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Summary: Independently of how a commensurate magnetic
structure has been determined the final model should reported
making full use of the MSG of the structure

 The description of a magnetic structure using its MSG of the structure
is a direct simple extension of ordinary crystallography and therefore:

simple, compact, sStandardized and robust...

This is the description used in the CIF file format, extended to magnetic structures (magCIF),
which is now supported by many programs.

It has allowed the development of MAGNDATA



Example 1 (Commensurate):

D!ZQ_Q,Alg Gorbunov etal., 2018  (magndata #1.267)

(Single crystal neutron diffraction)

k=(0,0,1/2)
Cmcm.1’ > A,mm2 (2c, a, b;0,0,-1/4)
é ¢ HT
o o &
‘ ¢ ¢ @0
L. o 0w

The MSG of this magnetic structure is only compatible with one irrep,
namely the 2-dim irrep mZ1.
(only spin arrangements according to this irrep are allowed by the MSG, but restricted

to a special combinations of the irrep basis vectors. No degrees of freedom
corresponding to other irreps are permitted)


http://webbdcrista1.ehu.es/magndata/index.php?this_label=1.267
https://www.cryst.ehu.es/magndata/index.php?this_label=1.267

How to report... when only one irrep is compatible with the MSG

fundamental information:

Compound Dy,;CosAly
Parent space group Cmcm (N. 63)
Propagation vector(s) (0,0,%)
Transformation from (a,b,2¢;0,0,0)

parent basis to the one
used

MSG symbol

Aamm2 (UNI: Amm2.1%)

MSG number

38.192

Transformation from basis
used to standard setting of
MSG

(c,a,b;0,0,-1/8)

Magnetic point group

mm2.1’ (c,a,b) or m2m.1’

Unit cell parameters (A)

a=12.72390 o=902
b=7.45860 [ =902
c=18.59880 y=90°

MSG symmetry operations

xy,Z,+1
Xy,-Z+3/4+1
-X,y,Z,+1

XV, -Z+ 3/4J+ 1

MSG symmetry centering
operations

Xy, Z,+1
x+1/2,y+1/2,2,+1
xy,z+1/2,-1
x+1/2,y+1/2,2+41/2,-1

Positions of magnetic
atoms

Dy1_1 Dy 0.33940 0.33290 0.12500
Dyl_2 Dy 0.66060 0.66710 0.37500

Positions of non-magnetic
atoms

Co1l Co 0.32880 0.00000 0.00000
Co2 Co 0.00000 0.00000 0.00000
Al1_1 A10.00000 0.1249 0.125
Al1_2 Al 0.00000 0.8751 0.375
Al2_1 A10.1079 0.4459 0.125
Al2_2 Al 0.8921 0.5541 0.375
Al3_1 A1 0.0000 0.3322 0.2714
Al3_2 Al 0.00000 0.6678 0.5214
Al4_1 A1 0.1686 0.3330 0.03585
Al4 2 Al 0.8314 0.6670 0.28585

Magnetic moments
components (us) of
magnetic atoms,
symmetry constraints and
moment magnitudes

Dy1_1 1.34(2) 8.35(2) 0.0 (mx,my,0) 8.46(2)
Dyl.2 00 0.0 1.38(1) (0,0mz) 1.38(1)




How to report... when only one irrep is compatible with the MSG

fundamental information:

arent space group Basic relation with the
Propagation vector(s) (0,0,%) parent paramagnetic
Transformation from (a,b,2¢;0,0,0) strutture
parent basis to the one
e i NI: Amm2.1%)
MSG number 38.192 anit cell

Transformation from basis | (c,a,b;0,0,-1/8) -
used to standard setting of
MSG

a=12.72390 =902

b=7.45860 3 =90¢
c=18.59880 1y =902

\/

-X,y,-z+3/4,+1
-X,y,Z,+1

X,y,-Zz+3/4,+1

MSG symmetry centering | xy,z,+1

operations x+1/2,y+1/2,z,+1
xy,z+1/2,-1
x+1/2,y+1/2,2+1/2,-1




How to report... when only one irrep is compatible with the MSG

fundamental necessary information:

parent basis to the one

Compound Dy,CosAly
Parent space group Cmcm (N. 63)
Propagation vector(s) (0,0,%)
Transformation from (a,b,2¢;0,0,0)

MSG identification

used
MSG symbol Aamm2 (UNI: Amm2N.
MSG number 38.192

Transformation from basi
used to standard setting of
MSG

(c,a,b;0,0,-1/8)

equivalent

Magnetic point group

mm2.1’ (c,a,b) ormZm.1’

information
/

Unit cell parameters (A)

MSG symmetry operations

a=12.72390 «=90°
b=7.45860 3 =902
c=18.59880 =9(°
X,y,z,+1
-X,y,-z+3/4,+1
-X,y,Z,+1
X,y,-Zz+3/4,+1

MSG symmetry centering
operations

xy,z,+1
x+1/2,y+1/2,z,+1
xy,z+1/2,-1




How to report... when only one irrep is compatible with the MSG

fundamental necessary information:

Compound Dy,CozAly

Parent space group Cmcm (N. 63)

Propagation vector(s) (0,0,%)

Transformation from (a,b,2¢;0,0,0)

parent basis to the one

used MSG identification
MSG symbol AommZ2 (UNI: AmmZ2.1°,)

MSG number 38.192

Transformation from basis | (c,a,b;0,0,-1/8)

used to standa .
MSG For Tables and text, the Seitz notation

Magnetic point] is highly recommended as ALTERNATIVE !!!
Unit cell parameters (A) a=12.72390 a=90°
b=7.45860 [3 =90°
c=18.59880 y=90°

MSG symmetry operations | x,y,z,+1 {1]0,0,0}
Xy,-Z+3/4,+1 {2010]0,0,34}
X,y,Z,+1 {m100|0,0,0}
xy,-Zz+3/4,+1 {moo1|0,0,3%4}

MSG symmetry centering | xy,z,+1 {1]0,0,0}

operations x+1/2,y+1/2,z,+1 {1]%2,2,0}

xy,z+1/2,-1 {1’10,0,%2}
x+1/2,y+1/2,z+1/2,-1




* The identification and assignment the magnetic space group
(MSG) is a “must”

- Whatever the method employed to determine a commensurate magnetic structure, its
MSG must be identified and reported.

- Representation analysis can be an efficient method for the determination of a com-
mensurate magnetic structure but it is NOT an “alternative” to the identification of its

MSG.

- For a full identification of the MSG the transformation from the unit cell used to one
where the MSG has its standard form must also be reported.

- The magnetic point group (MPG) can be derived from the MSG, but it is so important
that it is recommendable to report it explictly.

- If you fear that the referees will think your paper is not enough “cutting hedge”
research, because it includes too much detail and Tables, you can always submit the
information as supplemental material, and your magnetic structure will be fully
unambiguous, and easily portable for other studies (include a magCIF file as
supplemental material !!!).



How to report when only one irrep is compatible with the MSG ....
fundamental NECESSARY information

Positions of magnetic

atoms Dy1l_2 Dy O 66060 0 66710 0 37500
Positions of non-magnetic | Co™No 0.328380 0.00000 0.0000C
atoms Co2 Co8,00000 0.00000 0.00000

Al1_1 A10.0€000 0.1249 0.125

Al1_2 Al 0.0000{ positions and moments of the
Al2_1 A10.1079 () magnetic atoms in the

Al2_2 Al 0.8921( asymmetric unit referred to the
Al3_1 Al 040000 O pmSG unit cell

A13_2.41 0.00000 00075 USZT=
A1 A10.1686 0.3330 0.03585
Al4 2 Al 0.8314 0.6670 0.28585
Dy1_1 1.34(2) 8.35(2) 0.0 (mx,my,0) 8.46(2)
Dyl 2 0.0 0.0 1.38(1) (0,0mz) 138(1)

Magnetic moments
components (ug) of
magnetic atoms,

symmetry constramts and

MSG constraints on the moment moduli
magnetic moments




How to report when only one irrep is compatible with the MSG ....

fundamental necessary i| positions of the set of of non-

Positions of magnetic
atoms
Positions of non-magnetic
atoms

Magnetic moments
components (ug) of
magnetic atoms,
symmetry constraints and
moment magnitudes

Dyl' 1'by 0 3'3 o] magnetic atoms of the asymmetric
D 1_2 D 6.66 unit in the MSG unit cell

Co1 Co 0.32880 0.00000,6.00000
Co2 Co 0.00000 0.00090 0.00000

Al1_1 A1 0.00000 0,%249 0.125

Al1_2 Al 0.00000/.8751 0.375

Al2_1 Al 0.107§/0.4459 0.125

Al2_2 Al 0.8921 0.5541 0.375

Al3_1 A1 0.0000 0.3322 0.2714

Al3_2 Al 0.00000 0.6678 0.5214

Al4_1 A10.1686 0.3330 0.03585

Al4 2 Al 0.8314 0.6670 0.28585

Dyl 1 1.34(2) 8.35(2) 0.0 (mxmy,0) 8.46(2)
Dyl 2 0.0 0.0 1.38(1) (0,0mz) 1.38(1)




* Information on the positions of the NON-magnetic atoms is
also necessary for a full knowledge of the magnetic structure

- Even if the positions of the non-magnetic atoms were not needed for the determination
of the spin arrangement, their knowledge is necessary for a full description of the structure.

- The MSG depends on the positions of the non-magnetic atoms.

- Enough information should be given from which to get a description (at least
approximate) of the positional structure of all atoms; either appealing to some reference
or including a full listing .

- Positional structure of all atoms, described using the MSG make explicit all magneto
structural effects that may happen: split sites, atomic positions components that become
free in the magnetic phase. If you want to detect structural effects induced by the
magnetic ordering this is the first step!



How to report when only one irrep is compatible with the MSG ....

complementary information on representation analysis

Dy;zCO3A19

Primary irrep(s) label(s) with dimension mZ1 (2-dim)

special direction
Description of the primary irrep mZ1:

{2001'0, 0, 1L } . (0 ,-1 ; 1 ) 0)
{2010'0 ) 0 ’ 2 }: (1, 0 ; 0,- 1)
{-110,0,0}: (0,-1; -1, 0)

{110,0,1}: (-1,0;0,-1)
{110,1,0}: (1,0;0,1)
{1]1,0,0}: (1,0;0,1)

Secondary irrep(s) label(s) Not allowed

NOT NECESSARY if the irrep labels used are
those of standard listings (CDML or Kovalev)




How do we know the structure does not allow
secondary magnetic irreps? for example, using Get_mirreps:

Input data

Group—subgroup

Transformation matrix

0 1
Cmcm1' (N. 63.458)—A_mm2 (N. 38.192) ( 0 0
0

Representations and order parameters

' Show the graph of isotropy subgroups |

k-vectors |irreps and order parameters Isotropy sybgrOup_ link to the irreps
transformation matrix
GM1*: (a) Cmcm1' (No. 63.458)
’ b,c;0,0,0

GM: (0,0,0) a . GOL, ' matrices of the irreps

GM,™: (a) Amm21' (No. 38.188)

4- c,-a,-b;0,0,1/4

Z:(0,0,1/2) mZ4: (0,a) Aa;?cT:,-(Eg,Cii :4?2) ' matrices of the irreps |




ABOUT LABELS OF IRREDUCIBLE REPRESENTATIONS (IRREPS)

* Theirrep notation lacks a standard, but there is a couple of alternative

unambiguous irrep labeling systems, supported with computer listings, that can
be recommended:

- CDML notation (A. P. Cracknell, B. L. Davies, S. C. Miller and W. F. Love (1979)):
software: ISOTROPY, Bilbao Crystallographic Server, JANA, FullProf (Basirreps)
- Kovalev notation (O.V. Kovalev 1965-1993):
software: SARAh

* ltis strongly advised against using arbitrary irrep labels (like those of traditional
software), but if done, then full unambiguous listings of the irrep characters must
be necessarily included. Otherwise the irrep labels mean NOTHING!

The irreps are mathematical constructs. They are tabulated or calculated by programs.
They do not depend on you specific system. You do not need to know how to
calculate them but you need to know how to use them.



On the use of irreps as an “alternative” description to
the use of the MSG

if the MSG of the structure is only compatible with a single irrep (the
majority of cases): A description using irrep spin basis vectors does NOT
bring any advantage:

- If the irrep is 1-dim, the two descriptions will be fully equivalent: the irrep
basis functions will reproduce the same moment relationships among the
magnetic atoms as the MSG.

- If theirrep is multidimensional, in most cases several alternative MSGs can
realized for the same irrep and the description using the actual MSG
automatically introduces additional constraints that are not included when only
restricting to the basis vectors of the irrep.



Our example 1: DVZC°3A|9

k=(0,0,1/2)
Cmcm1’ > A,mm2 (2c, a,b;0,0,-1/8)

2-dim irrep mZ1

6 basis spin basis functions/vectors/modes
(6 parameters)

3 parameters

6 parameters




On the use of irreps as an “alternative” description to
the use of the MSG

* Only in the less frequent case that the MSG of the structure is
compatible WITH MORE THAN ONE IRREP, the crystallographic
description under the MSG can be further restricted by the particular
irrep(s) being involved, since in many cases not all are present.

How to report then when more than one irrep is compatible with the MSG?:

No standard exists yet for the inclusion of additional irrep restrictions...

(the magCIF standard does not support it yet....)

The guidelines paper just show with one example how it could be done....



Example 2 (Commensurate):

Mn;Sn PJ.Brownetal., 1990  (magndata #0.199)
(Single crystal neutron diffraction)
Mn at 6h Wyckoff position
k=(0,0,0)
2-dim irrep mGM6+
P6;/mmc.1’ > Cmc’m’ (-b,2a+b, c; 0,0,0)
(N. 194) (N. 63.463)

®

i ®

The MSG of this magnetic structure is compatible with TWO irreps
( spin arrangements according to any of the two irreps are allowed by the MSG,
no degrees of freedom corresponding to other irreps than these two are permitted)

—


https://www.cryst.ehu.es/cgi-bin/cryst/programs/mechanical_rep.pl?tipog=gmag
https://www.cryst.ehu.es/magndata/index.php?this_label=0.199

k=(0,0,0)
2-dim irrep mGM©6+
P6,/mmcl’ 5 Cmc’m’ (-b, 2a+b, c; 0,0,0)

2-dim irrep MGM6+

4 BVs
(4 parameters)

2 parameters

2 parameters

P2 jor 4 parameters



https://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl
https://www.cryst.ehu.es/cgi-bin/cryst/programs/get_irreps.pl?tipog=gmag

How to report when more than one irrep is compatible with the MSG ....

fundamental information (the same as in the previous case)

MnsSn Mnssn

v

Parent space group P63/mmc (N. 194)

Propagation vector(s) (0,0,0) non-standard
Transformation from parent basis to | (a, b, ¢;0,0,0) settin g for th e
the one used

MSG symbol Cmc’m’ description
MSG number 63.463

Transformation from basis used to (-b,2a+b,c;0,0,0)

standard setting of MSG

Magnetic point group m’'m’'m (2a+b,c,-b)

Unit cell parameters (A) a=5.665 o=902

b=5.665 f =902

c=4.531 y=120°

MSG symmetry operations x,y,z,+1

-X,-X+V,-Z,+1

-X,-y,-Z,+1

X,X-y,Z,+1

XX-y,-z+1/2,-1

-X,-y,z+1/2,-1

-X,-X+y,Z+1/2,-1

Xy,-z+1/2,-1 o
Positions of magnetic atoms Mnl1_1 Mn 0.8388 0.6776 0.25
Mnl1_2 Mn 0.3224 0.1612 0.25

Positions of non-magnetic atoms Sn1Sn 0.33333 0.66667 0.25

Magnetic moment components (ug) | Mn1_1 3.00(1) 3.00 0.0 (mx,my,0) 3.00(1)
of magnetic atoms, symmetry Mn1_2 0.0 -3.00 0.0 (Omy,0) 3.00(1)
constraints and moment
magnitudes



http://webbdcrista1.ehu.es/magndata/index.php?this_label=0.199

How to report when more than one irrep is compatible with the MSG ....

fundamental necessary information (the same as in the previous case)

v

MnsSn
Parent space group P63/mmc (N. 194)
Propagation vector(s) (0,0,0)

Transformation from parent basis to | (a, b, ¢;0,0,0)
the one used

MSG symbol Cmc’'m’

MSG number 63.463

Transformation from basis used to (-b,2a+b,c;0,0,0)

standard setting of MSG

Magnetic point group m’'m’'m (2a+b,c,-b)

Unit cell parameters (A) a=5.665 a=902
b=5.665 f =902
c=4.531 y=120° | 3 free parameters

MSG symmetry operations x,y,z,+1 berrroyeyes
-X,-X+y,-Z,+1 {2010]0,0,0}
-X,-y,-Z,+1 {-1]0,0,0}
X,X-y,z,+1 {mo10]0,0,0}
x,X-y,-z+1/2,-1 {2210/ 0,0,%2}
X,-y,z+1/2,-1 {2’001]0,0,%2}
-X,-X+y,Z+1/2,-1 {m’210|0,0,%2
Xy,-z+1/2,-1 {m’001/0,0,

Positions of magnetic atoms Mnl1_1 Mn 0.8388 0.6776 0.25

Mn1_2 Mn 0.3224 0.1612 0.25

Positions of non-magnetic atoms Sn1Sn 0.333
Magnetic moment components (ug) | Mnfl_1 3.00(1) 3.00 0.0 (mx,my,0) 3.§0(1)
of magnetic atoms, symmetry Mn 0.0 -3.00 0.0 (0,my,0) 0(1)

constraints and moment
magnitudes




How to report when more than one irrep is compatible with the MSG ....

complementary information on representation analysis

Mn3Sn
Primary irrep(s) label(s) with mGM6+ (2-dim)
dimension special direction
Description of primary irrep(s) mGM6+:

{6001]0,0,1/2}: (% ,3/2:V3/2,%)
{-1/0,0,0}: (1,0;0,1)

Moial(0.0.0}: /2 N =/

Secondary irrep(s) label(s) with mGM3+ (1-dim)
dimension
Description of secondary irrep(s) mGM3+:

{6001]0,0,1/2}: -1
{-1]0,0,0}: 1

Primary basis mode(s) and mGM6+, mode 1:
amplitude(s) Ci (in us) Mnl11 (1,1,0) C1=3.00(1)
Mn1_2 (0,-1,0)

mGM6+, mode 2: C2=0.0
Mn1_1 (0,1,0)
Mnl1_2 (0,1,0)

Secondary basis mode(s) and mGM3+, mode 3:
amplitude(s) Ci (in pg) Mnl_1 (1,0,0) C3=0.0
Mnl_2 (0,1,0)

Second(ary) irrep allowed by
the MSG




How to report when more than one irrep is compatible with the MSG ....

complementary information on representation analysis

Mn3Sn
Primary irrep(s) label(s) with mGM6+ (2-dim)
dimension special direction
Description of primary irrep(s) mGM6+:

{6001]0,0,1/2}: (% ,3/2:V3/2,%)
{-1/0,0,0}: (1,0;0,1)
{mo10/0,0,0}: (% V3/2;V3/2,-%)

Secondary irrep(s) label(s) with mGM3+ (1-dim)
dimension
Description of secondary irrep(s) mGM3+:

{6001]0,0,1/2): -1
{-1|0,0,0}: 1

Primary basis mode(s) and mGM6+, mode 1:
amplitude(s) Ci (in us) Mnl11 (1,1,0) C1=3.00(1)
Mn1_2 (0,-1,0)

mGM6+, mode 2: C2=0.0
Mn1_1 (0,1,0)
Mnl1_2 (0,1,0)

Secondary basis mode(s) and mGM3+, mode 3:
amplitude(s) Ci (in pg) Mn1_1 (1,0,0)

Descomposition in amplitudes of irrep
spin basis modes/




(as far as | know...)

The only program for mode analysis: (with irrep mode decomposition!)

ISODISTORT https://stokes.byu.edu/iso/isotropy.php

Version 6.1.8, November 2014

Harold T. Stokes. Branton J. Campbell, and Dorian M. Hatch, Department of Physics and Astronomy, Brigham Young University, Provo, Utah, 84602, USA,
stokesh@byu.edu

Description: ISODISTORT is a tool for exploring the structural distortion modes of crystalline materials. It provides a user-friendly interface to many of the
algorithms used by the Isotropy Software Suite, allowing one to generate and explore distortion modes induced by irreducible representations of the
parent space-group symmetry. It also provides a Java applet for visualizing and interactively manipulating the free parameters associated with these modes.

Help, Tutorials, Version History

NOTICE: Version 6.1 is a major new release. We appreciate your bug reports - please send relevant input files along with the html page showing the failed
output.

Legacy copy of ISODISTORT version 5.6.1, August 2013

Begin by entering the structure of parent phase: @

Get started quickly with a cubic perovskite parent.

Import parent structure fram a CIF structure file: Browse... | No file selected.

Stokes & Campbell, Provo



FullProf can refine under a MSG the amplitudes of the irrep modes
compatible with the MSG using output of ISODISTORT

Part of the pcr file created by ISODISTORT: This is the future and is
AMPLIMODES f FullProf FIX H
: or Futtrro Xyz already available!
!INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
1000.0 07 0

Cmc'm' number: 63.463 <——Magnet1c Space Group Symbol (UNI symbol and BNS number)

Transform to standard: <——Basis transformation from alt setting to standard BNS

arent space group: mmc _number: <—Nonmagnetic Parent Group
Transform from Parent: a b,c;0,0,0 <——Basis transformation from parent to current setting
|
! Atom Typ Mag Vec X Y z Biso Occ N_type Spc/Fftype
! Rx Ry Rz Ix Iy Iz MagPh
Mn1_1 MMN2 1 © -0.16120 0.67760 ©.25000 0.50000 ©0.50000 1 1
0.00 0.00 0.00 0.00 0.00 i
0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 In this form, one uses
0.00 0.00 0.00 0.00 0.00 the representat|on
Mn1_2 MMN2 1 © -1.67760 —-0.83880 0.25000 0.50000 0.25000 1 1 .
0.00 0.00 0.00 0.00 0.00 method under a fixed
0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00 0.00 0.00 0.00 0.00 MSG.
Snl SN @ © -0.66667 -0.33333 0.25000 ©.50000 0.25000 0 2
0.00 0.00 0.00 0.00 0.00 .
! Basis vectors of magnetic symmetry modes for each atom Thlngs become much
M_MODES 6 .
! Nm Atom Irrep Mx My Mz Coeff S|mpler!!!
1 Mn1_1 mGM3+ 0.0721 0.0000 ©0.0000 1.00 } mode 1 mGM3+

1 Mnl 2 mGM3+ 0.0000 0.0721 0.0000 1.00

' mode 2 mGM6+

3 Mn1_2 mGM6+ 0.0000 -0.1019 0.0000 1.00 ]-mode 3 mGM6+
! Amplitudes of Magnetic Symmetry Modes
MA_MODES 3 2
A1_mGM3+ 0.00000 1.00 _ _
A2_mGM6+ 0.00000 1.00 mode amplitudes to refine
A3_mGM6+ 0.00000 1.00




How to prepare a magCIF file suitable for MAGNDATA

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

A database of more than 1000 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,

Login

View Full Database
Element search (separate with space or comma): ©AND ('OR  search

Enter the label of the structure: Submit

Advanced Search & Statistics

To upload any published structure
click HERE




MAGNDATA File Upload Page

Welcome to MAGNDATA File Upload Section. Any published commensurate magnetic

structure that is not already present in MAGNDATA can be uploaded here.

o The upload can be performed not only by the authors of the publication reporting the
structure, but also by anybody, thinking that this structure should be in this database.

» The uploaded files, if consistent, will be processed and transformed by the Bilbao

Crystallographic Server team into a more complete form to be included in the database.

« Once the structure has been finally included in MAGNDATA, the uploader will be
informed by e-mail. Also, in case we encounter any problems / have some questions &

comments about the data, it is essential that we have your e-mail information.

» The necessary upload process is limited to a zip file containing two files, that are:
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.

To download the instructions on how to prepare a .mcif file of the magnetic structure

that can be uploaded in MAGNDATA click here.

Before proceeding to the file uploads, please provide your name, email and brief info (77
being optional). Once you have submitted these information, you'll be taken to the file

submission page.

Your Name:
Your e-mail:

Brief info about the structure you are about to submit:

Proceed to File Uploads

Instructions for the preparation of a magCIF file of a (published)
commensurate magnetic structure, for uploading in the database
MAGNDATA at the Bilbao Crystallographic Server.

In order to upload a commensurate magnetic structure in MAGNDATA only two
files are required . One is a pdf file of the published article where this magnetic
structure was reported, and the other one must be a magCIF file with the
necessary information on the magnetic structure.

We call a magCIF file a CIF file, which uses the so-called magCIF extension for the
description magnetic structures. In the Bilbao crystallographic server such type of
files are given the extension “.mcif “, to be distinguished from CIF files of ordinary
non-magnetic structures with the extension “.cif”.

The magCIF file to be introduced in MAGNDATA must fulfill some specific
requirements and these instructions explain in detail how to prepare it to be fully
adapted for MAGNDATA.




Instructions for the preparation of a magCIF file of a (published)
commensurate magnetic structure, for uploading in the database
MAGNDATA at the Bilbao Crystallographic Server.

In order to upload a commensurate magnetic structure in MAGNDATA only two
files are required . One is a pdf file of the published article where this magnetic
structure was reported, and the other one must be a magCIF file with the
necessary information on the magnetic structure.

We call a magCIF file a CIF file, which uses the so-called magCIF extension for the
description magnetic structures. In the Bilbao crystallographic server such type of
files are given the extension “.mcif “, to be distinguished from CIF files of ordinary
non-magnetic structures with the extension “.cif”.

The magCIF file to be introduced in MAGNDATA must fulfill some specific

requirements and these instructions explain in detail how to prepare it to be fully
adapted for MAGNDATA.



How to prepare a magCIF file of your magnetic structure adequate
for MAGNDATA

The best way:.

* Case 1: Use refinement software that supports .mcif files both for input and
output: FullProf, GSAS-II, JANA, ..... (listed in alphabetical order!) to obtain a
.mcif file of your structure fully consistent with its MSG.

If you have solved however your structure with these programs or any other,
but using a method that has not identified the MSG of the model, then there
are two possible situations:

Case 2: The refinement program can provide you a magCIF file of your final
structure but “without symmetry”, i.e. using the MSG P1, and listing all atoms and
moments in the unit cell.

Case 3: You know your magnetic structure so that you can calculate and list all
atomic positions and magnetic moments in the unit cell, but you do not know its
MSG.



How to prepare a magCIF file suitable for MAGNDATA

Case 1: Your refinement program has generated a magCIF file of your structure
consistent with its MSG

- Upload de .mcif file in MVISUALIZE to simplify the file and add items necessary for the database

Main Page of MVISUALIZE after uploading the mCIF file:
MVISUALIZE: 3D Visualization of magnetic structures with Jmol
Export PNG Image

Save PNG-3D
Save ZIP file

MYEUALIZE Main Page Selectcell.. |

s : z Toggle Parent Cell
Download complete mcif file (including all

tags needed for submission to MAGNDATA)
Change setting

Toggle Standard Cell
h i ]
View Along Axis... [ Sl S

Domain-related equivalent descriptions
Unit Cell Info

Add 1 cell along x
Remove 1 cell along x

All / Magnetic Atoms Add 1 cell along y

Show/Hide Labels

Show/Hide File
Remove 1 cell along y

Add 1 cell along z
Larger  Smaller Vectors Remove 1 cell along z

Larger  Smaller Atoms

Click to dowhload a

complete but simplest =7 |g=h |z
magCIF file suitable for S SR H
+ . o o Draw bonds & polyhedra
MAG N DATA Bigger Smaller e b with
g

Then follow the instructions
to fill the parts of the file
that require additional
information

from 075 to 275 A

Back d Col "
goigoling oy B8 Draw Bonds  Polyhedra

Toggle Qualit
oggle Quality Delete Bonds Polyhedra

Cent
L Clear all drawings

help console Execute



How to prepare a magCIF file of your magnetic structure...

Case 2:You have a magCiF file of your structure but under MSG P1

Get from your refinement program a
simple mCIF file in the lowest MSG P1,
which only includes the lattice
periodicity as symmetry and lists all
atoms and moments within the unit cell.

If the program does not have this
option, but you know your structure you
should be able to prepare this file also
either manually or with some computer
script

A template file is included with the
instructions that can be downloaded

from MAGNDATA /

All atoms in unit cell and their /
magnetic moments

data_1
_cell_length_a
_cell_length_b
_cell_length_c
_cell_angle_alpha
_cell_angle_beta
_cell_angle_gamma

loop_

5.66500
5.66500
4.53100
90.00000
00.00000
120.00000

—space_group_symop_magn_operation.xyz

Coat T 2y P P L Tt

F1  x,y,z,+1

‘loop_
_atom_site_label

No symmetry. Only

C _atom_site_type_symbol : :
-.atom_site fract x theldentny
1_atom_site fract_ y
~atom_site fract_ z
_atom_site_occupancy
Mn1_1 Mn ©.83880 0.67760 0.25000 1.0000
Mn1_2 Mn 0.16120 0.83880 0.75000 1.0000
Mn1_3 Mn 0.16120 ©0.32240 0.75000 1.0000
4Mn1_4 Mn 0.83880 0.16120 0.25000 1.0000
Mn1_5 Mn 0.32240 0.16120 0.25000 1.0000
ffMn1_6 Mn ©.67760 0.83880 0.75000 1.0000
Snl_1 Sn 0.33333 0.66667 0.25000 1.0000
25Sn1_2 Sn 0.66667 ©.33334 0.75000 1.0000
loop_
_atom_site_moment. label

CesubeseRieviseiTssensnsusessssesshissitssssisinTeEs

T D e e e R T T A

o e s O T T T T e e A T

1Mn1 1 3.000 3.000
Mn1l_2 -3.000 ©.000
fMn1_3 3.000 3.000
Mn1l_4 -3.000 ©.000

1Mn1_5 0.000 -3.000
"Mn1_6 0.000 -3.000

0.000
0.000

0.000
0.000
0.000
0.000




How to prepare an magCIF file of your magnetic structure...

Case 2: You know your structure but you do not know (YET) its MSG...

Upload the P1 mCIF file of your structure in ISOCIF
from the ISOTROPY Software Suite.

Tolerances: Lattice: 0.00001( Atomic position: 0.00100(' Occupation: 0-00100( Magnetic moment: 0.00100(

v MSG identified

| ] beware: unit cell and origin are automatically
ISOCIF: modify save CIF file changed to the standard setting of the MSG!

Help for this page

Space Group: 63.463 Cmc'm' (63.7.517 Cmc'm’), Lattice parameters: a=5.66500, b=9.81207, c=4.53100, alpha=90.00000 =90.00000, gamma=90.00000

Space-group preferences: orthophombic axes abc
=8725820 , y=0.419 = =

: , . , 0, mx=-3.00000, Sn1 4c (0,y,1/4;mx,0,0), y=-0.33333
2{(0,1,0),(-2,-1,0),(0,0,1)}, origin=(0.

000,0.000,0.500)




How to prepare an magCIF file of your magnetic structure...

You know your structure but you do not know (YET) its MSG...

Save the new mCIF file with the correct MSG detected by ISOCIF. To keep the origin and
unit cell of the input P1 file, care must be taken indicating the correct transformation
from the standard basis chosen by the program.

ISOCIF: modify and save CIF file

Help for this page

Space Group: 63.463 Cmc'm' (63.7.517 Cmc'm’), Lattice parameters: a=5.66500, b=9.81207, c=4.53100, alpha=90.00000, beta=90.00000, gamma=90.00000
Space-group preferences: orthophombic axes abc

=8725820 , y=0.419 =is STy=2- ; Y H4:mx,0,0), y=0.16120 , mx=-3.00000, Sn1 4c (0,y,1/4;mx,0,0), y=-0.33333
={(0,1,0),(-2,-1,0),(0,0,1)}, origin=(0.000,0.000,0.500)

Use alternate (possibly nonstandard) setting in CIF file

New lattice vectors (rational numbers): If you wish to keep your
a=-12  a+ V2 b+ 0 c unit cell and origin in the
b= 1 a+ 0 b+ 0 c mCIF file, you have to

Inverse transformation
of unit cell and origin!
(you have to calculate it)

introduce the inverse of the
basis transformation that the
program has done.

¢=0 a+ 0 b+ 1 c

New origin (either rational or decimal numbers):

v=0 a+ 0 b+ -1/2




How to prepare a magCIF file of your magnetic structure...

Case 3:You know your structure but you do not know its MSG, and you
do not have a maqgCiF file in P1

If you do not have a simple magCIF file in P1, provided by the refinement
program, rather than preparing manually such type of file, it is more handy and
much quicker in most cases, to use the tools in the Bilbao server (MAXMAGN or
in more complex cases k-SUBGROUPSMAG) to enumerate probable spin
arrangements for the known propagation vectors(s), identify the one that
coincides with your structure, and produce the corresponding magCIF file with a
fully consistent MSG.

In most cases a grahical comparison is sufficient for identifying the spin
arrangement that corresponds to your structure. One can then
download the corresponding mCIF file, and go then to the instructions
of “Case 1”, i.e. when one has a mCIF file consistent with the MSG of the
structure.

Care must be taken of the fact however that these programs only list by default
one of the possible equivalent domain-related MSGs and this may be not the one
that corresponds to your model! One has then to use the option in both programs
of enumerating all possible domain-related descriptions (conjugate MSGs) to be
able to identify the one that describes your structure.



How to prepare a magCIF file of your magnetic structure...

You know your structure but you do not know its MSG...

Alternatively to MAXMAGN or k-SUBGROUPSMAG, you can use ISODISTORT
(Method 2) to enumerate probable spin arrangements for the known
propagation vectors(s), identify the one that coincides with your structure and
produce the corresponding magCIF file with a fully consistent MSG.

ISODISTORT is in many aspects more powerful and certainly faster. But this
program only provides the magCIF file for one of the domain-equivalent MSGs,
and therefore in complex cases a direct comparison with your structure may fail.
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Fig. 6. The magnetic structure of (Ho,_ Lu,),Fe,Si,C (x = 0.32 and 0.46). The Fe, Si
and C atoms have been excluded for clarity.

Table 3

Crystallographic and magnetic parameters of (Ho,_,Lu,),Fe,Si,C (x = 0.32 and 0.46)
derived from refinements of the neutron diffraction patterns.

Parameters x=0.32 x =0.46

30 K 35K 30 K 3K
XHo/Lu 0.5598(14) 0.5615(12) 0.5615(14) 0.5616(15)
Zho/Lu 0.293(2) 0.294(2) 0.298(3) 0.295(2)
Xpe 0.204(1) 0.204(1) 0.204(1) 0.204(2)
Zge 0.098(2) 0.100(2) 0.097(2) 0.098(3)
Xg; 0.153(3) 0.155(3) 0.155(2) 0.158(3)
Zg; 0.705(4) 0.700(4) 0.701(4) 0.702(4)
a (i\) 10.4883(8) 10.4961(7) 10.4923(8) 10.4707(8)
b (A) 3.8801(3) 3.8837(2) 3.8822(2) 3.8737(2)
c (A) 6.6464(5) 6.6517(5) 6.6452(5) 6.6319(6)
g () 129.122(7) 129.101(5) 129.072(6) 129.076(6)
Hio (ug) == 8.8(2) - 9.1(2)
R, (%); Ry, (%) 15.5; 149 10.0; 10.9 ™S 5 13.8; 14.8
) — (%); Ry (%) 8.1; 6.9 5.1; 3.5 4.7; 4.2 Bede 3.5
R,y (%) - 51 - 7.1

Parent space group:

C2/m (N. 12)

8.8(2) uB



How to prepare a magCIF file of your INCOMMENSURATE magnetic structure...

And in the case of an incommensurate structure????

Well,.... it is not so easy as in the commensurate case

1. You'd better repeat the refinement using one of the programs that
supports superspace symmetry groups for magnetic structures and produces
the magCIF file of the refined model (JANA, FullProf, ...)

or 2. As in the commensurate case, you can prepare a simple magCIF file
without any symmetry except the identity, including ALL atoms in the unit
cell, and all the determined modulations using cosine and sine functions, as
defined in the superspace formalism.

Then upload in ISOCIF....then the program should be able to identify the
actual symmetry as a magnetic superspace group (MSSG) and provide the
corresponding mCIF file.




CONCLUSION

* There can be many different methods to determine magnetic structures
(including just trial and error!), but we should have a UNIQUE STANDARD
way for reporting them. This standard has been reached by means of
extending the CIF format, a format promoted by the IUCr.

It only needs now some further extension for the inclusion of irrep modes
information, to achieve its full completion!

FINALLY:
Please, when you publish a magnetic structure include a magCIF file as

Suplemental Material of the publication (BUT FULLY CONSISTENT WITH
WHAT IS IN THE PAPER!).

And....

When the article is published submit a magCIF file to MAGNDATA following
the instructions in the database.
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