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ABSsTRACT.

Phioroglucine dihydrate crystals have been found to yield secondary type of extra reflections
similar to those investigated by Jahn and Lonsdale for diamond. In this case the secondary re-
flections can be regarded as a two-dimensional diffraction effect arising from breaking of the periodi-
city along the c-axis, except that for any reflection for which either the  or the k index is zero, is absent.
The central parts of the crystal plates do not show this effect at all while the peripheral part shows
it and so Lonsdale’s theory that they are produced by internal strain consequent on larger mosaic blocks
is contradicted.

During the last four years extra reflections in Laue photographs have attracted
considerable attention of a number of workers and a huge amount of experimental results
has accumulated. One fact has emerged from all these observations that there are
two distinct types of extra reflections. One is the general type of more or less diffuse
spots which appear in overexposed Laue photographs. The glancing angles of incidence
for these spots are generally near about but not exactly equal to the Bragg angle
for some crystal planes and they fade out rapidly as the glancing angles of incidence
corresponding to the characteristic radiation differ more and more from the Bragg angles.
In the second type of extra reflections the spots are sharp and are obtained only necar
about certain definite orientations of the crystal with respect to the incident X.ray beam.
This type of extra reflections has been first observed by Raman and Nilakantan (1940)
in the case of diamond and has been designated by Jahn and Lonsdale (1941) as the
secondary type of extra reflections and has been studied by them for diamond. So
far there is no record of any other substance yielding this secondary type of extra
reflection.

From the theoretical standpoint Lonsdale (1942) explains them as due to strain
inside the crystals consequent on the absence of mosaic structure, while Raman and
Nilakantan (1942) do not admit that there is a fundamental difference between the
two types, the sharpness or diffuseness of the spots originating from the sharpness or
diffuseness of the absorption spectrum of the crystal.

That phloroglucine dihydrate crystals also show this secondary type of extra reflection
was seen from a rotation photograph of this substance about the c-axis, with radiation
from a-copper anticathode. Over and above the layer lines there were streaks along
the locii of the row lines through the stronger rotation spots. It appeared from the streaks
that reflections occurred also outside the layer lines indicating a break-down of the periodi-
city along the c-axis. In order to test the point further, oscillation photographs were
taken with range from 0° to 10° inclination of the X-ray beam to the a-axis (Plate Va).
It was found that the streaks are of restricted lengths commensurate with the range of
oscillation. A very remarkable observation was made that the intensity along the streak
falls off extremely slowly from the position of the reflection spot through which it passes.
This is in great contrast to the behaviour of the primary extra reflections which fall off
very rapidly as one observes further and further away from the position of Bragg reflec-
tion. The sharpness of the streaks, however, shows that the periodicities are perfect
along the ‘a’ and the ‘6’ axes. .

On taking a Laue photograph with the X-ray beam along the c-axis, it was found
that over and above the Laue spots, a number of spots were obtained which occurred
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exactly at positions indicating a crossed grating spectrum {Plate Vb). On using filtered
radiation the Laue spots were practically absent and the spots of the crossed grating
spectra became more prominent, thus indicating that they are produced by characteristic
radiation.

Plate V1o shows a Laue photograph taken with the X-ray beam along the ‘a’-axis with
the c-axis vertical. Continuous lines connecting the spots on the zones with horizontal
zone-axes appear on the photographs. A Laue photograph taken with the X-ray beam
along the b-axis, with c-axis vertical, is shown in plate VIb. Here also two very prominent
zones with horizontal axes are seen to be connected by continuous lines. All these effects
lead to the same conclusion that the periodicity along the c-axis is broken down while
along the ¢ and the b-axes there remains perfect periodicity.

Laue photographs have also been taken after rotating the crystal through 10° about
the ‘a’ as well as ‘b’ axes so that the X-ray beam was incident at an angle to the c-axis.
The positions of the secondary extra reflections did not alter appreciably while the Laue
spots moved over considerable distances. Only the shapes of the spots, however, showed
some variations. There was also a gradual diminution of the intensities of these spots
with increasing tilt. Plate VIIa shows the Laue photograph when the X.ray beam makes
an angle of 10° with the c-axis.

If one observes these secondary extra spots carefully a very remarkable effect is
noticed. The central parts of the spots are blank. The contour of the spots takes up
the exact shape of projection of that of the crystal on the photographic films due to slightly
divergent reflected beam. So the central portions of the spots correspond to the central
part of the crystal. This shows that the secondary extra reflections are produced only
by the outer parts of the crystals. This fact has been proved conclusively by taking
Laue photographs from a large number of crystals obtained from different crops. Very
small crystals also show the effect, but the area of the blank portion is extremely small
and could only be seen on the negatives but scarcely on the prints (Plate VIIb).

A crystal plate was cut into two halves along a diagonal so that each piece formed a
triangle. The central part of the original crystal is now the middle parts of the cut edges
of these triangular pieces. One such part was taken and a Laue photograph was
obtained with the X-ray beam along the c-axis as before. The secondary extra spot
(Plate V1Ic) has now the triangular shape showing a blank space at the middle of the side
corresponding to the cut in the crystal. This shows definitely that the portions of the
crystal plate at the centre and at the periphery are different in that the latter gives rise to
the secondary extra reflections while the f8rmer does not show the effect at all. Another
Laue photograph was taken in which the incident X.ray beam was so narrow that only
the central part of the crystal plate was irradiated. This photograph did not show this
two-dimensional effect at all while the Laue spots and the primary diffuse spots appeared
as usual (Plate VIId).

These reflections have been classed as secondary extra reflections from their para-
llelism with the secondary extra reflections from diamond, where in suitable orientation
they are sharp spots. There are two varieties of diamonds as shown by Lonsdale and
Smith (1941) of which one only shows the secondary extra reflection. In a phloroglucine
dihydrate crystal the two types are present in the same crystal. Here the peripheral
part shows the effect while the central part does not show it at all.

My grateful thanks are due to Prof. S. N. Bose for his interest in this investigation
and to Prof. K. Banerjee for suggesting the problem and guidance throughout the progress
of the work.

REFERENCES.

Jahn, H. A. and Lonsdale, K. (1941). Diffuse Reflections from Diamond, Nature, 147, 88.

Lonsdale, K. (1942). Extra Reflections from Two Types of Diamond. Proc. Roy. Soc., 179A, 315.

Raman, C. V. and Nilakantan, P. (1940). Specular Reflection of X.rays by High Frequency Sound
Waves. Nature, 145, 667. ) ) ‘

Ramsn, C. V. and Nilaksntan, P. (1940). Classical and Quantum Reflections of X.rays in Crystals.
Nature, 146, 686, ) A

Raman, C. V. and Nilakantan, P. (1942). Quantum Theory of X.ray Reflections—Experimental
Confirmations. Proc. Ind. Acad. Sci., 14A, 356.

48



Proc. Nat. Inst. Sei, India, Vol X, Plate V.

T ) .
L &
°
a
o' 5 -
L]
[ ]
o ., o




BosE. Proc. Nat. Tust. Sei. India, Vol. X, Plate V1.

. % .
- by
- - L] - -
- ,p‘
. L]
& ¢
L
L]
L]
Q
)
-~
L
L
he L]
-
- L ]
® = s




BOSE. Proc. Nat. Inst. Rei India. Vol. X, Plate V1I.




