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THE LUMINESCENCE OF DIAMOND-—-I1I

Sk C. V. RAMAN
1. LUMINESCENCE AND CRYSTAL STRUCTURE

HE. spectral character of the visible lumi-

nescente excited in diamond by irradiation

with long-wave ultra-violet light was described
and illustrated in an earlier article of this
series, and the remarkable diversity of heha-
viour displayed by different specimens of dia-
mond in these circumstances was duly stressed.
Why this should be so is a problem which

might well have remained unsolved, had it

been an isolated issue. At our early stage of
the Bangalore investigations, however, it be-
came apparent that luminescence was only one
of a whole group of physical properties of
diamond which exhibit large wvariations, and
that these are interrelated with each other.
A gdetailed study of the situation was made pos-
sible by the circumstance that the collection of
material included a large number of polished
cleavage plates of diamond-—a form which is
exceptionally well-suited for such investiga~

2

tions. It will suffice here to mention four
series of studies made with these plates which
covered the following topics: (a) the absorp-
tion in diamond of ulftra-violet radiation of
wave~lengths between A2000 and A 3000;
(b) the absorption of infra-red radiation of
wave-lengths between 64 and 12u; (¢) its
structural birefringence; and (d) the intensity
of X-ray reflections by the lattice planes of the
crystal.

That physical properties so different in their
nature as those stated above exhibit variations
correlated with each other and with lumines-
cence is by itself an indication that a conunun
cause underlies all the variations. Of particular
importance in this connection was the dis-
covery that a good many of the plates exhibited
luminescence of varying colour and intensity
over their area, showing geometric patterns
with a conflguration related to the structure of
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the crystal. This suggested investigations by
appropriate methods of the other properties
listed ahove. and tre result emerged that the
cleavage plates which showed geomeiric pat-
terns of luminescence also exhibited patterns of
tltrasviolet transparency, patterns of infra-red
transmission, patterns of structural birefrin-
gence and patterhs of X-ray reflection inten-
sity: the geometric features of all these patterns
bore a recognizable relationship with each
other. Tre evidence for the structural origin
of the whole group of effects was thereby
greatly strengthened.

It is proposed in this article to present the
experimental facts briefly summarised agrove,
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diamond. The technique of photographing their
patierns so as to exhibit the relationship be-
tween them has recently been greatly improved,
and a whole series of new photographs by
Mr. A. Jayaraman were reproduced with a
paper which appeared in the Proceedings of the
Indian Academy of Sciencegs for August 1950.
Other photographs taken with the same appa-
ratus illustrate the present article (Figs. 1 and
6 below).
2. THE LUMINESCENCE PATTERNS

In order to observe or photograph its lumi-
nescence, the diamond is placed on a piece of
black glass and irradiated by a beam of suniight
filtered through a plate of Wood's glass and

B C

Fig. 1

Luyminescence and DBirefringence Patterns of [hre> Representative Diamonds,

(A} Birctiingence,

in somewhaf greater detail. Of particular
significance and importance 15 the relatlonship
between luminescence and bivefringence in

(13) Green Luminescence anl (C) Blue Luminescence,

focussed on the specimen. Viewing the diamond
through a blue filler, one isolates the part of
the luminescence which arises from the
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electronic transition at A 4152 and its associated
vibrational transitions., Similarly, viewing the
diamond through a filter which has a cut-off
for wave-lengths shorter than A 5400, the blue
part of the luminescence is extinguished, while
the Iuminescence arising from the electronic
line at A5036 and its associated vibrational
transitions can be seen, though with consider-
ably reduced intensity.

B S———— L Tow,

(FIG
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have a group which exhibits “blue” lumines-
cerice, This 1s more or less perfectly uniform in
intensity over the area of the plate, while ob-
servations through the appropriate filter show
the “green” luminescence to be either weak or
wholly absent. Secondly, we have a group
which exhibits neitler the blue nor the green
luminescence with observable intensity. Such
diamonds may, therefore, be classed as non-

28
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Ultra-Violet Absorption in Blue-Fluorescent Diamonr of different thicknesses

{a) 015 om.,

() 0-30 mm., and (¢} 0-37 mm,

(After K. G. Ramanathan)

==

ﬁ‘

Ultra-Violet*Absorption in (@) Green-Fluores-ent Diamond and (4) Non Fluorescent Diamond,
(After K, 6. Ramanathan)

Over a huadred cleavage plates of diamond
included in the Bangalore collection have becn
studied in the manner described. They are
found to fall into three groups. Firstly, we

fluorescent. Thirdly, we have a group com-
prising the majority of our specimens These
exhibit gcometric luminescence patterns, the
pature of which varies greatly from specimep
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to specimen. In some diamonds, part of the
area i1s non-fiuorescent while the rest exhihits
the “blue’” luminescence usually accompanied by
a weak green luminescence, as shown by ob-
servation through the filter. There are, how-
ever, many specimens in which the presence
of both types of luminescence is evident even
without the aid of the filler. Viewed through
the filter which cuts out the blue luminescence,
the- “green” luminescence becomes apparent as
parailel bands of a greenish-yellow colour
traversing the plate in different directions. The
assistance of the filter enables such bands to be
detected in areas which show only blue lumi-
nescence without such aid.

We may summarise the position by the state-
ment that some diamonds are non-luminescent,
others exhibit only blue luminescence, while a
third class exhibits a more complex behaviour
ih which the appearance of both the blue and
green types of luminescence with varying rela-
tive intensities is a characteristic feature. The
facts observed suggest that this third category
of specimens may be described as being a
“mixture” of the first two kinds of diamond,
hamely, the non-fluorescent and blue-Auores-
tent ones. Their juxtaposition is evident in

Cur_rent
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3. PATTERNS OF ULTRA-VIOLET TRANSPARENCY
A simpie technique was developed for the
study of the transparency of cleavage plates of
diamond to the ultra-violet radiations of the
mercury arc in quartz. The most intense part,
viz.,, the resonance radiation of wave-length
A 2537 is separated from the rest by the use
of a dispersing assembly composed of a quart
prism and a pair of quartz lenses. The radia-
tion thus isolated falls on the cleavage plate
of diamond which is held attached to a thin
sheet of canary-yellow or uranium glass. The
fluorescence excited in the latter in the parts
screened by the diamond reveals whether any
of the incident radiation is transmitted by the
latter., The parts that are opaque to the radia-
tion appear dark in the fluorescent glass. Those
that are transparent show the full intensity,
while partial transparency is indicated by a
diminished brightness of fluorescence.
Observations made by this technique reveal
the correlation which exists between the ulira-
violet transparency of a diamond to the A 2537
radiation and the luminescence excited in it by
ultra-violet radiation of much greater wave-
lengths. Non-fluorescent diamonds are com-
pletely {ransparent to the X2537 radiation.

hy.
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Infra-Red I'tansmission Dy Non-Fluorescent Diamond.

some specimens on a simple inspection of their
luminescence patterns. In other specimens,
especially those showing the green luminescence
prominently, the mixture appears to be un a

finer scale,

Diamonds which fluoresce blue wifth weak or
moderate intensity are opague 1{o the same
radiation. “Mixed” diamonds which are in part
non-luminescent and in part blue-luminescent
show these parts as respectively transparent and
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opaque to the A 2537 radiation. The diamonds
which are green-fluorescent exhibit a marked
{ransmission, which is however distinctly in-
ferior {0 that of non-fluorescent diamond.
Strongly blue-luminescent diamonds show a
weak but nevertheless observable transmission
of the A 2337 radiation.

1t 1s obvious that the terms transparency and
opacity used above can have a precise mean-
ing only if the thickness of the plate and its
percentage of tfransmission are specified. The
investigations made reveal that while all dia-
monds show a complete cut-off for wave-
legths less than A 2250, it is possible by reducing
the thickness sufficiently to observe a trans-
mission down to that limit even in the case of
diamonds which in thick layers are opaque
beyond A 3000. This effect 1s illustrated in
Fig. 2 for a diamond of the blue luminescent

type.

The Luminescence of Diamond—11 3

diamonds irrespective of their behavioyr in
luminescence show an absorption in the infra-
red region between Tu and 4ux, This is a
second-order absorption due to the octaves and
combinations of the characteristic frequencies
of the crystal lattice.

0. PATTERNS OF STRUCTURAL BIREFRINGENCE

We are not here concerned with the accidental
birefringence due to visible flaws or inclusions
in diamond, but will consider only the bire~
fringence having a structural origin observed
in plates which appear otherwise faultless. The
effect, if present, is readily observed when the
plate is held between crossed polaroids and
viewed against a bright source of light. Since
the optical effects arising from a local stress
extend far beyond the point of its application,
while, on the other hand, luminescence is an
essentially localised phenomenon, we cannot
expect a perfect correspondence bhetween the
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4, PATTERNS OF INFRA-RED TRANSMISSION [uminescence and birefringence patterns,

Investigations reveal a precise correlation
between the transparency of diamond to infra-
red radiation in the 84 region of wave-length
and its behaviour in respect of luminescence.
When appropriate corrections are made for re-
flection at their surfaces, non-luminescent
diamonds are found to be completely trans-
parent to infra-red radiation of wave-length
8 #, while diamonds which are blue-fluorescent
with weak or moderate intensity show a strong
absorpfion in that region. 7The absorption is,
however, distinctly less for diamonds which
exhibit an intense blue luminescence. Diamonds
which exhibit a green luminescence have only
a weak absorption in the 8z region and indeed
approach the non-fluorescent diamonds in their
behaviour, It should be remarked that all

Nevertheless, the effects observed, especially in
plates of small thickness, are sufficiently striicing
to carry conviction. The numergus sgpecimens
available for the study enable a complete cor-
relation to be established.

The diamond plates in the collection may woe
divided into three categories. Firstly, we have
a group which exhibits little or no birefrin-
gence and makes a near approach to the per-
fect optical isotropy to be expected in a cubic
erystal, Such diamonds invariably exhibit
“blue” luminescence, its intensity being more or
less perfectly uniform over the area of the
specimen, Secondly, we have a group of dia-
monds which exhibit a characteristic type of
lamellar hirefringence: flne streaks are seen

running parallel to the octahedral of the
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dodecaledral planes of the crystal, the alternate
layers exhibiting positive and negative bire-
fringence as determined with the aid of a
Babinet compensator. Diamonds which exhibit

C
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the area of the plate. The presence of such
bands in birefringence goes hand in hand with
the appearance of green or greenish-yellow
bands of luminescence as already described.

13 A

Fic. 6

Luminesience and Birefringence Patterns.
(B) Green Luminescence and (C) Blue Luminescence.

(A} Birefr neence,

this type of birefringence over their entire area
are invariably non-luminescent. Thirdly, we
have a group of diamonds in which the bire-
fringence is a more complex characte;:', varyiug
from specimen {o specimen. In some specimens,
extensive areas are observed where the bire-
fringence is of the type characteristic of non-
fluorescent diamonds, while in other areas the
birefringence is weak or absenf as in the case
of “blue” luminescent diamonds. More common
are the specimens in which broad bands of
birefringence run parallel to each other over

Figs. 1 and 6 above have been reproduced
from photographs taken recently by Mr. A.
Jayaraman and illustrate the foregoing remarks.
The three photographs marked III in Fig. 1
illustrate a typical case of a blue-fluorescent
diamond exhibiting no birefringence and no
green luminescence. The three pictures marked
II in the same figure represenis a typical non-
fluorescent diamond giving mneither blue nor
green luminescence but exhibiting a streaky
birefringence. The three pictures marked I in
the fisure are photographs of a diamond which
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exhibifs bhoth green and blue bands of luminec-
cence over-a greater part of the area, but has
a central area which is non-fluorescent. The
birefringence of the plate exhibits a banded
structure having a recognisable relationship to
the features observed in luminescence, This is
better seen in Fig. 6 which reproduces the pat-
terns of blue and green luminescence and
birefringence of three typical diamonds of the
third or mixed category. In Fig. 6 (1), the
striking feature is the appearance of broad
bands of yellow luminescence {traversing the
crystal. These run parallel to the broad bands
of birefringence seen cutiing across numerous
fine streaks of the kind seen in non-lumines-
cent diamond which appear In a different
direction. A careful study of Figs. 6 (II) and
6 (II1) will repay the reader for his trouble.
They form excellent illustrations of the rela-
tions between luminescence and birefringence
described in the foregoing pages.
6. PATTERNS OF X-RAY REFLECTION INTENSITY
The method of recording these patterns—
also called X-ray topographs-—is in principie
simple and has been described in detail in the
papers by Dr. G. N. Ramachandran on the sub-
ject. It makes use of white X-rays diverging
from a pin hole to obtain the Laue reflections

from the full area of the cleavage plate. The
reflections recorded may be either from the in-
ternal or the surface crystallographic planes,
the technique necessary to obtain a undistorted
picture of the crystal being different in two
cases. Clear photographs can only be obtained
with relatively thin plates.

The features observed in the X-ray topo-
graphs are very revealing. It is found that the
weakly-blue Iuminescent areas make a near
approach to the ideally perfect crystal struc-
ture and give the weakest Laue reflections. A
greater intensity of blue luminescence resulis
In a corresponding increase in the intensity of
X-ray reflection. On the other hand, areas
which are non-luminescent give exfremely in-
tense X-ray reflections. The reason for this
is presumably the lamellar structure of the
diamond which is evident also in the birefrin-
gence. It 1s found that the bands of greenish-
yellow luminescence crossing the areas of -blue
luminescence are represented in the -X-ray
topographs by very bright streaks. This obser-
vation supports the inference that the “green”
luminescence is a consequence of the admix-
ture on a ‘fine scale of the blue-luminescent and
the non-luminescent types of diamond.

(To be continued)

INTERNATIONAL CONFERENCE

N International Conference on Elementary
Particles was organized by the Tata Ingti-
tute of Fundamental Research, Bombay, from
the 15th to 22nd December 1950, 'This is the
first time that a conference of this type on such
a high scientific level has been held in India.
This was made possible by grants from wvarious
official and non-official organisations in india
and abroad and specially, by a substantial sub-
vention from the UNESCO, which enabled a
number of distinguished scientists from ahroad
to attend the conference.

Studies on both expgrimental and theorefical
aspects of the subject were discussed at the
conference. The theoreticians were mainly in-
terested in the fundamentals of quantum
mechanics. For instance, Rosenfeld spokc on
ideas of measurability developed by Bohr and
himself, Peierls spoke on commutation laws in
relativistic quantum theory, Perrin on spinors
and Moller on nca-localised quantum field
theories. Discussions on the theory of element-
ary particles themselves were led by Bhabha
who presented the relativistic theory in the
latest form developed by him. Other papers
were by Heitler on the production of mesons,
Fermi on nuclear stars, Wentzel on nuclear re-
actions involving mesons, Eliezer on the equa-

ON ELEMENTARY PARTICLES

tion for the electron and Majumdar on the
radiative scattering of the electron.

Cosmic rays are still the main source of
high energy particles for most of the experi-
menters although some studies have also been
made with particles from powerful cyclotrons.
The papers presented could bhroadly be classi-
fied info four types: (a) those dealing with
the influence of factors like latitude and meteo-
rological conditions on the intensity of cosmic
rays: (b) those concerning the interaction of
cosmic rays with atomic nuclei; (c¢) thiose aim-
ing at discovering the primary constifuenis of
cosmic rays: and (d) those describing the ex-
perimental techniques. In addition, Blackett

presented some recent work on V-mesons dis-

covered by his group, and showed photographs
of their tracks in a cloud chamber.

Reviewing the present knowledge on cosmic
rays, Saha concluded that they were probably
galactic in origin, while Blackett was of the
view that they need not necessarily be produced
by nuclear reactions and that a mechanism
analogous to the one which causes thunder-
storms could well be responsible for the pro-
duction of these high energies, as has been
suggested by Fermi,

A i



