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a two-dimensional 3q incommensurate phase has been reported. Quartz [1, 2] and AIPO4 [10]
belong to that class of crystals. There are not many attempts to study models with the two-
dimensional modulations, perhaps, because of existance of a very few samples which exhibit
such type of the modulation.

Our hexagonal model [3, 2, 3] has 3q modulated phases. The 3q incommensurate phase can
be visualized as a sequence of columns, oriented along the unique hexagonal axis. The quan-
tity which is modulated consists of particle displacements, what means that the displacement
amplitudes are large and small inside and outside the columns, respectively.

Of some interest could be the phase transition mechanism from the two-dimensional column
like incommensurate phase 3q to the one-dimensional commensurate phase | . Fig. 2a, b, c show
such phase transition from q = 0.2727 —• \. In the beginning some of neighboring columns
merge, forming first column dimers and later stripes of the modulation. Neighboring columns
have a strong tendency to merge along the direction of the first stripe, forming a single orienta-
tional stripe domain. Finally, a texture of three kinds of orientational stripe domains is formed.
The incommensurate separation within the domains, driven by a slower process, is now read-
justed to the commensurated value q = \ , hy annihilating the excess of periods in the domain
boundaries. Fig. 2d shows as well an antiphase domain boundary between two domains of the
same orientation. At the beginning of the phase transition the neighboring domains started to
readjust the incommensurate spacing changing their phases in different ways. When the two
domains met they had already different phases and therefore they formed the antiphase domain
boundary. Upon long simulation time only single one-dimensional commensurate | domain
remains.
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Using simple orthorhombic microscopic models the commensurate - incommensu-
rate phase transition has been studied. Coupling of the order parameter with spon-
taneous strain may lead to process which uses the ferroelastic domain walls to
introduce the discommensurations to the incommensurate phase.

The leading modulation in the crystal consists of degree od freedom which form the order
parameter. And as a rule the order parameter is not a spontaneous strain. The order parameter
can, however, couple to the spontaneous strain. Namely, the symmetry of the order parameter
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could be the same as the symmetry of one of the acoustic branch. This would lead to a linear
coupling of the modulation with the local spontaneous strain mode. In such case, the effect of
unit cell deformation will cummulate over long distances, therefore the coupling to spontaneous
strain may play essential role in incommensurate phases involving long wavelentgh modes, i.e.
in the commensurate q = 0 —> incommensurate phase transitions. The situation is relatively
simple for crystals with a one-dimensional modulation.

Very little effort has been made to simulate properties of incommensurate phases in the
models which take into account the coupling of the order parameter with the spontaneous
strain. We refer here some results of K. Parliriski, Y. Watanabe, K. Ohno, and Y. Kawazoe
[1], where a model of a simple three-dimensional orthorhombic lattice with one molecular object
in the unit cell was considered. Each object, one per unit cell, has four degrees of freedom;
three coordinates and the soft spin-like variable, which describes the molecular orientation.
Owing to direct interaction between nearest and next nearest soft-spins the subsytem may form
modulated phases. The coupling is set so that when the modulation is directed along Z axis
then the accompanying shear mode will be of YZ type.

This model has been studied by the molecular-dynamics technique [1]. The simulated crys-
tallite had a shape of rectangular parallelpiped and consisted of 26 X 26 x 48 = 32448 unit
cells. The restricted volume boundary conditions were used. That means that the simulated
crystallite was inserted into a cavity of fixed volume and fixed shape.

(b)

Fig. 1: Volume representation of (a) ferroelastic domain walls which are transformed to (d)
the discommensuration planes at the commensurate r/ = 0 — incommensurate phase transition
in the orthorhombic model.

Fig. 1 shows the soft-spin configurations during the commensurate q = 0 —<• incommensurate
phase transition. The commensurate q = 0 state is a monoclinic phase which possesses two
ferroelastic domains. Due to restricted volume conditions the initial configuration consists of
two domains, Fig. la, separated by the ferroelastic domain wall of cylindrical shape. Such a
shape of domains reduces remarkably the macroscopic deformation. The ferroelastic domain
walls are oriented mainly along the coherent matching planes. Next the crystallite was put into
metastable conditions in order to initiate the phase transition, and hence the domain walls,
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which were parallel to the modulation direction, started to wave, as shown in Fig. lb. The outer
tips of these waves went to crystal surfaces, there they split off and formed discommensuration
planes, Fig. Id.

This result then indicates that the phase transition from a \q commensurate phase to \q in-
commensurate one can be driven by different mechanisms. It can be either a stripple mechanism
as demonstrated in [2, 3, 4], or the mechanism which uses already existing ferroelastic domains
walls. However, to cause the last mechanism to function, there should exist a linear coupling of
the order parameter to the acoustic phonon branch, and a network of ferroelastic domains walls
must be already present in the initial configuration of the commensurate phase.
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