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SYMMETRY ANALYSIS OF THE 4c SITES IN THE RHOMBOHEDRAL SPACE 
GROUP R3c AND THE MAGNETIC ORDERING OF HEMATITE 

 
B. Lebech (Materials Research Department, Risø National Laboratory, Denmark) and 
W. Sikora (Faculty of Physics and Nuclear Techniques, University of Mining and 
Metallurgy, Kraków, Poland) 
 
The models used for description of magnetic structures determined from neutron 
diffraction data are usually presented as sets of Fourier coefficients of a particular 
propagation vector k describing the magnetic moment components on the magnetic 
atoms in the compound. The propagation vector and the moment directions are most 
often determined directly from the experimental data and often the model of the 
magnetic structure is guessed from the absence of certain reflections in the diffraction 
pattern in combination with experimental results from other techniques (Mössbauer, 
magnetisation, susceptibility etc.). We have made a symmetry analysis for the 4c sites 
of the rhombohedral space group R3c ( , no. 167), i.e. the space group of hematite 
(α-Fe

6
3dD

2O3), a compound that has been studied extensively in recent years as an example 
of a nano-magnetic material.1-5 The analysis has been made by means of the PC-
programme MODY6, which is based on the theory of groups and representations 
proposed by Bertaut7 and Izymov8 and predicts possible magnetic structures for 
particular sites in the considered space group. 
 
In the rhombohedral description of the R3c space group for α-Fe2O3 the magnetic Fe-
atoms occupy the 4c positions while the non-magnetic O-atoms occupy 6e. In the 
corresponding hexagonal cell the site positions for the Fe-atoms are 12c and 18e for the 
O-atoms. Only the Fe-atoms are important for the symmetry analysis leading to the 
magnetic structure. Neutron diffraction data indicate that the magnetic structure of 
hematite should be an antiferromagnetic structure, commensurate with the crystal lattice 
and with a propagation vector k along the c-axis of the hexagonal unit cell (body 
diagonal for the rhombohedral unit cell). According to the symmetry analysis, the only 
commensurate k-vectors along to c-axis that are compatible with the crystal symmetry 
are k = (0 0 0) and k’ = (0 0 3/2) which is equivalent to a cell doubling of the 
rhombohedral cell along the body diagonal. For k = (0 0 0) the MODY calculation 
shows that there are four one-dimensional representations and two two-dimensional 
representations. Each representation may be a component of the resulting magnetic 
structure. The one-dimensional representations of k = (0 0 0) have magnetic moments 
parallel or antiparallel to the hexagonal c-axis while the two-dimensional ones have 
magnetic moments in the basal plane of the hexagonal unit cell. For k’ = (0 0 3/2) the 
MODY results show that there are three two-dimensional representations each of which 
may be a component of the resulting magnetic structure. In this case one of the two-
dimensional representation has magnetic moments parallel or antiparallel to the 
hexagonal c-axis while the two others have magnetic moments in the basal plane of the 
hexagonal unit cell. 



 

 
 
Fig. 1. Illustration of the one-dimensional magnetic representations compatible with the R3c space group 
and derived by MODY for propagation vector k = (0 0 0). Note that the magnetic structure given by τ3 is 
ferromagnetic. 
 
The magnetic structures predicted by the irreducible representations as derived by 
MODY are possible magnetic structures for the magnetic atoms placed at the 12c sites 
of the hexagonal cell of the R3c space group (Fe-atoms in hematite). The real magnetic 
structures may be linear combinations of these, i.e. the Fe-sites in hematite may order 
magnetically with moment parallel or perpendicular to the hexagonal c-axis, moments 
in the hexagonal basal plane or even into a canted magnetic structure having moment 
components parallel and perpendicular to the hexagonal c-axis.  
 
The relation between the predicted possible magnetic structures and the experimental 
findings from neutron diffraction, Mössbauer and related techniques will be discussed. 
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