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Table I. Refined structure parameters for Eu; 2Cep gSraRuCu;0q 3 at 295 K. Space group [4/mmm
(#139). a=3.8427(3) A and c=28.555(2) A. 7=421.7(1) A3, =2.

Atom site. x v z n B(A?)
Eu/Ce de 0 0 0.2953(3) 0.6/0.4 0.5(1)
Sr de 0 0 0.4227(3) 1 1.U[l)|
Ru 2a 0 0 0 1 0.4(2)
Cu de 0 0 0.14323(3) 1 0.4(1)
01 87 0.117(3) 1/2 0 0.45(2) 1.4(5)
02 de 0 0 0.0672(3) 0.92(3) 0.80(2)
03 8o 0 1/2 0.1495(2) 1 0.9(1)
04 4d 0 1/2 1/4 1 0.8(1)

wRp=6.39%, Rp=4.34%, y=1.09.
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Table 2. Structural parameters of Mn, ,Fe, P t 239 K un
able 2. Structural parameters o 11F€0.0P0sG€g, at 239 K under Positions

pressure 0.69 GPa applied. Space group P62m. Atomic positions: Multinicit
ultiplicity, 4= H p
Mn: Sg (X 0 1/2) I:60928(3) /Mn00721 3f (X O O) I:)081(1) /GeO 19(1) Wyckiffle:ter, ,n*@*ﬁnq:l{i‘hl@'g S
(1):1b (0, 0, 1/2): PO_736(6)/Ge0_264(6)(2) 2¢ (1/3, 213, 0). Site symmelry TR
| RIS
Atom  Parameters 0 GPa 0.69 GPa . 2 23 |8 B
PMP FMP PMP FMP TEREMNE ;
JRF R (L
19.8(1)% 80.2(1)%  26.5(1)%  73.5(1)% bR
a (A) 6.059(4) 6.1515(4)  6.052(1)  6.1455(4) = R 7 o
¢ (A) 3.47(3) 3.3555(3)  3.445(1)  3.3473(3) 6 &k m.. e X+y.%,
V (A3) 109.6(1) 109.96(2)  109.30(4) 109.48(2) 6 j m.. qﬁ%’ﬁﬁﬂl‘]%# T4V.E,
Mn  x 0.64(1) 0.596(2)  0.599(6) 0.603(2) . TEERT |
B(A2) 0.77(2) 0.77(2) 06(1)  0.6(1) foem Sy e
M (1) 4.4(3) 4.0(2) 4 h 3.
Mn/Fe X 0.243(5) 0.2550(8)  0.253(3)  0.2538(8) =3 , mom  x0:  Oxl o
B(A2) 0.7(1) 0.7(1) 0.6(1) 0.6(1)
M (,UB) 1.0(2) 1.0(2) m) 3 m2m x.0.0 0.x.0 x.x0
P/Ge(1) B(A?) 0.5(1)  05(2) 0.6(1) 0.4(1) 2 e 3.m 0,0z 0,0.2
P/Ge(2) B(A2) 0.5(1)  0.5(1) 0.6(1) 0.4(1) ) o N
R (%) 2.44 2.35 2 d 6.
WR (%) 3.13 2.94 =5 ¢ 5.. 120 210
2
V4 2.433 2.129 =1 b &2m 0.0,
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International Tables for Crystallography (2006). Vol. A, Space group 60, pp. 294-295.

== [EFFS (No.60)

14
Pbcn 2 mmm Orthorhombic
No. 60 P 21/b 2/C 2,/n, Patterson symmetry Pmmm
t P‘_zbl% Y P% 1, %

2 EBHF S (Phon) (€1 T i T I (1) Headline
E,ﬁ\ Iz$ (P) ﬂlX‘]’ﬁ'{ﬁﬂE o F--’——!-—’—-—; " T i. ................. l. ........ - (2) Diag}/'ams for the
TTF (ben)] ST T w L | symmetry elements and
pEFE EBHT (Schoenflis) — - Y ) : the general position (for
#H2 (D,) o | I I l graphical symbols of
TENEEHFS pu1 symmetry elements see
(P 2,/b 2/¢ 2,/n) r ) Chapter 1.4)
28 (mmm) ! ! ! e 85 e (3) Origin
Patterson £ (Pmmm) L i_ '''' T ''''' "! - ol o (4) Asymmetric unit
g% (Orthorhombic) opv v OfeF (5) Symmetry
R A R oot 0] oF operations
/‘ ¢ ! @ O O O
I I
a, b, c=ZAT7 KXY S
rigin at Ton 1¢l
FREBOXEFRIDRAE | (St osc oo osess R, EXRRETT,
BYER Sles  BEMN BIm g X FRIEER T




Ia-l N 14
ﬁilﬂj ﬁ'l I Pbcn ) mmm Orthorhombic
%m%ﬁgfgi’;q%{# No. 60 P 21/b 2/C 2|/H Patterson symmetry Pmmm
SREME, FormEEa | Lositons : S
BN TENEBRERRE RPN — Multiplicity, Coordinates Reflection conditions
ASMBE. B—RAEHEy | Syl e
BR, —RENSEZEL S He symmetry General:
£ 04 IR W TR T H iR B B B
gﬁiﬁ%glggﬁgﬁgﬁ 8114 (|1 (1) xv.z (2) x+L7+1z+1 (3) xyI+1 (4)x+3,F+1.1 Okl : k=2n
(kH) . MERZ. wEEE OE%  @rtby+iztt (xFzv: @Trbyebz | (A0 -dn
) ° : +—K=4af
H—RER B A8, HH%F hOD: h=2n
MRAFRHURETRHRAKNVE, LT — - — Ok : k =2n
ENTELBIN—HE, #HE LN T B X FRIT = 00l : [ =2n

tE—REFAREBEBE D

Wychoff FRRAEFS, WEL=T
[EEHC RFIZFNAHA Y,
FRRAEAMTbITEA 2K L,
DO SSINANES S GRSy T CE (pu
ZEAERF I 4" RN,

i |

|

0.¥ 3 ¥+ 13 0.7,3
0,1,0 .0,z 0,3,
0.0,0 11l 0.0,

1
Tt

1
FEEE)

Special: as above, plus
hkl - h+k=2n

hkl = h+kJd=72n

hkl = h+kJ0=2n

(6) Headline in abbreviated form;

(7) Generators selected; this information is the basis for the
order of the entries under Symmetry operations and Positions,
(8) General and special Positions, with the following columns:
Multiplicity, Wyckoff letter, Site symmetry, given by the oriented;
site-symmetry symbol, Coordinates, Reflection conditions.

1

MY HEFEIRRERAEBFEISR
M EATR, WREBLNKR
&, B, MREEELN
FEFEE R ACRIE, BRAT
REGEE hkl 1 h+k=2n %54
%Fhmx%o-

FEOTHENFG. B
MaEBREWNRFIH
M RGUENXERRT
= B AN 3 FR B9 17 72
MERX—XKRELTH
é%*@%'zhm =0,



IA_I A J
=< Ié] ﬁ'l I I Pbcn D;,l mmm Orthorhombic
?ﬁ%ﬂ Eﬁ No. 60 P 21/b 2/( 2|/n Patterson symmetry Pmmm

Symmetry of special projections

Along [001] c2mm Along [100] p2gm Along [010| p2gm
a=a b'=b a = :b b'=c¢ a = ic b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [2]P2,cn(Pna2, 33) 1: 4; 6;
[21Pb2n(Pnc?2, 30) 1: 3; 6;
[2]Pbc2 (Pca2 ,29) 1; 2: 7;
[Z]PZIZZI (PZ,Z,Z, 18) 1, 2: 3;

1; 2; 5;
1; 4; 5;
1; 3; 5;

2

8 d 1 [y

(2) X437+ ;
(5) X, +3

(6) x+5.,y

-Jl— ._J|—
(BT SR T r

243
2+ 3

LS TR

[21P112,/n(P2,/c. 14)

% 1‘;%'2/;)0111(;};2/' C/ Ci 31}4} (9) Symmetry of special projections (not given for plane groups)

Ma none (10) Maximal non-isomorphic subgroups
IIb none (11) Maximal isomorphic subgroups of lowest index
(12) Minimal non-isomorphic supergroups

~] 00 Oh = 00|00

Maximal isomorphic subgroups of lowest index
IIc  [3]Pbcn(a’ = 3a)(60); [3]Pbcn (b = 3b) (60); [3] Pbcn (¢ = 3¢) (60)

Minimal non-isomorphic supergroups
1 none

1| [2]Cmcm (63); [2]Aema (Cmce, 64); [2]Bbeb (Ccce, 68), [2]Ibam (72), [2] Pbmn (¢ = i¢) (Pmna, 53);
[2] Pbch (@' = 3a) (Pcca, 54); [2] Pmca (b’ = :b) (Pbcm, 57)
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Pbcn

14
D 2h

mmm Orthorhombic| —— HEEI %\ - Orthorhombic (Ii)fz)

No. 60 P 21/b 2/( 2|/H Patterson symmetry Pmmm CryStaI families

7 crystal systems and unit cell conditions imposed on cell geometry

Symbol| Crystal system Conditions imposed on cell geometry
C
“ Triclinic 1-2* None .
Monoclinic a=y=90° f#90°, a=L8=90° y+#90° /
a
3-15 (b unique) (C unique) NEE A R E X
Orthorhombic atb#*c, a=0F=y=90°
- PG @ ﬂ 4 The crystal families are
16-74 :
symbolized by the lower-
Tetragonal 75-142 a=b#c, a==y=90° case letters a, m, o, t, h,
h Trigonal = ey =R=00°: 7v=120° (H-cotti and c.
J a=b#c; a=F=90";y=120" (H-setting) All ‘hexagonal’, ‘trigonal’
143-167 a=b=c «a =,3=}’ (R-setting) and ‘rhombohedral’ space
_ N _ano .. o groups are contained in
- Hexagonal 168-194 a=b+#c a=[F=90°y=120 one family, the hexagonal
Cubic 195-230 a=b=c, a=8=y=90° crystal family.

EENZEENFS



Table 2.1.2.1. Crystal families, crystal systems, conventional coordinate systems and
Bravais lattices in three dimensions.

. Conventional coordinate system
No. of
Crystallographic space Restrictions on cell Parameters to be
Crystal family Symbol* | Crystal system | point groupst groups parameters determined Bravais lattices™®
Three dimensions
Triclinic a Triclinic 0 2 None a. b, c, aPf
(anorthic) ’ ox, [F, oy
Monoclinic m Monoclinic 2.m, 13 b-unique setting a.b.c mP
o = vy = 90F f fin mS (mC.mA. mlI)
c-unique setting a. b, o, mP
o = 3 = 907 vt mS (mA. mB, ml)
Orthorhombic o Orthorhombic 222, mm2. 59 v = 3=~ = 907 a. b, c oP
alf (oC, oA, o)
o
o
Tetragonal f Tetragonal 4.9, E;I::r 68 a==#hb da, ¢ ¥
422, dvmm, 421, o = F = v = 90 7
Hexagonal h Trigonal 3. E 18 a==b a, ¢ hP
32.3m, a =G =90°, v= 120°
7 a=b=¢ a, o hiR
o = 3 =~y
(rhombohedral axes.
primitive cell)
a=b
o = 3 = 907, v = 120°
(hexagonal axes,
triple obverse cell)
Hexagonal 6.6. 6/ 27 a=~ab a, c hP
622, 6. 62m, = 5 =907,y = 120°
Cubic C Cubic 23 [n_:_?' 36 a=b=rc a cP
432, 43m. o = [F == 90" of
clF

International Tables for Crystallography (2006). Vol. A, Chapter 2.1, p. 15.




= [B) -1

SFRAERR S ,‘5‘; IZE L att ice P @b cn ;: mmm Orthorhombic
Thl’ee-dlmenSIOnaJ Ce”S No. 60 P 21/b 2/C 2,/?1 Patterson symmetry Pmnm

Printed symbols for the conventional centring types of three-dimensional cells

Number of Coordinates of lattice points within cell
lattice points
per cell

Primitive 1 0,0,0
C-face centred 2 0,0,0; %2,%,0
A-face centred 2 0,0,0; 0,%,%
B-face centred 2 0,0,0; %2,0,%
Body centred 2 0,0,0; ¥2,%,%
All-face centred 4 0,0,0; %2,%,0; 0,%,%2; ¥2,0,%
Rhombohedrally centred 3 0,0,0; 2/3,Y /3. /3; Y/3.%/3.%/5
(description with (obverse setting)
‘hexagonal axes’) 0,0,0; /3,%/3.Y/3; 2/3.%/3.%/3
(reverse setting)
Primitive
(description with 1 0,0,0
‘rhombohedral axes’)
L — P (H) Hexagonal centred 3 0,0,0; 2/5,1/35,0; 1/3,%/3,0

International Tables for Crystallography (2006). Vol. A, Chapter 1.2, p. 4.
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RIS "E‘\ Ili Latt|Ce P /@bc n ;: mmm Orthorhombic
The 14 crystal Bravais lattices (= FEZEEY) No. 60 P 2,/b2/c2 /n Patterson symmetry Pmmim

Triclinic, A Monoclinic, M Orthorhombic, O

(=44) (254) (E%)

R ‘' H-setting
Tetragonal, T Hexagonal, H Trigonal, R

(877) (7<77) (=77)

Bravais7E1850F IR K R & = AR A F 14506, #FR{EBravaisffE. HTENMNREF N RBELRHNEX AR, E P REAE
PO AN R GERENA—, E=RBRETRURE—MEE kP, MEXRRFIUEEP, C, F, | H4FhafE,
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XFRMERR 2

(U '

v

(O8I

Wi

L=

[UN]1\N]

Trigonal, R (=7)

Fig. 5.1.3.6. Unit cells in the rhombohedral lattice: same
origin for all cells. The basis of the rhombohedral cell is
labelled a, b, c. Two settings of the triple hexagonal cell
are possible with respect to a primitive rhombohedral cell:
The obverse setting with the lattice points 0, 0, 0; 2/3, 1/3,
1/3; 1/3, 2/3, 2/3 has been used in International Tables
since 1952. Its general reflection condition is -A+k+[=3n.
The reverse setting with lattice points 0, 0, 0; 1/3, 2/3, 1/3;
2/3, 1/3, 2/3 was used in the 1935 edition. Its general
reflection condition 1s /-k+/=3n. (a) Obverse setting of
triple hexagonal cell a,, b, ¢ in relation to the primitive
rhombohedral cell a, b, c. (b) Reverse setting of triple
hexagonal cell a., b., c¢: in relation to the primitive
rhombohedral cell a, b, c. (c) Primitive rhombohedral cell
(- - - lower edges), a, b, c in relation to the three triple
hexagonal cells in obverse setting ai, b, c¢; a:, b, c;

as, bs, c. Projection along c. (d) Primitive rhombohedral
cell (- - - lower edges), a, b, c in relation to the three triple
hexagonal cells in reverse setting a., b\, ¢; a:, b, ¢; as, bs, c.
Projection along c.

INTERNATIONAL TABLES FOR CRYSTALLOGRAPHY, Chapter 5.1, p84 (2005)



The relations between the cell parameters a, ¢ of the triple hexagonal cell and
the cell parameters a’, of the primitive rhombohedral cell.

s s e i

¥-

o

a=dVvV2V1 —cosa =2d sing

c=dV3V1 +2cosa/

C_\/g\/lJchosn-’_ 9 A
a V2V 1—cosa/  \l4sin®(e//2)

/
d =1\/3a2 + 2

o3 (&)
sin— = Or COS (V' =
2 2\/3+(c/a?) (c2/a%) +3

INTERNATIONAL TABLES FOR CRYSTALLOGRAPHY, Chapter 2, p16 (2005)
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1. RENXNFRERBERIEEIREL, 9A82K%: a) RS FIRENIFHEB AN NIRERZIXNFRERE, FRIEE
WHFFES; b) BFS5EBE RSN IRERMNTFREE, FREMUNTFESR.
2. TEsEdH (Rotation axes) , IENEILHH (Inversion axes) FIIEiE4H (Screw axes) EyHIX REE A1, 2, 3, 4, 6

3. MRBESFINMIEIHIER a=2rt/n (nABE) BE, FRIEHEH O EIEIEH;

4. BERTBBENBBERRNS AR TBE.
RS IRER MM TRE R

(FEEBRENNFRITE, RBELTHIEX)
(1) SFFReS: |5 (2) XFRE: M
(3) iEdEH: 1, 2, 3,4, 0
(4) FE e s 1, 3, 4,6

(B RN TR+FBRENNRITE, FEHEN)

(1) =BE: FFZ
(2) i§#%m: a,b,c,e, n,d

(3) ﬂgﬁﬁiﬂzl, 311 321 411 421 431 611 621 631 641 65
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1.3.1 continue

Printed symbol Symmetry element and its orientation Defining symmetry operation with glide or screw vector
1 None > I—I [dentity
n-fold rotation axis, n 7& .)-U[_,ﬁi'g ?Fm Counter-clockwise rotation of 360/n degrees around the
) 346 axis (see Note viii)
T n-fold rotation point, n (two dimensions) Counter-clockwise rotation of 360/n degrees around the
point
1 Centre of symmetry, inversion centre Inversion through the point
2=m9 3,4,6 Rotoinversion axis, 7, and inversion point on the axisjy Counter-clockwise rotation of 360/n degrees around the
axis, followed by inversion through the point on the
axisi1_(see Note viii)
2 n-fold screw axis, n, Right-handed screw rotation of 360/n degrees around
3.3 the axis, with screw vector (pitch) (p/n) t; here t is
4.4, 4, ﬁyn‘ ﬂgﬁﬁm the shortest lattice translation vector parallel to the
T s axis in the direction of the screw
61,67, 63,064,065

t In the thombohedral space-group symbols R3¢ (161) and R3¢ (167), the symbol ¢ refers to the description with *hexagonal axes’; i.e. the glide vector is %c, along [001]. In
the description with ‘thombohedral axes’, this glide vector is (a+ b + ¢), along [111]. i.e. the symbol of the glide plane would be n: ¢f. Section 4.3.5.

t For further explanations of the ‘double’ glide plane e, see Note (x) below.
§ Glide planes d occur only in orthorhombic F space groups, in tetragonal [ space groups, and in cubic [ and F space groups. They always occur in pairs with alternating glide
vectors, for instance }(a + b) and {(a — b). The second power of a glide reflection d is a centring vector.

€ Only the symbol m 1s used in the Hermann-Mauguin symbols, for both point groups and space groups.

1T The mversion point is a centre of symmetry if n 1s odd.

International Tables for Crystallography (2006). Vol. A, Chapter 1.3, pp. 5-6.



Z=a -1 JIIREE S
b C n .A ;: mmm Orthorhombic

] . ] _ No. 60 P 2[ b2 ("2, ¥ Patterson symmetry Pmmm
Lattice Symmetry Direction (i) | /b2/c2i/n

Table 2.2.4.1. Lattice symmetry directions for three dimensions. Directions that belong to the same set of equivalent
symmetry directions are collected between braces. The first entry in each set is taken as the representative of that set.

Syvmmetry direction (position in Hermann—
Mauguin symbol)

Lattice Primary Secondary Tertiary
Monoclinic® [O10] (“unique axis b7) 1. i%ﬂ%%\ﬁﬁﬁbéﬁﬂﬁm'f?%
[001] (“unigue axis ¢”) & s = N
Orthorhombic [100] [010] [0O1] fFvMEﬁ['E_IE’]ﬂE ?Fm(a)’ E$Eﬁ
Tetragonal [O01] { [100] { [1TO] %%//_(jl\j PlZlmlo %Dﬂ[/jj\iﬁ_(:ﬁa
[010] [110] .
Hexagonal [001] [100] [110] H(Eb), =FRAPLIZ2;mEY
[010] [120]
{ [110] } { [210] } P2,mll, B#EHIERN
Rhombohedral [001] [100]
(hexagonal axes) { F‘E—'lﬂ% }
110
Rhombohedral (111] [110] 2. EXmAMN=TRMTIUE
rhombohedral axes [O11]
{ } {[Tm]} ¥, FRI T3,
Cubic [100] [111] [110] [110]
{[DID]} [111] {[Dll] [011]}
[001] [111] [101] [101]
111]

International Tables for Crystallography (2006). Vol. A, Chapter 2.2 p. 18
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22 5B 1 WFRMEER D . .
Reflection ConditioNS (k& &4, Jripsyseinee)

£retmE I = CFr21k| , T B F Fri HNXNMNRTF—DREXNETSHE DR, 3 Fiu=0 AFR1ESEHEE, ALGIHIL.

MR TSR R Z TS A
RAMTRIERE, R R AT,

Fra =12 fi (0;, q;fyy) exp[2zi (hx + ky + 1 2)]]2 eV

Integral reflection conditions for centred lattice

Reflection
condition Centring type of cell Centring symbol
None Primitive { P .
R *(rhombohedral axes)
h+ k= 2n C-face centred
k+ 1= 2n A-face centred
h+ 1 =2n B-face centred

h+k+1=2n
h+ k.h+ [ and

k + = 2n or:

h, k.l all odd or all

even (‘unmixed’)
—h+k+1=3n

h—k+1I=3n

h— k = 3n

Body centred
All-face centred

Rhombohedrally
centred, obverse
setting (standard)

Rhombohedrally
centred, reverse
setting

Hexagonally centred

e N

» R* (hexagonal axes)

HY

*International tables for crystallography, Vol. A, 15 (1992).
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Zonal and serial reflection conditions for white screw axes
_ Screw axis . : :
Type of Reflection Crystallographic coordinate system to which
reflections conditions Direction of axis | Screw vector Symbol condition applies
HO0 h=2n [100] a2 Monoclinic (a unigue ),
- Orthorhombic, Tetragonal
4 s Cubic
h=4dn a4 41,45
kD k=12n [010] h/2 | Monoclinic (b unique),
- Orthorhombic, Tetragonal
4 » Cubic
k=4dn h/4 4y, 45
0ol [ = 2n [001] c/2 5 Monoclinic (c unigue),
- Orthorhombic
4., I v Cubic
- Tetragonal
[ = 4n c/d 4.4
000! [ =2n [001] c/2 64 b
[ = 3n c/3 3. 32,656 » Hexagonal
[ = Gn c/ 6 6, s

*International tables for crystallography, Vol. A, 29 (1992).




Sa ) -1
g—jﬁ;ﬁl?f;;ﬁ Symmetry axes normal to the plane of projection and symmetry points in the plane of the figure.

Symmetry axes or symmetry point Graphical symbol [Translation
[dentity None None |
Twofold rotation axis } . None 2
Twofold rotation point (two dimensions)
Twofold screw axis: 2 sub 17 ‘ {; 2
?I:::iz:j E:EE :Il:lt (two dimensions) } A None 3
Threefold screw axis: “3 sub 17 A_ % 3,
Threefold screw axis: “3 sub 27 _‘\ % 35
Fourfold rotation axis
Fourfold rotation point (two dimensions) } ¢ - None 4(2)
Fourfold screw axis: *4 sub 17 & i % 4, (2))
Fourfold screw axis: *4 sub 27 ‘ 1 B % 4 (2)
Fourfold screw axis: *4 sub 3’ \§\ j’ % 4 (2)
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Symmetry axes normal to the plane of projection and symmetry points in the plane of the figure.

Symmetry axes or symmetry point Graphical symbol | Translation| Symbol
Sixfold rotation axis }
Sixfold rotation point (two dimensions) ‘ None 6(3,2)
Sixfold screw axis: “6 sub 1’ 'i/ lﬁ 61 (31.21)
Sixfold screw axis: “6 sub 27 b« {r 62 (32.2)
Sixfold screw axis: ‘6 sub 3° ‘ % 63 (3.24)
Sixfold screw axis: “6 sub 4 *q % 64 (31.2)
Sixfold screw axis: ‘6 sub 5° \* % 65 (32.2))
Centre of symmetry, inversion centre: °1 bar’

: : . . . : o None 1

Reflection point, mirror point (one dimension)
Inversion axis: ‘3 bar’ A None 3(3.1)
Inversion axis: ‘4 bar’ ) None 4 (2
[nversion axis: ‘6 bar’ r N None 6=3/m
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Symmetry axes normal to the plane of projection and symmetry points in the plane of the figure.

‘6 sub 3" screw axis with centre of symmetry

[

6/m(6,3,3.2,1)
6:/m (6,3,3,2,.1)

Symmetry axes or symmetry point Graphical symbol | Translation| Symbol
Twofold rotation axis with centre of symmetry ﬁ None 2/m (1)
Twofold screw axis with centre of symmetry g % 21/m (1)
Fourfold rotation axis with centre of symmetry 0 o MNone 4/m(4,2,1)
‘4 sub 27 screw axis with centre of symmetry é o {; 4/m(4,2,1)
Sixfold rotation axis with centre of symmetry ¢ None
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R 1.3.1. Printed symbols for symmetry elements and for the corresponding symmetry
operations in one, two and three dimensions.
Printed symbol Symmetry element and its orientation Defining symmetry operation with glide or screw vector
Reflection plane, mirror plane Reflection through the plane
m Reflection line, mirror line (two dimensions) Reflection through the line
Reflection point, mirror point (one dimension) Reflection through the point
a,borc ‘Axial” glide plane Glide reflection through the plane, with glide vector
a 1 [010] or L [001] 3
b 1 ]001] or L [100] %b
(L [100] or L [010 3¢
ct ) 1 ;]TU; or L ;ll{}; - 3
L [100] or L [010] or L [110] le
L [170] or L [120] or L [210 ;f} hexagonal coordinate system

FRMMFRITE: WFREmANFREL, 2,3,4,6,1,3,3,6, Bl RELBHBRENHIRTE.
MM FRITTE : BFEEa, b, ¢, n, d TNIRHEH2,, 3,, 3,, 4., 4,, 45,6, 6,, 65,6, 6%, BIR“MHFRTER+ES" B1E.
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ERMEER 1.3.1 continue

Printed symbol

Symmetry element and its orientation

Defining symmetry operation with glide or screw vector

el

d§

‘Double’ glide plane (in centred cells only)

L [101]; L [101]

‘Diagonal’ glide plane

1 [001]; L [100]; L [010]

L [110] or L [011] or L [101]
L [110]; L [011]; L [101]
‘Diamond’ glide plane

1 [001]; L [100]; L [010]

L [110]; L [011]; L [101]

L [110]; L [011]; L [101]
Glide line (two dimensions)

1 [01]; L [10]

Two glide reflections through one plane, with
perpendicular glide vectors

%a and 1h
%b and Le

taand Jc

1(a+b) and jc; 3(a — b) and te
3(b+ )andé a; 5(b - ¢) and }a
H(a+c) and 1b; 3(a — c) and b

Cﬁ

lide reflection through the plane, with glide vector
Ha+b):4(b+c);d(atc)

s(a+b+e)
H-at+b+c:i(a-b+c)i(athb—c)

Glide reflection thmugh the plane, with glide vector
tlaxb);(b£c):{(xa+c)
Hat+bxc)i(za+b+c):t(axthb+o)
H-a+bxzc);i(za-b+c):i(ath—c)

td] = pd] = d]—
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SRR ER 5 Symmetry planes normal to the plane of projection (three dimensions) and symmetry lines in the plane of the
figure (two dimensions)

Glide vector in units of lattice translation
vectors parallel and normal to the projection

Symmetry plane or symmetry line Graphical symbol plane Printed symbol
Reflection plane, mirror plane None -
Reflection line, mirror line (two dimensions)

‘Axial’ glide plane %Iattice vector along line in projection plane a, borc
Glide line (two dimensions) %Iattice vector along line in figure plane g
‘Axial’ ghide plane sessasssasananns % lattice vector normal to projection plane a, borc
‘Double’ ghde plane® (in centred cells only) | === Two glide vectors: e

% along line parallel to projection plane and

1 normal to projection plane
‘Diagonal’ glide plane —_——————— One glide vector with fwe components: n

% along line parallel to projection plane.

% normal to projection plane
‘Diamond’ glide planet (pair of planes: in centred cells —_—— e — % along line parallel to projection plane, d

only) — e combined with { normal to projection plane

(arrow indicates direction parallel to the
projection plane for which the normal
component 1s positive)




= (B 8-
R

Symmetry planes parallel to the plane of projection

Symmetry plane

Graphical symbol®

Glide vector in units of lattice translation vectors
parallel to the projection plane

Printed symbol

Reflection plane, mirror plane

*Axial’ glide plane

‘Double’ glide planet (in centred cells only)

‘Diagonal’ glide plane

‘Diamond’ glide planei (pair of planes; in centred
cells only)

—

l._.
N

None

% lattice vector in the direction of the arrow

Two glide vectors:
1 in either of the directions of the two arrows

One ghde vector with rwo components
% in the direction of the arrow

in the direction of the arrow; the glide vector is
always half of a centring vector, i.e. one quarter
of a diagonal of the conventional face-centred

cell

Pt |—

m

a, borc

n




R

Symmetry planes inclined to the plane of projection (in cubic space groups of classes 43m and m3m only)

Glide vector in units of lattice translation vectors for planes

Graphical symbol* for planes normal to | normal to .
Printed
Symmetry plane [011] and [011] [101] and [101] [011] and [011] [101] and [101] symbol
Reflection plane, mirror None None m
plane
*Axial’ glide plane 1 lattice vector along [100] ! lattice vector along [010] )
\ aorbh
‘Axial’ glide plane % lattice vector along [011] or % lattice vector along [101]
along [011] or along [101] )
‘Double’ glide planet [in Two glide vectors: Two glide vectors: e
space groups [43m (217) 1 along [100] and L along [010] and
and Im3m (229) only] 1 along [011] or I'EIIDI'IE [101] or
Lalong [011] Lalong [101]
‘Diagonal” glide plane One glide vector: One glide vector: n
L along [111] or L along [111] or
along [111]% along [111]%
( 1 along [111] or 1 along [111] or ]
along [111]5 along [111]§
‘Diamond” glide planeq d

(pair of planes; in
centred cells only)

1 along [111] or
along [111]§

FA—

along [111] or
along [111]§

.




= (B 8-

R /___

Unigue axes b,
Different cell
choice

Plal

Plnl
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Pl1b

UNIQUE AXIS ¢ .g':_g._;;_:__g;;;;.';:;:;.,
FRAHN: 2

Pc [y

Unique axes b
T2

C

(1) x,v,z
(2) x,3,2+ 1
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Table 2.2.13.2. Zonal and serial reflection conditions for glide planes and screw axes (cf. Chapter 1.3)

(a) Glide planes

Glide plane
Type of Reflection Orientation of Crystallographic coordinate system to which
reflections condition plane Glide vector Symbol condition applies
Okl k = 2n (100) b/2 b
[ — 21 /2 c Monoclinic (@ unique),
' Tetragonal Orthorhombic,
k+1=2n b/2+¢/2 n Cubic
k+l=4dn b/4 +c/4 d
(k.1 = 2n)"
h0l [ =2n (010) c/2 c
h = 2n a/2 a Monoclinic (b unique).
' Tetragonal Orthorhombic,
[+ h=2n c/2+a/2 n Cubic
[+h=4n c/dta/d d
(I,h=2n)"
hk0 h=2n (001) a/2 a
k = 2n bh/2 b Monoclinic (¢ unique),
: Tetragonal Orthorhombic,
h+k=2n a/2+b/2 n Cubic
h+k=4dn a/4+b/4 d
(h.k = 2n)"

*International tables for crystallography, Vol. A, 28 (1992).
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Table 2.2.13.2. Zonal and serial reflection conditions for glide planes and screw axes (cf. Chapter 1.3)

Glides nlanes contintles

Glide plane

Type of Reflection Orientation of Crystallographic coordinate system to which
reflections condition plane Glide vector Symbol condition applies
hhOl [ =2n (11200}  |¢/2 c )
Okkl (2110) » {1120} » Hexagonal
hOhI (1210) )
hh.2h.1 [ =2n {]T[_JD} ) i c¢/2 C )
ﬂ._hfn’ (0110) {1100} » Hexagonal
h.2h.hl (1010) J )
hhl [ = 2n (110) c/2 c,n )
hkk h = 2n (011) a/2 a,n » Rhombohedral {
hkh k=2n {]Ul} b/2 b.n )
hhl, hhl | = 2n 10), (110) ¢/2 cn )
Tetragonal
2h+1=4n a/dthb/4+c/d d
hkk, hkk h=2n (011),(011) a/2 a, n
v Cubic§
2k + h = 4n +a/4d+bfdtc/d |d
hkh, hkh (= 2n (101),(101) b/2 b, n
2h+ k = 4n ta/d+b/d+c/d |d )

*International tables for crystallography, Vol. A, 28 (1992).
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(b) Screw axes

_ Screw axis _ . :
Type of Reflection Crystallographic coordinate system to which
reflections conditions Direction of axis | Screw vector Symbol condition applies
R0 h = n [100] af2 Monoclinic (@ unigue).
- Orthorhombic, Tetragonal
4 s Cubic
h=4dn a4 4,45
OkO k=12n [010] h/2 5 Monoclinic (b unigue),
B Orthorhombic, Tetragonal
1, > Cubic
k=dn h/4 4,45
O [ = 2n [0O1] cf2 < Monoclinic (c unigue),
-l Orthorhombic
A, 1 s Cubic
- Tetragonal
{ = 4n c/d 4.4,
L [ = 2n [0O1] cf2 by )
[ = 3n c/3 3. 3., 64, 6, » Hexagonal
{ = 6 ¢/ 6 6y, B

*International tables for crystallography, Vol. A, 29 (1992).
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Choice of a suitable origin

(1) All.centrosymmetric space groups are described with an inversion centre
as origin.

. (3) In space group P2,2,2, (19), the
(2) For noncentrosymmetric origin is chosen in such a way that it is

space groups, as in P6m2 (187), surrounded symmetrically by three
the origin is at a point of highest pairs of 2, axes.

site symmetry. P22

Origin at .
midpoint of  *
three non-
Intersecting g 7

pairs of ) ’ ’
parallel 2, )
axes ! | j

-t
-

._.
B
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All12
UNIQUE AXIS ¢, CELL CHOICE 1

Origin on 2

Asymmetric unit 0<x<1;

Generators selected

Positions
Multiplicity,
Wyckodl letier,
Site symmelry

4

e

(0,0,0)+

(1) x,vz (2) £,z

(1); £(1,0,0); £(0,1,0); 1(0,0,1); (0, 4): (2)

Coordinates

Fitoriginat 0 0 O

T

[ %]

b

B

[ o]

=0,z

0.0,z O’ O’ 7

Fit origin

P3,

21 D,

No. 154 P3,21

321 Trigonal

Patterson symmetry P3m |

Originon 2[110] at 32 (1,1,2)1

CONTINUED

Generators selected

Positions
Multiplicity,

Wyckoff letter,
Site symmetry

6 ¢ 1
3 b 2.
3 a .2.

No. 154 P3,21

(1): #(1,0,0): #(0,1,0): £(0,0,1): (2): (4)

Coordinates Reflection conditions
General:
(1) x,%,z 2)V.x—vy,z+2 (3) F+v,5z+4 000l : [=3n
(4) v, x,Z BG)x—y7.24+% (6) X, 5 +v,7+}
Special: no extra conditions
x,0,1 0.x.2 Ir:
x,0,% 0,x, 1 x50

X,0,2/3 7T

Fit origin at x, 0, 2/3




No. 141 and 142 have two origin choices

International Tables for Crystallography (2006). Vol. A, Space group 141, pp. 482—-485.
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Symmetry planes normal to the plane of projection (three dimensions)
and symmetry lines in the plane of the figure (two dimension

S).

Symmetry plane or symmetry line

Graphical symbol

Glide vector in units of lattice translation
vectors parallel and normal to the projection
plane

Printed symbaol

Reflection plane, mirror plane }

Reflection line, mirror line (two dimensions)

‘Axial’ glide plane }

Glide line (two dimensions)
‘Axial” ghide plane

‘Double” glide plane® (in centred cells only)
‘Diagonal” glide plane

‘Diamond” glide planet (pair of planes; in centred cells
only)

== ¢ === v nilll * =

— i e -

MNone

Slattice vector along line in projection plane
Llattice vector along line in figure plane
%Iulticf vector normal to projection plane

Two glide vectors:
+ along line parallel to projection plane and

it |

normal to projection plane

One glide vector with twe components:
+ along line parallel to projection plane,

P

normal to projection plane

along line parallel to projection plane,
combined with % normal to projection plane
{arrow indicates direction parallel o the
projection plane for which the normal
component is positive)

|

m

a, I orc

d, boroc

*International tables for crystallography, Vol. A, 7 (1992).
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‘Symmetry planes parallel to the plane of projection |

Glide vector in units of lattice translation vectors
Symmetry plane Graphical symbol* parallel to the projection plane Printed symbol
Reflection plane, mirror plane /! None m
"‘Axial’ glide plane — |——’ 1 lattice vector in the direction of the arrow a,bore
|
‘Diouble” glide planet (in centred cells only) Two glide vectors: e
I 1 in either of the directions of the two arrows
‘Diagonal’ glide plane U One glide vector with fwe components n
1 in the direction of the armow
‘Diamond” glide planei (pair of planes: in centred — 1 in the direction of the arrow; the glide vector is d
cells only) . ‘F always half of a centring vector, i.e. one quarter
il i of a diagonal of the conventional face-centred
cell

* The symbols are given at the upper left comer of the space-group diagrams. A fraction h attached to a symbol indicates two symmetry planes with ‘heights’  and h + El
above the plane of projection; &.g. % stands for h = ;—nnd %. No fraction means h = 0 and l (cf. Section 2.2.6).

*International tables for crystallography, Vol. A, 8 (1992).
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| Symmetry planes inclined to the plane of projection (in cubic space groups of classes 43m and m3m only) |

Glide vector in units of lattice translation vectors for planes
Graphical symbol® for planes normal to | normal to )
— — — Printed
Symmetry plane [011] and [011] [101] and [101] [011] and [O11] [101] and [101] symbaol
Reflection plane. mirror Nong MNone m
planz
*Axial” glide plane ljlal.lice vector along [100] 1 lattice vector along [010)]
I aorhb
*Axial’ glide plane Llattice vector along [011] or | £ lattice vector along [101]
along [011] or along [101]
‘Double’ glide planet [in Twe glide vectors: Twe glide vectors: e
space groups [43m (217) 1 along | 100] and 1 along [010] and
and fm3m (229) only] Lalong [011] or Lalong [101] or
T along [011] L along [101]
‘Diagonal” glide plane One glide vector: One glide vector: n
1 along [117] or Talong [117] or
along [111]% along [111]%
Lalong [111] or L along [111] or
along [111]5 along [111]5
‘Diamond” glide plane] d
(pair of planes: in
centred cells only) — -
salong [111] or 1 along [111] or
along [111]§ along [111]5

* The symhbols represent orthographic projections. In the cubic space-group diagrams, complete orthographic projections of the symmetry elements around high-symmetry
points, such as 0,0,0; —.i 00 }. 41, (1, are given as ‘inserts’.

t For further explanations of the “double’ glide plane ¢ see Note (iv) below and Note (x) in Section 1.3.2, _

1 In the space groups F43m (216), Fm3m (225) and Fd3m (227), the shortest lattice translation vectors in the glide directions are 1, 1,1) or t(1, %%} and #1,1, 5 or
ti1. 1. 1), respectively. . i

& The glide vector is half of a centring vector, i.e. one quarter of the diagonal of the conventional body-centred cell in space groups 1434 (220) and fa34 (230).

*International tables for crystallography, Vol. A, 8 (1992).
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1.4.5. Symmetry axes normal to the plane of projection and symmetry points in the plane of the figure

Screw vector of a right-handed screw rotation Printed symbol (partial

Graphical in units of the shortest lattice translation vector | elements in
Symmetry axis or symmetry point symbol* parallel to the axis parentheses)
Identity None None 1
Twofold rotation axis . None 0)
Twofold rotation point (two dimensions)
Twofold screw axis: 2 sub I’ ‘ % 2
Threefold rotation axis A

: : . : I 3

Threefold rotation point (two dimensions) } None
Threefold screw axis: ‘3 sub I’ ,L % 3
Threefold screw axis: *3 sub 2 _A 3 35
Fourfold rotation axis . - N 10
Fourfold rotation point (two dimensions) one 2)
Fourfold screw axis: ‘4 sub 1° &’ 1 % 4, (2y)
Fourfold screw axis: ‘4 sub 2’ § I 4, (2)
Fourfold screw axis: ‘4 sub 3’ ‘f j_ } 45 (2y)
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1.4.5. Continue

Screw vector of a right-handed screw rotation

Printed symbol (partial

Graphical in units of the shortest lattice translation vector | elements in

Symmetry axis or symmetry point symbol* parallel to the axis parentheses)
Sixfold rotation axis }
Sixfold rotation point (two dimensions) ® None 6(3.2)
Sixfold screw axis: ‘6 sub 1° i’ z 61 (31.2y)
Sixfold screw axis: ‘6 sub 2’ b’ % 62 (32.2)
Sixfold screw axis: ‘6 sub 3’ ‘ % 65 (3.2y)
Sixfold screw axis: ‘6 sub 4’ ‘-‘ % 64 (31.2)
Sixfold screw axis: ‘6 sub 5° ‘i\ % 65 (32.21)
Centre of symmetry, inversion centre: 1 bar’ _

. : . . . . © None 1
Reflection point, mirror point (one dimension)
Inversion axis: ‘3 bar’ A None 3(3.1)
Inversion axis: ‘4 bar’ P rJ None 4(2)
Inversion axis: ‘6 bar’ Y None 6=3/m
Twofold rotation axis with centre of symmetry ° None 2/m (1)
Twofold screw axis with centre of symmetry § = 21/m (1)
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1.4.5. Continue

Graphical

Screw vector of a nght-handed screw rotation

in units of the shortest lattice translation vector

Printed symbol (partial

clements 1n

'6 sub 3" screw axis with centre of symmetry

A -

b=

Symmetry axis or symmetry point | symbol* parallel to the axis parentheses)
Fourfold rotation axis with centre of symmetry o 0 None 4/m (4,2.1)
‘4 sub 2" screw axis with centre of symmetry é o 1 4, /m (4,2,1)
Sixfold rotation axis with centre of symmetry None 6/m (6,3,3,2,1)

63/m (6,3.3,2;.1)

* Notes on the ‘heights’ h of symmetry points 1,3,4 and 6:

(1) Centres of symmetry T and 3, as well as inversion points 4 and 6 on 4 and 6 axes parallel to [001], occur in pairs at
‘heights’ h and h+1/2. In the space-group diagrams, only one fraction h is given, e.g. ¥ stands for h=1/4 and 3/4. No
fraction means h=0 and 1/2. In cubic space groups, however, because of their complexity, both fractions are given for

vertical 4 axes, including h=0 and %-.

(2) Symmetries 4/m and 6/m contain vertical 4 and 6 axes; their Z and 6 inversion points coincide with the centres of

symmetry. This is not indicated in the space-group diagrams.

(3) Symmetries 4,/m and 6;/m also contain vertical 4 and 6 axes, but their 4 and 6 inversion points alternate with the
centres of symmetry; i.e. I points at h and h=1/2 interleave with 4 or 6 pomts at h=1/4 and h=3/4. In the tetragonal and
hexagonal space-group diagrams, only one fraction for T and one for 4 or 6 is given. In the cubic diagrams, all four
fractions are listed for 4,/m; e.g. Pm3n (No. 223): 1: 0, ¥; 4: 1/4,3/4.
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‘ Symmetry axes parallel to the plane of projection |
Screw vector of a nght-handed screw Printed symbol
rotation in units of the shortest lattice (partial elements
Symmelry axis Graphical symbol® translation vector paralle] to the axis in parentheses)
Twofold rotation axis - - * l- None 2
Twofold screw axis: “2 sub 1° - L 1 l 2
. . - | i
Fourfold rotation axis I— —‘ - | = None 4 (2)
=
. | =
Fourfold screw axis: ‘4 sub 1” ‘i- —" -~ - | £ ' 41 (24)
- N
Fourfold screw axis: ‘4 sub 2 I— ’ ~ - if' 3 4, (2)
: 2
Fourfold screw axis: *4 sub 3 I -] ad L B 3 45 (2)
2
| = _
Inversion axis: *4 bar’ —~ =B ﬂfT ~ | o None 4(2)
=
Inversion point on 4 bar’-axis ‘Ei' X7 - 4 point

* The symbaols for horizontal symmetry axes are given outside the unit cell of the space-group diagrams. Twofold axes always occur in pairs, at “heights’ h and h + %EI.I'.I-U‘-'G
the plane of projection; here, a fraction h attached to such a symbol indicates two axes with heights k and h + 1. No fraction stands for h = 0 and 3. The rule of pairwise

occurrence, however, is not valid for the honzontal fourfold axes in cubic space groups; here, all heights are given, including i = 0 and % This applies also to the honzontal
4 axes and the 4 inversion points located on these axes.

*International tables for crystallography, Vol. A, 10 (1992).
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Symmetry axes inclined to the plane of projection (in cubic space group only)

Screw vector of a right-handed screw | Printed symbol
rotation in units of the shortest lattice | (partial elements
Symmetry axis Graphical symbol® translation vector parallel to the axis in parentheses)
Twofold rotation axis ._c_ _°.. h None 2
| Parallel 1o a face
diagonal of the cube
Twofold screw axis: 2 sub 1° ._g_ —§- % 2
A
~
Threefold rotation axis E H None 3
¥ "w
Threefold screw axis: “3 sub 17 h /H_ % 3,
< b Parallel to a body
diagonal of the cube
Threefold screw axis: *3 sub 2 E{ j{ 2 3;
7 .
Inversion axis: 3 bar’ E H MNone 3 {3-_l;|
4 o '

* The dots mark the intersection points of axes with the plane at h = 0. In some cases, the intersection points are obscured by symbols of symmetry elements with height
h = 0; examples: Fd3 (203), origin choice 2; Pn3n (222), origin choice 2; Pm3n (223); Im3m (229); Ia3d (230).

*International tables for crystallography, Vol. A, 10 (1992).
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Table 2.2.16.1. Monoclinic setting symbols (unique axis is underlined)

Unique axis b

Unique axis ¢

Unique axis a

abce cha
bea ach
cab hac

cab ach
abc hac
bea cha

hea hac
cab cha
abc ach

Starting set

abe

Starting set

abc

Starting set

abe

Table 2.2.16.2. Symbols for centring types and glide planes of monoclinic space groups

Cell choice
Setting 1 ? 3
Unigque axis b Centring type C A I
Glide planes c, n M, a a, ¢
Unique axis ¢ Centring type A B I
Glide planes a, n n, b b, a
Unigque axis a Centring type B C I
Glide planes b, n mn, c c, b

Note: An interchange of two axes involves a change of the handedness of the coordinate system. In order to

keep the system right-handed, one sign reversal is necessary.
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Table 4.3.2.1. Index of symbols for space groups for various settings and cells

MONOCLINIC SYSTEM

Standard Extended Hermann-Mauguin symbols for various settings and cell choices
short —
" —— abc cha Unique axis b
No. of Schoenflies | Mauguin abc bac Unique axis ¢
space group | symbol symbol abc ach Unique axis a
3 C} P2 P121 P121 P112 Pl112 P211 P211
4 ('§ P2, Pl12,1 Pl12,1 Pl112, Pl112, P2,11 P211
5 c? 2 C121 Al2l All2 B112 B211 C211 Cell choice 1
2 2 2 2 2 2
Al2l C121 B112 All2 C211 B211 Cell choice 2
2, 2 2, 2 2 2
1121 1121 1112 112 1211 1211 Cell choice 3
21 21 21 21 21 21
C_,!. Pm Plml Plml Pllm Pllm Pmll Pmll
7 C'f Pe Plel Plal Plla Pllb Pbhl1 Pell Cell choice 1
Plnl FPlnl Plln FPlln Pnll FPnll Cell choice 2
Plal Plel Pl1b Plla Pcll Phb11 Cell choice 3
8 (‘-:j Cm Clml Alml Allm Bllm Bmll Cmll Cell choice 1
' a C b da C b
Alml Clml Bllm Allm Cmll Bmll1 Cell choice 2
c a a b b «
Ilml fml I1m fllm Im1l Imll1 Cell choice 3
n n n n n n
0 c! Ce Clel Alal Alla Bll1b Bbl11 Cell Cell choice 1
n n n n n n
Alnl Clnl Blln Alln Cnll Bnll Cell choice 2
a C b a C b
Ilal el 111b flla Iell Ib11 Cell choice 3
c a a b b c
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Monoclinic system (cont.)

Standard Extended Hermann-Mauguin symbols for various settings and cell choices
short _ . .
Hermann— abc cha Unique axis b
No. of Schoenflies | Mauguin abc bac Unique axis ¢
space group | symbol symbol abe fich Unique axis a
2 2 2 2 2 2
10 C}._h P2im Fl—1 Pl—1 Pll— Pll — P—11 P—11
m m m m m m
2, 2, 2, 2, 2, 2,
1 Ff.a P2, /m FIEI PI;[ PIIE Fll; F;ll P;Il
. 2 2 2 2 2 2 |
12 o C2lm Cl1—1 Al—1 All — Bll — B—11 C—11 Cell choice 1
m m m m m m
2| 2[ 2| 2| 2| 2|
a ¢ b a c b
4 5 y 9 ) > .
Al Cl=1 B11= All= C=11 B=11 Cell choice 2
m m m m m m
2, 2 2 2, 2 2
¢ a a b b ¢
3 .. 2 . > > . )
=1 =1 1= 1= 1=11 1=11 Cell choice 3
m m m m m m
2 2 2 2 2 21
n n n n n n
2 2 2 2 2 2
13 (‘éh P2e Pl-1 Pl-1 Pll- Pll - P-11 P-11 Cell choice 1
C a a b b C
2 2 2 2 2 2
Pl-1 Pl-1 Pll - Pll - P-11 P-11 11 chavie
» - p- n - - Cell choice 2
2 2 2 2 2 2
PIEI Pl;l Pll - P]l; F;]l P-11 Cell choice 3
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ORTHORHOMBIC SYSTEM

Standard full
Hermann—
. Mauguin Extended Hermann—Mauguin symbols for the six settings of the same unit cell
No. of space Schoenflies symbol
group symbol abc abc (standard) | bat¢ cab cha beca ach
16 Dé P222 P222 P222 P222 P222 P222 P222
17 D% P222 P222, P222, P2,22 P2,22 P22,2 P22,2
18 D; P2,2,2 P2,2,2 P2,2,2 P22,2 P22,2 P2,22 P2,22,
19 D3 P2,2,2, P2,2,2, P2,2,2, P2,2,2, P2,2,2 P2,2,2, P2,2,2,
20 D3 C222, C222, C222 A2,22 A2,22 B22,2 B22,2
2:12:2, 21242 21212 212124 2122 212124
21 e 222 C222 222 A222 A222 B222 B222
2,2,2 2,2,2 22,2, 22,2, 2,22, 2,22,
22 D; F222 F222 F222 F222 F222 F222 F222
2:2,2 2,2,2 22,2, 22,2, 2,22, 2,22,
22,2, 2,22, 2,22, 22,2 2,2,2 22,2,
2,22, 22,2, 2:2,2 2,22, 22,2, 2:2,2
23 DE n2 1222 1222 1222 1222 1222 1222
2,224 212,24 22,2 22,24 22,24 22,2
24 D3 12,2,2, 12,2,2, 12,2,2, 12,2,2, 12,2,2, 12,2,2, 12,2,2,
222 222 222 222 222 222
25 C«_L, Pmm?2 Pmim?2 Pmm?2 P2mm P2mm Pm2m Pm2m
26 C«_%r Pmec2, Pmec2, Pcem2, P2yma P2iam Pb2 m Pm2.b
27 Ci:". Pee2 Pee2 Pee2 Plaa Plaa Pb2b Pb2b
28 (=9 Pma?2 Pmal Pbm2 P2mb Plem Pc2m Pm2a
29 C;, Pea2, Pea2, Pbec2, P2iab P2ica Pc2 b Pb2a
30 C,_?r Pnc2 Pnec2 Pen2 P2na Pan Pb2n Pn2b
31 C;, Pmn2, Pmn2, Pnm2, P2ymn P2inm Pn2 m Pm2\n
32 Cg'r Pba2 Pba?2 Pba2 P2ch P2ch Pc2a Pc2a
33 Cg,. Pna2, Prna2, Pbn2, P2inb P2icn Pc2n Pn2,a
34 Ca_ﬂ} Pnn2 Pnn?2 Pnn2 P2nn P2nn Pn2n Prn2n




S E Bl EFREER S

ORTHORHOMBIC SYSTEM (cont.)

Standard full

Hermann—
Mauguin E : : . :
. xtended Hermann—Mauguin symbols for the six settings of the same unit cell
No. of space Schoenflies symbol
group symbol abe abe (standard) | bat cab cha beca ach
35 cll Cmim?2 Crmm?2 Crmim?2 A2mm A2mm Bm2m Bm2m
B ba2 ba2 2ch 2ch c2a c2a
36 C,_f Cmc2, Cmc2, Cem2, A2 ma A21am Bb21m Bm2\ b
bn2, a2y 2i1cn 2inb n2ia c2n
37 ! 1—’.' Cee?2 Cec?2 Coc2 A2aa A2aa Bb2b Bb2b
B nn2 nn2 2nn 2nn n2n nz2n
38 (o Amm?2 Amm?2 Bmm?2 B2mm C2mm Cm2m Am2m
- nc2, cn?y 2\na 2ian b2\ n n2. b
3g* C,_};‘ Aem? Aem?2 Bme?2 B2em C2me Cm2e AeZ2m
ec2) ce2y 21ea 21ae b2, e e b
40 C,_f:-"" Ama? Ama?2 Bbm?2 B2mb C2em Cc2m Am2a
nn2, n2, 21nn 2\nn n2n n2n
41# C,}? Aea? Aea? Bbe2 B2eb C2ce Cc2e Ae2a
- eny ne2 21en 2ine n2 e e n
42 C,_}f‘ Frun2 Fmm?2 Fmm?2 F2mm F2mm Fm2m Fm2m
ba2 ba?2 2ch 2ch c2a c2a
ne2y cin2 2\na 21an b2n n2 b
cin2y ne2, 2ian 2 na n2 b b2\n
43 C,f?. Fedd? Fed?2 Fdd?2 F2dd F2dd Fed2d Fel2d
dd 2y dd 2, 21dd 2.dd d2,d d2,d
44 {’_"Ef} Inun2 Imm?2 Irmm?2 I 2mm I2mm Im2m Im2m
- nn2, nn2y 2 2 n2n n2n
45 C;{ Ibea? Iba?2 Iba?2 12ch 12chb Ic2a Ice2a
cc2 cc2 2 aa 2 aa b2.b b2.b
46 C%F Ima? Ima?2 Ibm?2 I2mb 12¢m Ic2m Im2a
nc2, cn2y 2 1na 21an b2\n n2, b




Z[EE-1 WFRIERR S
ORTHORHOMBIC SYSTEM (cont.)

Standard full

Hermann—
Maunguin : . . i
N £ scl i bol Extended Hermann—Mauguin symbols for the six settings of the same unit cell
o. of space choenflies sSym
group symbol abc abc (standard) | batc cab cha bca ach
222
47 D _ Privmm Privmmm Prirnm Prirm Prrrrn P
h
= PP T
- 222
48 s g p—— Prnnn Prnnn Prnn Prnn Pnnn Prnnn
24 nRn
3 222
49 b= _— Pecocm Pcom Prmaa Prmaa Pbmb Pbmb
h
= CCn
222
50 o f —_— Pbhan Pbhan Prch Prch Pena Pena
= banrn
_ 2,22
51 e - Privima Prumnb Pbmm Pomm Pircm Pmam
i
= Pl
22,2
52 e _ Prina Prnkb Pbnn Penn Prncn Pran
h
= Mmoo
- 222
53 Dy, _— Prminea Prnmb Pbmn Ponm Prncm Prman
= M
2,22
54 DE A _— Peca Pech Phbaa Pecaa Pbchb Pbalb
= c ocda
212, 2
55 D?H; _— Pbam Pbam Prch Prch Pema Peoma
= b am
2,2, 2
56 D},}: _ Poen Peoon Praa Praa Pbnb Pbnb
= c C
2212
57 DJ,}! P Pbom Pocam Prica Prab Pbma Pcmb
= b c m
e
12 L] ] &
58 D _—— Prnm Prnm Prmmn Prmmn Prmn Prmn
= 1o o
3 2,2, 2
59 D.l,}! — Privinn Proumn Prmm Prmm P P
= MR I
14 2,22,
60 Dy, P e Pbcn Pcan Prnca Prnab Pbna Penb
2.9
s poLir2l
ol D53 b ¢ a Pbhoa Pcab Pbca Pcab Pbca Pcab




=Bl XFRIEER S
ORTHORHOMBIC SYSTEM (cont.)

Standard full
Hermann—
Mauguin . . . .
. Extended Hermann—Mauguin symbols for the six settings of the same unit cell
No. of space Schoenflies symbaol
group symbol abc abc (standard) | bat cab Tha beca ach
16 2,2,2,
62 D5y P Prima Pmnb Pbrm Pcemn Pmen Prnam
= nom da
63 D7 C 222 Cmcm Ceomim Arnmmc Amam Bbrmm Bmmb
. o om b nean nen nnb nrna Crn
645+ DIs C 222, Cmece Ccme Aema Aeam Bbem Bmeb
] S e
24 mce e bne nae ecn enb nea cen
222 Crrnm Crimrnim At Anm Birmm Bmmm
65 D9 C
. o ban bamn nch nch cra cra
66 20 C 222 Ceoom Ceoom Amaa Amaa Bbmb Bbmb
2 o om nnn nnn nnn nnn nnn nnn
67 %+ 21 C 222 Crirmne Crmme Aemim Aemim Bmem Bmem
2 D2 gt
. mm e bae bae ech ech ced ced
222 Ccce Ccce Aeaa Aeaa Bbeb Bbeb
wil - -
68* Dy c=-==
= cce nne nne ernn enn nen nen
69 53 = 222 Frmm Frmm Fromm Frnmm Frnmm Frnmm
2h 711 F B ban ban nch nch cra crna
nch cra cra ban ban nch
cra nch ban cra nch ban
o4 222
70 Dsy F——— Fddd Fddd Fddd Fddd Fdd Fdd
= ddd
71 25 7 222 I mmm I mumm I mumm I mumm I mumm I mumm
. LI P nnn nnn 1 nnn nnn nnn
) 26 7 222 I bam I bam I meh I meh I cma I cma
. bam cor ccr et et bnb bnb
27 2,2, 2 I beca I cab I beca I cab I beca I cab
73 Ds] -
= b ¢ a cab bca cab beca cab beca
74+ 28 7 21212, I mma I mmb I bmm I cmim I mecm I mam
] .
2k m m a nnkb nnea Crn brn nan ncrn

* For the five space groups Aem2 (39), Aea2 (41), Cmce (64), Cmme (67) and Cece (68), the ‘new’ space-group symbols, containing the symbol “e” for the “double” glide
plane. are given for all settings. These symbols were first introduced in the Fourth Edition of this volume ({7 1995); cf. Foreword to the Fourth Edition. For further
explanations, see Section 1.3.2, Note (x) and the space-group diagrams.

1 For space groups Crica (64), Cmima (67) and fmma (74), the first lines of the extended symbols, as tabulated here. correspond with the symbols for the six settings in the
diagrams of these space groups (Part 7). An alternative formulation which corresponds with the coordinate triplets is given in Section 4.3.3.
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= a8 ERS RSP ERY

14
sle Pbcn , nmm Orthorhombic
B I

-H No. 60 P 2l/b 2/( 2,/!1 Patterson symmetry Pmmm

Positions

% B 1 (multiplicity): & R AN | Yo Convnas
RE—NBRETALRE, B | Scomn
[\Eﬂﬁiﬁ’\jﬁﬁﬁﬁﬁrﬁ'lﬁﬁ}ﬁ%;E%FZEJ,? 81ld|]] (1) x,vz (2) T+ 1. ¥+3.24+1 (3) Tv.I+13 (4) x+31,741.2
3B, 'ﬁ‘(%&i/ﬁ\*ﬁ H. ﬁ—ﬂﬁ%ﬂtﬁ? (5) ,7.2 (6) x+L,y+1,7+1 (7) x, 7.2+ 4 (R) T+ 1, v+1z2
REVRR, " RMEVURRELIST
EEHEEHMITRRIEFEINEE |
o FMAMEBEANRERME (X
H)  WMERZ. ZZEBENMRF| ||| 2] | o wvear omi o tyiis
Mons AN s, BWEERAFAR| L || e e e o
WTFHERAVE, DTEFEITELEE | L L
W—As, MELE—REISHED.

4 \ 1
Wychoff S¥AKILS, MBI LY RRHEMABNLIR &
REXFHIRFREENMEIRC. WAL | | HFRTE(symmetry): | | R EIEW42MFRR AT IR
SEETRC RRZERLABE Y, FNA | | FRAFA By | | TONE, BUSERAE X
KA ThIT A2 R E, MERMEHSN | | HTE. HIRPR R S4TSR
AAFR, TERREMR P40 RT, 0.0, %, %, %; 0,0, %; %, %,0,

4(la]||l 0,0,0 11,1 0,0, 1 1.0




== [E) - | XFRIEER

C-center : lattice
Clml
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, o
Site symmetry (0,0,0)+  (5,7.0)+ General-
4 b 1 (1) x,%,7 (2) x,¥,2 hkl : h+k=2n Independent
hOl : h=2n -
(ﬁ 5 @) Okl : k=2n
| hkD : h+k=2n i
) E ( O - ko 2n Dependent
! h00: h=12n i
C') ------- = Special: no extra conditions
'\’/ O (
2 a m x, 0,z O
C-face center



== [E) - | XFRIEER

Alml

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, O
Site symmetry (0,0,0)+ (0,3,3)+
4 General:
4 b 1 Dxypz @ x5z hkl : k+1=2n Independent
hOl : [ =2n n
' 0O Okl : k+1=2n
y ,—/ hk0 : k=2n - Dependent
! e OkO: k=2n
"0 00/ : I =2n -
|
Oy = Special: no extra conditions
2 a m x,0,z7 O 0/0

A-face center



== [E) - | XFRIEER

B112

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,0)+ (3,0,3)+
4 General:
4 ¢ 1 (D) x,y,2 (2) X, ¥,z hkl : h+1=2n Independent
/hk[l . h=2n -
@) Okl : | =2n
| hOl - h+1=2n ¢ Dependent
7o . 00/ : [ =2n
| ; 2
O! O h00: h=2n -
|
(5 ______ Special: no extra conditions
2 b 2 11z O do

B-face center



== [E) - | XFRIEER

Positions
Multiplicity,

Wyckoff letter,

Site symmetry

4 b 1

(1) x,v.2

| Im1

Coordinates
(0,0,0)+ (3,7,2)+
A
(2) x, V.2

%,
!
\

O

Body center

Reflection conditions

General:

hkl : h+k+1=2n Independent
hOl : h+1=2n

Okl : k+1=2n

hkO: h+k=2n

0kO : k=2n - Dependent
h00: h=2n

00/ : [ =2n |

Special: no extra conditions



== [E) - | XFRIEER

Fmmm

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter, . l

Site symmetry (0,0,0+ (0,7,3)+ (3,0, General:

32 p 1 (1) x,v,z (2) X, v,z ( hkl : h+k,h+1,k+1=2n Independent

Okl : k.l =2n =
hol = h,l =2n
hkO : h,k =2n
h00 : h=2n — Dependent
0kO : k=2n
007 : [ =2n _

G) L5z (6) 5z

Special: as above, plus

16 o ..m x,v,0 xX,v,0 x,v,0 x,v,0 no extra conditions



Positions

Multiplicity,
Wyckoff letter,
Site symmetry

(1) x,y.z
4) z,y,x

No. 160
RHOMBOHEDRAL AXES

Coordinates

(2) z,x,y
(5) y.x.z

Z,X,X

X,Z,X

(3) y.z,x
(6) x,z.y

R3m

Reflection conditions

General:

no conditions

Special: no extra conditions



Positions

Multiplicity,
Wyckoff letter,
Site symmetry

18 ¢ 1
9 b m
3 a 3m

No. 160 R3m

Reflection conditions

: —=h+k+1=3n
: —h+k=3n~

[ =3n

h+1=3n + Dependent
[ =3n

h=3n -

Special: no extra conditions

HEXAGONAL AXES
Coordinates

(0,0,0)+ (3.5,5)+ General:

@) Fox—y.z Independent,y hki

(5) x+y.yz hkiD.
hh2hl:
- hhOl
- 000/
hh00 :

x,2x,2 2X,X,2

o s e s

V-




= a8 ERS RSP ERY

Ibca

Positions
Multiplicity, Coordinates BOdy-CentrEd Reflection conditions
Wyckoff letter, — .
Site symmetry (0,0,0)+ (3,3.7)+ lndependent General-
16 f 1 (1) x,v.z Z+1 4)x+1,7+1.2 hkl : h+k+1=2n
{5} I*?? _~+% {8} -f+%::"1+5|:3 ~Okl k’f:lﬂ
hOl : h,l =2n
hkO: h.k=2n
Dependent T h00: h=2n
0kO: k=2n
—=00[ : [ =2n
Special: as above, plus
8 e ..2 0,1.2 hkl - 1=2n —
8 d .2. .v.0 hkl : k=2n
8 ¢ 2. x,0,1 hkl : h=2n = BEIRATE
8 b 1 i it N LT hkl : k.l =2n
T I

]
=
=
=
o
3l
=
Fed] =
=
Fed] =
ral =
Fed] =
F| —
=

hkl : k0l =2n =



Pbcn ;: mmm Orthorhombic P m m m - i% g—ljé
5
No. 60 P Zl/b 2/( 2,/1’! Patterson S}f‘mmel Pate rson Ei

Table 2.2.5.1. Patterson symmetries for three dimensions

Laue class Lattice type Patterson symmetry (with space-group number)
1 P P1 (2)
2/m P C P2/m (10) C2/m (12)
mmm P c 1 F Prmmm (47) Cmmm (63) Immm (71) Fmmm (69)
4/m P P4/m (83) 14/m (87)
4/mmm P P4/mmm (123) 14 /mmm (139)
3 P P3 (147) R3 (148)
{iml P P3ml (164) R3m (166)
31m P P31m (162)
6,/m P Po/m (175)
6/mmm P P6/mmm (191)
m3 P Pm3 (200) Im3 (204) Fm3 (202)
m3m P Pm3m (221) Im3m (229) Fm3m (225)
'{ y.Z {- —

> N F(hkd) [ cos 2m(hx + ky + I2).
k l

The symbol for the Patterson space group of a crystal structure can be deduced from that of its space group in two steps:
(i) Glide planes and screw axes have to be replaced by the corresponding mirror planes and rotation axes, resulting in a symmorphic space group.

(i) If this symmaorphic space group is not centrosymmetric, inversions have to be added.
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No. 1

—%‘I'EIH% \ﬁ ;k:
MRS ERLE -1 (W: P1,

C P1

Pl No. 2

[+ F]

Origin arbitrary

P1)




HYBER: RE— )X
RERFSEE: “ﬁ—ﬂﬁ-ﬁ!—]ﬁ, W, 2R 2R e,

HE M/ PFHEAS (Bl: ¢, P2, P2,/n)
C2/c o Al12/nl 112/al

No. 15 C12/cl UNIQUE AXIS b, CELL CHOICE 2 UNIQUE AXIS b, CELL CHOICE 3
UNIQUE AXIS b, CELL CHOICE 1
B112/n 1112/b
Ik 0/0_0}_0_0&_“/0 UNIQUE AXIS ¢, CELL CHOICE 2 UNIQUE AXIS ¢, CELL CHOICE 3
[ I T T I |
/ \ ol /
¢ i wilF N I
‘n/_n}_n__J__AI is-\—-o}—c—o}—o(-o]—o—o}—;) f—\—o}—c—o}—o<o}—o—o§—o
— ¢ 3
’ } f’. O‘i \O. O’i O.*\O. O’* g. i'. O’i \O. O’I O. t:\o O’} O/.
D) | e G 0 | w0 0 | 0 | — \ \ / \ \ /
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i ALY, NN NN ANEN NN
’)\..‘j..’! ?’o{oo};’o}o’ogll ?’o} o}‘!’o{o‘o}lg
F Ao A * 4 ] § 4 ' 4 [ 4 '
/ / /
' \.\'." ’. / / —o——o—g o’—o—o———o——'—o—o—o—o’
o’—O’i—o——OfM—oi—o—oi—C! o—ol—o—-o}}o—-oi i l }\o i i
Origin at T on glide plane ¢ Ungln at 1 on ghljl:' ]]IIIIT.' n ﬂ[‘]gm at T on g[]df P],-]m i
A112/a  Oriein at T on oli toin at -
gin at 1 on glide plane a Origin at 1 on glide plane n S licde nlanes
UNIQUE AXIS ¢, CELL CHOICE 1 | & 8 P ﬂngm at 1 on b'bdl. plun-. b




Orthorhombic

mmm

26
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D

[bam

Patterson symmetry mmm

1 2/b2/a2/m

No. 72
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Origin at centre (2/m) atcc2/m
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: E—RY

4,, 4,584, (10

P4, P4,2.2,14/m, P4/mcc)

4’ ZI

141/acd
No. 142

A
b

I41/d€d
No. 142

20
4h
1 4/a2/c2/d

D

20

4h

D

ORIGIN CHOICE 2

I 4/a2/c2/d

ORIGIN CHOICE 1

[ o QS
K

:
1.-/.\ e
e \-I ®
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O
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i
5

[4{‘2], at l|:!:- %r _

rigin a
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~SE

BH — s

E}AU_EEI?G HE—E(JT%_/JW
E— PR 3,3,3,, 8i3, (W

P3
No. 147

| 4
[ J

%
C;

P3

R3c
No. 167

HEXAGONAL AXES

A 0 A

/N
J N/

Origin at centre (3)

= RERNRARET PUERF
Rhombohedral axes settingsk Hexagonal axes setting

7E — /A Fit

P3.m, R3, R3c, P312)

3d 3m
R32/c
RN
I Tz
1 4—A—h 1 4
s 1 ?\ f;/{ y
AN AN s* .3';-—.'/{5;‘:
e N N 4 WS
LLALIN Dl e S L
LR S O e N+ L VR
aNG oy D B e N
N I e S A oy
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o T i P g
AV s PRl By A )
TE-— o : -3 i f—
Ny S EE VAW
T EA I NN =2 WY )

Origin at centre (3) at 3¢



NTmAER: E—HEXHENKH

=: 6, 6, 6,, 6,, 65, 6,, 6. (W: P6mMm, P6, P6,/mcm)

| 3¢ 4

B AXFRA

P62¢ D: P6,/m o

No. 190 P82c No. 176 P6,/m

:0
J.
.3

Origin at 32c Origin at centre (3) on 6,
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5
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N

Swig

5
0

5
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6
h

Fm3c

No. 226

432

F432

Patterson sy

F 4/m32/c

Pattersc

F432

No. 209
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Symbol
Triclinic

Monoclinic

Orthorhombic

Tetragonal

Trigonal
Rhombohedral

Hexagonal

Cubic

Pl m AR MR BT A
MHFRIERRAS R I FIBERFS BHA S R

RE—RHE— R == EMEASERIERT (W: P1I, P1)
REXNFRITER: INRMSE RMEFSER: B—HREH, BBH, 2KEMEE?2
1] R fehh, BE M/ FHEAS (Bl: cc, P2, P2,/n)
RENHITER: 2PMUENTR AEFSER: &F=AF52EH, BBH, 2RE
MR E a2k iR esh (Bl P222, Pnma, Cmc2,, Pnc2)
REXRITER: BE—HNEXMHE FB—IXNKRES: 4,4,4, 4,84, (W P4, P42,2,
P R % 2 Y K B8 e e B = TR 14/m, P4/ mcc)
REMNFTEER: B—MNEXM  FE MRS 3,3,3, 863, (W: P3,m, R3, R3c,
& = Kl = R SR e B = 75 i P312)
BN TER: F—MNEXRHE FE—PXNKRFS: 6, 6, 6, 6,, 65, 6, 6, (Ul:
T 7N R B 75 K 2 T 5 S 75 Hh P6émm, P6, P63/mcm)
BBF: EAN=KH BoANHRES: 3863 (W: 1a3, Pm3m, Fd3m)
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Maximal non-isomorphic subgroups — 2 5 Maximal non-isomorphic subgroups
I l"lle (115) 2.2 .74 80113 123 133 14 32 — = 73 [2) P23(195) 3::2::3: 4% 6; 7:8:9: 16 11; 12
(2] P32, mumf \ 13256 11; 12; 15: 16 :i:i:;:;’g"r‘;;s’ := 21 ; 4n '3::711:' I5: 16
2] P4 99 1; 2; 3:4; 13; 14; 15: 16 — _ 3(R3, 89 13;:17:-2
{’:P4”"';':90: ‘ \ 1o 3 4- 5 : 6 7- 8 3 Pn3 [4) P13(R], 148) 1; 6; 12; 13; 18; 24
(2] P4/n 11 (P4/n. 85) X34 9. 10: | P4/nmm  mom n [ PI3(RL148) 1. 7 10: 13: 19; 22
2 85 , 3R], s 7. 10; 13; 19; 22
[2) P2/n12/m(Cmme,6Y) 8\ Q- 10: | / [4) P13(R], 148) 1; 8 11; 13; 20; 23
(21 P2/n2,/m]1 (Pmmn,5Y) <27 6. X 10:\13: 2 . L —
43m 432| m3
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Pnc2 #30 P6322
Maxl#nal non-isomorphic subgroups
Maximal non-isomorphic subgroups I [RIP6,11(P6.173) 1:2 3: 4: 5 6
| [21Plcl (Pec,T) 1; 3 < (:u’vi(m; I: 3: 7. 8: 9
3 . L4 — (2] P312(149) 123 1000 12
[EIP"IHI,{F‘.;F:} i< ~ [B1P2,22(C222,20) 1: 4 % 10
21 P112(P2,3) 1,2 <= f {mm,”(( 222.,20) 1. 4; & 11
' [3] P2.22(C222,20) 1: 4; 9; 12
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Examples of possible diffraction peak position with consideration of the primary lattice

(a) Cubic, a.=b .=c,.

— 212
— 004

220
— 203
104

Schematic plot of the possible diffraction peaks with consideration of the primary lattice only. The red thick lines are the reflections corresponding to a cubic lattice,
and the blue thin lines are the reflections due to the peak lattice splitting or the superlattice peaks. (a) Reflections from a simple cubic lattice; (b), (c), and (d)
reflections from tetragonal, orthorhombic, and monoclinic lattices, respectively. Due to the lattice distortion, a cubic peak may be split into two or more peaks; (e)
and (f) reflections show the presence of peak splitting and also superpeaks (such as the peaks of hkl with I=odd) from the superlattice.
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Symmetry with Octahedral Tilting

Octahedra tilting

3tilts a*b*ct a*b*cc atbc abc

o0 _ P 2 tilts ab*ct abrc abc

1tilt a’b%%* a%boc

No tilt abOcP

| 2ap |

" Cell length i

Glazer, A. M. “The Classification of Tilted Octahedra in Perovskites” Acta Cryst. B28. 3385, 1972, and “Simple Ways of Determining Perovskite structures”. Acta Cryst. A31. 756, 1975.



|| Octahedra tilting and symmetry in proveskites |

Table 1. Complete list of possible simple tilt systems

Serial Lattice Multiple Relative pseudocubic
- number Symbol centring cell subcell parameters Space group
Three-tilt systems )
(¢)) a*b*c?t I 2a, % 2b, % 2¢, a,#b,#c, Immm (No. 71)
(2) a*b*b* | a,#b,=c, Immm (No. 71)
3) - atata* 4 a,=b,=c, Im3 (No. 204)
4) a*b*c™ D a,#by,#c, Pmmn (No. 59)
(5 atate~ P ay,—=b,#c, Pmmn (No. 59)
6) a*b¥b~ P a,#*b,=c, Pmmn (No. 59)
(N ata*ta~ P a,=b,=c, Pmmn (No. 59)
(8) atb ¢~ A a,#b,#c, a#90° A2,/m11 (No. 11)
9 ata~c~ A a,=b,#c, a#90° A2,/m11 (No. 11)
(10) atb™ b~ A a,#b,=c, a#90° Pmnb (No. 62)*f
(11) ataa” A a,=b,=c, ax#90° Pmnb (No. 62)*t
(12) a-b e F a,#b,#c, a#p#*y+#90° FT (No. 2)
(13) a“b~b~ F a,#Fby,=c, a#pF#y#90° I2/a (No. 15)*
(14) aa"a” F a,=b,=c, a=B=y#90° R3¢ (No. 167)
Two-tilt systems
(15) a:b:c: I 2a, x 2b, X 2¢, a,<z,;6c, ;Zzlmm (N(%‘ﬂ}””
(16) a’b*b I a,<b,=c mmm (No.
a7n a’h*ec- B a,<b,#c, Bmmb (No. 63)
(18) a’b*b~ B a,<b,=c, Bmmb (No. 63)
(19) a’b~e~ F a,<b,#c, a#90° F2/ml11 (No..12)
(20) a’b-b~ F a,<b,=c, a#90° Imcm (No. 74)*
One-tilt systems
21 aa’c* [ % 2a,%x2b,%X ¢, a,=b,<c, C4/mmb (No. 127)
(22) a’a’c” F 2a, % 2b, % 2¢, a,=b,<c, F4/mmec (No. 140)
Zero-tilt system
(23) a’a%a® Y o a,xb,xc, a,=b,=c, Pm3m (No. 221)

* These space-group symbols refer to axes chosen according to the matrix transformation

1 0 O
(5 39
o 3 3.

Tt In the l1972 paper tilt systems (10) and (11) were incorrectly given the space-group symbol Pama and tilt system (16) the
symbol 74/m.



14
Pbcn Dgh mmm Orthorhombic
No. 60 P 21/b 2/(' 2,/?’1 Patterson symmetry Pmmm
Positions
Multiplicity, Coordinates | = ZE[EIEMPben BEEIP2,2, 28, Pben B—RFRIR
W}’Ckﬂﬁ IEHET._, 8d1i§ﬁ8/\%§&' W ) fﬁpz 2 ZE'] ﬂﬁ%?&' N 2 \4C/\ﬁ4
Site 5}r|r|metr}r A%&z N -ﬂ:tﬁ'ﬁ'%j]u—/\‘]'c{_l.ﬁ (Ezi*l:)
8 d 1 (D) x, .2 2)x+1y+1.2+1 () X,y.2+ 1 @ x+iy+1z
(5) X.9.2 (6) x+3,v+3.7+43 (7) x,v.z2+1 (8) x+1iv+1iz
Maximal . hic sub Positions
daximal non-1somorpiuic subgroups Multiplicity, Coordinates 321 21 2
| [2] P2, cn(Pnal , 33) 1: 4, 6: 7 | | Wyckoff letter,

[2]Pb2n(Pnc2, 30) 1: 3: 6: 8 || Site symmetry

21Pbc2 (Pca2. . 29) 1: 2. 7. 8

2]1P2,22 (P2,22,18) 1;2; 3: 4|4 ¢ 1 (1) x,v,z (2) x,y,z (3) X+ 3,v+1.2 (4)x+31.7+3.2

21P112 P2 /c. 14 L2 S 6| === e e e e e e e - - — - — = - - —— -

EQ}PQ /bl{’;gpzl:igl 14% 1: 4: 5- 8 :4 c 1 (5) x,y,2 (6) X+ y+5. T+ (7) x,V.25%< 8) X+1,y+13,2 '

| 1/ =1 e et B [l
[2]P12/c1(P2/c, 13) ;3 57
2 b 2 0,5,z -0,z




Structure Transition and Magnetic properties

In Spinel Antiferromagnet GeCo,0O, and Relative Compounds.

Spinal, Cubic-Fd3m symmetry

O-site, BO,

Frustrated
coupling



GeCo0204 at 30 K
Lambda 1.5402

X10E 3

Counts

4

2.0

0.0

Hist 1

Obsd. and Diff. Profiles

A, L-S cycle 76
I

[ [ I [ [ [ [
Add a 8.311929 b 8.311929 c 8.311929
Fd3m Fnase o 90.0000 B 90.0000 Y 190.0000
r * name type ref/damp fractional coordinates Mult Occupancy —
1 Ge GE 000 O 0.125000 0.125000 0.125000 8 1.0000
2 Co (68) 000 O 0.500000 0.500000 0.500000 16 1.0000
30 0 X0 U0 O 0.248234 0.248234 0.248234 32 1.0000
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A structural transition from cubic to tetragonal
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Fd3m No. 227

CONTINUED
ORIGIN CHOICE 2 m3m
Maximal non-isomorphic subgroups 43m 432 m3 6/mmm
I (2] F43m (216) (1: 2; 3; 4 5; 6 A
2] F4,32(210) (1: 2; 3: 4; 5; 6] i
[21 Fd31 (Fd3.203) (1: 2; 3: 4: 5: / ' | = S,
[31F4,/d12/m(I4,/amd, 141) | (1.2:374; 13; 23 bmm 6m2 622 6/m 3m
{[3]F4ljd12,’m(f4],famd, 141) F(1; 2; 3: 4; 17; =PI
[31F4,/d12/m(I4,/amd, 141) | (1;2: 3; 4; 21; | _ | [
[4] F132/m(R3m. 166) (1: 5; 9; 14; 19| 42m 4mm 422 4/m mmm - TP
[41 F132/m (R3m. 166) (1: 6: 12: 13 1 | |
[4] F132/m (R3m, 166) (1; 7; 10; 13; 19 | NN N
[4] F132/m (R3m, 166) (1: 8 11: 14; 1 A 3m 32 3 6 6
I[Ia none L | P | =
IIb  none 4 mm2 222 4 2/m

Maximal isomorphic subgroups of lowest index
IIc [27]Fd3m(a =3a.b'=3b,¢ =3¢)(227)

Minimal non-isomorphic supergroups
| none

I [2]1Pn3m(a = la,b’ = 1b.¢ = l¢)(224)
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No. 141 and 142 have two origin choices

International Tables for Crystallography (2006). Vol. A, Space group 141, pp. 482—-485.
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4997 |:'d3 8.311929 b 8.31192%9 c 8.311929

- m

. o 90.0000 B 90.0000 vy 90.0000
* name type ref/damp fractional coordinates Mult Occupancy
1 Ge GE 000 O 0.125000 0.125000 0.125000 8 1.0000
2 Co 0 000 O 0.500000 0.500000 0.500000 16 1.0000
30 ) X0 U0 O 0.248234 0.248234 0.248234 32 1.0000

5.874729 b 5.874729 c 8.318870

#141: 14,/amd

. 90.0000 B 90.0000 Y 90.0000
* name type ref/damp fractional coordinates Mult Occupancy
1 Ge GE 0 0 O 0.000000 0.250000 0.375000 4 1.0000
2 Co 0 0.000000 0.000000 O0.000000 8 1.0000

0 0 O
30 0 0 0 0 0.000000 0.004070 0.251020 16 1.0000




Structural transition of GeCo,0, occurs at ~21K
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Lattice parameters (| A)
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Nuclear and Magnetic Structure Transitions at ~21 K
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