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The MAGNDATA database and how to properly 
report a magnetic structure



Update: by Qct 2025 it contains about 2350 structures



MAGNDATA: A collective endeavour

• Bilbao: Samuel V. Gallego, J. Manuel Perez-Mato, L. Elcoro,  G. 
Madariaga, Mois I. Aroyo 

• Ankara: Emre S. Tasci

• Tsukuba: Koichi Momma (VESTA)

• Northfield, MN: Robert  M. Hanson (Jmol)
   
J. Appl. Cryst.  (2016) 49,  1750-1776 (Commensurate structures)

J. Appl. Cryst.  (2016) 49,  1941-1956 (Incommensurate structures)

At present it keeps running through the work of:    

Emre S. Tasci,  Gotzon Madariaga, Luis Elcoro & J. M. Perez-Mato  



J. Appl. Cryst.  (2016) 49,  1750-1776



Tutorial_magnetic_sect
ion_BCS_3
Only section 3



k=0 – structures (Type I or III MSG symmetry). The most interesting ones for 
magneto-structural properties!  (magnetic point group without time reversal)

label 0.n

(no antitranslation)k=(0,0,0)



labels 2.n and 3.n

2k and ≥3k structures
All types of MSG symmetries (with and without antitranslations)



Search optional filters



ordering
according to
 parent space group 

Other optional 
orderings



Heading of an entry:

magCIF file

for editing

for 3D online visualization



JSmol  online 3D visualization



CIF: Crystal Information File/Framework

magCIF: Format extension to magnetic structures 

Developed by the IUCr Commission on Magnetic Structures under 
the direction of Branton Campbell. 





magCIF file

Magnetic space group (MSG)

unit cell (magnetic)

MSG type identification

transformation to standard



magCIF file

symmetry-independent atomic
positions 
(split by the lowering of symmetry)  

symmetry-independent magnetic
moments   

symmetry constraintscomponents modulus
spherical coordinates
(not supported by most programs!)



it includes a direct link to
the reference (DOI)



Links to other
programs of the BCS

mz is symmetry 
allowed, but zero

#1.13

http://webbdcrista1.ehu.es/magndata/index.php?index=1.13


KFe3(OH)6(SO4)2
magndata 1.25

two possible k-maximal 
MSGs for a k-vector 
(0,0,3/2) and magnetic 
atom at 
site 9d (0.5,0,0.5)

(about 70% of the structures have k-maximal symmetry)

24 possible spin arrangements 
were considered in the original 
paper!



magndata #0.36NiF2

P42/mnm1’   à  Pnn’m’ (b,-a,c;0,0,0)

weak FM along y 

• PNPD
•    my = weak ferromagnetic component
•    value of weak F component from macroscopic measurements
•   very small orthorhombic strain of the unit cell detected in 
other studies. A Pnnm structural model consistent with the
magnetic symmetry has been reported (icsd 73728)

irrep mGM5 (2-dim), special direction

k=(0,0,0)

k-maximal symmetry

“historical” weak ferromagnet

weak FM is explained by the MSG of the structure FM component from a
macroscopic measurement



Multi-k structures



multiaxial structures that are single k:



Spin canting vs. collinearity : 

spin canting consistent with the MSG

symmetry allowed spin canting is often observed
(specially with single crystal diffraction: 
only 10% strict collinear structures are not forced by symmetry)



La2O2Fe2OSe2 (#1.58) 

deceptive simplicity
of a collinear arrangement

It requires 2 primary
Irreps !

k=(1/2,0,1/2)

Polar symmetry !



BaFe2Se3 #1.429 BaFe2Se3 #1.710

data: NPD data: NSD

MSG: Cam

different from zero when
better data is used. But same MSG

Cm.1’a [Pm]

Parent space group: Pnma



conflicting models:



#1.13

http://webbdcrista1.ehu.es/magndata/index.php?index=1.13


The knowledge of the MSG allows the systematic enumeration and 
description of all domain-related configurations:

twin-related spin arrangements related by space inversion,
with opposite induced electric polarization.

Gd2MnO5 (magndata 1.54)

Using MVISUALIZE…..



Phys. Rev. B (2022)

The confusion between EQUIVALENT (domain-related) magnetic 
structures and DIFFERENT models fitting equally the diffraction data

SrLaCuSbO6 (MAGNDATA #1.674)

These two arrangements are reported to fit 
equally well the data….They are claimed to 
correspond to two different irreps and 
represent two different alternative models…

k=( ½ ½ 0)

BUT in fact: … they are the SAME magnetic 
structure!

They are related by some of the lost symmetry 
operations. They represent the two forms that 
the same magnetic ordering can be realized in 
the parent structure, forming twin domains  

The two irreps are complex conjugate: they cannot
yield different REAL magnetic arrangements! They
form a SINGLE PHYSICALLY irreducible representation



Some “dubious” structures:

1.0.1 Ag2CrO2

k=(1/5,1/5,0)

P-3m11’ -> C2’/m
trigonal monoclinic->

1.0.7 LuFe2O4

k=(1/3,1/3,0)

R-3m1’ -> C2’/m’
trigonal monoclinic->

Claimed to be
multiferroic, but
Inconsistent with
symmetry and 
structure

k-maximal symmetry

k-maximal symmetry

reported weak
FM inconsistent
with the symmetry.

Equality of moments
requires existence of
reflections correponding
to a 3k spin wave, and
they were not observed.
 
 



“Concomitant” structural transitions:

About 60% of the collected structures allow structural distortions
 forbidden in the paramagnetic phase

In most cases, these possible induced structural distortions
are weak and remain unobserved. 

But for a few tens of structures a so-called concomitant or
simultaneous structural phase transition is reported 

In a majority of cases, the structural transition can be explained
as a magnetostructural effect due to the magnetic symmetry break 
and a single phase transition exists.



The illustrative case of CrN:

year 2022

Comment in entry: The structure has a strong structural orthorhombic distortion 
according to the space group Pmmn, which is consistent with the MSG of the phase, 
and is concomitant with the magnetic transition….

Comment in entry (introduced in 2014!!): A Pnma distortion of the atomic 
positions is reported, but not fully defined. Not included here. The effective space 
group for atomic positions is not Pnma (62), as assumed in the reference, but 
Pmmn (59) (the family space group of the OG label of the MSG)….

year 1960

62.450 Pnma.1'a[Pnmm]MSG Uni symbol:
P2cm’mn (59.9.486) MSG OG symbol:

http://webbdcrista1.ehu.es/magndata/index.php?adser=1&incomm_type_srch=all&atoms_srch=Cr+N&op_srch=AND&tot_species_srch=&auth_srch=&comments_srch=&msg_sys_srch=&parent_sys_srch=&msg_st_srch=&parent_st_srch=&0px=0px&1p0px=1p0px&1px=1px&2px=2px&3px=3px&1p1px=1p1px&transition_temp_srch=&experiment_temp_srch=&k_maximal_srch=&centrosym_srch=&polar_srch=&ferromagnetic_srch=&multiferro1_srch=&multiferro2_srch=&harmonic_srch=&same_point_srch=&tensor1=&tensor_logic1=AND&tensor2=&tensor_logic2=AND&tensor3=&irrep_num_srch=&full_irrep_dim_srch=&small_irrep_dim_srch=&irrep_dim_srch=&direction_type_srch=&primary_srch=&secondary_srch=&presence_str_srch=&secondary_comm_srch=&submit=Search




Ba3NbFe3Si2O14 (#1.1.17)

P3211'(00γ)000s 

Symmetry described by a 
magnetic superspace 
group (MSSG)



Massive surveys with the 
entries of MAGNDATA



Recently three different groups from China report the identification of the 
spin space  groups of the magnetic structures in MAGNDATA (relevant for 
their electronic band structure, if the SOC is negligible or weak)













Publications citing MAGNDATA (commensurate article) 

(159 citations up to 2024)

47



Submit your structure(s) if you wish that 
this database keeps updated!

In the long term MAGNDATA can only be kept updated, if the authors 
actively PARTICIPATE and directly SUBMIT their new published structures 
to the database in the form of magCIF files. This can be easily done 
following the instructions available in the webpage of the program



If you are using one of the 
mainstream refinement 
programs, it can produce 
already a mcif file of your 
model, which can be easily 
transformed for the 
submission following the 
instructions available online



How to properly report a magnetic structure in 
publications and prepare a magCIF file for MAGNDATA?

Acta Cryst. (2024). B80, 219–234


