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Bilbao Crystallographic Server

in forthcoming schools and workshops

News:

New program: SPGENPOS
06/2026: General positions of the spin point
groups

New Article

04/2026: Elcoro et al. "Automatic calculation of
symmetry-adapted tensors under spin-group
symmetry: STENSOR, a new tool of the Bilbao
Crystallographic Server”. J. Appl. Cryst (2026)
59, 640-647

MORPHIC EFFECTS updates
04/2026: The magnetic-field option is now
available.

New Article

06/2025: Etxebarria et al. "Crystal tensor
properties of magnetic materials with and
without spin-orbit coupling. Application of spin
point groups as approximate symmetries.”.
Acta Cryst (2025) A81, 317-338

New program: MINSUP for plane
groups
06/2025: Minimal supergroups of plane groups

New program: CollinearSpinGroups
05/2025: Operations of Nontrivial Collinear
Spin Space Groups

New program: STENSOR
04/2025: Symmetry-adapted form of crystal
tensors under spin point groups

New Article

(04/2025: Tasci et al. "Computational analysis
tools for magnetic structures in the Bilbao
Crystallographic Server”. Acta Cryst (2025)
B81, 181-191

https://cryst.ehu.es/

bilbao crystallographic server

Contact us About us Publications How to cite the server

Space-group symmetry
Magnetic Symmetry and Applications
Group-Subgroup Relations of Space Groups
Representations and Applications

Solid State Theory Applications

Topological Quantum Chemistry

bperiodic Groups: Layer, Rod and Frieze G

Structure Databases

Raman and Hyper-Raman scattering

Point-group symmetry

Plane-group symmetry

Double point and space groups

Quick access to
some tables

Space Groups

Plane Groups

Layer Groups

Rod Groups

Frieze Groups

2D Point Groups

3D Point Groups

Magnetic Space
Groups


https://cryst.ehu.es/

Bilbao Crystallographic Server:
Magnetic Symmetry and Applications

bilbao crystallographic server

Contact us About us Publications How to cite the server

* This workshop will mainly use
the "Magnetic-Symmetry

o [ ] ,, .
and Appllcatlons section
MGENFPOS General Positions of Magnetic Space Groups
MWYCKPOS Wyckoff Positions of Magnetic Space Groups
MKVEC The k-vector types and Brillouin zones of Magnetic Space Groups
IDENTIFY MAGNETIC GROUP Identification of a Magnetic Space Group from a set of generators in an arbitrary setting
BNS20G Transformation of symmetry operations between BNS and OG settings
mCIF2PCR Transformation from mCIF to PCR format (FullProf).
MPOINT Magnetic Point Group Tables
MAGNEXT Extinction Rules of Magnetic Space Groups
MAXMAGN Maximal magnetic space groups for a given space group and a propagation vector
MAGMODELIZE Magnetic structure models for any given magnetic symmetry
STRCONVERT [Cs;uog:o?'t;t i‘eEéjIIl:t, f‘lt(r):jlst\lfjlgg'l?ﬁaLiSP formats — with magnetic information where available)
k-SUBGROUPSMAG Magnetic subgroups consistent with some given propagation vector(s) or a supercell
MAGNDATA A collection of magnetic structures with portable cif-type files
MVISUALIZE 3D Visualization of magnetic structures with Jmol
MTENSOR Symmetry-adapted form of crystal tensors in magnetic phases
MAGNETIC REP. Decomposition of the magnetic representation into irreps
Get_mirreps Irreps and order parameters in a paramagnetic space group- magnetic subgroup phase transition
SPGENPOS /\ General positions of spin point groups
STENSOR /\ Symmetry-adapted form of crystal tensors under spin point groups
CollinearSpinGroups FiN Operations of Nontrivial Collinear Spin Space Groups
3 OAK RIDGE | 15110 ety
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MAGNDATA

bilbao crystallographic server

Contact us About us Publications How to cite the server

Space-group symmetry

Magnetic Symmetry and Applications

MGENPOS General Positions of Magnetic Space Groups

MWYCKPOS Wyckoff Positions of Magnetic Space Groups

MKVEC The k-vector types and Brillouin zones of Magnetic Space Groups

IDENTIFY MAGNETIC GROUP Identification of a Magnetic Space Group from a set of generators in an arbitrary setting
BNS20G Transformation of symmetry operations between BNS and OG settings

mCIF2PCR Transformation from mCIF to PCR format (FullProf).

MPOINT Magnetic Point Group Tables

MAGNEXT Extinction Rules of Magnetic Space Groups

MAXMAGN Maximal magnetic space groups for a given space group and a propagation vector
MAGMODELIZE Magnetic structure models for any given magnetic symmetry

Convert & Edit Structure Data
STRCONVERT (supports the CIF, mCIF, VESTA, VASP formats — with magnetic infermatien where available)

MAGNDATA A collection of magnetic structures witl

MTENSOR Symmetry-adapted form of crystal tensors in magnetic phases
MAGNETIC REP. Decomposition of the magnetic representation into irreps
Get_mirreps Irreps and order parameters in a paramagnetic space group- magnetic subgroup phase transition

Spin groups

SPGENPOS A\ General positions of spin point groups
STENSOR )\ Symmetry-adapted form of crystal tensors under spin point groups
CollinearSpinGroups A QOperations of Nontrivial Collinear Spin Space Groups

HIGH FLUX | SPALLATION
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National Laboratory | REACTOR | SOURCE




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

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

A database of more than 2000 published commensurate and incommensurate magnetic
structures can be found here. The structures are described using magnetic symmetry
(Shubnikov magnetic space groups) in the BNS setting for commensurate structures,
and magnetic superspace groups for incommensurate structures. Symmetry is applied
both for magnetic moments and atomic positions. The information provided is sufficient
to define unambiguously the positions and magnetic moments (if any) of all atoms in the
structure. A non-standard setting consistent with the setting of the paramagnetic phase is
often used (this setting does not necessarily coincide with the one used in the original
reference). A cif-like (mcif) file of each entry can be downloaded. mcif files are supported
by: ISOCIF, ISODISTORT, VESTA, Jmol, JANA2006 and FullProf. ISOCIF can be used
to generate an alternative mcif file in a standard setting, as required by ISODISTORT.
Vesta files for visualization of a single magnetic unit cell are also available. Any entry can
be directly downloaded in StrConvert for editing, visualization, generation of various files,
etc. The magnetic structure corresponding to each entry can also be 3D visualized online
with Jmol.

Tutorial of MAGNDATA: download
Examples and further information can be found in the following papers:
1. Samuel V. Gallego, J. Manuel Perez-Mato, Luis Elcoro, Emre 5. Tasci, Robert M. Hanson, Koichi
Momma, Mois | Aroyo and Gotzon Madariaga
J_ Appl. Cryst (2016). 49, 1750-1776
Link to the paper on Journal of Applied Crystallography.
2. Samuel V. Gallego, J. Manuel Perez-Mato, Luis Elcoro, Emre S. Tasci, Robert M. Hanson, Mois |. Aroyo
and Gotzon Madariaga
J Appl Cryst (2016) 49, 1341-1956
Link to the paper on Journal of Applied Crystallography.
which can be used to cite this program

See also

J.M. Perez-Mato, S.V. Gallego, E.S. Tasci, L. Elcoro, G. de la Flor, and M.1. Aroyo
Annu. Rev. Mater. Res. (2015), 45:13.1-13.32

Element search (separate with spaceorcomma): [ | ®AND OOR

Enter the label of the structure: [ |

View Full Database

Advanced Search

To submit any published structure
click HERE

To submit any published structure click HERE

Element search (separate with spaceorcomma): [ | ®AND OOR

Enter the label of the structure: [ |

COMMEN SURATE STRUCTURES

Zero propagation vector - Total :1154

Non-zero propagation vector (magnetic space groups of Type | or Type Ill) — Total :60
Non-zero propagation vector (magnetic space groups of Type IV) -- Total

Two propagation vectors - Total :118

Three or more propagation vectors -- Total :30

Partial Total: 2244

INCOMMENSURATE STRUCTURES
COne propagation vector - Total :163
Two propagation vectors — Total -3
Three propagation vectors —- Total -1
Partial Total: 167

lotal number of entries in the MAGNDATA database: 2411

COMMENSURATE STRUCTURES

Fero propagation vector

Everytime you publish a
magnetic structure, add it
o the database

itis very straightforward)
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..

0.1 LaMnO; 02 Cdy05,05 0.3 CasLiOsOg

0.4 NiCry0y 05 CnS;

lick to expand/shrink back the rest

Non-zero propagation vector (magnetic space groups of Type | or Type Ili)

101 Ag;Ci0, 102 URug psRp 055 103 CsCoBr 104 CsNiClz 10.5 SriCeliOg

lick to expand/shrink back the rest

Non-zero propagation vector (magnetic space groups of Type IV)

NaOsO; (#0.25)
view in Jmol
Download mcif file

Dovmload vesta file (all atoms)
Dovmload vesta file (magnetic atoms only)

‘subrt to STROONVERT

Y 025 %0

‘ s o=
-+ Gyt

Magnetic structure with all stoms: Magnetic structure with only megnetic atoms

[Reference: S. Calder, V0. Garlea, D.F. McMorrow, M.D. Lumsden, ME. Stone, J.C. Lang, J\W. Kim, J.A. Schiveter, Y.G. Shi, K. Yamaura, Y.5. Sun, Y. Tsujimoto and A D. Christianson, Physical Review Letters (2012) 108.
DOI: 10.1103/physreviett 108 257209
[Atomic positions frem: Shi et al., Phys Rev B (2009) 80,161104(R)

Parent space group (paramagnetic phase): Pnma (#62)
Propagation vector: ki (0, 0, 0)

Transition Temperature: 410 K
[Experiment Temperature: 200 K

Lattice parameters of the magnetic unit cell:

53842 7.5804 53282 90.0000 90.0000 90.0000

Transiormstion from parent structure: (a.b,¢;0,0,0)
IView magix form]

[BNS Magnetic Space Group: Pn'ma’ (#62.445) (standard setiing)
[View symmesy operations]

| Systematic absences for this Magnetic Space Group via [MAGNEXT]

[Magnetic Point Group: mm'm (8 4.27)
[View symmesry operasions]

[symmetry-adiapte form of materii tensors via

| symmetiy-adspte form of matenil tensors for domain-refated squivalent structures vie

Positions and magnetic moments of symmetry independent atoms:
boldface -

[Show only magnesc aroms] Use MVISUALIZE to;

tow o e atome] ] ===
[Labet[atomtype| x|y [z [Muttiplicity [ symmetry constrints on | W[ M, [ M, | nay |
[0s1] 0s |oooo00[o.00000[0.c000] 4 | mgmy,m; [0.000] .00 .00
{Show all magnetis atoms n unizcell and their momen relaions]
ctive lrreps: mep decomposition uis
comments:
. NPD

[Comments (symmetry):

1k magmefic structure
fmaximal magnetic symmetry
dimiep

AxFyGz
possible weak ferromagnetism along y




Magnetic crystallographic information files: mcif
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MAGNDATA: A Collection of magnetic structures with portable cif-type files

Login

Mext entry

SroFe0;Cl (#1.845)

view in Jmol

Download mcif file

Download vesta file (all atoms)

Download vesta file (magnetic atoms only)

/E__W
SO= 0=
=0 T’ = T"
't—-%h o -
g )

Magnetfic structure with only magnetic afc

NMagnetic structure with all afoms

Reference: Andrew F. May, George Yumnam, Raphael P. Hermann, Stuart Calder, Benjamin M. Lefler, Steven J. May, Zachary E.
Brubaker, Matthew Brahlek, Xiaodong Xu, Dmitry Ovchinnikow, Michael A. McGuire, PHYSICAL REVIEW MATERIALS (2025) 8 034002
DOI: 10.1103/PhysReviaterials.9.034002

Atomic positions from: same reference

Parent space group (paramagnetic phase): P4/nmm (#129)
Propagation vector: k1 (1/2, 1/2, 0)

Transition Temperature: 311 K
Experiment Temperature: 4 K

Lattice parameters of the magnetic unit cell:

5.54985(13) 5.54985(13) 14.2902(4) 90.0000 90.0000 90.0000

Transformation from parent strucfure: (a+b.-a+b.c;-1/4,1/4,0)
[View matrix form]

BNS Magnetic Space Group: P--42,m (#1135 273) (standard setting)
[View symmetry operations]
Transformation fo a standard setting: (a,b,e;0,0,0)

[View matrix form]
Systematic absences for this Magnetic Space Group via

1.845 Sr2FeO3Cl.mcif

Magnetic Paint Group: -42m1’ (14.2.49)
[View symmetry operations]

Symmetry-adapted form of material fensors via
Symmetry-adapted form of material fensors for domain-related equivalent structures via

Positions and magnetic moments of symmetry independent atoms:
From now an, magnetic atoms are in boldface and colored in red. Magnetic moments are expressed in unifs of uB

[Show only magnetic atoms] Use MVISUALIZE to:

[Show all the atoms] [ Go to standard | [ Change setting | [ Domain-related equivalent descriptions |
Label |Atom type X ¥ z Multiplicity | Symmetry constraints on M M, M, M; [ M|
Fe1 Fe 0.25000(0.25000)0.20731(14) 4 My, My, 0 2.778(14)|2.778(14)|0.0|3.93

[Show all magnetic atoms in unit cell and their moment relations]

Irrep decomposition via

Active Irreps:

label |dim. full irrep |dim. small irrep |direction| action |number of modes
miii 2 2 special |primary 1

Comments:

« NPD
» Structure described in standard setting of the MSG

Comments (symmetry):

= 1k magnetic structure
» k-maximal magnetic symmetry
« 2-dim irrep along a special direction




1 #\4CIF 2.0

2 # Created by the Bilbao Crystallographic Server
3 # http://www.cryst.ehu.es

4 # Date: 04/03/2025

5

[ data_5SyChthoR

7  _audit creation date 2025-04-03
8 _audit_creation method "Bilkbao Crystallographic Server"
g

10 _chemical name_systematic

11 H

12 H

13 _chemical name common ?
14 _chemical formula moiety ?
15 _chemical formula structural ?
1 _chemical formumla_analytical ?
17 _chemical formula iupac 7
8 _chemical formula_ sum "CaZ Fel 03 CI11"
19 _chemical_ formula weight ?
20 _chemical melting point ?
21 _chemical_ compound source ?
22 _chemical sbsolute configuration ?
23

25 _citation_journal_abbrev "PHYSICAL REVIEW MATERIALS"
26 _citation_journal_ volume g

27 _citation_page_first

28 _citation_page_last .

29 _citation_article_id 034002

30 _citation_year 2025

31 _citation_DOI 10.1103/PhysRevMaterials. 9.034002
3z

BE loop_

24 _citation_ author name

S5 "Andrew F. May"™

36 "George Yumnam™

=7 "Raphael P. Hermann"

38 "Stuart Calder™

S "Benjamin M. Lefler"

40 "Steven J. May"

41 "Zachary E. Brubaker"™

42 "Matthew Brahlek"

=i "¥iaodong Xu"

44 "Dmitry Cvchinnikow"

45 "Michael A. McGuire"

486

47 _temperature_position_structure

48 _temperature atom positions *
49 _temperature_non-magn_satom _positions

50 _temperature cell parameters

il

52 _atomic_positions_source_database_code_ICSD
53 _atomic_positions_source_other

54

5G] _transition temperature 311

56 eXperiment temperature 4

G

8 loop_

2 _irrep id

&0 _irrep_dimension

61 _irrep small dimension

62 _irrep_direction type

63 _irrep action

64 _irrep_modes_ number

&5 _irrep_presence

13 mMl 2 2 specizl primary 1

_exptl_crystal magnetic properties_details
NPD
Structure described in =tandard szetting of the MSG

Experiment
and
publication
info

Irrep details

7Lt _active magnetic irreps details

_parent_space_group.name H-M alt 'P 4/nm m'
_parent_space_group.IT number 129
_parent_space_group.transform Pp abc ‘'a,b,c;0,0,0°

oo o

[

85 loop_

86 _parent_propagation vector.id
_parent propagation vector.kxkykz
i 1/2 07

loop
_Space_group_symop_magn operation.id
Space_group_symop _Magn_operation.xyz
X, ¥, Z, 41
VeE,Z,-1
¥, X, EZ, -1
-®,¥,-Z,-1
-y, -2, -1
-V, X, -Z,+1
—-®, -V, Z,+1
YV, —H, —Z, +1

I I L R S |

loop_

_Space_group Symop magn centering.id
_Space_group_Symop magn_centering.®yz
1 x,v¥,2,+1

1 2 x+1l/2, y+1/2,z2, -1

1

122 loop_

123 _atom_site label

124 _atom_site_type_symbol

125 _atom_site_fract_x

126 _atom_site_fract_y

127 _atom site fract z

128 _atom site_occupancy

129 Fel Fe 0.25000 0.25000 0.20731(14) 1
130 S5rl S5r 0.25000 0.75000 0.08557(18) 1
131 S5r2 S5r 0.25000 0.75000 0.348%(2) 1
132 01 1 0 0.00000 0.00000 0.2332(6) 1
133 0l_2 O 0.00000 0.50000 0.2299(8) 1
134 02 O 0.25000 0.25000 0.0753(2) 1

135 Cll C1 0.25000 0.25000 0.42569(14) 1
136

137 1oop_

_atom_site_moment.label
atom site moment.crystalaxis x

140 _atom site moment.crystalaxis y

141 _atom site_moment.crystalaxis_z

142 _atom site_moment.symmform

143 _atom site moment.magnitude

144 _atom_site moment.spherical_azimuthal
145 atom_site moment.spherical polar

146  Fel 2.778(14) 2.778(14) 0.0 mx,mx,0 3.920(14) 45 90

S0 _parent space_group.child transform Pp abc 'at+b,-a+b,cr-1/4,1/4,0°"
91 gpace group magn.transzform BNS Pp abc 'a,b,c;0,0,0"
-
25 _space_group_magn.number_ BN5S 113.273
94 _Space_group_magn.nams BN5 "P_C -4 2_1 m"
35 _Space_group_magn.point_group_name "-4Zm.1'"
96 _Space_group_magn.point_group_number "14.Z.49"
97 _cell length a 5.54985(13)
98 _cell length b 5.54985(13)
99 _cell length c 14,.2%02(4)
100 _cell angle alpha 90.0000
101 _cell angle_beta G0.0000
102 _cell angle_gammsa 90.0000
e ————————————————————————————————————————
e ——

11

Parent space group

I’lk magnetic structure

k-maximal magnetic symmetry I p y
2-dim irrep along a special direction rre Su m mar
4mm K-vector

Transformation to
magnetic cell

Magnetic space
group and point
group

Magnetic symmetry
operations

Magnetic centering
translations

Atomic positions

Magnetic direction
and magnitude



* mcifs are output during refinements with all the software we’ll use this week.

* |ncluding an mcif with your publication and using it to add to MAGNDATA is
straightforward and strongly encouraged.

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

View Full Database

Element search (separate with space orcomma): [ |
@AND OOR

Enter the label of the structure: | || Submit |

Advanced Search

The necessary submission process is limited to a zip file containing two files, that are:
LOST: a:ﬁc':(qugsRl;Eed structure 1. A PDF file of the publication, where the magnetic structure was reported.
2. A CIF file of the magnetic structure using the magCIF format and having ".mcif"
as its extension. This .mcif file must have certain features and information to be
appropriate for MAGNDATA.
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Overview of Magnetic Space Group Approach
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/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 /

~

10



Alexey Vasilyevich Shubnikov 1887-1970

Magnetic space groups (Shubnikov groups)

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

¥

ANy

o

1929: Heesch, intfroduces the antiidentity operation properties: u2 = 1, ut = tu for all teT

- ‘ :

— 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: Zamorzaeyv, 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

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

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

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

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE Introduction to Magnetic Symmetry




Extend Space Group Approach to include magnetism

e 230 crystallographic space groups:

— Atoms considered as simple points at a certain location, then apply symmetry
operations.

e 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.

e Symmetry operations for crystal space groups not enough to describe magnetic
structures.

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
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REACTOR | SOURCE Introduction to Magnetic Symmetry




Magnetic space groups: Spins are axial vectors

e Translation (t) and 2-fold rotation
are the same for axial and polar
vectors.

e |nversion and mirror (m) are
different for axial and polar.

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

Mirror (m)

—>

m +

Polar vector
m

+ + -

<y

E Axial vectoi R

»

translation (t) ¢
! + 1 +
Polarvector =~ # #
translation (t)
Mirror (m) %
m
Polar vector

Axial vector

<o | <o

2-fold rotation

Axial vector

Inversion (-7)

el

Inversion (-7)

1

SPALLATION
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Introduction to Magnetic Symmetry




anti-mirror

Magnetic space groups: Time-reversal

e 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' (anfi-franslation)

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

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

LLLLLLLLLLLLLLLLLL
OAK RIDGE OOOOOOOOOOOOOO
nal Labor: ACTOR | SOURCE

Introduction to Magnetic Symmetry




Building the magnetic space groups

e 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.

M The original 230 space groups are included as colorless groups and keep their standard labels
-

« A further 230 groups are created by adding the 1’ operator as an extra symmeiry operation

- e.g.Pmmm171’

— 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

TEATION
ISOTOPE | NEUTRON
National Laboratory | REACTOR | SOURCE Introduction to Magnetic Symmetry



Magnetic space groups

o Full description of all Magnetic Space groups

produced.
— Acta Cryst A57, 729-730 (2001)

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

o Utilized in analysis tools

— Isodistort, Bilbao (GSAS-II), Fullprof, JANA, etc

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE
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Magnetic propagation vector: Magnetic space groups

 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: aand b

— Ifk=(1/4, 0) 2 magnetic space group unitcellis: 4aand b

 Need to keep track of this in refinements, cif/mCIF files, reflections and reporting of results.

k=(0,0), FM k=(0,0), AFM k=(",0), AFM
d o> | O o>
| =) =0p |=0p <0 | 40 | <o
b o> | O | o>
=0) =0P | =9) <40 | 40 <o

Crystal unit cell o> O | o ' ’
Magnetic unit cell < | <o
o> o

%OAK RIDGE

HIGH FLUX
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National Laboratory
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Magnetic space groups: all atoms

e 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.qg. ferroic) depending on the symmetry of the parent

14/mmm, k=(1/2,1/2,0) Cmce, k=(0,0,0) I-42m, k=(1/2,1/2,0)

Cyccm Cm'ca’ Agma?
(c,a-b,a+b;y, 3, fl,(,) (c,a-b,a+b;0,0,0) (a+b, -a+b,c;,,00)

Hypothetical spin

Pr,CuO, Gd,CuO, configuration on a

structure of type GaMnSe,
%OAK RIDGE

HIGH FLUX
- ISOTOPE
National Laboratory

REACTOR

SPALLATION
NEUTRON

SOURCE

Introduction to Magnetic Symmetry



MAXMAGN

bilbao crystallographic server

Contact us About us Publications How to cite the server

Space-group symmetry

Magnetic Symmetry and Applications

MGENPOS General Positions of Magnetic Space Groups

MWYCKPOS Wyckoff Positions of Magnetic Space Groups

MKVEC The k-vector types and Brillouin zones of Magnetic Space Groups

IDENTIFY MAGNETIC GROUP Identification of a Magnetic Space Group from a set of generators in an arbitrary setting
BNS20G Transformation of symmetry operations between BNS and OG settings

mCIF2PCR Transformation from mCIF to PCR format (FullProf).

MPOINT Magnetic Point Group Tables

MAXMAGN Maximal magnetic space groups for a given space group and a propagation vector

Convert & Edit Structure Data
STRCONVERT (supports the CIF, mCIF, VESTA, VASP formats — with magnetic infermatien where available)

k-SUBGROUP SMAG Magnetic subgroups consistent with some given propagation vector(s) or a supercell
MAGNDATA A collection of magnetic structures with portable cif-type files

MVISUALIZE 3D Visualization of magnetic structures with Jmol

MTENSOR Symmetry-adapted form of crystal tensors in magnetic phases

MAGNETIC REP. Decomposition of the magnetic representation into irreps

Get_mirreps Irreps and order parameters in a paramagnetic space group- magnetic subgroup phase transition
SPGENPOS /A General positions of spin point groups

STENSOR £\ Symmetry-adapted form of crystal tensors under spin point groups

CollinearSpinGroups A QOperations of Nontrivial Collinear Spin Space Groups

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Bilboa Crystallographic Server: Pyrochlore example

Maximal magnetic space groups for the parent space group Fd-3m (No. 227) and the propagation vector k =(0, 0, 0)

Magnetic Structure

Selected magnetic space group: 2- Fd-3m’ (#227.131)

Setting of the parent group

Parent space group Fd-3m (No. 227)

[Go to setting standard (a, b, c¢; 0, 0, 0)]
[Go to an alternative setting]

| Export dafa to MCIF file/Visualize || Go to a subgroup |

Atomic positions, Wyckoff positions and Magnetic Moments

Lattice parameters: a=10.09060, b=10.09060, c=10.09060, alpha=90.0000, beta=90.0000, gamma=90.0000

Atom Occupancy New WP

Multiplicity

Magnetic moment

Values of M,, My, M,

Ho1 Ho 0.50000 0.50000 0.50000 1.

(172,172,172 | mymy, m,) (1/4,3/4,0 | -m,-m, m,)
(304,014 -m_m, -m.) (0,1/4 3/ | m_-m, -m.}
(12,00 | my,mgmy) (1/41/4.112 | -m,-m, m,)
(314,112,314 | -my m,.-m,) (0,314,174 | m -m,,-m,)
(0.172.0 | my,mymy) (3/4 314,112 | -m,.-m, m,)
{1/4,0,3/4 | -mym, -m) (1/2,1/4,1/4 | m -m,.-m)
(0.0.1/2 | mymy,m,) (3/4,1/4,0 | -m,, -m, m,)
(174,112,174 | -my m,,-m,) (1/2,3/4,3/4 | m,,-m, -m,)

16

(M,..M,.M, )

]

Ti1Ti|

L) (304,104,172 | -my,-m, my,)

- 4,1/4 | m,, -m, -m, )
MVISUALIZE: 3D Visualization of magnetic structures .0 | -m,.-m, m,)
34| my,-my-m,)
01y -m,m

(0,0.0] my,m,m

N Group (BNS) Transformation matrix ||General positions Properties Magnetic structure
1 a0 0 0 Sysfematic absences|
_ _ a 1 0 i _MAGT\E)(T
Fd-3'm' (#227.132) ( 0o o 1 ~) -Sh ) -Sh
! |’3§1o al.:J:gmup ' R s Tees o
[ Altzmatives (domain-relsted) | MTENSOR
( 1 0 o0 0 ic absences
a 1 0 0 ) MAGNEXT
o SR o e
| Alt=matives (domain-relsted) | 2TEEER
( 1 o o0 a ) Systematic absences
_ _ a 1 0 i MAGMNEXT
d-3'm (#227 'y = W5 =
3 rﬁ’:: 1I:al.:::;.mlgll - ] Ten&s&f properties
[ Altzmatives (domain-relatzd) | L2 st
1 o0 o 0 Systamatic absences|
_ _ . a 1 0 0 MAGNEXT
Fd-3m (#227 128) ( o o 1 ~) Sh ) Sh
‘ -3;10 a:J:gmuPU. - ] Ten&sﬁ_ operties
[ Altematives (domain-relzted) | 1352
) 12 12 8 14 MAGNEXT
5 | r4ymmia #141.557) ( 13142 o B ) Tensor propert
Go to 3 subgroup MTEMSOR
| Alt=matives (domain-relzted) | =
0o 0 -1 178 Systematic absences|
| - . /2 172 0 1/4 MAGNEXT
[ 14445 m'd (#141.556) ( 142 172 0 7 ) Tersor prooerties
Go o a subgroup &
[ Altzmatives [domain-related) | RPN
O 4 1 g ic absences
. v /2 172 0 174 MAGMNEXT
2 s ;1 ) Tenses papate
Go to a subgroup MTENSOR
[ Alt=matives (domain-related) | =
( a0 -1 1/8 Systematic absences|
, . . 172 172 @ 174 MAGNEXT
8 || M4yaimd #141.553) a-1a o o ) Tensor properties
Go to a subgroup ﬂ
[ Altzmatives (domain-related) | [M13ELE
172 /2 0 o ic absences
. -1/2 1jz a D MAGMNEXT
& ;Tm:ﬂ it ( . 2 ) Tensor progerti
Go to a subgroup -
| Alt=matives (domain-related) | MIEH-%7
1/2 1/2 0 D Syetematic absences|
. R =il 142 a D MAGNEXT
L il .':-a (#74.556) ( oo d ok ) Tensor progerties
Go to a subgroup ﬁ
Alt=matives (domain-relsted) IS ELE

All-in, all-out magnetic
structure




K-SUBGROUPSMAG

bilbao crystallographic server

Contact us About us Publications How to cite the server

Space-group symmetry

Magnetic Symmetry and Applications

MGENPOS General Positions of Magnetic Space Groups
MWYCKPOS Wyckoff Positions of Magnetic Space Groups
MKVEC The k-vector types and Brillouin zones of Magnetic Space Groups
IDENTIFY MAGNETIC GROUP Identification of a Magnetic Space Group from a set of generators in an arbitrary setting
BNS20G Transformation of symmetry operations between BNS and OG settings
mCIF2PCR Transformation from mCIF to PCR format (FullProf).
MPOINT Magnetic Point Group Tables
MAGNEXT Extinction Rules of Magnetic Space Groups
MAXMAGN Maximal magnetic space groups for a given space group and a propagation vector
MAGMODELIZE Magnetic structure models for any given magnetic symmetry
Convert & Edit Structure Data

Magnetic subgroups consistent with some given propagation vector(s) or a supercell

MVISUALIZE 3D Visualization of magnetic structures with Jmol

MTENSOR Symmetry-adapted form of crystal tensors in magnetic phases

MAGNETIC REP. Decomposition of the magnetic representation into irreps

Get_mirreps Irreps and order parameters in a paramagnetic space group- magnetic subgroup phase transition
SPGENPOS /A General positions of spin point groups

STENSOR £\ Symmetry-adapted form of crystal tensors under spin point groups

CollinearSpinGroups A QOperations of Nontrivial Collinear Spin Space Groups

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




K-SUBGROUPSMAG

* Allows you to check all magnetic
space groups compatible with the
parent space group and k-vector.

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

Enter the serial number of the space group of the parent paramagnetic phase: [ choose it |[128

Choose an alternative magnetic group

Introduce the magnetic wave vector(s)
[ Alternatively give the basis vectors of the supercell |

(Give the components of the wave vectors in a fractional form, n/im)
K1y [0.5 | kqyl05 | kiz[0 |

Show the independent vectors of the star

[l Choose the whole star of the propagation vector

[ More wave-vectors needed |

| Optionally give also non-magnetic modulation wave-vectors |

Include the subgroups compatible with intermediate cells.
(It is not applied when only the maximal subgroups are calculated)

Optional: refine further the subgroups of the output giving the Wyckoff positions of the atoms
Give the Wyckoff positions

Optional: Show only subgroups that can be the result of a Landau-type transition (single irrep order parameter).

Optional: refine further the subgroups of the output giving a set of ireps

Choose the irreps Representations

Optional: possible limitations of the subgroup list
{Check only one opfion on the left and the specific value on the right)

® Lowest space group to consider [ choose it |[1.1 |

) Lowest point group to consider

) Only maximal subgroups

Optional: further limitations considering physical properties of the point groups

O Lowest crystal system to consider
v]

« Only centrosymmetric / non-centrosymmetric groups [all
« Only polar / non-polar groups all ~

® List of subgroups ) Graph of subgroups




Bilbao Crystallographic Server —+ k_Subgroupsmag

Input data

Subgroups of the paramagnetic space group :

Lowest magnetic space group to consider:

Magnetic propagation wave-vectors

Subgroups compatible with intermediate cells included
Only subgroups compatible with a L andau-type transition

List of subgroups that can be the result of a Landau-type transition

Get the subgroup-graph

P4lnmm1" (N. 129)

P1(N.1.1)
(0.5,0.5.0)

>

P4/nmml’
1

Pedbm Ppeca Pedmm Pemma

4 7 5 8

Po42ym

2

Pjybem
6

Po42m
3

Ppcem

9

. . Group-Subgroup Other members of . Magnetic structure models
F‘ Group Symbol ‘ Transformation matrix index the Conjugacy Class irreps (MAGMODELIZE)
1 0 1] : -
1 Painmm1' (No. 129.412) ( o 0 3) 1=1x1 =S =S O
0 0 1 0
r — 1 -1 1] 1/4 = -
2 | PoA2.m (No. 113.273) ( 101 o -1/4 ) 4=2x2 [ Conjugacy Class | [ Getirreps | O
0 0 1 0
_ _ 1 -1 0 -1/4 E 5
3| Pgd2m (No. 111.257) ( 101 o 174 ) 4=2x2 [ Conjugacy Class | [ Getirreps | O
0 0 1 0
_ 1 -1 0 -1/4 E 5
4 Pgdbm (No. 100.177) ( 101 o -1/4 ) 4=2x2 [ Conjugacy Class | [ Getirreps | O
0 0 1 1]
_ 1 -1 0 -1/4 E 5
5| Pgdmm (No. 99.169) ( 101 o0 -1/4 ) 4=2x2 [ Conjugacy Class | [ Getirreps | O
0 0 1 1]
_ 0 i1 -1 0 = 5
6  Pabcm (No.57.389) ( 0 1 1 1/2 ) 4=2x2 [ Conjugacy Class | [ Getirreps | O
1 0 0 0
_ 1 0 1 0 = 5
7| Pgcea (No. 54.350) ( 1o 1 3) 4=2x2 [ Conjugacy Class | [ Getirreps | O
g -1 0 0
_ 1 1 0 0 = 5
8 | Pgmma (No. 51.303) ( 11 0 12 ) 4=0x2 [ Conjugacy Cless | [ Getireps | O
0 0 1 0
_ 1 0 -1 0 = 5
9| Pgcem (No. 49.274) ( 10 1 12 ) 4=0x2 [ Conjugacy Cless | [ Getireps | O
0 1 0 0
_ i1 -1 0 1/4 E 5
10 Pgba2 (No. 32.141) ( 101 0 1/4 ) 8=0x4 [ Coniugacy Cless | [ Getireps | O
0 0 1 0
_ i1 -1 0 1/4 E 5
11 Pomm2 (No. 2563) ( FORE R R ) 8=0x4 [ Coniugacy Class | [ Getireps | O
0 0 1 0
_ 1 1 0 -1/4 E 5
12 Pe24242 (No. 18.23) ( a1 o 14 ) 8=0x4 | Conjugacy Class | | Getirreps | 0
0 0 1 0
_ 1 -1 0 -1/4 E 5
13 P222 (No. 16.5) ( 11 o 14 ) 8=2x4 | Conjugacy Class | | Getireps | 0
0 0 1 0

Select/Deselect all subgroups

Include structure data of the parent phase

Submit selected subgroups to MAGMODELIZE:

Pemm?2
11

Pc212,2

12

Can check maximal and

subgroups.

*Waming: Submitfing many subgroups to MAGMODELIZE, when the include structure’ option is selected may take too long — it is recommended to check at most 5 structures at a time




Input data " P
nputda Parent paramagnetic structure cif file
Subgroups of the paramagnetic space group : PAlnmm1' (N. 129)
Lowest magnetic space group to consider: P1(N.1.1) Obtion 1: PI bmit a structure file (CIF o:
Magnetic propagation wave-vectors (0.5,0.5,0) ption 1: Please submit a structure file ( ormat):
Subgroups compatible with intermediate cells included Sr2Fe03Clelf ]
Only subgroups compatible with a Landau-type transition Note: The space group of the cif file wil supersede any previous one.
List of subgroups that can be the result of a Landau-type transition Option 2: Specify structure data by hand:
Space Group: P4/nmm (No. 129)
| Get the subgroup-graph |
Lattice parameters (Angstroms and degrees):
= a=b] c= alpha=90 beta=90 gamma=90
. . Group-Subgroup | Other members of . Magnetic structure models |
N Group Symbol Transformation matrix index the Conjugacy Class irreps (MAGMODELIZE) Number of unique atomic positions: |
1 0 0 0 = 7 =
1 |Painmm1’ (No. 120.412) ( 510 0) 1=1x1 e (e 0 Submit
| ooe e ° Parent phase structure data: Magnetic Atoms
— 1 -1 (1] 1/4 | Coni Cl | | Geti |
2| P&24m (No. 113.273) CO S S 4=2x2 onjugacy Class etieps
fi) fi) 1 0 Parent space group: P4/nmm (No. 129)
I Lattice parameters (Angstroms and degrees): a=3.92390, b=3.92390, c=14.29760,
_ 1 -1 0 -1/4 [Con Class| [ Geti | alpha=90 000000, beta=90 000000, gamma=80 000000
3| Pc42m (No. 111.257) 1 1 0 1/4 4=2x2 onjugacy --1ass etimeps O
0 0 1 [4] Atoms: Please select the magnetic ones
[ 1 bt o] -1/4 . B
4 | Pcdbm (No. 100.177) ( 1 1 0 -1;4) 4=2x2 | Conjugacy Class | | Getirreps | O N Atomname Atomtype Wyckoff Position Coordinates Magnetic?
L ° ° : ‘ 1 Fel Fe 2c 0.25000 0.25000 0.29252
1 bt o] -1/4 . B
5| Pg4mm (No. 99 169) ( 1 1 o -1/4 ) 4=2x2 [ Conjugacy Class | | Getirreps | O 2 sn sr 2 025000 025000059641 [
| ° ° : ‘ 3 Sr2 Sr 2c 0.25000 0.25000 0.84513 m]
0 1 -1 0 B 5
6 | Pabcm (No.57.389) ( 5 1 1 1/ ) 4=2%2 [ Conjugacy Class | | Getirreps | 0O 4 o1 0 4 0.75000 0.25000 0.26885 o
L e ° 5 02 o) 2c 0.25000 0.25000 0.42467 m]
1 0 1 0 B 5
7| Pgcca (No. 54.350) ( -1 0 1 0) 4=2%2 [ Conjugacy Class | | Getirreps | 0O 6 CN cl 2 0.25000 0.25000 0.07478 O
0 -1 0 0
[ 1 1 0 0 E 3
8 Pcmma (No.51.303) ( 1o nz) 4=2x2 ESE (R 0
0 0 1 0
[ e g [ Conj Class | [ Getirreps |
9| Pgcem (No. 49.274) -1 0 -1 1/2 4=2x2 onjugacy --1ass etimeps O
| R ° Selected magnetic space subgroup for the parent space
10 Pgba2 (No. 32.141) ( F ﬂ:) 8=x4 [Conjugacy Class | | Getirreps | 0 group P4/nmm (No. 129)
0 0 1 0
; P 2 (No. 25.63 e /7 8=2x4 | Conjugacy Class | | Getirreps |
cmm2 (No. 25.63) i 40 1/4 =X O Maximal subgroups which allow non-zero magnetic moments for at least one atom are
0 0 1 0
| coloured
1 1 0 -1/4 | Coni a | | Geti |
12| Pg24242 (No. 18.23) 1 1 o 1/4 8=2x4 onjugacy L1ass ¢ \reps O f : " General - Magnetic
| 0 0 1 0 N ‘ Group (BNS) ‘ Transformation matrix ‘ positions ‘ Properties T
1 -1 0 -1/4 | Coni a | | Geti |
13|  Pg222 (No. 16.5) 101 o 1/4 8=2x4 onjugacy L1ass ¢ \reps O e
0 0 1 1]
) | |
Select/Deselect all subgroups
Include structure data of the parent phase
Submit selected subgroups to MAGMODELIZE:
*Waming: Submitting many subgroups to MAGMODELIZE, when the 'include structure’ option is selected may take too long - it is recommended to check at most 5 structures at a time




List of subgroups that can be the result of a Landau-type transition

| Get the subgroup-graph |

Group-Subgroup

Other members of

Magnetic structure models

Maximal subgroups which allow non-zero magnetic moments for at least one atom are coloured

Selected magnetic space subgroup for the parent space group P4/nmm (No. 129)

N Group (BNS) | Transformation matrix General positions Properties

Go to a subgroup

Alternatives (domain-related)

|Magnetic structure

This lower symmetry has Mx+#Myj,
this can be tested against data.

Group Symbol Transformation matrix index the Conjugacy Class ""ePS (MAGMODELIZE)
1 (i} (i} (i} - B
P4inmm?’ (No. 129.412) ( o 1 o 0) 1=1x1 [ Conjugacy Class | | Getireps | O
o o 1 o
— 1 -1 (i} 1/4 a B
PC421m(No_113.273}( 11 o -m) 4=2x2 [ Conjugacy Class | | Getireps | O
(i} (i} 1 (i}
— 1 -1 (i} -1/4 a B
Pcd2m (No. 111.257) ( 11 o m) 4=2x2 [ Conjugacy Class | | Getireps | O
(i} (i} 1 (i}
- -1/ - -
Pabm (No. 100.177) ( - -1;3) 4=2x2 | Conjugacy Class | | Getirreps | o
(i} (i} 1 (i}
- -1/ . -
PcAmm (No. 99.169) ( - _b:) 4=2x2 [ Conjugacy Class | | Getirreps | O
(i} (i} 1 (i}
(i} 1 -1 (i} - B
Pabem (No. 57.389) ( o 1 1 1;2) 4=2x2 RS (S 0
1 o o o
1 (i} 1 (i} - B
Pgcca (No. 54.350) ( 10 1 0) 4=2x2 [ Conjugacy Class | | Getireps | O
(i} -1 (i} (i}
1 1 (i} (i} - B
Pcmma (No. 51.303) ( 1o 1;2) 4=2x2 [ Conjugacy Class | | Getireps | O
(i} (i} 1 (i}
1 o -1 (i} - .
Pgcem (No. 49 274) ( S 5 = 1;2) 4=2x2 | Conjugacy Class | | Getirreps | o
(i} 1 (i} (i}
1 -1 (i} 1/4 a B
Pcba? (No. 32.141) ( 101 o m) 8=2x4 [ Conjugacy Class | | Getirreps | O
(i} (i} 1 (i}
1 -1 (i} 1/4 a B
Pomm2 (No. 25.63) ( 11 o m) 8=2x4 [ Conjugacy Class | | Getireps | O
o o 1 o
1 1 (i} -1/4 a B
Pc21242 (No. 18.23) ( 11 o m) 8=2x4 RS (S 0
(i} (i} 1 (i}
1 -1 (i} -1/4 a B
Pc222 (No. 16.5) ( 11 o m) 8=2x4 [ Conjugacy Class | | Getireps |
(i} (i} 1 (i}

Select/Deselect all subgroups
Include structure data of the parent phase

Submit selected subgroups to MAGMODELIZE:

%OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
REACTOR | SOURCE

Magnetic Structure

Selected magnetic space group: 1- Pc222 (#16.5)
Setting parent-like (2a, 2b, ¢ ; 0,0, 0)
Parent space group P4/nmm (No_ 129)

Lattice parameters: a=7.84780, b=7.84780, c=14.29760, alpha=90.00, beta=90.00, gamma=90.00

[Go to setting standard (a+b, -a+b, c ; 7/4, 1/4, 0)]
[Go to an alternative setting]

| Export data to MCIF file/Visualize || Go to a subgroup ‘

Atomic positions, Wyckoff positions and Magnetic Moments

’:‘ Atom New WP ‘ Multiplicity ‘ Magnetic moment ‘ Values of My, M, M,
[ (1/8,18,Z | m,,m,,0) (3/8,3/8,-Z | -my,-m, 0)
(1/8,5/8,Z | -my,-m,, 0) (3/8,7/8,Z | my,m,0)
1 | FelFe0.125000.12500 029252 | (5”07 | mg-my.0) (TI8318. | my My 0) 8 (My,M,,0)
(6/8,5/8,z | my,m,,0) (7/8,7/8,-Z | -my,-m, 0)
(1/8,1/8,z | my,m,,0) (3/8,3/8,-z | -m,,-m,0)
(1/8,5/8 2 | -my,-m,,,0) (3/8,7/8,z | my,m,0)
2 | Sr15r0.12500 012500 059641 | g0y - 0) (718.3/8 | my m0) 8 -
FEITO EIO = | s e VN £ 790 FTiI0 =1 v s MY




%

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

MVISUALIZE

bilbao crystallographic server

Contact us About us Publications How to cite the server

Space-group symmetry

Magnetic Symmetry and Applications

MGENPOS General Positions of Magnetic Space Groups

MWYCKPOS Wyckoff Positions of Magnetic Space Groups

MKVEC The k-vector types and Brillouin zones of Magnetic Space Groups

IDENTIFY MAGNETIC GROUP Identification of a Magnetic Space Group from a set of generators in an arbitrary setting
BNS20G Transformation of symmetry operations between BNS and OG settings

mCIF2PCR Transformation from mCIF to PCR format (FullProf).

MPOINT Magnetic Point Group Tables

MAGNEXT Extinction Rules of Magnetic Space Groups

MAXMAGN Maximal magnetic space groups for a given space group and a propagation vector
MAGMODELIZE Magnetic structure models for any given magnetic symmetry

Convert & Edit Structure Data
STRCONVERT (supports the CIF, mCIF, VESTA, VASP formats — with magnetic infermatien where available)

k-SUBGROUP SMAG Magnetic subgroups consistent with some given propagation vector(s) or a supercell

MVISUALIZE 3D Visualization of magnetic structures with Jmol

MAGNETIC REP. Decomposition of the magnetic representation into irreps

Get_mirreps Irreps and order parameters in a paramagnetic space group- magnetic subgroup phase transition
SPGENPOS A\ General positions of spin point groups

STENSOR )\ Symmetry-adapted form of crystal tensors under spin point groups

CollinearSpinGroups A QOperations of Nontrivial Collinear Spin Space Groups

26



MVISUALIZE Main Pag

Do

wnload complete mcif file (including all tags needed for submission to MAGNDATA)

MVISUALIZE: 3D Visualization of magnetic structures with Jmol

| Change setting | Domain-related equivalent descriptions |

Show/Hide File

BNS:FP C -4 2 1m

#RCIF_2.8

# Created by the Bilbao Crystallographic Server
# http:/ www.cryst.ehu.es

# Date: @4/83/72825

data_5SyOhtAoR
audlt creation _date
AAPASTAAASAALASTUAASAS
audlt creatlon methud

2825-84-83

chemical_name_systematic
e B T R e e T T
»
H
chemical_ name_common

TRALALAA AT AT A,

chemical formula leEEg

LA R A TR SRR AT
chemical formula structural

LA R AR AR SRR TP A SRR A
chemical formula analggiial

TR A AR TR

chemlcal formula_lupac )

SRS USROS

chemlcal ¥Drmula S um "Ca2 Fel 03 C11"™
chemlcal {Drm$$imﬁsiﬁht
e iRt

\MMMMAE P
chem%gglxégiglute canf&gﬁrat:on

L TR T

L TR T

c1tat10n Durnal abbreu "PHYSICAL REVIEW MATERIALS™
c1tat10n Durnal volome 9
SARATTUAAAAAS

c1tat10n a Evii£5$

éf%gklon age last

citstion article id
T SSATTS
—E}EEElO” rear

citation DOI
TRASAAAAUTLA U

834882
2825

loop

citation_author_name
AL AT S,
"Andrew F. May"

"George Yumnam"
B

"Bilbao Crystallographic Server™

18.1183/PhysRevMaterials.9.834882

[ help | console |

| Execute

Symmetry-adapted form of material tensors via
Symmetry-adapted form of material tensors for domain-related equivalent structures via

| Toggle Parent Cell |
| Toggle Standard Cell |

Select cell... w

Export PNG Image |

Save PNG-3D |

Save ZIP file |

[View Along Axis_ w

Show unit cell a,b,c

| Unit Cell Info |

Add 1 cell along x

Remove 1 cell along x

Add 1 cell along y

| Show/Hide Labels

|

|

| All/ Magnetic Atoms |I
!

|

|

Remove 1 cell along vy

Add 1 cell along z

Vectors

Remove 1 cell along 2

Atoms

Window Size

*‘[I? 1 Z‘EI

Choose supercell

—_—— — —

Lt

‘ Bigger | Smaller ‘

| Toggle Quality

[Background Color |

Draw bonds & polyhedra

Join with
from[0.75 |to|2.75 |A

Draw

Center ||

Bonds| Polyhedra
|Delete Bonds| Polyhedra

Clear all drawings |

Note; [T the application stops working right or any maffunction is observed, it is probably a temparal problem due to the cache memory of vour browser. Clear your web browser cache to solve it

If you still ohserve any malfunction, write an e-mail to crysti@wm i ehu es explaining the problem in detail.
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