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Abstract. Charge ordering phenomena in the manganites Cai_;Sm,MnOs have been studied for
0.15 < z < 0.60, using electron diffraction and lattice imaging, completed by magnetic and transport
measurements. Three domains can be distinguished, depending on the nature of the structural transitions
with temperature. For 0.15 < z < 0.25, the structural transition from a pseudo-tetragonal to a monoclinic
form, with decreasing temperature, coincides with the competition between ferromagnetism and antiferro-
magnetism that is characterized by the temperature Tpeqr on the M(T') curves; short-range charge ordering
is observed for 0.20 < z < 0.25 manganites. For the second domain, 0.25 < x < 0.50, a structural transition
from an orthorhombic to a long-range charge ordered state is clearly observed with decreasing tempera-
ture. The corresponding temperature Tco coincides with the temperature Tpeqr deduced from magnetic
measurements. This long range charge ordering, which appears along a, is either commensurate or incom-
mensurate depending on the z value, with a modulation ga™ vector, g being close to . These modulated
superstructures correspond to a stacking of single Mn®" stripes with multiple Mn?" stripes along a, either
in a commensurate or in an incommensurate manner. The third domain 0.50 < x < 0.60, is characterized
by a transition to a charge ordered state with commensurate superstructure at low temperature. The latter
can be described as a “partially” charge ordered state in which single “Mn3"” stripes alternate with mixed
“Mn3t /Mn**” stripes.

PACS. 61.14.-x Electron diffraction and scattering — 75.30.-m Intrinsic properties of magnetically ordered

materials — 72.20.My Galvanomagnetic and other magnetotransport effects

1 Introduction

The investigations carried out recently on colossal magne-
toresistive (CMR) manganites have shown that the trans-
port and magnetic properties of these oxides are strongly
correlated to the appearance or disappearance of charge
ordering (CO) phenomena. In manganites, the CO state
corresponds to the ordering of Mn®*t and Mn*t species
in the perovskite matrix. It generally appears for different
Mn?*+ /Mn** ratios, compatible with the periodicity of the
crystal lattice, as shown for instance for Pr;_,Ca,MnOs3
[1,2]. Although it is expected to be optimized for a com-
mensurate order of the Mn®t and Mn*" species, corre-
sponding for instance to x = 1/2, charge ordering can
extend to x values far away from 1/2 (e.g. z = 0.30,
leading to an incommensurate ordering). The strong cou-
pling between the charge carriers and spins, according to
the double exchange theory [3-5], makes that the CMR
properties of the manganites are highly influenced by CO.
This is illustrated by the magnetic field induced metal-
insulator transition in the Pr;_,Ca,MnQOjs system, for
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which Tomioka et al. [6] have demonstrated that this tran-
sition results from the melting of the insulating CO state,
itself favored by a deviation of x from the ideal z = 1/2
value.

The nature of charge ordering, and its evolution wver-
sus temperature, are so far not fully understood due to the
small number of investigations that have been performed
to date on manganites. In this respect, the electron mi-
croscopy study of Lag 50Cag 50MnO3 by Chen et al. [7] is
of great interest, since it shows that the commensurability
of the CO structure, characterized by the ga* vector, varies
progressively during the transition, from an incommensu-
rate state (¢ ~ 0.4) below 240 K to a quasi commensurate
one (¢ ~ 1/2) at low temperature. A similar behavior has
recently been observed for Smg 50Cag 50MnO3 [8].

Electron microscopy investigations of CO phenom-
ena have been performed for the half doped mangan-
ites Lng50Cag50MnO3, Ln = La, Pr, Nd, Sm, Eu
and Gd [7,8,23] but also for different Mn3*/Mn** ra-
tios, as in La;_,Ca,MnOj3 [10-12], in Nd;_,Ca,MnO3
[13,14] and in the Mn!V rich systems [15-17]. The recent
discovery of CMR effect in electron doped manganites,
Caj_,Ln,MnOj3 with z < 0.50 [17-21], sets the problem
of the nature of charge ordering and of its evolution as
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the electron concentration increases, as it has been already
emphasized in the Ca;_;Sm;Mn;_,Cr, O3 system [22].

In this study, we investigate the charge order-
ing phenomena wersus temperature in the manganites
Caj_Sm,MnQO3 for z ranging from 0.15 to 0.60, us-
ing electron microscopy. We show that the magnetic and
transport anomalies observed on the p(T') and M (T)
curves are systematically correlated to a structural tran-
sition. We demonstrate that three domains can be distin-
guished depending on the composition range. The first
one, which appears for 0.15 < x < 0.25, corresponds
to compounds exhibiting a transition from a pseudo-
tetragonal to a monoclinic phase as T decreases, and
includes the area where CMR properties are observed
(r < 0.20). The second domain which exists for 0.25 <
z < 0.50 corresponds to compounds showing a transition
from an orthorhombic phase to a charge ordered state at
low temperature, the latter involving modulated super-
structures with ¢ factors equal to z, continuously from
g =1/4to ¢ =1/2. In the third domain, 0.50 < z < 0.60,
charge ordering is also observed, but the structure remains
commensurate with ¢ = 1/2, whatever z.

2 Experimental

Polycrystalline samples were synthesized from stoi-
chiometric mixtures of Smy0Oj3, CaO and MnOs, ac-
cording to the experimental method previously de-
scribed [19-21]. The mixtures with nominal compositions
Ca;_Sm,MnOg3 (0.15 < z < 0.60) were first heated at
1000 °C, sintered at 1200 °C and then at 1500 °C for
12 hours and slowly cooled down to room temperature.

The structural characterizations and physical proper-
ties measurements reported herein were carried out on the
as-synthesized samples. It is indeed necessary to bear in
mind that oxygen stoichiometry is also a factor influencing
the CO state [23].

The electron diffraction (ED) study at room temper-
ature was performed with a JEOL 200Cx electron mi-
croscope fitted with a tilting-rotating sample holder (tilt
+ 60° and rotation + 180°). The ED study versus temper-
ature and the bright/dark field imaging were carried out
with a JEOL 2010 electron microscope fitted with a double
tilt cooling sample holder (£ 40° for 92 K < T < 300 K).
The ED patterns were recorded versus T keeping a con-
stant electron current density. For the different samples,
experiments with long irradiation times were carried out
to check a possible influence of the electron irradiation on
the different phenomenon which have been observed. In
the present samples, no significant effect were detected.
The positions of the spots in electron diffraction pat-
terns were measured from films by using video processor
TAMRON Fotovix II x-S. This CDD image has a 470 000
pixels high resolution for a 6 times maximum enlarging.
Each value corresponds to a minimum of 10 average mea-
surements in the ED patterns, without any important
standard deviation. All the scans were carried out follow-
ing the same experimental conditions, i.e., increasing the
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Fig. 1. T dependence of the resistivity for the Ca;_,Sm;MnOs
samples with 0.15 < z < 0.60 (z values are labelled on the
graph). The arrow indicates Tr.

temperature from 92 K to 300 K, waiting for the temper-
ature stabilization before each ED recording, made with
a constant electron beam adjustment. For the “limit” ED
patterns, for which the existence or absence of extra re-
flections is in the limit of detection, several exposure times
were used.

The high resolution electron microscopy (HREM)
study was made with a TOPCON 002B electron micro-
scope operating at 200 kV (Cs = 0.4 mm). The micro-
scopes are equipped with KEVEX analysers. For each of
the samples, energy dispersive spectroscopy (EDS) analy-
ses were systematically performed on numerous grains.

The powder X-ray diffraction (XRD) data were col-
lected with a Philips diffractometer (CuKea radiation) in
the range 10° < 260 < 110° by increment of 0.02° (20).

The resistivity measurements were performed from
room temperature down to 5 K, by the four probe method
on sintered bars, in the earth magnetic field or in 7 T.
The magnetization versus temperature was registered on
warming with a vibrating sample magnetometer in a mag-
netic field of 1.4 T, which was applied at 4.2 K after a zero
field cooling.

3 Results and discussion

3.1 Magnetic and transport properties
of Ca;_,Sm,MnO3

The magnetic and transport properties of the mangan-
ites Ca;_,Sm,MnOg3 have already been published for
0 < z < 0.20 [19-21]. These previous results, completed
by new data corresponding to the composition range
0.20 < =z < 0.60, are given in Figures 1 and 2. For
0.15 < z < 0.60, the p(T') curves (Fig. 1) show a tran-
sition from a semimetallic or semiconducting state to an
insulating state as T decreases. The corresponding transi-
tion temperature, Tr, which corresponds to the inflexion
point of the curve, is indicated by an arrow in Figure 1.
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Fig. 2. T dependence of the magnetization of the series
Ca1—zSm;MnO3 samples where Tpeqr indicates the temper-
ature of the maximum magnetization value.

200 300

This resistive transition, already observed for other man-
ganites [6], is commonly attributed to charge ordering phe-
nomena. Concomitantly, the M (T") curves (Fig. 2) show a
peak whose temperature T4, coincides with Tr, confirm-
ing the strong interplay between magnetic and transport
properties, since the magnetization decrease observed be-
low Tpeqr is related to the antiferromagnetic ordering —
hence localization — of Mn3t and Mn** charges. From
these M(T') curves, it must be emphasized that Tpeq
does not evolve regularly with = in Ca;_,Sm,MnOg for x
values ranging from 0.15 to 0.60 (Fig. 3). Tpeqr is maxi-
mum for = 0.40, so that T} first increases from 110 K
for 0.15 to 285 K for x = 0.40, and then decreases from
285 K to 240 K for = 0.60. Moreover, the M value at
Tpear is severely reduced as x increases from 0.15 to 0.25
and then keeps rather similar values beyond this value.
This suggests that the strong competition existing be-
tween ferromagnetic and antiferromagnetic interactions in
Cag.855mg.15MnO3 (z = 0.15), which is responsible for
the CMR observed at this peculiar composition [19,20],
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Fig. 3. z dependence of Tpeqr (the dotted line is only a guide
to the eye). (note that Tpeqr coincides with Tr).

tends to decrease as x increases from z = 0.15, because of
the strong reduction of the ferromagnetic interactions in
agreement with the antiferromagnetic interactions devel-
opment.

This is corroborated by the magnetoresistance proper-
ties shown in Figure 4 for x = 0.15, z = 0.20 and =z = 0.60.
In contrast to the z = 0.15 compound, CMR properties
are not observed for 0.20 < x < 0.60. All these results
strongly suggest that CO, if it exists, changes of nature
in the z = 0.15-0.25 domain. Moreover, the lack of CMR,
properties of Cag 405mg.goMnQO3 in comparison with the
Cag.40Pr0.60MnO3 compound [6] emphasizes that it is of
capital importance to study accurately the evolution of
CO versus temperature, from 0.15 < z < 0.60 using elec-
tron microscopy.

3.2 Preliminary characterizations of the room
temperature Pnma structure

The  systematic investigation of the  oxides
Ca;_Sm,MnOg3, for 0.15 < z < 0.60, using both
XRD and ED shows that they are single phased, with
an orthorhombic GdFeOs-type cell, a = ap\/i, b = 2a,
and ¢ = ap\/i space group Pnma, at room temperature
(ap is the parameter of the cubic perovskite subcell).
The EDS analyses confirm their great homogeneity,
with a cationic composition identical to the nominal one
“Cai_Sm;Mn;”, in the limit of the experimental error.
The cell parameters, refined from XRD data in the Pnma
space group, increase as x increases, in agreement with
the increase of Mn3* content (Fig. 5). Although the cell
volume increases regularly with z, the evolution of the
lattice parameters is more complex. Starting from the
smallest = values the cell is first pseudo-tetragonal (a =
5.3166(2) A, b = 7.4922(2) A and ¢ = 5.2968(2) A for x =
0.16) and then the orthorhombic distortion increases with
x(a = 5.4603(2) A, b = 7.5675(2) A and ¢ = 5.3688(2) A
for = 0.60 for instance).

The HREM performed on each of these compounds
confirms the high quality of their crystallization. The com-
parison of the experimental HREM images with those cal-
culated from positional parameters deduced from XRD
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Fig. 4. T dependence of the resistivity registered in 0 and 7 T
for three Caj_Sm;MnO3 compounds corresponding to = =
0.15 (a), z = 0.20 (b) and = = 0.60 (c).
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Fig. 5. Evolution of the parameters of the Pnma-type or-
thorhombic cell, at room temperature, versus Sm content (z
ranging from 0 to 0.60). Insets: evolution of the cell volume
versus ¢ and refined X-ray pattern for Cag.70Smg.30MnOs.

Fig. 6. Typical [010] HREM image of the Cag.sSmo.2MnOs
crystallites. A very uniform contrast is commonly observed.

refinements shows a good fit. A [010] HREM, typical of
the Cag.gSmg oMnOs3 crystallites, is given in Figure 6, il-
lustrating the very even contrast observed in this material.
Note that, contrary to x < 0.2 samples, the [010] HREM
images recorded for the high Sm content, namely 0.30 <
x < 0.50, show the existence of “point like” defects. Such
defects were also observed in Smg5CagsMnO3 [8] and
other Lng 5Cag sMnOj3 [23] as well as in Prg7A¢.3MnO3
[24]. Their presence was associated with the local forma-
tion of AMn'V O3 clusters. Lastly, 90° oriented domains
are commonly observed in these materials; they result
from the orthorhombic distortion of the perovskite cell
and have been reported in most of the Ln;_,A,MnOj3
manganites [8,14,24].

3.3 0.15 < x < 0.25: a monoclinic form at low
temperature

The ED study carried out from 92 K to room temperature
shows that the system of intense Bragg reflections is kept
in the whole temperature range and is similar to that of
the room temperature Pnma structure. At 92 K, the cell
parameters remain unchanged with respect to the Pnma
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Fig. 7. Cag.80Smo.20MnOs: [010] ED pattern recorded at (a)
92 K, (b) 160 K.

structure, (a = a,v/2, b = 2a,, ¢ = a,V/2), but a strong
monoclinic distortion is evidenced as shown from the [010]
ED pattern of the z = 0.20 sample, which exhibits a split-
ting of the h00 reflections (Fig. 7a). The corresponding
bright field images (Fig. 8a) show the formation of twin-
ning domains which result from this monoclinic distortion.
The twin boundaries are parallel to (001). For z = 0.20 an
abrupt transition at 155 K appears as T increases, charac-
terized by the disappearance of the splitting of the reflec-
tions (Fig. 7b) and concomitantly by the removal of the
twinning domains (Fig. 8b), leading to the orthorhom-
bic Pnma structure. It is remarkable that this struc-
tural transition coincides with the resistive and magnetic

Fig. 8. Cag.80Smo.20MnOs3: [010] bright field images recorded
(a) at 92 K, showing twinning domains (TD) with average
width ranging between 10 and 30 nm. The black arrow in the
right part indicates an abnormally wide domain; (b) at 160 K.
The TD have disappeared but a tweed structure still persists;
(c) enlargement of the wide domain indicated by a black arrow
in (a), at 92 K. The lattice image shows local variations of the
fringes brightness.
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(b)
Fig. 9. Cag.s55mo.15MnOs. [010] Bright field images at (a) 92 K, showing twinning domains and (b) at 120 K.

~

transitions (Figs. 1, 2), at Tr = Tpeqr = 150 K. This cor-
relation between the structural and physical transitions is
confirmed, if one considers the z = 0.15 sample, whose
twinning domains observed at 92 K (Fig. 9a) disappear at
110 K (Fig. 9b) close to Tr = Tpear, = 105 K (Figs. 1, 2).

The detailed analysis of the bright field images shows
several other important features. The first one deals with
the fact that the width of the twinning domains is larger
for = 0.15 (Fig. 9a) than for = 0.20 (Fig. 8a), with av-
erage values of 70 nm and 10 to 30 nm respectively. The
second point concerns the observation, within the twin-
ning domain, of a diffraction contrast effect, commonly
called a “tweed” structure. In the electron diffraction pat-
terns, it is associated with a tiny diffuse scattering on the
Bragg spots, in the form of small crosses with arms in
the [101], directions. The tweed structure is systemati-
cally observed in the z & 0.20 crystallites (Fig. 8). It still
persists above Tpeqr = Tr whereas the twinning has dis-
appeared, as shown in the bright field image (Fig. 8b),
recorded at 160 K for = 0.20. It vanishes slowly at in-
creasing temperature without any clear transition. The
tweed structures are often observed during initial stages of
a system transformation. In the Ca;_,Sm,MnOg3 system,

the observation of the different x samples, shows that,
considered separately, the two kinds of structural transi-
tions, monoclinic to orthorhombic (x = 0.15) and charge
ordered to orthorhombic (z = 0.2) do not induce such a
tweed texture. However, the tweed structure shows clear
orientation relationships with both the twin structure and
the short range ordering phenomena at low temperature
(see below for 0.2 < x < 0.25). Thus, this suggests that
the strain contrast could be associated to the coexistence
of the twinning and charge ordering phenomena.

Another feature is also of interest for the understand-
ing of charge ordering phenomena in these oxides, which
deals with a modulated contrast observed within the twin-
ning domains of the 0.2 < z < 0.25 samples. Considering
the [010] bright field images of z = 0.20 sample at low
temperature (92 K, Fig. 8a) it can be seen that, from
place to place, there exist some domains which exhibit an
abnormal width with regard to the average value (black
arrow in the right part of the image). The contrast of
the lattice images recorded within these large domains
(Fig. 8c) consists in fringes which are about 5.5 A
spaced, as expected for the periodicity along a but the
brightness of the fringes is not regular involving local
higher periodicities (nap\/ﬁ with n > 1). It varies along
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the modulation direction a, but also along c, since it
only takes place over a few nanometers. Consequently,
this shows that only a short-range ordering appears be-
low Tpear, = T'r for 0.20 < x < 0.25. This effect could be
correlated to the coexistence of ferromagnetic and antifer-
romagnetic zones.

3.4 0.25 < x < 0.50: commensurate
and incommensurate charge ordered structures

For this composition range, the low temperature ED pat-
terns observed at 92 K show the presence of extra re-
flections in addition to the system of intense reflections
corresponding to the room temperature Pnma structure.
The charge ordering phenomena take place mainly along
a and lead to a supercell with the following parameters:
a2 (1/q)ap\/2, b = 2a, and ¢ = a,+/2. There is no condi-
tion limiting the reflections. In this supercell the g value
characterizes either the commensurate or incommensurate
nature of the charge ordering and is found to be roughly
equal to the x value, ¢ & x, at 92 K. In other words, for
this composition range, ¢ is directly linked to the Mn3+
content. Thus, for x = 1/4, 1/3 and 1/2 the [010] ED pat-
terns registered at 92 K (Fig. 10) show a commensurate
superstructure with a quadrupling (¢ =1/4), a tripling
(¢ =1/3) and a doubling (¢ = 1/2) of the a parameter
respectively. In contrast, for intermediate x values, the
structure is incommensurate, as shown for instance for
z = 0.45 (Fig. 11a) for which ¢ = 0.43 at 92 K. Note
that at 92 K, ¢ varies linearly with = (Fig. 12) for integral
1/q values (1/q = 2, 3, 4) i.e., for commensurate super-
structures, and that a small deviation from the linearity
appears for intermediate ¢ values corresponding to the in-
commensurate structures. This slight deviation might be
correlated to the difficulty of stabilizing the intermediate
modulated superstructures, as will be discussed further.

The evolution of the ¢ value versus temperature,
for different = compositions ranging from x = 0.25 to
x = 0.50, is shown in Figure 12. Increasing the tempera-
ture from 92 K to room temperature, one observes first at
low temperature a plateau corresponding to a maximum ¢
value, which is consistent either with a commensurate or
with an incommensurate structure depending on x. Then ¢
decreases abruptly, taking intermediate incommensurate g
values, and finally in a last step, the intensity of the satel-
lites decreases, leading to weak diffuse streaks along a, so
that ¢ is no more measurable. For each z value, the ¢(T')
curves show a stair-like shape with increasing tempera-
ture. This behavior might be due to thermal instabilities
or kinetics during the cooling and heating of the samples
but, another possibility is the stabilization of intermedi-
ate orderings, corresponding to particular ¢ values (the
so-called “lock-in” of the modulated structures). In fact,
this effect characterizes the progressive transition from a
CO state to the classical Pnma structure.

The comparison of the ¢(T") (Fig. 12) and Tpeqr ()
curves of Figure 3 shows that for most of the samples the
charge ordering temperature Tco deduced from the struc-
tural evolution coincides with the temperature Tpeqr. A

deviation between the two values is observed for x = 0.30
and z = 0.35, which correspond to the abrupt part of
the Tpear(z) curve. Nevertheless, beside the low temper-
ature plateau corresponding to gmnqz, One often observes
just below Too a slight decrease of ¢ as T' increases. This
phenomenon for 0.25 < z < 0.30 and 0.40 < z < 0.50
might be due to intermediate orderings.

The lattice images recorded at 92 K for = 0.50, 0.33
and 0.25 confirm that a commensurate structure is ob-
served at low temperature. One of them was previously
presented for z = 0.50 [8]. These images show a system of
fringes spaced by 22 A for x = 0.25 (Fig. 10a), 16.5 A for
x = 0.33 (Fig. 10b) and 11 A for = 0.50 (Fig. 10c), corre-
sponding to a parameters of 4ap\/§, 3ap\/§ and 2ap\/§ re-
spectively. Charge ordering between Mn®t and Mn** have
previously been proposed by several authors to explain
similar superstructures in La;_,Ca,MnO3 oxides [9]. In
the present case, the lattice images suggest that these var-
ious commensurate superstructures consist in the ordered
alternation along a of one (100) Mn3* stripe with n Mn*+
stripes. It should be recalled that the appearance of fringes
in the lattice images, corresponding to the fundamental
or superlattice reflecting planes, is of importance for the
characterisation of periodic specimens and in the study
of the short and long range ordering phenomena but that
care must be exercised in the interpretation of the images.
This is especially the case of the present materials in which
the ordering feature is only generated by MnOg octahe-
dra distortions and the small correlated displacements of
the surrounding atoms. HREM imaging would therefore
be essential to clarify the interpretation. Based on the
observed periodicities, several structural models can be
proposed. The simplest ones, drawn in Figure 13, corre-
spond to the sequences 1/1, 1/2 and 1/3. Thus, regular
n members (AMn'V O3),,(AMn'!!O3);, have to be consid-
ered, z = 0.50 corresponding to n = 1 (Fig. 13a), x = 0.33
ton =2 (Fig. 13b) and « = 0.25 to n = 3 (Fig. 13c).

The situation is more complex for the intermedi-
ate x samples, as examplified by the two lattice images
(Figs. 11b, 11c) recorded for Cag 55Smg 45MnOs crystal-
lites, and characterized by a modulation vector ¢ = 0.44
(Fig. 11a):

— A first effect is observed in Figure 11b, where alternat-
ing bright and gray fringes are clearly observed in the
left part of the image, which reflect the ordered super-
structure. However, in the larger part of the crystal,
no regular sequence is established (see for example the
area indicated by a white arrow). This shows that the
ordering takes place throughout the whole matrix but
only in a short range manner.

— A second effect is shown in Figure 11c, in a zone where
a complex but regular sequence of fringes (bright-
gray-bright-gray-bright-gray-gray) is observed, accord-
ing to the periodicity a = T7a,v/2. This observa-
tion is consistent with the local stabilization of the
member [(AMn!VO3)(AMn™03)]3(AMn!Y O3), corre-
sponding to a theoretical ¢ = 0.429 which is close to
the experimental one (¢ = 0.44). However, it is clearly
observed by viewing Figure 1lc at grazing incidence
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Fig. 10. [010] ED patterns and [010] lattice images recorded at 92 K for: (a) z = 0.25 (b) z = 0.33 and (c) z = 0.50 of the
Cai—»Sm;MnO3 system.
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Fig. 11. Cag.555mo.4sMnO3 at 92 K; (a) [010] pattern and [010] lattice images of different areas of the corresponding crystallite.
They exemplify (b) short range ordering and (c) long range ordering.
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the modulation vector is not strictly parallel to a and
that a component along c exists, due to a shifting, by
apV/2, of the modulated contrast. It is worth noting
that in all the lattice images recorded for the inter-
mediate ¢ values, there systematically exists shearing
mechanisms.

3.5 0.50 < x < 0.60: commensurate “partially” charge
ordered manganites

For z > 0.50 up to = = 0.60, the ED patterns recorded
at 92 K are similar to those of z = 0.50, i.e., show a dou-
bling of the a parameter (¢ = 1/2). The commensurate
nature of the structure is also confirmed by the lattice im-
ages for £ = 0.60, which are identical to those of x = 0.50
(Fig. 10c). The conditions of reflection are 0k0 k = 2n,
which are consistent with the P2;/m space group pro-
posed by Radaelli [25] in Lag.50Cag.50MnO3. Two main
differences are characteristic of these compositions with
regard to the Ca-rich ones:

— The evolution of the ¢ value with x: ¢ remains con-
stant, whatever = ranging from 0.50 to 0.60 (Fig. 12).
The fact that the ¢ value remains equal to 1/2 what-
ever x suggests that the structure of the phases is de-
rived from that of the x = 0.50 manganite by dis-
tributing the additional Mn3t species in the Mn**t
stripes, statistically, so that for z = 0.60, 20% of the
Mn*t sites are occupied at random by Mn3t. Thus,
the commensurate structure of the latter manganite
(Fig. 13a) consists of (100) Mn3* stripes which alter-
nate with “Mn** /Mn3*” mixed stripes (20% occupied
by Mn3+).

— The evolution of ¢ with T: the structural transi-
tion as it appears from the evolution of the ¢(T)
curve (Fig. 12) for © = 0.60, is abrupt compared to

L’
PR E.L’i q=12
O
PR
%E q=1/3
R
- I 51
e B q=14

B H

Fig. 13. Example of  structural
(AMn"03),,(AMn™03); with n = 1 (a), n =
and n = 3 (c).

=k R

models for

2 (b)

x = 0.50, and does not involve the formation of any in-
termediate incommensurate structure, contrary to the
samples 0.25 < x < 0.50.

4 Conclusion

This study shows that the transitions observed on the
physical properties of the manganites Caj_,Sm,MnO3
(0.15 < z < 0.60) are closely related to structural
transitions. The charge ordered state at low tempera-
ture depends of the Mn*"/Mn3* content. Only short
range ordering is obtained for high Mn*t contents
(0.20 < z < 0.25), whereas a long range modulated charge
ordering is obtained for lower Mn** contents (0.25 < x <
0.50). For 0.50 < = < 0.60, it is remarkable that the Mn**+
and Mn>t species tend to form mixed stripes, avoiding
the formation of adjacent Mn3* stripes, so that a par-
tial charge ordering is obtained in which one single Mn3+
stripe alternates with one mixed Mn*™/Mn3™ stripe.
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