** in the pyramidal
site should have d,2_> and d3.2_,2 orbitals, which induce the
high spin state; the e, electron of Co’* in the octahedral site
should have d2_.2 and dyz_zz orbital, which are related to the
intermediate spin state. The oxygen deficiency of
REBaCo,0s 5 forms the rare earth RE3* and Ba®* order into
alternative, thus the intermediate spin or high spin Co** state
in the square-pyramidal site is stabilized with removing the
oxygen of the RE** planes.’® It supports our conclusions that
the spin state transition from the intermediate to low spin
state in the Co** among the octahedral coordinates results in
the dc magnetization jump at a certain temperature and not in
the tetrahedral positions. Based on the orbital order analysis
by the x-ray diffraction on GdBaCo,0s 5 (Ref. 29) and the
theoretical calculation on the Co®* intermediate spin state of
LaCo0;,'° the spin mode of the e, occupied orbital ordering
of Co’* ions in two dimensional sublattices can be crudely
illustrated as shown in Fig. 8. As a starting point in octahe-
dral site, we assign the e, orbital dlz_zz of Co ions marked in

the Ocll and Ocl2 (Oc: Octahedron). One e, orbital is
empty and #,, orbitals are occupied with excluding dﬁz based
on the minimized Coulomb interaction energy concerning
the e, and t,, electrons. For the neighboring Co ions, the
dlz_zz orbital of the e, electron is placed in the site Oc21 and
Oc22 and the d}cz orbital is in the lre hole. Therefore, all the
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FIG. 8. A model of spin-state and orbital ordering in the inter-
mediate spin state for the occupied e, orbital of Co’* ions in the
octahedral site (Oc11-Oc22).

octahedral Co®* ions are in the intermediate spin state and
formed into the orbital ordering. It may be noted that such a
spin structure supports the fact that there are in-plane ferro-
magnetic interaction and interplane antiferromagnetic cou-
pling. Spin order arrangement of a similar kind have been
also reported by Roy et al.'' and Khomskii et al.’!

There may exist a competition between the in-plane fer-
romagnetic interaction and interplane antiferromagnetic in-
teraction with applied magnetic field and the ferromagnetic
interaction overcomes antiferromagnetic superexchange in-
teraction establishing a long range ferromagnetic state at
180 K=<T=<304 K and a cusp with T-=304 K (see Fig. 5).
The magnetization decrease below 280 K suggests the
gradual antiferromagnetic appearance in the intermediate
spin state. With decreasing temperature, there is a tempera-
ture tunable magnetization jump which accompanies with the
spin state transition of the octahedral Co** ions from the
intermediate to low spin state. In the low spin state, there
should be no magnetization due to the tggeg configuration and
Y ion is nonmagnetic.13 However, a substantial magnetiza-
tion in the low temperature accounts for that the Co** ion in
the tetrahedral site may be in either the high spin or the
intermediate spin states in whole temperature range.”>* High
magnetic field destroys the Co** antiferromagnetic state to
favor ferromagnetism and both samples suggest the ferro-
magnetism. The orbital ordering corresponds to the antifer-
romagnetic ground state, so that the electrical resistance ex-
hibits nonmetallic.16-32

The 6% rich Co** ions in  air-processed
Y0_33Sr0_67C002.704 than in Y0.33SI‘0.67C002_614 result in the
higher magnetization and a relatively large Jahn-Teller dis-
tortion which localizes the e, electron to increase the jump
temperature.

CONCLUSIONS

In summary, the structural and magnetic properties of the
air- and the oxygen-processed Y 3351 4,C005_s were stud-
ied. The samples exhibit the perovskite-based structure with
a space group of I4/mmm (No. 139) and a layered ordering
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of oxygen vacancies. The alternate layered order of CoOgq
octahedron and CoQ, tetrahedral polyhedron and the inter-
mediate spin tgge;, configuration result in the form of the
orbital ordering state in the intermediate spin state of the
Co’* octahedron position. The orbital ordering appearance
induces the nonmetal of both samples in whole temperature.
Magnetic memory effect in about 200 K under 0.01 T is ob-
served and related to the Co** spin state transition in the
octahedral site from the intermediate to low spin state. The
magnetization transition around 304 K is attributed to the
competition of Co®* antiferromagnetic and ferromagnetic in-
teraction in the orbital ordering state. The air-processed
Y .33510,67C00, 704 possesses the rich Co** ions due to the
oxygen deficiency which supports the larger magnetization
than that in the oxygen-processed Y3351y 7C00;614. The
rich Co** ions and the weak Co?* and Co’" interaction ac-
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celerate the Jahn-Teller distortion to localize the e, electron,
which gives rise to the higher 7;=204 K in the air-processed
Y 33510 67C00; 704. The oxides of the low oxidation states in
the oxygen-processed Y3351 67C00, 6,4 lead to a possible
intermediate spin state stabilization due to the low distortion
to low T;. The observation of magnetic memory effect pro-
vides an experimental proof about the spin state transition of
Co** ions in cobaltites.
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