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BILBAO CRYSTALLOGRAPHIC SERVER MAGNETIC SPACE GROUPS

Time-inversion symmetry + 230 Space Groups: pace Groups

The Bilbao Crystallograpbic Server iS a free access Website Witb Generators and General Positions For Magnetic Space Groups Wycknff ositions of the Grﬂup Pcbcm (#57391)

[OG: Cpm'cm #63.11.521]

The space groups are specified by their serial number as Mu|t|p|||:|ty
defined and compared in the references: Magnetic Space Transtormation Matiz letter

1651 Magnetic Space Groups

crystallograpbic databases and programs. The server gives access to the

36 Bravais Lattices

Wyckoff

databases containing the data from the International Tables Qf Coordinates

Groups by D.B. Litvin (v3.02), Table of Magnelic Space - -
Groups by HT. Stokes and B.J. Campbell. You can give this xyzformal. xy.z X.Y.Z | My, My mz} '.,.'+’1_-"21-Z+’1_r2 | -mx;mg,f.-mz]
Y212 | My, -Mhy, Mz XY AZ | M My, Mz} XY+112.Z | M, -my-Mz)

(%,-y+1/2,-Z | My, -My-Mz) {-x
(- (-
XY+ 12,2412 | -, My, -Miz) (% -Z+ 12 | -Mix My, Mz) (x+12 y+ 12 Z | -Miy,-Mhy,-Mz)
(- (=
(- (

Crystallography vol. A, Space Group Symmetry, and vol. Al, Symmetry FOUR TYPES of Magnetic Space Groups
Relations between Space Groups, providing very useful information for TYPE 1: White groups TYPE 2: Grey groups

number {either in BNS or OG notation), if you know it, or you
can choose it from the table with the space group numbers and
symbols by clicking on the button [choose it].

To see the data in a non conventional setting, please define

your transformation matrix in xyz format. x+1/2 - ) Z| =1, Ty mz,r x+112, Y, -z+1/2 | M~y mz,r x+1/2, }""1!2 et 1/2 | My, My, mzj

studies related with crystal-structure symmetry, phase transitions and Fedorov Space Groups Fedorov Space Groups + 1’

¥+ 12 y+1/2 2 | -y -y, -miz)
X2y +1/2,-2+1/2 | My, My -Mz)
xy, 1/4 | 0,0,m;z) (x,-y+1/2.3/4 | 0.0-mz) (-xy+1/2.1/4 | 0.0.-mz)

X,-y,3/4 | 0,0,mz) (x+1/2 y+1/21/14 | 0,0-mz) (x+1/2-y,3/4|0,0,mz)
x+1/2 v 1/4 | 0,0,mz) (-x+1/2 -y+1/2 3/4| 0,0, -mz)

X+1/2 V.2 | -Mix, My, Mz) X+1/2 -y, 2+1/2 | My, -my, Mz}

The data used in this application is based on the data obtained
from:

solid state problems. The available sqftware is divided in several shells

Harold T. Stokes and Branton J. Campbell's Magnetic Space
Groups data [If the matrix format is different than identity, it will be preferred over the xyz format]

General Positions of the Group Im'm’'2 (#44.232)

(

2

(

(

_ (-

| (

(

-

-

t-subgroups of Grey Groups k-subgroups of Grey Groups [0G: Im'm'2 #44.4.327] i
(

- (
(
-

(

(

(

(

(

(

(

(

(

Ferromagnetic Phases Paramagnetic Phases

according to different topics.
TYPE 3: Black-and-white groups  TYPE 4: Black-and-white groups

3/4.y,z | 0,my mz) (314, y+1/2,-z | O,-mn -mz) (1/4,y+1/2,z+1/2 | 0, -mz)
114 yz+1/2 | 0,-my,mz) (1/4,-y,-z | O,my.mz) (1/4,y+1/2,2 | O -my,-mgz)
314, y+1/2z+1/2 | 0,my,-mz) (34 y-z+1/2 | 0,-my.imz)

%,3/4.,0 | my,0,0) K14 12| -my,0,0)  (-x,1/4,0 | my,0,0)

(
X3/4.1/2] Mx,0,0)  (x+1/2,1/4,0 | -my,0,0) (:%+1/2,3/4,1/2 | my.0,0)
x+1/2.3/4.0 | My, 0.0) (x+1/2,1/4.1/2 | my,0,0)
(
(
(

NOTE: The transformation matrix you have given has a determinant det(P) = 4.

Ferri tic Ph - -
CMAGNE TIC SPAC GRO UPS’ Ant?fgiizingggenlgtic ;‘;:zes Antlferrornagnetlc Phases

(propagation vector k # 0)
NEW TOOLS:

:| Standard/Default Setting | Transformed
[ Gyafom [ mawixform | (xyziform | matrixform

Complex Magnetic Structures

=
=

o

1] LY Z
1

i}

(o)
=

XLy Z 1]

)
=

1

0.0.0 ] my,my,mz) 0,120 | My, -My,-mz)  (0,1/2,1/2 | -, My, -Miz)

TYPE 4: Two settings in use:
MGENPOS OG setting BNS setting

Tables of Magnetic Space bilbao crystallographic server
Groups General Positions

D 0,1/2 | -My, -y mz} 14 211’2[] | -mp{}—m'_..,f:-mzjl {1:'?0':' | -mx,ml_.l.r,mz}

o 1/2,0,1/2 | miy,-my, mz] 112,112 /2 | iy my,-miz)

3/4.y,1/410,0,m;) (3/4-y+1/2.3/4| 0,0 -my) (1/4,y+1/2.1/4 | 0,0 -my)
1/4.-y.3/4 | 0,0.my)

3/4,1/4.0]0,0,0) (1/4,3/4.1/2|0.0,0) (1/4.3/4.0|0.0.0)
3/4,1/4.1/2 | 0,0.0)
314,3/4.0(0,00) (1/4.1/4.1/210.0,0) (1/4,1/4,0]0,0.0)
314,314, 1/2 | 0,0.0)

K12, y+12, 2+1/2 *+1/2 y z+1/4

Paramagnetic unit cell Different and bigger unit cell

[ The crystallographic site at the Condensed Matter Physics Dept. of the University of the Basque Country ]

Y P Y PN
I.Ildll I.llﬁ PdldllldslICLIL UIlIC

[ Space Groups | [ Layer Groups | [ Rod Groups | [ Frieze Groups ] [ Wyckoff Sets |

K+1/2, y+ 12 24112 102, -y, 2+1/4)

MWYCKPOS i Grouaps Ritrloval Tools Convenient for experiments Convenient for theory

GENPOS Generators and General Positions of Space Groups a 23 2a
WYCKPOS Wyckoff Positions of Space Groups

HKLCOND Reflection conditions of Space Groups -

Groups WkaOff POSitionS MAXSUB Maximal Subgroups of Space Groups

SERIES Series of Maximal Isomorphic Subgroups of Space Groups

WYCKSETS Equivalent Sets of Wyckoff Positions b
‘ MAG N EX'I'. \ NORMALIZER Normalizers of Space Groups
e KVEC The k-vector types and Brillouin zones of Space Groups
SYMMETRY OPERATIONS Geometric interpretation of matrix celumn representations of s

Extinction Rules yI} S L o

Magnetic Space Groups Retrieval Tools

Tables of Magnetic Space

WP | Representative | PG

1a

(3/1,3/4,0]0,0,0)

|
iy

K+1(2, y+1/2, z+1/2

o}
et

y+1/2 % z+1/4

4b (3/14.1/4.00,0.0)

o
=

| |
| |
| |
| 4c | (3/4,y,1/4] 0,0,m;)
[ 8d | (0,0,0 | my,my,mz)
| |
| |
| |
| |

o e B TR
|
oD

Be |
Bf

8g |

(x,3/4.0 | my.0,0)
(3/4.y.z | 0,my,mz)
(xy,1/4 | 0,0,mz)
(X¥.Z | My, My, mz)

( 0 il Site Symmetries of the Wyckoff Positions
1

— | — | — | — | | — | — [ —

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

o O
|
Lo i

12, x, z=1/4)

for Magnetic B PRI Ne Soons Posioes o Mixgre e Speen s OG: W Opechowski, R. Guccione BNS: N.V. Belov, N. N. Neronova, T. S. Smirnova

MWICKPOS Wyckoff Positions of Magnetic Space Groups
MAGNEXT Extinction Rules of Magnetic Space Groups

Space Groups Different indexation and extinction rules

lables of Magnetic Space Groups of Stokes used as source for the development of MGENPOS and MWY CKPOS: http: // stokes.byu.edu/ magneticspacegroups.html

MAGNETIC DIFFRACTION GETTING EXTINCTION RULES FUTURE DEVELOPMENTS ON

. . . . . . M tic Struct Factor i ial tor defined b . .
Diffraction patterns for magnetic unpolarised neutron diffraction: b L e B More Elega nt and Direct Method: M AG N EXT

the Magnetic Moment density inside the unit cell:
NUCLEAR and MAGNETIC contributions superposed at low-T S N S : :
oy perp F(H) = |' M (F) ai2nH T New representation of the group:

> | Crystal symmetry rest:iction: T(R,m) =m [det (R) e R EXTINCTION RHLES IN ANY SETTING

= ——  Lamn&0k.dat ]
200 F —— LamnlS0k.dat

o | B LaMnO, above T, (T = 150 K) |E(|f\5|f|) — m [det (R) a2l R [H‘f(lzl’) — |E(|:|)

- : Projecting this representation onto the Structure Factor
430 ] B LaMnO, below Ty, (T = 50 K) J : .

seo | | - (o Extinctions restricted to subspaces of reciprocal space Vector leaves it to a restricted by symmetry form:
i A IR I | Vg = 125 1K Diffracted intensities dependence on structure factor Generators (Ol‘ General POSlthIlS) to obtain

TInlensily (a.11.)

New Option: user-given Magnetic Space Group

T = B ‘p ‘R%; T(R) Extintion Rules at any setting
() O[F(R)["- ﬁ-F(H) :

P AT A
PREVIOUSLY — PUF(H) = F(H) oty ey INC
FORBIDDEN § N

e GNP
NEW EXTINCTION RULES" PEAKS EMERGE Sl ol Felid|F =g e ] L Unique and global extinction rule for the
l l Through this method some different but redundant extinction

rules are obtained for a single (b k ) restricted form given H-restricted form

OVERLAP OF NUCLEAR MAGNETIC Extinction Rules for Magnetic Superspace Groups
AND MAGNETIC PEAKS SATELLITES EXAMPLE: P42'/m nm’ S PP P
(Incommensurate Structures) given by user

—

(h 0 0) Different (h 0 0) —> Extinction:h=2n+1
(hkl) (0k0) — Extinction:k=2n+1

Configuration in Real Space Diffraction Pattern in Reciprocal Space F (R H ) F (H )
Pﬂfﬂ/ﬂﬂyﬂet/z ,Déﬂfe @ -&--8-8-0--8-8--8-8- . = G---woe-qp MUClear Bragg peaks (o k o)

Collect all R, H=H 001) |restricted| (001) — Extinction: | any

Ferromagretsc phase ‘Ef 15515751 -~ e (h h 0) fOrms (hh0) — Extinction: h any M AGNETIC SPACE GROHP FINDER

half-indexed magnetic — ('h h 0) —_— EXtinCtion: h any

Ferrimagnetic phase T l = | l E i - i Fr eraeest0eeoe md e iedmn (-hh0)
/4/75’/7&'/"/‘0/774;/76 f/Z' ,Dédfe - I -- l - - —t— - —1 -~ -'— - —l I l -- 1‘— - &l o e B, DA 1f—mdex__:"lfl magnetic

Bragg peaks

Complex magnetic U EAHAE T oo et NEW TOOL IMPLEMENTED: M AG N EXT Lists of all COMPATIBLE MAGNETIC SPACE

scructuyres . o o

‘ D B R GROUPS with a set of Extinction Rules or a
/mcommersurate T

magrec/ic structures N i 2

s @ J T—— MAGNEXT provides Extinction Rules for Magnetic Space Groups, as well as diffraction pattern given by user

o nuclear mtensities only

o ocest sndmagaetic i additional information such as Structure Factors and Propagation Vectors

® magnetic intensities only

SYSTEMATIC EXTINCTIONS ANALYSIS IS HELPFUL TO SOLVE MAGNETIC STRUCTURES

Magnetic Structures Partially Solved by Extinction Rules Analysis
MnF, — P4,/mnm LaMnO, — Pnma

[OG: P47 #136.5.1156]

Standard/Default Setting

. . . ( ! (yz)form || matrix form | geom.interp. label . . . )
Magnetic Extinction rules Possible e | | ovem ; Magnetic Extinction Rules Possible
Ty R B from experiment:

- & N & ®
) —— I A (h00) > h=2n+1 groups:

/ b
(0k0) > k=2n+1 “nma
: (001) > 1=2n Pn’m’a

from experiment: FOUDS: s
(h00) > h=2n groups: | .

9 b —
(h00) — k = 2n P4,"/mnm” | | =

XYz

(h00) — |l any P4)/m’n’m | . .

My, -My,-Mz

*H112, Y112, 2+112
My, My, -Mz

XY,z
-M,-My, Mz
. M Mz

¥ % Z

n(0,1/2,112) 1i4yz +1 | (m1/2,1/2,112)

N (12,0,12) x 114,z +1 | (my172,112,112)

mxy0+1 (m000) ™ \ Extinction rules for the group Pn'm’a (#62.446)

2% %04 (210.0.0) | =P — Atomic Positions [OG: Pn'm'a (#62.6.507)]
" Mn : 4c ()( = -00095’ Allowed values of h, k, I h integer, k integer, | integer
Z= 005 13) Extinctions for special reflections:

4% (001/2) 0,122 1 | (421112,112,172) © ™ L La . 4b

2) |4 vaoz 120 2|z o . . ' o/ 0(1): 4c (x=0.0777,
o ) 7 = 048493) » For 1 =1 : : F = (Fx,0,0)
O(2): 8d (x=0.7227, e T

E I401,2.20‘1.-21-414(4211:21:21-'2) & = ; Ay — -_ '_ y - 0.0408’ 7 = 0'3085)

()5 ¢ ol {mg10.0,0)

2%x0-1 {24/10,0,0)

Atomic Positions:

My,-m

‘ M n : Za (O’ OI O) V”me;l:szw
F: 4f (X =0.3 1) y+1.»_2m:;]1k.-i_ﬂiw2

Y12, x+1/2, z+1/2
My M -Mz

Diffraction vectortype: (001) -= BExinction: 1=2n

4(0.04/2)12,0z-1 |(4=1112,112,112)

Diffraction vector type: (R00) - Extinction: h=2n+1

¥, X 2
My, Mhe, Mz

° ° V : , , N K2 = : ,
Diffraction pattern below TN 'KPosmble structure of MnF2 (P42 / mnmy # o i | - Diffraction pattern below T,
I3 -

Extinction rules for the group P4>,/mnm’ (#136.499)

— — — — — — — — — — — — — — — —
| | | | 1
- =
|

Qossible structure of LaMnO, (Pn’m’ay e gl e iy

Diffraction vectortype: (0k0) -= BExinclionn k=2n+1
Wyckoff Positions of the Group P4;/mnm’ (#136.499)

[S5 Flamam G1ERa 1] . R EXti n Ct i o n R u I e Exa m p I e : G ro u p P 6 1 2’ 2’ General Positions of the Group Pn'm’a (#62.446) For k= -0 = meellly
k

1
i . . . (Wyckoff ; - P &
Allowed values of h_ k. | h integer, k integer, | integer e ——— [06: Pn'm'a #62.6.807) -3 -

I
letter For I 0 F = (0.0.F=z})

X YZ | M, My, Mz) VU2 )2, 7+12 | My, MMz} (V41264 172,2+ 12 | -y M, -Mz) | Standard/Default Setting

K12 Y+ 1224102 | MMy -Miz) (x4 12 Y+ 122412 | -Mhe My -Mz) (K -Y.Z | =M -Mey, Mz) |

{ (s

( ( : rm matrix form | geom. interp. [ al
s G Extinction rules for the group P672'2' (#178.159) R TR B

{ (

y+ 12 Kt 12 -Z+ 12|m -My,-Mz) {-y+ 12x 1/2,2+1/2 [ -my, My -miz) (-5+ 1;2.y+112.z+1f2|mx‘-my,-rnz}

Extinctions for special reflections:

0 0
10 1+ (110,0,0) Wyckoff Positions of the Group Pn'm'a (#62.446)

X102 -y+1/2,2+1/2 | -y my, X, ¥z
12 y+1/2,2+1/2 | Mz) (XY,-Z | -M,-My,mz) YK Z | -My,-Mse,Mz) 2 Y, Lo
[OG: Pn'm’a #62.6.507]

e - CURIOUS AND [OG: P62'2' (#178.5.1390)] N

XX,Z | My, My, M) (120102, 2+ 112 | My, -Miy,-Mz) (k172,112 2+112 | -miy, My, -mz)

Diffraction vectortype: (h00) -=  Exinctionn h=2n

] 0

—é -i -10,001 (-110,0,0) Multiplicity

XY, Z
iyekof] Coordinates

- Diffraction patterns

8 d

K+ 12 112 2412 | Mg Mg, -Miz) (3 112 )+ 12 -2+12 | -, M -Mz) (5%,-X,Z | Mg, -Mg, Mz )

2
[Ty, Thy, 1T,
K,X,-Z | -y, My Mz) {5, | g, Mg iz) . . . My, Mz
xy,010,0,mz) (y+1/2.3+112,4/2 ] 0,0,-mz) (y+112,%+1/2,1/2 | 0,0,1m3) uNEXPECTED Allowed values of h, k, . h integer, k integer, | integer -

K112 102,112 0,0,-mz) (x+12,y+112,1i2 | 0,0 -mz) (36,0 | 0,0.mz) X102,y 7+112

yx,0]0,0,mz) (-vx,0]0,0,mz) . . . . . My, -y Mz
0122100ms) O 4224172100, ms) (1120, 2512 0.0.ma) E x TINCTION Rl ILE Extinctions for special reflections:

(
(
(v,
(y
( (
(
(
‘ (
For h =1 : I #£10 F = (0,0 Fz) (
(
‘ (
(
(
(120-2]0,0mz)  (0,422]00mz)  (0,4/2-2+1/2|0,0,-mz) X2y, Z+1/2 (
(
(
(-
( (
(-
(
d (
(
(
( (
(
(
{

For h = 2 : I =10 F = {0.0.0) X+ 12 VZH 12 | Mg ATy, Mz) (-X,Y,-Z | My My, M) (12,4112 2+ 12 | -my, My, Mz)

|t 22| My mymz) (2,242 | M -mymg) and structures

%, 147 | my,0,mz) (12,14 -2+ 12 | -my, 0, miz) (-%,3/4 -2 | Mk, 0,mz)

(%Y
2(0,0,1/2)1/40z+1 || (21/2,0,1/2) E
{
(X112 34 7+1/2 | -miy,0.mz)
{
{
{
(

c

Diffraction vectortype: (0k0) -= Edinction. k=2n axy /41 (my]1/2,0,1/2)

112,0,2+1/2| 0.0,-mz) (1/2,0. | 0,0,mz) my-my,m;

.xxO\OOm}(x12x1212|00m}(x12><1212|00m) ; Z = = i
xx010,0,m,) Diffraction vectortype: (001) -= Extinction. I#6n%1 et e
5 X+1/2, y+1/2, Z+112

%0100 mz) (x+12x+12.1/2 | 0,0, -mz) (x+1/2 %+1/2 12 | 0,0,-mz)
%0100 mz)

[(©.0.172 | mymy,mg) (112.412,0 | -memymz) (0,1/2,172 My, -my,my) | pictures Obtained

|[(1/2,0,0 | -mye.-miy mz)

0.0.0 | my,my.mz) (172,112,112 | -Mse, My, Mz) (0,1/2.0 | M-y, Mz) O
1/2,01/2 | -my.-My,mz) Wlth ISODISTORT

2 )| 201200504 | @0.120) B http ://stokes.b yd. edu/isodi
| | Representative I_1 PG S tor t. h tm I

(0,0,0 | my,my,mz)

(0,0,172 | my, my, mz) H

(0.0,0) 7 | (x,1/4,2 | my,0,mz) 1
.0, |1

b

For k =1 : I #0 F = {(0.0.F=z)

2 (1/2,0,0) %, 1/4,1/4 -1||(2x)1/2.1/2.1/2)

For k = 2 : I =0 F = (0.0.0)

002[0,0.mz) (11211224112 |0.0.m) (12,112, 2+112 | 0,0 -mg) : £ (Fe.Fv.0)

05.2100ms Caused by the strange

0,1/2,1/410,0,0) (0,1/2,3/4 | 0,0,0) (1/2,0,1/4 ] 0,0,0)

1/2,0,3/410,0,0)
*+1(2, y+1/2, 24112

0,1/2,0 | 0,0mz) (0,1/2,1/2 | 0,0,-mz) (1/2,0,1/2 ] 0,0 -mz) Symmetry restriction On : (0.0.0) ? .m,<__rm_.mZ

112,00 0,0.m)

(0.0.0)

Diffraction vectortype: (001) -= Exdinction. lany

n0,1/2,112) 14,yz 1 |(my]1/2,112,1/2)

For 1 =1 :

0,0,1/20.0,mg) {1/2,1/2,0| 0,0 4mz)

000100m) (1272772109 o Structure Factor caused by ez (328 )] s | meseo [ walmmm

(Fx Fy.0) List all the elements of the orbits

I=0 F = (0.0 Fz) " | |
I=0 |

For 1 =2 : F = {(0.0.0) ‘ |

MnF, data: “Magnetism in Crystalline Materials — Application of the Theory 6 1 5_f()]d hellicoidal axes : (0.0 Fz) LaMnO, data: "Spin waves in the antiferromagnet perovskite LaMnO3: a neutron scattering study”, F.Moussa, M.
of Groups of Cambiant Symmetry”, A. P. Cracknell ’ Hennion, J.Rodriguez-Carvajal, L. Pinsard and A. Revcolevschi, Physical Review B 54 (21), 15149 (1996).




