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This paper deals with the identification of multidomain configuration in ferroelastic phases of
Lag.9551r0.05Gao.oMgo.10s—, using polychromatic synchrotron X-ray radiation (Laue method). A nonde-
structive approach for the determination of domain misorientations, orientation of domain walls and their
configuration in the nanosize ferroelastic domain structure was developed. The proposed approach can be used to
study the nanosize ferroelastic domain structure in small crystals of submillimeter sizes at different external fields,
including temperature. The ferroelastic domain structure in the orthorhombic as well as in the rhombohedral
phases of Lag.95510.05Gag.9oMgo.1Os—» crystals has been identified. The intersection of walls leads to the formation
of a chevron-like pattern. The observed reversibility of domain patterns during temperature cycles is probably

caused by the interaction of domain boundaries with point defects, most likely oxygen vacancies.

PACS numbers: 61.72.Mm, 61.72.—y, 61.50.Ah

1. Introduction

Concerns about global warming due to increased emis-
sion of greenhouse gases and the depletion of fossil fu-
els have caused a renewed interest in alternative energy
sources. Solid oxide fuel cells offer an environmentally
advantageous alternative to classical engines generating
electric power. One of the major technological problems
with solid oxide fuel cells (SOFCs) is, however, to achieve
high electrical conductivities. There is the tendency to
develop SOFC electrolytes with higher conductivities at
lower temperatures [1]. Literature search shows that all
oxide electrolytes with high ionic conductivity show typ-
ical martensitic phase transitions which produce nano-
size ferroelastic domain structures [2-6]. The high ionic
conductivity of heavy-twinned electrolyte materials can
be explained by different transport properties of domain
walls and bulk areas of such compounds |7, §].

The atomic size of twin walls and the nanosize dimen-
sionality of domains made it difficult to get reliable ex-
perimental data about the influence of the interaction
of point defects (oxygen vacancies) and ferroelastic do-
main walls with high ionic conductivity. The presence of
ferroelastic domains often complicates or even does not
allow us the detailed investigation of the physical proper-
ties in anisotropic ferroelastic phases. For example, due
to different geometrical orientations of domains in a crys-
tal it is difficult to perform the refinement of the crystal
structure by single crystal methods [9].

Previous attempts to better understand the influence
of the domain (twin) structure on the physical proper-

ties were in general focused on computer simulation since
experimental methods to identify domain wall configura-
tions in samples with nanosize dimensionality were ab-
sent, except from high resolution transmission electron
microscopy (HRTEM) [10-17]. The correlation between
the ferroelastic domain structure with the point defect
system as well as with physical properties requires knowl-
edge about the configuration of domain walls in the ferro-
elastic phases.

HRTEM allows us to identify ferroelastic domain con-
figurations in thin two-dimensional samples. Therefore
we aim to develop a non-destructive method which allows
us to identify the geometrical orientation of ferroelastic
domains and the configuration of domain walls under the
simultaneous influence of different types of external fields
(thermal, mechanical, electrical, magnetic, etc.).

At the same time the “white” character of synchrotron
radiation re-established the classical Laue method: it
is now possible to record thousands of diffraction spots
from crystalline samples in a short time using charge-
-coupled device (CCD) area detectors. For example, the
divergence of the majority white beams at different syn-
chrotron sources is smaller than a few milliradians and
the space discriminatory limit (20-60 pm per pixel) of
modern CCD-detectors allows us to fix the orientation
contrast of the domain structure at a value of a few
angle minutes. On the other side, the high intensity
of synchrotron stations (more than 5 times higher than
standard X-ray tubes) and the high sensitivity of CCD-
-detectors (40 electrons per a photon with A = 1.54056 A)
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allows us to reduce the Laue pattern exposition time to
0.1 s. This tool can therefore be used for the charac-
terization (determination of twin laws, misorientation of
domains and domain wall orientations) of the twin struc-
ture, both in small crystals of submillimeter sizes [18, 19]
and very small areas (few pm) of larger samples (white
beam X-ray microdiffraction) [20-22]. It can be used
for in situ measurements under a variety of different ex-
perimental conditions, for studies of the reorientation of
twin walls at phase transitions in particular. The ad-
vantage of this method over electron microscopy is that
it is non-destructive, does not require complicated pre-
-experimental preparation of samples and allows us to use
sample volumes up to several hundred pm size. Since an
area detector collects data from all parts of the reciprocal
space, the analysis of twinned crystals has become more
common.

Three different theoretical approaches were used to an-
alyze the parameters of the bidomain configuration of
the La0_95Sr0_05Ga0_9Mg0_103_03 (LSGM05) twin struc-
ture [23]. For the determination of multidomain configu-
rations in the investigated phases of LSGMO05 we used the
method which is based on transformation matrices [24].

The aim of this work is to identify all configurations of
nanoscale domains in small Lag g551r9.05 Gag.gMgg.1 O2.925
(LSGMO5) ferroelastic crystals using the white beam
X-ray diffraction method.

2. Sample preparation

Laj_,Sr,Gaj_9,Mgs, O3_s solid solution crystals were
grown using the Czochralski method. During the growth
of the gallate compounds in argon atmosphere, the con-
centration of gallium oxide decreases with time because
of the thermal dissociation of GayO3 and evaporation of
the reaction products. Therefore, oxygen was introduced
into the atmosphere in order to prevent the dissociation
of the components during the growth. The best qual-
ity single crystal (Fig. 1) of Laj_,Sr,Gaj_2,Mg2,03_5
(x = 0.05), 35 mm long and 20 mm in diameter, was
selected to study the twin structure. This crystal was
grown from the stochiometric melt in argon/1% oxygen
atmosphere with a pulling rate of 1.2-2.5 mm/h. Chemi-
cal analysis confirmed that the cation composition of the
crystal is identical to the initial concentration of its com-
ponents [25]. The oxygen content was calculated based
on charge neutrality.

In order to investigate the homogeneity of the re-
ceived Lao‘95Sro.(]glGao.gMg()leg,g (LSGMO5) crystal
microprobe analysis was performed. Measurement of
the apparent concentrations of La, Ga, Sr and Mg
was performed with a JEOL electron probe combined
with a spectrum analyzer.  Standards were MgQO,
SrTiO3, Nd3Gas012 and a La-containing glass. Sam-
ple background and peak count times were 20 s with a
beam current of 20 nA and an acceleration voltage of
15 kV. The analysis showed good homogeneity of the
Lag.g5510.05Gag.oMgg.103_s crystal. The scanned beam

Fig. 1. Lag.955r0.05Gaog.oMgo.102.925 perovskite-type
crystal grown by the Czochralski method.

images of La L,, Ga K,, Sr L, and Mg K, from the
Lag.g5510.05Gag.oMgg.103_s crystal are shown in Fig. 2.

Fig. 2. Scanned beam images 300 x 300 pm of La
Lo (a), Ga Ko (b), Sr Lo (c¢) and Mg K, (d) X-ray
intensity from Lag.o5Sr0.05 Gag.oMgo.103_5 crystal.

A crystal sample of Laj_,Sr,Ga;_2,Mgs,03_5 (z =
0.05) with 0.2 x 0.2 x 0.2 mm?® dimensions was selected
using an optical microscope cut from a crystal boule. The
sample was placed into a quartz capillary of 0.4 mm di-
ameter and fixed using quartz wool.

3. Measurements and processing data

The Laue method was used to study in detail the twin-
ning of the Lag. g5519.05 Gag.gMgg.1 02,925 perovskite-type
crystal (LSGMO05). Experiments were carried out at
the F1 beamline at HASYLAB (DESY, Hamburg) using
white X-ray synchrotron radiation. The used equipment
includes a Kappa-diffractometer and a BRUKER CCD
detector with a 6.25 x 6.25 cm CDD matrix (1024 x 1024
pixel resolution). The energy spectrum of the syn-
chrotron beam was 5-60 keV. The CCD detector was
positioned at 260 = 90° to avoid exposure to the direct
synchrotron beam.

The sample-to-detector distance was changed from
58 mm to 358 mm depending on the experimental task.
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A longer distance provides a diffraction picture with
few multiplets and higher spatial resolution of reflections
from each domain state. On the other hand, a shorter
distance allows us to observe a larger number of mul-
tiplets which are necessary to index and determine the
orientation matrix. Angular scanning of the sample was
carried out around two axes using the conditions, w = 0°,
¢ axis = 0°-180° with 15° step, x axis = 0°-90° with 15°
step width. A Laue diffraction pattern with the biggest
spacial splitting of reflections from different twin domains
was selected for initial indexing. The temperature of the
sample was changed using a nitrogen gas stream heated
to the proper temperature. A thermocouple was used to
preliminarily calibrate the sample temperature.

OrientExpress V3.3 freeware available via the inter-
net [26] was used to index the Laue diffraction patterns.
Input data include parameters of the crystal lattice,
sample-to-detector distance, wave band of synchrotron
radiation, dimensions of the matrix and angular position
of the detector, and reflection coordinates. We devel-
oped an algorithm to specify and precisely measure the
sample-detector distance (d) and to determine coordi-
nates of the projection of the sample position in the de-
tection plane of the CCD detector. The algorithm implies
the analysis of two Laue diffraction patterns detected at
two different distances dg; (for example, d; = 100 mm
and do = 50 mm) but at the same angular position of the
sample. Distances d; and ds are the distances from the
sample to the beryllium window of the CCD chamber and
not to the detection plane of the CCD detector. There-
fore, corrections are needed. The algorithm also implies
that the coordinates of the same Bragg reflections in pixel
coordinates of the CCD detector are determined for two
different Laue diffraction patterns.

The measured Laue diffraction patterns contain Bragg
reflections and diffuse scattering. Additionally, there is
a rather intensive background because the white syn-
chrotron beam is scattered from the capillary, quartz-
-wool and the sample surface. Since the background
was dome-shaped at short sample-to-detector distances
(Fig. 3), a 4th order polynomial was used for its approx-
imation in both, z-columns and y-rows. A final back-
ground value at each (z,y) point was the average of two
values derived through approximation in  column and y
row. The points, where the derivative exceeds a specified
threshold (p) were removed from the array used for calcu-
lating the background. In other words, we removed from
the neighborhood of the Bragg reflections and diffuse
scattering those high intensity points which would con-
siderably “distort” the background lines (Figs. 3 and 4).
The threshold p was around 5-20 units. Smaller val-
ues did not provide a better approximation of the back-
ground because too many points would be removed from
the array due to the white noise modulation of the Laue
diffraction pattern. It should be noted that the optimum
p value depends on the sample—detector distance because
the shape and intensity of the background are specific to
the distance.

Fig. 3. Laue diffraction pattern recorded at 58 mm:
(a) before removing (b) the background, (c) after re-
moving the background. Lines indicate X and Y profiles
shown in Fig. 4.
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Fig. 4. X (y =690 px) and Y (x = 536 px) profiles of
the Laue diffraction pattern recorded at 58 mm: (a) be-
fore removing the background, (b) after removing the
background. Solid line indicates the calculated back-
ground.

After subtracting the background a Pearson VII two-
-variable function was used to approximate the profile of
the Bragg reflections
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Fig. 5. Profiles of the reflection detected at distance
358 mm: (a) X-profile, (b) Y-profile. Parameters of
Pearson VII approximation: Ip = 20579 a.u., g =
454.8 px, yo = 452.4 px, w = 12.6 px.
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where [y is intensity of reflection, xg and yy are coordi-
nates of reflection center, w is full width at half maxi-
mum. We used different w values for  and y variables.
However, the analysis of the data provide close w, and
w, values, that allows to use the same w value for both
x and y arguments to ensure sufficient approximation of

the profiles (Fig. 5).
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Having determined the coordinates of the projection
of the sample position in the recording plane of the CCD
detector and the coordinates of Bragg reflection centers
in the CCD detector setting, we calculated the reflection
coordinates in the laboratory system. Such results were
the input data for indexing the Laue diffraction patterns
using OrientExpress V3.3 software.

TABLE I
Solutions obtained by indexing reflections from the orientation state TO1 and their statistics.
Reflection’s 1st solution 2nd solution 3rd solution 4th solution 5th solution 6th solution
number hokE 1 Error hoE 1 Error h k 1 Error hok L Error hoE 1 Error h E 1 Error
[cm] [em] [cm] [cm] [em] [cm]
1 1 2100042 4 1/0005|7 2 1 |0002|5 6 3[0001|3 6 5[0004| 1 2 7 |0.033
2 1 4 100051 1/0016|3 0 1 |0009|1 1 1|0001|1 1 1[/0015| 1 0 3 |0.029
3 3 6 1]/0007|1 6 3|0017|5 -2 1 00121 2 2[0004[2 2 1[/0019| 1 —2 5 |0.049
4 3 10 9]0.007|9 10 3|0013|11 6 —1|0011|4 6 1]0002|1 6 4[0019|—1 6 11| 0.056
5 1 4 3[0003|3 4 1[0007|2 1 0 |0007|3 4 1/0002|1 4 3|0012| 0 1 2 |0.049
6 3 14 5[/0.005|5 14 3[0.014 |11 2 3 [0.009|4 4 3[0002|3 4 4[0013| 3 2 11]|0.027
7 2 4 1]0002(1 4 2]0015|7 -2 1 [0011|3 6 5[0002|5 6 3]0.016 -2 7 ]0.044
8 5 10 3[0.003[3 10 5[0.016 | 9 —2 1 [0.012|2 4 3[0.003|3 4 2]0.017
9 3 6 2[0002[2 6 3[0014[11 —2 3 [0.0056|5 10 7|0.001 |7 10 5|0.015
10 5 14 3[0.004|3 14 5|0011 |13 —-2 3 |0003|3 4 4| 0 |4 4 3]0.005
11 3 8 2[0002(2 8 3[0009|4 0 1 [0.005|7 10 9[0.001|9 10 7[0004| 1 0O 0.03
12 3 10 3]/0004(3 10 3/001 |5 0 1 [0004|5 6 5[0001|5 6 5[0009| 1 0 0.03
13 1 3 1[/0004|1 3 1|0007|6 O 1 |0005|3 4 3| 0 |3 310005 1 0 0.032
14 5 14 5[0.005|5 14 5[0.008 (13 2 3 [0.0056|7 10 7[0.001 |7 10 7[0.006| 3 2 13| 0.028
15 2 8 3[0.004(3 2/0009|5 2 1 |0008|9 10 7| O |7 10 9/0009| 1 2 0.034
16 1 6 3|0004]|3 1/001 |6 2 1 |0005|2 2 1[0001|1 2 2[0005| 1 2 0.034
17 3 14 7[0.003|7 14 3[0008|9 2 1 [0.002|9 10 5[0.002|5 10 9[0.006| 1 2 0.033
18 3 10 5[/0.005|5 10 3[0.003 |11 2 1 [0.003|3 4 2[0002|2 4 3[0003| 1 2 11|0.033
19 2 6 3|0.005|3 2/0003|11 6 1 |0009|7 10 5|0001|5 10 7|0002| 1 6 11| 0.05
20 1 6 40.006 |4 1/0009|5 2 0 |0004|9 10 3[0002|3 10 9[0011| 0 2 0.044
21 3 10 7]0.002|7 10 3[0.004(3 1 0 [0.004|7 10 3[0.002|3 10 7[0.006| 0 1 0.041
22 1 3 2|0003|2 3 1]0004|11 2 —1|0014|2 3 1|0002]|1 210.004| -1 2 11| 0.042
23 5 10 7/0.006|7 10 5|/0014|6 -2 1 [0011|3 6 2[0002|2 6 3[0012| 1 —2 0.044
24 7 14 3[0.004|3 14 7[0015|5 0 2 [0.012|5 10 9[0.002|9 10 5[0017| 2 0 0.033
25 3 14 3[0.006|3 14 3[0.024 (13 6 1 [0.004|7 6 7[0.003|7 6 7|0.023
26 3 14 9]0.002|9 14 3|0006|7 O 1 |0006|5 6 2[0003|[2 6 5[0006| 1 0 7 |0.034
27 3 8 3[0006(3 8 3[0008[13 2 1 [0.005|2 3 2[0.002|2 3 2[0006| 1 2 13|0.034
28 5 14 7/0.006 |7 14 5[0.005[13 2 5 [0.008|4 6 3[0.001|3 6 4[0004| 5 2 13|0.029
30 1 2 1|0005|1 2 1]0015/1 0 o0 |o0012|1 2 1/0002|1 2 1|0015| 0 O 1 ]0.038
del\v/[i‘;‘z’on 0.0043 0.0103 0.0071 0.0017 0.0099 0.0372
Sample-CCD 58.0 58.0 58.2 58.0 57.9 57.3
dist. [mm)]

4. Indexing Laue diffraction patterns
4.1. Orthorhombic phase

Figure 6a shows a section of a Laue diffraction pattern
of a LSGMO5 crystal detected at room temperature with
a crystal-detector distance of d = 58 mm. The Laue pat-
tern shows multiplets splitted into 4 reflections, each one
generated by the Bragg reflections from its corresponding

geometrical orientation state. The symbols TO1, TO2,
TO3 and TO4 (Fig. 6a) indicate different ferroelastic
orientation states with corresponding reflections. Posi-
tions of reflections (up to 30 in total) were used to refine
the orientation matrix and sample-to-detector distance.
The orthorhombic cell with parameters a = 5.499 A,
b =779 A, ¢ = 5.538 A [25] were used for indexing
the Laue diffraction patterns. To start indexing, the first
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six multiplets were selected at intersections of crystallo-
graphic zones. These reflections had small Miller indices
which ensures that OrientExpress-assisted indexing leads
to correct solutions.
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Fig. 6. Sections of Laue diffraction patterns of
LSGMO5 detected at (a) 300 K and (b) 753 K (d =
58 mm, ¢ = 87°, 1» = 15°). Reflections are indexed ac-
cording to the best solution determined for each of the
four domain states.

After the initial indexing of 6 reflections of the TO1
orientation state (0.2° error) we obtained about 20 dif-
ferent solutions. Only 6 solutions coincide with the ex-
perimental Laue diffraction pattern and possess relatively

J

small differences between the calculated and experimen-
tal reflection positions. These 6 solutions correspond to
6 allowed domain states in the ferroelastic orthorhom-
bic phase of LSGMO05 [23]. Further refinement of these
solutions using 30 reflections is given in Table I. The min-
imum mean deviation (several times smaller than in the
other five cases) is ensured by the 4th solution. In this
case the sample-to-CCD detector distance remains the
same and is 58.0 mm. The results show the indices of
the 4th solution and its corresponding orientation matrix
(determined by OrientExpress and shown in Table II).
OrientExpress software allows for the estimation of an
angular error for each solution. This error was below
0.02° for the best (4th) solution.

Results of the Bragg reflections for the remaining 3 do-
main states (TO2, TO3, and TO4) are given in Table II.
Indexing of reflections for each domain state yields the
same 6 solutions as for the state TO1. However, consid-
eration of more reflections has shown that the 3rd solu-
tion is the best for the state TO2, the 5th for TO3, and
the 6th for TO4 (bold in Table II). The mean deviation
provided by these best solutions is several times smaller
than in other cases, with a sample-to-detector distance
remaining 58.0 mm.

TABLE II
Solutions obtained by indexing reflections from the orientation states TO1-TO4 and their statistics.
Domain TO1 TO2 TO3 TO4
Solution Mean dev. | Sample-CCD | Mean dev. | Sample-CCD | Mean dev. | Sample-CCD | Mean dev. | Sample-CCD
[mm] dist. [mm)] [mm] dist. [mm] [mm] dist. [mm)] [mm)] dist. [mm]
1-solution 0.043 58.0 0.076 57.8 0.096 58.0 0.050 58.4
2-solution 0.103 58.0 0.070 57.8 0.056 58.0 0.067 58.4
3-solution 0.071 58.2 0.017 58.0 0.096 58.2 0.066 58.6
4-solution 0.017 58.0 0.091 57.9 0.102 58.2 0.087 58.5
5-solution 0.099 57.9 0.087 57.7 0.022 58.0 0.060 58.3
6-solution 0.372 57.3 0.140 57.5 0.069 57.9 0.022 58.0

It should be mentioned that reflections from each do-
main are indexed independently. In the orthorhombic
symmetry, the Laue diffraction patterns can be indexed
according to 8 different crystallographic equivalent set-
tings with the same indices, they differ only by sign.

4.2. Trigonal phase

The Laue diffraction patterns show that heating of the
sample above 720 K to the trigonal phase causes the
multiplets to split into 4 reflections. The symbols TR1,
TR2, TR3 and TR4 (Fig. 6b) indicate the correspond-
ing orientation states. All Laue diffraction patterns were
separately indexed using the reflections of each of the 4
domain states. Positions of reflections (up to 29 in to-
tal) were used to refine the orientation matrix Mp; and
sample-to-detector distance. Powder diffraction shows
that the trigonal cell with space group R3c and param-
eters a = 5.527 A; a = 60.33° is characteristic for the

LSGMO05 crystal at 753 K [25]. Those parameters were
used for indexing the Laue diffraction patterns.

After initial indexing of 6 reflections of the orienta-
tion state TR1 (0.2° error) we have obtained 4 different
solutions, which visually coincide with the experimen-
tal Laue diffraction pattern. Further refinement of these
solutions using 30 reflections is given in Table III. The
minimum mean deviation for the state TR1 results for
the 3rd solution. In this case, the sample-to-detector
distance remains the same and is 58.0 mm. The results
allow to index the TR1 domain reflections using indices
of the 3rd solution. This solution was obtained with an
angular error below 0.03°.

Results of the Bragg reflections indexed for the other
3 domain states (TR2, TR3 and TR4) are given in
Table IV. Indexing of reflections for each domain state
yields the same 4 solutions as for the state TR1. However,
consideration of more reflections (up to 29) has shown
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that the 1st solution is the best for the state TR2, the provided by such best solutions is several times smaller
4th for TR3, and the 2nd for TR4 (marked by bold in than in other cases.
Table IV). Similarly to the state TR1, the mean deviation

TABLE III
Results of indexing reflections from the state TR1 and their statistics.
Reflection’s 1st solution 2nd solution 3rd solution 4th solution
number hok I Error h [ Error h Bl Error hok ol Error
[em] [em] [em] [em]
1 2 1 1]0021|—-1 0 1[0017| —1 1 0 |[0005|2 1 1]0.022
2 7 5 4]0019|-3 —1 4]0013| =5 2 —1[0002|7 2 3]0.012
3 3 2 1]0015|—-2 —1 1]/0019| -2 1 —1[0002|3 1 2]0.023
4 5 2 1[/0025|—-4 —1 1]/0008| —2 3 —1[0001|5 3 4]0.018
5 7 3 2]0021|-5 —1 2| 001 | -3 4 —-1[0002|7 4 5]0.017
6 8 5 3[0012|-5 —2 3[0009| -5 3 —2[0001|8 3 5]0.013
7 9 4 3[0022|-6 —-1 3|0013| -4 5 —1[0003|9 5 6]0.018
8 11 6 3]0.016|-8 —3 3| 001 | -6 5 —3[0002|11 5 8| 0.01
9 5 3 2[0012|-3 —1 2]/0004| =3 2 —1| o0 5 2 3]0.007
10 12 7 5[0013|-7 -2 5|0002| =7 5 —2[0.001|12 5 7] 0.004
11 11 8 5[0021|-6 -3 5|0016| —8 3 —3[0.002|11 3 6] 0.023
12 5 4 3[0028|—-2 —1 3[0017| —4 1 —1[0003|5 1 2]0.017
13 12 9 7]0023|-5 —2 7]0014| -9 3 —2[0.001 |12 3 5] 0.015
14 9 6 5[0015|—4 —1 5| 001 | -6 3 —1[0001|9 3 4]0.008
15 11 7 6]0013|-5 —1 6]0.008| -7 4 —1[0.001 |11 4 5] 0.007
16 11 9 8[0.034|—-3 —1 8[0025| -9 2 —1[0.002|11 2 3]0.011
17 4 3 3/0021|—-1 0 3/0027| -3 1 0 |[0.002|4 1 1/|0.005
18 10 7 7]0017|-3 0 7| 002]| -7 3 0 [0001|10 3 3] 0.009
19 3 2 2[0015|—-1 0 2[0018| -2 1 0 0 3 1 1]0.009
20 11 8 9]0021|—-2 1 9]/0033| -8 3 1 [0002|11 3 2]0.012
21 5 3 4[0022|—-1 1 4]003| -3 2 1 [0003|5 2 1]0.027
22 7 4 5[0018[ -2 1 5[0026]| —4 3 1 |0.002 3 21 0.024
23 9 5 6[/0019|-3 1 6[0023| -5 4 1 |0.001 4 310.024
24 10 7 3[0019|-7 —4 3[0029| -7 3 —4|0004 |10 3 7| 0.03
25 13 9 6]0.016|—-7 —3 6]0012| —9 4 —3[0.002|13 4 7]0.017
26 11 5 4]0.019| -7 —1 4]0.012| =5 6 —1[0.001 |11 6 7] 0.016
27 11 6 7]0017|—-4 1 7]0023] =6 5 1 [0.002|11 5 4]0.023
28 13 10 9]0.024 | -4 —-1 9]0.019| —-10 3 —1[0.002 |13 3 4] 0.008
29 12 7 9]0023|-3 2 9]/0020| -7 5 2 [0.003|12 5 3] 0.029
del\v/lizizi“on 0.01934 0.01724 0.00186 0.01579
iz’;;‘r’fgﬁg?] 58.2 58.0 58.0 58.0
TABLE IV
Results of indexing reflections from the orientation states TR1-TR4 at 753 K and their statistics.
Domain TR1 TR2 TR3 TR4
Solution Mean dev. | Sample—-CCD | Mean dev. | Sample-CCD | Mean dev. | Sample-CCD | Mean dev. | Sample-CCD
[mm] dist. [mm)] [mm)] dist. [mm]| [mm] dist. [mm)]| [mm)] dist. [mm]|
1-solution 0.193 58.2 0.060 58.0 0.048 58.1 0.065 58.3
2-solution 0.172 58.0 0.121 57.5 0.090 57.8 0.028 58.0
3-solution 0.019 58.0 0.149 57.6 0.150 58.0 0.110 57.9
4-solution 0.158 58.0 0.122 57.9 0.024 58.0 0.055 58.4

We used the OrientExpress software for indexing each sequence in orientation matrices Mr; and the sign de-
domain separately. It should be mentioned that the row pend upon the setting used for indexing. The sequence of
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rows in calculated matrices M 7; can be changed through
cyclic permutation using the basis vector equivalency of
a thombohedral cell. Centrosymmetrical Laue diffraction
patterns allow us multiplying rows of Mr; by —1.

5. Identification of domain walls

To avoid ambiguous identification of domain structures
we used the “relative shifts” method, an algorithm which
is shown in Fig. 7. The proposed method is based on
the selection of one domain referred as “reference” do-
main, the determination of spot coordinates from this
domain state on the Laue pattern and indexing selected
reflections with subsequent determination of the orien-
tation matrice M of the domain state relative to the
laboratory coordinate system. In next step, using the
transformation matrices T'1; (see Table 1-3 in [23]), we
determined the orientation matrices ' M of all possible
domain states according to Eq. (9) [23] and performed
calculations with respect to the orientation matrix M
of the reference domain. Using orientation matrices ! M,
we simulated positions of the Bragg reflections of all pos-
sible domain states on the Laue diffraction pattern and
compared the results with observed reflections. Based
on symmetry laws (domain wall orientation) positions of
simulated and experimental reflections were compared.
Using this method, it was possible to analyze complex
multidomain configurations of ferroelastic structures.

D of oricnt-

|| tation matrice M, of I-st
domain state relative lab.

coordinate system

sta u
found  orienta- | | by
tion matrice M, | | spots ns

Ty for all possible | | of f-st domain | |from n-th do-
domain  pairs  in state main  state  on
Laue pattern.

or mechanical twinning | | ferroelastic phase with  calculated
‘ theory - spots  positions

Calculation of trans- |
Detormination_of | | tu formation  matrices
spots coordinates from
#-th domain state on
Laue pattern

Fig. 7. An algorithm of the “relative shifts” method for
identification of domain wall configurations in ferroelas-
tic crystals.

5.1. Trigonal phase

Figure 8a shows an enlarged part of the Laue diffrac-
tion pattern obtained at a distance of 358 mm. In ad-
dition to the observed Bragg reflections from four TR
domains, the calculated positions of reflections from al-
lowed domain states in this phase are marked by circles.
The calculated positions of the Bragg reflections from do-
main states connected with “reference” domain TR1 by
(011) and (121) mirror plane coincide with the positions
of the (211) reflections from domains TR2 and TR3. Fig-
ure 8a shows that the calculated positions of reflections
from all other potential domains are outside the region
of the observed reflections including the reflection from
domain TR4. This indicates that there are no stress-free
walls between the pair of domain states TR1-TRA4.

In a next step, using the transformation matrices T'14
(Table 1 in [23]), we determined the orientation matrices

a) T=760K b) 2 e T=760K

110 21,1
0.1,-1
e TR4
-1,0,1 - -1,0,1
S LA Akl LS LA bk Ml AR LA MR bkl AL B s i LAY LALSE SR bl MR B SAR LARRY WAL
320 340 350 330 400 420 440 450 430 500 520 540 330 400 420 440 450 480 50D 620 540 580 580 60D
X Axis, px X Axis, px

Fig. 8. Enlarged fragment of the Laue diffraction pat-
tern observed at 358 mm and 753 K (¢ = 80°, ¢ = 15°).
Comparison of calculated (circles) and experimental
Bragg reflections of domains based on all possible do-
main states in the trigonal phase: (a) positions are cal-
culated using the orientation matrix of the domain TR1;
(b) positions are calculated using the orientation matrix
of the domain TR3.

TR3 M, of all possible domain states according to Eq. (9)
[23] with respect to the orientation matrix Ms of do-
main TR3. We calculated the orientation matrixes of
the domains taking domain TR3 as the “reference” now.
Positions of reflections are given in Fig. 8b. The fig-
ure confirms that domain TR3 is connected with domain
TRI1 by a (121) mirror plane and with domain TR4 by
the plane (110). However, there is no stress-free wall be-
tween TR3 and TR2 domains. It should be noted that
indices of the (101) Bragg reflection from domain TR4
obtained by indexing the Laue diffraction pattern can
be also determined through cyclic permutation of (011),
which was obtained taking domain TR3 as “reference”.

Based on the identification of domain walls between
the four observed domain states we can assume that the
LSGMO5 crystal has a “chevron-like” domain configura-
tion in the trigonal phase (Fig. 5d in [23]). In Refs.
[23, 24] we demonstrated that such structure allows four
different orientation states to coexist without additional
stress in the trigonal phase. The wall (110) extends the
domain wall (011), which connects domains TR1 and
TR2. Domain TR3 is connected with the domain TR1
through the domain wall (121), which extends the do-
main wall (121) between the states TR2 and TR4 and
turns at about 90° at the intersection of the walls (011).
Domain walls (121) between domain pairs TR2-TR4 and
TR1-TR3 (B — C and M — A pairs in Fig. 5d [23]) cor-
respond to mirror reflection with respect to domain walls
(011) or (110), correspondingly. All four domain states
TR contact each other in the direction [100], (Fig. 5d
in [23]).

5.2. Orthorhombic phase

In the same sample, a “chevron-like” twin structure
was observed in the orthorhombic phase at room tem-
perature. Figure 9 shows a corresponding part of the
Laue diffraction pattern observed for sample-to-detector
distance of 358 mm. Using the transformation matrices
T, (see Table 2 in [23]) and the orientation matrix M
(Sect. 4.1) of the “reference” domain state TO3, the re-
flection positions for domain states related by possible
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twin laws [23] were calculated. In addition to reflections
from four TO domains, the calculated reflection positions
with respect to the orientation state TO3 (“reference” do-
main) from possible domain states in the orthorhombic
phase are shown in Fig. 9. As seen in the figure, cal-
culated reflection positions from possible domain states
connected with domain state TO3 by mirror planes (101)
and (121) plane coincide with the positions of the ob-
served (121) and (200) reflections from domain states
TO1 and TO2, respectively. The same Miller indices for
both reflections were determined using the corresponding
transformation matrices Ty, (Table 2 in [23]) and orien-
tation matrix M3 of the “reference” domain TO3.
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Fig. 9. Section of Laue diffraction pattern detected at
358 mm and room temperature (¢ = 80°, ¥ = 15°).
Comparison of calculated (circles) and experimental
Bragg reflections of domains based on all possible do-
main states in the orthorhombic phase. Positions are
calculated with respect to the orientation matrix of do-
main TO3.

The position of the reflection (002) from domain re-
lated with TO3 by the mirror plane (121) rather poorly
agrees with the position of the observed reflection from
the TO4 state (Fig. 9).

Since, according to [23] 4-domain stress-free junctions
can appear with (121) and (101) walls in the orthorhom-
bic phase (see Fig. 10d in [23]), we also calculated the
reflection positions for domain state related with domain
state TO3 by two subsequent symmetry operations, the
mirror planes (101) and (121) as well as the mirror planes
(101) and (121). The reflection position from the domain
connected with TO3 via two subsequent mirror reflec-
tions with respect to (121) and (101) is represented as
the sum W (—121) + W(10—1) in Fig. 9. The reflection
position of W(—121) + W (10—1) agrees better with ex-
perimentally observed reflection from state TO4. Thus,
we conclude that the domain TO3 is related with TO1
through the wall (101) and with TO2 through (121).
However, the domain state TO4 is not related with TO3,
but with TO2 via the wall (101). Based on the analysis
above we find the twin structure shown in Fig. 10d in [23].
The crystallographic plane (121) is the contact face be-
tween domains TO3 and TO2 (domains A and C in
Fig. 10d [23], correspondingly), while domains TO1 and
TO4 (domains M and B in Fig. 10d [23], correspond-
ingly) are connected by the wall (121) in the domain TO4
setting. It extends the wall (121) between domains TO3
and TO2. The wall (101) connects the TO3 and TO1

domains as well as TO2 and TO4. This wall changes its
orientation at ca. 90° at intersection with the wall (121)
or (121) (Fig. 10d in [23]). Similar to the trigonal phase,
the perovskite direction [100], is common for all four TO
domains. This configuration allows junctions of four dif-
ferent orientation states without additional stress over
the temperature range of the orthorhombic phase [24].

6. Configuration reversibility of twin walls

The Laue method can be used to investigate the twin
structure in different phases as well as its rearrangement
at the phase transition. Using this method, the configu-
ration reversibility of twinning walls in LSGMO05 during
heating above the transition point was studied. The mul-
tiplet consisting of reflections (121) from TO1 and TO3,
as well as (200) from TO2 and (002) from TO4 and their
corresponding reflections of higher order were selected
to study temperature-induced changes of the twin pat-
tern. This multiplet is the most intensive in both, the
orthorhombic and trigonal phases and allows us to record
these reflections during exposure time of 0.1 s.

The crystal was slowly heated with the rate 400 K/h
up to 900 K. During heating the Laue patterns were
recorded. Parallel shift of all four X-ray spots due to
thermal expansion and corresponding lattice parameters
changes were observed in the orthorhombic phase and
above 570 K in the monoclinic phase. Obviously, the
phase transition of the second type from orthorhombic to
monoclinic symmetry does not lead to a rearrangement
of the ferroelastic domain structure, because all domain
walls, which can appear in the orthorhombic phase, can
connect domain pairs in the monoclinic low-symmetry
phase (Tables 2 and 3 in [23]).

Fundamental changes in spacial distribution of reflec-
tions was observed above 670 K (Fig. 10). Areas of the
Laue patterns, shown in Fig. 10b—h, were obtained after
1 s exposure time, which demonstrate the evolution of the
rearrangement of the domain structure during continuous
heating of sample. Firstly, the most intensive “old” reflec-
tions split into two close peaks (Fig. 10b). Then three no
clearly pronounced additional reflections appeared with
increasing intensities, whereas the intensities of four “for-
mer” peaks decreased (Fig. 10c—g). The “former” low-
-temperature reflections disappeared completely on fur-
ther heating (Fig. 10h). It should be noted that intensive
X-ray scattering was observed in the areas between co-
existing “former” and ‘new” peaks with a parallelogram-
-shaped intensity distribution (Fig. 10c—g). The X-ray
intensities (Fig. 10h) corresponded to orientation states
of the trigonal phase and were identified as reflections
(1-10) of state TR1, (211) of TR2 and TR3, (—101) of
TR4 in Sect. 4.1 at 753 K. The presence of 8 reflections
(Fig. 10c) from both monoclinic and trigonal phases tes-
tifies the coexistence of two phases. The sample area
switched to the trigonal phase is already divided into
four domain states forming a chevron-like configuration
of the ferroelastic domain structure.
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Fig. 10. Enlarged section of the Laue diffraction pat-
tern detected during heating the LSGMO05 crystal from
300 (a) to 753 K (h). Intensity changes of the Bragg
reflections were observed at 670 K (b)—(g).

In the low temperature orthorhombic and monoclinic
phase the ferroelastic domain structure (Sect. 5.2) rear-
ranges and forms another domain structure (Sect. 5.1) re-
lated to the trigonal ferroelastic phase above phase tran-
sition (ca. 670 K). The configuration of domain walls re-
arranges again during further cooling at approximately
665 K (Fig. 11). On cooling we observed the coexistence
of four domains of the trigonal phase as well as again
the appearance of four domains of the monoclinic phase
(Fig. 11b—d), similar to the domain coexistence during
heating (Fig. 10). It should be noted that the orienta-
tion of domain walls is the same in both the ferroelastic
monoclinic (or the orthorhombic) and the trigonal phases
with respect to their orientation in the perovskites set-
ting (Fig. 10 and Fig. 5 in [23]). At the phase transition
on heating as well as on cooling only some domain walls
are rearranged and produced “chevrons rotation” on ap-
proximately 45° in the plane normal to the domain walls.

Figure 12 shows the Laue diffraction patterns (the
same multiplet as in Sect. 5.2) before and after heating
the crystal above the trigonal transition point for the first
three temperature cycles. Since, the crystal was heated
above 720 K, the twin structure of the low temperature
orthorhombic phase was re-arranged. Upon cooling to
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Fig. 11. Enlarged section of the Laue diffraction pat-
tern detected during cooling the LSGMO05 crystal from
753 (a) to 300 K (f). Intensity changes of Bragg reflec-
tions were observed at 665 K (b)—(e).

room temperature the twin walls rearrange again. One
might have expected that this cycling should change the
initial configuration of twin walls in the orthorhombic
phase. However (see Fig. 12) such change happens only
during the first heating cycle, while all Laue diffraction
patterns observed in the next cycles are practically identi-
cal. After the first heating cycle (see Fig. 12b) the crystal
maintains its initial orientation states (Fig. 12a), how-
ever, the change of the intensities of the reflections cor-
responding to the four states indicate changes of the do-
main volumes. Also the shape of the reflections changes
from circular (before heating) to elliptical after the first
heating cycle. The Laue diffraction patterns determined
after the 2nd and 3rd thermal cycles are practically iden-
tical to the Laue diffraction pattern observed after the
initial heating cycle. Theefore, the subsequent two ther-
mal cycles have no considerable influence on the config-
uration of the twin structure in the orthorhombic phase.
Reflection positions, shapes and intensities remain prac-
tically unchanged after the first thermal treatment.

Insignificant changes of reflections intensities may be
explained by the approximation error of the reflections
on corresponding Laue patterns. To test this, we de-
termined and analyzed intensities and FWHM data of
12 different multiplets observed below the phase transi-
tion for a sample-detector distance of 108 mm during
the 2nd cycle. This distance was selected as an optimum
because it allowed us to separate reflections from dif-
ferent orientation states, and about 20 multiplets were
detected using this CDD-detector distance simultane-
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Fig. 12. Sections of the Laue diffraction patterns of the
LSGMO5 crystal observed at 300 K before 1st (a) and
after the 1st (b), before 3rd (c) and after the 3rd (d)
heating cycle for 358 mm CCD-sample distance.

ously. Intensity and FWHM ratios of all four domains
(TO1-TO4) at room temperature before (Ic2, Wes) and

J

71

after (Ic3, Wes) the 2nd cycle are shown in Table V. Re-
flections with medium intensity values are selected for
comparison. The analysis shows that even small devia-
tions of intensity ratios from some constants involve vari-
ations of FWHM ratios in opposite directions. This un-
derlines that deviations in the intensity ratios are caused
by the approximation error of reflections.

Reversibility of the twin walls configuration was also
observed in the high temperature rhombohedral phase as
indicated by identical Laue diffraction patterns, which
were detected above the ferroelastic phase transition
point. Positions, shapes and intensities of reflections
(—110) from TR1, (211) from TR2 and TR3, and (—101)
from TR4 are the same after the first and further heat
treatments (Fig. 13). Table VI contains the intensity
and FWHM values of the above mentioned reflections of
4 domains (TR1-TR4) determined at 690-710 K in the
trigonal phase at successive thermal cycles. For illustra-
tion we include the ITr;/ITr1 value determined versus
the intensity of the reflections (—110) (and its higher or-
ders) from the state TR1. Similarly to the orthorhombic
phase, there is a slight difference in values determined at
different thermal cycles. This is mainly caused by the
error of the approximation of the Laue diffraction spots.

TABLE V

Reflection intensity (I) and FWHM ratios of 4 TO domains at 300 K before (I¢2, Wee) and after

(Ics, Wes) the 2nd thermal cycle.

TO1 TO2 TO3 TO4
hkl |Ic2/Ics | Wo2/Wes | hkl |Ic2/lcs | Wc2/Wes | hkl | Ic2/Ics | Wez2/Wes hkl Ic2/Ics | Woa/Wes
343 | 0.9388 1.047 501 | 0.9901 0.9871 | 3 —43 | 0.9881 1.029 105 1.028 0.9737
231 | 1.061 0.971 310 1.044 0.9571 1-32 | 0.9672 1.024 0-13 1.029 0.9683
7105 | 0.9341 1.054 1121 | 1.029 0.9967 |5 —107| 1.022 0.9855 1-211 | 1.034 0.9904
463 | 1.056 0.9935 1321 | 1.021 0.9713 | 3 —64 | 0.9867 1.002 1-213 | 1.016 0.9934
9147| 1.009 1.002 1521 | 1.053 0.9728 |7 —14 9| 0.9602 1.053 1-215 | 0.9436 1.046
7107 | 1.01 1.008 601 | 0.9944 1.001 | 7-107| 1.02 0.9761 106 1.001 1.021
232 | 1.047 0.9907 701 1 0.9931 | 2 -32 | 0.9411 1.085 107 1.013 1.007
364 | 1.052 0.9843 |13 —2 1| 0.9639 1.036 4-63 | 0.9891 0.9928 1213 | 0.9888 0.9924
7149 | 0.9789 1.015 |15 —21| 0.9665 1011 |9 —147| 1.216 0.8132 1215 | 0.9237 1.096
9145 | 1.034 0.9848 720 | 0.9655 1.059 |5 —149 | 0.9484 1.06 0-27 1.033 0.9946
583 | 0.9667 1.03 410 | 09421 1.067 3 -85 | 0.9484 1.041 0-14 1.138 0.8978
7145 | 1.088 09579 |132—1| 1.01 1.04 5-147| 1.111 0.9374 | —1-213| 0.975 1.057
TABLE VI
Intensity, FWHM ratios of reflections of 4 TR domain states in the trigonal
phase after the first five thermal cycles.
Domain TR1 TR2 TR3 TRA4
Reflection indices —110 211 211 —101
Cyele and sample—| 7 p ol w | 1, I/Irgy | W | I I/Ivgs | W | I, I/Irry | W
CCD distance
1st, 358 mm 25183, 1 | 16.965 | 11002, 0.44 | 17.764 | 21004, 0.83 | 14.523 | 5939, 0.24 | 14.454
2nd, 108 mm 64460, 1 | 8.547 | 31333, 0.49 | 9.060 | 47435, 0.74 | 7.317 | 13527, 0.21 | 8.416
3rd, 358 mm 29772, 1 | 16.649 | 12304, 0.41 | 18.544 | 22457, 0.75 | 14.638 | 6336, 0.21 | 14.667
5th, 58 mm 22048, 1 | 6.105 | 9489, 0.43 | 8.126 | 15403, 0.70 | 6.287 | 3962, 0.18 | 8.798

Our results show that orientation states and domain
walls between them are reproduced without noticeable

changes in both, the low temperature orthorhombic and
the high temperature trigonal phase during the ferroelas-
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tic transition. Investigation of the multiplet intensity in
the Laue diffraction patterns collected at different tem-
peratures showed that the successive twin configurations
appearing during the temperature cycling between or-
thorhombic and trigonal phases can be described as fol-
lows:

Z—-X—-Y—=X—->Y—...,

where Z is the initial twin configuration in the or-
thorhombic phase prior to the first heating above the tri-
gonal transition point, X is the twin configuration formed
in the trigonal phase after heating (Sect. 5.1), Y is the
twin configuration appearing in the orthorhombic phase
(instead of the initial one) after cooling below the trigonal
transition point (Sect. 5.2). Thus, after the first thermal
cycle the crystal can “switch” between two phase-specific
twin configurations. Additionally, the volume of each ori-
entation state is reproduced.
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Fig. 13. Section of the Laue diffraction patterns of
LSGMO05 observed on heating in the trigonal phase at
the 1st (710 K) (a) and 3rd (690 K) (b) thermal cycles
with 358 mm CCD-sample distance.

This is a full reproducibility of the domain walls con-
figuration in the sample during thermal cycles. In other
words, there is a domain wall location memory effect.
Only the twin structure observed in the orthorhombic
phase prior to the first phase transition is an excep-
tion. In order to understand this behavior it should be
taken into account that the sample was prepared through
mechanical fragmentation at room temperature, which
causes additional strain in the crystal. Stress in LSGMO05
crystals can easily relax via the separation into differ-
ent orientation states. The additional induced stress re-
sults in a rearrangement of the twin structure, which was
listed before the sample preparation. The corresponding
twin structure is a “non-equilibrium” state because both,
the crystal shape and its size changed after mechanical
fragmentation. The “equilibrium” twin structure is then
formed in the trigonal phase on heating above the transi-
tion point. This structure occurs due to the relaxation of
stress caused by the mismatch of neighboring phases at
the phase front and crystal defects under new boundary
conditions, involving the crystal size and shape. Subse-
quent cooling of the sample below the phase transition
point results in the rearrangement of the walls according
to the distribution of stress in the low temperature phase
induced by the same defects and mismatch of phases at
the phase front. Reproducibility of the twin configura-

tions in both phases indicates reproducibility of the stress
distribution. Since the stress fields are formed by two
factors, i.e. mismatch of the phases and defects, the re-
producibility of the configuration of the twin structure
results from the reproducibility of stress fields induced
by those two factors or one of them.

Namely, domination of mechanical strain due to mis-
match of two phases results in a periodical distribution
of strain [27]. It is difficult to expect the reversibility of
the strain from one temperature cycle to the next one,
because it is defined by external conditions, i.e. by the
temperature field. The smallest fluctuations in temper-
ature cause a change of the phase front orientation and
a different strain distribution, which results in a differ-
ent periodical size and configuration of the ferroelastic
domain structure.

Defects create an irregular stress distribution due to
their arbitrary localization in the sample. According to
[28-32] they maintain their distribution in the crystal
and determine the reversibility of strain fields because of
their insignificant migration at comparatively low tem-
peratures (=~ 700 K). At the transition to the paraclastic
phase (or ferroelastic phase as in our case) the defect dis-
tribution remains unchanged and the same configuration
of domains walls on cooling to the low temperature fer-
roelastic phase occurs [33]. In case of LSGMO05 a phase
transition from one ferroelastic phase to another one
takes place, but the mechanism of reversibility of domain
wall configurations is the same. Furthermore, a “chevron-
-like” configuration appears in the high-temperature fer-
roelastic trigonal phase, where the domain walls are par-
allel to the domain walls of the low-temperature ferro-
elastic orthorhombic phase (Sect. 5). Such topological
correlation of domain wall configurations in both phases
is not accidental and testifies about dominating influence
of point defects on the configuration of the domain pat-
tern in LSGMO05. We may expect an accumulation of
bivalent cations (Sr?*, Mg?*) and oxygen vacancies in-
side or close to the domain walls.

7. Conclusions

Our results show that heating from the orthorhom-
bic to the trigonal phase and cooling from the trigonal
phase to the orthorhombic one causes “chevron-like” twin
patterns in LSGMO5 crystals. All “chevron cells” are ex-
tended along the same perovskite axis (001),, in both,
the orthorhombic and the trigonal phase. Besides, four
orientation states occur which perfectly match geometri-
cally and hence no additional stress occurs at the inter-
sections of the domain walls throughout the full stability
range of the corresponding phases.

The specific “chevron” twin pattern allows one the
reproducibility of wall configurations in heavy defect
LSGMO5 crystals. The stress can completely relax by
forming phase-specific domain wall configurations, and
hence, reorientations occur during thermal cycling. Such
pattern of domain walls is characteristic also for other
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perovskite-type compounds with a sequence of ferroelas-
tic phase transitions related to those of LSGMO05. Exam-
ples are mixed conductivity perovskites, which are used
as electrode materials and interconnectors in SOFC bat-
teries.

The reversibility of characteristic chevron-like domain
patterns during the transformation between ferroelastic
phases of LSGMO05 crystal was studied in detail. The ob-
served reversibility of the domain structure in this crystal
follows from the distribution of microstrain caused by the
spatial distribution of oxygen vacancies and dopant ions
in the crystal. This distribution remains stable because
the migration of vacancies and ions in the crystal struc-
ture at temperatures about 750 K is small. Taking into
account the segregation of oxygen vacancies at domain
walls, it has been assumed that the high ionic conductiv-
ity of LSGM compounds is caused by two simultaneous
processes of oxygen diffusion: through the volume of the
domains and fast along the domain boundaries |7, §].

In the trigonal and orthorhombic phase a “chevron-
-like” configuration is formed due to atomic displace-
ments along the direction (001),, parallel to the “chevron
cells”. This feature may be of practical use because
the preparation of electrolyte and electrode ceramics for
SOFC includes compaction as one of the synthesis stages.
Compaction leads to unidirectional mechanical stress.
Ceramics can therefore be approximated by an ensem-
ble of small crystallites and mechanical pressure imposed
to an electrolyte pellet, which causes rearrangement of
the twin structure of “chevron cells” in ceramic grains
along the direction parallel or nearly parallel to the im-
posed pressure. Hence, such pressure will cause texturing
of twin “chevrons” in electrolyte layers along the direc-
tion of oxygen diffusion in the SOFC structure. Keeping
in mind the influence of twin walls on the conductivity
and the high density of twin walls in LSGMO05 [7, 8], we
suppose that texturing of the twin structure, e.g. reorien-
tation of “chevron cells” increases the conductivity of the
perovskite-type electrolyte LSGM in the cathode—anode
direction.
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