
MAGNDATA: A collection/database of magnetic 
structures using symmetry and portable CIF-type files 

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

•  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) 



Main tool used to transform published magnetic structures 

into entries of the collection: MAXMAGN 

and also sometimes …  
ISODISTORT 

JANA2006 for incommensurate structures 

k-SUBGROUPSMAG + MAGMODELIZE 
OR 

AND 



k=0 – structures (Type I or III MSG symmetry). The most interesting ones for 
magneto-structural properties! (labels 0.x)  





Na3Co(CO3)2Cl (magndata 0.70) 

Fd-31’   !  Fd-3 (a,b,c;0,0,0) 
k-maximal symmetry 

k=0 







Na3Co(CO3)2Cl 

space group:  Fd-3 magnetic ordering wih k=(0,0,0) 

(magndata 0.70) 

How is it obtained?: 
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Na3Co(CO3)2Cl 

space group:  Fd-3 magnetic ordering wih k=(0,0,0) 

(magndata 0.70) 

“all-in/all out” “two in/two out” 



0.36 NiF2 

P42/mnm1’   !  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 

About 76% of the structures have k-maximal symmetry 



DyFeO3 

Hb= 0 

P212121 (PG: 222) 

parent Pnma 

non-polar, non FM 

Fe 
Hb≥ Ho 

Polar along b, FM along b 

Pn’a’21 (a,c,-b;0,0,0) (PG: m’m’2) 

Ho 

0.10 0.11 

field-induced multiferroic NON k-maximal symmetries 

(2 magnetic atoms with different orderings) 



k=(0,0,0) 

U3Ru4Al12  Phys. Rev. (2012) 85 064412 

MSG: Cmcm’ 

U1_1 

U1_2 

This magnetic order splits the U atoms into two types 

This phase allows that the two U atoms have different non-related moments 

There is NO symmetry reason to expect that the orientation  
of the moments of the two atoms have the very specific relation  
assumed in the model: it is not symmetry “protected”  

Paramagnetic symmetry: P63/mmc 

Apparent (but false) symmetries: this specific “regular” arrangement 
does not have associated an hexagonal or trigonal symmetry 

This orientation is not expected to be special (extremal) in the 
energy map 

    (Magndata 0.12) 





P-3m11’  ! P31m  

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

1.0.8 Ba3MnNb2O9 

complementary information (the structure is fully defined 
applying the MSG): 

Polar along c 

Type II multiferroic: magnetically induced ferroelectricity 

k-maximal symmetry 

Type I MSG 



Some “dubious” structures (no validation of the 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. 





Ba3Nb2NiO9 

k=(1/3,1/3,1/2) 

PRL. (2012) 109 257205 

MSG: Pc31c 

Paramagnetic symmetry: P-3m1 1’ 

Moment orientation on the plane xy is 
“symmetry-protected” 

standard unit cell 

Moment along z symmetry allowed, but negligible 

Point group symmetry break: -3m1’ ! 3m 

polar symmetry: 
It allows a non-zero induced  
ferroelectric polarization along z 

Magndata 1.13 

k-maximal symmetry  

epikernel of a 4-dim irrep 



PS1

PS 1̄ PS 1̄ Cc2Cc2 CcmCcc

Cc2/mCc2/m Cc2/cCc2/c

Pc3

Pc31mPc31c

P 3̄m11′

Ba3Nb2NiO9 k=(1/3,1/3,1/2) 

active irrep: mH3  

obtained with 
k-subgroupsmag 



1.25 KFe3(OH)6(SO4)2 

R-3c1’   !  RI-3c  

k=(0,0,3/2) 

k-maximal symmetry 

(2-possible!) 

In the original reference:  
the model was chosen after considering  
24 possible configurations! 



GdMn2O5   (Magndata #1.54) 

BNS magnetic space group: Paca21 (#29.104) (non-standard)  

parent space group: Pbam, k=(1/2,0,0) 
transformation from parent structure: (2a,b,c;
0,0,0) 

Transformation to standard setting: (a,c,-b;-1/8,0,0) 

magnetic space group: 

k-maximal symmetry 



Tool: domain-equivalent structures: 

Cs2CoCl4 
(#1.51) 

k=(0 ½ ½) 

Parent: Pnma 

Pa21 

Only parent 
unit cell is  
shown 





Multi-k structures 



3.2 UO2  

k=(0,0,1) 

k-maximal symmetry 

Fm-3m  -> Pn-3m’ k=(0,1,0) 

k=(1,0,0) 

3k magnetic structure 



multiaxial structures that are single k: 



CrN 

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

Phys Rev (1960) 117 929  

MSG: Panma 

Paramagnetic symmetry: Fm-3m1’ 

colinear structure – “symmetry protected” 

Magndata 1.28 

k-maximal symmetry 

Collinear arrangements 



Spin canting vs. collinearity :  

spin canting consistent with the MSG 



Collinearity implies a lower symmetry: 

NiSb2O6 (#1.113)  





k=0 magnetic structures  of pyrochlore-type structures 



k=(0,0,0) 
magnetic site 16c and/or 16d 

k=0 magnetic structures  of pyrochlore-type structures: 

irrep epikernel 

collinear: requires 2 
irreps 

Maximal symmetry realized except for one case 



conflicting models: 



split sites are 
independent. 





Ba3NbFe3Si2O14 (#1.1.17) 

P3211'(00γ)000s  γ=0.143 







Possible  MSSGs and the corresponding models have been 
derived using JANA2006 or ISODISTORT 

for each irrep the possible MSSGs and models are derived: 



Possible  MSSGs and the corresponding models have been 
derived using JANA2006 or ISODISTORT 

for each irrep the possible MSSGs and models are derived: 



Conclusions: 

MAGNDATA cannot become a complete and updated database of all  
published commensurate or incommensurate magnetic structures.  

We lack  the means for such an endeavour. However, we hope that  
this work will stimulate further efforts within the community in the  
direction of the standardization and unambiguous communication of  
magnetic structures through files in magCIF format, with the aim of  
making such a database possible.  

Meanwhile, authors having published any magnetic structure that  
is absent from this collection, and who are interested, are invited to  
contact us through the email addresses below. 

administrador.bcs@ehu.eus 
jm.perezmato@ehu.es 


