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Solution and refinement of magnetic structures is 
usually made with help of the decomposition of 
the magnetic configuration space into basis modes 
transforming according to different physically 
irreducible representations (irreps) of the space 
group of the paramagnetic phase [1]. Recently it 
has been shown that a direct use of Shubnikov 
(magnetic) space and superspace groups facilitates 
work with non-modulated as well as with 
modulated magnetic structures. This concept can 
simplify algorithms for handling diffraction data 
of magnetic structures [2]. For incommensurately 
modulated magnetic structures this approach 
may be especially beneficial [3], for instance 
in analyzing multiferroic phases. The lecture 
explains symmetry analysis and refinement 
of complicated magnetic structures with the 
program Jana2006 [4] and gives the theoretical 
background used for the implementation of the 
presented tools. The works start with symmetry 
analysis, where Jana2006 provides a simple 
procedure for testing different irreps of the parent 
paramagnetic structure. It offers interactively a 
list of Shubnikov space or superspace groups 
as follows from individual irreps and visualizes 
the corresponding magnetic structure model 
in the VESTA program [5]. Simulated powder 
data of such model can be compared against the 
measured diffraction profile. Jana2006 can also 

call through the internet the recently developed 
program ISODISTORT [6] which provides 
similar but more detailed analysis, and use its 
results The basic idea behind the new option for 
magnetic structures in program Jana2006 lies 
in the application of the magnetic and nuclear 
symmetry not only during data processing 
(merging symmetry related reflections for single 
crystal data or reducing generated reflections 
to independent ones for powder) but also in 
calculation of magnetic structure factors. 
Combination of the nuclear and magnetic 
diffraction can be made either by combining 
two independent phases as in the Fullprof [7] or 
preferably from a common structural description 
of both phases in which the combination of 
intensities is made internally. Jana2006 offers 
simultaneous refinement against different 
diffraction experiments including commensurate 
and incommensurate phases and allows for 
combination of powder and single crystal data. 
The new approach offers good stability of 
refinement, a logical way how to describe twin 
domains and manifold possibilities for refinement 
of modulated magnetic structures from various 
experiments. It has been recently applied 
successfully to several magnetic structures [8], 
[9], [10]. 

[1] Bertaut, E.F. (1968). Acta Cryst. A24, 217-
231. 
[2] Petříček, V., Fuksa, J., Dušek M. (2010). Acta 
Cryst. A66, 649-655. 
[3] Pérez-Mato J.M., Ribeiro, J.L., Petříček V., 
Aroyo, M.I. (2012). J. Phys. : Condens. Matter 
24, 163201. 
[4] Petříček, V., Dušek M., Palatinus L. (2006). 
Jana 2006: The Crystallographic Computing 
System (Prague: Institute of Physics). 
[5] Momma, K., Izumi, F. (2011). J.Appl Cryst., 
44, 1272-1276. 
[6] Campbell B.J., Stokes H.T., Tanner D.E., 
Hatch, D. M. (2006). J.Appl Cryst., 39, 607-617; 
stokes.byu.edu/isodistort.html 

Oral Contributions



Page s96  28th European Crystallographic Meeting, ECM 28, UK, 2013 Acta Cryst. (2013). A69, s96

[7] Rodriguez-Carvajal, (1993). J. Physica 
B.(1993), 192, 55-69. 
[8] Abakumov, A.M., Tsirlin, A.A., Perez-Mato, 
J.M., Petříček, V., Rosner, H., Yang T., Greenblatt, 
M. (2011). Phys.Rew. B, 83, 214402. 
[9] Slawinski, W., Przenioslo, R., Sosnovska, I., 
Petříček, V. (2012). Acta Cryst. B68, 240-249. 
[10] Gottschilch, M., Gourdon, O., Persson, J., 
Cruz de la C., Petříček, V., Brueckel, T. (2012). 
J.Mat.Chem., 22, 15275-15284. 

Keywords: magnetic structures determination; 
magnetic symmetry; refinement methods; 


