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2.1. Guide to the use of the space-group tables

TH. HAHN, A. LoouENGA-Vos, M. 1. Arovo, H. D. FLack, K. MoMMA AND P. KONSTANTINOV

In this part of the volume, tables and diagrams of crystallographic
data for the 17 types of plane groups (Chapter 2.2) and the 230
types of space groups (Chapter 2.3) are presented. With the
exception of the data for maximal subgroups and minimal
supergroups (which have been transferred to Volume Al), the
crystallographic data presented in Chapters 2.2 and 2.3 closely
follow those in the fifth (2002) edition of Volume A, hereafter IT
A (2002). This chapter is a guide to understanding and using
these data.

Only a minimum of theory is provided here, as the emphasis is
on the practical use of the data. For the theoretical background to
these data, the reader is referred to Parts 1 and 3, which also
include suitable references. A textbook explaining space-group
symmetry and the use of the data in Chapters 2.2 and 2.3 (with
exercises) is provided by Hahn & Wondratschek (1994); see also
Miiller (2013).

Section 2.1.1 displays, with the help of an extensive synoptic
table, the classification of the 17 plane groups and 230 space
groups. This is followed by an explanation of the characterization
of the conventional crystallographic coordinate systems,
including the symbols for the centring types of lattices and cells.
Section 2.1.2 lists the alphanumeric and graphical symbols for
symmetry elements and symmetry operations used throughout
this volume. The lists are accompanied by notes and cross-
references to related IUCr nomenclature reports. Section 2.1.3
explains in a systematic fashion, with many examples and figures,
all the entries and diagrams in the order in which they occur in
the plane-group and space-group tables of Chapters 2.2 and 2.3.
Detailed treatments are given for the Hermann-Mauguin space-
group symbols, the space-group diagrams, the general and special
positions, the reflections conditions, monoclinic space groups, and
the two crystallographic space groups in one dimension (which
are also known as the line groups and are treated in Section
2.1.3.16). Section 2.1.4 discusses the computer generation of the
space-group tables in this and earlier editions of the volume.

2.1.1. Conventional descriptions of plane and space groups
By Tu. HAHN AND A. LOOUENGA-VOS

2.1.1.1. Classification of space groups

In this volume, the plane groups and space groups are classified
according to three criteria:

(i) According to geometric crystal classes, i.e. according to the
crystallographic point group to which a particular space
group belongs. There are 10 crystal classes in two dimensions
and 32 in three dimensions. They are described and listed in
Chapter 3.2 and in column 4 of Table 2.1.1.1. [For arithmetic
crystal classes, see Chapter 1.3 and Table 2.1.3.3 in this
volume, and Chapter 1.4 of International Tables for Crys-
tallography, Vol. C (2004).]

(i) According to crystal families. The term crystal family
designates the classification of the 17 plane groups into four
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categories and of the 230 space groups into six categories, as
displayed in column 1 of Table 2.1.1.1. Here all ‘hexagonal’,
‘trigonal’ and ‘rhombohedral’ space groups are contained in
one family, the hexagonal crystal family. The ‘crystal family’
thus corresponds to the term ‘crystal system’, as used
frequently in the American and Russian literature.

The crystal families are symbolized by the lower-case
letters a, m, o, t, h, c, as listed in column 2 of Table 2.1.1.1. If
these letters are combined with the appropriate capital
letters for the lattice-centring types (cf. Table 2.1.1.2),
symbols for the 14 Bravais lattices result. These symbols and
their occurrence in the crystal families are shown in column
8 of Table 2.1.1.1; mS and oS are the standard setting-
independent symbols for the centred monoclinic and the
one-face-centred orthorhombic Bravais lattices, cf. de Wolff
et al. (1985); symbols between parentheses represent alter-
native settings of these Bravais lattices.

(iii) According to crystal systems. This classification collects the
plane groups into four categories and the space groups into
seven categories. The classifications according to crystal
families and crystal systems are the same for two dimensions.

For three dimensions, this applies to the triclinic, mono-
clinic, orthorhombic, tetragonal and cubic systems. The only
complication exists in the hexagonal crystal family, for which
several subdivisions into systems have been proposed in the
literature. In this volume [as well as in International Tables
for X-ray Crystallography (1952), hereafter IT (1952), and
the subsequent editions of IT], the space groups of the
hexagonal crystal family are grouped into two ‘crystal
systems’ as follows: all space groups belonging to the five
crystal classes 3, 3, 32, 3m and 3m, i.e. having 3, 3,, 3, or 3 as
principal axis, form the trigonal crystal system, irrespective
of whether the Bravais lattice is AP or hR; all space groups
belonging to the seven crystal classes 6, 6, 6/m, 622, 6mm,
62m and 6/mmm, ie. having 6, 6,, 6,, 65, 6,, 65 or 6 as
principal axis, form the hexagonal crystal system; here the
lattice is always AP (cf. Chapter 1.3). The crystal systems, as
defined above, are listed in column 3 of Table 2.1.1.1.

A different subdivision of the hexagonal crystal family is in
use, mainly in the French literature. It consists of grouping all
space groups based on the hexagonal Bravais lattice #P (lattice
point symmetry 6/mmm) into the ‘hexagonal’ system and all
space groups based on the rhombohedral Bravais lattice AR
(lattice point symmetry 3m) into the ‘rhombohedral’ system. In
Chapter 1.3, these systems are called ‘lattice systems’. They were
called ‘Bravais systems’ in earlier editions of this volume.

The theoretical background for the classification of space
groups is provided in Chapter 1.3.

2.1.1.2. Conventional coordinate systems and cells

A plane group or space group usually is described by means
of a crystallographic coordinate system, consisting of a
crystallographic basis (basis vectors are lattice vectors) and a
crystallographic origin (origin at a centre of symmetry or at

references


http://it.iucr.org/Ac/ch2o1v0001/references/
http://it.iucr.org/Ac/ch2o1v0001/sec2o1o1o1/


<<
  /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


