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The luminescence of diamond-IV 

SIR C V RAMAN 

1. Structure and crystal symmetry of diamond 

The clue to an understanding of the lbminescence of diamond is to be sought for 
in the relationship between the spectroscopic properties of the material on the 
one hand and its crystal structure on the other. Of fundamental importance in 
this respect is a result which emerged from the Bangalore investigations, namely, 
that the diamonds which are the most perfect as indicated by their freedom from 
birefringence and by the low intensity and extreme sharpness of their X-ray 
reflections are those which most prominently exhibit the infra-red absorption of 
the, first-order between 7 p and 14p, and the series of sharply-defined absorption ' 

lines in the ultra-violet spectrum between A2250 and 13500. Per contra, the 
diamonds which do not manifest either the infra-red or the ultra-violet 
absorption in these regions are those which exhibit the maximum of imperfec- 
tions in their crystal structure, as indicated by the birefringence which they 
display and the intense and diffuse X-ray reflections which they give. These facts 
preclude us from ascribing the activity in infra-red and ultra-violet absorption 
present in one case and absent in the other to irregularities in crystal structure, 
and compel us to recognise that there is, in fact, a fundamental difference in 
structure between the two varieties of diamond. Spectroscopic theory enables us 
to specify the nature of such difference. If the electronic structure of diamond 
possesses centres of symmetry located at the points midway between every pair of 
neighbouring carbon atoms in the crystal lattice, the diamond would necessarily 
be infra-red inactive in the first-order vibration spectrum. But, if on the other 
hand, such centres of symmetry are absent, the diamond would necessarily 
exhibit an infra-red activity of the first-order. Such a fundamental difference in 
electronic structure may be expected also to manifest itself in a notable difference 
in respect of ultra-violet absorption, as is indeed actually observed. 

Thus, spectroscopic theory ltads'us to recognise the existence of two varieties 
in the crystal structure of diamond possessing respectively tetrahedral and 
octahedral symmetry. It may be remarked that the infra-red activity present in 
one case and absent in the other is very feeble compared with the infra-red activity 
of crystals having a heteropolar constitution. It is also necessary to point out that 
the lower symmetry of the infra-red active diamond, whatever may be its origin, 
would not necessarily involve either piqzo-electric or pyro-electric activity. The 
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Absorption spectrum of N.C. 110 (0.81 mm thick) 

Frequency ( wovenumber) 

Figure 6. Infra-red absorption spectrum of green-fluorescent diamond. 

former class of diamonds to structural imperfections or other accidental 
circumstances. We are, in fact, compelled to recognize that the difference in 
behaviour connotes a fundamental difference in crystal structure. The nature of 
such difference follows from well-established spectroscopic principles, according 
to which the absence or presence of first-order infra-red activity in a crystal of the 
cubic class depends on whether the structure of the crystal does or does not 
possess centres of symmetry. In other words, the observed behaviour in respect of 
infra-red activity indicates that the electronic structure of the non-luminescent 
diamond has the highest or Oh type of symmetry, while the electronic structure of 
the blue-luminescent diarhonds possesses only the lower or Td type of symmetry. 

4. The origin of the luminescence 

The experimental facts already described do not permit us to accept the belief 
formerly entertained that the luminescence of diamond arises from the presence 
of chemical impurities. They also serve to exclude the alternative hypothesis 
that the luminescence is activated by extraneous impurities. As early as 1941, Dr 
Nayar suggested that the origin of the blue luminescence studied by him should 
be sought for in the departure of the crystal structure from ideal perfection. While 
this suggestion contains an element of truth, the results of subsequent investi- 
gations with a wider range ofmaterial show that it is not by itself suficient to cover 
the facts. It does not, for instance, explain why diamonds which, as judged by 
optical and X-ray tests, show structural imperfections of the crystal in the highest 
degree, are precisely those which are non-luminescent, Neither does it account for 
the green type of luminescence and for the relationship between luminescence and 
birefringence which has been so clearly established. We are thus forced to look a 
little deeper to reach a clear understanding of the array of facts revealed by the 
Bangalore investigations. 
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feeblenesb of the infra-red activity is itself also an indication that the differences in 
structure between the tetrahedral and octahedral varieties when expressed in 
quantitative measure are very small. It is, therefore, not surprising that the two 
varieties of diamond make a very close approach to each other in many of 
their physical properties. Such similarity has another important consequence. ' 

Since both structures belong to the cubic system, we should expect that their 
appearance side by side in the same specimen of diamond should be a very 
frequent occurrence. That this is inqeed actually the case is shown by the 
frequency with which patterns of ultra-violet tqansparency are observed in 
cleavage plates of diamond, as already mentioned in an earlier article of the series. 
These patterns always exhibit a geometric character, the boundaries of sepa- 
ration between the opaque and transparent regions running parallel to the 
octahedral or dodecahedra1 planes in the crystal lattice. This is ocular evidence 
that we are concerned with a real difference in structure between the areas under 
consideration. 

2. The crystal forms of diamond 

It is well known that crystals of the tetrahedral class in ithe cubic system 
frequently exhibit interpenetration twinning, as the result of which their external 
forms imitate or mimic ,octahedral symmetry. It folloys that such inter- 
penetration of the positive and negative tetrahedral forms should be commonly 
observable in crystals of diamond. This is fully borne out by experience. Indeed, 
from the very beginnings of crystallographic science, it had been noticed by 
mineralogists that the evidence presented by the crystal forms of diamond very 
definitely placed this substance in the tetrahedral class and indicated a strong 
disposition on its part to imitate octahedral symmetry by interpenetration 
twinning. 

Figure 1 reproduqes photographs of nine crystals from the Bangalore collec- 
tion which illustrate the tendency of diamond to exhibit pseudo-octahedral forms 
as the result of internal twinning. Five of the diamonds, viz., AI, AII, CI, CII and 
CIII are from Panna in Central India and have the rounded forms with smooth 
lustrous faces characteristic of the finest diamonds from that locality. They also 
show a feature which is highly characteristic of diamonds with curved surfaces, 
namely a pattern of sharp ridges which run along the six reflection planes of 
tetrahedral symmetry and divide the external area into 24 triangular areas (see for 
instance, AII, which is nearly a spherical diamond). AI, which is octahedral in its 
general shape, exhibits six sharp vertices where four ridges meet, while at each of 
its eight face-centres, six ridges meet; but the edges characteristic of a real , 

octahedron are missing, being replaced by smoothly curved surfaces. On the 
other hand, the diamonds pictured in CI, CII and CIII, have forms in which the 
features characteristic of a hexakis-tetrahedron may be readily recognised, CI 
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being the best example in this respect in the collection. The three diamonds 
reproduced as B I, B 11, B I11 illustrate anbther typical form of diamond, viz., 
octahedra with plane faces and grooved edges. B I1 (thecentral picture in figure 1) 
is a particularly fine example of this class from South Africa. It exhibits sharply- 
defined re-entrant edges which limit the faces of the octahedron and give them a 
hexagonal instead of a triangular outline. The form is very clearly a consequence 
of the interpenetration twinning of positive and negative hexakis-tetrahedra. 
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3. The origin of the Blue luminescence 

The existence of interpenetration twinning in the tetrahedral type of diamond 
which is demonstrated by the study of its crystal forms allows us to offer an 
intelligible explanation of the observed association of blue luminescence with this 
particular variety of diamond. Every boundary within the crystal at which the 
positive and negative tetrahedral structures meet is a discontinuity in the crystal 
structure. The finer the subdivision of the entire volume of the crystal between 
the two interpenetrating structures, the more nuqerous would be the possible 
centres of luminescence brought into existence thereby. The interpenetration of 
the positive and negative tetrahedral forms thus furnishes a mechanism for the 
production of luminescence centres in greater or less number and, therefore also 
for a highly variable intensity of emission as between diffGrent specimens or 
within the volume of any given diamond, as is actually observed. 

If the blue luminescence arises in the manner stated above, it.follows that an 
increased intensity of luminescence would necessarily mean an increase in the 
lack of perfect homogeneity in the lattice structure of the crystal. In other words, 
the more intense the lhinescence which a diamond displays, the less perfect 
would it be as a crystal. This consequence was actually foreseen by the present 
writer before X-ray studies confirmed its reality. In particular, an investigation by 
Dr G N Ramachandran established the existence of a quantitative relationship 
between fluorescence intensity and the characters of the X-ray reflections by the 
httice planes of the crystal, viz., their intensity and their angular range. 

A further consequence of the ides that interpenetration of the positive and 
negative tetrahedral forms is the origin of the blue luminescence may also be 
pointed out. If the subdivision of the crystal by such interpenetration is carried far 
enough, we should expect the behaviour of the diamond to be noticeably altered 
as the result of the juxtaposition of the oppositely directed tetrahedral structures 
at their boundaries of separation. In particular, a diamond which exhibits an 
intense blue luminescence may be expected to differ noticeably in its behaviour in 
respect of infra-red and ultra-violet absorption from a diamond which shows 
only a weak luminescence. This, again, has actually been observed. One finds a 
distinct weakening of the infra-red activity characteristic of the tetrahedral type 
of structure in the more strongly blue-luminescent diamonds; simultaneously, the 
sharp absorption lines is the ultra-violet between A2250 and A3500 tend to 
become weaker and the diamond as a whole becomes more tranqparent to that 
region of the spectrum. 

- 

4. The origin of the green luminescence 

One need not be surprised that the diamonds having an octahedral symmetry of 
structure are not luminescent under ultra-violet irradiation. For, they are 
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transparent to radiations of wavelength greater than 12250, and if there is no ) 

absorption, there can be no re-emission. The origin of the birefringence exhibited 
by such diamonds becomes clear when a cleavage plate of the same is examined 
under a polarising microscope provided with a Federov stage. It is4hen found 
that the birefringence is due to a lamellar structure running parallel to the 
octahedral or dodecahedra1 planes in the crystal. The use of Babinet compensator 
in addition reveals that the lamellae present in the diamond are alternately under 
tension and compression. It thereby becomes evident that the birefringence arises 
from the co-existence in the same specimen, of two sub-species both having 
octahedral structures but of slightly different lattice spacings (see figure 2). 

Figure 2. Birefringence of diamond as seen in the polarising microscope on the Federov stage. A as 
viewed normally, and B as viewed under tilt; I and IV without compensator, and I1 and 111 with it. 

As already remarked, intergrowths of the octahedral and tetrahedral species of 
diamond are exceedingly common. Cleavage plates in which there are such 
intergrowths invariably exhibit birefringence. They also exhibit bands of green 
luminescence. It is evident that when diamond of the non-luminescent or 
octahedral type and of the blue-luminescent or tetrahedral type are present side 
by side in the same specimen, the boundaries between them would represent 
discontinuities of crystal structure. Since absorption of ultra-violet radiation can 
occur in the vicinity of such boundaries, there is clearly a possibility of their 
functioning as centres of luminescence. There is ample experimental evidence to 
show that the green type of luminescence arises in this way. In the first place, one 
can understand on this basis why both the blue and green types of luminescence 
usually appear together, though in varying ratios of intensity, One can also 
understand why the green luminescence exhibits a banded structure and why 
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there is a perfect correspondence between such structure and the birefringence 
pattern observed in the same diamonds. Then again, it is found that when a 
cleavage plate of diamond showing the banded green luminescence is tilted one 
way or another, the birefringence and luminescence bands both sharpen in one 
position and both become diffuse in the other position, showing that they have a 
common orientation in the crystal. See figure 3 in which A and B represent the 
same cleavage plate photographed in two different directions relative to its 
surface. I represents the green luminescence bands and I1 the birefringence. 

Figure 3. Showing effect of tilting on birefringence and luminescence. 
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From measurements of the tilt of the plate necessary to give the maximum 
sharpness to the bands, it is readily shown that we are concerned with layers 
running parallel to the octahedral or dodecahedra1 planes in the crystal, thus 
affording support to the hypothesis that both the green luminescence and 
birefringence arise from local variations in crystal structure. We may further 
remark that the explanation given above for the origin of green luminescence is 
supported by the observation that the patterns of ultra-violet transparency 
exhibit a close correspondence with such luminescence. The X-ray topographs 
also show a great intensity of X-ray reflection along the bands of green 
luminescence. 

5. Concluding remarks 

The foregoing account of the subject has been confined to statements of fact and 
to interpretations of the same based on well-established principles and therefore 
of a compelling nature. There are other aspects of the subject which are of interest 
but being of a somewhat speculative character have not been touched upon here. 
For instance, what is the exact nature of the difference in the electronic structures 
exhibiting respectively tetrahedral and octahedral symmetry? Why are there two 
sub-species of octahedral symmetry, as is evident from the lamellar structure and 
birefringence of non-luminescent diamond? We have also not dealt with various 
other important issues which arise from the facts under consideration. What is 
the scheme of electronic energy levels in diamond which give rise to the observed 
emission and absorptions spectra? Why are the transitions between them allowed 
in some cases and forbidden in others? Unless we are in a position to answer such 
questions, we cannot claim to have fully understood either the structure of 
diamond or the many fascinating phenomena which it displays. 


	~LWF1770.pdf
	~LWF1771.pdf
	~LWF1772.pdf
	~LWF1773.pdf
	~LWF1774.pdf
	~LWF1775.pdf
	~LWF1776.pdf
	~LWF1777.pdf
	~LWF1778.pdf

