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not to be of universal character when scaled against the correlation 
length and instead depends on the interaction of faulting. Furthermore, 
even in the case where is clear the presence of large density of defects, 
and therefore independent faulting does not hold, direct methods still 
applies.

The developed procedure was used to analyse the layer disorder 
in RE2Co17 alloys (RE: rare earth) which undergo a reordering 
transition from rhombohedral to hexagonal arrangement when going 
from the light rare earth elements to the heavy  rare earth. In all cases 
the structures show different degree of planar disorder. The X-ray 
diffraction experiments were conducted on the beam line XPD at the 
LNLS synchrotron facility in Campinas, Brazil.
The increasing ordered character of the hexagonal phase was quantified 
as well as the evolution of the rhombohedral stacking through the value 
of the correlation length. A k parameter has been introduced in the 
decaying term of the probability correlation length, allowing to follow 
quantitatively the interaction of the faulting as well as the distance 
of the actual faulting to the random non-interacting model. The 
reconstructive phase transition in this system seems to fallow a path 
where the new phase appears within the disordered phase and grows 
without homogeneous reordering of the disordered arrangement.
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Recently, the possibility was demonstrated that 3d-metals (M = Cu, 
Ni, Zn) can be incorporated into strontium hydroxyapatite powders, 
where they partially occupy the channels and form linear O-M-O groups 
separated by hydroxide anions [1], [2]. The positions and isotropic 
displacement parameters of the atoms (isotropic ADPs) were refined 
by the Rietveld method. As unavoidable in Rietveld refinement, the 
strong correlations between the different crystallographic parameters 
do not allow the refinement of anisotropic ADPs in the neighborhood 
of Sr. In order to obtain information about the anisotropic ADPs of the 
in-channel atoms, the maximum entropy method (MEM) has been used 
as a complementary tool. In this work, the MEM was used to derive 
the most probable distribution of the electron density and to determine 
the ionic charge of atoms of hydroxyapatites with different content of 
metal atoms from powder diffraction data.

An almost completely ab-initio electron-density distribution can 
be obtained by the MEM using a combination of structure-factor 
amplitudes from a Le Bail fit of the diffraction data (disregarding any 
structural model) with phases from Rietveld refinement of the initial 
structural model [3]. The Le Bail fit provides amplitudes of structure 
factors as they would have been directly measured by single-crystal 
diffraction, except that for each group of overlapping reflections only 

the sum of the intensities can be used. As an initial model for the 
determination of the phases of structure factors, the published atomic 
coordinates of the investigated compounds were used [1], [2] without 
metal and oxygen atoms in the channels of the apatite. Therefore, no 
prior structural information about locations of these atoms was used 
for the determination of the electron-density distribution. For the 
reconstruction of the electron density in the unit cell the computer 
program BayMEM [4] was used.

As examples, the two-dimensional maps of the electron-density 
distribution of the atoms of pure hydroxyapatite and hydroxyapatite 
with copper atoms in the channels Sr5(PO4)3Cu0.1O0.2(OH)0.8 are shown 
in Fig.1. The electron-density distribution of the Cu atoms is isotropic, 
suggesting the absence of positional and thermal displacement of the 
Cu atoms.

Fig. 1. Two-dimensional electron-density maps at y=0 of pure hydroxyapatite 
(left) and hydroxyapatite with copper atoms (right).
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A single-crystal charge-flipping algorithm [1] has been applied to 2-
dimensional projections derived from X-ray powder diffraction data to 
retrieve structure factor phases.  These phases proved to be as reliable as 
those obtained from high-resolution transmission electron microscopy 
(HRTEM) images or from precession electron diffraction (PED) data 
[2]. In particular, the stronger reflections tend to be correctly phased. 
The 2-dimensional electron density “images” obtained in this way 
show the same features as the corresponding HRTEM images, but with 
higher resolution. Application of the powder charge-flipping algorithm 
[3] to the full 3-dimensional powder diffraction data in conjunction 
with phases derived from several such (arbitrarily selected) projections 
was found to have a significant and beneficial effect on the structure 
solution. 

The approach was first developed and tested using data collected 
on the complex zeolite TNU-9 [4], IM-5 [5] and SSZ-74 [6]. All three 
of these structures were originally solved by combining X-ray powder 
diffraction and electron microscopy data, because X-ray diffraction 
data alone were not sufficient. In all three cases, the phase information 
derived from 2-dimensional subsets of the X-ray powder diffraction 
data resulted in a significant improvement in the electron density maps 
generated by the powder charge-flipping algorithm. The inclusion of 
this phase information allowed all three structures to be determined 
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