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abstRaCt

The crystal structure of a 5C pyrrhotite from Silberberg Mine, Bodenmais, Germany, has been 
determined at 120 and 293 K in space group P21. The low-temperature structure refined to R = 0.0261 
for 5727 data with Io > 2σ(Io) and R = 0.0354 for all 7121 data. The room-temperature structure of 
the same crystal refined to R = 0.0383 for 2471 data with Io > 2σ(Io) and R = 0.0550 for all 3419 data. 
In addition, the diffraction data of a 5C pyrrhotite crystal from Copper Cliff Mine, Sudbury, Canada, 
previously refined in space group Cmce, has been transformed and also refined in space group P21. 
This structure refined to R = 0.0441 for 2701 data with Io > 2σ(Io) and R = 0.0672 for all 3843 data, 
which is a substantial improvement over the previous refinement.

The structure is characterized by iron vacancy avoidance within a layer, and with partially occupied 
sites projecting on top of each other in adjacent layers. Two half-occupied sites and two sites each with 
occupancy of 0.88 are present in the Bodenmais structure, together with one site with occupancy of 
0.28. The distribution in the crystal from Sudbury is slightly different and cannot be described with 
the same number of partially occupied sites. Broadly, however, the two structures are similar.

intRoDuCtion

The crystal structure and vacancy distribution of 5C pyr-
rhotite (Fe9S10) have been the subjects of several studies, with 
the postulated structures mainly based on the structure of 
4C pyrrhotite. These investigations attempted to predict the 
structure based on the arrangement of layers containing fully 
occupied iron sites and layers containing either two vacancies in 
8 atom sites or one vacancy in 8 sites. The reader is referred to 
a comprehensive review by Elliott (2010). No crystal-structure 
determinations accompanied these postulated vacancy arrange-
ments except for the above-mentioned author who attempted 
structure verification using synchrotron powder XRD data. 
More specifically, on the basis of vacancy avoidance Elliott 
(2010) proposed a structure for 5C pyrrhotite, which included 
the stacking of half-occupied and fully occupied iron sites. 
He postulated two equivalent arrangements of fully occupied 
and half-occupied sites, FA½A½B½B½FD½D½C½C½ and 
FA½A½B½B½FC½C½D½D½, where the A, B, C, and D 
arrangements are defined as corresponding to the vacancy ar-
rangements in 4C pyrrhotite, and F a fully occupied layer. The 
vacancy arrangements in these layers (nomenclature of Wang 
and Salveson 2005) are shown in Figure 1. Note that the nomen-
clature of Wang and Salveson (2005) differs from that of Elliott 
(2010) in that the A-layer and D-layer of the former authors are 
interchanged in the latter.

The crystal structure of a 5C pyrrhotite from Copper Cliff 
Mine, Sudbury, Canada, was described by de Villiers et al. 
(2009) in the orthorhombic space group Cmce with a rather high 
R-factor of 0.072. If an iron site with partial occupancy of ~0.13 

is included in the refinement, then the R-factor decreases to 0.060 
for all observed data. The latter atomic site was not included 
in the published structure. Subsequently, the 5C structure was 
reexamined by Elliott (2010) who questioned the vacancy dis-
tribution of this structure and postulated a monoclinic structure 
in space group P21/c and the vacancy distributions consisting of 
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FiguRe 1. Distribution of vacancies in the A, B, C, and D cation 
layers of the 4C pyrrhotite structure, shown together with a layer with 
all cation sites filled, (F).


