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3. PHASE TRANSITIONS, TWINNING AND DOMAIN STRUCTURES
(i) For twin interfaces, only the terms coherent and incoherent
are used. In view of the fact that twin interfaces do not require
regular (perfect) dislocations (but may contain twinning dislocations as described above in Section 3.3.10.8), the term ‘semicoherent’ is reserved for grain boundaries and heterophase
interfaces.
(ii) Twin boundaries are called coherent only if they are
(mechanically) compatible. This holds for both rational and
irrational twin boundaries, as suggested by Christian (1965, p.
332). Both cases may be distinguished by using qualifying
adjectives such as ‘rationally coherent’ and ‘irrationally
coherent’. Note that irrational (compatible) twin boundaries
are usually less perfect and of higher energy than rational
ones.
(iii) For strict merohedral (non-ferroelastic) twins (lattice
index ½j ¼ 1) any twin boundary, even a curved one, is compatible and, hence, is designated here as coherent, even if the
contact plane does not coincide with the twin mirror plane.
(iv) For non-merohedral (ferroelastic) twins, a pair of (rational
or irrational) perpendicular compatible interfaces occurs
(Section 3.3.10.2.1). The same holds for merohedral twins of
lattice index ½j > 1 (Section 3.3.10.2.4). All these compatible
boundaries are considered here as coherent.
(v) In lattice and structural terms, a twin boundary is coherent
if it exhibits a well deﬁned matching of the two lattices along the
entire boundary, i.e. continuity with respect to their lattice vectors
and lattice planes. We want to stress that we consider the
coherence of a twin boundary not as being destroyed by the
presence of a nonzero twin displacement or fault vector as long as
there is an optimal low-energy ﬁt of the two partner structures.
The twin displacement (fault) vector represents a ‘phase shift’
between the two structures with the same two-dimensional
periodicity along their contact plane and thus deﬁnes the continuity relation across the boundary. This statement agrees with the
general opinion that stacking faults, antiphase boundaries and
many merohedral twin boundaries, all possessing nonzero fault
vectors, are coherent. Well known examples are stacking faults in
f.c.c and h.c.p metals and Brazil twin boundaries in quartz.
It is apparent from these discussions of coherent twin interfaces
that several features have to be taken into account, some readily
available by experiments and observations, whereas others
require geometric models (lattice matching) or even physical
models (structure matching), including determination of twin
displacement vectors t.
The deﬁnitions of coherence, as treated here, often do not
satisfactorily agree with reality. Two examples are given:
(a) Japanese twins of quartz with twin mirror plane ð112 2Þ or
twofold twin axis normal to ð112 2Þ. According to the deﬁnitions
given above, the observed ð112 2Þ contact plane is coherent.
Nevertheless, these ð112 2Þ boundaries are always strongly
disturbed and accompanied by extended lattice distortions. Thus,
in reality they must be considered as not coherent.
(b) Sodium lithium sulfate, NaLiSO4, with polar point group
3m and a hexagonal lattice forms merohedral growth twins with
twin mirror plane (0001) normal to the polar axis. The composition plane coincides with the twin plane and has head-to-head
or tail-to-tail character. According to deﬁnition (iii) above, any
twin boundary of this merohedral twin is coherent. The observed
(0001) contact plane, however, despite coincidence with the twin
mirror plane, is always strongly disturbed and cannot be
considered as coherent. In this case, the observed incoherence is
obviously due to the head-to-head orientation of the boundary,
which is ‘electrically forbidden’.
These examples demonstrate that the above formal deﬁnitions
of coherence, based on geometrical viewpoints alone, are not
always satisfactory and require consideration of individual cases.
With these discussions of rather subtle features of twin interfaces, this chapter on twinning is concluded. It was our aim to
Copyright © 2006 International Union of Crystallography

present this rather ancient topic in a way that progresses from
classical concepts to modern considerations, from three dimensions to two and from macroscopic geometrical arguments to
microscopic atomistic reasoning. Macroscopic derivations of
orientation and contact relations of the twin partners (twin laws,
as well as twin morphologies and twin genesis) were followed by
lattice considerations and structural implications of twinning.
Finally, the physical background of twinning was explored by
means of the analysis of twin interfaces, their structural and
energetic features. It is this latter aspect which in the future is
most likely to bring the greatest progress toward the two main
goals, an atomistic understanding of the phenomenon ‘twinning’
and the ability to predict correctly its occurrence and nonoccurrence.
All considerations in this chapter refer to analysis of twinning
in direct space. The complementary aspect, the effect of twinning
in reciprocal space, lies beyond the scope of the present treatment
and, hence, had to be omitted. This concerns in particular the
recognition and characterization of twinning in diffraction
experiments, especially by X-rays, as well as the consideration of
the problems that twinning, especially merohedral twinning, may
pose in single-crystal structure determination (cf. Buerger,
1960a). Several powerful computer programs for the solution of
these problems exist. For a case study, see Herbst-Irmer &
Sheldrick (1998).
3.3.11. Glossary
(hkl)
{hkl}
[uvw]
huvwi
G

H
H1 , H2 , . . ., Hj
H1;2 , H
K
K1;2 , K
KðnÞ
k, k1 , k2 , . . ., ki
20 , m0 , 1 0 , 40 ð2Þ,
60 ð3Þ, 3 0 ð3Þ,
6 0 ð3Þ
jGj, jHj, jKj
[i]
[j], 
!
bt
f
t
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crystal face, lattice plane, net plane (Miller
indices)
crystal form, set of symmetrically equivalent
lattice (net) planes
zone axis, crystal edge, lattice direction,
lattice row (direction indices)
set of symmetrically equivalent lattice
directions (rows)
symmetry group of the (real or hypothetical)
‘parent structure’ or high-symmetry
modiﬁcation or ‘prototype phase’ of a
crystal; group in general
eigensymmetry group of an (untwinned)
crystal; symmetry group of the deformed
(‘daughter’) phase of a crystal; subgroup
oriented eigensymmetries of domain states
1, 2, . . ., j
intersection symmetry group of the pair of
oriented eigensymmetries H1 and H2 ,
reduced eigensymmetry of a domain
composite symmetry group of a twinned
crystal (domain pair); twin symmetry
reduced composite symmetry of the domain
pair (1, 2)
extended composite symmetry of a twinned
crystal with a pseudo n-fold twin axis
twin operations (k1 = identity)
twin operations of order two in colourchanging (black–white) symmetry notation
order of group G, H, K
index of H in G, or of H in K
index of coincidence-site lattice (twin lattice,
sublattice) with respect to crystal lattice
twin obliquity
Burgers vector of twinning dislocations
fault vector of a merohedral twin boundary
twin displacement vector

3.3. TWINNING OF CRYSTALS
GFH
W, W 0
Fhkl
ghkl
’hkl
hkl , hkl

P

Aizu (1970a) symbol of a ferroic phase
transition (ferroic species); F = ferroic
designation of non-merohedral ferroelastic
twin boundaries (according to Sapriel,
1975)
structure factor of reﬂection hkl
diffraction vector (reciprocal-lattice vector)
of reﬂection hkl
phase angle of structure factor Fhkl
difference of phase angles (‘phase jump’)
across twin boundary
charge density of a ferroelectric twin
boundary
spontaneous polarization
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