4.7. Symmetry dictionary (symcCIF)

By I. D. BROWN

This is version 1.0.1 of the symmetry CIF dictionary (SYymCIF), op os ol oF
which gives a more complete description of symmetry than was p
included in the original core CIF dictionary. A detailed commen- p nr

tary on the philosophy behind the dictionary and its use may be cp ¢l cF

found in Chapter 3.8. Example: &P’ (triclinic (anorthic) primitive lattice). [space_group]

SPACE_.GROUP
. . space_group.IT_coordinate_system_code (char)
Cﬁnitalns alrl] the data |temsLthat refer tolthe spetl)celgrouré as g qualifier taken from the enumeration list identifying which set-
whole, such as its name, Laue groaf. [t may be looped, i qin nternational Tables for Crystallographyolume A (2002)

for example in a list of space groups and their properties. |y s sed. SeT Table 4.3.2.1, Section 2.2.16, Table 2.2.16.1
Space-group types are identified by their number as listed inge ion 5 5 161 and Fig: 2.2.6.4. This item is not co.rn'pufe}-

Isnéﬁi)nezﬁ:cﬁgsls-rﬁlbe; foSr %gﬁéagggirﬁp?ygh?; ?’;Jebyrg‘f"~ Cainterpretable and cannot be used to define the coordinate system.
y - SP 9 P groups Se_space_group.transform_ * instead.

be identified by their Hall symbol, by specifying their symme- Reference:International Tables for Crystallograph{2002).

try operations or generators, or by giving the transformation| tha .
relates the specific setting to the reference setting baskderm tg%'? dnr]:cﬁ},' ﬁ?uﬁg;%ggge%{ggﬁgl?sdﬁzg by Th. Hahn, 5th ed.

national TablesVolume A and stored in this dictionary. The _
. ? The data value must be one of the following:
commonly used Hermann—Mauguin symbol determines| the

. . bl monoclinic unique axib, cell choice 1abc
space-group type uniquely but several different Hermann— L . .
: b2 monoclinic unique axi®, cell choice 2abc
Mauguin symbols may refer to the same space-group type. A L : .

. . . . . b3 monoclinic unique axi®, cell choice 3abc
Hermann—Mauguin symbol contains information on the chpice L . . =
of the basis, but not on the choice of origin bl monoclinic unique axif, cell choice 1cba

! gin. -b2 monoclinic unique axid, cell choice 2¢ba
Referencelnternational Tables for Crystallograph002). Vol- -b3 monoclinic unigue axi®, cell choice 3cba
ume A,Space-group symmetrgdited by Th. Hahn, 5th ed. Dor- cl monoclinic unique axis, cell choice 1abc

recht: Kluwer Academic Publishers. [ monoclinic unique axis, cell choice 2abc
drecht: Kl Acad Publish 2 I Il choice 2ab
Mandatory category. c3 monoclinic unique axis, cell choice 3abc
Category key(s): space_group.id -cl monoclinic unique axis, cell choice 1pac
Example 1 — description of the C2/c space group, No. 15 in International Tables €2 monocl!n!c un!que ax!s, cell chOfce zbai
for Crystallography Volume A. -c3 monoclinic unigue axis, cell choice 3pac
) al monoclinic unique axis, cell choice 1abc
—space_group.id 1 a2 monoclinic unique axis, cell choice 2abc
_space_group.name_H-M_ref 'C 2/c’ . . . .
space_group.name_Schoenflies c2h6 a3 monoclinic unique axis, cell choice 3abc
“space_group.IT_number 15 -al monoclinic unique axig, cell choice 1ach
_space_group.name_Hall -C 2yc’ -a2 monoclinic unique axis, cell choice 2ach
—space_group.Bravais_type ms -a3 monoclinic unique axis, cell choice 3ach
_space_group.Laue_class 2/m abe orthorhombic
_space_group.crystal_system monoclinic .
_space_group.centring_type c ba-c orthorhombic
_space_group.Patterson_name_H-M  'C 2/m’ cab orthorhombic
-cba orthorhombic
bca orthorhombic
_space_group.Bravais_type (char) a-cb orthorhombic

orthorhombic origin choice 1

The symbol denoting the lattice type (Bravais type) to which the 1abc
orthorhombic origin choice 1

translational subgroup (vector lattice) of the space group belongs.1Pa icongl :
It consists of a lower-case letter indicating the crystal system 1cab  orthorhombic origin choice 1
followed by an upper-case letter indicating the lattice centring. 1-cba  orthorhombic origin choice 1
The setting-independent symboBreplaces the setting-dependent  1bca  orthorhombic origin choice 1
symbols mB and mC, and the setting-independent symbms lach  orthorhombic origin choice 1

replaces the setting-dependent symio@isoB andoC. 2abc  orthorhombic origin choice 2
Reference:International Tables for Crystallography2002). 2ba-c.orthorhombic origin choice 2
2cab orthorhombic origin choice 2

Volume A, Space-group symmetrgdited by Th. Hahn, 5th ed.,
p. 15. Dordrecht: Kluwer Academic Publishers.
The data value must be one of the following:

2-cha orthorhombic origin choice 2
2bca orthorhombic origin choice 2

apP 2a-cb orthorhombic origin choice 2
mP mS 1 tetragonal or cubic origin choice 1
2 tetragonal or cubic origin choice 2
h trigonal using hexagonal axes
Affiliation: 1. DAvID BROWN, Brockhouse Institute for Materials Research, r trigonal using rhombohedral axes

McMaster University, Hamilton, Ontario, Canada L8S 4M1. [space_group]

459



SPACE.GROUP

_space_group.IT_number
_symmetry_Int_Tables_number (cif_core.dic 1.0

4. DATA DICTIONARIES cif_sym.dic

*_space_group.id (char)

This is an identifier needed ipace_group .* items are looped.

The number as assigned international Tables for Crystal- The following item(s) have an equivalent role in their respective categories:

lography Volume A, specifying the proper affine classe(the  space group symop.sg_id

orientation-preserving affine class) of space groups (crystallo-space group Wyckoff.sg id

graphic space-group type) to which the space group belongs. This

number defines the space-group type but not the coordinate system

in which it is expressed. _space_group.name_H-M_alt
Reference:International Tables for Crystallography2002).  —Symmetry_space_group_name_H-M  (cif-core.dic 1.9

Dordrecht: Kluwer Academic Publishers. Mauguin symbol to be given. The way in which this item is used

The permitted range i&l, 230). is determined by the user and should be described in the item
_space_group.name_H-M_alt_description . It may, for exam-
_space_group.Laue_class (char) ple, be used to give one of the extended Hermann—Mauguin
The Hermann—Mauguin symbol of the geometric crystal class o3ymbols given in Table 4.3.2.1 olnternational Tables for
the point group of the space group where a centre of inversion igrystallographyVolume A (2002) or a full Hermann—Mauguin
added if not already present. symbol for an unconventional setting. Each component of the
The data value must be one of the following: space-group name is separated by a space or an underscore
-1 character. The use of a space is strongly recommended. The

(numb

[space_group]

(char)

[space_group]

2/m  mmm underscore is only retained because it was used in older CIFs.
4m  4/mmm It should not be used in new CIFs. Subscripts should appear
-3 -3m without special symbols. Bars should be given as negative
6/m  6/mmm signs before the numbers to which they apply. The commonly
m-3  m-3m [space_group] used Hermann—Mauguin symbol determines the space-group

type uniquely, but a given space-group type may be described
_Space_group.Patterson_name_H-M (chan  hy more than one Hermann—Mauguin symbol. The space-
The Hermann—Mauguin symbol of the type of that centrosymyroup type is best described usingpace group.IT_number  or
metric symmorphic space group to which the Patterson functlogspace_group_name_SChoenﬂies . The Hermann—-Mauguin sym-
belongs; see Table 2.2.5.1limternational Tables for Crystallog-  ho| may contain information on the choice of basis but does not
raphyVolume A (2002). A space separates each symbol referringontain information on the choice of origin. To define the setting
to different axes. Underscores may replace the spaces, but this Ufiquely, use space_group.name_Hall , list the symmetry oper-
is discouraged. Subscripts should appear without special symbolstions or generators, or give the transformation that relates the
Bars should be given as negative signs before the number to whigatting to the reference setting defined in this dictionary under

they apply.

Reference:International Tables for Crystallography2002).
Volume A, Space-group symmetrgdited by Th. Hahn, 5th ed.,
Table 2.2.5.1. Dordrecht: Kluwer Academic Publishers.
Examples:P -1",'P 2/m’,'C 2/m ;P m m mC m m Ml m m m‘F m m m
‘P 4/m’ 1 4/m ", 'P 4m m mM‘l 4m m m,'P -3",'R -3",'P -3 m 1’,
‘R-3m,P -31 m,'P 6/m,'P 6/mmm‘Pm-3,lm-3"Fm -3,
‘Pm-3nm‘Ilm-3m,'Fm-3m. [space_group]

_Space_group.centring_type (char)

Symbol for the lattice centring. This symbol may be dependent on

the coordinate system chosen.
The data value must be one of the following:
P primitive no centring

A A-face centred (0, 1/2, 1/2)

B B-face centred (1/2, 0, 1/2)

C C-face centred (1/2, 1/2, 0)

F all faces centred (0, 1/2, 1/2), (1/2, 0, 1/2), (1/2, 1/2, 0)

| body centred (1/2, 1/2, 1/2)

R rhombohedral obverse centred (2/3, 1/3, 1/3), (1/3, 2/3, 2/3)
Rrev rhombohedral reverse centred (1/3, 2/3, 1/3), (2/3, 1/3, 2/3)
H hexagonal centred (2/3, 1/3, 0), (1/3, 2/3, 0)

[space_group]

_Space_group. crystal_system
_symmetry_cell_setting (cif_core.dic 1.0

(char)

_space_group.reference_setting .
Reference:International Tables for Crystallography2002).
Volume A, Space-group symmetredited by Th. Hahn, 5th ed.

Dordrecht: Kluwer Academic Publishers.

Related items: space_group.name_H-M_ref
_space_group.name_H-M_full (alternate) .
Example:

; loop _

_space _group.name _H-M.alt

_space _group.name _H-M_alt _description
'Cmc mbnn)

‘Extended Hermann-Mauguin symbol’

'C 2/c 2/m 21/m’

'Full unconventional Hermann-Mauguin symbol’
‘Amam

'Hermann-Mauguin symbol corresponding to setting used’
(Three examples for space group No. 63.)

(alternate),

[space_group]

_space_group.name_H-M_alt_description (char)
A free-text description of the code appearing iBpace_
group.name_H-M_alt

[space_group]

_space_group.name_H-M_full
symmetry.space_group_name_H-M  (cif-mm.dic 1.0.p

(char)

The name of the system of geometric crystal classes of spadéhe full international Hermann—Mauguin space-group symbol as
groups (crystal system) to which the space group belongs. Notefined in Section 2.2.3 and given as the second item of the sec-
that crystals with théRattice type belong to the trigonal system. ond line of each of the space-group tables of Partlteinational

The data value must be one of the following: Tables for Crystallography/olume A (2002). Each component of

triclinic the space-group name is separated by a space or an underscore
monoclinic character. The use of a space is strongly recommended. The under-
orthorhombic score is only retained because it was used in old CIFs. It should
tetragonal not be used in new CIFs. Subscripts should appear without special
trigonal symbols. Bars should be given as negative signs before the num-
hexagonal bers to which they apply. The commonly used Hermann—Mauguin
cubic [space_group] symbol determines the space-group type uniquely but a given
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cif_sym.dic 4.7. SYMMETRY DICTIONARY (symCIF) SPACE_GROUP

space-group type may be described by more than one Hermann:€ ¢ ¢ 2’ 37 3¢ '‘Amm 2 38 C
Mauguin symbol. The space-group type is best described usinga ¢ m 2’ 39 c¥ ‘Ama 2 40 c
_space_group.IT_number Or _space_group.name_Schoenflies . Aea? 41 C%J Emm 2 42 C%ff

The full international Hermann—Mauguin symbol contains infor-

mation about the choice of basis for monociinic and orthorhombic F d d 2 43 Cy Tmm 2 44 Cy
space groups but does not give information about the choice of ori-1 b 2 2' 45 Ch Tma?2 46 C3;
gin. To define the setting uniquely usgace_group.name_Hall Pmmm 47 D}, Pnnn 48 D3,
list the symmetry operations or generators, or give the transforma-p ¢ ¢ m’ 49 D3, Pban 50 D%,
g?crtli(r)(;lgﬁygr:ggrsettlng used t:) the refei;ence setting defined inthisp , o & 51 DS, P nna 52 DS,
I space_group.reference_setting . , , 7 , , 8
Reference:International Tables for Crystallograph{2002). ,P mn a’ >3 DS“ ,P cc a, >4 Df‘;
Volume A, Space-group symmefrgdited by Th. Hahn, 5th ed. = 2 am 55 Da Pccn 56 Dan
Dordrecht: Kluwer Academic Publishers. Pbcm 57 Dz Pnnnm 58 D3}
Related items: space_group.name_H-M_ref  (alternate), Pmmn 59 D3} Pbcn 60 DI}
_space_group.name_H-M_alt (alternate) . Pbc a 61 D%ﬁ Pnma 62 D%E
Example: P 21/n 21/m 21/a ' (full symbol for Pnm3g. [space_group] Cmecm 63 D% Cmec e 64 D%ﬁ
Cmmm 65 D3 Ccecm 66 D3
Cmme 67 D3 Ccece 68 D%
_space_group.name_H-M_ref (char) Fmmm 69 D3 'Fddd 70 D3
The short international Hermann—Mauguin space-group sym-'| m m m’ 71 D% Tbam 72 D%
bol as defined in Section 2.2.3 and given as the first item of . ,, . 4 73 D Tmm a 74 D2
each space-group table in Part 7 loternational Tables for P 4 75 ¢l P a1’ 76 2
CrystallographyVolume A (2002). Each component of the space- , : , , 4
group name is separated by a space or an underscore charad® 42 7 Cy P 43 78 Cy
ter. The use of a space is strongly recommended. The under! 4’ 79 G 14T 80 C}
score is only retained because it was used in old CIFs. It'P -4 81 S -4 82 S
should notlbe ust()adI in new CIrI]:s. Igugscripts should appear with-p 4/ 83 CL P 42/m’ 84 C2,
out special symbols. Bars shou e given as negative signs : 3 ; ) 4
before the numbers to which they apply. The short international ,P 4/n’ 85 Cg“ ,P 42”,] 86 C‘é“
Hermann-Mauguin symbol detérmines the space-group type' #/M 87 Cin | 4l/a 88 Cin
uniquely. However, the space-group type is better described usingP® 4 2 2’ 89 Dj P 4212 90 Dj
_space_group.IT_number Or _space_group.name_Schoenflies . ‘P 41 2 2 91 D ‘P 41 21 2 92 D}
The short international Hermann—Mauguin symbol contains'p 42 2 2 93 DS P 42 21 2 94 D
no information on the choice of basis or origin. To define :p 43 o » 95 D] P 43 21 2 96 Df
the setting uniql_Jer use space_group.name_Hall list the a2 97 DS 141 2 2 98 D10
symmetry operations or generators, or give the transforma- , . , , !
tion that relates the setting to the reference setting defined? 4 m m 99 Gy P4bm 100 Ci
in this dictionary under _space_group.reference_setting . P42 cm 101 C3, P42 nm 102 C3,
_space_group.name_H-M_alt may be used to give the Hermann— 'P 4 ¢ ¢ 103 C3, P4nc 104 C§,
Mauguin symbol corresponding to the setting used. In the enumer-p 42 m ¢ 105 CJ, ‘P 42 b C 106 Cg,
ation list below, each possible value is identified by space-group,; , .\ v 107 C2 14cm 108 C0
number and Schoenflies symbol. , , b , , B
Reference:International Tables for Crystallograph{2002). ,l 41 'm d, 109 C41v ,l 4l c d, 110 C“ZV
Volume A, Space-group symmetrgdited by Th. Hahn, 5th ed. P -4 2 m 111 Dz P-42c 112 Daq
Dordrecht: Kluwer Academic Publishers. P 421 m 113 D} P -421¢ 114 Dy
Related items: space_group.name_H-M_full (alternate), P-4 m?2 115 ng P -4 c 2 116 ng
_space_group.name_H-M_alt (alternate). P -4 b 2 117 ng P 4 n 2 118 ng
Tr?;da]t-?valuemustbeone](_)ftgifollowmg: _— , "4 m 2 119 ng N4 2 120 D%f,’
P 3 qu P 21 4 az -4 2 m 121 DI 142 d 122 D%
c o 5 P 6 Cl P 4mmm 123 D, ‘P 4m c ¢ 124 D3,
P o 7 2 cm g C? P 4nbm 125 D3, P 4nnc 126 Dj,
'C ¢ 9 c? P 2im’ 10 C}, P 4/m b m 127 D, P 4/m n ¢ 128 DS,
P 21m 11 G5, 'C 2/m’ 12 C, P 4n mm 129 D}, P 4incc 130 DE,
P 2/c 13 G P 21/ 14 G, P 42/m m ¢ 131 DS, P 42/mcm 132 DY
'C 2/ 15 G, P222 16 D3 P 42in b ¢ 133 D P 42in nm 134 DX
P22l 17 Dé P2l 212 18 Dg P 42/m b ¢ 135 DB P 42/mnm 136 D%
P2l212l’ 19D; c222l 20 D3 P 42in m ¢ 137 DY P 42in ¢ m' 138 D
,|022222,2 ;; Bg |F 221 2212 o1 ;i Bg 1 4/m m m’ 139 DY/ 1 4/m ¢ m 140 DX
Pmm 2 o5 Cii P m e 21 26 C§2V 1 4l/a m o 141 DY 'l 41/a ¢ d 142 DX
Pcc 2 27 g3, Pma 2 28 C, P 3 143 C; P 3v 144 ¢
P ca?2l 29 C3, Pncz2 30 C, P 3 145 ¢ R3 146 C3
P mn 20 31 C}, Pba? 32 C, P -3 147 G5 R -3 148 C§
P na?2l 33 G, Pnn2 34 ¥ P 312 149 D} P32 150 D3
Cmm?2 35 ci! 'Cmec 21 36 C)? P 3112 151 D} P 31271 152 D}
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SPACE.GROUP 4. DATA DICTIONARIES cif_sym.dic

P 3212 153 D3 P32271 154 D§ type) to which the space group belongs. This symbol defines the
'R 3 2 155 D] P3m1 156 CL, space-group type independently of the coordinate system in which

P31m 157 C2, P3¢ 158 C3, the space group is expres_sed. T_he symbol is given with a_penod,
P g1 ¢ 159 Ct R 3 m 160 C5, ', separating the Schoenflies point group and the superscript.

, , o , , ) Reference:International Tables for Crystallograph{2002).

R3c 161 G5, P-31m 162 Dy Volume A, Space-group symmetredited by Th. Hahn, 5th ed.

P-31c 163 D P-3m1l 164 D3 Dordrecht: Kluwer Academic Publishers.

'P-3cl 165 D3 ‘R -3 m 166 D3, The data value must be one of the following:

'R -3 ¢ 167 ng P 6 168 Cé Cil.1 Ci.l CZ.ﬁ C2.r2] CZ.S CS.;}L Csﬁ

) ) 2 ) ) 3 Cs.3 Cs.4 C2h.l1 C2h.2 C2h.3 C2h.4 C2h.5

P oL G P O Ghe a1 bes D25 D24 D25 o6

5 Ce D2.7 D2.8 D2.9 C2v.l1 C2v.2 C2v.3 C2v4

P 63 173 3 P -6 174 C, C2v.5 C2v.6 C2v.7 C2v.8 C2v.9 C2v.10 C2v.11

'P 6/m’ 175 Céh ‘P 63/m’ 176 Céh C2v.12 C2v.13 C2v.14 C2v.15 C2v.16 C2v.17 C2v.18

P62 2 177 D} P 61 2 2 178 D2 C2v.19 C2v.20 C2v.21 C2v.22 D2h.1 D2h.2 D2h.3

Pe322  19D;  PE22Z  180D5 B0 DN, hTs D2hi4 D2hiS D216 DINLT

) ) 5 ) , 6 . . . . . . .

,P 64 2 21 181 Df ,P 63 2 ‘2 182 Dg D2h.18 D2h.19 D2h.20 D2h.21 D2h.22 D2h.23 D2h.24

P6mm 183 Ce Pécc 184 Co D2h.25 D2h.26 D2h.27 D2h.28 C4.1 C42 CA4.3

P 63 cm 185 G, ‘P 63 mc 186 G, C44 C45 C46 S41 S42 C4hl C4h2

P -6m?2 187 D%h P -6 c2 188 D%h C4h.3 C4h.4 C4h5 C4h.6 D4.1 D4.2 D4.3

P 62 m 189 Dgh P 62 ¢ 190 Dgh D4.4 D4.5 D4.6 D4.7 D4.8 D4.9 D4.10

P 6/mm m 191 D}, P 6/m c ¢ 192 D2, gjv.l C4v.2 C4v.3 C4v.4 C4v.5 C4v.6 C4av.7

, , 5 , , . v.8 C4v.9 C4v.10 C4v.11 C4v.12 D2d.1 D2d.2

P 63/m ¢ m" 193 Dg, P 63/m m ¢’ 194 Dg, D2d.3 D2d.4 D2d.5 D2d.6 D2d.7 D2d.8 D2d.9

P23 195 T F23 196 T* D2d.10 D2d.11 D2d.12 D4h.l D4h.2 D4h.3 D4h.4

T2 3 197 T3 P21 3 198 T* D4h.5 D4h.6 D4h.7 D4h.8 D4h.9 D4h.10 D4h.11

121 3 199 T° P m -3 200 T} D4h.12 D4h.13 D4h.14 D4h.15 D4h.16 D4h.17 D4h.18

Pn3 00T Fms 22T S 07 Dss D4 D35 D36

1 1 4 y ’ 5 l. . . . . . .

,F d '3, 203 T“G ,' m 3 204 Th7 D3.7 C3v.l C3v.2 C3v.3 C3v.4 C3v.5 C3v6

Pa-3 205 Ty la -3 206 Ty D3d.1 D3d2 D3d3 D3d4 D3d5 D3d6 C6.1

P 432 207 O* P 42 3 2 208 O° C62 C63 C64 C65 C66 C3hl C6h.l

'F 432 209 O° 'F 41 3 2 210 O* C6h.2 D6.1 D6.2 D6.3 D6.4 D6.5 D6.6

143 2 211 O° 'P 43 3 2 212 O°f C6v.l C6v.2 C6v.3 Co6v.4 D3h.l1 D3h.2 D3h.3

P 41 3 2 213 O7 1413 2 214 08 D3h.4 D6h.1 D6h.2 D6h.3 D6h.4 T.1 T.2

, , . , , ) T.3 T4 T5 Thai Th2 Th3 Th4

P -43m 215 Tq F-43m 216 T4 Ths5 Th6 Th7 01 02 03 04

-4 3 m 217 1§ P 43N 218 T¢ 05 06 07 08 Tdl Td2 Td3

'F 43¢ 219 Td5 T -4 3 d 220 Td6 Td.4 Td.5 Td.6 Oh.1 Oh.2 Oh.3 Oh.4

Pm-=3m 221 Of Pn-3n 222 OF Ooh.5 Oh.6 Oh.7 Oh.8 0Oh.9 Oh.10

Pm-3n 223 Oﬁ Pn-3m 224 Oﬁ Example: C2h.5 ’ (Schoenflies symbol for space group No. 14). [space_group]

Fm-3m 225 Of Fm-3c¢ 226 Of

Fd-3m 227 Of Fd-3c 228 Op _space_group.point_group_H-M (char)

Tm-3m 229 O} Ta-3d 230 O The Hermann—Mauguin symbol denoting the geometric crystal
Examples:P 21/c’,*P m n &,'P -1',F m -3 ni,'P 63/m m m class of space groups to which the space group belongs, and the

[space_group] geometric crystal class of point groups to which the point group of
the space group belongs.

_space_group.name_Hall (char) ~ Examples::4’, “4/m’. [space_group]
_symmetry_space_group_name_Hall (cif_core.dic 1.0

Space-group symbol defined by Halkpace_group.name_Hall space_group.reference_setting (chan)

uniquely defines the space group and its reference to a partic 'Ic_?e reference setting of a given space group is the setting chosen

lar coordinate system. Each component of the space-group na the International Union of Crystallography as a unique settin
is separated by a space or an underscore character. The use Va y grapny q 9

space is strongly recommended. The underscore is only retain avt\:rilczo(l)ljrrfr: se;titrlngi\s/ecnar?nbsearceeferrﬁd tlrjai';gm:hﬁ tr:brlsformatlon
because it was used in old CIFs. It should not be used in new CIF pair g Lspace_group. wilin

] ) and _space_group.transform_Qq_xyz . The settings are given
References: Hall, S. R. (198.1%@ CrystA37, 517-525; erra- in the enumeration list in the form space_group.IT_number:
tum (1981), A7, 921. International Tables for Crystallography _space_group.name_Hall . The space-group number defines the

(2001). Volume BReciprocal spaceedited by U. Shmueli, 2nd

ed., Appendix 1.4.2. Dordrecht: Kluwer Academic Publishers.

Examples:P 2c -2ac ’(equivalenttoPca2;), ‘-| 4bd 2ab 3 ’(equivalent tola3d).
[space_group]

space-group type and the Hall symbol specifies the symmetry gen-
erators referred to the reference coordinate system. The 230 refer-
ence settings chosen are identical to the settings listddtan-
national Tables for Crystallographyolume A (2002). For the
space groups where more than one setting is givelmtierna-
_space_group.name_Schoenflies (char)  tional Tables the following choices have been made. For mono-
The Schoenflies symbol as listed International Tables for clinic space groups: unique axsand cell choice 1. For space
CrystallographyVolume A denoting the proper affine cladss(  groups with two origins: origin choice 2 (origin at inversion cen-
orientation-preserving affine class) of space groups (space-grotye, indicated by adding :2 to the Hermann—Mauguin symbol in
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cif_sym.dic

4.7. SYMMETRY DICTIONARY (symCIF)

the enumeration list). For rhombohedral space groups: hexago:048:-P 2ab 2bc’
nal axes (indicated by adding :h to the Hermann—Mauguin sym--g4g9:.p 2 2¢’
bol in the enumeration list). Based on the symmetry table of '050:-P 2ab 2b’
R. W. Grosse-Kunstleve, ETH, Zurich. The enumeration list may , _

be extracted from the dictionary and stored as a separate CIF tha

can be referred to as required.
In the enumeration list below, each reference setting is identi- '053:-P 2ac 2’
fied by Schoenflies symbol and by the Hermann—Mauguin symbol,’054:-P 2a 2ac’

augmented by :2 or :h suffixes as described above.

Referencesinternational Tables for Crystallographg2002).
Volume A, Space-group symmetredited by Th. Hahn, 5th
ed. Dordrecht: Kluwer Academic Publishers. Grosse-Kunstleve,
R. W. (2001).Xtal System of Crystallographic Programs, Sys-
tem Documentatian http://xtal.crystal.uwa.edu.au/man/xtal3.7-
228.html (or follow links to Docs»Space-Group Symbols from
http://xtal.sourceforge.net).

The data value must be one of the following:

'001:P T
'002:-P 1’
'003:P 2y’
'004:P 2yb’
'005:C 2y’
'006:P -2y’
'007:P -2yc
'008:C -2y’
'009:C -2yc’
'010:-P 2y’
'011:-P 2yb’
'012:-C 2y’
'013:-P 2yc’
'014:-P 2ybc’
'015:-C 2yc’
'016:P 2 2
'017:P 2¢c 2
'018:P 2 2ab’
'019:P 2ac 2ab’
'020:C 2c 2
'021:.C 2 2
'022.F 2 2
'023:1 2 2
'024:1 2b 2¢’
'025:P 2 -2
'026:P 2c -2’
'027:P 2 -2¢
'028:P 2 -2a’
'029:P 2c -2ac’
'030:P 2 -2bc’
'031:P 2ac -2
'032:P 2 -2ab’
'033:P 2c -2n’
'034:P 2 -2’
'035:C 2 -2
'036:C 2c -2
'037:C 2
'038:A 2
'039:A 2
'040:A 2 -2a’
'041:A 2
'042:F 2
'043:F 2
'044:1 2 -2
'045:1 2 -2¢’
'046:1 2 -2a’
'047:-P 2 2

Ci
ct
G
(o
c:

P1

P1
P121
P12,1
Cl21
P1iml
Pilcl
Climl
Clcil
P12/m1
P12;/m1
C12/m1
P12/cl
P12/cl
Cl2/c1
pP222
P222
P2,2,2
P212:12;
C222
Cc222
F222
1222
1212121
P mm2
Pmc2;
Pcc2
P ma2
Pca2;
Pnc2
P mn2;
Pba2
Pna2;
Pnn2
Ccmm2
Cmc2;,
Ccc2
Amm2
Aem2
Ama2
Aea2
F mm2
Fdd2
Imm2
Iba2
Ima2
Pmmm

pSl:-P 2a 2a’
'052:-P 2a 2bc’

'055:-P 2 2ab’
'056:-P 2ab 2ac’
'057:-P 2¢ 2b’
'058:-P 2 2n’
'059:-P 2ab 2a’
'060:-P 2n 2ab’
'061:-P 2ac 2ab’
'062:-P 2ac 2n’
'063:-C 2c 2’
'064:-C 2ac 2’
'065:-C 2 2
'066:-C 2 2c¢’
'067:-C 2a 2’
'068:-C 2a 2ac’
'069:-F 2 2
'070:-F 2uv 2ww’
0711 2 2
'072:-1 2 2¢
'073:-1 2b 2¢’
'074:-1 2b 2
'075:P &4
'076:P 4w’
'077:P 4c
'078:P 4cw’
'079:1 4

'080:1 4bw’
'081:P -4

'082:1 -4’
'083:-P 4
'084:-P 4c¢’
'085:-P 4a’
'086:-P 4bc’
'087:-1 4

'088:-1 4ad’
'089:P 4 2
'090:P 4ab 2ab’
'091:P 4w 2c¢’
'092:P 4abw 2nw’
'093:P 4c 2
'094:P 4n 2n’
'095:P 4cw 2c¢’
'096:P 4nw 2abw’
'097:1 4 2
'098:1 4bw 2bw’
'099:P 4 -2
'100:P 4 -2ab’
'101:P 4c -2¢
'102:P 4n -2n’
'103:P 4 -2¢
'104:P 4 -2n’
'105:P 4c -2

D3,
D3n
D
DS,
D,
D
DS,
Dy
D2,
Dy
Dz;
Dzn
Dzh
Dzn
Dzp
D2y
Dzp
D2n
D3
D%
D3
D3
Do
D3
D3
D3
D3
Ci

Ci

Ci

Ci

Ci

C:

S

Cin
Chn
Cén
Cin
Can
Cén
D;
D}
D}
D;
D;
Dg
D;
Dj
D}
DL
lel‘v
C‘%V
Cgv
cfllv
Ci’v
Cgv
CZV

Pnnn2
Pccm
Pban2
Pmma
Pnna
Pmna
Pcca
Pbam
Pccn
Pbcm
Pnnm
Pmmn2
Pbcn
Pbca
Pnma
Cmcm
Cmce
Cmmm
Cccm
Cmme
Ccce2
Fmmm
Fddd2
Immm
Ibam
Ibca
Imma
P4

P4,
P4,
P43

1 4

| 44

P4

14
P4/m
P42/m
P4/n:2
P4,/n:2
14/m

| 4,/a:2
P422
P42,2
P4,22
P4,2,2
P4,22
P4,2,2
P4;22
P452,2
1422
14,22
P4mm
P4bm
P4,cm
P4;nm
P4cc
P4nc
P4, mc
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'"106:P 4c -2ab’
'107:1 4 -2
'108:1 4 -2¢
'109:1 4bw -2’
'110:1 4bw -2¢’
"111:P -4 2
"112:P -4 2¢’
"113:P -4 2ab’
'"114:P -4 2n’
'115:P -4 -2
'"116:P -4 -2¢
"117:P -4 -2ab’
'"118:P -4 -2n’
'"119:1 -4 -2
'120:1 -4 -2¢’
1211 -4 2
'"122:1 -4 2bw’
'"123:-P 4 2
'"124:-P 4 2¢’
'"125:-P 4a 2b’
'"126:-P 4a 2bc’
'"127:-P 4 2ab’
'"128:-P 4 2n’
'"129:-P 4a 2a’
'130:-P 4a 2ac’
'"131:-P 4c 2
'132:-P 4c 2c¢
'"133:-P 4ac 2b’
'"134:-P 4ac 2bc’
'"135:-P 4c 2ab’
'136:-P 4n 2n’
'137:-P 4dac 2a’
'138:-P 4ac 2ac’
'"139:-1 4 2
'140:-1 4 2¢
'"141:-1 4bd 2
'"142:-1 4bd 2c¢’
"143:P 3
'"144:P 31’
'145:P 32’
'"146:R 3
"147:-P 3
'148:-R 3’
"149:P 3 2
'"150:P 3 2"
'"151:P 31 2 (0 0 4)
'152:P 31 2"
'"153:P 32 2 (0 0 2)
'"154:Pp 32 2"
'"155:R 2"
'"156:P 3 -2"
'"157:P 3 -2
'"158:P 3 -2"c’
'"159:P 3 -2¢
"160:R 3 -2"
"161:R 3 -2"¢’
'"162:-P 3 2
'163:-P 3 2c¢’

W wwwwww

ch
i,
i
ci
ci

D34
D34
D34
D34
D4
Djq
D34
D3
D3
D3
D33
Din
Din
D
Din
Din
Dg,
Din
Dén
Dan
Din
o3
o
0
o
oi
o
o
o}
o
o
O;.
c\/§
c
(o4
o
5
D;
Dj
D3
D3
D3
D3
D}
C%V

3
G

4
v

6
v

D3
D%

P4;bc
I4mm
l4cm

| 41md

| 410d
P42m
P42c
PZZlm
P42c
P4m2
P4c2
P4b2
P4n2

| 4m2

| 4c2
142m

1 42d
P4/mmm
P4/mcc
P4/nbm2
P4/nnc2
P4/mbm
P4/mnc
P4/nmma2
P4/ncc2
P4,/mmc
P4,/mcm
P4,/nbc2
P4,/nnm2
P4,/mbc
P4;/mnm
P4;/nmc2
P4;/ncm2
l4/mmm
I4/mcm

| 4;/amd2
14,/acd?2
P3

P3;

P3;

R3:h

P3

R3h

P312
P321
P3:12
P3:21
P3:12
P321
R32h
P3mi
P31m
P3c1
P31lc
R3mh
R3ch
P31m
P31c
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'164:-P 3 2"
'165:-P 3 2"c’
'166:-R 3 2"
'167:-R 3 2'c’
'168:P 6’

'169:P 61’

'170:P 65’

'171:P 62’

'172:P 64

'173:P 6¢C’

'174:P -6

'175:-P €

'176:-P 6C’

177:P 6 2

'178:P 61 2 (0 O 5)
'179:P 65 2 (0 0 1Y)
'180:P 62 2 (0 O 4y
'181:P 64 2 (0 0 2y
'182:P 6¢c 2c’
'183:P 6 -2’
'184:P 6 -2¢
'185:P 6¢ -2’
'186:P 6Cc -2C’
'187:P -6 2
'188:P -6¢ 2’
'189:P -6 -2’
'190:P -6¢ -2¢’
'191:-P 6 2
'192:-P 6 2¢’
'193:-P 6¢ 2’
'194:-P 6¢ 2C’
195:P 2 2 3
'196:F 2 2 3
19711 2 2 3
'198:P 2ac 2ab 3
'199:1 2b 2¢c 3’
'200:-P 2 2 3
'201:-P 2ab 2bc 3’
202:-F 2 2 3
'203:-F 2uv 2vw 3’
204:-1 2 2 3
'205:-P 2ac 2ab 3’
'206:-1 2b 2¢ 3’
207:P 4 2 3
'208:P 4n 2 3
209:F 4 2 3
210:F 4d 2 3
21111 4 2 3
'212:P 4acd 2ab 3
'213:P 4bd 2ab 3
'214:1 4bd 2c 3
215:P -4 2 3
216:F -4 2 3
2171 -4 2 3
'218:P -4n 2 3
219:F -4a 2 3
'220:1 -4bd 2c 3
221:-P 4 2 3

D
D3
D3
DS
ct
c?
cs

Ce
Ce
G

2
h

Ds
D3
D
Ds
Ds
D

2
Cov

3
v

D3,
Dj
D3
D3
Dén
D5
D&,
Dén
T
T2
T3
T4
T 5
T
T2
T2
T
T
T8
T/
Ol
02
03
O4
05
06
O7
08
T
T2
T3
T4
TP
TS
Of

cif_sym.dic
P3mil
P3cl
R3mh
R3ch
P6
P6;
P6s
P6,
P64
P63
P6
P6/m
P63/m
P622
P6,22
P6522
P6,22
P6,22
P6322
P6mm
P6cc
P6scm
P6smc
P6mM2
P6C2
P62m
P62c
P6/mmm
P6/mcc
P6s/mcm
P6s/mmc
P23
F23
123
P2:3
12:3
Pm3
Pn3:2
Fm3
Fd3:2
Im3
Pa3
la3
P432
P4,32
F432
F4,32
1432
P4332
P4,32
14,32
P43m
F43m
143m
P43n
F43c
1 43d
Pm3m
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'222:-P 4a 2bc 3 O Pn3n2

, , n — SPACE GROUP_SYMOP

223:-P 4n 2 3 O, Pm3n o ] )

'924:-P 4bc 2bc 3 of Pn3m2 Contains information about the symmetry operations of the gpace

005:F 4 2 O° Fm3m gr?up.k “ .,

= ategory Key(s): space_group_symop.i

'226:-F 4a 2 3 Of Fm3c IO XEVOR 3pace JToTb Symop

997.F Avw 2vw 3’ OZ E dZim:Z Example 1 — the symmetry operations for the space grajpd

'228:-F 4ud 2vw 3’ O Fd3c2 loop_ _

, . , 9 — _space_group_symop.id

229:-1 4 2 3 oh |m3_m _Space_group_symop.operation_xyz

'230:-1 4bd 2¢ 3’ oﬁo la3d _space_group_symop.operation_description

1 X,y,z 'identity mapping’
[space_group] 2 X,Y,-Z inversion’
3 -X,1/2+y,1/2-z
'2-fold screw rotation with axis in (0,y,1/4)

_space_group.transform_Pp_abc 4 x1Ry1/24z
This item specifies the transformatigR, p) of the basis vectors ‘c glide reflection through the plane (x,1/4y)
from the setting used in the CIf, b, ¢) to the reference setting
given in_space_group.reference_setting (&,b',c). The value
is given in Jones—Faithful notation corresponding to the rotationalspace group_symop.generator_xyz (char)

matrix P combined with the origin shift vectqrin the expression A parsable string giving one of the symmetry generators of the
space group in algebraic form.\I¥ is a matrix representation of
(@,b,c) = (ab,c)P+p. the rotational part of the generator defined by the positions and
signs ofx, y andz, andw is a column of translations defined by
the fractions, an equivalent positiath is generated from a given
positionx by

P is a post-multiplication matrix of a ro\a, b, ¢) of column vec-
tors. Itis related to the inverse transformati@ q) by

P=Q%,

p=Pg=—-(QHa. . T
When a list of symmetry generators is given, it is assumed that the
These transformations are applied as follows: atomic coordieomplete list of symmetry operations of the space group (including

X = WX+ w.

nates(X,y,Z) = Q(x,¥,2) + g, Miller indices (,k',I’) =  the identity operation) can be generated through repeated multipli-
(h,k, )P, symmetry operations/’ = (Q, q)W(P, p), basis vectors cation of the generators, that i@\s, w3) is an operation of the
(&,p,c)=(ab,c)P+p. space group ifWs, w,) and (Wi, wy) [where (Wy, ws) is applied

This item is given as a character string involving the characterfirst] are either operations or generators and
a, b andc with commas separating the expressions forahé’

andc’ vectors. The numeric values may be given as integers, frac- W5 =W5 x W,
tions or real numbers. Multiplication is implicit, division must be w3 =Wh X Wy + Wo.
explicit. White space within the string is optional.
Examples: ‘b+c, atc, -atb+c (R toR3:h), ‘a-1/4, b-1/4, c-1/4 *(Pnnnl Reference:International Tables for Crystallograph{2002).
toPnnn2), ‘b-1/2, ¢-1/2, a-1/2 ' (Bbah1 toCcca2). [space_group] Volume A, Space-group symmetrgdited by Th. Hahn, 5th ed.
Dordrecht: Kluwer Academic Publishers.
Related item; space_group_symop.operation_xyz (alternate). Where no value is

_spacg_group.tra}r?sform_Qq_xyz . . given, the assumed value isy,z °
This item SpECIfIES the tranSforma“quv CI) of the atomic Example: X,1/2-y,1/2+z ' (c glide reflection through the plang, (1/4,2z) chosen as one

COOFdInateS fl’0m the Settlng Used |n the CKR, y, Z) referred of the generators of the space group) [Space_group_symop]
to the basis vectorga,b,c)] to the reference setting given
in ref i Xy, Z) referred to the :

_space_group.reference_setting [(X,y,Z) «_space__group._symop.id (chan

basis vectorga’, b’, ¢')]. The value given in Jones—Faithful nota-
tion corresponds to the rotational mat@xcombined with the ori-
gin shift vectorqg in the expression

_symmetry_equiv_pos_site_id (cif_core.dic 1.0
_symmetry_equiv.id (cif-mm.dic 1.0
An arbitrary identifier that uniquely labels each symmetry opera-

(X.Y,Z) =Q(x.Y.2) +q. tion in the list.
Qs a pre-multiplication matrix of the column vectoy, y, 2). It is [space_group_symop]
related to the inverse transformati® p) by
_Space_group_symop.operation_description (char)
P=Q", An optional text description of a particular symmetry operation of
p=Pq=—(Q Y, the space group.

X . X [space_group_symop]
where theP andQ transformations are applied as follows: atomic

coordinategx’,y',Z) = Q(x,Y, z) + g, Miller indices(H,K', ") = )
(h,k, )P, symmetry operation&” = (Q, q)W(P, p), basis vectors —SPacé_group_symop.operation_xyz (char)
(a/ b C') — (a b C)P +p. _Symmetry_equiv_pos_as_xyz (cif_core.dic 1.0

This item is given as a character string involving the character§ Parsable St.“”gl gl\élng ?ne o{"’;h_e symmetry operations of ;he
x, y andz with commas separating the expressions forxhe/ ~ SPaCe group in algebraic form.W is a matrix representation of
andZ components. The numeric values may be given as integer e rotational part of the symmetry operation defined by the posi-

fractions or real numbers. Multiplication is implicit, division must 1oNS and signs ok, y andz andw is a column of translations
be explicit. White space within the string is optional. defined by the fractions, an equivalent positirs generated from
a given positiorx by

Examples: -x/3+2y/3-z/3, -2x/3+y/3+z/3, x/3+yl3+z/3 ' (R3:rtoR3:h),
‘x+1/4,y+1/4,2+1/4 " (PnnnltoPnnn2), ‘z+1/2,x+1/2,y+1/2 ' (Bbah1l to ,
Ccca). [space_group] X' =WX+w.

465
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4. DATA DICTIONARIES

When a list of symmetry operations is given, it is assumed that thespace_group_Wyckoff.id

cif_sym.dic
(char)

list contains all the operations of the space group (including th@n arbitrary identifier that is unique to a particular Wyckoff posi-
identity operation) as given by the representatives of the genergbn.

position ininternational Tables for Crystallographyolume A.
Reference:International Tables for Crystallograph{2002).

[space_group_Wyckoff]

Volume A, Space-group symmetredited by Th. Hahn, 5th ed.

Dordrecht: Kluwer Academic Publishers.

Related item; space_group_symop.generator_xyz (alternate). Where no value is

given, the assumed value isy,z '

Example: X,1/2-y,1/2+z " (c glide reflection through the plang, (1/4,2)).
[space_group_symop]

_space_group_symop.sg_id (nump
A child of _space_group.id  allowing the symmetry operation
be identified with a particular space group.

[space_group_symop]

SPACE_.GROUP_WYCKOFF

Contains information about Wyckoff positions of a space gr
Only one site can be given for each special position but

stored in_space_group_symop.operation_xyz
Category key(s): space_group_Wyckoff.id

Example 1 — this example is taken from the space gro@cl‘-\'lﬂlo. 228, origin
choice 2). For brevity only a selection of special positions are listed. The ¢

coordinates of the other sites can be generated using the symmetry ope
given in the SPACEGROUP_SYMOP category.

loop_

_space_group_Wyckoff.id
_space_group_Wyckoff.multiplicity
_space_group_Wyckoff.letter
_space_group_Wyckoff.site_symmetry
_space_group_Wyckoff.coord_xyz

1 192 h 1 X,y,Z

2 96 g .2 1/4y,-y

3 96 f 2. x,1/8,1/8

4 32 b .32 1/4,1/4,1/4

_space_group_Wyckoff.coords_xyz (chan

bup.

remainder can be generated by applying the symmetry operation-g

_space_group_Woyckoff.letter (char)
The Wyckoff letter associated with this position, as giveimirer-
national Tables for Crystallographyolume A. The enumeration
value\a corresponds to the Greek letter used inInternational
Tables

Reference:International Tables for Crystallograph{2002).
Volume A, Space-group symmetredited by Th. Hahn, 5th ed.
Dordrecht: Kluwer Academic Publishers.
The data value must be one of the following:
abcdefghijklImnopgrstuvwx

yz \a

to

[space_group_Wyckoff]

_space_group_Wyckoff.multiplicity (nump
theThe multiplicity of this Wyckoff position as given imternational

ablesVolume A. It is the number of equivalent sites per conven-
tional unit cell.

Reference:International Tables for Crystallograph{2002).
Volume A, Space-group symmetredited by Th. Hahn, 5th ed.
Dordrecht: Kluwer Academic Publishers.

001 The permitted range i4, co). [space_group_Wyckoff]

dinates of only one site per special position can be given in this item, but the

ations
_space_group_Wyckoff.sg_id (char)
A child of _space_group.id  allowing the Wyckoff position to be
identified with a particular space group.
[space_group_Wyckoff]

_space_group_Wyckoff.site_symmetry (char)

The subgroup of the space group that leaves the point fixed. It is
isomorphic to a subgroup of the point group of the space group.
The site-symmetry symbol indicates the symmetry in the symme-
try direction determined by the Hermann—Mauguin symbol of the

space group (sdaternational Tables for Crystallographyolume

Coordinates of one site of a Wyckoff position expressed in termg,, Section 2.2.12).

of its fractional coordinates«(y, 2) in the unit cell. To generate

Reference:International Tables for Crystallography2002).

the coordinates of all sites of this Wyckoff position, it is necessaryolume A, Space-group symmetredited by Th. Hahn, 5th ed.

to multiply these coordinates by the symmetry operations sto
_Space_group_symop.operation_xyz
Where no value is given, the assumed valuejg,z ’

Example: X,1/2,0 ' (coordinates of Wyckoff site with 2.. symmetry).
[space_group_Wyckoff]

red ipordrecht: Kluwer Academic Publishers.
Examples: 2.22 ’ (position 2b in space group No. 9484,2,2), ‘42.2 ’ (position & in space
group No. 222Pn3_’n), ‘2.. ' (Site symmetry for the Wyckoff position 96in space group No.
228,Fd3c. The site-symmetry group is isomorphic to the point group 2 with the twofold axis
along one of the 100 directions.). [space_group_Wyckoff]
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