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INTRODUCTION

Several silver-bearing sulfosalts are known to occur in nature; 
however, for some of them, a full structural study remains to be 
accomplished. The lack of structural information can be related, 
on the one hand, to a lack of suitable crystals and, on the other 
hand, to the difÞ culty in describing the Ag+ or Cu+ electron 
density. If the former situation is easily understood, the latter 
one is more complex and should be related to the observation 
that both Ag+ or Cu+ d10 elements easily adopt various complex 
asymmetric coordinations. It has been shown (Gaudin et al. 2001 
and references therein) that those particular coordinations are due 
to an s/d orbital mixing and/or polarization factors. Therefore, 
it is quite common to observe, in space and time average, Ag+ 
or Cu+ in different, but overlapping sites. This certainly also 
favors the presence of strong ionic conductivity observed in 
some materials because the activation energy of the jumps from 
site to site is lowered by the easy density deformation. Whatever 
the situation, ion conducting or nonconducting, the structure 
appears as disordered.

One classical way to deal with disordered materials in 
structure determination is the use of a split-atom model. This 
approach has several disadvantages and may give rise to am-
biguities. As demonstrated by Bachmann and Schultz (1984), 
the introduction in the reÞ nement of additional positions with 
fractional site occupation factors does not necessarily mean that 

those extra positions correspond to occupied equilibrium sites. 
This is certainly true in the case of fast ionic conductors, for 
which there exists a delocalization of an ionic species over a 
liquid-like structure. Apart from these physically nonmeaning-
ful reÞ ned positions, the simultaneous reÞ nement of overlap-
ping atoms with partial occupancy usually gives rise to high 
correlations and unstable reÞ nements, the closer the reÞ ned 
positions in a disordered structure, the higher the correlations 
and the less stable the reÞ nement. A solution to that problem is 
the use of higher order tensor elements in the expression of the 
structure factors (the �non-harmonic approach��Johnson and 
Levy 1974; Zucker and Schulz 1982). Indeed, initially used for 
true anharmonic atomic vibration, it has been shown to give 
an equivalent description, but with less parameters, than the 
split-atom model in cases of disorder with highly overlapping 
electron densities (Kuhs 1992). This alternative approach, in 
particular the Gram-Charlier formalism which is recommended 
by the IUCr Commission on Crystallographic Nomenclature 
(Trueblood et al. 1996), provides an easier convergence of the 
reÞ nement, due to much lower correlations between the reÞ ned 
parameters. One potential drawback of the method one should 
be aware of, however, consists in the possible negative regions 
one could Þ nd in the probability density functions (pdf), which 
then indicate the inadequacy of the results. In some situations, it 
may then be better to use only the Gaussian approximation, even 
though the resulting R factors may be higher. This problem being 
mastered, the non-harmonic approach has been successfully used 
over the past twenty years in solving numerous structures, both * E-mail: lbindi@geo.uniÞ .it
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ABSTRACT

During structure solution of Ag-, Cu-bearing minerals it is quite common to observe disorder. Ag+ 
and Cu+, indeed, can occur in different, but overlapping sites. The typical way to deal with these kind 
of minerals in structure determination is to use a split-atom model. This approach, however, has several 
disadvantages and may give rise to ambiguities. A solution to the problem can be the use of higher 
order tensor elements in the expression of the structure factors (the �non-harmonic approach�). This 
alternative approach gives, in cases of highly overlapping electron densities, an equivalent description 
of the split-atom model.

The non-harmonic approach based upon a Gram-Charlier development of the atomic displacement 
factors can be useful in mineral sciences for the determination of still unknown structures. In addition, 
such an approach can be used to reÞ ne known structures with suspiciously high R values and/or high 
isotropic displacement parameters for the silver or copper atoms. As an example of the application of 
this method, we have reinvestigated the crystal structure of samsonite, Ag4MnSb2S6.
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