
the same – instead of with the Niggli points – with the parameters of
conventional cells* of lattices of the Bravais type � we obtain a
division of the range† of these parameters into components. This
leads to a further division of lattices of the Bravais type � into
equivalence classes. We call these classes – in analogy to the Niggli
characters – conventional characters. There are 22 of them.

Two lattices of the same Bravais type belong to the same
conventional character if and only if one lattice can be deformed
into the other in such a way that the conventional parameters of the
deformed lattice change continuously from the initial to the final
position without change of the Bravais type. The word ‘con-
tinuously’ cannot be replaced by the stronger term ‘linearly’
because the range of conventional parameters of the monoclinic
centred lattices is not convex.

Conventional characters form a superdivision of the lattice
characters. Therefore, no special notation of conventional char-
acters need be invented: we write them simply as sets of lattice
characters which constitute the conventional character. Denoting
the lattice characters by integral numbers from 1 to 44 (according to
the convention in Section 9.2.5), we obtain for the conventional
characters symbols like �8, 19, 42� or �7�.

Conventional characters are described in Table 9.3.5.1.

9.3.6. Sublattices

A sublattice L� of an n-dimensional lattice L is a proper subset of L
which itself is a lattice of the same dimension as L. A sublattice L� of

Table 9.3.4.1. Conventional cells

Bravais
type

Centring
mode of the
cell (a, b, c) Conditions

cP P a � b � c,
� � � � � � 90�

cI I a � b � c,
� � � � � � 90�

cF F a � b � c,
� � � � � � 90�

tP P a � b �� c,
� � � � � � 90�

tI I c�
���

2
� �� a � b �� c, *

� � � � � � 90�
oP P a � b � c, �

� � � � � � 90�

oI I a � b � c,
� � � � � � 90�

oF F a � b � c,
� � � � � � 90�

oC C a � b �� a
���

3
�

, 	
� � � � � � 90�

hP P a � b,
� � � � 90�, � � 120�

hR P a � b � c,
� � � � �,
� �� 60�, � �� 90�, � �� �


mP P �2c cos� � a � c,�
� � � � 90� � �

mI I �c cos� � a � c, **
� � � � 90� � �, 
9�3�4�2�
but not a2 � b2 � c2,

a2 � ac cos� � b2, �� 
9�3�4�3�
nor a2 � b2 � c2,

b2 � ac cos� � a2, 		 
9�3�4�4�
nor c2 � 3b2 � 9a2,

c � �3a cos�, 

 
9�3�4�5�
nor a2 � 3b2 � 9c2,

a � �3c cos��� 
9�3�4�6�

Note: All remaining cases are covered by Bravais type aP.

* For a � c�
���

2
�

, the lattice is cF with conventional basis vectors c, a � b, a � b.
† The labelling of the basis vectors according to their length is the reason for
unconventional Hermann–Mauguin symbols: for example, the Hermann–Mauguin
symbol Pmna may be changed to Pncm, Pbmn, Pman, Pcnm or Pnmb. Analogous
facts apply to the oI, oC, oF, mP and mI Bravais types.
‡ For b � a

���

3
�

, the lattice is hP with conventional vectors a, 
b � a��2, c.
§ � � arccos
�1�3� � 109�28�16��. For � � 60�, the lattice is cF with conventional
vectors �a � b � c, a � b � c, a � b � c; for � � �, the lattice is cI with
conventional vectors a � b, a � c, b � c.
� This means that a, c are shortest non-coplanar lattice vectors in their plane.
** This means that a, c are shortest non-coplanar lattice vectors in their plane on
condition that the cell (a, b, c) is body-centred.
†† If (9.3.4.2) and (9.3.4.3) hold, the lattice is hR with conventional vectors
a, 
a � b � c��2, 
a � b � c��2, making the rhombohedral angle smaller than 60�.
‡‡ If (9.3.4.2) and (9.3.4.4) hold, the lattice is hR with conventional vectors
a, 
a � b � c��2, 
a � b � c��2, making the rhombohedral angle between 60 and
90�.
§§ If (9.3.4.2) and (9.3.4.5) hold, the lattice is hR with conventional vectors
�a, 
a � b � c��2, 
a � b � c��2, making the rhombohedral angle between 90�

and �.
�� If (9.3.4.2) and (9.3.4.6) hold, the lattice is hR with conventional vectors
�c, 
a � b � c��2, 
a � b � c��2, making the rhombohedral angle greater than �.

Table 9.3.5.1. Conventional characters

Bravais type Conditions Conventional character

cP {3}

cI {5}

cF {1}

tP a � c {11}

c � a {21}

tI a � c�
���

2
�

{15}

c�
���

2
�

� a � c {7}

c � a {6, 18}

oP {32}

oI {8, 19, 42}

oF {16, 26}

oC b � a
���

3
�

{13, 23}

a
���

3
�

� b {36, 38, 40}

hP {12, 22}

hR* � � 60� {9}

60� � � � 90� {2}

90� � � � �† {4}

� � � {24}

mP {33, 34, 35}

mC {10, 14, 17, 20, 25, 27, 28,
29, 30, 37, 39, 41, 43}

aP � � 90� {31}

90� � � {44}

* The angle � refers to the rhombohedral description of the hR lattices.
† � � arccos
�1�3� � 109�28�16��.

� For aP lattices, these parameters are derived from the Niggli point [see (9.3.2.1)].
� This range is a subset of Ek , where k � 6.

758

9. CRYSTAL LATTICES

references

International Tables for Crystallography (2006). Vol. A, Table 9.3.4.1, p. 758.

Copyright © 2006 International Union of Crystallography

http://it.iucr.org/Ab/ch9o3v0001/references/
http://it.iucr.org/Ab/ch9o3v0001/table9o3o4o1/


<<
  /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


