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periodically spaced crystallographic shear (CS) planes. The CS planes 
delimit quasi two-dimensional blocks of the perovskite structure with a 
thickness of (n-2) BO6 octahedra, n being the number of the homologue 
in the series.

Using the appropriate chemical composition and thermal treatment 
conditions we have isolated in a single phase form different members of 
the homologous series with n = 4 (Pb4-2xA2xFe4O10 (A = Sr, Ba)), n = 5 
(Pb2.9Ba2.1Fe4TiO13, Pb2Ba2BiFe5O13), n = 6 (Pb3.8Bi0.2Ba2Fe4.2Ti1.8O16, 
PbBaBiFe3O8) and n = 7 (Pb4.5Bi0.2Ba2.4Fe4.9Ti2.1O19) [1], [2].

The crystal structures of the obtained compounds have 
been determined using a combination of diffraction and electron 
microscopy techniques: X-ray (XRD) and neutron powder diffraction 
(NPD), electron diffraction (ED), and high angle annular dark field 
scanning transmission electron microscopy (HAADF-STEM). The 
compounds crystallize in an orthorhombic crystal system with the 
lattice parameters a ≈ ap√2, b ≈ bp, c ≈ 9.7Å+ (n – 2)ap√2, where 
ap ≈ 4.06Å. The space groups are Pnma, Ammm and Imma for the 
4th, 5th and 6th members, respectively. The AnBnO3n-2 structures can 
be represented as a sequence of atomic layers – ABO – (O2 – ABO)n-

2 – O2 – ABO – ABO – (O2 – ABO)n-2 – O2 – ABO–. HAADF-STEM 
reveals a long range ordered sequence of the perovskite modules with 
a uniform thickness for members with n = 4–6.

In this type of structures, the cations are partially ordered. 
At the CS planes, tunnels are created in which only the lead and 
bismuth cations are situated. The formation of tunnels allows the 
spatial accommodation of the lone electron pair of these cations. The 
coordination number of the B cations at the CS planes is 5 and these 
BO5 tetragonal pyramids are occupied exclusively by Fe3+ cations. The 
remaining Fe3+ cations as well as Ti4+ cations are located in the BO6 
octahedra of the perovskite modules. The CS planes introduce edge 
sharing connections of the transition metal-oxygen polyhedra at the 
interface between the perovskite blocks. This results in intrinsically 
frustrated magnetic couplings between the perovskite blocks due to a 
competition of the exchange interactions between the edge- and the 
corner-sharing metal-oxygen polyhedra.
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Electron crystallography and electron microscope tomography may 
enhance structure investigations via local object analysis. However, 
this has in contrast to X-ray techniques the disadvantage, that an ill-
posed inverse problem for the highly nonlinear dynamical theory has to 
be solved. Fig. 1 schematically shows all necessary steps of the object 
analysis: anticlockwise the trial-and-error technique, clockwise the 
direct solution of the inverse problem. Authors which proposed partial 
solutions are listed, too. Details are be found in [1] with respective 
references. In [1], [2] also a special solution of the inverse problem for 
the local parameter analysis is given. Step 1 of the inversion is solved, 
by replacing the image by a hologram or a defocus series, which makes 
the problem linear, and finding the exit object wave by inverse Fourier 
transform. Step 2 yielding the object structure directly from the exit 

wave, is the real challenge of inversion. Step 3, the analysis of lattice 
defects, has no explicit solution yet.

The solution proposed here for step 2 can be characterized in short 
as follows [1], [2]: The first step of inversion yield the moduli and 
phases for all reflections of the experimental exit plane waves Φ

exp
 

as function of lateral (pixel) positions (i,j). Theoretical waves Φ
th
 

are then calculated using the dynamical scattering matrix M for an a 
priori model characterized by the number of beams and the scattering 
potential V. With a suitable experimentally predetermined a priori 
beam orientation Ko and sample thickness to as a free parameter, a 
perturbation approximation yields both Φ

th
 and M as linear functions 

of the parameter to be retrieved. Its analytic form enables the inverse 
solution of ||Φ

exp
-Φ

th
||=Min yielding directly for each image pixel the 

local thickness t(i,j), the local beam orientation K(i,j), and further data 
of the parameter space.

The linearization transforms the ill-posed problem to a well 
posed one and enables the analytic inverse. However, the solution is 
ill-conditioned. With the generalized and regularized inverse in [2] 
an enhancement of the solution is given. By applying second order 
perturbation and using a mixed type potential V(i,j) = qk(i,j) Vk in [1] 
with the parameters qk(i,j) also local potential variations can be retrieved 
[3]. Smoothing, coupling of different parameters via additional a priori 
information, including the iteration of the start values, if the retrieved 
parameter go beyond the confidence region, finally help to avoid 
modeling errors. 
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Automated electron Diffraction Tomography (ADT) in combination 
with precession electron diffraction (PED) has been recently used in the 
investigation of nano-crystalline materials. By the use of this method 

P.
M

S
.7

9

CONGRESO 2011.indb   693 20/07/2011   11:56:49



Poster Sessions

C694

it is possible to sample and reconstruct the 3D diffraction space, to 
automatically determinate the unit cell parameters and to integrate 
electron diffraction intensity data sets able to deliver the crystal structure 
by direct methods. [1], [2]. 3D data are acquired through a sequential 
tilt of the selected nano-crystal around an arbitrary axis. The tilt step is 
usually 1° and tilt range of ± 60° can be reached. An exampled of 3D 
reconstructed diffraction space is shown in Figure 1. Such a data set 
contains nearly all the refl ections present in the covered wedge of the 
reciprocal space. Combining electron beam precession (NanoMEGAS) 
with tomographic diffraction data acquisition principle allows proper 
integration of refl ection intensities and drastically reduces dynamical 
effects. In the last three years more than 25 crystal structures (organic 
and inorganic) have been solved ab-initio with ADT. ADT is especially 
effective for data collection from beam sensitive materials because it 
uses low illumination conditions in STEM mode and includes devoted 
routines for electron dose distribution. Here we report for the fi rst 
time ADT study on reference 6H-SiC semiconductor and NiTe binary 
compound samples. Those materials have physical properties which are 
suitable for applications into electronic systems as the wide energy gap 
of the 6H-SiC is suitable for UV-detectors and blue light lasers. Using 
ADT/PED we were able to reconstruct accurately their diffraction 
space, fi nd their cell parameters and solve ab-initio their structure with 
a kinematical approximation (I proportional to Fhkl

2). All the atoms (C, 
Si and Ni, Te) were localized and the solution show a residual R of 
13%, remarkably low for electron diffraction data. 

Figure 1: ADT reconstructed 3D diffraction space and unit cell for NiTe and 
SiC. Upper: NiTe along (001) (left) and tilt axis (right). Bottom: SiC along 
(001) (left) and tilt axis (right). 
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Perovskite-like oxides of Sr–Bi–TM–O systems (with TM = 
transition metal) have been extensively studied but surprisingly no 
structures have been published in the Sr–Bi–Ni–O system. Samples 
with nominal composition Sr3Bi2-хNixO6-δ were prepared from nitride 
precursors and calcined in air or oxygen current at 900 °С during 

10 – 15 hours, followed by 20–30 hours at 1000 – 1200 °С. In the 
present transmission electron microscopy (TEM) study precession 
electron diffraction was carried out on a Philips CM300ST equipped 
with the spinning star precession unit. Chemical analysis was achieved 
by EDS in a Tecnai F20ST. TEM showed the existence of at least 3 
different phases: a tetragonal phase (a = 5.36 Å, c = 17.5 Å), a closely 
related orthorhombic phase (ao ≈ at / √2, bo ≈ at * √2, co ≈ ct) and 
a minority cubic phase (a = 33.7 Å, 8.2% Ni, 64.1% Sr, 27.7% Bi) 
which represents not more than a few percent of the sample. In the case 
of a minority phase with a large unit cell X-ray powder diffraction is 
useless for structure determination. We therefore conducted an electron 
crystallography study on the cubic phase. 

Due to the very large unit cell of the cubic phase the precession 
angle is limited by Laue zone overlap and was chosen as 0.8° or 1.3° 
depending on the zone axis. Systematic extinction and the symmetry 
of the higher order Laue zones indicated Im3m as the most probable 
space group. 6 zone axes yielded 1692 independent refl ections. Using 
different input parameters for SIR2008 (starting composition, maximal 
resolution, applying or not a Lorentz correction) yielded the same 
cation positions with slightly different chemical order. The cations are 
ordered in layers alternating pure Sr layers and layers formed by Bi, Sr 
and Ni ions. In the mixed layers the cations are equally spaced forming 
a square lattice. In the Sr layers the distances between Sr rows alternate 
between 3.95 Å and 4.5 Å creating rectangles, small and large squares. 
The fi gure shows a Sr and a mixed layer. 

Not all of the oxygen atoms were directly found but the ones present 
in the structure solutions clearly showed that the oxygen are in the 
center of the cation squares except for the ‘large’ squares in the Sr layers 
where the oxygen are on the square edges. The resulting composition 
is Sr672Bi272Ni80O1200 in agreement with the EDS measurements. To 
the best of our knowledge, this is the largest structure ever solved by 
precession electron diffraction.
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Fourier images (the Talbot effect) are a special self-imaging 
phenomenon arising from the coherent illumination of a periodic 
object. The formation mechanism has been carefully analyzed by J. M. 
Cowley and A. F. Moodie with diffraction theory in the 1950s [1].  

Here we report the experimental observation of Fourier images in 
coherent convergent beam electron diffraction (CBED) patterns taken 
using high energy incident electrons. We use a transmission electron 
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