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TEM AND COMPUTING PROCEDURES IN CRYSTAL STUDIES

II. Axis-Angle pairs for coincidence in the cubic system,

by
G. L. BLERIS, TH. KARAKOSTAS and J. G, ANTONOPOULOS
{Physics Department, University of Thessaloniki)
(Received 7.6.79)

Abstract: The results of calculations of the 24 equivalent deseriptions of a grain boundary
of the cybic system for X up to 100 on the base of 180° rotation are given. These results
are also compared with experimental ones of a tiwin boundary in polycrystalline copper.

1. INTRODUCTION

It was the mechanical behavior of metals which guided researchers
to study the properties and the nature of the junction between grains
in polycrystalline materials. The construction of the electron microscope
gave access to direct observations and this allowed the verification and
extension of the predictions for the structure of what we call interface
or grain boundary ((;.B) nowdays. The general idea is that, on the G.B,
there are regions where the fit between the two crystals is good, separated
by regions of bad fit. It is obvious that the more the atomic positions
of the two grains which are in coincidence, or very near to coincidence,
the better the fit on the G.B. In other words, if we think of a common
sub-lattice, the fit is better for bigger number of lattice points in common.
This gub-lattice is named as Coincidence Site Lattice (C.S.L).

Friedel [1] was the first who studied systematically the C.S.T.
Later Bollmann [2] gave his O-lattice theory, which is a geometrical
approach to interface structure. The basis of the theory is that interfaces
are ordered, The theory is generalized to include coincidences of any
equivalent points, lines or planes. These are regions of exact matching
hetween two interpenetrating crystal lattice and can be used as origins
with respect to which the two lattices are related by a particular trans-
formation,
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There are papers [3 to 10] which give descriptions of C.S.L’s either
theoretically or in comparison with experimental results. Karakostas
et al [11] gave a method for a practical determination of the orientation
relationship in a bicrystal in relation to the instrumental coordinate
system of the electron microscope. Recently [12], they also gave a
modified O-lattice for the determination of CSI. and Displacement Shift
Complete (DSC) lattice, which mirimizes the intermediate calculation,
making use of the experimental data.

The authors have applied the method using also a new description
based on a 180° rotation, in polycrystalline copper [13]. In that paper
a general theoretical descriprion of CSL’s in cubic system was given and
the resulls were applied to the experimental observations. In this article
we present the calculations and we tabulate the results of the equivalent
descriptions for £’s up to 100. The tables which are presented here can
be used from all those studying G.B in cubic crystals.

2., THEORETICAL

Suppose that L; and L, are the lattices of the two variants forming
a bicrystal and T their C.8.1.. Then

LelL, and L <L,

f e el, then « is a vector of both L; and L,. If R is the rotation matrix
which transforms the two lattices [y and L, into each other, we can write

Rlacl, 1

Therefore a I if and only if relation (1) is hold. Suppose that G is
the point group symmetry of L. If g is an element of G, then gee L,
and we can talk of a C.S.1, vector if and only if

RLtgael, (2)

If & 18 a certain vector, it is possible [12] to have a C.5.1. by 180° rotation
around e. In this case

R=R"t. (3)
Therefore, we can find all the equivalent to a vectors using the

R'gja =q , (4)
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where g; € G. The matrix R for a 180° rotation is

— 1 4 2 2af 2y T
Ro=| 2B —1 4 22 28y (5)
Dery 2By — 1 4 2y

where «, B and v the cosines of the vector e.

3. RESULTS AND DISCUSSION

Tables 1 to 26 present the 24 equivalent descriptions of different
C.5.L’'s (which are characterized by their % value [12]) in cubic system
based on 180° rotation. For each 2 value the order of the deseriptions
is according o the order of R”’s in Table 1 of [13]. The first description
iz always the 180° rotation. Indices of planes of symmetry and the multip-
les of a hkl are excluded. If there is no sum of squares equal fo X, then
the 2% 1s considered. The H, K, L indices of the rotation axzes are given
under each angle. As it is pointed out in [13], in this case

_ [He 4 R 41
n

b

with n =1 or 2, depending on what is the value of £ (even or odd
respectively).

Ag an application we examined the case of £ == 3. Thisis the classical
cage of twinning with a {111} as the twinning plane. From Tables 1-1a
we see that the 24 equivalent deseriptions lead to the following different
rotations: 180° around a <111>, 109.471° (or its complementary 70.523°)
around a <140>, 60° around a «<111>, 146.443° around a <113>,
131.810° around a <210> and finally 180° around a <112>.

Fig. 1 is reffered to these deseriptions. Fig 1a is a typical bright field
image of a twin in polyerystalline copper. Only one crystal is under
diffracting conditions. The position of the selective area apperture when
diffraction patterns (d.p)were taken contained the G.B. Fig. 1bis a d.p.
gshowing the description of the twin by 180° and 60° rotation around a
<111 axis. It is impossible to distinguish the iwo cases, because in
the cubic system <1141> iz a third-order axis. For the same reason,
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the diffracting spots from the twoe crystals are in coincidence. Fig. ¢
is a d.p. showing the description by 109.471° rotation around a <110>
axis, Fig. 1d shows the description by 131.81° rotation around a <210>
axis and finally Fig. 1e is the description by 480° around a <211> axis,
where the diffracting spets are also in coincidence. Unfortunately, we
were unable to detect the rotation around a <341> axis.

From this example it is shown once more (see also [13]) that the
combination of the symmetry procedure, introduced by [11] and [12],
and the 180° rotation, introduced by [13], is a very powerfull tool in
examining grain boundaries.
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