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ABSTRACT.

Secondary extra reflections in benzil with the X.ray beam along and near the normal to the m (10 1 0)
faces have been studied. It has been found that there is an extensive two-dimensional derangement of the
lattice along planes parallel to the a* ¢* planes of the reciprocal lattice with more drastic derangements along
axes parallel to basal axes of the reciprocal lattice. The latter condition gives rise to double extra spots
apparently similar in origin to the triple and double extra spots of class I diamond. These linear and two-
dimensional derangoments are too sharp to be classed with the extra reflections explained by the Faxen-
Waller-Born theories.

Lonsdale and Smith (1941) have published very interesting Laue photographs of benzil
in monochromatic light. When the beam is along the axis of trigonal symmetry continuous
lines appear which are in places where the layer lines would appear if the crystal were rotated
about its three two-fold symmetry axes. At the points of intersections of these lines are more
intense and fairly sharp extra reflections. Very short streaks also appear in positions of the

fourth layer lines for rotation about the three [1 0 1 0] directions. On passing the beam along

the [10 1 0] directions similar streaks appear but now there are two sets. On examination
of the photograph published by Lonsdale and Smith it is found that for one set the positions
of the streaks coincide with the layer lines for rotations about the [0 0 0 1] axis, while for the
other set there are two branches out of which the lines of one of the branches apparently are
not in the positions of the layer lines to be obtained by rotations about an axis normal to the
X-ray beam. Rather their shapes suggest that they may coincide with layer lines corre-
sponding to rotation about an oblique direction. These two branches form loops by their
intersections. B

For X-ray beam along [1 12 0] direction again streaks coinciding with positions of layer
lines due to rotations about [0001] and [10 10] directions were obtained. Fairly sharp
extra spots again occurred at the intersections of these streaks.

The sharpness of these streaks is remarkable, and indicates that the extensions of the points
in the reciprocal lattice are restricted sharply within the axial planes. This communication
describes some of the results of our closer investigations into the nature of this breaking up of
the lattice.

Crystals of benzil were obtained from its solution in ether by slow evaporation and fairly
small crystals were chosen in order that if there be any inherent diffuseness of the extra spots
or streaks, that could be brought out prominently. The crystal was mounted with the [0001]
axis vertical by the help of a Czapski two-circle theodolite goniometer and the X-ray beam

passed along a normal to one m (101 0) face for the first photograph and successive photo-
graphs were taken by rotating the crystal from this starting position to different successive
orientations. The crystals were small and the tube also was not so powerful as to give a suffi-
ciently strong beam after monochromatisation. The effect of the white radiation was, however,
considerably reduced by running the tube at a high voltage (between 60 to 65 kilovolts) with
copper anticathode, thus the white radiation was suppressed compared to the characteristic
radiation. For taking the Laue photographs a cylindrical camera was used as that was found
advantageous (Ganguly, 1942) for the falling off of intensity with angle of diffraction was
minimised and the angular range of observation was considerably extended.

Fixed crystal photographs were taken at different orientations of the crystal. The photo-
graph obtained with the X.ray beam along the normal to the m face is shown in plate I(a).
This is the same orientation as that in plate 9 of Lonsdale and Smith’s paper (1941), Inter-
sections of continuous lines form beautiful loops. The first order loop on either side of the
central spot is not visible in either Lonsdale and Smith’s photograph or in our photograph.
The second order loop that can be seen in Lonsdale and Smith’s photograph is hardly visible
in ours due to general blackening while the interesting fourth order loop that appears in our
photograph is beyond the range of Lonsdale and Smith’s photograph. There are some extra spots
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lying on the continuous lines that form the loops, and occur at the intersections of hypothetical
layer lines for rotation about the vertical axis. One pair of such very interesting spots is at
the intersections of the fourth order loop on either side of the central spot with the equatorial
(horizontal) line. They belong to the plane (4 0 40) and it is remarkable that this and some other
planes when suitably placed give rise to double extra spots. In the photographs shown in plates
1(b) and I(c) taken with the X-ray beam making angles of 1° and 2° respectively with the
{10 1 0] direction, these spots move with the continuous lines and thus come closer and closer
to each other on one side and further and further from each other on the other, just as the
Laue spot comes closer to them and further away from them respectively and it appears that the
Laue spot and its two extra spots would coincide simultaneously if the crystal be set at the
Bragg position for that plane. ‘

One of the two sets of lines, whose intersections produce these closed loops, is easily identi-
fied as the positions of the layer lines for rotation about a horizontal axis normal to the
incident ray. This is evident from the curvatures of the lines, and the axial length of 8-34
A.U. calculated from the positions of the lines which agrees very well with the identity period
8:38 A.U. (Allen, 1927) along the direction {11 2 0].

To understand the nature of the other sets of lines we have to consider a rotation photograph
in which the incident ray is oblique to the axis of rotation (a crystallographic axis). In such a
case in the equation

a(a—ao) = hA

representing a rotation photograph where g, the cosine of the angle between the X-ray beam
and the rotation axis, is not zero, as distinguished from the ordinary rotation photographs. This
gives us

hA
o= o +_a—,'

So again the layer lines will be the intersections of a set of coaxial cones with the photographic
film. Since we have seen that the first set of lines correspond to layer lines for rotation about
an [1120] direction. There are three such directions intersecting at 60° with each other.
So naturally we should expect two more sets of cones whose axes are horizontal and inclined
at 30° to the X-ray beam on its two sides. It is apparent from the plates that the curvatures
of the other two sets of lines conform to this. This idea gets further support from the fact
that in the fourth loops the lines belonging to the second set have very small curvatures. On
determining its distance from the central beam it is found that it makes an angle of 52° 45
with the incident X-ray beam and so an angle of 82° 45’ with one of the [1 1 2 0] directions in
the symmetrical photograph. That is very close to a right angle which would have given an
exactly straight layer line. )

The effects of displacing the crystal through angles of 1° and 2° respectively are shown in
plates I(b) and I(c) respectively. It is seen that on one side the two lines forming the loqps close
up while on the other side they widen apart as is easily expected from the variation of « in equa-
tion (1).  For the first set of the continuous lines ay is zero at the symmetrical position and so the
value of the first set changes much more rapidly than for the second set where ay = cos 30°.
Measurements on the continuous lines forming these loops confirm this as will be seen from
tables 1, 2 and 3, which give the angular positions of the equatorial section of the continuous
lines from the direct beam in plates I(a), I(b) and I(c) respectively.

TasrE 1.
Order. Exp. Calec.
. . o ’ [} 28[
First set of continuous lines { i i?" gg, ig]’.o 20

{ 3 41° 34/ 41° 40/

Second set of continuous lines 4 52° 45/ 520 297
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TABLE 2.
Right hand side. Left hand side.
Order.
Exp. Cale. Exp. Cale.
. . . ° 30’ ° 17 ° 47 33° 40
First set of continuous lines { i 433° g(l)’ zgo 53/ ig" 3 47° 50°
. . ° 19/ 42° 9/ 41° 8/ 41° 12/
Second set of continuous lines { i ggﬂ ;g, 520 29, 5%" 437 52° 0
TABLE 3.
Right hand side. Left hand side.
Order.
Exp. Cale. Exp. Cale.
. . . o ’ O 7 o 4"'/ 3 O 54’
First get of continuous lines { i’ ig" Zé, 2(330 37, igo 267 4go 297
. . 3 42° 10/ 42° 387 40° 24’ 40° 44’
Second set of continuous lines { 1 52° 53 53° 307 50° 58’ 51° 31°

Lonsdale (1942b) discussed these streaks by representing them on the equatorial plane of
the reciprocal lattice. But some very interesting results become apparent if these results are
represented on the reciprocal lattice in three dimensions. The continuous lines along the layer
lines in the X.ray photograph correspond in the reciprocal lattice to the section of the sphere
of reflection by the plane normal to the rotation axis. The fact that the movements of these
lines on changing the orientation of the crystal conform to the movements of the layer lines
without any appreciable change of intensity and continuous nature of the lines indicates that
the derangement is continuous along these planes. The sharpness of the lines, however, shows
that the derangements are strictly restricted within these planes while the persistence of the
non-Laue spots to remain on these lines indicates more drastic derangement along the axial
lines of the reciprocal lattice that lie along these planes. This latter type of derangement along
definite crystallographic directions has been observed in the case of diamond by Lonsdale
(1942a) and phoroglucine dihydrate by Banerjee and Bose (1944), and Bose (1944). The two-
dimensional derangement has not, however, been so far recorded to have been observed in any
other crystal, with the same order of sharpness as here.

The origin of the double extra reflections from (40 4 0) and similar other planes may be
regarded as akin to the triple extra spots of the (111) planes of diamond in Lonsdale and
Smith’s photographs. The latter has been regarded by Lonsdale (1942¢) and Pisharoty (1941)
as arising from the three points of intersection of the sphere of reflection with the three (1 0 0)
axes along which derangements are supposed to occur. In benzil the double spots may be
regarded as arising from the intersection of the sphere of reflection with two of the orthohexa-
gonal axes along which more drastic derangements appear to occur,

A peculiar feature observed in the directional derangements in diamond and phloroglucine
dihydrate that all the planes of the crystal are not affected holds true here also, namely, that all
the planes of benzil are not subject to this two-dimensional derangement as has been remarked
by Lonsdale (1942). On observing the photographs it will be noticed that no continuous lines
which should pass through the central spot could be observed. This shows that the planes
represented by points on the axes of the reciprocal lattice passing through the origin are not
affected by this derangement. As regards the other characteristics of the directional derange-
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ments that there are varieties of the crystal which do not show this derangement, as for
example diamond class Il and the central parts of phloroglucine dihydrate crystal, no such
type has yet been observed in benzil.

A closer investigation into this two-dimensional derangement in benzillattice is in progress
in this laboratory. This preliminary work shows that these effects of the directional and the
two-dimensional derangements are different from what is envisaged by Faxen-Waller-Born
theories.

The work was carried out partly at the Physics Laboratory of the Dacca University and
partly at the Indian Association for the Cultivation of Science and our thanks are due to Prof.
S. N. Bose of the Dacca University and the Committee of Management of Indian Association
for the Cultivation of Science for providing facilities for the work.
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