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1. INTRODUCTION

THE fluorescence spectrum of all diamonds at the room temperature exhibits
an electronic line at 4156 A, which also occurs in absorption, accompanied
by vibrational bands on the longer wavelength side of it (Nayar, 1941).
When the diamond is cooled to liquid air temperatures, the electronic line
becomes sharp and is resolved into a doublet with a mean wavelength of
4152 A. 'The separation of the doublet is variable, depending on the speci-
men, but is not less than 2 A or about 12 cm.~* A number of other electronic
lines are also observed, of which one at 5032 A is also accompanied by
subsidiary bands (Mani, 1944). This, however, is very weak in blue-
luminescing diamonds. In this paper, we shall discuss the nature and
origin of the doublet at 4152 A, which is present in the spectrum of all
fluorescing diamonds.

The first question that arises in this connection is * What is the agent
which gives rise to luminescence in diamond ?” In the past, it has been
generally supposed that some chemical impurity present in the diamond is
responsible for the fluorescence. As has been, however, shown by Sir C. V.
Raman (1944), there are good reasons for believing that this is not the case. .
Blue fluorescence is a very géneral and characteristic propzrty of diamond
irrespective of its source of origin and especially of the diamonds which are
chemically the purest and physically the most perfect. Blue-fluorescing
diamonds exhibit little or no birefringence, while the comparatively less
common non-luminescent ones show a characteristic laminated structure
accompaniad by a strain pattern in the polariscope. The X-ray studies made
by one of the authors (Ramachandran, 1944, 1946) indicate, in agreement
with this, that the non-luminescent diamonds possess a high degree of
mosaicity of structure, while the blue-fluorescent ones make a near approach
to the ideal of crystal perfection. These considerations, as well as the close
relationships observed between luminescence and other physical properties of
diamond, make it highly improbable that it is dus to extraneous impurities,

176




Luminescence as “Forbidden” Electronsc Tyansitions in Diamond 177

On the other hand, one is led to suppose that the electronic transition
is really one occurring between levels belonging to the diamond structure
itself. There are, however, considerations to show that the transition is
ordinarily forbidden, but that it has become allowed under the conditions
existing in the fluorescing diamonds. A study of the refractive index and
dispersion of both ultraviolet opaque (fluorsscing) and uliraviolet trans-
parent (non-fluorescing) diamonds shows that these do not sensibly differ
in the two cases (Martens, 1901; Peter, 1923) and that the variation of the
refractive index with wavelength can be represented by a formula using iwo
characteristic frequencies lying in the extreme ultraviolet, viz., at 1750 and
1060 A respectively (Peter, loc. cit). The contribution of the electronic
transition at 4152 A to the dispersion of diamord is negligible, except pro-
bably in the close neighbourhood of this wavelength, where no measurements
have been made. This means that the probability of the transition is small,
which is equivalent to saying that it is oydinarily forbidden.

There are several cases known in which such forbidden transitions occur
in crystals giving rise to both fluorescence and absorption. In ruby, for
example, the principal lines in flyorescence and absorption have been attri-
buted to transitions between different levels in the normal configuration
3d® of Crtt (Dzutschbein, 1932). As is to be expected, the wave-numbers
do not coincids exactly with those deduced from the energy levels of Cr IV,
but are quite close to them. Similarly, a large number of lines have been
found in absorption in KCr (SO,), of which the sharpest and the most
intense can be attributed to some of the forbidden transilions in Crtt
(Spedding and Nutting, 1934). However, a study of the absorption spectra
of a large number of chrome alums shows that the wave-numbers of the in-
tense lines in the red vary appreciably with the compound concerned over
a range of nearly 300 cm.™! (Kraus and Nutting, 1941). Similar results have
also been found with the salts of the rare earth elements. Ellis (1936) has
given reasons to believe that the absorption lines observed in these are due
to forbidden transitions taking place between low-lying levels belonging to
the normal configuration of the atoms. Calculations of the term values of
such levels for Tm** made by Bethe and Spedding (1937) show remarkable
agreement with experimental values. These observations suggest that we
might reasonably look for a similar transition to explain the fluorescence
in the case of diamond also.

2. ErEcTRONIC ENERGY LEVELS IN DIAMOND

In order to obtain an idea of the energy levels in diamond, it is useful to
consider the case of the carbon atom and see if there are any levels in it,
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transitions betwzen which are ordinarily forbidden. The. autl-lorss,ri::\;l;
t wish to suggest that it is the carbon atom which give .
AN in diamond. The energy levels in the carbon atom alte only
guségctegf:ts an analogy in order to obtain an idea of where to look for other
r

forbidden transitions, if any. | l
ration 2s2 2p? of the carbon atom consists of 3 levels,
iz merggﬁltﬁgﬁvixs (P, 3151, 3p,) forming the ground sta!:e and two
o adgl vels D, and 1S.. 'The term values of these levels with respect
eXC]}tli rzu\;ld statz-e of C IIocan be obtained from standard l‘able§ (Bach‘cr and
t((;c;[uc{silit, 1932). In Fig. 1(a) an energy level diagram is given \}fﬁthltl):e
term value of the 3P| state taken to be zero.  The scheme ?f energy ufc:-s is
identical with that in a number of other cases where forbidden trz;ns: mni
have been cbserved, e.g., that of N 11, OIIT and Pb I and that of O, c’x]cep
for the inversion of the triplet levels of the ground state 33. - On thg analogy
of these cases (Bowen, 1936; Mrozowski, 1944), the tranmtngns vx;h 101;1 mlghc;
be expacted to occur in CT are shown in Fig. I'(a). T}le lines }?1'—‘ S:, m:
3p,-1S, have been observed in Pb I by Mrozowski (loc. cit.). As will be seen
frc;m the diagram, these lines in the case of CI have wave-numbers 21632
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and 21605 respectively, thus forming a doublet with a separation of 27 wave-
numbers. As already remarked, the 4152 A line is also a doublet. One
may therefore take the above transitions in carbon to correspond to the

4152 A line (24077 cm=Y) in diamond, It will be noticed that the wave-
number of the diamond doublet is 1-114 times that in CT1,
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Following the analogy, one may expect an intermediate level in diamond
corresponding to the *D, level in C1. A rough idea of the term value of
this level can be obtained if we assume that this also is shifted in the same
ratio as the one corresponding to the S level in the carbon atom. The value
comes out to be 11340 cm.”* Now, transitions from the D to the *P level
have been observed in auroral and nebular spectra in the case of N II, O ITT
and OT and in the laboratory in OT and Pb1. Similarly, the transition
1D-1S has been found to occur in all the cases, except Pb I where it lies in
the infra-red. On the basis of these analogies, one may expect emission lines
in diamond at about 7849 A and 8816 A. An attempt was therefore made
to discover whether any such lines actually occur.

3. SEARCH FOR THE EMISSION LINES IN THE INFRA-RED

An intensely blue-luminescent diamond (N.C. 67) was used for the pur-
pose and was excited by ultraviolet radiation between 3600 and 4050 A
by using light from a carbon arc filtered through Wood’s glass. The red
and the infra-red rays transmitted by this glass were cut out by means of a
filter of copper sulphate solution. .In practice, a round-bottomed flask con-
taining a 107, solution of copper sulphate was used to focus the carbon
arc on the diamond. The fluorescence spectrum of the diamond was photo-
graphed with a Zeiss 3-prism spectroscope having an aperture of f2-3.
With this instrument, the 4152 spectrum could be obtained in 5 seconds,
while it required nearly 3 hours to record the infra-red. The spectra were

photographed on Kodak extra-rapid infra-red plates which were sensitive
upto 8500 A. (See Plate XXI.)

Actually, it was found that there was a sharp emission line in the
fluorescence at 7930 A. 'This is clearly shown in Fig. 2 (a) at the position
indicated by the arrow. The line has also been obtained with another
brilliantly blue-fluorescent diamond N.C. 68, whoss spectrum is shown in
Fig. 2 (b). It may be noticed that the line at 7930 A is actually sharper than
‘the one at 4152 A indicated by the arrow in Fig. 2(d). This is probably
due to the very small dispersion of the spectrograph in the infra-red region.
The wavelength of the observed line agrees fairly closely with the expected
value of 7849 A. The other expected line was not recorded, being beyond
the limit of sensitiveness of the photographic plate that was available.

Itis of interest to examine whether the line at 7930 A arises from a transi-
tion from an upper level to an intermediate level, or whether it is an ordi-
nary transition to the ground level, many examples of which are known.
For example Mani (1944) has recorded a number of such electronic lines,
oceurring both in emission and absorption by diamond, of which those at
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