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I. Objective

An r-cut ruby crystal (cut on the (1 1 0 2) plane) was ordered from Union Carbide
and it was desired to verify that this was indeed the orientation of the crystal. Figure I,
obtained from Union Carbide, shows the orientation of the r-plane with respect to the other
major crystal faces. The specific aim of this paper is to verify that the orientation is (1 102),
but the paper is written with enough general information that it should be helpful in

determining the crystal orientation of any sapphire or ruby crystal.

I1. Method

A back-reflection Laue photograph was made of the crystal and used to determine the
orientation of the crystal. A back-reflection Laue photograph is made by directing a
collimated beam of "white" radiation (usually Bremsstrahlung radiation which covers a large
range of wavelengths) through a photographic film (the beam should be normal to the plane of
the film) and onto a sample. The allowed reflections are then recorded on the film. The
details of how to take a Laue photograph can be read in the manual for the Laue camera and
on pages 28-29 of ref. 1. It is recommended that for the Molybdenum target used in our Laue
camera, 20 kV at 20 ma be used and the sample set 3 ¢m from the film. Under these

conditions, the Laue photograph of the ruby was completed in ten minutes.

For a reflection to occur from a plane of atoms, the angle of incidence must equal the
angle of reflection. Thus each plane can have only one reflection which will make an angle of
26 with the incident beam where 4 is the angle between the normal to the plane and the
incident beam. Because of this condition the Laue pattern is very similar to a stereographic
projection and possesses the same symmetry (with the added center of symmetry if one does
not already exist because the X-ray reflection is the same from either side of a plane) as a

stereographic projection.

The first step in determining the crystal orientation from a Laue pattern is to

determine the pattern’s symmetry. If no symmetry is discernible, it is virtually impossible to
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determine the orientation without prior knowledge about the orientation. For sapphire, a
trigonal system with the 3m1 point group, the symmetries possible are 3m 1, m, and 2 for the
{0001),{h 0k, and (1 1 20} planes respectively.? The three-fold rotational .syrnmetry of
{0 0 0 1) is easily discernible (although it may be mistaken for six-fold symmetry because of
the mirror) as is the two-fold symmetry of {1 1 2 0). If the Laue pattern exhibits only mirror

symmetry, the task is a bit more difficult.

In the case of only mirror symmetry, the first thing to do is look at the stereographic
projection of sapphire (see Appendix) on one of the equivalent (1 0 1 0} planes (Fig. 2
illustrates the (1 1 0 0) plane) and identify planes which appear to have-the same general
pattern. Figure 2 does not include points for planes with disallowed reflections so it is not a
true stereographic projection of sapphire. The Laue patterns for the planes which have a
similar pattern to the Laue photograph should then be compared to the Laue photograph to

determine which one is the correct symmetry.

III1. Results

In practice, the Laue photograph cannot look exactly as the ones I have calculated
because the intensities of many reflections are so low that they cannot be seen. Also, higher-
order planes than the ones calculated may cause reflections not present on the patterns I have
constructed. The best method to determine the orientation from the photograph is to study
the major lines of reflections present and the spots where lines intersect. From the initial
measurements of the photograph from this particular ruby crystal, it was immediately seen
that four strong lines intersected at the center of the Laue photograph. Measuring the angles
between the line of mirror symmetry (termed the mirror axis for the remainder of this report)
and the other major lines, it was determined that one line was perpendicular to the mirror
axis, and the other two were +47° from the mirror axis. It was further observed that major
intersections occurred on the mirror axis at 3.7 cm from the center in what was marked the

m+ direction and 3.3 cm from the center in what was marked the m- direction. Major
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intersections also occurred at + 3.9 cm from the center on the line perpendicular to the mirror
axis. A photocopy of the negative (reflections were re-inked in to make them visible on the
photocopy) is shown in Figure 3.

By studying the Laue patterns supplemental to this report, it is immediately seen that
only the (1 10 2) pattern bears resemblance to the actual Laue photograph. Further study
shows that the major lines are arranged with one line perpendicular to the mirror axis and
lines at +47° from the mirror axis, exactly what the Laue photograph showed. Direct
measurement from the calculated Laue pattern places the (2 2 0 10) spot at 3.7 cm from the
center of the pattern along the mirror axis and the (4 40 2) spot at 3.2 cm from the center of
the pattern in the opposite direction along the mirror axis. The (1 213)and 211 3) spots
appear at + 3.9 ¢cm from the center of the pattern along the line perpendicular to the mirror
axis. These points match up very well with those on the photograph, so based on this data, it

was determined that the crystal in question was cut on the (1 1 0 2) axis.
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Appendix - Construction of Stereographic Projections and Laue Patterns

To construct the stereographic projection of a crystal, it is first necessary to construct
a set of orthogonal axis. I chose the normals to the (1 100), (1 12 0), and (0 0 0 1) planes
(the [1T00],[1120]and[00 0 1] directions) to be the %-, $-, and 2-axis respectively. For
hexagonal coordinates,
’ 21 ’ ’ *2 AR 2
cosd= [hh *+kk ' +%6(hk "+kh )a* 2+l ‘¢

V Qhleh'k‘J'

where ¢ is the angle between the normals of the (kk.[) and (h°k”.I’) planes.® (The . replaces
R e e S T N

the redundant index.) &* and c* are the reciprocal lattice spacings (a* = and c*=1/c).

Okt is the quadratic form (Qu=(h?+k?*+hk)a*?+1%c*?), Using these formulae, cos¢ was
determined between the normal to each plane and each of the three coordinate axes. For each
plane, x;=cos$; where x; is the projection of the unit vector normal to the (hk.J) plane onto the

%~axis and #; is the angle between the X-axis and the normal to the plane. Using standard

rotation of axis, the x; may be rotated to any orientation for the stereographic projection.

With the coordinates I chose, the stereographic projection of the (1 1 0 0) plane was obtained

by plotting x, against xs.

Once the data for the stereographic projection has been obtained, making the Laue pat-
tern for the same plane is quite straight forward. First the conditions limiting reflections must
be applied to remove all data sets which cannot produce a reflection (this was done before

making the stereographic projection for this report). The limiting conditions are*:

indices restrictions

. hkil —h+k +1=3n
hhOl I=2n
[N
L i s

so all planes which do not meet these conditions are discarded. From the Bragg equation, the
angle between the incident beam and the reflection is 26 where § is the angle between the

incident beam (and thus the normal to the plane for which the Laue pattern is being
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constructed) and the normal to the plane contributing a reflection. Thus, using 4 for the spac-
ing between the film and the sapphire, the new coordinates for the Laue pattern in terms of
the coordinates from the stereographic projection (using x and y for the coordinates of the

stereographic projection and x “ and y* for the coordinates of the Laue pattern):

x ‘=dtan(2) ———
Vxi+y?
\4

Vx24y?

Plotting the new x “ against y * will produce the Laue pattern as it should appear on the photo-

y‘=dtan(29)

graph.

Figure 2 illustrates the stereographic projection of the (1 1 0 0) plane with the points
due to planes with non-allowed reflections omitted. On this figure five planes which exhibit
higher order have been labelled along the mirror axis. Five supplemental figures are included

at the end showing the Laue patterns for each of these five planes singled out on Figure 2.
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Figure 1 Orientations of the major crystal [aces of a hexagonal crystal (such as ruby or sap-
phire). Figure is provided by Union Carbide.
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Stereographic Projec;ion of Sapphire cut on the (4 -1 0 0) plane
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Figure 2 Stereographic projection of sapphire cut on the (1 10 0) plane with the points due to
planes having non-allowed reflections suppressed. The vertical axis is a mirror axis containing
planes of the form (h h 0 {). Along this mirror axis, five specific planes have been labeled and

the Laue patterns for these planes have been made. Other major planes have also been
marked on the figure for reference.
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Figure 3 Negative of Lauc photograph taken of this particular ruby sample. All reflections
visible have been re-inked to make them visible on the photocopy. The four major
intersections of major lincs have been labeled.



The figure below illustrates all possible reflections in a laue photograph
taken of sapphire cut on the (2 20 10) plane. The figure is scaled for
the actual distances on a photograph which was made using a 3 cm
separation between the film and the crystal. Some reflections may be
so faint that they cannot be seen on the laue photograph. Likewise, a
few reflections from higher index planes than this was calculated by

may also be present on the photographs. (This was calculated with the

parameters -10<h,k<10 and -20<1<20.)

Laue Pattern of Sapphire cut on the (2 -2 0 10) plane
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The figure below illustrates all possible reflections in a laue photograph
taken of sapphire cut on the (1 10 2) plane. The figure is scaled for
the actual distances on a photograph which was made using a 3 cm
separation between the film and the crystal. Some reflections may be
so faint that they cannot be seen on the laue photograph. Likewise, a
few reflections from higher index planes than this was calculated by
may also be present on the photographs. (This was calculated with the
parameters -10_<_h;k510 and -20<1<20.)

Laue Pattern for Sapphire cut on the (4 -4 0 2) plane
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The figure below illustrates all possible reflections in a laue photograph

taken of sapphire cut on the (4 40 2) plane. The figure is scaled for

the actual distances on a photograph which was made using a 3 cm

separation between the film and the crystal. Some reflections may be

so faint that they cannot be seen on the laue photograph. Likewise, a

few reflections from higher index planes than this was calculated by

may also be present on the photographs. (This was calculated with the

parameters -10<h,k<10 and -20<1<20.)

Laue Pattern of Sapphire cut on the (4 -4 0 2) plane
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The figure below illustrates all possible reflections in a laue photograph
taken of sapphire cut on the (2 2 0 2) plane. The figure is scaled for
the actual distances on a photograph which was made using a 3 cm
separation between the film and the crystal. Some reflections may be
so faint that they cannot be seen on the laue photograph. Likewise, a
few reflections from higher index planes than this was calculated by
may also be present on the photographs. (This was calculated with the

parameters -10<h,k<10 and -20<1<20.)

Laue Pattern of Sapphire cut on the (2 -2 0 -2) plane
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The figure below illustrates all possible reflections in a laue photograph
taken of sapphire cut on the (1 10 Z) plane. The figure is scaled for
the actual distances on a photograph. which was made using a 3 cm
separation between the film and the crystal. Some reflections may be
so faint that they cannot be seen on the laue photograph. Likewise, a
few reflections from higher index planes than this was calculated by
may also be present on the photographs. (This was calculated with the
parameters -10<h;k<10 and -20<1<20.) .

Laue Pattern of Sapphire cut on the (1 -1 0 -4) plane
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