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Charge density in fluorapatite, Cas(POa)sF, from X-ray diffraction measurements on mineral
and synthetic crystals
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Apatite is a name currently used for a mineral supergroup which contains over 40 mineral species with a similar atomic framework
structure. According to occupancy of the two metal-cation sites and the tetrahedral site in the crystal structure, the apatite supergroup
is subdivided into five groups. One of these groups is the apatite group where the metal sites are occupied by the same dominant
element: Ca, Pb, Mn or Sr, and the tetrahedral site is occupied by P, As, or V [1,2]. In common use, the name apatite comprises the
calcium phosphate minerals in which the halogen site is occupied by the F-, CI' or OH anions in the form of columns along the edges
of the unit cell. If the column site is dominated by F, the apatite is referred to as fluorapatite which crystallizes in space group P63/m.

On the basis of a multipole refinement from high resolution x-ray diffraction data collected up to 0.4 A, a quantitative experimental
charge density distribution has been determined for natural (n) and synthetic analog (s) of fluorapatite. The Bader charges [3] for all
atoms were determined from electron density integration within atomic basins (Fig. 1), q©*Vn=+1.6e; ¥V =+1.5¢; q©*®@m=+1.5¢;
q“@=+1.6e; qfm=-0.4¢; qfc=-0.4e; *m=+3.4e q*=+3.5¢; Q°Vw=-1.5¢; ®D=-1.5¢; °Pm=-1.3¢; ®P=-1.4¢; Q°Pm=-1.3¢;
q°®)=-1.4e. The topological analysis of the electron density distribution showed, apart from the presence of strong Ca...F, Ca...O,
P...O interactions, weak O...O interactions associated to charge-shift bonding [4,5].

The crystal structure model and the electron density distribution of fluorapatite serves as a reference for ongoing studies of the
substituted F-Cl; F-OH and CI-OH apatite series.

Figure 1. The atomic basin representation of all atoms from assymetric unit of fluorapatite. Atomic basins are surrounded by atoms
from their closest neighbourhood.
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