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Abstract. The crystal of p-(trimethylammonium) benzenesulphonate (ZWT) undergoes a first
order ferroelastic phase transition at aboutT3 = 386 K. It yields a tetragonalγ -phase at
higher temperature when going from the orthorhombicβ-phase at lower temperature. By
using experimental techniques such as x-ray diffraction, dilatometry and optical birefringence,
ferroelastic domains have been displayed and studied at room and at higher temperature in theβ

structural phase, and in the temperature range which surrounds the transition atT3. A reversible
change of the orientation of the domains is observed when a uniaxial pressure is applied at
increasing and decreasing temperatures. Coexistence of domains with structures characteristic
of the orthorhombicβ-phase and of the tetragonalγ -phase has been observed around the transition
temperatureT3.

(Some figures in this article appear in colour in the electronic version; seewww.iop.org)

1. Introduction

A single crystal of methyl p-dimethylaminobenzenesulphonate (MSE) can be converted by a
thermally induced methyl-transfer reaction to the zwitterionic product p-(trimethylammonium)
benzenesulphonate (ZWT) [1–9]. By another method, ZWT single crystals of good quality
have been obtained by very slow evaporation of a water solution of the ZWT compound
[10]. Phase transitions are observed in the ZWT crystal and crystallographic structures
of the corresponding phases have been studied at low and high temperatures [3, 10]. Two
orthorhombic phases have been then determined, oneα-phase with thePnc2 space group at
T < 291 K [3, 10] and oneβ-phase with thePca21 space group at 307 K< T < 386 K
[10]; an intermediate phase exists between two phase transitions which have been observed at
T1 = 291 K andT2 = 307 K [10]. The phase transition which takes place atT3 = 386 K yields
a tetragonalγ -phase with theP42/ncm space group atT > T3. Study of the thermal anomaly
observed by scanning microcalorimetry (DSC) shows that the orthorhombic to tetragonal
phase transition atT3 is of first order. It corresponds to a transition from the 4/mmm high
temperature point group to themm2 low temperature point group with improper spontaneous
strain: two types of ferroelastic domain (1 and 2) are predicted in the low temperature phase
by theoretical works [10, 11]. An orientational disorder of the N(CH3)

+
3 and SO−3 groups of

the ZWT molecules is observed at temperaturesT > T3. The molecular dipolar axis of the
ZWT molecule remains parallel to thec crystallographic axis of the tetragonalγ -phase. The
spontaneous strains which take place in the ZWT crystal appear atT < T3 only in the (a,
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b)-plane of the tetragonalγ -phase [10]. Thec-axis (molecular dipolar axis) of the tetragonal
high temperatureγ -phase corresponds to theb-axis of the orthorhombic intermediateβ-phase
and to thec-axis of the orthorhombic low temperatureα-phase [10]. In this paper, we have
decided to adopt for the three structuralα-, β- andγ -phases of the ZWT crystal the notations
used for the low temperatureα-phase: thec-axis will be the molecular dipolar axis and thea-
andb-axes will define the two other crystallographic axes of the orthorhombic cells in theα-
andβ-phases. In that case the volume of the cell chosen for representing the high temperature
γ -phase will be twice as big as the volume of the primitive cell.

We present in this paper the results which have been obtained from the experimental
study of the strains taken into account in the previous paragraph. By using x-ray diffraction,
dilatometry (TMA) and optical birefringence on ZWT single crystals, we have been able to
measure the lattice distortion (spontaneous strain) as a function of temperature, to observe the
two predicted ferroelastic domains near room temperature and to find evidence of mechanical
hysteresis by applying uniaxial mechanical pressure. The experimental methods are described
in section 2. In part 3, the lattice distortion is studied by x-ray diffraction. Dilatometric
measurements are given in part 4 and optical observations described in part 5. Section 6 is a
discussion and a conclusion.

2. Experimental methods

2.1. Crystal growth

MSE crystals were thermally reacted to complete transformation into ZWT (usually by
isothermal annealing at about 350–360 K) and then dissolved in very pure water. After
filtration, ZWT crystals were grown by very slow evaporation of the water solution (about ten
days) at room temperature. The crystals obtained were colourless (001) plates of maximum
thickness∼0.5 mm.

2.2. X-ray diffraction

X-ray diffraction studies were performed with an Enraf-Nonius CAD-4 diffractometer [12].
The high temperature measurements were obtained by setting the crystal in a dry air flow
controlled (to within 0.5 K) by a thermal resistance. For each measurement at stabilized
temperature, 30 Bragg peaks were collected and refined to lead to the values of thea, b, c
crystallographic parameters.

2.3. Dilatometric measurements

Dilatometric experiments were performed with a Perkin-Elmer dynamic mechanical analyser
DMA 7 used in static thermomechanical mode (TMA) with a 10 K min−1 scanning rate for
heating and cooling measurements. A static force (uniaxial pressure) equal to 20 mN was
applied to a quartz probe of 1 mm diameter. The measurement head of the DMA 7 was
flushed with pure nitrogen gas and its temperature was stabilized by circulating cold water–
ethanol from a thermostatic bath controlled at 280± 0.1 K. The temperature is measured by a
chromel–alumel thermocouple with a precision of±2 K. The displacement sensitivity is equal
to ±0.05µm. The probe was applied along directions parallel to the three crystallographic
axesa, b, c, after the crystal orientation had been determined by conoscopic measurements
with a polarized light microscope.
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2.4. Optical birefringence

Orthoscopic and conoscopic observations were performed with a polarized light microscope
Laborlux 12 pol Leitz [13, 14]. For high temperature measurements at aboutT3 = 386 K, it was
equiped with a Linkham TMS90 heating system having a temperature stability equal to±0.1 K.
The ZWT crystals were always observed along a direction parallel to the crystallographicc

fourfold axis of the tetragonalγ -phase; this is perpendicular to the faces of the as-grown ZWT
plates and corresponds to the ex-b crystallographic axis of the orthorhombicβ-phase.

3. Lattice distortion

We have observed that the directions of thea andb crystallographic axes of the orthorhombic
β-phase correspond respectively to the directions of thea andb crystallographic axes of the
tetragonalγ -phase when (see the introduction) we adopt for the three structuralα-, β- and
γ -phases the notations used for the low temperatureα-phase.

Figure 1. Evolution, as a function of temperature in the [280–420 K] temperature range, of thec

crystallographic cell parameter measured in a ZWT single crystal by x-ray diffraction.

Figure 1 shows the variation (obtained by x-ray diffraction) of thec-parameter as a
function of temperature in the [280–420 K] temperature interval. It undergoes a very small
(1c/c ≈ −0.15± 0.08%) but discontinuous decrease atT = T3. When using the complete
structural determinations made atT = 375 K (in theβ-phase) and atT = 400 K (in the
γ -phase), a value of1c/c ∼= −0.08± 0.08% is obtained [10]. These results are close to
the experimental precision of the apparatus but they are consistent with the results of the
dilatometric study made in the direction of thec-axis (section 4).

In figure 2, the variation ofa- andb-parameters (obtained by x-ray measurements) as a
function of temperature are represented in the [320–420 K] temperature range. A very small
decrease (1a/a = −0.06%) of thea-parameter is observed at the transition temperatureT3

together with a strong increase (1b/b ∼= +4.5%) of theb-parameter. Some information about
the evolution of the order parameter may be deduced from the variation ofa andb near the
transition: this is discussed in the conclusion (see section 6). AtT > T3, the a- and b-
parameters are equal to the same value, 10.175 Å. This is the single value 7.195 Å (obtained
when the structure determination of the tetragonalγ -phase was performed atT = 400 K [10])
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Figure 2. Evolution, as a function of temperature in the [320–420 K] temperature range, of thea

andb crystallographic cell parameters measured in a ZWT single crystal by x-ray diffraction. For
temperatures higher thanT3 = 386 K, the values ofa- andb-parameters are equal to the unique
value ofa = b cell parameter of the tetragonalγ -phase.

Figure 3. Evolution, as a function of temperature in the [320–420 K] temperature range, of the
ZWT single crystale dimension oriented in a direction parallel to thec crystallographic axis. The
measurements were performed by dilatometry on increasing the temperature at a scanning rate of
10 K min−1.

after being multiplied by a factor equal to
√

2. This is done to account for the cell halving and
the 45◦ angle of the tetragonal unit cell with respect to the orthorhombic cell. One may notice
that there is also a strong and discontinuous volume increase (1V/V ∼= +3.7%) atT3.

4. Dilatometric measurements

Figure 3 shows the evolution of the thicknesse for an as-grown ZWT crystal plate as a function
of temperature in the [320–420 K] interval with increasing temperature when applying the
probe along thec crystallographic axis (perpendicular to the plate). A small and discontinuous
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Figure 4. Evolution, as a function of temperature in the [320–420 K] temperature range, of the
ZWT single crystal dimensione oriented in a direction parallel to theb crystallographic axis. The
measurements were performed by dilatometry, first, when increasing the temperature at a scanning
rate of 10 K min−1 and, second, when decreasing the temperature at a scanning rate of 10 K min−1.

decrease is observed atT = T3 (1e/e ∼= −0.10± 0.02%) in agreement with the x-ray
diffraction measurements (figure 1). When applying the probe along a direction parallel to
theb crystallographic axis, the evolution of the crystal widthe as a function of temperature
in the [320–420 K] temperature interval is shown in figure 4 with increasing and decreasing
temperatures; we see that the evolution with increasing temperature can be compared to the
previous x-ray diffraction measurements (figure 2) showing a strong increase ofe at T3. On
the other hand the large hysteresis (∼=5 K) observed for the evolution ofe in the temperature
range which surrounds the transition with increasing then decreasing temperature is related
to the value of the scanning rate (10 K min−1) used in the TMA experiment. The hysteresis
has really a value of about 0.4 K for the first order transition as observed in the birefringence
study [10].

The most striking differences were observed when applying the probe along a direction
parallel to thea crystallographic axis. In a first case, when the probe was applied by smashing
the crystal surface, the curve representing the variation of the width as a function of temperature
was strictly identical to the curve obtained when the probe was applied along a direction
parallel to theb crystallographic axis (figure 4). Conoscopic measurements (section 5), made
just after the dilatometric experiment, confirmed that the crystallographica- andb-directions
had undergone a 90◦ rotation.

In a second case, when the probe was applied carefully (slowly enough) on the surface
of the crystal parallel to the (a, b)-plane, a partial decrease of the width was observed when
increasing the temperature in the range extending below the transition temperatureT3 (figure 5):
this indicates that some parts of the crystal had already made ana → b change in the
orientation of the crystallographic axes. Consequently, theb-like step was only partial atT3

when increasing the temperature but a full step (identical to the one observed in figure 4) was
observed with decreasing temperature: this is in agreement with the fact that the conoscopic
measurements showed a fulla → b change in the orientation of the crystallographic axes at
the end of the TMA experiment.

In a third case, we may notice that the crystalline orientations only changed atT very near
T3 when increasing the temperature (figure 6): so, on the same experimental curve, we may
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Figure 5. Evolution, as function of temperature in the [280–420 K] temperature range, of the ZWT
single crystal dimensione oriented, at the beginning of the experiment, in a direction parallel to the
a crystallographic axis. The measurement was performed by dilatometry, first, when increasing
the temperature at a scanning rate of 10 K min−1 and, second, when decreasing the temperature at a
scanning rate of 10 K min−1. Some parts of the crystal undergo ana→ b change of orientation at
aboutT = 300 K. On recording with decreasing temperature, the whole crystal is a single domain
in which thea-axis at the beginning of the experiment becomes theb-axis.

Figure 6. Evolution, as a function of temperature in the [320–420 K] temperature range, of the ZWT
single crystal dimensione oriented, at the beginning of the experiment, in a direction parallel to the
a crystallographic axis. The measurement was performed by dilatometry, first, when increasing
the temperature at a scanning rate of 10 K min−1 and second, when decreasing the temperature at a
scanning rate of 10 K min−1. The sample dimensione has a temperature evolution corresponding
to thea crystallographic direction on increasing the temperature up to the transition temperature
T3 = 386 K. When decreasing the temperature, the sample dimensione has a temperature evolution
corresponding to theb crystallographic direction. The orientations of the crystallographic axes have
changed as checked by optical birefringence (a→ b andb→ a).

observe at the same time a result characteristic of thea-direction (figure 2) on the part recorded
with increasing temperature and a result characteristic of theb-direction when decreasing the
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temperature (figure 4) on the part recorded with decreasing temperature. The reverseb → a

change of orientation was never observed in our experiments. This indicates clearly that the
uniaxial pressure exerted on the ZWT crystal when applying the probe always stabilizes the
ferroelastic domains which are observed when the direction of the smaller crystallographic
axis (b < a) is parallel to the probe.

5. Optical birefringence

In the range surrounding the transition temperatureT3 = 386 K, the orthorhombic to tetragonal
β → γ phase transition of ZWT crystals may be conveniently studied by optical birefringence
for three reasons. First, the crystals of orthorhombic symmetry are optically biaxial and the
crystals of tetragonal symmetry are optically uniaxial. Second, ZWT crystals of good quality
are colourless (001) plates. The optical axis is then perpendicular to the (a, b)-plane (parallel
to faces of the plates) in which the changes of orientation of the crystallographic axes occur.
Third, the phase transition atT3 is of first order. For temperaturesT < T3 the birefringence
1nab has a value equal to at least 26× 10−4 [10]. Then the interference figure clearly shows
the orientations of thea- andb-axes when the observation direction of the polarized light
microscope is perpendicular to faces of the ZWT plates.

Figure 7. Conoscopic picture with green filter recorded atT = 383.1 K when the observation axis
of the polarized microscope has a direction parallel to thec fourfold axis of the tetragonalγ -phase.
Thea andb crystallographic directions are deduced from the interference figure corresponding to
an orthorhombic optically biaxial crystal. The notations of the low temperatureα-phase are used
for the crystallographic axes [10].

Figures 7 and 8 show two conoscopic pictures recorded at temperatures near the transition
temperatureT3, the first atT = 383.1 K (T < T3) and the second atT = 387.0 K (T > T3).
The structural change as observed by birefringence is very rough, but within a range of a few
tenths of a degree (∼=0.5 K) coexistence of high temperature and low temperature phase domains
is observed by orthoscopic observations. For example we can see with increasing temperature
in this range (2 K min−1) the progression of the high temperature domain boundaries to the
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Figure 8. Conoscopic picture with green filter recorded atT = 387 K when the observation
axis of polarized microscope has a direction parallel to thec fourfold axis of the tetragonalγ -
phase. The interference figure corresponds to a tetragonal optically uniaxial crystal. Thea and
b crystallographic directions in the orthorhombicβ-phase (figure 7) are shown on the picture for
comparison.

detriment of the low temperature domains; the inverse situation is observed with decreasing
temperature. The orientations ofa andb crystallographic axes are easily determined atT < T3

as shown in figure 7 forT = 383.1 K.
In figure 9 two ferroelastic domains 1 and 2 (as predicted in [11]) are observed on

the same orthoscopic picture recorded at room temperature: in each of them there are two
different orientations of thea andb crystallographic axes making an angle of 90 degrees.
They correspond to two distinct regions, the darker 1 extending inside the central square and
the clearer 2 outside and all around the square. We may note that the domain wall makes an
angle of 45 degrees with thea- andb-directions in both domains. A uniaxial pressure was then
applied at room temperature on two opposite sides of this approximately rectangular crystal
in a direction which corresponds to that of thea crystallographic axis in the central ‘dark’
domain and to that of theb axis in the clearer region outside the square: the result of this stress
is that one single domain witha- andb-orientations of domain 2 was only observed under
pressure and after pressure was removed. The ferroelastic domain corresponding to the central
square in figure 9 has undergone a 90◦ rotation of thea andb crystallographic axes around the
c-axis.

It may be noted that cracks had appeared in the crystal after removing pressure,
corresponding mostly to cleavage planes. It was possible to induce again thea → b change
of orientation by applying the uniaxial pressure in a direction perpendicular to the previous
direction, for example on the two other opposite sides of the crystal. However the same crystal
may usually not be used for more than two or three sequences of successive 90◦ rotations of
the crystallographic axes. We have then not been able to make a quantitative determination of
the mechanical hysteresis because of the crystal fragility. The cracks appearing in the crystal
are probably related to defects but also to the fact that the strains are discontinuous and very
strong at theβ → γ first order transition (see sections 3 and 4, and [11]).



ZWT crystal 5805

Figure 9. Orthoscopic picture recorded at room temperature when the observation axis of the
polarized microscope has a direction parallel to thec fourfold axis of the tetragonalγ -phase. Two
ferroelastic domains of types 1 and 2 are observed: they correspond to the regions darker inside and
clearer outside the central square. Inside the central square thea andb crystallographic directions
correspond to case (a) and outside the central square to case (b): these directions make respectively
an angle of 90 degrees in both domains.

6. Discussion and conclusion

X-ray diffraction, dilatometric and optical birefringence studies have confirmed that the
structural phase transitionβ ↔ γ which takes place atT3 = 386 K in ZWT crystals is a
ferroelastic first order transition. The two types of domain 1 and 2 predicted by theoretical
works [10, 11] are observed in the low temperatureβ-phase by optical polarized microscopy.
The mutual correspondence between the two types of domain at temperaturesT < T3 is a
simultaneous 90◦ rotation of thea andb crystallographic axes (when keeping the notations of
theα-phase, as indicated in section 1). This rotation of thea- andb-axes may be induced by a
uniaxial pressure applied along the largest unit cell parametera (a = 10.198 Å,c = 9.648 Å
at T = 333 K anda = 10.224 Å, c = 9.801 Å atT = 375 K, by using the notations of
the low temperatureα-phase). Moreover, optical microscopy has shown that the domain wall
between domains 1 and 2 observed in the low temperatureβ-phase at temperatureT < T3

makes an angle of about 45 degrees with the directions of thea andb crystallographic axes of
the orthorhombicβ-phase. At the transition temperatureT3, a coexistence of low temperature
orthorhombic domains and high temperature tetragonal domains is observed. The domain
wall is still oriented in a direction making about a 45◦ angle with the directions ofa andb
crystallographic axes. When the temperature is slowly increased from a temperature very
slightly belowT3 (or decreased from a temperature slightly aboveT3) the domain wall moves
in keeping the same orientation.
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Figure 10. Evolution of [e1 +e2(T )]/[e1 +e2(T0)] as a function of temperature (dark circles). The
dark line corresponds to the fit by the theoretical expression

η2

η2(T0)
= 2

3

[
1 +

√√√√ 4
3T0 − Tc/3− T

4
3(T0 − Tc)

]
(T < T0)

by takingTc = 355 K andT0 = 386 K.

Information about the order parameter evolution as a function of the temperature may be
obtained from the variations of the lattice parameter near the transition atT3 (see section 3).
When considering theP42/ncm space group of the high temperatureγ -phase (4/mmm) and the
Pca21 space group of the low temperatureβ-phase (mm2), one may conclude that the (e1 +e2)
ande3 deformations are coupled to the order parameter in the Landau potential by linear–
quadratic terms (e3η

2 and (e1+e2)η
2) [11]. As a result (e1+e2) ande3 should vary proportionally

to η2. The Landau 2–4–6 potential looks likeF = F0 + (a/2)(T − Tc)η2 + Bη4 + Cη6 with
a negativeB term; if one callsη2(T0) the step of the square of the order parameter at the

transition temperatureT0, it follows thatη2 = 2
3η

2(T0)[1 +
√
( 4

3T0 − Tc/3− T )/ 4
3(T0 − Tc)]

(for T < T0).
Figure 10 represents the variation of [e1+e2(T )]/[e1+e2(T0)] as a function of temperature

whene1 + e2 = (a + b− 2aHT )/aHT is normalized bye1 + e2(T0). The fit of the experimental

results by the theoretical expressionη2/η2(T0) = 2
3[1 +

√
( 4

3(T0)− Tc/3− T )/ 4
3(T0 − Tc)]

(T < Tc) is represented by the dark line and yieldsTc = 355 K. Due to existence of few
experimental data, we point out that this result should be confirmed by other measurements of
theη2(T ) variation. The differenceT0−Tc is equal to 3B2/16aC when it is calculated by using
the Landau 2–4–6 potential. Other relations between thea-,B-,C-parameters may be obtained
from experimental measurements of thermodynamic quantities like the heat of transition
1Q = 3aBT0/8C and the specific heat jump atT0, 1Cp = −a2T0/B. A combination
of the theoretical expressions of (T0 − Tc), 1Q and1Cp yields1Q/1Cp(T0 − Tc) = 2. It
is then possible to calculate1Cp = 1Q/2(T0− Tc) = 0.31 J g−1 K−1 from T0− Tc = 31 K
and1Q = 19.2 J g−1 [10]. Further experimental work would be interesting in order to obtain
a more precise description of the transition, in particular on the coupling between the strains
and the order parameter [11].

It is possible to propose an interpretation of the domain wall orientation by considering
the positions of the ZWT molecules in a schematic representation of the unit crystallographic
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Figure 11. Schematic representation of the unit crystallographic cells of theβ- andγ -phases of
the ZWT crystal in the (a, b)-plane. d+ (electric dipole up) and d− (electric dipole down) along
thec crystallographic axis perpendicular to the (a, b)-plane and segments of line (projections of
the phenyl rings in the (a, b)-plane) define respectively the orientations and shapes of the ZWT
molecules. The eight molecules in the same unit cell are arranged in upper and lower layers parallel
to the (a, b)-plane and named (a) and (b) in theβ-phase, (a′) and (b′) in theγ -phase.

cells in theβ- andγ -phases (figure 11). First, we consider the packing in the orthorhombic
β-phase: it corresponds to an antiferroelectric array of the d+ (dipole up) and d− (dipole
down) ZWT molecules which are perpendicular to the (a, b)-plane (as shown in [10]). Along
one stack parallel to thec-axis, all molecules have the same dipolar orientation, either d+
or d−, respectively in the same and in the opposite directions to thec-axis. Second, the
phenyl ring orientations are also very important: they are drawn in figure 11 as segments
of line which represent the projections of the phenyl rings on two successive layers (parallel
to the (a, b)-plane) in the same unit cell. The upper and the lower layers are named (a)
and (b) in theβ-phase (T < T3) and they yield respectively the corresponding (a′) and
(b′) layers in theγ -phase (T > T3). In theβ-phase and for the upper layer (figure 11(a))
for example, the phenyl ring orientations are almost the same for all d+ molecules (they
make an angle of±5 degrees compared with the direction of thea-axis); this is also
the case for the phenyl ring orientations of the d− molecules compared to the direction
of the b-axis. Then one can see that the mean static orientation of the phenyl rings of
d+ molecules is perpendicular to the mean static orientation of the phenyl rings of d−
molecules. The same description holds also for the tetragonalγ -phase: the orientations
of the phenyl rings of d+ and d− molecules are mean dynamic directions [10] which
are perpendicular respectively to the directions ofa and b crystallographic axes in both
upper and lower layers. In each of the two crystallographic phases, when going from
the upper layer to the lower layer by a translation of half thec crystallographic axis, the
mean orientations of the phenyl rings for either d+ or d− molecules are rotated by a 90◦

angle.
To explain the fact that the domain walls are observed either at room temperature (and

above) in theβ-phase or atT ∼= T3 during theβ ↔ γ ferroelastic phase transition, we
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Figure 12. Schematic representation of a domain wall (dashed line) dividing two orthorhombic
domains of types 1 and 2 in theβ-phase of a ZWT crystal. The domain wall makes an angle of about
45 degrees in relation to thea- andb-axes of the unit cell. The lattice of the type 2 orthorhombic
domain is translated parallel to the direction of thec crystallographic axis byc/2 in relation to the
type 1 orthorhombic domain. This translation may correspond to a stacking fault in the crystal.

propose a geometric schematic construction in the two cases. First consider a domain
wall dividing two orthorhombic domains in theβ-phase, one of type 1 and the other of
type 2. In figure 12 is drawn a geometric construction (deduced from figure 11) showing
coexistence of the two types of domain with a domain wall making an angle of about 45
degrees in relation toa andb crystallographic axes. We assume that such a configuration
may be obtained by translating the lattice of the type 2 orthorhombic domain by half the
crystallographicc-axis in thec-direction in relation to the type 1 orthorhombic domain. We
must recall that thea andb crystallographic axes of a type 1 domain are perpendicular to the
correspondinga- and b-axes of a type 2 domain. This schematic construction preserves
the antiferroelectric array in the (a, b)-plane and a mean 90◦ angle between the phenyl
ring orientations for the d+ and d− molecules (figure 12). Moreover we may also recall
that the two types of domain coexist mainly in ZWT crystals of poor quality when ZWT
crystals of good quality are made with a single domain. In conclusion, we may say that the
defects seem to play an important role for the pinning of the domain walls existing in the
β-phase. The presence of these defects can also explain the experimental observation that
the domain walls remain motionless when increasing or decreasing the temperature in the
β-phase. We may add that the orientations of these domain walls (making an angle of 45
degrees with the directions ofa- andb-axes), when they are induced by a stacking fault, are
determined by the relation (described previously) between the lattices of the two types of
domain (figure 13).

Second, consider now a domain wall dividing a domain with a structure characteristic of
the tetragonalγ -phase and a domain with the structure of the orthorhombicβ-phase. It is also
possible to make a geometric schematic construction showing coexistence of the two types
of domain with a domain wall making an angle of about 45 degrees in relation toa andb
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Figure 13. Schematic representation of a domain wall (dashed line) dividing the same layer of
ZWT molecules parallel to the (a, b)-plane in the structuralβ- andγ -phases of a ZWT crystal.The
domain wall makes a 45◦ angle with thea andb crystallographic axes of theβ-phase unit cell and
of the cell chosen for representing theγ -phase (its volume is twice as big as the one of the unit cell
[10]).

crystallographic axes (figure 13): this configuration, which connects a layer (upper or lower)
in the unit cell of the orthorhombicβ-phase with the corresponding layer in the unit cell of
the tetragonalγ phase, preserves the antiferroelectric array in the (a, b)-plane and the 90◦

angle between the mean orientations of the phenyl rings for d+ and d− molecules. We must
recall that thea andb crystallographic axes have the same orientations in the two structural
β- andγ -phases (see section 3). In the temperature range near the transition temperatureT3,
in which is observed the coexistence of orthorhombic and tetragonal domains (section 5), the
domain walls easily move when increasing or decreasing slowly the temperature: this is an
indication that the role of defects is in that case less important than in the case of the domains
of types 1 and 2 observed in the orthorhombicβ-phase. The 45◦ orientation of the domain
walls corresponds to the same orientation of thea andb crystallographic axes of the unit cell
of the tetragonalγ -phase in relation to the correspondinga- andb-axes of the unit cell of the
orthorhombicβ-phase.
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