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The electron microscopy study of the manganites Bi1-xSrxMnO3, especially for x ) 1/2 and
x ) 2/3, has allowed a new type of modulated structure, correlated to charge ordering (CO)
phenomena, to be evidenced. The Bi1-xSrxMnO3 manganites are characterized by a modulated
structure, the modulation vector being qa* (q ≈ 1 - x), and the I-type symmetry of the
perovskite subcell. A model is proposed: the structure can be described by double Mn3+

stripes alternating with double (x ) 1/2) or with quadruple (x ) 2/3) Mn4+ stripes. This type
of ordering, observed at room temperature (RT), is compared to that observed in the
manganites Ln1-xCaxMnO3 at low temperature and in Bi1-xCaxMnO3 at RT. The absence of
magnetoresistance up to 7T suggests that the CO state of Bi0.5Sr0.5MnO3 is exceptionally
stable, with a very high TCO close to 500 K. The electron diffraction study carried out versus
T shows that the superstructure disappears at 500 K and that the phenomenon is reversible.

Introduction

Charge ordering (CO) is a phenomenon of exceptional
importance in perovskite manganites, since it implies
specific magnetic and transport properties and influ-
ences the colossal magnetoresistance (CMR) properties
of these materials1. CO was observed long ago in
manganites La1-xCaxMnO3,2,3 but the possibility to melt
the CO state under a magnetic field was only considered
recently.4 At room temperature (RT), all the Ln0.5Ca0.5-
MnO3 compounds exhibit an orthorhombic Pnma per-
ovskite cell, corresponding to a a-b+a- tilting of the
octahedra. Charge and orbital ordering, occurring at low
temperature, has been especially studied in these man-
ganites with A ) La, Nd, Pr, Sm,5-10 which exhibit a
CE-type antiferro-magnetic (AFM) structure. In these
oxides, which exhibit an orthorhombic Pnma structure
(with the cell parameters ) “apx2 × 2ap × apx2”) at
RT, the CO state appears at low temperature, that is
characterized by a doubling of the a parameter. It was
proposed that the 1:1 ordering of Mn3+ and Mn4+ species
corresponds to the alternation of single Mn3+ and Mn4+

stripes along ab (Figure 1a), concomitantly with an

ordering of the Mn3+ dz2 orbitals. In fact, the x ) 1/2
compounds are not the only charge ordered manganites.

Electron diffraction and transmission electron micros-
copy lattice images have also evidenced CO phenomena
in La1-xCaxMnO3

11 and Sm1-xCaxMnO3
9 for various x

values different from 1/2. Long-range ordering was
observed, involving a multiple cell “1/q × apx2, 2ap,
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Figure 1. Ln1-xCaxMnO3: possible models of ordering of the
Mn3+ and Mn4+ stripes proposed for rational x values: (a) x )
1/2 where one Mn3+ stripe alternates with one Mn4+ stripe;
(b) x ) 2/3 where one Mn3+ stripe alternates with two Mn4+

stripes; (c) x ) 3/4 where one Mn3+ stripe alternates with three
Mn4+ stripes.
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apx2”, where q ≈ 1 - x characterizes the superstruc-
ture along ab. Models of commensurate ordering of the
Mn3+ and Mn4+ stripes were proposed for rational x
values as illustrated for x ) 2/3 where one Mn3+ stripe
alternates with two Mn4+ stripes (Figure 1b) and for x
) 3/4 where one Mn3+ stripe alternates with three Mn4+

stripes (Figure 1c). An incommensurate ordering of
these stripes was evidenced for irrational x values.9,11

In Ln0.5Sr0.5MnO3 manganites, the size of the Ln
cations plays a drastic role on the room-temperature
structures, involving different types of cell distortions
(Pnma, Imma or I2/a, I4/mcm or R3hc) as 〈rLn〉 increases.
At low temperature, complex structural and magnetic
coupled transitions are observed.12-16 In the Nd0.5Sr0.5-
MnO3, charge-ordering phenomena have been shown by
electron diffraction17 and confirmed by structural
studies.15-16

In contrast to lanthanide manganites, the bismuth
manganites Bi1-xAxMnO3 (A ) Ca, Sr) have been little
studied, may be because of their lack of spectacular
CMR properties.18-20 Long period structures, associated
with charge ordering, were indeed observed20 for x
ranging from 0.7 to 0.8. CO could compete with the
ferromagnetic metallic state at low temperature to
induce CMR properties that are only observed for the
oxides Bi1-xCaxMnO3, for x > 0.80.18

To understand this different behavior of bismuth, it
is of interest to investigate charge ordering phenomena
in those oxides, especially if we take into account the
abnormally high charge ordering temperature of 335 K
reported for Bi0.5Ca0.5MnO3.21 The present electron
microscopy study of the manganites Bi1-xSrxMnO3

evidences a new type of superstructure, associated with
a charge ordering that is stable at RT and involving an
original supercell. A model built up of double Mn3+

stripes alternating with double (denoted 2:2) and quad-
ruple Mn4+ (2:4) stripes, respectively, is proposed. This
type of charge order has never been reported to date,
to our knowledge, in other manganites and may be at
the origin of the abnormally high transition temperature
TCO ≈ 500 K, observed for Bi1/2Sr1/2MnO3. The consider-
able advantage of these samples is that, up to now, the
observation of the CO phenomena by electron micros-
copy required the use of a cooling sample holder that
hindered high-resolution images to be recorded.

Experimental Section

Starting from the cationic composition Bi0.5Sr0.5Mn, different
types of synthesis were tested, varying the precursors of the
solid-state reaction, the temperature, the oxygen content, and
the atmosphere. Only the results obtained for two of these
samples are reported herein. The first Bi0.5Sr0.5MnO3+δ sample
was prepared, starting from the peroxide SrO2 and the oxides
Bi2O3, and Mn2O3 in stoichiometric ratios. The mixture,
intimately ground in an agate mortar, was pressed in the form
of bars and sealed in a silica tube. It was heated at 1250 °C
for 12 h. The temperature was slowly decreased down to 800
°C and the sample quenched to RT. The second sample was
prepared, starting from SrCO3, Bi2O3, and MnO2, retaining the
similar Sr/Bi/Mn ratio but working in air. The sample was
heated at 1300 °C for 12 h, reground, and heated again at this
temperature until a well-crystallized phase was obtained.

To compare the A-site cationic size effect on the charge
ordering, thermal treatments, similar to the aforementioned
ones, i.e., under air and in a silica tube, were used to prepare
Bi1-xCaxMnO3 samples.

The powder X-ray diffraction analyses were carried out at
RT with a Philips diffractometer working with the Cu KR (λ1

) 1.5406 Å and λ2 ) 1.5443 Å) in the range 10° e 2θ e 110°.
The oxygen content was determined by chemical analyses.

For the electron microscopy study, small crystal flakes were
deposited on a holey carbon film, supported by a copper grid.
Electron diffraction (ED) study was carried out with JEOL
200CX and JEOL 2010 electron microscopes. Tilting around
the crystallographic axes at RT and 92 K allowed reconstruct-
ing the reciprocal space. The high-resolution electron micros-
copy was carried out with a TOPCON 002B microscope (V )
200 kV, Cs ) 0.4 mm). Each of the microscopes is equipped
with an energy dispersive spectroscopy (EDS) analyzer.

The resistivity measurements were performed from RT
down to 5 K (in 0 and 7 K) by the four-probe method. The
magnetization data were recorded using a Faraday balance.

Results

Sample Characterization. As mentioned in the
Experimental Section, numerous samples have been
prepared, varying the synthesis process. For most of the
samples, the X-ray powder diffraction (XRPD) analysis
show that a nearly single phased sample is obtained.
The interesting point of this X-ray diffraction investiga-
tion deals with the fact that, starting from a given
nominal composition, significant deviations of the cell
parameters and the intensity of some of the reflections
are observed in the patterns, depending on the experi-
mental process that has been used. These results
suggest that there exists a large existence range of the
Bi-based perovskite manganite and that the structure
is very sensitive to the cationic (i.e., x) and anionic
content (i.e., δ).

The XRPD pattern of the sample obtained by working
in sealed tubes, with an excess of oxygen (nominal
oxygen content O3.25), is given in Figure 2a. This X-ray
pattern, indexed in a I-type cell (see next section on the
symmetry), shows the sample is single phased. The EDS
analyses carried out on numerous crystallites show that
the actual composition is homogeneous and close to the
nominal one, i.e., the cation content is Bi0.5Sr0.5Mn, in
the limit of accuracy of the technique. Iodometric
titration leads to an oxygen content close to O3, in the
accuracy limit of the technique. In the following, this
pure sample is simply denoted Bi0.5Sr0.5MnO3.

Working in air, from the same nominal composition,
an isotypic compound formulated Bi1-xSrxMnO3 is ob-
tained, but the EDS analysis evidences a bismuth loss
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(actual bismuth content, 1 - x, varying between 0.5 and
0.3). The electron diffraction characterization showed
that this second sample contains an ill-crystallized
impurity. Nevertheless, its investigation brings impor-
tant information for charge-ordering phenomena.

Electron Diffraction. The electron diffraction study
of the Bi0.5Sr0.5MnO3 sample synthesized in an evacu-
ated ampoule confirms that this oxide exhibits a perovs-
kite-related structure. Characteristic ED patterns are
given as examples in Figures 2b and 3. The reciprocal
space of this compound consists of two sets of reflections:

(i) Intense reflections are characteristic of a quadruple
perovskite cell with a ≈ apx2 ≈ 5.5 Å, b ≈ 2ap ≈ 7.8 Å,
and c ≈ apx2 ≈ 5.5 Å (ap is the parameter of the cubic
perovskite subcell). The angles R, â, and γ are very close
to 90°. The reflection conditions hkl: h + k + l ) 2n
show a centered I-type cell, similar to that observed for
Ln0.5Sr0.5MnO3 perovskites with Ln ) La, Pr, and
Nd,4,12,14,15 which are either tetragonal (I4/mcm) or
orthorhombic (Imma). In the Bi0.5Sr0.5MnO3 sample, the

presence of a second set of satellite reflections allow us
to discard a tetragonal symmetry. The reflection condi-
tions hk0: h, k ) 2n, are compatible with the ortho-
rhombic Imma and Im2a or the monoclinic I2/a space
groups. The three space groups exhibit indeed exactly
the same conditions limiting the reflection, and the
differentiation could only be made by convergent beam
electron diffraction. Keeping in mind these possible
subtle differences, the Imma space group is taken into
consideration in the present paper, and the systematic
investigation of the actual symmetry of the series will
be performed later.

(ii) Weaker extra spots are observed: they correspond
to satellites in commensurate positions implying a
doubling of the a parameter, so that the supercell
parameters are as ≈ 2apx2 ≈ 11.11 Å, bs ≈ 2ap ≈ 7.83
Å, and cs ≈ apx2 ≈ 5.46 Å (suffix s refers to the
supercell). These satellites are rather intense for a
majority of crystallites. Moreover, twinning domains are
observed, as shown from the appearance of the satellites

Figure 2. (a) XRPD pattern of Bi0.5Sr0.5MnO3 synthesized in a sealed tube. [010] ED patterns, recorded at rt, for (b) Bi0.5Sr0.5-
MnO3 and (c) Bi0.44Sr0.56MnO3. The intense reflections hkl are indexed using black numbers (I-type subcell) and the satellites are
indicated by the black arrows, using four white hklm indices. White arrows indicate the satellites belonging to the 90° oriented
domains. (d) [010] ED patterns of Bi0.4 Ca0.6MnO3 also exhibit satellites at rt (P-type subcell).
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along two perpendicular directions (Figure 2b,c). This
effect results from the pseudo-tetragonal character of
the perovskite subcell and is systematically observed
in the distorted perovskites.

Considering the [010], [100], and [001] ED patterns
of Bi0.5Sr0.5MnO3 (Figures 2b and 3), unusual extinction
conditions must be outlined. For this compound, the
basal ED pattern (Figure 2b) cell could suggest that the
I-type lattice might be lowered to a P-type lattice due
to the absence of reflection conditions for hs0ls (the 101hs

reflection is indexed in the “2apx2 × 2ap × apx2” cell).
In contrast, the reconstruction of the reciprocal space,
carried out for numerous crystallites, supports the I-type
symmetry. The structure factors of the hsksls: hs + ks +
ls * 2n reflections, i.e., those which violate the I-type
symmetry, are nil or so weak that they are not visible
in the ED patterns (except for the hs0ls namely for ks )
0). In the [100] and [001] basal ED patterns, the
reflection conditions 0ksls: ks + ls ) 2n and hsks0: hs, ks
) 2n are observed.

The ED study of the second sample, Bi1-xSrxMnO3,
for which crystallites exhibit various x values different
from x ) 1/2 ranging from x ) 0.51 up to x ) 0.67, allows
the above unusual extinction conditions to be under-
stood. The first information concerns the extra reflec-
tions, which are shown to be in incommensurate posi-
tions as soon as x is different from 0.5. This result is
important for the following reasons:

(i) An incommensurate modulated structure is ob-
served for the first time in the Sr-based manganites

Ln1-xSrxMnO3. Up to now, all the results show that, in
these compounds, the CO only involves a commensurate
structure with a doubling of the a parameter.

(ii) The fact that the structure is modulated allows
understanding the aforementioned unusual conditions
of reflection. It indeed explains the discrepancy between
the apparent absence of reflection conditions (P-type)
in the basal planes and the observation in the recon-
struction of the reciprocal space. This is schematized
in Figure 3c, drawing two theoretical [010] patterns with
the same I-type subcell but different q values, namely
q ) 0.47 and q ) 0.5. The superposition of the 0002 and
2002h satellites leads to an apparent absence of reflection
conditions. Bi0.5Sr0.5MnO3 is only a particular point of
the Bi1-xSrxMnO3 series. The modulation vector is
parallel to a*, regardless of x. The component q of the
modulation vector a* is rational, q ) 0.5, for Bi0.5Sr0.5-
MnO3 and irrational for other x values of Bi1-xSrxMnO3.
Moreover, the q value roughly follows the x value (q ≈
1 - x). This is illustrated by the [010] ED patterns of
one Bi0.5Sr0.5MnO3 crystallite (Figure 2b) and one
Bi1-xSrxMnO3 crystallite (Figure 2c) with x ≈ 0.56
(determined by EDS). For x * 1/2, it clearly appears that
the satellites, which are in incommensurate posi-
tions, are associated with a system of reflections of an
I-type centered lattice. The ED patterns can then be
indexed using four hklm indices (white numbers in
Figure 2) with a wave vector qa*, and the conditions
limiting the reflections are hklm: h + k + l ) 2n ∀ m

Figure 3. (a) [100] and (b) [001] ED patterns of Sr0.5Bi0.5MnO3. 0002 and 2002h satellites are superposed for x ) 1/2. The white
arrow indicates the presence of a small [100] oriented area in the [001] domain. (c) Schematic drawing and indexation (using
hklm) of the [010] ED patterns for q ) 0.47 and q ) 0.5. Due to the superposition of 0002 and 2002h satellites for q ) 0.5, the
pattern presents an apparent absence of reflection condition.
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and hk0m: h + m ) 2n, involving Imma (R00) 00s as
super space group.

These important points merit comments. The first one
deals with the comparison between the cell symmetry
of the Ln0.5Sr0.5MnO3 (Ln ) La, Pr, and Nd) and Bi0.5-
Sr0.5MnO3 manganites, at RT. All these manganites
exhibit a I-type symmetry, but they show a fundamental
difference: at RT, the Ln0.5Sr0.5MnO3 are in the para-
magnetic state, contrary to the ordered Bi0.5Sr0.5MnO3
for which TCO ≈ 500K > RT (see the last section). Note
that, from the simple cation size point of view,15 an
I-type structure is also expected for Bi0.5Sr0.5MnO3 above
500K. The second point, closely related, deals with the
nature of the CO, which cannot be compared for La0.5-
Sr0.5MnO3 and Pr0.5Sr0.5MnO3 since they are not or-
dered.

To allow a significant comparison, we have synthe-
sized Bi1-xCaxMnO3 (0.6 g x g 0.4) samples, which are

also characterized by a TCO higher than RT. A typical
[010] ED pattern of Bi0.4Ca0.6MnO3, recorded at RT, is
given in Figure 2d, which is to be compared with Figure
2b. It also exhibits an incommensurate modulated
structure. It clearly appears that the Pnma-type system
of intense reflections (h0l: no cond.) remains intense and
is associated to a system of satellites which involves q
≈ 0.4. This result is consistent with those reported in
refs 15, 18 for Bi0.2Ca0.8MnO3, and shows, important,
that the Bi1-xCaxMnO3 manganites behave like Ln1-x-
CaxMnO3,5-9 the modulation vectors following the x
values. The comparison between the two [010] ED
patterns clearly shows that the satellites associated to
the Bragg reflections of the perovskite subcell, keep
unchanged this P- or I- type subcell symmetry, which
is directly correlated to the octahedra tilt and distortion
system. These results clearly imply that, below TCO,
different types of charge ordering effect would exist. Due

Figure 4. [010] HREM images of Bi0.5Sr0.5MnO3 (a) on the very thin edge of the crystallite, (∆f ≈ -50 nm). Two small black
arrows and two white triangles indicate the two types of contrast observed in the double rows of white spots and the waving
effect by the dark triangles. (b) The waving effect clearly appears for a slight variation of the focus value. (c) Thick part of the
crystal where the “2 + 2” contrast modulation is very regularly established.
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to the high TCO value, the structure of the ordered
Bi1-xSrxMnO3 samples can be investigated using high-
resolution electron microscopy at RT.

High-Resolution Electron Microscopy. The elec-
tron diffraction investigation of the two Bi0.5Sr0.5MnO3
and Bi1-xSrxMnO3 samples shows that the perovskite
phases exhibit, at RT, a modulated structure over a
rather large domain of existence, which can be compared
to that observed at low temperature for charge-ordered
manganites Ln1-xCaxMnO3.10-11 To understand these
modulation effects and especially their relations with
the possible ordering of Mn3+ and Mn4+ species, we have
performed a high-resolution electron microscopy study
of the two types of samples, selecting the [010] orienta-
tion. [010] HREM images of Bi0.5Sr0.5MnO3 are given
in Figure 4.

In Figure 4a, recorded on the very thin edge of the
crystallite, the bright spots are correlated to the high
electron density areas (focus value estimated to be close
to -50 nm). In the lower part of this image, one observes
the formation of two types of double rows of white dots
running along c: two adjacent rows of spots of equal
brightness (see the two small black arrows) alternating
with two rows of bright and less bright spots in
staggered positions (see the two white triangles). Con-
comitantly, one observes an undulation of the rows
running along a: this effect is clearly seen by viewing
at grazing incidence along the dark triangles. It is more
straightforward for a slight variation of the focus value,
as shown in Figure 4b, where the two types of double
rows are also clearly visible. Increasing the crystallite
thickness, the contrast slightly evolves, as shown in
Figure 4c, where the “2 + 2” contrast modulation of the
two types of double rows is very regularly established.

Two different hypotheses are susceptible to explain
the presence of such double bright rows: either a 1:1
Sr/Bi ordering or a 1:1 Mn3+/Mn4+ charge ordering. The
above experimental images compared to the theoretical
ones calculated for Bi/Sr ordering show without ambi-
guity that the Bi3+ and Sr2+ cations are distributed at
random over the A sites. This observation is in agree-

ment with the electron diffraction study carried out
warming the sample (see the discussion). On the op-
posite, the contrast variations experimentally observed
can, in fact, be compared to those observed by simply
varying the octahedral framework distortion. The dis-
tortion effect is illustrated in Figure 5a. Two series of
theoretical images are calculated for the same composi-
tion Bi0.5Sr0.5MnO3, considering one P-type and one
I-type tilting mode: only one focus value close to -50
nm (heavy electron density areas in bright) is consid-
ered, but the crystal thickness is varied from 15 to 90
nm. It clearly shows that these small distortions are
sufficient to generate the experimental contrast varia-
tions, see for example the rows of equal brightness dots
and those in staggered positions for the thicker part of
the crystal (bottom part of the images in Figure 5a).

The hypothesis of the regular alternation along a of
two types of double rows (“2 + 2” contrast modulation)
is reinforced by the small increase in the spacing
between the rows is in favor of the formation of a double
row of slightly larger octahedra. This suggests that the
modulations are correlated to tiny displacements of the
atoms which occur in the form of double rows of a first

Figure 5. (a) Simulated image calculated for a focus value ≈ -50 nm and a thickness range 15 Å e t e 90 Å: P-type structure
and I-type structure. (b) Simulated through focus series, calculated for a “P21/m” type of charge ordering. The thickness is 4.5
nm. The vertical white bars are a guide for the eyes to indicate the sequence, along a, of the dots’ brightness.

Figure 6. Ideal model of a double stripelike ordering: (a) “2
+ 2” and (b) “2 + 4”.
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type of MnO6 octahedra alternating with double rows
of a second type of MnO6 octahedra. A model which
consists of double stripes of Mn3+ octahedra (larger size
and distortions) alternating with double stripes of Mn4+

octahedra is proposed in Figure 6a. This model is indeed
different from the one proposed for the Ln0.5Ca0.5MnO3
and Nd0.5Sr0.5MnO3 compounds (proposed by Jirak7).
For checking our interpretation of the image contrast,
calculations were carried out using the positional param-
eters refined from neutron diffraction data by Woodward
et al.15 for the ordered form of Nd0.5Sr0.5MnO3. The
calculated focus series is given in Figure 5b, for a crystal
thickness close to 4.5 nm. One clearly observes that this
model does not involve contrast variations in the form
of the “2 + 2” contrast modulation that we observe.
White lines added to the image (Figure 5b) for a focus
value of -10 nm show that the contrast modulation

could be described by the following sequence of the dots
brightness along a: bright - gray - dark - gray,
sequence which is in agreement with the P21/m model.

The existence of a double ribbon model (2:2) of charge
ordering is supported also by the observations carried
out on the second sample. Figure 7 presents [010]
images recorded for a similar focus value (overall image
in Figure 7a and enlarged image in Figure 7b). The EDS
analysis evidences a Bi0.33Sr0.67MnO3 composition (x ≈
2/3), and the ED diffraction pattern shows that the
component of the modulation vector along a* is q ≈ 1/3;
i.e., the parameter of the supercell is 3apx2. The way
the contrast varies is similar, in principle, to that
observed in the Bi0.5Sr0.5MnO3 sample and simply varies
in its periodicity. A double row of bright spots of equal
brightness (small black arrows) alternates along a, with

Figure 7. [010] HREM images recorded for a Bi0.33Sr0.67MnO3: (a) overall image and (b) enlarged image. Small black arrows
indicate double row of equally bright spots and small white triangles the bright spots in staggered positions (I-type contrast).
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a quadruple row of bright and less bright spots in
staggered positions (small white triangles). Viewing at
grazing incidence along a evidences also a small periodic
undulation of the rows. The “2 + 4” periodicity is nearly
regularly established over the whole crystal. The small
linear white segments drawn in Figure 7b show that
the spacing between the double rows of equal brightness
is slightly longer (with triangle apex up) than the one
observed in the quadruple rows (triangle apex down).
Taking into consideration the image calculations which
show that the Bi/Sr ordering must be ruled out, these
observations are consistent with a stripe model for the
manganite Bi1/3Sr2/3MnO3, in which one Mn3+ double
stripe alternates with one Mn4+ quadruple stripe (Fig-
ure 6b).

Discussion

This electron microscopy study shows for the first
time charge ordering (CO) phenomena at RT in man-
ganites, using high-resolution microscopy, since to date
only lattice images could be obtained, due to the
techniques of observations at low temperature. The CO
phenomena as observed in Bi1-xSrxMnO3 differ funda-
mentally from those observed in lanthanide manganites
Ln1-xCaxMnO3

9-10 and could be explained by a struc-
tural model made of double “Mn3+” stripes alternating
with multiple “Mn4+” stripes (Figure 6), whereas single
“Mn3+” stripes alternating with multiple “Mn4+” are
observed for Ln1-xCaxMnO3 (Figure 1). Similarly the
centered I-type symmetry of the Bi1-xSrxMnO3 manga-
nites is different from the P-type symmetry observed
for the charge ordered Ln1-xCaxMnO3 manganites and
from that observed in the Pr0.5Sr0.41Ca0.09MnO3.22

This new kind of charge ordering observed for Bi0.5-
Sr0.5MnO3 and Bi0.33Sr0.67MnO3 raises the question of
the influence of the 6s2 lone pair stereoactivity of Bi3+

upon such a phenomenon. The absence of Bi/Sr and Bi/
Ca ordering supports the hypothesis that the Bi3+ lone
pair is not the main responsible.

Finally, the last remarkable feature of Bi0.5Sr0.5MnO3
deals with its very high charge ordering temperature
TCO, despite the large average size of the A-site cations.
The reciprocal susceptibility curve 1/ø(T) (Figure 8a)
shows indeed that TCO is the highest that has been
observed to date in manganites. The electron diffraction
of the Bi0.5Sr0.5MnO3 sample was carried out vs T,
warming the sample up to 550 K. One observes that the
extra reflections disappear at a temperature close to 500
K. More important, the effect is reversible and the
satellites re-appear by cooling to RT. This observation
supports that the satellites are not generated by a Bi/
Sr ordering but are correlated to a charge/orbital
phenomenon, in agreement with the magnetic measure-
ments. The second change of slope on the 1/ø(T) curve
around 190 K might be correlated with TN. The signa-
ture of CO cannot be seen on the F(T) curve (Figure 8b),
since our measurements could only be performed up to
400 K, i.e., below TCO. Moreover, it must also be noticed
that this compound is not magnetoresistive, suggesting
that the charge ordered state is very stable and cannot
be melted up to 7T.

In summary, a new kind of charge ordering has been
observed with an exceptional stability, TCO reaching 500

K. These results raise also numerous questions. The
first one is indeed to carry out the crystal structure
refinements from X-ray and neutron diffraction data,
to understand the octahedra tilting and distortion in our
samples. It is also important to determine the magnetic
structure since, in a recent brief report,23 Frontera et
al. report the coexistence of two different antiferromag-
netic A and CE phases in two compounds of the
Bi1-xSrxMnO3 series. The CO in the P21/m or in other
structural types22 of the Ln0.5A0.5MnO3 manganites at
low temperature has been correlated to CE-type anti-
ferromagnetic phases. The CE-AFM model is consistent
with the fact that all these phases exhibit commensu-
rate modulation, with a doubling of the a parameter.
Consequently, the “ideal” CE-type spin ordering is not
consistent with an incommensurate modulated phase.
The magnetic structures of these complex compounds
are thus far to be understood, and a lot of work has to
be done. Last, this study shows that the system is very
rich and that different phases can be stabilized depend-
ing on the nominal composition and synthesis process.
Further investigations have to be carried out to deter-
mine the role of the 6s2 lone pair of Bi3+ upon the
appearance of double Mn3+ stripes in this oxide and to
understand the relationship between its structure and
magnetic properties.
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Figure 8. Bi0.5Sr0.5MnO3: (a) reciprocal susceptibility curve
1/ø(T) and (b) F(T) curve.
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