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MS09.01.05 THE PRIOR IN THE MAXIMUM ENTROPY 
METHOD. DO NON-NUCLEAR MAXIIVL~ IN BE A.Nl) SI 
EXIST? R. Y. de V1ies, W. J. Biiels &D. FeiL ChemPhys.Lab. Univer­
sity ofTwente, P.O.Box 217, 7500AEEnschede, The Netherlands 

In the past few years the ma.,ximum entropy method (MEM) 
has become very popular for extracting electron density distiibu­
tions (EDD) from X-ray diffraction data. In the MEM formalism, 
the EDD is described on a very dense giid. It is believed that in 
contrast to multipolar refinement, the MEM is 'model free'. 

The discovery by the MEM of maxima in the EDD that are 
not located at a nucleus, the non-nuclear ma.,xima, in Si and Be 
could be the result of this enormous flexibility. On the other hand, 
these non-nuclear maxima could also be an artifact of the MEM. 

We have tested the MEM on data calculated from a known 
EDD of silicon. This EDD was calculated with the Amsterdam 
Density Functional-BAND program which takes the pe1iodicity 
of the crystal into account. No non-nuclear maxima were observed 
in this density. When the MEM was applied on the structure fac­
tors calculated from this density non-nuclear maxima appeared in 
the Si-Si bond. This clearly demonstrates that these maxima in Si 
are an artifact of the MEM. 

The MEM as used above strives towards an EDD displaying 
as few features as possible within the constraints given by the ex­
periment. vVe know, however, that our EDDs are characteiized 
by sharp atomic peaks. By including this piior knowledge in the 
form of the sum of the free atoms, the MEM gave an excellent 
reconstruction of the EDD. Applying this to the expeiimental data 
of both Si and Be did not reveal any non-nuclear maxima. These 
EDDs will be compared with the EDDs resulting from multipolar 
refinements. 
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Implementation around the existing code BUSTER [1] of 
algorithms to pe1fonn accurate electron density studies from high­
resolution X-ray diffraction data has been accomplished, as part 
of a comprehensive programme for doing crystallography within 
a Bayesian theory of structure determination [2]. We consider the 
reconstruction of an accurate electron density as an extension of 
the structure detennination process. The program seeks the electron 
distiibution having maximum entropy relative to a given piior, 
and reproducing the experimental measurements. The program is 
fully automated, space-group general and is operated from a user­
friendly graphical inte1face. The maximum-entropy equations are 
solved by means of a robust and efficient algorithm, targeting 
phased structure factors values. An intelface between BUSTER 
and the program for multipolar electron density studies 
VALRAY[3] allows one to define a 'fragment' of atomic core 
density functions, and to redistribute only the valence electrons. A 
prior distribution for the latter can computed within VALRAY from 
a superposition of atomic valence density functions and is used to 
provide a description of the radial dependence of the atomic density, 
thus preventing the accumulation of density in regions far from 
the nuclei within the crystal. 

First tests against synthetic data have confirmed the viability 
of the method to obtain dynamic densities for centrosymmetric 
structures (Si, Be, TriGlycine). Non-centrosymmetric crystals, 
which present the added difficulty of phase uncertainty, have also 
been studied. We are still investigating the dependence of the final 

reconstructed densities on the choices made for the prior, and 
comparing them with the traditional multipolar densities. There is 
strong evidence of the need to use a thennally smeared prior density. 
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Diffuse scatteiing ( dynamic and static ) contribution in 
diffraction intensities influences both thermal atomic parameters 
and electron density maps. It depends on concentration of defects 
contributing to scattering near Bragg position of the peak in the 
reciprocal space and is increased when temperature of the experi­
ment is close to phase transition point. The expeiimental method 
of the diffuse scattering account was suggested in [ 1]. We are pre­
senting in this report the application of this method for studying of 
a few organic and inorganic compounds at different temperatures 
and for samples of quartz with different defect structures. The 
anisotropy of thermal diffuse scattering was found in the 
hexahydroquinolone crystals at room temperature and its increas­
ing when temperature approached to phase transition point at 248 K. 
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The use of Area Detectors has become widespread in recent 
years and their applications both in X-ray and neutron diffraction 
show exciting results. An area in which its use to date has been far 
from routine so far is in the area of multi pole refinement in order 
to obtain charge, spin and momentum density properties of the 
investigated compound. 

The main problem until recently has been the way the area 
detector data are processed. Most commercial data collection 
packages provided with the diffractometer, including our FAST 
software, use an algorithm that assumes a piimi knowledge of the 
peak shape which is in most cases based on an elliptical peal( mask 
(Wilkinson et aL 1983; Kabsch, 1988a,1988b). 

Recently, a new method of area-detector peak integration -
the 'Seed-Skewness Method' (Bolotovsky et al., 1995) has been 
developed (and implemented in the program HIPPO) in which the 
integration is purely based on the statistical analysis of pixel 
intensities and hence uses no a priori knowledge of the peak. 
According to the first results mentioned in their article, it gives 
much better and more reliable results especially for the weak 
reflections, takes care of the et.l!et.2 separation and shows no 
significant difference in positional and thermal parameters after 
standard spherical atom refinements compared to data obtained 
via the earlier mentioned peak mask methods. 

Tllis observation was promising enough to start implementing 
this new Seed-Skewness method in our data collection procedure. 
By making use of the well established data reduction package 


