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Micromorphology of (111) Faces in Diamond Twins

By FEDERICO BEDARIDA
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Some particular features on (111) faces of twinned diamonds are studied. Their influence on the evolu-
tion of the shapes of the trigons, which are sometimes not equilateral, is taken into account, and sug-
gestions are put forward regarding the growth mechanism.

Introduction

The study of winged trigons, reported in a previous
paper (Bedarida & Komatsu, 1966) has as its object
the exploration of the mechanism of the growth of
diamond with reference to the presence of very thin
layers.

The present study is more general, concerning the
layer growth of diamonds. It concerns three samples,
twinned on the (111) face, with weights of 0-58, 0-75,
0-85 carat respectively. They are from South African
mines and exhibit strong birefringence, evidence of
considerable strain in the crystals; surface features only
are studied.

Observations

Normal microscopy, phase-contrast microscopy and
interferometry have been employed. Fig.1 shows the
wing of a trigon at a magnification of 1000. The layers,
which are some tens of A thick, are clearly seen, as
is the sharp edge in the [121] direction. This is the edge
trequently formed on the (111) face and it is a ridge.
It certainly plays an important part in the dynamics
of the phenomenon studied. It is the edge between two
stepped vicinal faces and its slope is directly connected
with the slope of the two adjacent faces. From a
theoretical point of view, the slope may have any value,
and in the case of the simplest indices for the adjoining
faces, the edge could be that of any elementary form
of the cubic system.

The samples examined often show vicinal faces with
a very small slope on the (111) face.

It has been possible to measure interferometrically
the average slope on the (111) face of the inner walls
of many trigons. This is approximately 10°, from which
it follows that one can give to those walls an index
(332), which is an approximate value since the walls
are not perfectly planar.

The geometry of the combination of the wings with
the trigon is most frequently that shown in the previous
paper, but often not only is the winged trigon sym-
metrical about a mirror plane (170), but the trigon
itself reduces its threefold symmetry to a mirror sym-
metry of the same plane such that its profile becomes
an isosceles triangle, an example being Fig.2 in which

one side is longer than the other two. Schematically it
might be considered that the layers are such as they
would be if two of the trigon sides were to rotate, as
shown in Fig.3. This point will be taken up later.

The above situation occurs when the layers are very
thin, that is when they are up to some tens of A thick.
For thicker layers (some hundreds of A or more) no
influence on the threefold symmetry of the trigon has
been noticed.

Another infrequent type of geometry in the combina-
tion of the wings with the trigon has been detected on
the (111) face. This appears only near the side of the
face (see Fig.4, upper-left portion). The proposed
mechanism is that of Fig.5. Here too the trigon has
lost its threefold symmetry and is again an isosceles
triangle, but it differs from that of Fig.3, for here it
appears as if the sides rotate to produce an isosceles
triangle with the base smaller than the sides. (The two
‘equal’ sides also change their lengths but not to the
same extent as the base.) The wings of the trigon join
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Fig.3 Diagrams showing schematically the conversion of an

equilateral trigon (@) into an isosceles trigon (6) with the base
longer than the other sides.

Fig.5. Diagrams showing schematically the conversion of an
equilateral trigon (a) into an isosceles triangle (b) with the
base shorter than the other sides.
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Fig.2. Isosceles trigon with base longer than the other sides ( x 395).
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Fig.4. Winged trigon and fish shape ( x 350).
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Fig. 6. Interferogram of features of the (111) face (< 700).

Fig.7. Interferogram of the fish shape ( x 700).
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Fig. 10. Growth layers on the (111) face ( x 395).
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their ends to build up half of the vicinal face (S in
the illustration).

This vicinal face S has a quadrangular shape, is
not quite plane, and is an (hhl) vicinal face of the
icositetrahedral type.

The interferogram of Fig.6 shows clearly the slope
of this vicinal face. The zones of interest have been
outlined in ink to make the pattern clearer. There are
four zones. Each zone has a uniform slope as shown
by the packing of the fringes: 1 and 2 correspond to
the wings of the trigon. The quadrangular shape and
the surfaces 3 and 4 build up a very flat pyramid with
vicinal faces of the icositetrahedron type. The arrows
indicate approximately the slopes of the surfaces, and
this is confirmed by the clear and dark corresponding
zones of Fig.4 in the upper left part (phase contrast).

A further interesting zone is shown by the fish-like
shape in the upper right part of Fig.4. An interferogram
over this shape outlined in ink shows that is a depres-
sion (Fig.7); it is possible to note by the packing of
the fringes that the slopes of the sides 1 and 2 are the
same (or very nearly the same) as those in zones 1 and
2 of Fig.6, the wings of the trigon.

An experimental check has been made on many wing
trigons. They may also be formed when not in the
presence of two contiguous trigons as some authors
have suggested (Berman, 1965). Wings can also appear
on isolated trigons, and layers of the same type and
with the same orientation appear without any trigon
at all.

Discussion

From many photographs, it is possible to derive cer-
tain conclusions as follows. '

It is reasonable to infer that a strict correlation does
exist between the formation of the layers and the
changing of shape of the trigon. As a result of the fresh
arrival of new material a trigon tends to disappear
through the building up of vicinal faces of a slope
smaller than that of the sides of the trigon. The sides
of the trigon may still be considered as vicinal faces.

NS

Fig.9. Schematic illustration of () isosceles trigon, (b) fish
shape and (c) boat shape as successive stages in growth.
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With respect to the isosceles trigon and the “fish’ shape
on its right (Fig.4), from the interferograms of Figs.6
and 7 it is seen that the slopes of the sides 1 and 2
of the “fish’ shape are the same as the corresponding
slopes 1 and 2 of the wings of the isosceles trigon.
It is reasonable to think that in Fig.7 the two wings
of a pre-existing trigon have filled up a trigon com-
pletely while the third face of the trigon has grown
meanwhile to build up a vicinal face of the (hh/) type.
In the ‘fish’ shape of Fig.4, the pyramidal edges (direct-
ed downwards) of the pre-existing trigon are still vis-
ible. All this suggests that the isosceles trigon and the
‘fish’ shape are successive stages of the same process.
As supporting evidence it can be noted that the par-
tially filled up trigons, on the sides of which the wings
are attached, sometimes have different slopes, the smal-
ler slope being that near the wing.

It may be argued too, that the isosceles trigon with
a larger base (Fig.2) is in the initial stage of a filling-up
process, which will proceed with a symmetry different
from the previous one.

If the isosceles trigon with small base is considered
as a first stage of the growth, the ‘fish’ shape may be
the second stage in the further filling up due to the
fresh arrival of growth material. It is possible that the
‘fish’ shape may become the ‘boat’ shape so often seen
on a rhombic dodecahedral face. This is also suggested
by the relative orientation between ‘fish’ shape and
‘boat’ shape as seen in Fig. 8. This sequence is schemat-
ically drawn in Fig.9.

This evolution is comparable to the evolution of the
last stage of the growth suggested in the previous paper
(Bedarida & Komatsu, 1965), the presence of {hhl}
forms generated differently from those described there
now confirming the transformation {111} —{hhl} —
{110}.

The above view does not agree with the opinion of
Orlov (1963), who states that the boat shapes are hil-
locks derived by partial dissolution from pyramids.
The present observations on the contrary reveal that
the boat shapes are always depressions.

If the rhombic dodecahedron faces are etched, boat
shapes again appear (Tolansky, 1955) and it may be
thought that the two mechanisms, growth and etching,
are directly correlated.

It may be pointed out again that these shapes have
only been seen on the periphery of the crystal, agreeing
with what Orlov states on this point.

The observations described here and in the previous
publication support the hypothesis that the patterns
reported are due to growth. It appears very difficult to
explain these various phenomena in terms of etch-
ing: in the process shown schematically in Figs.3
and 5 it does not seem possible to arrive at any ex-
planation by reversing the evolution to be that of a
solution process.

The case in which, on the addition of the layers,
the trigon edges have remained equilateral, supports
the suggestion made some years ago by Tolansky &
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Wilcock (1946) that the layers have stopped on arriving
at the side of a trigon. Very probably this is true only
when the layers are thicker than a certain value.

The writer wishes to thank Professor S.Tolansky for
hospitality in his laboratory, where part of this work
was done, and for many useful suggestions, Professor
E.Sanero for his constant support and interest in the
work, and Doctor H.Komatsu for some discussions
on the subject.
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The Equation of Kikuchi Lines on the Basis of the Kikuchi Geometrical Model
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The applicability of the Kikuchi model of the origin of P patterns in electron diffraction is discussed.
With the use of this model the equation of Kikuchi lines is derived and examples are given of crystal-
lographic measurements carried out with high accuracy by means of this equation.

Introduction

Various electron diffraction patterns for the case of a
single crystal have been investigated. These can be con-
ventionally classified into three types: N, L and P
(Pinsker, 1949).

Kikuchi (1928) proposed a geometrical model (Fig.1)
which is very simple but seems to be useful for de-
scribing the geometry of P patterns. Finch, Quarell &
Wilman (1935), Finch & Wilman (1936), and Wilman
(1948) described some possibilities of this model. In
the present paper we give (1) the derivation of the equa-
tion of Kikuchi lines for an arbitrary experimental
arrangement and (2) some examples of the practical
applications of this equation.

Applicability of the Kikuchi model

Using the Kikuchi model we suppose the primary wave
to be scattered by the first (upper) part of a thick crys-
tal. The wave packet is obtained the wave vectors of
which lie in a small solid angle in the vicinity of the
direction of the incident wave. This wave packet is
diffracted by the second (lower) part of the crystal.
The well-known condition for the maximum of the
intensity with respect to the crystal position (resulting
from the diffraction theory at Born approximation)
(Bohm, 1958) K,~K=H (1)

reduces then to
Kol K] cos (Ko,K)—K2=HK . )

Here Ko, K, H are vectors of the incident and diffracted
waves and of the reciprocal lattice, respectively.

It is a matter of dynamical theory to give the limits
for the validity of this model. But it seems clear we
can use the model for the case of a thin crystal. Here
the experiment may be arranged in such a way that
we produce a suitable wave packet by means of an
electron lens and we allow this packet to be diffracted
by a crystal (Kossel & Mdllenstedt, 1942).

Fig.1. Kikuchi geometrical model.



