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THE LUMINESCENCE OF DIAMOND-—I
Sk C. V. RAMAN
1. INTRODUCTION
O less than seventy-five distinct papers circumstances to give an account of this recent

which concerned themselves with the struc-
ture and properties of diamond were communicat-
ed by the present writer and his collaborators and
published in the Proceedings of the Indian
Academy of Sciences between the years 1934
and 1948. Review articles surveying the work
of the latter part of this pericd appeared from
time to time in the pages of Current Science.
Investigations on the diamond have once again
been taken up and fresh tesults have been re-
ported in the Proceedings of the Academy for
August 1950* It appears appropriate in these
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work 1n the light of the earlier investigations.
In doing so, we shall not trouble to guote lite-
rature references, since the interested reader
will find a complete bibliography classifieti
under various headings on pages 269 to 287 of
the Proceedings of the Academy for December
1048.

When the phenomenon of the luminescence
of diamond first came under the notice of the
present writer in the year 1930, it was not re-
garded as a subject offering scope for rescarch,
Acluglly, it presented itself as an impediment
to the researches then in progress which had
for their object the spectroscopic study of the
scattering of light in diamond with a view 1o
discover the nature of the complete vibration
spectrum of that substance. The realisation of
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this aim had indeed to wait for many years until
some non-luminescent diamonds came into the
possession of the writer. That the luminescence
was itself a phenomenon worthy of study did
not suggest itself till the year 1940 when
Mr. P. G. N. Nayar took up the problem at the
instigation of the writer. It soon became appa-

rent that a most fertile field of research awaited
exploration.

The Luminescence of Diamond—1

Current
Science

luminescence of diamond, namely, the enormous
variations in its intensity.

The first of the six pictures in the figure
shows a group of 88 South African diamonds
set within a circlet of pearls as seen by day-
light. The remaining five pictures show the
same diamonds made visible by their emission
when irradiated by sunlight filtered through a
plate of nickel-oxide glass. The five pictures

Fic. 1

Luminescence of South African diamonds

The photographs reproduced in Fig. 1 exhi-
bit one of the remarkable features of the

were recorded respectively with exposures of
b seconds, 15 seconds, 30 seconds, 120 seconds and
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1,800 seconds. Only in the last and most heaviiy
exposed picture is it possible to recognise the
original pattern seen by daylight.

Equally noteworthy are the variations in the
colour of the luminescence of diamond. While
the majority of clear white diamonds show a
blue luminescence, ofthers exhibit a - greenish-
blue, green or greenish-yellow Iuminescence
under ultra-violet irradiation, while a small
minority are definitely non-luminescent. In
June 1942, the writer had the opportunity of
examining a great many diamonds of Indian
origin at Panna, and was much impressed by
the fact that all the 52 diamonds of the highest
quality and of great size in the necklace owned
by the Maharaja of Panna were blue-lumines-
cent, though the intensity of suchi luminescence
varied largely. During a visit by the prescnt
writer to London in May 1948, the opportunity
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:'En cages In the order of their excellence as
Judged by their water and freedom from colour.
Each cage contained some fifty to sixty crystals.
All the diamonds without exception from the
first six cages showed a luminescence of blue
colour. Examples of green or yvellow lumines-
ceénce were very few even in the cages contain-
ing the lower grades, a blue or bluish-green
luminescence being by far the commonest effect
observed. The similarity between these results
and those observed with the Pamnna diamonds
.in June 1942 was so striking that one could
scarcely doubt that the blue luminescence was

a characteristic property of diamond of the
first quality.

2.. LUMINESCENCE AND ABSORPTION SPECTRA

Examination of the spectrum of the light
emifted by luminescent diamonds reveals the
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Luminescence spoctra of diamonds
(¢} Blue. (#) Bluish green, (¢) Green, (4) Bluish white, (r) Greeaish yellow, (F) Yellow, (¢} Orange.

arose of examining the luminescence of a very
large number of diamonds of high grade from
the Congo area in their natural form as crys-
fals. The stones had been sorted and arranged

cause of the variations in its colour. In Fig. 2
arc reproduced a sct of scven pictures recorded
in some recent studics by Mr. A. Jayaraman.
The first of these pictures is that of a typical
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blue-luminescent diamond, while the third
spectrum 1s that of a diamond exhibiting an in-
tense green luminescence. These types of emis-
ston were those very thoroughly studied by
Mr. P. G. N. Nayar and Miss Anna Mani res-
pectively. Tt is evidznt that the second and
fourth spectra in tre- figure are sup=rposifioas
in  different intensity ratios of the blue and
green types of luminescence. The last three
spectra in the figure represent other types of
luminescence which are less common but arc
also of great interest. It would seem that they
arise from a progressive extinction of the stor-
ter wave-lengtks in the second or green tvpe
of spectrum with a consequent approach of the
colour of the luminescence to a pure yellow
or orange

The spectra reproduced in Fig. 2 were re-
corded with the diamonds held at room tempe-
ratures. Lowering tre temperature of the
crystal to that of liquid air results in the
sharpening of the bands, whereby the true
character of the spectra stands clearly revealed.
Lowering of the temperature has an analogous
effect on the corresponding absorption spectra
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Nayar and Anna Mani. In Fig. 3, the upper
of the two spectrograms represents the emission
spectrum and the lower the absorption spec-
trum. The former exhibits the bright lines at
A 4152 and A 5032 characteristic of the blue and
green types of luminescence respectively. The
lower spectrum, on the other hand, exhibits
dark lines in absorption at the same wave-
lengths. It will bz seen from the same figlue
that the emissions at ) 4152 and 5032 are ac-
companied by subsidiary bands towards the
longer wave-lengths. In absorption, on the
other hand, the subsidiary bands appear to-
wards shorter wave-lengths. The subsidiary
bands in emission and absorption exhibit mirror
image symmetry about A4152 and A 5032 as the
case may be, their frequency shifts with respect

-to these being equal and opposite. This is

Clearly seen from Fig. 4 in the case of AS032
and from Fig. 5 in the case of 2N4152. In the
latter figure, the absorption spectrum has been
reversed so as to exhibit the mirror image sym-
metry about A4152 line by the coincidence of

tbke dark bands in absorption with the bright
bands in emission.
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The flucrescence and absorption spzctra of diamond.

exhibited by the same diamond. Inter-ccmpari-
son of the emission and aksorption by the same
diamond at low temperatures reveals the re-

The relationship between the emission and :
absorption spectra of diamond is also illustrated
In a striking manner by studying the effect on

F1c. 4

The 5032 sys‘em in enmussion ani absorption at liguiqd air temneratrrs showing mirror image symmetiy

markable connections between the two. These
features are apparent from Figs. 3, 4 and 5
reproduced from the papers of Mr. P. G. N.

the intensity of the luminescence of exciting the
same with moncchrcmatic light the wave-length
of which can be altered, Anna Mani carried
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out a series of experiments of this kind and
found that the intensity of the blue luminescence
passes through a series of maxima and minima
when the exciting radiation is on the short
wave-length side of A4152 and is gradually
shifted towards that wave-length. It reaches a
large maximum when the exciting band coin-
cides with A 4152 and then drops suddenly to
a small value when shifted to greater wave-
lengths. Similar effects in respect of the green
luminescence are noticed when the exciting
radiation lies on one side or the other of the
principal absorption at A 3032 which goes hand
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3. THE LATTICE SPECTRUM OF DIAMOND

The foregoing interpretation of the observed
facts finds confirmation in the agreement of the
frequency differences (positive and negative
respectively) derived from fthe luminescence
and absorption spectra with the lattice frequen-
cies in diamond as determined from studies on
the scattering of light and on the infra-red ab-
sorption 1n the substance. The electronic
absorption and emission lines are d.-ffuse at
room temperatures and exhibit a readily observ-
able width and structure when it is cooled down
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(@) Raman spectrum of diamond, (4) Emissioa »pz:irum aqvd (-) Absoiption spaciran (reversel)

in hand with that luminescence. The facts re-
cited show that the absorption and emission
centred at A 4152 and A5032 respectively re-
present electronic transitions, while the sukbsi-
diary bands represent the vibrational transitions
of the crystal lattice which are coupled with
these electronic transitions,

to liquid air temperature. This introduces somc
uncertainties in the lattice frequencies as de-
ducced from the studies on luminescence or tle
corresponding absorption. Such uncertainties
are even greater in the case of the green lumi-
nescence, the 25032 line being diffuse even at



362 The Luminescence of Diamond—1I Current

hiquid air temperature. Nevertheless, the re- is evident from the accompanying microphoto-
sults are sufficiently definite to give us an indi- meter record, As already remarked, the finite
cation of the nature of the vibration spectrum width of the 4152 line sets a limit to the
of the diamond lattice. Particularly remarkable sharpness with which the vibrational transitions
Is the appearance in the emission spectrum of are recorded. The sharpness is even less satis-
blue luminescence, of a series of well-defined factory in the case of the A 5032 line and the

¥Fic. 6
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Laue photographs of two blue-fluorescent dizamonds
bands. These are shown in Fig. 6 taken from accompanying vibrational transitions. Hence,
a paper by K. G. Ramanathan. Their positions the evidence from the luminescence spectra re-
are marked in the figure and their sharpness garding the discrete character of the lattice
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vibration spectrum of diamond must be regard-
ed as indicative rather than as demonstrative.
The real proof of the discrete line~character of
the lattice vibration spectrum of diamond comes
from the siudies on light scattering, where the
sharpness of the recorded lines is determined
by the monochromatism of the incident light
which is very high.

The spectroscopic facts set forth above make
i1 clear that in spite of the enormous variations
in the intensity and colour of the luminescence
of diamond, we are dealing with a well-defined
phenomenon namely, certain electronic transi-
tions and associated vibratignal transitions, the
positions of which do not vary either with the
particular specimen or with the locality of its
origin. What wvaries is the intensity of these
transitions. Thus, we are naturally led to infer
that the luminescence is & phenomenon charac-
teristic of the diamond itself, and that the
variations observed arise from corresponding
variations in the fine structure of the crystal
This conclusion is powerfully reinforced by
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X-ray studies especially those made and re-
ported in various papers by Dr. G. N. Rama-
chandran. It is found that there is a precise
Quantitative correlation between the strength
of the blue luminescence exhibited by diamonds
with the intensity of the X-ray reflections, both
of the Laue and the Bragg types, given by
their crystal planes. Thig is illustrated for the
Laue reflections in Fig. 7. The two photographs
reproduced were recorded with equal exposure,
with two diamonds of equal thickness but
differing in the intensities of their hlue lumines-
cence. It is seen that the Laue reflections of
the two diamonds giffer greatly in their inten-
sity. Dr. G. N. Ramachandran has also shown
that the angular divergence of the Bragg reflec-
tion given by the diamond with monochromatic
X-rays is least for faintly blue-luminescent
diamonds and increases with the mtensity of
that type of luminescence. In othler words, the
iormer represent the nearest approach to an
ideally perfect crystal structure.

(To be continued)

MEMORIAL TO LORD RUTHERFORD

HE, Council of the Royal Society have issued

an appeal for financial support for the
creation of a suitable memorial to the late

TL.ord Rutherford of Nelson.

It is universally acknowledged that Lord
Rutherford was one of the foremost figures in
Our present know-
ledge of the structure of the atom 1s, to a very
large extent, due to the researches carried out

twentieth century science.

under his inspiring leadership. Together with
Soddy, he put forward the conceptions of
radicactive series and of isotopes. His classical
experiments on the scattering of «-particles led
to the nuclear model of the atom. This spurred
on PRohr, then working with Rutherford, to
formulate his picture of the atom as being
composed of stationary quantum states. The
first artificial transmutation was observed by
Rutherford by bombarding niirogen nuclei with
a-particles. This technique, applied to other
light elemenis in various laboratories of the
world, ‘finally culminated in the discovery of
the neutron by Chadwick in Rutherford’s own
laboratory.

It was again under Rutherford’'s direction
that Cockeroft and Walton achieved the first
atomic transmutation by means of artificlally
accelerated particles. This experiment not
only opened up a new method of disinte-
arating atoms, but also served to demonsirate
the validity of Einstein’s mass-energy relafion
and to point out the possibility of the trans-
formation of mattér into energy. Feather,
working with Rutherford, wus the il

’

to show

that neutrons could produce
nuclear transmutations, an observation,
which in the hahds of Fermi and colla-

borators in Rome, and Hahn and others in
Berlin, led to the discovery of nuclear fission.
The further development of this resulting in
the release of “atomic ehergy’” is recent his-
tory. We do not yet know the full potentiali-
ties of this newly discovered source of energy,
which, 1f harnessed for the good of humanity,
may perhaps usher in a new era in civilisation.

It is proposed that the memorial should take
two forms:

1. Rutherford Scholarships, tenable for
three years to be awarded to post-
graduate students within the Common-
wealth, for research in natural sciences
with a preference for Experimental
Physics, the scholar to carry out his re-
search inh an Institution in some part of
the Commonwealth other than that in
which he graduated.

2. A Rutherford Memorial Lecture to be
delivered at iniervals at selected centres
in the Commonwealth, at least one in
three to be given in New Zealand, wheve
Rutherford was born,

Since a substantial endowment fund will be
needed for these purposes, the Royal Society
have sent out an appeal for contributions to the
fund and we heartily endorse this appeal
Contributions may be sent 1o the Rutherford
Memorial Committee, The Royal Society, Bur-
]l[];_:{.ljﬂ TMouse, Tonuilon w I, Eﬂglnndp

EDITOR.



