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1. INTRODUCTION

THE investigation by Reinkober (1911), of the infra-red absorption spectrum
of diamond established that diamonds are not all alike with regard to their
infra-red absorption. He noticed the presence of the three bands at 3-0,
4-1 and 4-8 u in the absorption spectrum of his diamond but failed to record
the intense band at 8 u previously registered by Angstrom (1892) and Julius
(1893). More recently Robertson, Fox and Martin (1934), after a detailed
investigation of the infra-red absorption of a large number of diamonds,
were led to classify the substance into two types I and II, the type I showing
the absorption band round about 8y which is absent in type II. Recent
investigations at this Institute (Raman, et al., 1944) of the various other physical
properties of diamond, have however shown that they cannot be described
as falling into one or the other of two types only, but show a more diversi-
fied behaviour. It appeared probable therefore that the infra-red absorption
of diamond should similarly show a diversified behaviour. The present
investigation was unde-taken to test this idea, and also to obtain quantitative
data on the strength of the 8 x absorption band of diamond for numerous
samples. It was also desired to obtain quantitative data on the strength
of the absorption band between 4 and 5p for some specimens and to see
whether any variation, if present, was confined to the 8  region alone or
also to the region betwesn 4 and 5Sp. The work was greaily facilitated by
the use of the flat polished cleavage platss of diamond of which numerous
examples were available in Sir .C. V. Raman’s collection. The present
investigation has shown that the strength of the 8p infra-red absorption
band varies grzatly from diamond to diamond, and that such variations are
corrclated with the behaviour of the specimen in respect of ultra-violet
absorption and luminsscenc:. No such variation has, however, been noticed
in the region 4~5pu. Another striking rasult established by the present
research is the existence of patterns of infra-red transparency in individual
cleavage plates of diamond closely analogous to the patterns of luminescence
and of ultraviolet trarsparency (Raman, et al, 1944) exhibited by them.
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2. EXPERIMENTAL ARRANGEMENTS

'As a source of continuous infra-red radiation, an electrically heated
globar element has been used. For detecting the radiation, a thermocouple
with a receiver 1-5 millimetre square, which was made in this laboratory,
was used in combination with a Hartmann and Braun galvanometer having
a coil resistance of 5 ohms and sensitivity of 0-8 millimetre deflection on a
scale at one metre distance for one microvolt. In order to monochromatise
the radiation for making measurements of absorption coefficients, two
different arrangements (a) A Residual-ray apparatus and (b) An Infra-Red
monochromator, have been used.

(@) The Residual Ray Apparatus.—In this arrangement which is useful
only for investigating the 8 u region, the residual ray band of crystalline
quartz which Jies in the wavelength range 7-7-9-5u is made use of. The
radiation from the globar source was reflected two times from surfaces of
crystalline quartz at nearly 20° incidence. The radiation thus partially
monochromatised by reflections from quartz, was allowed to pass through
a one-millimetre aperture before finally being focussed on the thermocouple.
The diamond was kept close to the aperture so that the radiation passed
through it before falling on the aperture. After passing through the aperture
and before falling on the thermocouple the radiation was made to pass through
a one-centimetre filter of clear, transpatent fluorspar crystal which served
to cut off the 20 1 residual rays from quartz and also to further mono-
chromatise the radiation. The radiation finally obtained, occupies a position
in the spectrum approximately the same as the 8 x absorption band of dia-
mond.

(b) The Infra-Red Monochromator.—This is a rocksalt-prism spectro-
meter which was recently constructed in this laboratory. The two concave
spherical aluminized mirrors used in the instrument are of 9 centimetres
clear aperture and 25 centimetres focal length. The 54° prism of rocksalt
also made in this laboratory, has got refracting faces about 5 centimetre
square. The instrument was used to determine quantitatively the absorp-
tion coefficiznts of a few representative specimens of widely different
behaviour in the region 4-5 w and also to check up by an independent method
the results obtained with the Residual-ray apparatus. Using a wide slit
(0-5 millimetre for 4-5 region and 1-5 millimetres for the 8 u region), the
monochromator was first adjusted at the peak of either the 4-54 band or
the 8 u band of diamond whichever was to be investigated. Then keeping
the adjustments fixed, the absorption coefficients were determined for some
representative specimens,
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For focussing the radiation, wherever not stated, concave (spherical)
aluminized mirrors having very high reflectivity for the infra-red were used.
The deflections of the galvanometer, which, with both the apparatus, were
of the order of a few millimetres could be conveniently measured with a
travelling microscope to an accuracy of 0-05 millimetre. The procedure for
determining the absorption coefficients consisted in noting the deflections
of the galvanometer with and without the diamond in the path of the radia-
tion. For diamonds which do not show appreciable variations of absorption
within their areas, the transmission was taken to be the mean of three or more
values obtained through different parts within the area of the specimens.
Diamonds showing appreciable variations of transparency within their areas
were investigated carefully by moving them before the one millimetre aper-
ture of the Residual-ray apparatus between successive readings and noting
the transmission and also the portion of the diamond which covered the
aperture during each reading. Altogether, thirty-seven cleavage plates of
diamond have been examined for their absorption in the 8 u region. -

Reinkober (1911) has shown that the reflecting power of diamond for
reflection from a single surface, is 16){ (r = 0-16) of the incident energy,
for the entire infra-red region between 1-0 to 18-:0x. The theoretical value
of the reflecting power calculated from the expression derived on the basis of
the electromagnetic theory is also 17%. Hence it can be safely assumed that
if infra-red radiation in the 4-5u or 8 region is incident on a plate of
diamond, 167, of the energy is lost at every reflection taking place from a
diamond-air surface in a direction perpendicular to it. If the diamond be
considered to have a thickness ¢ centimetres and an absorption coefficient
k per centimetre, then the transmitted fraction of the incident energy o is
given by

o =(1 —r)2e*,
considering the effect of two reflections only. The quantities o,  and #
being known for a plate of diamond, the coefficient of absorption k per
centimetre can be calculated. Since the radiation used for the measure-
ments is not strictly monochromatic, but has a varying intensity distribution
in itself, k is the mean coefficient of absorption for this band.

3. REsuLTS

The results obtained with different types of diamond are entered in
Table 1 together with th: ultraviolet transmission limits of the diamonds
for short photographic exposures and the nature of luminescence of the dia-
mond. The results entered in the table can be summarised as follows :—
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TABLE 1
Absorption and Luminescence of Diamonds
e |
New Catalogue Thickness Absoyptior.\ Limaitsgrs:ho it Colour ar.md Intensity
Number Coefficient in Photosraphi of Luminescence
the 84 Region Eo ographic
Xposures
mm. per cm, AT
N. C. 93 .. 0-56 16+5 2050 Weak Blue
N.C.94 . 0-59 15-1 3030 Do.
N.C.98 0-47 14-9 - Do.
B, .. 1:37 S 1240 - Do.
N. C. 99 .. 0-58 10-7 2900 Do.
N.C. 18 .. 1-39 10.2 3100 Moderate Blns
N.C. 171 0-82 10-0 - Do.
N.C. 71 0-97 9.2 2010 Weak Blue
N.C. 75 0-94 8.6 2950 " Do.
N.C. 7 0-79 8.2 2910 Moderate Blue
N. C. 80 0-89 7.6 - Do.
N.C. 157 . 0-59 7-6 — Weak Blue
N.C. 176 1-18 7:0 - Moderate Blue
N.C. T4 0-66 68 - Weak Blue
N. C. 92 0-6l 67 2910 Do.
N.C. 70 220 65 2050 Intense Blue
N.C.179 . 1:18 6.2 - Moderate Blue
N.C.79 1-20 5.4 2800 Intense Blue
N.C.73 0-68 54 2830 Weak Blue
N. C. 62 1-50 50 . 2700 Intense Blue
N. C. 126 078 44 2270 . Faint
N. C. 127 . 066 4:0 2660 Do.
N. C. 117 087 33 2680 Do.
N. C.122 0-74 1-9 - 2700 Vellow
N.C. 120 0-78 1-7 2300 Do.
N.C.12¢4 094 1-7 2260 Non-fluorescent
N.C.121 0-54 1-5 -2260 Strong-Yellow
N. C. 89 1:10 1.3 2260 Non-fluorescent
N.C. 125 0.66 0-6 2300 Do.
N. C.178 085 0.6 2250 Do.
N. C. 174 1-62 0.4 2250 Do.
N. C. 60 . 1-27 0.2 2250 Do.
N. C. 123 0-83 R0 2260 Do.
— indicates not investigated.

(2) The diamonds which absorb most strongly in the region of the 8
band are those which show a weak blue fluorescence. The infra-red absorp-
tion tends to be less for the strongly blue-luminescent diamonds. The
absorption coefficient exhibits a wide variation ranging between 5-0 per
centimetce and 16-5 per centimetre. '

(b) Diamonds showing a yellow luminescence or a mixed type of lumi-

nescence exhibit infra-red absorption coefficients which are much less than
those of blue-luminescent diamonds, the values lying between 2-0 pet centi-
metre and 4-0 per centimetre.
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(¢) Non-luminescent diamonds are highly transparentin the 2.§p, region,
the loss of energy when this radiation passes through a plate being mostly
due to reflection.

(d) Allowing for the effect of varying thickness, it is seen that the ultra-
violet transmission limit of a diamond progresses further and further into .thc
ultraviolet as the diamond becomes less and less absorbing in the 8 u region

of the infra-red.

1n the following Table (II) are reproduced the results of absorp.tion
cozfficient measurements in the region 4-5u together with those obtained

for the & region. .
TABLE II

Comparison of Infra-Red Absorptions in the 4-5p and & i Regions

4-5¢ Region 8 p Region
New Catalogue
Number . i
Monochromator |Monochromator R:;l;i;:ltuliay
cm,™1 cm.™t cm.”™%
N.C. 60 68 0-3 0-2
N.C. 114 7:0 - 0-4
NC. 77 - 5.4
N.C. 4 76 -8:7 68
N.C. M 741 110 8-2
N.C. 7 70 - 9-2
B 68 130 12-0
N.C. 94 75 - 156-1

— indicates not investigated.

In Table IT the values in the second column remain constant within the
limits of experimental error. In columns three and four containing the mean
absorption coefficients for the 8u region measured with the Infra-Red mono-
chromator and the Residual-ray apparatus respectively, the values exhibit
a wide tange of variation. It can be seen that due to the comparative narrow-
ness of the band used with the monochromator, the values given there are
higher than those obtained with the Residual-ray apparatus.

4. PATTERNS OF INFRA-RED TRANSPARENCY

Four diamonds out of the thirty-seven cleavage plates examined have
bgen observed to show striking variations in their infra-red transparency
w1tl.1in their area. An attempt has ben made in Fig. 1 to represent the
var.lations. in infra-red transparency for the four diamonds together with
their Juminescence and ultraviolet transparency patterns. The drawings of

e ———
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infra-red transparency-variation, made from a visual examination of certain
regions of the diamond choses to cover their full area, are reproducsd just
to show their similerity to the luminescence and ultraviolet transparency
patterns and are not to be regarded as an exact representation of the absorp-
tion patterns. However, methods have been devised in this laboratory to
obtain photographically the variations in infra-red transparency of diamonds,
but as the details have nct yet been fully worked out, it is hoped to 1nvcst1gate
the question at some later date.

Out of the four diamonds investigated at present, the cleavage plate
N.C. 82 (see Fig. 1) shows both blue and yellow luminescence. The central

N.C.82 N.C.O5 NC. 100 NC IS
(2) (e
() (8)
(c) ()
1
Fic. 1.
(a) Patterns of Luminescence, (b) Patterns of Infra-Red Transparency.

(¢) Patterns of Ultraviolet Transparency.

area of the plate shows a fairly bright blue luminescence covered by bands
of yellow luminescence. . The two extremities of the diamond (top and bottom
right-side corner) are non-luminescent and also more transparent to the
ultraviolet in the 2536 A region than the ceatra]l area. The infra-red
absorption coefficient is 5-3 per centimetre in the central part and 1-9 per
centimetre at the top non-luminescent area and varies between these values
at other regions. N.C. 95 which also shows both blue and the yellow lumi-
nescence, has got a gradual variation in the intensity of its luminescence over
its area. Observations on infra-red transparency show that the brighter
regions in the luminescence photograph correspond to regions more trans-
parent to the infra-red. The diamond N.C. 100 has got a blue luminescent
spot in the centre surrounded by non-luminescent area on all sides. The
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infra-red transmission through the central spot is lower than in the surround-
ing area, the coefficients of absorption being 10-0 per centimetre and about
7-0 per centimetre for the two regions respectively. Lastly, the diamond
N.C. 115 is again of the mixed type, showing blue and yellow fluorescence.

The central triangular area and the narrow strip at one of the sides which are
luminescent and opaque to the ultraviolet at 2536 A are found to be more
opaque to the infra-red than the other regions. It is thus quite clear that there

is a close correlation with luminescence, and one of a different nature with
the ultraviolet transparency. A non-luminescent area must be carefully dis-
tinguished from either a weakly blue-fluorescent area ot a weakly yellow-
fluorescing area. As was shown in Table I, a weakly blue fluorescent diamond
is highly opaque in the 8 u region, while a non-luminescent diamond or ong

showing weak yellow fluorescence is highly transparent. All these features =
are shown by diamonds showing infra-red transparency patterns, sometimes

one and the same diamond showing all the above-mentioned behaviours.

I take this opportunity to express my heartfelt gratitude to Sir C. V,

Raman under whose direction the present work was done. I am also thank-
ful to Dr. R. S. Krishnan whose kind help was always available to me during

the progress of this research.
SUMMARY

o

Using a Residual-ray apparatus, the infra-red absorption coefficients -

have been measured for 37 cleavage plates of diamond in the 8 p region,

While the absorption coefficients measured with an infra-red monochromator -

in the region 4-5p temain constant within the error of the measurement - |
for all diamonds, those in the 8 p region show a wide range of variation, G
The results are correlated with the behaviour of diamond in respect of -

luminescence and ultraviolet absorption. Somz cleavage plates of diamond _

have also been shown to exhibit patterns of infra-red transparency in the 8p

region, closely analogous to the patterns of ultraviolst transparency and of .
luminescence. ;

REFERENCES
1. Angstrom .. Quoted by Reinkober
2. Julius .. Ibid.
3. Raman, et dl, .. (Symposium on Structure and Properties of Diamond)
Proc. Ind. Acad. Sci., 1944, 19A, 189.
4, Reinkober .. Ann. der Phys., 1911, 34, 343.
5. Robertson, Foxand .. Phil, Trans. Roy. Soc., 1934, 232, 482,

Martin

. T




