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A detailed high-resolution microscopy investigation of two praseodymium manganites,
Pr0.7Ca0.25Sr0.05MnO3 and Pr0.75Sr0.25MnO3 which exhibit a resistance ratio of 2.53105 at 88 K and of 7 at
210 K, respectively, is reported. Existence of monoclinic domains in the orthorhombic GdFeO3-type matrix
and (AIIMnIVO3)n clusters corresponding to a modification of the geometry of the MnO6 octahedra has been
observed; models are proposed which illustrate the high flexibility of the@MnO2# layers. @S0163-
1829~96!07921-0#

INTRODUCTION

Colossal magnetoresistance~CMR! properties have been
recently reported in manganese perovskites, synthesized ei-
ther in the form of single crystal,1 thin films2–9 or of
ceramics.10–19 These compounds, which are of considerable
interest for device applications, exhibit resistance ratios, RR
5R0 /RH (R0 and RH are the resistances in zero and
m0H55 T magnetic fields, respectively! up to 1011.

The origin of the CMR properties is so far not really
elucidated, though the influence of the size of the interpo-
lated cations uponTc has been demonstrated12–17 recently.
One important issue deals with the relationship between the
structure of these phases and their CMR properties. In other
words, it has not yet been detected whether the transition
from a semiconducting paramagnetic state to a metallic
ferromagnetic state at decreasing temperature may be
connected to a structural transition. In a recent powder
neutron-diffraction study of the CMR manganites
Pr0.7Ca0.32xSrxMnO3,

20 one observed forx50.05 a transi-
tion from the paramagnetic to an antiferromagnetic and fi-
nally to a canted ferromagnetic state, accompanied by a de-
crease of the Jahn-Teller effect of manganese at the
ferromagnetic transition. The crystallographic cell of this
phase was found to be orthorhombic, isotypic with the Gd-
FeO3 structure. Nevertheless, due to the pseudocubic sym-
metry of this material, the powder neutron-diffraction data
do not allow us to rule out an eventual tiny distortion of the
cell. Moreover, the existence and arrangements of micro-
domains and defects, may play a role in the CMR properties
of these materials.

We report here a detailed high-resolution micros-
copy investigation of two praseodyme manganites,
Pr0.7Ca0.25Sr0.05MnO3 and Pr0.75Sr0.05MnO3 which exhibit
a resistance ratio~RR! of 2.53105 at 88 K,14 and of 7 at 210
K,12 respectively.

EXPERIMENT

Polycrystalline samples have been prepared by mixing
Pr6O11, CaO, MnO2, and SrCO3 in stoichiometric propor-
tions according to the formula Pr0.7Ca0.25Sr0.05MnO3 and

Pr0.75Sr0.25MnO3. The mixtures were first heated to achieve
decarbonation, sintered at 1500 °C for 12 h and slowly
cooled down to room temperature.

The electron-diffraction study~ED! was performed with a
JEOL 200CX electron microscope fitted with a side entry
goniometer (660°); the high-resolution electron microscopy
study was carried out with JEOL 2010 and TOPCON 002B
microscopes operating at 200 kV; the point to point resolu-
tion of the TOPCON 002B is 1.8 Å. The microscopes are
equipped with KEVEX analyzers. The EDS analyses were
systematically performed on numerous grains; they showed a
high homogeneity of the cation distribution within the crys-
tals, corresponding to the nominal composition of the
samples. Image calculations have been carried out with the
Mac Tempas programme.

RESULTS AND DISCUSSION

Symmetry and image calculations: evidence for the exist-
ence of monoclinic microdomains in the orthorhombic ma-
trix. The reconstruction of the reciprocal space from the ED
patterns of the two samples Pr0.7Ca0.25Sr0.05MnO3 and
Pr0.75Sr0.25MnO3 ~Fig. 1!, has allowed an orthorhombic cell
to be evidenced with the reflection conditions 0kl, k1 l
52n and hk0, h52n. The powder x-ray diffraction pat-
terns, were then refined in an orthorhombic cell, isotypic to
the GdFeO3 structure,

21 with the following parameters:

ao55.4590~1! Å, bo57.6828~2! Å,

and co55.4367~1! Å

for Pr0.7Ca0.25Sr0.05MnO3,

ao55.481~1! Å, bo57.730~2! Å,

and co55.473~1! Å

for Pr0.75Sr0.25MnO3.

Most crystals exhibit ED patterns where apparently two or
more variants are superposed; such effects have been ob-
served in other perovskites involving superstructures along
one of the equivalent directions of the perovskite subcell.
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Three examples of such ED patterns are given in Fig. 2. All
patterns can be explained as a superposition of different vari-
ants of the orthorhombic structure. In Fig. 2~a!, the zone axis
is @101# o and thebo axes of the two domains are perpendicu-
lar; in Fig. 2~b!, one observes the superposition of a@010# o
and a@101#o pattern and, in Fig. 2~c!, @100#o and @001#o
patterns are superimposed. The problem of the size and
boundary quality of these domains will be discussed in the
next section but ED patterns of a single variant are usually
hard to obtain.

Crystallites of the two phases have been studied by high-
resolution electron microscopy~HREM! viewed along the
four directions, @010#o , @001#o , @100#o , and @101#o for
which the orthorhombic structure can directly and simply
be interpreted in terms of cation and oxygen columns.
Images are very similar for Pr0.7Ca0.25Sr0.05MnO3 and
Pr0.75Sr0.25MnO3. The contrast interpretation has been car-
ried out comparing the experimental images with the calcu-

lated ones. These images have been simulated starting from
positional parameters~Table I! refined from the neutron-
diffraction data.20

The experimental@101#o images show a remarkable ob-
servation: besides the usual crystal thickness consideration,

FIG. 1. Typical ED patterns of Pr0.7Ca0.25Sr0.05MnO3: ~a!
@010#o , ~b! @101#o , and~c! @100#o . Note that extra reflections are
often observed due to double diffraction phenomena and to the
existence of oriented domains.

FIG. 2. Examples of ED patterns resulting from the superposi-
tion of two variants~labeled 1 and 2!: ~a! 90° oriented@101#o
domains,~b! @101#o and @010#o , and~c! @100#o and @001#o .
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the contrast may strongly vary, depending on the crystal and
even within one crystal. This is illustrated in Fig. 3~a! re-
corded on a thin crystal edge. In area labeled 1, a rather
regular contrast is observed which mainly consists of a
square array of bright spots, spaced by'2.7 Å. Such a con-
trast is close to that expected for a perovkite-type structure
and fits with the calculated image for the orthorhombic struc-

ture in the space group~SG!-Pnma.22–24 Image calculations
were carried out varying the crystal thickness from 20 to 300
Å. A part of the calculated through focus series is given in
Fig. 4~a! for a crystal thickness of 12 nm and the correspond-
ing calculated ED pattern is shown in Fig. 4~c!. Such a rather
high value of the thickness is presented here to make easier
the discussion on the experimental contrast~other thickness
values are considered in Fig. 7~a!. Clearly, the contrast varia-
tion due to the doubling of thebo axis is scarcely visible, as
in area 1 of Fig. 3~a!. On the contrary, the contrast in area 2
is such that it consists of a row of bright dots alternating with
a row of grey dots, enhancing the periodicity of 7.7 Å. An-
other example of this strong 7.7 Å periodicity is given in the
enlarged image displayed in Fig. 3~b!. Such a variation of
contrast is different from the calculated image, whatever the
focus, the crystal orientation or the crystal thickness as
shown for instance in Fig. 4~a!.

To understand this discrepancy between the observed and
the calculated images, several possibilities have been put for-
ward. Recording the images with different TEM and study-

TABLE I. Atomic coordinates of Pr0.7Ca0.25Sr0.05MnO3 after
neutron-diffraction data at 260 K according to Ref. 20, SG
Pnma.

Atom x y z Occup.

Pr 0.032 91 0.25 20.005 99 0.7
Sr 0.032 91 0.25 20.005 99 0.05
Ca 0.032 91 0.25 20.005 99 0.25
Mn 0.500 0.00 0.000 1.0
O~1! 0.486 45 0.25 0.070 1 1.0
O~2! 0.287 01 0.036 97 20.286 45 1.0

FIG. 3. HREM@101#o images:
~a! contrast differences are ob-
served in areas 1 and 2; in area 1,
the contrast consists of a square
array of 2.7 Å spaced bright dots,
whereas in area 2 the 7.7 Å peri-
odicity is enhanced.~b! enlarged
image of a crystal where the 7.7 Å
periodicity is established through-
out the whole matrix. The theo-
retical image, calculated in the
P21 /c space group and a focus
value close to2200 Å is superim-
posed in the left part.
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ing the optical patterns, allowed to discard artifacts due to
the microscope; in the same way, the images calculated by
taking into account slight specimen tilt, or deviation of the
center of the objective aperture or of the center of the optic
axis did not generate the contrast actually observed. More-
over, when two orientation variants are present in the se-

lected objective aperture the doubling in HREM images is
present in both variants.

The images recorded at different focus values suggest that
the deviation from the perovskite structure particularly in-
volves the@MnO# 2` layer; this is deduced, e.g., from the thin
sample in Fig. 5 where the dark dots are to be correlated to
the positions of the heavy cations in twelvefold coordination
~they are denotedL in the image! whereas the small grey
dots are correlated to the positions of the manganese atoms.
In the left part of the image, where the doubling of the cell
alongbo is observed, it clearly appears that the variation of
contrast is observed in one@MnO2]` layer out of two. This
feature is also observed in all images. Note that such an
unexpected contrast has been previously reported by Shiba-
hara,et al.22 in LaMnO32x . However, these authors corre-
late the contrast variation to an oxygen deficiency in the
@LaO# ` layer, one oxygenated@LaO# layer alternating with
an oxygen free layer@La# so that the formulation would be
LaMnO2.5; such a model which would involve Mn

21 seems
unrealistic from a chemical point of view. At this stage, two
alternative explanations can be considered: a variation of the
contrast resulting from cation ordering in the complex
@~Pr,Ca,Sr!O# ` layer, or a structural distortion.

The hypothesis of cation ordering as the origin
of the effect has been investigated by comparing the
Pr0.7Ca0.25Sr0.05MnO3 and Pr0.75Sr0.25MnO3 images with
those recorded for a similar ‘‘orthorhombic’’ manganese ox-
ide exhibiting only a single type of cation, ‘‘LaMnO3.15’’
previously studied.23,24 The latter exhibits an identical con-
trast, with a clear doubling of the periodicity alongbo . Thus
it can be concluded that even if Pr, Ca, and Sr are locally
ordered, this ordering is not responsible for the particular
contrast.

As to a possible structural distortion, the hypothesis of a
noncentrosymmetric space group,Pn21a, has been investi-
gated. In this group, the eight positions of the O~2! site
~Table I!, which correspond to the oxygens located at the

FIG. 4. ~a! Orthorhombic model, space groupPnma: through
focus series calculated for a crystal thickness close to 12 nm; the
focus values are given in Å and the positional parameters are in
Table I, ~b! corresponding through focus series calculated for a
monoclinic model, space groupP21 /c and positional parameters in
Table II, ~c! calculated electron diffraction pattern.

FIG. 5. HREM @101#o image where the heavy cation~Pr, Sr,
and Ca! positions are imaged as darker dots~denotedL in the
image! and the manganese positions as smaller grey dots; the 7.7 Å
periodicity is clearly visible in the left part of the image, where one
manganese row~indicated by black arrowheads! out of two exhibits
a bright contrast whereas the other appears as a grey line. The
simulated image, calculated for a monoclinic cell, is superposed to
the experimental image.
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FIG. 6. ~a! Evidence of a slight monoclinic distortion in~a! @ 1̄01#o and~b! @001#o ED patterns.~c! @101#o projection of the orthorhombic
structure for the atomic positions given in Table I compared to the equivalent projection of the monoclinic structure~SG P21 /c) for the
atomic positions given in Table II.
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level of the manganese, are split into two groups of four
positions, so that thez values of these oxygens can be dis-
sociated. The image calculations evidence that a contrast
variation is thus generated but it still strongly differs from
the experimental one presented in Figs. 3~a! ~area 2!, 3~b!
and 5. To deduce the presence, or not, of an inversion center,
convergent beam ED has been used but no clear answer
could be provided by this technique, probably due to the
presence of point defects~see further!.

Careful inspection of the selective area ED patterns from
areas where the doubling effect is strong, evidence a slight
distortion in the angle between the@101#o* and @010#o* vec-
tors; in Fig. 6~a! theb angle is close to 90°2. From the ED
study carried out on several crystals and crystal zones, the
actual cell symmetry of the structure corresponding to these

FIG. 7. Calculated images vs crystal thickness
~in Å!: ~a! orthorhombic cell, SG:Pnma ~b!
monoclinic cell:P21 /c with xO(2)50.49 instead
of 0.463 and b590°, ~c! monoclinic cell:
P21 /c with x O(2)50.49 andb590°3.

TABLE II. Pr 0.7Ca0.25Sr0.05MnO3 , am57.68 Å, bm55.44 Å,
cm55.46 Å, and b590°1«, monoclinic cell, space group:
P21 /c, positional parameters.

Atom x y z Occup.

Pr 0.25 20.006 0.033 0.7
Sr 0.25 20.006 0.033 0.05
Ca 0.25 20.006 0.033 0.25
Mn 0.500 0.50 0.00 1.0
Mn 0.000 0.00 0.50 1.0
O~1! 0.25 0.07 0.486 1.0
O~2! 0.483a 20.285 0.287 1.0
O(82) 0.037 20.285 0.287 1.0

ax value which has been varied.
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images would be monoclinic, the cell parameters being
am'b0'7.68 Å, bm'co'5.44 Å, cm'ao'5.46 Å, andb
varying between 90°0 and 90°3. The@010#m ED pattern of
this monoclinic cell is given in Fig. 6~b!; it corresponds to
the @001#o pattern of the orthorhombic structure. The rela-
tionship between the orthorhombic and the monoclinic cells
are shown in Fig. 6~c!. Image simulations have been carried
out to check the contrast variation induced by such a break-
down of the symmetry. Considering theP21 /c space group,
every cation is in a 4e site (x,y,z; x̄,ȳ,z̄; x̄,1/21y,1/2

2z;x,1/22y,1/21z); two different sites O~2!m and O(2)m8
generate the eight positions of the O~2! o site of the ortho-
rhombic Pnma structure. The positional parameters of Pr,
O~1!, and O~2! are absolutely identical in both the ortho-
rhombic and the monoclinic cell whereas the O8(2)m sites
correspond to different atomic positions with respect to the
O~2! sites but become rigorously identical to the latter for
particular xO8 values corresponding to the relationx5 1

2

2xO(2) .
Starting from the ideal atomic positions deduced from the

orthorhombic cell, withxO(2)50.463, the influence of the
variation of thexO(2) value upon the contrast of the HREM
image has been investigated. ForxO(2)50.463 andb590°,
the calculated images are similar to those presented in Fig.
4~a!, in agreement with the orthorhombic symmetry of the
structure generated by these particular parameters. Next only
thexO(2) position was varied from 0.47 (y value in the ortho-
rhombic structure! to 0.50, leaving the other atomic positions
and keepingb590°. Finally, we varied the position of the
O~2!m site from 0.47 to 0.53, simultaneously with theb
angle from 90° to 90°3. As soon as thex value of the two
O~2!m sites is varied, i.e., whenxO(2)8 is no longer equal to
1/22xO(2) , a variation of the contrast, and especially the
effect of doubling, is observed.

An example of through focus series, calculated in the
P21/c group, is shown in Fig. 4~b! for the atomic positions
listed in Table II. These positions differ from the orthorhom-
bic structure only by thexO(2) value of 0.49~instead of
0.463!, theb angle being kept to 90°. The crystal thickness
is 12 nm in order to make easy a direct comparison with the
images calculated for thePnmastructure@Fig. 4~a!#. These
simulated images are characterized by a contrast variation
~with regard to thePnma images! which is in perfect agree-
ment with the experimental contrast~Figs. 3 and 5!. The
calculated (D f'2200 Å! and experimental images are su-
perimposed in Fig. 3~b! where the low electron density zones
appear as bright dots. The 7.7 Å periodicity arises from the
replacement of one row of bright dots by a row of grey dots
@indicated by a small black arrowhead in Fig. 4~b!# which are
correlated to the O~2!m position. One observes that the con-
trast is slightly amplified as the monoclinic distortion in-
creases. Selecting four focus values, the contrast variation vs
crystal thickness is shown in Fig. 7 for the orthorhombic
(Pnma) cell and the monoclinic (P21/c) cell with b590°
and 90°3. Another example confirming that the effect results
from a variation of the manganese environment in one
@MnO2]` layers out of two is given in Fig. 5 where the
superposition of the calculated image shows that the contrast
fits well with the experimental one.

More detailed interpretation of the images would need
accurate oxygen positions. The hypothesis of a monoclinic
symmetry has been introduced in the neutron-diffraction
data;20 one observes an anisotropy of the reflection widths
which is in agreement with the existence of a monoclinic
symmetry of at least a part of the sample. From this HREM
study, accurate oxygen positions cannot indeed be deter-
mined but the important fact is the breakdown of the ortho-
rhombic symmetry.

The projection of the orthorhombic structure along
@101#o @Fig. 6~a!# compared to the equivalent projection of

FIG. 8. ~a! @101#o and @010#o large oriented domains~axes re-
ferring to the orthorhombic cell! and ~b! 90° @011#m oriented do-
mains labeled 1 and 2~axes referring to the monoclinic cell!.
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the monoclinic structure@Fig. 6~b!# clearly shows that one
manganese oxygen layer out of two is identical in both struc-
tures~indicated by large arrows! whereas the second manga-
nese oxygen layer is modified~indicated by small arrows!.

Other image calculations have been carried out varying
the other coordinatesy andz of the atoms located in the O~2!
site and varying also thex value of the O~1! site, but none of
these attempts led to a so significant variation of the contrast,
compared to that generated by varying thex O(2) value.

The projections of the two structures alongbo are similar
so that the orthorhombic and monoclinic structures cannot be
differentiated along this direction, this is in agreement with
the simulated images. The experimental@010#o images are
similar to those usually observed in classical perovskites. In
contrast, the@100#o direction should be suitable to distin-
guish both structures, since the reflection conditions are dif-
ferent: 0kl,k1 l52n for the orthorhombic and 0k0, k52n
for the monoclinic structures, respectively. Unfortunately,
the existence of oriented domains involving the superposi-
tion of different systems, and the too small deviation from
the orthorhombicity for the monoclinic structure do not al-
low the two structures to be differentiated; this is shown by
the experimental images and confirmed by the simulated
@010#o images.

Local distortions, domains and boundaries

As mentioned in the above section, few ED patterns can
be recorded avoiding the superposition of at least two differ-
ent systems. The fact that the superstructure reflections
which arise from the orthorhombic GdFeO3-type distortion
can be observed along the equivalent directions of the
perovskite subcell is a feature which has been observed
in numerous similar systems. But, in the case of
Pr0.7Ca0.25Sr0.05MnO3 and Pr0.75Sr0.25MnO3, the observa-
tions reported in the above section show that along particular
directions, monoclinic distortions, and superposed domains
lead to similar ED patterns and images; this observation is
confirmed by ED pattern and image calculations.

The domain sizes range from a few nanometers to some
thousand and the nature of the boundary depends on the
orientation; two examples are given in Fig. 8. The first one
corresponds to large@010#o and @101#o oriented domain
@Fig. 8~a!#; the boundary is clear but not straight and wanders
in the thicker part. In Fig. 8~b!, the very small@011#m do-
mains result from two 90° orientations of the monoclinic
superstructure. The boundaries are in fact so broad that
sometimes the contrast is modified and corresponds to a
simple perovskite structure; this feature is similar to that ob-
served in Fig. 3~a! between@011#m and @101#o domains.

Another type of boundary can be observed within the
@011#m domains@Fig. 9~a!#. Two areas, labeled 1 and 2, ex-
hibit parallel am axes but the two matrices are shifted by
ap , i.e., byam/2 through an antiphase boundary~APB!; this
is clearly observed by viewing the image at grazing inci-
dence and referring to the two black lines schematically
drawn in Fig. 9~b!. In the right part of Fig. 9~a!, this trans-
lation is no more observed. At the junction between the two
domains a defective structure is observed where three adja-
cent rows of bright dots~white arrowhead!, instead of two
are locally formed. This defect can be interpreted as a twin

FIG. 9. ~a! @011#m image of a monoclinic crystal where an an-
tiphase boundary~APB! is observed; the ordering of zone 1 is trans-
lated byam/2 with regard to zone 2. In area 3, this translation is no
more observed; the junction is ensured through a defective layer
~indicated by a white arrowhead!. ~b! model of the APB between
areas 1 and 2.~c! model of the defective layer between areas 2
and 3.
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boundary, it is schematically represented in Fig. 9~c!; the
boundary~black arrowhead! corresponds to a@LO# layer; it
plays the role of mirror so that it involves the local formation
of two adjacent manganese layers which exhibit the
orthorhombic-type distortion.

Clustering phenomena

A very important feature that characterizes both samples,
Pr0.7Ca0.25Sr0.05MnO3 and Pr0.75Sr0.25MnO3, deals with the
existence of isolated pointlike defects, that systematically ap-
pear. Such ‘‘point defects’’ are clearly visible in the overall
and enlarged@101#o images displayed in Figs. 10~a! and

10~b!, respectively, where the bright dots are correlated to
the positions of the Pr and Ca or Sr sites and the smaller ones
to the manganese atoms. Whereas the intensity of the
(Ln,A) sites is very constant, the intensity of the Mn dots
varies considerably within a limited area@see, e.g., the darker
dots indicated by white arrows in Figs. 10~a! and 10~b!#.

This type of defect is observed in the thin part of the
crystal as well as in the thicker parts@Fig. 10~a!# where the
contrast evidences a monoclinic structure; if we consider the
two types~cf. Table II! of manganese layers in the mono-
clinic structure, i.e., those surrounded by O~2! ~distorted oc-
tahedra similar to those in the GdFeO3-type structure! and
those by O8(2) ~less distorted octahedra!, the modification

FIG. 10. Typical @101#o ~a! overall and~b! enlarged images of pointlike defects: the intensity of the bright dots correlated to the
manganese positions varies. These variations are preferentially observed at the level of the Mn atoms surrounded by O~2! but some variations
are also observed at the level of those surrounded by O8(2); two of them are indicated by white arrowheads. These defects are often
regrouped in short linear segments running along@100#m as well as along@011#m ; they are indicated by black arrows. Comparison between
the calculated images for~c! PrMnO3 , ~d! Pr0.7Ca0.25Sr0.05MnO3 , and~e! CaMnO3 .
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of contrast is preferentially observed in the first type but
some variations are also observed in the second one; two of
them are indicated by white arrows in Figs. 10~a! and 10~b!.
The density of defects does not increase during the observa-
tion and their contrast is not modified so that we can exclude
the idea that they are generated by electron-beam irradiation.

Three kinds of defects may produce such a contrast varia-
tion: ~i! vacancies or atomic substitution on the manganese
sites, ~ii ! oxygen vacancies in the MnO6 octahedra,~iii !
variation of the oxygen environment around the manganese.

The neutron-diffraction studies of these phases,20 and the
EDS analysis show that these compounds do not exhibit a
significant deviation from stoichiometry for oxygen as well
as for manganese, so that the rather large density of defects
observed in these materials can only be explained by a local
modification of the manganese environment. Taking into
consideration the mixed valence Mn~III !-Mn~IV ! of manga-
nese, such a variation of the contrast may be closely related
to a local ordering of the Mn~III ! and Mn~IV ! species, so that
a variation of the Mn-O distances around the manganese
would be involved, in agreement with the different sizes of
the Mn~III ! and Mn~IV !. Moreover the geometry of the
Mn~III ! octahedra will be different from that of the Mn~IV !
octahedra, owing to its Jahn-Teller effect. It is, of course, not
possible to propose new positional parameters of these sites
because of the interaction with the surrounding matrix. Nev-
ertheless, images can be simulated for the limit structures
PrMnO3 ~Ref. 25! @Fig. 10~c!# and CaMnO3 ~Ref. 26! @Fig.
10~e!# that correspond to pure Mn~III ! and Mn~IV ! perovs-
kites, respectively. Such images, calculated for the 50 Å fo-
cus value, which correspond to that of the experimental im-
age of Fig. 10~b!, can be compared to the simulated image of
Pr0.7Ca0.25Sr0.05MnO3 @Fig. 10~d!#, calculated for the same
focus value.

For this focus value, the bright dots are correlated to the
Pr and Ca positions, and the manganese atoms in CaMnO3
are imaged as very small grey dots, scarcely visible, whereas
in PrMnO3 and orthorhombic Pr0.7Ca0.25Sr0.05MnO3 they

are imaged as rather bright dots. Thus, the appearance of
darker spots around manganese sites@Figs. 10~a! and 10~b!#
in the matrix may be explained by a modification of the
geometry of the MnO6 octahedra due to an electronic local-
ization forming Mn~IV ! species.

Another important feature deals with the fact that these
darker dots are often regrouped in short linear segments, a
few octahedra long, along@100#m , i.e., @010#o as well as
along @011#m , i.e., @101#o ; this could be a way to decrease
the strains introduced by these defects. The isolated and lin-
ear defects, can therefore be described as (AIIMn IVO3)n
clusters distributed in the mixed-valent Mn~III !-Mn~IV ! per-
ovskite matrix in a random way. No further signs of ordering
of these clusters has been detected by electron diffraction.
Contrary to what has been reported in La0.8Sr0.2MnO3,

27 no
linear defect involving Ln/A vacancy defects has been de-
tected.

CONCLUDING REMARKS

This study of the praseodymium perovskites shows two
structural features which may be of capital importance to
understand the CMR properties of these materials. The first
one deals with the existence of monoclinic microdomains in
the orthombic GdFeO3-type matrix; the latter demonstrates
the high flexibility of the structure or more exactly of the
@MnO2]` layers, so that the coordination of manganese may
be easily changed according to its local electronic configu-
ration. Such a high flexibility may favor the magnetic tran-
sitions observed in these oxides.20 The second feature deals
with the existence of (AIIMn IVO3)n clusters corresponding
to a modification of the geometry of the MnO6 octahedra
with respect to the matrix. Such clusters where size and dis-
tribution may vary with the temperature, may be connected
with the variation of the Jahn-Teller effect of manganese that
has been observed at the ferromagnetic transition.20 An elec-
tron microscopy study of these materials below the transition
temperature will be necessary to understand the role of these
structural anomalies in the CMR properties of these oxides.
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