
3. PHASE TRANSITIONS, TWINNING AND DOMAIN STRUCTURES

tions involving a spontaneous distortion of the crystal lattice that
entails a change of shape of the crystallographic or conventional
unit cell (Wadhawan, 2000). Such a transformation is accom-
panied by a change in the number of independent nonzero
components of a symmetric second-rank tensor u that describes
spontaneous strain.

In discussing ferroelastic and non-ferroelastic domain struc-
tures, the concepts of crystal family and holohedry of a point
group are useful (IT A, 2002). Crystallographic point groups (and
space groups as well) can be divided into seven crystal systems
and six crystal families (see Table 3.4.2.2). A symmetry descent
within a crystal family does not entail a qualitative change of the
spontaneous strain – the number of independent nonzero tensor
components of the strain tensor u remains unchanged.

We shall denote the crystal family of a group M by the symbol
FamM. Then a simple criterion for a ferroic phase transition with
symmetry descent G � F to be a non-ferroelastic phase transition
is

F � G; FamF ¼ FamG: ð3:4:2:25Þ

A necessary and sufficient condition for a ferroelastic phase
transition is

F � G; FamF 6¼ FamG: ð3:4:2:26Þ

A ferroelastic domain state Ri is defined as a state with a
homogeneous spontaneous strain uðiÞ. [We drop the suffix ‘s’ or
‘(s)’ if the serial number of the domain state is given as the
superscript ðiÞ. The definition of spontaneous strain is given in
Section 3.4.3.6.1.] Different ferroelastic domain states differ in
spontaneous strain. The symmetry of a ferroelastic domain state
Ri is specified by the stabilizer IGðu

ðiÞÞ of the spontaneous strain
uðiÞ of the principal domain state Si [see (3.4.2.16)]. This stabilizer,
which we shall denote by Ai, can be expressed as an intersection
of the parent group G and the holohedry of group Fi, which we
shall denote HolFi (see Table 3.4.2.2):

Ai � IGðu
ðiÞÞ ¼ G \ HolFi: ð3:4:2:27Þ

This equation indicates that the ferroelastic domain state Ri has a
prominent single-domain orientation. Further on, the term
‘ferroelastic domain state’ will mean a ‘ferroelastic domain state
in single-domain orientation’.

In our illustrative example,

A1 ¼ I4z=mzmxmxy
ðu11 � u22Þ

¼ Holð2xmymzÞ \ m4z=mzmxmxy

¼ mxmymz \ 4z=mzmxmxy ¼ mxmymz:

The number na of ferroelastic domain states is given by

na ¼ ½G : A1� ¼ jGj : jA1j: ð3:4:2:28Þ

In our example, na ¼ j4z=mzmxmxyj : jmxmymzj ¼ 16 : 8 ¼ 2. In
Table 3.4.2.7, last column, the number na of ferroelastic domain
states is given for all possible ferroic phase transitions.

The number da of principal domain states compatible with one
ferroelastic domain state (degeneracy of ferroelastic domain
states) is given by

da ¼ ½A1 : F1� ¼ jA1j : jF1j: ð3:4:2:29Þ

In our example, da ¼ jmxmymzj : j2xmymzj ¼ 8 : 4 ¼ 2, i.e. two
non-ferroelastic principal domain states are compatible with each
of the two ferroelastic domain states (cf. Fig. 3.4.2.2).

The product of na and da is equal to the number n of all
principal domain states [see equation (3.4.2.19)],

nada ¼ ½G : A1�½A1 : F1� ¼ ½G : F1� ¼ n: ð3:4:2:30Þ

The number da of principal domain states in one ferroelastic
domain state can be calculated for all ferroic phase transitions
from the ratio of numbers n and na that are given in Table 3.4.2.7.

According to Aizu (1969), we can recognize three possible
cases:

(i) Full ferroelastics: All principal domain states differ in
spontaneous strain. In this case, na ¼ n, i.e. A1 ¼ F1, ferroelastic
domain states are identical with principal domain states.

(ii) Partial ferroelastics: Some but not all principal domain
states differ in spontaneous strain. A necessary and sufficient
condition is 1< na < n, or, equivalently, F1 � A1 � G. In this
case, ferroelastic domain states are degenerate secondary domain
states with degeneracy n > da ¼ jA1j : jF1j > 1. In this case, the
phase transition G � F1 can also be classified as an improper
ferroelastic one (see Section 3.1.3.2).

(iii) Non-ferroelastics: All principal domain states have the
same spontaneous strain. The criterion is na ¼ 1, i.e. A1 ¼ G.

A similar classification for ferroelectric domain states is given
below. Both classifications are summarized in Table 3.4.2.3.

Example 3.4.2.1. Domain states in leucite. Leucite (KAlSi2O6)
(see e.g. Hatch et al., 1990) undergoes at about 938 K a ferro-
elastic phase transition from cubic symmetry G ¼ m�33m to
tetragonal symmetry L ¼ 4=mmm. This phase can appear in
jG ¼ m�33mj : j4=mmmj ¼ 3 single-domain states, which we
denote R1, R2, R3. The symmetry group of the first domain state
R1 is L1 ¼ 4x=mxmymz. This group equals the stabilizer IGðu

ð1ÞÞ of
the spontaneous strain uð1Þ of R1 since Hol(4x=mxmymzÞ

¼ 4x=mxmymz (see Table 3.4.2.2), hence this phase is a full
ferroelastic one.

At about 903 K, another phase transition reduces the
symmetry 4=mmm to F ¼ 4=m. Let us suppose that this transition
has taken place in a domain state R1 with symmetry
L1 ¼ 4x=mxmymz; then the room-temperature ferroic phase
has symmetry F1 ¼ 4x=mx. The 4x=mxmymz � 4x=mx phase tran-
sition is a non-ferroelastic one [Holð4x=mxÞ ¼ Holð4x=mxmymzÞ ¼

4x=mxmymz] with j4x=mxmymzj : j4x=mxj ¼ 8 : 4 ¼ 2 non-ferro-
elastic domain states, which we denote S1 and S2. Similar
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Table 3.4.2.2. Crystal systems, holohedries, crystal families and number of spontaneous strain components

Point group M Crystal system
Holohedry
HolM

Spontaneous strain
components

Crystal family
FamMIndependent Nonzero

23, m�33, 432, �443m, m�33m Cubic m�33m 1 3 Cubic

6, �66, 6=m, 622, 6mm, �662m, 6=mmmm Hexagonal 6=mmm 2 3 Hexagonal

3, �33, 32, 3m, �33m Trigonal �33m 2 3

4, �44, 4=m, 422, 4mm, �442m, 4=mmm Tetragonal 4=mmm 2 3 Tetragonal

222, mm2, mmm Orthorhombic mmm 3 3 Orthorhombic

2, m, 2=m Monoclinic 2=m 4 4 Monoclinic

1, �11 Triclinic �11 6 6 Triclinic

references

International Tables for Crystallography (2006). Vol. D, Table 3.4.2.2, p. 456.

Copyright © 2006 International Union of Crystallography

http://it.iucr.org/Da/ch3o4v0001/references/
http://it.iucr.org/Da/ch3o4v0001/table3o4o2o2/


<<
  /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


