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Abstract. Magnetic and electrical properties of the R0.5Sr0.5MnO3−γ (R = Sm, Eu, Gd,
Tb, Dy, Y) compounds have been studied. All the samples have the same pseudo-cubic
perovskite structure with small unit-cell distortions. The decreasing of rare-earth ion radii leads
to destruction of both the long-range ferromagnetic and charge order and stabilizes a spin-glass-
like state. The Sm0.5Sr0.5MnO3−γ ferromagnet compound exhibits a peak of resistivity and
anomalous behaviour of elastic properties at aroundTC = 125 K whereas the resistivity and
magnetoresistance of the R0.5Sr0.5MnO3−γ (R= Eu, Gd, Tb) spin glass increase gradually with
decreasing temperature.

1. Introduction

The observation of colossal magnetoresistance at the Curie temperature of La1−xAxMnO3

(A = Sr, Ca, Pb, Ba) has attracted considerable attention [1, 2]. Recently, it has been
shown that another type of colossal magnetoresistance in the R1−xAxMnO3 (R = rare-earth
ion; A = Ca, Sr) systems can arise from ‘melting’ the ordered state of Mn3+ and Mn4+

ions in an external magnetic field [3, 4]. The charge-ordered state is found in samples
of La0.5Ca0.5MnO3 [5], Pr1−xCaxMnO3 (0.3 6 x < 0.5) [6], Pr0.5Sr0.5MnO3 [3, 7] and
Nd0.5Sr0.5MnO3 [4].

Pr0.5Sr0.5(Mn3+
0.5Mn4+

0.5)O3 has a ferromagnetic transition at 270 K, below which there is
a matching change in the resistivity. At 140 K charge ordering occurs with a simultaneous
transition into an antiferromagnetic state and a giant increase in resistivity due to localization
of the charge carriers. The charge-ordered state is destroyed by applying a sufficiently large
external magnetic field. The magnetic-field-induced transition is believed to be of first order
and shows a large hysteresis. At low temperature the field-induced transition becomes
irreversible. The behaviour of Nd0.5Sr0.5MnO3 [4] is similar to that of Pr0.5Sr0.5MnO3.
However, there are few data concerning the crystal structure, magnetic and transport
properties of R0.5Sr0.5MnO3 compounds with R cations smaller than the Nd ion [8, 9].
It is demonstrated [8] that increasing the Sm content in the (Nd1−ySmy)0.5Sr0.5MnO3

system leads to the decreasing of the Curie temperature and suppression of charge ordering.
Thus, in the compoundy = 0.875 the ferromagnetic metallic state belowTC = 115 K
appears to persist down to zero temperature and there is no trace of the transition to the
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antiferromagnetic charge-ordered state at lower temperatures. Meanwhile, Eu0.58Sr0.42MnO3

is a spin-glass insulator, that reveals a transition to the ferromagnetic metallic state in an
applied magnetic field [9]. The purpose of the present study is to show how the properties
of R0.5Sr0.5MnO3 change with decreasing radii of R cations.

2. Experimental details

The polycrystalline samples of R0.5Sr0.5MnO3−γ (R = Nd, Sm, Eu, Gd, Tb, Dy, Y) were
obtained by firing stoichiometric quantities of dry R2O3, SrCO3 and Mn2O3 in alumina
boats in air at 1710 K for 2 h after prefiring at 1170 K. Bi1−xSrxMnO3 (0.3 6 x 6 0.7)
was synthesized at 1170–1470 K. All the samples were cooled slowly (100 K h−1) to room
temperature. The Eu0.5Sr0.5MnO3−γ sample has been prepared also using the floating zone
method.

X-ray powder diffraction patterns confirm a single phase indexed on the base of the
perovskite structure. No secondary phases were detected in our x-ray system which allows
us to detect 2% of impurity. The oxygen content was analysed using standard redox titration.
Magnetic measurements were carried out between 4.2 and 280 K with a commercial vibrating
sample magnetometer. The resistance measurements were performed by the standard four-
probe method. The magnetic field was provided by a 120 kOe superconducting coil. The
Young’s modulus has been measured using the resonance method.

3. Results and discussion

The nearly stoichiometric sample Nd0.5Sr0.5MnO3−γ (γ < 0.02) has the orthorhombically
distorted perovskite structure (table 1). It shows a transition from paramagnetic insulator
to ferromagnetic metal at 260 K and then to an antiferromagnetic insulating state at nearly
160 K, in correspondence with recent investigations [4, 8].

Table 1. Symmetry, the unit cell parameters (obtained with error±0.001 Å), magnetic
state, charge ordering temperatureTCO , Curie temperatureTC (spin-glass freezing temperatures
Tf ), Néel temperatureTN , and off-stoichiometry oxygen contentγ of the R0.5Sr0.5MnO3−γ
perovskites. O—orthorhombic, C—pseudo-cubic, T—tetragonal, AF—antiferromagnetic, F—
ferromagnetic, SG—spin glass.

a b c V a Magnetic TCO TC (Tf ) TN

Composition Sym. (̊A) (Å) (Å) (Å3) state (K) (K) (K) γ b

Pr0.5Sr0.5MnO3
c O 5.443 5.423 7.644 56.41 AF↔F 140 270 140

Nd0.5Sr0.5MnO3−γ O 5.435 5.468 7.630 56.69 AF↔F 150 260 150< 0.02
Sm0.5Sr0.5MnO3−γ C 3.839 56.58 F 125 0.03
Eu0.5Sr0.5MnO3−γ C 3.831 56.23 SG 46 0.04
Gd0.5Sr0.5MnO3−γ C 3.830 56.18 SG 44 0.05
Tb0.5Sr0.5MnO3−γ C 3.828 56.10 SG 36 0.06
Dy0.5Sr0.5MnO3−γ C 3.824 55.92 SG 35 0.06
Y0.5Sr0.5MnO3−γ C 3.821 55.80 SG 35 0.06
Bi0.5Sr0.5MnO3 T 3.906 3.789 57.80 AF 540 130

a For orthorhombic unit cellsV/4 values are given, i.e. volumes per formula unit.
b The values ofγ were determined with error±0.02.
c Data taken from [3] and [7].

The R0.5Sr0.5MnO3−γ (R = Sm, Eu, Gd, Tb, Dy, Y) samples have the pseudo-cubic
perovskite structure with very small unit-cell distortions at room temperature (table 1).
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Figure 1. Temperature dependence of the Young’s modulus of Bi0.5Sr0.5MnO3.

Figure 2. Temperature dependence of the field-cooled magnetization at 200 Oe (FC) and residual
magnetization (MR) of Sm0.5Sr0.5MnO3−γ .

The absence of superstructure peaks shows indistinct Mn3+ and Mn4+ positions indicating
a homogeneous mixed-valence state for the manganese ions. It is important to note
that decrease of rare-earth ionic radii does not lead to a decrease of unit-cell volume,
which can be expected on the basis of difference of radii values. The Eu0.5Sr0.5MnO3−γ
and Y0.5Sr0.5MnO3−γ compounds have close unit-cell volume in spite of the relatively
large difference of the ionic radii of Eu3+ and Y3+ (table 1). The chemical analysis of
R0.5Sr0.5MnO3−γ (R= Sm, Eu, Gd, Tb, Dy, Y) indicates deviation from ideal stoichiometry
(table 1). The most likely stabilizing cubic structure results from the emergence of the
oxygen vacancies.

Bi0.5Sr0.5MnO3 is tetragonal at room temperature. It shows a transition to cubic
perovskite structure at nearly 540 K (figure 1). It is important to note that the crystal
structure distortions of tetragonal Bi0.4Sr0.6MnO3 and Bi0.6Sr0.4MnO3 (c/a = 0.976 and
0.982 respectively) are less than those for Bi0.5Sr0.5MnO3 (c/a = 0.970). This fact indicates
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Figure 3. Zero-field-cooled magnetization (ZFC), field-cooled magnetization (FC) atH = 20 Oe
and residual magnetization (MR) of Eu0.5Sr0.5MnO3−γ .

Figure 4. Zero-field-cooled magnetization (ZFC), field-cooled magnetization (FC) atH = 20 Oe
and residual magnetization (MR) of Gd0.5Sr0.5MnO3−γ .

ordering of Mn3+ and Mn4+ ions in the ratio 1:1.
The results of magnetization measurements as a function of temperature for the

R0.5Sr0.5MnO3−γ (R = Sm, Eu, Gd) compounds are shown in figures 2–4. The
magnetization behaviour allows one to distinguish two different regions depending on the
R cation. The magnetization curve of Sm0.5Sr0.5MnO3−γ shows a sharp jump at around
125 K corresponding to the ferromagnetic–paramagnetic phase transition (figure 2). Below
30 K the field magnetization decreases with decreasing temperature. We think that such
a behaviour can arise from the samarium sublattice contribution. The fall of residual
magnetization (MR) below 30 K is associated with changes of magnetic anisotropy at low
temperature. It was established that magnetic properties of the Eu-containing sample depend
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Figure 5. Magnetization–field data for the R0.5Sr0.5MnO3−γ series taken at 4.2 K.

Figure 6. Temperature dependence of the Young’s modulus and resistivity of
Sm0.5Sr0.5MnO3−γ . Inset shows magnetoresistance ratio (MR(T ) = R(H, T )/R(120 kOe,T ))
at different temperatures.

weakly on the method of preparation. In Eu0.5Sr0.5MnO3−γ the jump of the magnetization
disappears and a peak of zero-field-cooled magnetization (ZFC) appears at around 46 K
(figure 3). Zero-field-cooled and field-cooled (FC) magnetizations do not coincide below
80 K. Such a behaviour can arise from ferromagnetic clusters in the paramagnetic
(antiferromagnetic) matrix. Magnetic moments of clusters are gradually blocked with
decreasing temperature. The measurements ofM–H data for Eu0.5Sr0.5MnO3−γ (figure 5)
indicate also the absence of long-range magnetic order. Magnetization–temperature curves
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for Gd0.5Sr0.5MnO3−γ are displayed in figure 4. ZFC and FC magnetizations show peaks at
around 44 K and 33 K respectively. Below 10 K residual magnetization increases whereas
zero-field magnetization falls with increasing temperature. The low-temperature behaviour
can be attributed to the Gd sublattice contribution. At low temperature magnetic moments
of Gd ions in ferromagnetic clusters are ordered due to negative f–d exchange interaction.
The magnetic behaviour of R0.5Sr0.5MnO3−γ (R = Tb, Dy, Y) compounds (figure 5) is
similar to that of the Gd-containing sample. There is no spontaneous magnetization in
Bi1−xSrxMnO3 (0.4 6 x 6 0.6) manganites above 4.2 K. Therefore we have concluded
that these compounds are antiferromagnets. The magnetic structure is stable in fields up to
120 kOe at 4.2 K. Bi0.5Sr0.5MnO3 shows anomalous behaviour of the magnetic susceptibility
at aroundTN = 130 K.

The anomalous behaviour of Young’s modulus of Sm0.5Sr0.5MnO3−γ at around the Curie
temperature 125 K (figure 6) indicates strong magnetoelastic coupling. Sm0.5Sr0.5MnO3−γ
exhibits a peak of resistivity below the Curie temperature (figure 6). At around the Curie
temperature the magnetoresistance ratio is a maximum (figure 6). Eu-containing samples
show a semiconducting type of resistance up to 4.2 K. The magnetoresistance increases
gradually with increasing temperature.

As seen from presented results the properties of R0.5Sr0.5MnO3−γ (R = rare-earth
ion) nominal composition change drastically with decreasing rare-earth radii (table 1).
The compound with R= Nd has similar properties as Pr0.5Sr0.5MnO3. The substitution
of Nd ions for Sm ones leads to a fall of Curie temperature from 260 to 125 K and
absence of charge-ordering phenomena in spite of the stabilization of the cubic structure.
R0.5Sr0.5MnO3−γ (R = Eu, Gd, Tb, Dy, Y) exhibit spin-glass-like behaviour at low
temperatures.

Two structural effects occur when Nd is replaced by Sm, Gd, Tb, Dy or Y (table 1):

(i) the appearance of cubic crystal structure,
(ii) the increase of oxygen vacancy content due to the lower ionic radii of heavy rare-

earth ions.

These features as well as local crystal structure distortions due to the large difference
in radii of rare-earth ion and Sr2+ are key factors for understanding of magnetic property
evolution of the R0.5Sr0.5MnO3 (R = rare-earth ion, Y) series.

Usually magnetic and transport properties of the manganites are explained through the
double exchange interaction [10, 11]. We think that the obtained data can be understood
in the model of superexchange interaction via anions [12–14]. It was shown that Mn3+–
O–Mn3+ superexchange interactions in perovskites are ferromagnetic if (i) manganese ions
are located in octahedral surroundings and (ii) the Mn–O–Mn angle is close to 180◦. The
decreasing Mn–O–Mn angle as well as the decrease of the coordination number lead to the
increase of the antiferromagnetic exchange interactions and decrease of the ferromagnetic
ones [12, 13]. The dependence of the sign of exchange interaction on the coordination
number of manganese ions as well as the appearance of local crystal structure distortions
due to large difference in the ionic radii of Sr2+ and heavy rare-earth ions must be the origin
of the evolution of properties of R0.5Sr0.5MnO3−γ compounds.
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