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Bilbao Crystallographic Server

• Tools and 
information on a 
large variety of 
symmetry related 
topics.

• Constantly updated 
and new features 
added.

https://cryst.ehu.es/

https://cryst.ehu.es/
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Bilbao Crystallographic Server: 
Magnetic Symmetry and Applications

• This workshop will mainly use 
the “Magnetic-Symmetry 
and Applications” section



44

MAGNDATA
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MAGNDATA: A Collection of magnetic structures with portable cif-type files

Everytime you publish a 
magnetic structure, add it 
to the database
(it is very straightforward)



66

Magnetic crystallographic information files: mcif
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1.845_Sr2FeO3Cl.mcif
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• mcifs are output during refinements with all the software we’ll use this week. 

• Including an mcif with your publication and using it to add to MAGNDATA is 
straightforward and strongly encouraged.
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Overview of Magnetic Space Group Approach

Magnetic Space Groups
• Extension of crystallographic space 

groups to include spin 
• Includes symmetry of all 

magnetic/non-magnetic atoms
• Incommensurate recently added 

through supersymmetry description



11 Introduction to Magnetic Symmetry

Magnetic space groups (Shubnikov groups)

1929: Heesch, introduces the antiidentity operation properties: u2 = 1, ut = tu for all t∈T 

– aka time reversal group = {1,1’}          (Z. Krist. 71, 95)

1945: Shubnikov re-introduces concept of bi-colour point groups 

1951: Shubnikov describes and illustrates all of the bicolor point groups ( Shubnikov groups)

1955: Belov, Neronova, Smirnova (BNS) - first complete listing of the Shubnikov groups (Sov. Phys. Crys 1, 487-488)

1957: Zamorzaev, group theoretical derivation of Shubnikov groups (Kristallografiya2, 15 (Sov. Phys. Cryst., 3, 401))

1965: Opechowski and Guccione (OG), first complete derivation and enumeration of the Shubnikov groups

2001: Litvin, corrected Opechowski-Guccione symbols (Acta Cryst. A57, 729-730)

2010: Magnetic Space Groups on computer programs (Stokes and Campbell, BYU)

2012: Incommensurate magnetic space group approach standardized and added to software tools

• Natural extension of the crystallographic space group description. 
– But only recently became widely used for magnetism.



12 Introduction to Magnetic Symmetry

Extend Space Group Approach to include magnetism

• 230 crystallographic space groups:
– Atoms considered as simple points at a certain location, then apply symmetry 

operations.  

• Now add magnetic moments:
– Underlying crystal lattice unchanged, with moments at atomic positions.
– BUT moments are not points, they are vectors … axial vectors.
– Location and orientation need to be considered when applying symmetry 

operations.

• Symmetry operations for crystal space groups not enough to describe magnetic 
structures.
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Magnetic space groups: Spins are axial vectors

• Translation (t) and 2-fold rotation 
are the same for axial and polar 

vectors.

Mirror (m)Mirror (m)

Polar vector Axial vector 
Inversion (-1)

o

Inversion (-1)

o

Polar vector Axial vector 

Polar vector 

Axial vector 

translation (t)

translation (t)

2-fold rotation

• Inversion and mirror (m) are 
different for axial and polar. 
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Magnetic space groups: Time-reversal
• To describe magnetic moments fully a new operator is added

– Time reversal or prime (1’)

– Reverses the final current loop to allow a further set of symmetry 
operations.

• m’ (anti-mirror) behaves like polar vector

• 2’ (anti-rotation) inverts axial vector

• t’ (anti-translation) 

• All magnetic structures can be described by a combination of 
primed and unprimed symmetry operators

m’

m’

anti-mirror

1’



Time reversal = spin reversal
(changes the sense of the current)

2’
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Building the magnetic space groups

• By associating the 1’ spin operator with a color change (black to white or black to red) the 
magnetic symmetry theory was termed black-white symmetry.

• The original 230 space groups are included as colorless groups and keep their standard labels 
– e.g. Pmmm

• A further 230 groups are created by adding the 1’ operator as an extra symmetry operation 
– e.g. Pmmm1’

– These correspond to paramagnetic states and are termed grey (each magnetic site is both black and 
white = grey) 

• The remaining 1191 magnetic space groups are created by combining the 1’ operator with one or 
more of the symmetry operation in each of the 230 crystallographic space groups 
– e.g. Pm’mm where the mirror plane perpendicular to a is now an anti-mirror and the other two are 

unchanged.

 Combining all possibilities leads to 1651 magnetic space groups
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Magnetic space groups

• Full description of all Magnetic Space groups 
produced.
– Acta Cryst A57, 729-730 (2001)

– Acta Cryst. (2008). A64, 419-424 (2008)

• Utilized in analysis tools
– Isodistort, Bilbao (GSAS-II), Fullprof, JANA, etc
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Magnetic propagation vector: Magnetic space groups

k=(0,0),  FM k=(0,0),  AFM

a

b

Crystal unit cell
Magnetic unit cell

k=(¼,0),  AFM

• Magnetic Space groups: k-vector is directly incorporated into the magnetic unit cell.

• Consider a paramagnetic crystal unit cell of a and b.

– If k=(0, 0)  magnetic space group unit cell is unchanged: a and b

– If k=(1/4 , 0)  magnetic space group unit cell is: 4a and b

• Need to keep track of this in refinements, cif/mCIF files, reflections and reporting of results.
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Magnetic space groups: all atoms
• The non-magnetic atoms are also often important in the physics

• Magnetic space groups contain all information on crystal and magnetic symmetry of 
whole structure

• The same spin arrangement can produce different magnetic space groups (and different 
physical properties, e.g. ferroic) depending on the symmetry of the parent
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MAXMAGN
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Bilboa Crystallographic Server: Pyrochlore example

All-in, all-out magnetic 
structure



2121

K-SUBGROUPSMAG
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K-SUBGROUPSMAG

• Allows you to check all magnetic 
space groups compatible with the 
parent space group and k-vector.
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Can check maximal and 
subgroups.
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This lower symmetry has Mx≠My, 
this can be tested against data.  
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MVISUALIZE



27


	Overview of Bilbao Crystallographic server: MAXMAGN, MVISUALIZE, k-SUBGROUPSMAG, MAGNDATA database etc
	Bilbao Crystallographic Server
	Bilbao Crystallographic Server: �Magnetic Symmetry and Applications
	MAGNDATA
	MAGNDATA: A Collection of magnetic structures with portable cif-type files�
	Magnetic crystallographic information files: mcif
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Overview of Magnetic Space Group Approach
	Magnetic space groups (Shubnikov groups)
	Extend Space Group Approach to include magnetism
	Magnetic space groups: Spins are axial vectors
	Magnetic space groups: Time-reversal
	Building the magnetic space groups
	Magnetic space groups
	Magnetic propagation vector: Magnetic space groups
	Magnetic space groups: all atoms
	MAXMAGN
	Bilboa Crystallographic Server: Pyrochlore example
	K-SUBGROUPSMAG
	K-SUBGROUPSMAG
	Slide Number 23
	Slide Number 24
	Slide Number 25
	MVISUALIZE
	Slide Number 27

