THE LUMINESCENCE OF DIAMOND—III

Sik C. V. RAMAN
1. THE ELECTRONIC EMISSION SPECTRA

» was remarked in the first article of the
series, the emission band at A 4156 dis-
covered by C. Ramaswamy in the year 1930
plays the leading role in the blue luminescence
of diamond, while the band at A 5038 studied
later by Dr. Nayar and by Miss Mani plays an
analogous role in respect of the green lumines-
cence. These bands sharpen when the dia-
mond is held at liquid air temperature and
shift to 24152 and A 5032 respectively. The
A 4152 emission also then appears resolved into
a doublet, the width and separation of the
components varying considerably with the
specimen under study. In particular, the
doublet is narrow for the diamoads which ex-
hibit the blue luminescence feebly, a circum-
stance which is favourable for a satisfactory
resolution of the associated vibrallonal spec-
trum into its discrele components. Absorption
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bands are also observed at A4152 and * 5032 in
the spectrum of white light transmitted by the
respecfive diamonds, the strength of such ab-
sorption varying pari passu with the intensity
of the corresponding emission. - Hence, one is
justified in ascribing them to electronic tran-
sitions in the crystal lattice., Where there is an
apparent lack of correspondence between the
strength of the absorption and of the emission,
there is evidence for 1he existence of self-
reversal or other cause affecting the emission
intensity.

The investigations of Dr. Nayar and of
Miss Mani have also shown that X 4152 and
A5032 are by no means the only electronic
transitions recorded in the luminescence spec-
ira, though these stand out by reason of their
special intensity and their association with
vibrational transitions in the lattice. Lines
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appearing strongly both in emission and abscrp-
tion have bee. observed at A 4189, 4197, 42u8,
4907, 4959 and 5359. A fairly strong line at
A9708 and numerous others which are less
intenge have also been recorded in the emission
spectra of various diamords but Lave .ot so
far been detected in absorpt.on. The electronic
eémission lines may be divided broadly into two
groups, viz,, those that appear along with the
emission at A 4152 and the rest with that at
A 5032, Trey are observed respectively with
the diamonds exhibiti..g these two tyres of
luminescence.

The electronic line at A 4156 prezent in the
blue luminescence spectrum sharpens and in-
creases 1.1 peak intensity when the d amond is
cooled down. Per contra, it decreases in peak
intensity when the diamond is heated up, until
finally at 350° C. it merges into a ccntinuous
backgrouad and ceases to be visible. Its inte-
grated intensity has been investigated by
Chandrasekharan and found to remain unalter-
ed over a wide range of temperature.
Miss Mani's 1avestigations have shown that the
other electronic lines likewise shift towards
smaller wave-lengths and sharpen when the
diamond is cooled down to liquid air tempe-
rature The sh:ft In wave numbers in the
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at 21060, and the minor term with an absorp-
tion wave-length at A1750. 'The actually
okserved absorption in the ultra-violet, how-
ever, extends further towards greater wave-
lengths, Diamonds o©of the no.-lum:inescent
type show a complete cut-off for wave-lengths
less than A 2250, while the best specimens of
this class exhibit a comp ete transparenty in
the visible and near ultra-violet regions of the
spectrurn. “Diamonds which exhibit lumines-
cence, however, show a different behaviour.
When the thickness of the plate is reduced
suificienfly, the observed transmission extends
down to A2250. There is, however, a strong
absorption at greater wave-lengths, aind indeed
with the largest thicknesses, a complete cut-off
1Is oObserved extending to A4152, and feebler
absorpltion bands are noticed at even greater
wave-lengths. These features are exhibited In
Figs, 1 and 2 taken from a paper by
K. G. Ramanathan.

In moderate thicknesses, however, blue-
lurminescent diamonds transmit wave-lengths
greater than A 3000 quite freely with the ex-
cepfion of certain absorptioa lines noticed in
the regioa between A 3500 and A 3000, and the
vibrational! bands associated with the A 4152
clectronic ftransition.
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Fic. 1

Absorption of Visible Tieht In Thick Diamonl: (2) At Room Temperature ; (4) At Liguid Air Temperature.

various cases is fou..d o be of the same order
of magnitude and roughly prcportional to thke
respective frequencies.
2. Tur ELECTRONIC ABSORPTION SPECTRA
The refractive indices of diamond fit very
well into a dispersion formula containing two
terms, the major term indicatiag an absorption

Some 25 such ab=orptiow lines of the first kind
can be seen in Fig. 3 which is reproduced from
a pmper by Dr. Nayar To record trem success-
fully, it is necessary to hold the diamond at
liguid &ir temperature and to adjust the thick-
ness of diamond traversed as well as the
photographic exposure suitably.
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Absorption of Visible Light by Thic’t Diamoi 1 un ler Hizh Dispzrsion.
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Absorption Lines in the Ultra Violet,

Ordinarily, a diamond of the blue-luminescent
class should be less than a millimeter thick to
ghow any transmission for wave=lengths less
than A 3000. Very thin diamonds of the same
variety exhibit a series of sharply-defined ab-
sorption lines in the wave-length region be-
tween A 2370 and A 2240. These are shown in

Fig. 4 reproduced from a paper by K. G. Rama-
nathan.

It is notewor’icy that a precisely similar set of
absorption lines is observed also 1a the u'tra-
violet transmission of green-luminescent d a-
mond, bul can thea be sz2en with moderate
thicknesses of the material.
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Ultra-Violet Absorption Spectrum of Thin Blue-Fiwo-2scent Ditmond : (¢) At Room Tenperature and
(5) Liguid Air Temperature,

It should be emphasised that the absorption
spectra exhibited in Figs. 3 and 4 stand on a
different footing from those mentioned in the
preceding section and those shown in Figs. 1
and 2. They do not appear as emission lines,
and their strength is not directly related to the
intensity of luminescence. Iadeed, the absorp-
tion lines seen in the vicinity of A 3000 becorne
weak and diffuse and the transparency extends
further into the ultra-violet in the case of
strongly blue-luminescent diamonds, as was
first observed by Sunanda Bau.

3. Tue INFRA-RED ACTIVITY OF DIAMOND

Polished cleavage plates are particularly
suitable for quantitative studies oa infra-red
absorption. The results obtained by K. G
Ramanathan with a whole series of such plates
are highly significant in relation to our pre-

sent subject. No important differences are
observed as between different diamonds in the
infra-red activity in the spectral region be-
tween 1400 and 2800 cm.-1 which covers the
octaves and combinations of the fundamental
vibration frequencies. There are, hgwever,
great differences in behaviour in the spectral
region between 9700 and 1400 cm.-! which
covers the Arst-order vibration frequencies.
The diamcads which are mon-luminescent are
completely transparent in the latter region. On
the other hand, the non-birefringent and
weakly blue-luminescent diamonds show a
strong activity in the latter region, and the
absorption—-curves exhibit a series of peaks
exhibiting a resolution of the vibration spec-
trum into distinct componeats (see Fig. 9).
Green-luminescent diamonds show an inter-

Absorplion Specérum of N.C.177 (0-08 mm. bhick)
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mediate behaviour, such as would result from
passage successively through two plates of ap-
propriate thickness belonging respectively to
the active and non-active types (see Fig. 6).
Strongly blue-luminescent diamonds are found
to exhibit an iafra-red activity which is dis—
tinctly less than in the case of diamonds with
a weak luminescence. The character of the
absorption-curve also shows minor wvariations
accompanying the changes in the colour and
intensity of the luminescence,

activity indicates that the electronic structure
of the non-luminescent diamond has the
highest or Oh {ype of symmetry, while the
electronic structure of the blue-luminescent
diamonds 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 en-
tertained that the Iuminescence of diamond
arises from the presence of chemical impuri-

Absorplion Specbrum of N.C.110 (0-81 mm. bhick)
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Irfra-Red Absorption Spectram of Green-Fluorescent Diamond,

The diamonds which show the first-order
infra-red activity most strongly are those
which make the nearest approach to ideal per-
fection of crystal structure as shown by their
freedom from birefringence and their X-ray
behaviour. Per contra, the diamonds which do
not show the first-order activity are those
which exhibit the largest departure from ideality
as indicated by such tests. In these circum-
stances, it is clearly not possible to ascribe the
infra-red activity exhibited by the former class
of diamoads to structural imperfections or other
accidental circumstaaces. We are, in fact,
compelled to recognize that the difference in
behaviour connotes a fundame..tal 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 depe.ds 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

ties. 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 1ideal perfection. While this suggestion
contains an element of truth, the results of
subsequent investigations with a wider range
of material show that it is not by itself suffi-
cient to cover the facts. It does not, for in-
slance, explain why diamonds which, as judged
by optical and X-ray tests, show structural
imperfections of the c¢rystal in the highest
degree, are precisely those which are non-lumie-
nescent. Neither does it account for the green
type of luminescence and for tle relationship
between luminescence and birefringence which
has been so clearly established. We are thus
forced to look & little deeper to reach a clear
understanding of the array of facts revealed by
the Bangalore investigations.
(To be continued)
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DR. M. S. KRISHNAN

CIENTISTS all over India will welcome the
news of the appointmasnt of Dr. M. S.
Kristnan, MA., phb, ARCS,FNI, as Director
of the Geological Survey of I.dia, Dr. Krishnan
is the first Indian to become the Head c¢f this
important Department of the Government of
India.

Born in 1898 at Malarajpuram, Tanjore Dis-
trict, Dr. Krichpnan has had a. brilliant academ:c
career. After taking his Honours degree in
(Geology with distinction from the Madras Pre-
sidency College in 1919, he worked as a
Demonstrator for two years in the same col-
lege. He then went to the Imperial College of
Science and Technology, and in 1923, was
awarded the PhD. degree of the Londecn
University.

Dr. Kristnan joiaed the Geological Survey
of India in 1924 as an Assisiant Superintendent
and did a considerable amouat ¢f field work in
the Orissa States of Gangpur, Keonjhar, etc.
Later, under his direction, many mineral depo-
s.ts were investigated, and systematic geological
mapping comme..ced in several dstricts of the
Madras Presidency.

From 1933 to 1935, he was Professor of Gen-
logy at the Fresidzncy College, Calcutta, which
post he held a’ong with trat of the Curator
(now styled Petrologist) in the Geologiczal
sSurvey.

In 1935, he went to Great Britain, United
States of America, and Caaada, and v.sited
several important centres of Mining and Geo-
logy. On his return iy 1936, he was arpointed
a Memeter of the Coal Mining Committee con-
st.tuted by the Governmant of Izd a.

Dr. Krishnan became a Superintending Geolo-

gist in 1945, and in 1946 visited Englard as an
Official Delegate to the Royal Society Emp re
Scientific Conference. In 1947, he was deputed
to Europe and America to make a special study
of the methods of iavestigzation of rare earth
minerals. In 1949, he attended, at Lake Success,
the United Nations Scientific Conference on the
Conservation and Utilisatio.l of Rescur-ces as a
Member of the Indian Delegation.

He was President of the Geology Section of
the Ind.an Science Cg.gress in 1935. He is a
Fellow or Member of many learned societies
of the world, chief among wo:ich arz the Indian
Academy of £Eciences, National Institute of
Sciecces of India, National Academy of Scien-
ces of India, Mining, Geological and Metallur-
gical Institute of India, Geological, Mining and
Metallurgical Society of India, Indian Soclety
of Soil Science, Indian Ceramic Society, Geo-
logical Society of London. American Tnstitute
of Mining and Metallurgi~al Engineers, Canadian
Institute of Micing and Metallurgy, Scciety of
Economic Geologists of America, and Min¢ra-
log.cal Societies of America, England, France,
Germany and Switzerland,

Dr. Krichnaa has published numerocus valu-
able papers on the mineralegy, p2trology and
economic geology of maay parts of India.

The Geological Survey of India has just
completed one hundred years of its life, and it
is mest fitting that at the begnning of the
second century, its activities should be guided
by such an eminent geolegist as Dr. Krishnan
who combines wide administrative and organi-
sational expzerience with mtense love for origi-
nal research. We wish him a very successful
tenure of office.



