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It is known that tiny differences in physical parameters can lead to significant effects, such as symmetry breaking. The small
effects observed in the diffraction patterns of bismuth ferrite (a-BiFeO3—BFO) are the subject of the present review. These
minor effects in the crystal and magnetic structures of BFO have altered our understanding of both the symmetry of the crystal
structure of BFO and the real arrangement of the magnetic moments. Already in the 19" century, Pierre Curie postulated the
magnetoelectric effect [1]. Bulk BFO, a multiferroic material at room temperature [2], is an interesting substance for
fundamental studies and for various practical applications. Bismuth ferrite is known to have a rhombohedrally distorted
perovskite structure (space group R3c), which allows for a ferroelectric atomic displacement [3, 4]. Earlier studies reported
the G-type collinear antiferromagnetic order of BFO, e.g. [5, 6], while later studies have found the spiral modulated spin
structure (SMSS) [7]. It was also shown that the crystal structure of BFO, instead of the widely used trigonal space group
R3c, has lower symmetry, namely the monoclinic Cc [8] and triclinic P1 [9] groups were proposed. The finding of the
magnetic cycloid superimposed on the G-type of the collinear antiferromagnetic ordering permitted the explanation of the
experimentally identified quadratic magnetoelectric effect in BFO [10, 11]. This effect itself has been described in [12].

Recently, the structural and magnetic properties of the room-temperature multiferroic bulk BFO have been described [13]
using magnetic superspace group formalism [14, 15]. The antiferromagnetic cycloid with its propagation vector along the
hexagonal [1,1,0] direction cannot be described by using trigonal magnetic superspace groups derived from R3c. This
disagreement shows the necessity to replace the trigonal symmetry by the monoclinic one [13]. Several phenomena observed
experimentally in bulk BFO, e.g., antiferromagnetic cycloid [7], weak ferromagnetic spin-density wave [16], and hkl-
dependent Bragg peaks’ broadening [8], can all be described by using the monoclinic magnetic superspace groups Cc(0B0)0
for clockwise rotation of the magnetic moments and Cc’(0B0)0 for counterclockwise rotation of the magnetic moments [13].
The proposed monoclinic superspace groups can also describe anharmonic magnetic modulations, charge modulations, atomic
position modulations, and weak non-modulated ferromagnetic ordering or ferroelectric polarization in bulk BFO [13].

[1] Curie, P. (1894). J. de Physique. 3, 393.

[2] Teague J. R., Gerson R. & James W. J. (1970). Solid State Comm. 8, 1073.

[3] Plakhtii V. P., Maltsev E. I., & Kaminker D. M. (1964). Bull. U.S.S.R. Acad. Sci. 28, 350.

[4] Smolenski G. & Chupis I. (1982) Sov. Phys. Usp. 25, 475.

[5] Kiselov S. V., Ozerov R. P. & Zhdanov G. S. (1963). Sov. Phys. Dokl. 7, 742.

[6] Fischer P., Potomska M., Sosnowska I. & Szymanski M. (1980). J. Phys. C: Solid State Phys. 13, 1931.

[7] Sosnowska, 1., Peterlin-Neumaier, T. & Steichele E. (1982). J. Phys. C: Solid State Phys. 15, 4835.

[8] Sosnowska, 1., Przeniosto, R., Palewicz, A., Wardecki D. & Fitch A. (2012). J. Phys. Soc. Jpn. 81, 044604.

[9] Wan§3lé|é,' Yang C., LuJ., Wu M., SuJ., Li K, Zhang J., Li G., Jin T., Kamiyama T., Liao F., Lin J. & Wu Y. (2013). Inorg. Chem. 52,

[10] Tabares-Munoz C., Rivera J. P., Bezinges A., Monnier A., & Schmid H. (1985). Jpn. J. Appl. Phys. 24, 1051.

[11] Murashov V. A., Rakov D. N., Dubenko I. S. et al. (1990). Kristallografiya 35, 912 [Sov. Crystallogr. Rep. 35, 358].
[12] Sosnowska I. & Zvezdin A. (1995). J. Magn. Magn. Mater. 140-144, 167.

[13] Sosnowska, 1., Przeniosto, R. & Fabrykiewicz, P. (2022). Phys. Rev. B 105, 144411.

[14] Perez-Mato J. M., Ribeiro J. L., Petricek V., & Aroyo M. I. (2012). J. Phys.: Condens. Matter 24, 163201.

[15] Fabrykiewicz P., Przeniosto R. & Sosnowska I. (2021) Acta Cryst. A 77, 160.

[16] Ramazanoglu M., Laver M., Ratcliff W., Watson S. M., Chen W. C., Jackson A., Kothapalli K., Lee S., Cheong S.-W. & Kiryukhin
V. (2011). Phys. Rev. Lett. 107, 207206.

Acta Cryst. (2025). A81, €79



	Representatives of the Nowotny Chimney-Ladder phases in the Mo–Ge system
	B. Korotoshyn, N. Muts, L. Akselrud, Ya. Tokaychuk, R. Gladyshevskii
	Magnetic modulations in bulk α-BiFeO3 described using monoclinic superspace groups

	I. Sosnowska1, R. Przeniosło1, P. Fabrykiewicz1,2,3
	1Institute of Experimental Physics, Faculty of Physics, University of Warsaw, Pasteura 5, 02-093 Warsaw, Poland., 2Current address: Institute of Crystallography, RWTH Aachen University, Jägerstr. 17-19, 52066 Aachen, Germany, 3Current address: Jülich ...
	izabela@fuw.edu.pl
	[1] Curie, P. (1894). J. de Physique. 3, 393.
	[2] Teague J. R., Gerson R. & James W. J. (1970). Solid State Comm. 8, 1073.
	[3] Plakhtii V. P., Maltsev E. I., & Kaminker D. M. (1964). Bull. U.S.S.R. Acad. Sci. 28, 350.
	[5] Kiselov S. V., Ozerov R. P. & Zhdanov G. S. (1963). Sov. Phys. Dokl. 7, 742.
	[6] Fischer P., Połomska M., Sosnowska I. & Szymański M. (1980). J. Phys. C: Solid State Phys. 13, 1931.
	[7] Sosnowska, I., Peterlin-Neumaier, T. & Steichele E. (1982). J. Phys. C: Solid State Phys. 15, 4835.
	[8] Sosnowska, I., Przeniosło, R., Palewicz, A., Wardecki D. & Fitch A. (2012). J. Phys. Soc. Jpn. 81, 044604.
	[9] Wang H., Yang C., Lu J., Wu M., Su J., Li K., Zhang J., Li G., Jin T., Kamiyama T., Liao F., Lin J. & Wu Y. (2013). Inorg. Chem. 52, 2388.
	[10] Tabares-Munōz C., Rivera J. P., Bezinges A., Monnier A., & Schmid H. (1985). Jpn. J. Appl. Phys. 24, 1051.
	[11] Murashov V. A., Rakov D. N., Dubenko I. S. et al. (1990). Kristallografiya 35, 912 [Sov. Crystallogr. Rep. 35, 358].
	[12] Sosnowska I. & Zvezdin A. (1995). J. Magn. Magn. Mater. 140-144, 167.
	[14] Perez-Mato J. M., Ribeiro J. L., Petricek V., & Aroyo M. I. (2012). J. Phys.: Condens. Matter 24, 163201.
	[15] Fabrykiewicz P., Przeniosło R. & Sosnowska I. (2021) Acta Cryst. A 77, 160.
	[16] Ramazanoglu M., Laver M., Ratcliff W., Watson S. M., Chen W. C., Jackson A., Kothapalli K., Lee S., Cheong S.-W. & Kiryukhin V. (2011). Phys. Rev. Lett. 107, 207206.




