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1. INTRODUCTION TO SPACE-GROUP SYMMETRY

P 3 1 2=m etc. In the short HM symbol the ‘2/’ is not kept:

P3m1 or P31m etc.

1.4.1.4.7.2. Hexagonal space groups

Hexagonal space groups have either one or three representa-

tive symmetry directions. The space groups of crystal classes 6, 6

and 6/m have [001] as their single symmetry direction for the axis

6 or 6k for k ¼ 1; . . . ; 5 or 6, and for the plane m with its normal

along [001]. The short and full HM symbols are the same.

Examples are P6, P64, P6 and P63=m.

Space groups of crystal classes 622, 6mm, 62m and 6/m 2/m 2/m

have the representative symmetry directions [001], [100] and

½110�. As opposed to the trigonal HM symbols, in the hexagonal

HM symbols no symmetry direction is ‘empty’ and occupied by

‘1’.

In space groups of the crystal classes 622, 6mm and 62m the

short and full HM symbols are the same; in 6/m 2/m 2/m the short

symbols are deprived of the parts ‘2/’ of the full symbols. The full

HM symbol P 63=m 2=m 2=c is shortened to the short HM symbol

P63=mmc, the full HM symbol P 63=m 2=c 2=m is shortened to

P63=mcm. The two denote different space-group types.

1.4.1.4.7.3. Rhombohedral space groups

The rhombohedral lattice may be understood as an R-centred

hexagonal lattice and then referred to the hexagonal basis. It has

two kinds of symmetry directions, which coincide with the

primary and secondary symmetry directions of the hexagonal

lattice (owing to the R centrings, no symmetry operation along

the tertiary symmetry direction of the hexagonal lattice is

compatible with the rhombohedral lattice). On the other hand,

the rhombohedral lattice may be referred to a (primitive)

rhombohedral coordinate system with the lattice parameters a =

b = c and � = � = �. The HM symbol of a rhombohedral space

group starts with R, its representative symmetry directions are

½001�hex or ½111�rhomb and ½100�hex or ½110�rhomb. In this section the

rhombohedral primitive cell is used. The rotations 3 and the

rotoinversions 3 are accompanied by screw rotations 31 and 32.

Rotations 2 about horizontal axes always alternate with 21 screw

rotations and reflections m are accompanied by different glide

reflections g with unconventional glide components. The addi-

tional operations mentioned are not listed in the full HM

symbols.

The seven rhombohedral space groups belong to the five

crystal classes 3, 3, 32, 3m and 32=m. In R3 and R3 only the first of

the symmetry directions is occupied and listed in the full and

short HM symbols. In the space groups of the other crystal classes

the second symmetry direction ½110� is occupied by ‘2’ or ‘m’ or ‘c’

or ‘2/m’ or ‘2/c’, leading to the full HM symbols R32, R3m, R3c,

R32=m and R32=c. In the short HM symbols the ‘2/’ parts of the

last two symbols are skipped: R3m and R3c.

1.4.1.4.8. Cubic space groups

There are five cubic crystal classes combined with the three

types of lattices P, F and I in which the cubic space groups are

classified. The two symmetry directions [100] and [111] are the

representative directions in the space groups of the crystal classes

23 and 2=m 3. A third representative symmetry direction, ½110�, is

added for space groups of the crystal classes 432, 43m and

4=m 3 2=m.6

In the full HM symbol the symmetry is described as usual.

Examples are P213, F 2=d 3, P4332, F43c, P 42=m 3 2=n and finally

No. 230, I 41=a 3 2=d. The short HM symbols of the noncen-

trosymmetric space groups (those of crystal classes 23, 432 and

43m) are the same as the full HM symbols. In the short HM

symbols of centrosymmetric space groups of the crystal classes

2=m 3 and 4=m 3 2=m the rotations or screw rotations are omitted

with the exception of the rotations 3 and rotoinversions 3 which

represent the symmetry in direction [111]. Thus, in the examples

listed above, Fd3, Pm3n and Ia3d are the short HM symbols

differing from the full HM symbols.

As in the orthorhombic space groups I222 and I212121, there is

the pair I23 and I213 in which the ‘simplest symmetry operation’

rule is violated. In both space groups twofold rotations and screw

rotations around a, b and c occur simultaneously. In I23 the

rotation axes intersect, in I213 they do not. The first space group

can be generated by adding the I-centring to the space group P23,

the second is obtained by adding the I-centring to the space

group P213.

1.4.1.5. Hermann–Mauguin symbols of the plane groups

The principles of the HM symbols for space groups are

retained in the HM symbols for plane groups (also known as

wallpaper groups). The rotation axes along c of three dimensions

are replaced by rotation points in the ab plane; the possible orders

of rotations are the same as in three-dimensional space: 2, 3, 4

and 6. The lattice (sometimes called net) of a plane group is

spanned by the two basis vectors a and b, and is designated by a

lower-case letter. The choice of a lattice basis, i.e. of a minimal

cell, leads to a primitive lattice p, in addition a c-centred lattice is

conventionally used. The nets are listed in Table 3.1.2.1. The

reflections and glide reflections through planes of the space

groups are replaced by reflections and glide reflections through

lines. Glide reflections are called g independent of the direction

of the glide line. The arrangement of the constituents in the HM

symbol is displayed in Table 1.4.1.2.

Short HM symbols are used only if there is at most one

symmetry direction, e.g. p411 is replaced by p4 (no symmetry

direction), p1m1 is replaced by pm (one symmetry direction) etc.

There are four crystal systems of plane groups, cf. Table 3.2.3.1.

The analogue of the triclinic crystal system is called oblique, the

analogues of the monoclinic and orthorhombic crystal systems

are rectangular. Both have rotations of order 2 at most. The

presence of reflection or glide reflection lines in the rectangular

crystal system allows one to choose a rectangular basis with one

basis vector perpendicular to a symmetry line and one basis

Table 1.4.1.2
The structure of the Hermann–Mauguin symbols for the plane groups

The positions of the representative symmetry directions for the crystal systems are
given. The lattice symbol and the maximal order of rotations around a point are
followed by two positions for symmetry directions.

Crystal system Lattice(s)
First
position

Second
position

Third
position

Oblique p 1 or 2 — —

Rectangular p, c 1 or 2 a b

Tetragonal p 4 a a � b

Hexagonal p 3 a 1
or

3 1 a � b

6 a a � b

6 Note: ‘3’ or ‘3’ directly after the lattice symbol denotes a trigonal or
rhombohedral space group; ‘3’ or ‘3’ in the third position (second position after
the lattice symbol) is characteristic for cubic space groups.

references

International Tables for Crystallography (2016). Vol. A, Section 1.4.1.4.7.3, p. 48.

Copyright © 2016 International Union of Crystallography

http://it.iucr.org/Ac/ch1o4v0001/references/
http://it.iucr.org/Ac/ch1o4v0001/sec1o4o1o4o7o3/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [641.000 859.000]
>> setpagedevice


