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We present the structural and magnetic properties of polycrystalline samples of the solid solution
(Lap.70-xYx)Bao30Mn;_xFey,O3 (x=0.00, 0.10, 0.20 and 0.30). Samples have been prepared by a conven-
tional solid-state reaction method in air. Rietveld refinements of the X-ray powder diffraction data show
a structural transition from rhombohedral (R3c) to orthorhombic (Pbnm) symmetry when x> 0.10. The
ZFC, FC and M(H) measurements lead to conclude that the samples with x > 0.10 behave like spin-glass
systems. The substitution of Mn3* ions by Fe3* ions triggers antiferromagnetic interactions between the
Fe3* and Mn** spins. The values of the magnetization (M(H)) decrease when increasing the Fe content.
On the basis of a simple model of Mn and Fe spins pointing in opposite directions, we found the experi-
mental data close to the calculated values, confirming the antiferromagnetic alignment between Fe and
Mn moments.
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1. Introduction stitution at the A-site does ultimately affect the Mn-site ion in
the Ln;_yAxMnO3 perovskite structure. This gives rise to double-
exchange [3], a transfer of spin-polarised electrons from Mn3* to

Mn#*, below the Curie temperature.

Perovskite type Ln;_yAxMnO3 phases (Ln =trivalent lanthanide,
A=Ca?*, Sr2*, Ba2*) exhibit giant magnetoresistances (GMR) [1,2].

The transport and magnetic properties of the substituted man-
ganites depend on their structure, composition, and the oxidation
states of Mn. The substitution at the La site by a divalent metal
ion like Ca, Ba or Sr induces ferromagnetism in the antiferro-
magnetic insulator LaMnO3 sample because of the changes in the
oxidation state of Mn from Mn3* to Mn#*. This shows that the sub-
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The introduction of a transition metal ion M3* into the
manganese site of Lag;7Bag3Mn0O3 manganites can destroy the
long-range ferromagnetic order and shift the magnetic and electric
ordering temperatures toward lower values [4]. Depending on the
size mismatch of A-site or B-site ions in the ABOs-type perovskites,
the Mn3*-02--Mn** network can be changed. In this way, one can
modulate the competition between the double-exchange, super-
exchange and Coulomb interactions among the Mn ions. Compared
to the A-site doping, B-site doping will not only modify the crucial
Mn3*-0%2--Mn*" network but also brings about new interactions
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between the center Mn ions and the dopants. Doping by magnetic
ions such as Fe3* at Mn-site causes additional magnetic coupling.
Until now, only scarce studies have been carried out concerning
simultaneous doping of A-site and B-site of ABO3-type perovskites.
In this context, our goal is to study the influence of the simultane-
ous substitution of Y3* ion at the A-site and of Fe3* magnetic ion
at the Mn-site on the structural as well as magnetic properties of
Lao~7Ba0.3MnO3.

2. Experimental details

Polycrystalline samples (Lag70-xYx)Bao3soMn;_xFexO3 with 0<x<0.30 were
prepared by a conventional solid-state reaction method in air. The starting reagents,
La;03, Y203, BaCO3, MnO, and Fe;03 (dried before use at 400K in order to remove
any absorbed water) were weighted in stoichiometric proportions. The mixed pow-
ders were first heated in air at 1173 K during 72 h to achieve decarbonation. After
grinding, they were heated again at 1473 K for 24h in air to ensure homogeniza-
tion. Intermediate cooling and mechanical grinding steps were repeated in order to
get an accurate homogenization and complete reaction. The powders were pressed
into pellet forms under 4T/cm? and sintered at 1673 K for 2 days in air with sev-
eral periods of grinding and repelleting. Finally, these pellets were quenched to
room temperature. This step was carried out in order to keep the structure at the
annealing temperature.

The X-ray powder diffraction patterns were recorded with a Bruker AXS D8
ADVANCE diffractometer with Cu radiation and 20° < 26 < 120° with steps of 0.02°
and counting time of 16s per step. The structure refinement was carried out by
Rietveld analysis [5] of the X-ray powder diffraction data using the FullProf software
(version March 2005-LLB-LCSIM). The microstructure was examined in a scanning
electron microscope (SEM) at room temperature on a JSM-6400 apparatus working
at 20 kV. Chemical composition was determined using energy dispersive X-ray anal-
ysis (EDX). Magnetic properties were explored with an MPMS-XL5 Quantum Design
SQUID magnetometer (2 < T <400K) at fields between 0 and 5T. In the zero-field-
cooled (ZFC) measurement the sample was cooled down from room temperature
to 2 K before a magnetic field was applied, subsequently heating the sample while
recording. In the field-cooled (FC) measurement the sample was cooled in an applied
field from room temperature to 2 K.

3. Results and discussion
3.1. Energy dispersive analysis

In order to check the existence of all elements in the
(Lag.70-xYx)Bag 3oMnj_xFexO3 (x=0, 0.10, 0.20 and 0.30) com-
pounds, energy dispersive X-ray analysis was performed. The EDX
spectra (not presented here) reveals the presence of La, Y, Ba,
Mn, Fe and O, which confirms that there is no loss of any inte-
grated element during sintering. The typical cationic composition
for the (Lag70_xYx)Bag30Mn;_yxFexO3 samples evaluated from EDX
analysis is presented in Table 1. The EDX analysis shows that the
chemical compositions of these compounds are close to the nom-
inal ones (La:Y:Ba:Mn:Fe=(0.70 —x):x:0.30:(1 — x):x) within the
limits of accuracy of the technique (x £0.01).

3.2. SEM observations and microstructure

Fig. 1a shows the SEM photographs for the (Lag7¢_xYx)Bag 30
Mn;_xFex0O3 samples sintered at 1673 K for x=0.0, 0.10, 0.20 and
0.30. The SEM photographs represent a strongly connected grains.
These photographs show a small decrease of the grain size when the
content of Y3* and Fe3* increases. This is also clear from the particle
size calculation done by using Debye-Scherrer (D-Sc) formula [6].

Table 1
Results of EDX analysis.

Typical cationic composition from EDX  Nominal composition

La Y Ba Mn Fe

x=0 0.78 - 029 093 -

x=0.10 0.65 0.09 030 0.86 0.10
x=0.20 0.51 0.18 0.31 0.78 0.22
x=030 041 0.28 0.31 0.68 0.32

Lag‘7Bag,3 Ml’l03

Lag6Yo.1Bag3MnggFeo 103
LagsYo2Bag3sMnggFeo203
Lag.4Yo3Bag3Mng7Fe303

Table 2
Variation of the particle size with x in
(Lao.70-xYx)Bag30Mn;_xFeyO3 samples.

Sample Dp-sc

x=0 ~1.23nm
x=0.10 ~1.20nm
x=0.20 ~1.10nm
x=0.30 ~0.50 nm

The average grain size (Dp_s¢) from X-ray diffraction (XRD) peaks
can be calculated by Dp_s. =0.91/8 cos 6, where X is the X-ray wave-
length employed, 0 is the diffraction angle of the most intense peak
and B is the experimental full-width at half-maximum (FWHM).
Values obtained for Dp_s. are given in Table 2.

For x=0.20 and 0.30, the micrographs obtained with backscat-
tered electrons (BSE scanning mode) show different contrast zones
(Fig. 1b). This remark may suggest the presence of impurities or
the presence of two phases. These points will be confirmed by the
Rietveld analyses of X-ray diffraction data, as discussed latter.

3.3. Structural analysis

The phase purity and lattice parameters of the synthesized sam-
ples were examined by means of powder X-ray diffraction at room
temperature. The crystal structure for Lag79Bag3oMnO3; sample
was refined on the basis of the R3¢ symmetry in the hexagonal
system. Previous works show an hexagonal structure for the same
compound Lag70Bag30MnOs3 [7,8]. No traces of secondary phases
were detected for this sample. The sample with x=0.10, 0.20 and
0.30 becomes orthorhombic (Pbnm). There are some peaks that
do not refine in Pbnm-orthorhombic structure for the sample with
x=0.20and 0.30. These peaks were identified with X’Pert HighScore
Plus software (with PDF2003 data) and related to the presence of a
minor YMnOs3 phase, which was refined as a secondary phase.

Fig. 2 shows Rietveld refinement patterns of (Lag 50 Yo.20)Bao30
Mno'goFeQ'2003 and (Lao_40Y0'3g)BaO.goMH0A70F60.3003. The struc-
tural parameters obtained by Rietveld refinements of the X-ray
powder diffraction data are listed in Table 3. Results for the YMnO3
phase are given in Table 4. Early works in the 1960s established
YMnOs3 to be ferroelectric with space group P63cm [9,10]. The
structural transition from rhombohedral to orthorhombic can be
explained by the insertion of Y3* (1.06 A) having a very small ionic

radius compared to La3* (1.216 A). Indeed the variation of the mean
ionic radius of A-site leads to the distortion of MnOg octahedra
and related to}the tolerance fagtor. Nevertheless, the substitution
of Mn3* (0.65 A) by Fe3* (0.645 A) does not cause additional distor-
tion since the mean ionic radius of the B-site decreases very slightly
according to x. It provokes just a little influence on the tolerance
factor. Previous work shows that (Lag7Cag 3)Mn;_xFexO3 samples
with 0 <x <0.12 crystallize in an orthorhombic structure (Pbnm)
[11]. The lattice parameters are essentially independent of the Fe
rate.

Table 4 shows that the weight fractions of the secondary phase
YMnOs3 do not exceed 12.70%. We have tried to eliminate this minor
secondary phase by using various sintering conditions, without
success. Similar structural studies of Lag 7_yLuxSrg3MnO3 samples
show the formation of a secondary phase LuMnOs [12,13], for which
the study by high-resolution transmission electron microscopy
(HRTEM) showed the coexistence of orthorhombic and rhombo-
hedral lattice symmetry within the same grain.

3.4. Magnetic properties

Fig. 3 presents the magnetization of (Lag70_xYx)Bag3o
Mn;_xFexO3 (x=0.0, 0.10, 0.20 and 0.30) as a function of tempera-
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Fig. 1. (a) SEM micrographs of (Lag70_xYx)Bao30Mn;_xFeyO3 samples. (b) SEM micrographs of the samples with x=0.20 and 0.30 (BSE scanning mode).

ture in a 0.01 T magnetic field in both the zero-field-cooled (ZFC)
and field-cooled (FC) processes. With decreasing temperature, the
samples with x=0.0 and 0.10 exhibit a magnetic transition from a
paramagnetic (PM) to a ferromagnetic (FM) state. The Curie tem-
perature, Tc, is 342 and 121 K for x=0.0 and 0.10, respectively (here
Tc is defined as the intersection of the steepest slope of M(T) with
the temperature axis, as indicated in the figure). The remarkable
decrease of transition temperature T¢ in presence of 10% of Y and
10% of Fe is due to the reduction of the rate of Mn3* ions and the
increase of the rate of Fe3*. This encourages the super-exchange
interaction (Fe3*-0-Mn**, Fe3*-0-Mn3* and Fe3*-0-Fe3*) against
the double-exchange interaction (Mn3*-0-Mn**). The decrease
of Tc can also be explained by the insertion of Y3* jons hav-
ing a small ionic radius compared to La3* ions as observed in
Lag7_xYxCag3MnOs [14].

The inset curve of Fig. 3 shows two temperatures (6f and 6p)
for the sample with x=0.10. The temperature 6 is called the fer-
romagnetic Curie temperature and 6p is the paramagnetic Curie
temperature. Well above the Curie temperature, such material
behaves like a paramagnetic material and has well defined sus-
ceptibility given by the Curie-Weiss law, y =C/(T—0p), where C is
the Curie constant. The inverse of the susceptibility (x)~! is plot-
ted for the x=0.10 sample against temperature. The value of 6¢
has been considered as that temperature for which (x)~! becomes
zero. The value of 6 =117 K so obtained is almost comparable with
the value Tc=121K. At and below this temperature the sample
becomes ferromagnetic. The paramagnetic Curie temperature 0p is
determined from the curve by extrapolating the straight line por-
tion of the curve toward the temperature axis, as shown in the inset
curve of Fig. 3 for the sample with x=0.10. The difference observed
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Fig. 2. Measured (open symbols) and calculated (solid lines) X-ray diffraction patterns for x=0.20 and 0.30. Positions for the Bragg reflections are marked by vertical bars.
Differences between the observed and the calculated intensities are shown at the bottom of the figure. Second set of vertical bars refers to the YMnO3 minority phase.

between Tc =121 K and 0p =227 K for the sample with x=0.10 indi-
cates a presence of magnetic inhomogeneities in the paramagnetic
phase.

Apparently, with increasing Y and Fe content the magnetic tran-
sition is broadened. From Fig. 3 we can see that the M-(T) curves
for samples with x=0.20 and 0.30 are not typical of a “classical”
ferromagnet. This widening can be assigned to a magnetic disorder
due to the presence of the minority phase of YMnO3 already iden-
tified by X-ray diffraction. Such chemical inhomogeneities and the
numerous grain boundaries resulting from the small-sized grains
(Table 2) may be the reason of the widening of the magnetic transi-
tion, as it has been observed in other granular manganites [15,16].
Indeed, previous works show that the width of the magnetic tran-

sition decreases with the increase of the grain size in the sample
[17,18].

A previous work of Tlili et al. [19] shows a decrease in the Curie
temperature (T¢) from 335 to 225K when the rate of Fe increases
from x=0 to 0.10 in Lag 79Cap 15Sr0.15Mn;_4FexO3 sample. Several
authors have already reported the effect of Fe doping [20-23]. In
all cases the same trend is observed: as the Fe doping level in the
sample increases, the transition temperature (T¢) and the magneti-
zation systematically decrease. It was also reported that replacing
La by small amount of Y in polycrystalline Lag g7Cagp 33MnO3 results
in a decrease of T¢ [24]. The decrease of T¢ is mainly attributed
to a decrease of the Mn-O-Mn bond angle due to decrease of the
mean ionic radius (ry) of the A-site cation. This is consistent with

Table 3
Crystallographic data for (Lag70_xYx)Bao30Mn;_xFe,O3 perovskites from X-ray diffraction measurements at room temperature.
Sample 0.0 0.10 0.20 0.30
Space group R3c Pbnm Pbnm Pbnm
a(A) 5.5336 (2) 5.5199 (2) 5.5151(3) 5.5169 (2)
b (A) 5.5336 (2) 5.5384 (2) 5.5240 (4) 5.5180 (2)
c(A) 13.4838 (4) 7.8077 (4) 7.8241(3) 7.8213 (3)
V(A3) 357.591(9) 238.698 (5) 238.369 (6) 238.098 (9)
(La/BalY)
X 0 0.0038 (15) —0.0029 (17) 0.0012 (3)
y 0 —0.0003 (1) —0.0031 (5) —0.0024 (6)
z 1/4 1/4 1/4 1/4
B 0.33 (4) 0.44 (6) 0.29 (3) 0.25(3)
(Mn/Fe)
X 0 1/2 1/2 1/2
y 0 0 0 0
z 0 0 0 0
B 0.08 (7) 0.39(2) 0.26 (6) 0.47 (3)
(01)
X 0.463 (3) 0.5422 (5) 0.4835 (9) 0.4531 (4)
0 —-0.0325(2) 0.0045 (1) 0.0418 (9)
2 1/4 1/4 1/4 1/4
(02) 0.80(7) 1.02 (9) 1.02 (9) 1.02 (9)
X - 0.2391 (2) 0.2521 (2) 0.2259 (2)
y - 0.2568 (7) 0.2701 (3) 0.2377 (6)
z - 0.5073 (3) 0.5306 (6) 0.4865 (6)
B - 1.02 (9) 1.02 (9) 1.02 (9)
Rp 4.49 5.02 4.47 3.74
Rwp 6.77 7.83 6.17 5.06
x* 5.85 5.16 2.92 2.60
dimnjrey-o1 (A) 1.964 (13) 1.974 (10) 1.958 (2) 1.986 (14)
dimnjre)-02 (A) - 1.88 (11) 1.90 (6) 1.91(5)
O (Mn/Fe)-01-(MnjFe) (°) 168.0 (4) 162.80 (4) 174.80 (4) 159.80 (6)
O (Mn/Fe)-02-(Mn/Fe) (°) - 177.00 (5) 165.00 (2) 170.00 (2)
Lag7_xYxBaop3Mn;_,Fe,O3 weight fractions (in %) 100% 100% 90.68% 87.30%
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Fig. 3. Temperature dependence of magnetization under ZFC and FC processes in an applied field of 0.01 T for (Lag70_xYx)Bao30Mn;_,Fe,O3. The insets show the 1/ curves.

the decrease of the carrier bandwidth (W) of the eg band resulting
from an overlap between 3d orbitals of the metallic ions and 2p
orbitals of the oxygen ions [25].

In addition to the mentioned decrease of T¢ with increasing Fe
concentration, the transition width also increases quite apprecia-
bly with increasing Fe concentration, suggesting suppression of the
double-exchange mechanism. This is due to the fact that Fe3* sub-
stitution for Mn3* reduces the number of available hopping sites
for the Mn eg(1) electron and suppresses the double-exchange,
resulting in the reduction of ferromagnetism [19-23].

In order to understand this intermediate region, we represent
the variation of the inverse of the susceptibility versus temper-
ature for the samples with x=0.20 and 0.30 (inset of Fig. 3).
These curves show the presence of two transition temperatures
noted Tc; and Tc,. The magnetic studies of Kolat et al. [26]
showed two maxima Tc; and Te in the (dM/dT)-T curve of
Lag g7Cap.33Mng gV 103 which could be interpreted as the presence
of two different phases identified by SEM photographs: one has a
composition of Lag 73Cag 27Mng.g6V0.0403 and the other has a com-
position of Lag 4Cag gMng 21 Vg.7903. The same observation exists for

Table 4
Results of refinement of the secondary phase YMnOs.

Phase 2: YMnOs3 space group: P63cm (hexagonal)

Sample x=0.20 x=0.30
a(A) 6.1353 (12) 6.1287 (14)
c(A) 11.4360 (4) 11.4631 (4)
V(A% 372.799 (10) 372.885 (7)
Weight fractions (in %) 9.32 12.70

Lagg7Cap 33Mng7Bo 303 sample [27]. In the case of SrRuggCug03
sample the authors show three features at 155, 65 and 32 K[28]. The
features at 155 Kindicate ferromagnetic ordering due to the STRuO3
impurity phase. Whereas, the feature at 65 Kis due to ferromagnetic
transition of copper substituted phase (SrRug gCug,03). In our case,
we notice that both samples, x=0.20 and 0.30, present the same
temperature T =192 K. It brings us to propose two hypotheses
about the origin of the temperature Tc;:

(i) It can be due to the presence of the minority phase YMnOs.
(ii) It can be due to the chemical inhomogeneity of grains forming
the sample.

To verify these two hypotheses, further investigations are
needed. A study by transmission electronic microscopy (TEM)
seems necessary to verify the structure within a unique grain. This
study will be coupled with a semi-quantitative energy dispersive X-
ray analysis (EDX) on grains presenting different contrasts in order
to verify their chemical composition.

For the undoped sample the magnetization (Mgc) remains con-
stant up to about 320 K and then decreases at higher temperatures.
For all doped samples (x>0.10) the field-cooled magnetization
(Mgc) is found to decrease continuously with increasing temper-
ature, while the zero-field-cooled magnetizations (Mzgc) increase
significantly with increasing temperature up to a maximum value,
and then decrease. One may conclude that doped samples have an
important antiferromagnetic contribution. Thus, for all Fe-doped
samples there could be a competing antiferromagnetic compo-
nent due to the increase of the number of units Fe3*-0-Mn**,
Fe3*-0-Mn3* and Fe3*-0-Fe3*,
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For x> 0.10, the ZFC and FC curves display irreversibility (Fig. 3)
which indicates the distortion of a long-range ferromagnetic order
[29]. The ZFC magnetization exhibits a cusp that appears at around
68, 44, 46 K respectively for x=0.10, 0.20 and 0.30. Such a behav-
ior is typical of spin-glasses which must have arisen due to the
frustration caused by the competition between ferromagnetic
(double-exchange) and antiferromagnetic (super-exchange) inter-
actions [30-32]. A similar behavior has been reported by Cao et
al. [33] and attributed to the spin-glass behavior. The work of
Gutierrez et al. [34] shows the presence of a spin-glass behav-
ior in Lag7Pbg 3Mn_yFexO3 sample (for x =0.20; Tsg =55K and for
x=0.30; Tsg=45K). In the same way, a system of spin-glass is
present in Lag7Srg3Mnq_,TixO3 (x=0.30; Tsg =33 K) [35].

To better understand the effect of the substitution of the man-
ganese ion by iron, we report in Fig. 4 the magnetization variation
with field at T=2 K. The magnetization isotherms show a decrease
of saturation magnetization when increasing the iron content. The
magnetization becomes saturated in a field of 0.6 T for the undoped
sample. For the doped samples the saturationis attained at a greater
field.
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Fig. 5. Ratio of saturation moments [Ms (x)/Ms (x=0)] versus Fe content (x).

While considering only the magnetic moment of the Mn3* and
Mn** ions, the calculated values of the saturation magnetic moment
are given by:

Ms,i(cal) = 2 x % X Mypn3+ + % X ”Mn4+]

The obtained calculated values are very far from experimental
values obtained from M-H curves (Fig. 4). The Msy(cal) values are
3.3up; 29up and 2.5up, while the Ms,¢(exp) values are 2.35u5;
0.87pupand 0.53up, respectively, for x=0.10, 0.20 and 0.30. This
means that it is not enough to consider only the contribution of
the magnetic moment of the Mn3* and Mn** ions. The Fe3* ([Ar]
3d?) ion possesses an incomplete 3d layer and carries a magnetic
moment. The Fe ions in the doped samples do not add up to the
total moment since the variation of M(H) at T=2 K does not show
any additional contribution to the saturation magnetization (Fig. 4).

We can then explain the saturation of the magnetic moment
on the basis of a single-ion model with antiferromagnetic arrange-
ments of the Mn and Fe spins. The substitution of Mn3* by Fe3*
ions triggers antiferromagnetic interactions between the Fe3* ions
and Mn*" jons. On the basis of an antiferromagnetic arrangement

M(emu/g)

/'

1.5 -1T.D -Ot.’l D.’D 0.‘5 1 .‘D 1.5
Magnetic field (T)

-1.0 -0.5

T
0.0 0.5 1.0

Magnetic field (T)

Fig. 6. Hysteresis loops at 2 K and low fields, for Lag7_xYxBao3Mn;_xFexOs. Main panel, x=0 and 0.10; inset, x=0.20 and 0.30.
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model of the Mn and Fe ions, the calculated values of the saturation
magnetic moment per formula unit Ms,, (cal) can be expressed as:

Msae(cal) = (MSatMn3+ )(nMn3+) + (IV[SatMn‘Pr )(nMn4+)
— (Msygpes+ NMpe3+)

where Mg, i3+ (541B), Mgaivna+ (=314B), Mgype3+ (=5up) are the
magnetic moments (neglecting the orbital contribution) and ny; 3+,
Npnd+» MEe3+ are respectively the contents of the Mn3*, Mn#*, Fe3*
ions. In Fig. 5 we plot the ratio of Mg (x)/Ms (x = 0) versus Fe content.
The experimental data are close to the calculated values, which con-
firm the antiferromagnetic arrangement between the Fe and Mn
ions. Early studies of Ahn et al. [21] showed that the Fe doping in
the La;_xCaxMnO3 sample suppressed ferromagnetism and lead to
a canted spin antiferromagnetic phase with 0.09 at.% Fe-ion. They
suggested that Fe ions do not take part in double-exchange mech-
anism but they encourage super-exchange antiferromagnetism.

A typical plot of magnetization as a function of magnetic field
(M-H loop) measured at 2K, at low fields, is shown in Fig. 6 for all
samples. A ferromagnetic-like M(H) loop with a very weak coercive
field Hcoerc, Was observed for the sample with x=0.0. This ferro-
magnetic behavior is characterized by a quick saturation at ~0.4T
and a saturation moment of ~80emu/g. For the doped samples
(x=0.10, 0.20 and 0.30), the magnetization loops are essentially
different from the one of the undoped sample. Fig. 6 clearly shows
the existence of a large ferromagnetic component, as evidenced by
the noticeable hysteresis at low fields. In addition, the magnetiza-
tion does not saturate at 5 T (Fig. 4) and, in the case of the spin-glass
compound it increases almost linearly with field at high fields.

The behavior of the spin-glass type is generally due to the exis-
tence of ferromagnetic and antiferromagnetic interactions. It can
also be due simply to a random antiferromagnetic distribution.
However, at low temperature, such behavior makes impossible the
existence of along-range magnetic order. The competition between
ferromagnetic and antiferromagnetic interactions results in a spin-
glass behavior. A spin-glass system corresponds to the presence
of ferromagnetic nano-domains coupled by complex interactions
(ferromagnetic and antiferromagnetic interactions). The competi-
tion between the ferromagnetic double-exchange interaction and
the antiferromagnetic super-exchange interaction produces spin
frustration and is responsible for the occurrence of spin-glass.

4. Conclusion

In summary, we have studied the structure and magnetic prop-
erties of Lag7_xYx BagszMny_yFexO3 for 0 <x <0.3. The structural
study by X-ray diffraction revealed a structural transition from
rhombohedral to orthorhombic symmetry when x> 0.10. A minor
secondary YMnOs3 phase is present in samples with x=0.20 and
0.30. The magnetic characterizations showed that the substitution
of the manganese by iron considerably weakens magnetism. The
existence of a competition between the ferromagnetic interaction
Mn**-0-Mn3* and antiferromagnetic interactions Fe3*-0-Fe3",

Fe3*-0-Mn*" and Fe3*-0-Mn3* lead the Fe-doped sample to
behave like a spin-glass system.
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