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Pb3(PO,), has two types of domain walls, the W wall and the W’ wall. However, both types of domain
walls in Pb3(PO,), belong to the W wall, because they both can be represented as crystallographically
prominent planes of fixed indices. We will call them the W,, wall and the W, wall instead of the W wall
and the W’ wall, respectively. The z axis of the prototypic phase is not parallel but a little inclined to the
normal of (100). Local reorientations in a narrow temperature range near 7, cause superpositions of
small inclined z axes above 180 °C, which give a small birefringence at the conoscope image.

I. INTRODUCTION

Lead phosphate, Pb;(PO,),, is a well-known ferroelas-
tic crystal. In our previous work,! we reported the re-
sults of the observation of domains using a polarization
microscope and we also proposed some models to de-
scribe the domain walls.

It was reported that Pb;(PO,), has two types of domain
walls, the W wall and the W’ wall.? But we suggest here
that Pb;(PO,), has no W’ walls, because both domain
walls can be represented as crystallographically prom-
inent planes of fixed indices.

Joffrin et al. pointed out that, even if the overall sym-
metry of the 8 phase is rhombohedral, its local symmetry
is in fact monoclinic. Other experimental studies involv-
ing neutron diffraction, Raman®~7 and infrared spectros-
copy”® indicated the existence of an intermediate pseudo-
phase with local monoclinic symmetry and rhombohedral
lattice constants.

In this work, we discuss the following two problems:
(1) an alternative definition of domain walls, and (2) the
structural details of Pb;(PO,), above 180°C, which speci-
fy why, even if the overall symmetry of the 3 phase is
rhombohedral, the experimental results indicate that it
has local monoclinic symmetry or a small birefringence.
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II. TWO TYPES OF PERMISSIBLE DOMAIN WALLS

A planar stress-free domain wall can exist only along
that plane which, as a result of the ferroelastic phase
transition, undergoes equal deformations in the two
domains separated by the wall.” Permissible domain
walls in Pb;(PO,), are of two types, W walls and W’
walls. It is clear that the two walls must exist by virtue of
the crystal symmetry. The W wall results from twinning
by the pseudomirror planes (113) or (113). The W’ wall
results from twinning by the pseudobinary axes [011] or
[01T].1° The two contiguous domains of W walls and W’
walls can be deduced one from the other by a mirror sym-
metry and by a rotation of 180° relative to [011] or
[01T], respectively. Figure 1(a) represents three orienta-
tion states with W’ walls and Fig. 1(b) represents one
twinning of a W' wall in the circled area of Fig. 1(a). The
180° rotation of ABabD-Ecd along the PP’ axis repro-
duces A'B’cdD’-E'ab. Sapriel® used the terms W’ walls
for those walls for which orientation is represented by ir-
rational indices and may only accidentally be rational. In
our model W’ walls are represented by rational indices
but not accidentally. Since the domain wall cuts every
axis in half, the W’ wall is manifested by rational indices
of (117) or (111). (111) and (111) planes are not allowed

FIG. 1. (a) Schematic diagram of W' walls
and three orientation states of domains. (b)
Twin lattice structure at the domain boundary
(W' wall).
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for the W' wall, because the planes do not satisfy the
symmetry of the binary axis. With this model we can in-
duce the result that Pb;(PO,), has two types of W walls,
i.e., the tilted domain wall of Pb;(PO,), is no W' wall, but
a kind of W wall.

The tilted angle of the domain wall can be computed
using the projection from the (100) plane. It amounts to
14°, which deviates by about 3° from the theoretically
calculated value of 17°2 The theoretical value depends
strongly on the accuracy of the measured lattice parame-
ters. For $=102.55° instead of 102.39°, it is computed
to 14°. The accurate value of the tilted angle of the
domain wall in other ferroelastic crystals may be calcu-
lated using this twin model.

The electron-diffraction pattern of Fig. 2 was taken
across a W wall. From this pattern we can see that (113),
(113), (111), and (111) planes are prominent planes.
Figure 3 shows a schematic representation of an
electron-diffraction pattern taken across a W wall, which
gives good agreement to the spots of Fig. 2. (113) and
(113) planes correspond to W walls. Torrés, Roucau,
and Ayroles!! also observed electron-diffraction patterns
and expounded that the spots of a doublet correspond to
different orientations of domains. But our results clarify
that the doublet is produced not by the different orienta-
tions of domains, but because the (113) plane and the
(111) plane do not intersect at exactly 90° but at about
92°. From the fact that the unsplit row of spots
representing (113) and (1T 3) makes about 92° (about 88°
in reciprocal systems) to split rows representing (111)
and (117), respectively, it is manifested that (111) and
(117) planes are from W’ walls. In TEM photographs,'?

FIG. 2. Electron-diffraction pattern of Pb;(PO,),.
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FIG. 3. Schematic representation of twin patterns taken
across a W wall.

it was confirmed that the W wall makes an angle of about
92° to the W' wall, when the two different walls meet
perpendicularly. This can be explained by using the
geometrical models in Fig. 4. We conclude that
Pb,(PO,), has only W walls but of two types. From now
on we call the W wall and the W’ wall the W,, wall and
the W, wall, respectively, where the W,, wall is the wall
of twinning by the pseudomirror plane (113) or (113),

W wall

92

W' wall

FIG. 4. Schematic representation at the intersection of two
types of domain walls.
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and the W, wall is the wall of twinning by the pseudo-
binary axis [011] or [01T]. The possible indices are (113)
and (113) for the W,, wall, (111) and (111) for the W,
wall. (113),(111), and (111) reflections cannot appear.

III. THE GEOMETRY OF MONOCLINIC
AND TRIGONAL STRUCTURE

Figure 5 shows how the pseudotrigonal lattice is locat-
ed in monoclinic lattice.!> 4BCD-EFGH is one unit cell
of monoclinic lattice. The direction of the line FK corre-
spond to the z axis of the prototypic phase. The position
K halves the line IJ exactly. The direction FK makes
13.16° to the direction of FB and has a difference of
0.77° from the a* axis [perpendicular to the (100) plane],
which means that the z axis of the prototypic phase is not
exactly perpendicular to the (100) plane but a little in-
clined. Pb;(PO,), changes its orientation easily due to
external stress and shows superpositions of various twin
orientation under a particular stress.!’ Likewise a single
domain of Pb;(PO,), changes to superpositions of various
orientation near 7, before the symmetry changes to
rhombohedral one. At T,., the rhombohedral z axes
orient according to one of various monoclinic orienta-
tion, i.e., two z axes of the prototypic phase, based on two
different monoclinic orientations are not parallel. In the
investigation of the phase change near the phase transi-
tion using the polarization microscope, it is observed that
new orientations always appear before the low-
temperature phase undergoes the phase transition to the
high-temperature phase (Fig. 6), and the new orientations
results in superpositions of various orientation. Figures 7
give a view about the superposition of the possible orien-
tations of the monoclinic structure. If the total area with
the thickness d undergoes the phase transition direct to
the rhombohedral lattice without the reorientation of the

FIG. 5. The location of the pseudotrigonal lattice in mono-
clinic lattice.
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FIG. 6. The photograph taken by using the polarizing micro-
scope about the reorientation of the monoclinic structure near
transition temperature.

monoclinic structure, the inclination of z axis can be
represented as in Fig. 7(b). In this case the conoscope im-
age of the high temperature must be a distinct uniaxial
one only with a little uncentered uniaxial interference
figure by the rotation of the sample. Figure 7(a) is a pro-

(a)

(b) (<)

FIG. 7. (a) The projection from (100) plane in the case with
the superposition of the different monoclinic orientations. (b)
The direction of the z axis of the prototypic phase in the
crosscut of the sample without the superposition. (c) The super-
position of the direction of the z axis of the prototypic phase in
the crosscut of the sample with the superposition.
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FIG. 8. Distorted hexagonal reconstruction by tilting and ro-
tation of two graphite layers.

jection on the (100) plane supposing that a crystal plate
with the thickness d was reoriented to the superposition
of various monoclinic orientations. Because the rhom-
bohedral structure above T, is built on the basis of the
reoriented monoclinic lattice, the z axis of rhombohedral
phase above T, appear as the superposition of the small
inclined z axes like in Fig. 7(c). It supports the idea that
the small birefringence above T, on the observation using
the polarization microscope is caused by the superposi-
tion of the inclined z axes of the prototypic phase. It is
the reason that the crystal behaves as .if it has small
monoclinic microdomains. There were many reports® 8
about the fact that small microdomains of the low-
temperature phase persist, in the temperature range
180-300°C, with three orientation variants related by a
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threefold symmetry axis. We have seen in Fig. 7(a) that
the z axis of the prototypic phase has three possible direc-
tions. The superpositions of three possible directions of
the z axis may behave as if it has a locally multiplicated
monoclinic unit cell with three orientation variants.
Figure 8 is the result of the computer simulation to
show the superstructure by the tilting and rotation of two
graphite layers with each other.!* It shows that the su-
perpositions of two or more tilted layers with a hexago-
nal symmetry reconstruct the distorted superstructure.

IV. CONCLUSION

We made a few models of domain walls and got the re-
sult that W’ walls are indexed to (111) and (111), and so
Pb;(PO,), has only W walls but of two types. It was
proved by the electron-diffraction pattern and by using
the geometrical models. From now on we call the W and
the W’ wall the W,, wall and the W, wall, respectively.

Near the phase-transition temperature new orienta-
tions always appear. Because the rhombohedral struc-
ture above T, is built on the basis of the reoriented mono-
clinic lattice, the z axis of rhombohedral phase above T,
appear as the superposition of the small inclined z axes.
It supports the idea that the small birefringence above T,
is caused by the superposition of the inclined z axes of the
prototypic phase, which induce the multiplication of unit
cells. '
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FIG. 2. Electron-diffraction pattern of Pb



FIG. 6. The photograph taken by using the polarizing micro-
scope about the reorientation of the monoclinic structure near
transition temperature.



FIG. 8. Distorted hexagonal reconstruction by tilting and ro-
tation of two graphite layers.



