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Synopsis 

The luminescence and birefringency of 36 ultraviolet transparent dia- 
monds out of which 13 are counters are investigated. There is no correlation 
between counting property and luminescence. It is shown, however, that 
there is a marked difference between birefringency patterns of counting and 
non-counting diamonds. The patterns of the non counting ones are generally 
much more pronounced, indicatin g that the counting property is better if 
fewer cracks are present. Using this as a criterion to eliminate non- 
counters - together with the criterion of transmission at 2536 .A - 750,; 
of the remaining crystals acts as a counter. Moreover it appears from this 
investigation that laminations in transparent diamonds (diamond II 
specimens) observed by R a m a n and R e n d a 11 and by R a m a c h a n 
d r a n are a consequence of the mosaic structure of such diamonds. 

1. Introduction. As stated in part I of this account it is of impor- 
tance to compare optically the diamonds, which may act as a crystal 
counter. As a second criterion to designate a counter more precisely 
- the first one being the transmission of light between 3000 and 2250 
A -the laminated structure was expected to suffice. 

Raman and Rendall, and also Ramachandran 
observed such a structure in some ultraviolet transparent dia- 
monds la) r9). A c h y u t h a n found the photoconductivity to be 
a maximum in the direction of the laminations 20) 21). In a recently 
published paper it was stated that the distribution of the number of 
counts versus the magnitude of charge pulses in a diamond crystal 
counter possessed several typical maxima 22). This observation 
was explained by the hypothesis that each maximum corresponded 
to (at least) one sub-crystal. 

-9- 
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It was rather tempting - and it seemed to be reasonable - to 
identify the different parts of the crystal, each of which yields a 
maximum in the distribution, with the laminations studied b\ 
R am a c h a n d r an. Perhaps the presence of the laminations and 
their extension at right angles with the flat surface would be an 
additional criterion to identify counting diamonds. The attempt to 
prove this, which is described in this paper failed, but it gave some 
interesting results on laminations in non counting crystals. Moreover, 
another procedure was found, which improved the percentage of 
counting crystals, in comparison with the method which used only 
the ultraviolet transparency. 

2. The presence of laminations in coding and non counting dia- 
monds. As stated already, Ram an and Rend al 1 observed 
streaks in the birefringency patterns of diamonds of type II la). 

R a m a c h a n d r a n studied this phenomenon more extensi- 
vely in a few diamonds with the aid of a Federov rotation stage on 
a petrographic microscope; the Federov made it possible to set the 
diamond in a position in which the pattern showed fine dark and 
light streaks, which were explained as laminations in the dia- 
mond lg). These laminations were considered to be a confirmation of 
the theory of R a m a n on four kinds of diamonds. 

Recently is was shown that the charge pulses caused by u-particles 
of equal energy vary largely, and that the curve representing the 
number of counts versus the magnitude of pulses shows very typical 
maxima and minima 22). This was explained by a mosaic structure of 
the crystal, these subcrystals might be identical to the laminations 
studied by R a m a c h a n d r a n. Therefore we tried to observe 
the laminations in the crystals already tested as counters. This 
attempt will be the subject of this paper. 

The experimental arrangement consisted of a petrographic micro- 
scope and a F e d e r o v rotation stage. The procedure is partly 
different from that of R a m a c h a n d r a n; it was possible to 
obtain amore detailed picture of the mosaic structure -insteadof the 
picture of laminations given by R a m a n - by using the rotation 
possibility of the F e d e r o v stage completely. In other respects 
the results agree with those already published by R a m a n c h a n- 
d r a n. The experiment was made as follows: 

The diamond to be investigated is placed between two hemispheres 
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of the F e d e r o v; the crystal is embedded in glycerine with the 
same refractive index (1,65) as the hemispheres. Apart from the 
rotation possibility of the F e d e r o v stage as a whole around the 
axis of the microscope (declination axis I), there are for a diamond 
three rotation axes, which are at right angles with each other for a 
flat specimen in horizontal position. Two of these axes are inclina- 
tion axes, the first (inclination axis I) might rotate in a horizontal 
plane, and remains therefore at right angles with declination axis I 
and inclination axis II. The second inclination axis (II) always 
remains in the plane of the diamond, and stands at right angles with 
the first, and with the third axis, the last being the declination axis 
II, and having the direction of the normal on the diamond-surfaces. 
See fig. 1. 

Fig. 1. The rotationaxes of the F e d e r o v  rotation stage. 

Before the pattern is studied, the inclination axis I is given an 
angle of 45” with the polarisator and analysator, the same direction 
is chosen for one of the cross wires. This is achieved by rotating the 
entire F e d e r o v around declination axis I. In this horizontal 
position, the diamond, (with hemispheres) is rotated again indepen- 
dently around the declination axis II (which at this moment still has 
the direction of the first declination axis). There are diamonds 
which, observed in this position, display a streaky birefringence 
pattern, which becomes more evident the better the streaks are 
running parallel at one side of the crosswires. When two directions of 
streaks are present, one is studied first, and this one is set parallel 
with the inclination axis I. Rotating the diamond around this axis, 
an angle i is found, at which the pattern is sharpest. In that position 
the light traverses the diamond parallel to the laminations. These 
laminations are approximately at right angles with the first, unused 
inclination axis, at least, if the inclination angle i mentioned is small. 
If one rotates the diamond in this position around inclination axis I, 
a rotation which has no influence on the visibility of the laminations, 



12 G. P. FREEMAN AND H. A. VAN DER VELDEN 

in some diamonds a second pattern appears which makes an angle of 
about 70” with the first. This is the phenomenon mentioned already, 
the laminations observed are a consequence of a mosaic structure of 
these diamonds. Both patterns might be set equally sharp by rota- 

Fig. 2. Birefringency pattern of the Fig. 3. Birefringency pattern of the 

non-counting diamond no. 20. 12 x . non-counting diamond no. 22. 12 :.: 

Fig. 3. I3irefringcncy pattern of the Fig. 5. Bircfringcncy pattern of the 

non-counting diamond no. 23. 12 x non-countiq diamond no. 29. 12 ‘.: 

Fig. 6. Rircfringency pattern of the 
non-counting diamond no. 32. 12 \.I 

tion of the diamond around declination axis I for about 1 O”, until the 
polarisator and analysator are set parallel to the bisectors of the 
angle of 70”. In this situation the patterns of some diamonds have 
been photographed; viz. fig. 2, 3, 4, 5, 6. For all the laminations the 
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inclination angle i was measured separately with a setting of the 
streaks at 45” with the polarisator, and in the sharpest position. 
Moreover each diamond was searched for other laminations which 
perhaps did not appear in horizontal position as wide bands or 
streaks. 

The results of these measurements are given in table II, containing 
the data on efficiency and maximum signal of counting specimens 
(table I is given in part I of this paper). 

The first colomn of this table gives the counting or non-counting 
properties of the specimens. The second colomn lists the impressions 
obtained about the regularity and the development of the lamina- 
tions. The third colomn gives the fraction of the surface area on 
which laminations were observed; if two pattern were present, both 
are mentioned. The fourth colomn contains the observed values for 
the inclination angles i while the corresponding angles r, that is the 
true inclination of the laminations towards the normal on the surface 
of the crystal, are given in the fifth colomn. It should be mentioned 
that i and I are related by: nd sin r = ng sin i, where nd is the refrac- 
tive index of diamond and ng is the same index of glycerol. 

This expression becomes sin Y = 0,65 sin i. 
If two kinds of laminations were observed, the relative declination 

d is given in the sixth colomn. 
The experiments described are bound to several limitations. The 

first limitation is that the F e d e r o v could not be used with those 
diamonds whose thickness was more than 2 mm (such as no. 3, 19, 
2 1, 24,30 and 3 1). A second limitation is imposed by the direction of 
laminations which might be observed. First of all, this direction is 
limited by the high refractive index of diamond, laminations with an 
inclination angle r larger than 43” are not visible. The finite extension 
of diamond, compared with its thickness, limits this visibility still 
more. Therefore it appears that an inclination angle i = 54”, 
corresponding to Y = 33”, is the ultimate value, at which the pattern 
might be observed. This limit makes it quite understandable that 
the mosaic structure has not previously been observed. 

The results render a very clear explication of the difference 
between the counting and non-counting diamonds. Many non 
counting diamonds display a very beautiful and extensive pattern, 
the counting always a poor one, and then only in a part of the crystal 
(viz. fig. 7). There is no question of the counting property to be 
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correlated with the presence of laminations, on the contrary, those 
diamonds, which display practically no laminations, are the best 
counters. 

Fig. 7. Bircfringency pattern of the 

counting diamond no. 2, \vith a fe\\ 
laminations. 12 x 

It vvas considered of some importance to investigate the pattern 
of the non-counting diamond not only in the direction in which the 
liberated electrons travel usually (as performed already), but also at 
right angles with it. The angle of 70”, observed in double patterns 
corresponds to the angle between two directions of octaeder surfaces. 
Consequently one could expect another pattern of laminations 
parallel to the remaining two directions of these octaeder surfaces. 
To test this hypothese, one diamond (no. 29) was selected and out of 
this diamond a rectangular strip of one millimeter width was sawed, 

Fig. 8. Pattern of diamond no. 29, 
\vhich displays the third lamination 

direction. 12x 

parallel to the bisector of the two kinds of laminations already 
observed, and at right angles with the original flat surfaces. SO it 
was expected to find another equivalent pattern when the light 
traverses the diamond through these newly sawed and polished 
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sides. This expectation was fully realized. The pattern displayed 
appeared to consist of one very well developed laminated structure 
(viz. fig. 8) and a much less developed, but still visible one. Due 
to the differences in development of the two directions it was not 
well possible to photograph the patterns at the same time. The 
declination angle between the two directions was found again to be 
70”. Thus the mosaic structure is of a four directional character, with 
variations parallel to all sides of an octaeder. The same pattern, but 
less beautifully developed, was observed in a diamond of octaeder 
form, again with three well developed alternations and one much 
less developed parallel to the edges of the surfaces of the crystal. 

3. The birefringency at normal incidences. In consequence of these 
observations, it is possible to select the counting diamonds using the 
petrographic microscope and the F e d e r o v. It was tried to 
simplify this additional method of selection, by studying the order 
of birefringency at normal incidence with the aid of the petrographic 
microscope, without the F e d e r o v, but with a gipsum plate and 
a + il plate. Rotating the diamond in a horizontal plane one obtains 
an impression of the order of birefringency from the colour changes. 
To study this system more quantitatively the optical axes have to 
be known. Of the 24 diamonds examined in this way (of which 8 
were counting ones) the counting ones all displayed a pattern with 
low contrast and slight colour variations when the gipsum plate 
was used, and no colour at all with the +;Z plate. Eight other speci- 
mens displayed large variations in small areas of the surfaces 
considered - these were definitely non-counting - and the remain- 
ing eight ones (also non-counting) displayed colour changes some- 
what between the counting ones and the last mentioned ones. This 
applies to the use of the gips plate ; the non-counting diamonds all 
displayed some colour with the $A plate, but this might partially be 
due to the thickness of the crystals. In consequence one might 
eliminate several of the non-counting ones. The efficiency of this 
method is of course less than that in which the F e d e r o v is used, 
but it might still be of importance. The order of birefringency is 
always corresponding to circa 1000 a, for 1 mm thickness of the 
crystal, corresponding with changes in the refractive index of the 
order of 10e4, in accordance to the value found by R a m a c h a n- 
d r a n (ranging from 6. lOA5 till 3. 10m4) in the sharpest position. 
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4. The luminescence of the diamonds. It was observed that some 
diamonds under investigation showed a blue luminescence. This was 
not fully in accordance with the investigation of R a m a n and 
co-workers. These investigators stated a presence of blue lumines- 
cence in diamond of type I I’), but (in general) no luminescence in 
diamond of type II. Moreover, it was suggested by F r e r i c h s 14) 
that a strong blue luminescence at 2250 A might be a criterion of a 
diamond counter. 

For these reasons the luminescence of the diamonds available was 
observed visually. The results are listed also in table II, in the 
seventh colomn. The intensity and colour of the luminescence is 
stated. There is a general disagreement with the observations of 
R a m a n et al., in so far as these diamonds of type II display a 
large variety of luminescence, mainly of a blue colour. Moreover, 
there is no correlation found between the counting property and 
the luminescence notwithstanding the fact that the mercury high 
pressure lamp emitted light up till 2000 A. 

5. Discussion. Together with a method to improve the selection 
of crystal counters, this’ investigation yields some explication of 
features displayed by these counters. First of all it is without doubt 
that the counting property is a property of the crystal itself and not 
of the internal cracks. This is proved by the high efficiency of some 
counters, as stated in part I, and by the absence of extensive lamina- 
tion patterns in counting crystals. Moreover, one might expect the 
observation of laminations to be a consequence of a mosaic structure 
of these diamonds, which structure, if present in one or two direc- 
tions, will be present as much in directions which cannot easily be 
studied. This, and the assumption that the mosaic structure pre- 
vents passing of electrons through the crystal, explains the absence 

. of the counting property in many ultraviolet transparent diamonds. 
It is also true that such diamonds which display little or no lamina- 
tions in one direction are not likely to possess many laminations in 
other directions. These diamonds will be counters, if ultraviolet 
transparent. The variation of pulse magnitude, which led us to the 
investigation of the birefringency, indicates that even in reasonably 
good counters internal cracks or laminations are still present. 

The patterns displayed by several diamonds indicate an orderly 
mosaic superstructure of the crystals. This point became more 
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evident in this investigation than from the prior papers by R a m a n 
and Rendall, and by Ramachandran; these authors 
supported the concept of laminations. 

There is a qualitative consistency between these experiments and 
those of A c h y u t h an (viz. 5 I),, as to the limits set by the 
laminations to the movements of liberated electrons. There are a few 
discrepancies between these experiments and some opinions given 
in literature. R a m a n found a correlation of blue luminescence 
with ultraviolet opacity 17) and F r e r i c h s i4) suggested strong 
lumincescence at 2250 A to be a criterion of good counters. 

It is the opinion of the present authors - P r i n g s h e i m C3), 
who discussed the luminescence of diamond, expressed the same 
opinion-that luminescence of diamond crystals usually is correlated 
with impurities. The property of counting is definitely not to be 
attributed to impurities. There are two qualities important to make 
a good counter: the possibility of liberation of electrons and the 
possibility for these electrons to move over relatively large distances 
in the conductionband before returning - by radiation or other 
means - to a position of lower energy. The second point is probably 
the most critical one: it is to be investigated before a diamond (or 
another crystal) is judged to be a good counter. This critical point 
does not imply the necessity, not even the probability of lumines- 
cence. 

6. Conclusions. From this investigation it appears that counting 
of a diamond is a property of the crystal itself, not of internal sur- 
faces. The large variety of counting properties might be attributed 
mainly to a mosaic structure. With the aid of a petrographic micro- 
scope and a F e d e r o v stage, one might improve the yield of a 
selection of counters from about 33 to 7.5%, provided that ultra- 
violet transparent crystals are used. The observation of laminations 
in some diamonds, given in literature, is proved to be due to a 
mosaic structure, No correlation between counting and luminescence 
of these diamonds is found. 
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