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ABSTRACT

A critical study of the crystal forms of diamond from various souree
demonstrates that the symmetry of the structure may be either that o
Class 32 or Class 31, in other words that the structure may ne ather
centrosymmetric or non-centrosymmetric. Diamonds beiongmz 1w
Class 31 may however exhibit a pseudo-octahedral ssmmetry of everna
form by reason of the interpenetration of oppositely diwrectad struztire.
having the lower symmetry. The existence of diamond with w0 difering
structures provides an insight into the many remarkabie properties of
this material, iz, the striking differences obseried in the mire-re:
absorption spectra, differences in transparency Lo Uuira-vioel raiis, the
differences in the intensity of their X-ray reflections and the varatons
in the intensity and colour of the luminescence exhibited by them.

The modes of atomic vibration in diamond can be compietely descri-
.bed and their frequencies evaluated by very simple protedures. The
vibration frequencies can be determined experimentally by odservations
of the frequency shifts in the scattering of light or by iniTa-red $peCiroscors.
the results by the two methods being fully in agreement. The heal capa-
city of diamond may then be computed. giving results in highly satisfac-
tory concordance with the observational data.

[

The principal mode of atomic vibration having 4 frequency ©
1332cm.~ is triply degenerate. These vibrations can be excited i the
lattice planes of diamond by the incidence of monochromatic Neravs if 2
belongs to crystal Class 31. The three-fold degeneracy of the vibration
reveals itself as the three distinct spots in the resulting dynamic X-ré)
reflection by the octahedral lattice planes.

The complete electronic frequency spectrum of diamond has been
evaluated by a very simple procedure. The results are highly  successiu
in explaining the known optical and spectroscopic properties of diamord.

1. THE CRYSTAL FOrMS OF DIAMOND
GEOMETRIC crystallography derives its significance from the lact that the

external form of a crystal discloses the symmetry characters of its internal
231
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structure and that these characters are in their turn closely related to the phy-
sical propertics of the solid. The study of the crystal forms of diamond
thereby becomes a highly important first step towards an understanding of
its many remarkable properties. It is a characteristic feature of diamond
that it is generally found as single complete crystals which are bounded on
all sides by the natural faces. The extreme hardness of the material also
enables it to preserve its original shape undamaged through many vicissi-
tudes, so much so that specimens taken out of secondary geological forma-
tions usually exhibit the natural faces of the crystal with an undiminished
brilliancy and lustrz. These circumstances make the study of the crystal
forms of diamond a highly rewarding pursuit.

As is well known, diamond belongs to the cubic system of crystals.
There arz five distinct classes in that system of which we are concerned here
only with two, viz., those which in the usual system of numbering are referred
to respectively as Class 31 and Class 32. The symmetry properties of Class
31 are the same as those exhibited by the geometric figure of a regular tetra-
hedron, while those of Class 32 similarly correspond to the symmetry of
form of a perfect cube. Both of the classes possess six diagonal planes of
symmetry, whilz Class 32 possesses in addition three axial planes of symmetry
and a centre of symmetry. These additional features are not exhibited by
Class 31.

In numerous cases, crystals of diamond of gem quality exhibit curved
faces. In some diamonds one observes both plane and crystal faces in
combination. There are also others which show plane faces almost exclu-
sively. These circumstances have in the past led to much confusion and
misunderstanding regarding the symmetry of the internal architecture of
diamond and its relation to its external form. These difficulties however
disappear if the following method of approach to the subject is adopted.

If the six diagonal planes of symmetry which are common to both
Class 31 and 32 are drawn in space so that they intersect each other at some
common point, and we then draw a closed surface around that point, it will
be fourd that the surface appears divided up into 24 sectors. In the pattern
thus formed on the surface, six points appear at which the diagonal planes
of symmetry intersect each other in pairs, while at eight other points three of
thie piagts intersect eack other. The six points are the projections of the
_:md;—pmms of the six faces of a cube, while the eight other points are the pro-
jections of the eight cube corners. If, besides the six diagonal planes of
symmetry, we had also drawn the three axial planes of symmeiry in their
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proper setting, the entire surface would have appeared divided up into 4%
sectors, six of these sectors being found in each of the cight octanis into

which the surface would be divided up by the three mutually perpendicular
axial symmetry planes.

Diamonds having only curved sufaces exhibit very varied shapes, but
they all have certain features in common, namely that the exterior surface
is not a single continuous sheet but is broken up into distinet arcas by e
pattern of sharply defined edges. This pattern exhibits the features referred
to above appearing on a closed surface intersected by the six plares of dia-
gonal symmetry of a cube. But we do not observe the features which would
arise if the three axial planes of symmetry had been present. Thus, the ea-
ternally observed features justify us in recognising such diamonds as crysials
belonging to Class 31 and inferring from the absence of the features whick
distinguish Class 32 that they do not belong to Class 32,

On the other hand, the octahedron is the form which distinguishes
Class 32 from Class 31 of the Cubic system. Hence, if a diemcrd exhibits
the form of a regular octahedron with plane faces and sharp straight edges.
we have of necessity to recognise it as belonging to Class 32 of the cubies)siem
and not to Class 31. Diamonds exhibiting this ideal form are not unknown.
In particular, the author’s collection of specimens includss seme small crys-
tals of octahedral form with lustrous plane faces bounded by sharp cdges.
Such specimens demonstrate beyond all possibl: doubt that the crystal
symmetry of diamond may also be that of Class 32.

The conclusion thus arrived at, viz., that some diamonds belong 1w
Class 31 of the cubic system and that other diamonds belong 10 Class 32 of
that system is of the highest importance. It isindeed the clue to the under-
standing of many remarkable properties exhibited by diamond. Bt*foirc we
pass on to consider the subject of the crystal structure of dizmond, 1t will
be useful here to discuss its observed crystal forms a little more fully.

It is noteworthy that crystallographers and mineralogists have in the
past been unanimous in assigning diamond to the tetrahedral ck@s of ’z}}e
cubic system, in other words to Class 31. They were led to make this assign-
ment by a study of the observed crystal forms. The appearance of simple
tetrahedra with plane faces and of rounded forms exhibiting the general
shape of a tetrahedron clearly indicated the lower symmetry. Fwthc{.
octabedra with plane faces often exhibited notches or grooves falaﬁg tﬁhmz’
edges which could be interpreted as the result of the iwinning 01 gzﬁp«:_:mtel}
directed tetrahedral forms. A particularly interesting casc of ikis kind i
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that in which the octahedral faces are not triangular in shape but bave a well-
defined hexagonal outline, ard all the edges of the octahedron are replaced
by depressions bounded by these hexagons, each decpression exhibiting four
faces which intersect along sharply defined cdges. The author’s collection
of diamords includes a specimen from South Africa showing these features.

An inspection of it makes it evident that the diamond is an interpenetration
twin of two hexaxis-tetrahedra.

India was the original home of the great diamonds which found their
way to other parts of the world and helpeéd to spread the fame of this gem-
stone. At the present time, diamonds are still forthcoming at and near Panna
in Central India. Two visits to Panna made by the author many years ago
gave him the opportunity of inspecting numerous specimens of the diamonds
found in that area in their original form as crystals. Particular mention
should be made of the magnificent set of 52 uncut diamonds ranging in size
fror 25 carats down to 2 carats strung together into a necklace by a prede-
pssor of the Maharaja of Panna. The beauty of the necklace arises from
the lustre and shapeliness of the gemstones. The two visits to Panna also

enabled the author 1o acquire for his collection a set of specimens for a more
detailed study.

The external features exhibited by the Panna diamonds in the collection
are highly instructive.  They are of very varied sizes and shapes. Two of
them present a close resemblance to octahedra in their general shape. But
the octahedral edges are not seen and indeed there is not the slightest
indication of their presence. On the other hand, the edges along which the
diagonal planes of symmetry meet the curved surface of the diamond are
conspicuously visible. The six points where these planes intersect in pairs
are located at the six vertices of the pseudo-octahedral form of the crystal,
while the eight points at each of which three planes intersect appear at the
centres of its eight curved faces. These features indicate that while the dia-
mond has the inner symmetry of the tetrahedral class, its external form which

mimics octahedral symmetry is the result of the interpenetration of oppo-
sitely directed tetrahedral forms within the diamond.

In some of the Panna diamonds, the lower or tetrahedral symmetry is
much more obviously exhibited in the externally observed forms of the
diamond than in others. There are also several specimens in which
the external shape of the diamond resembles neither an octahedron nor a
tetrahedron but is almost spherical in form. But in all cases the curved

@ﬁ&m& clearly exhibit the ridges where they are intersected by the six
diagonal planes of symmetry of the tetrahedron.
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2. THE Two TYPES OF DIaMOND

The difference between the diamonds belonging respectively to Classes 32
and 31 in respect of their symmetry properties is the same as the difference
between the geometric forms of a regular octahedron and a regular tetra-
hedron, viz., that the former possesses a centre of ssmmetrs whereas the latter
does not. In other words, the two kinds of diamond mav be described as
being respectively of the centrosymmetric and non-centrosymmetric types.
Two physical tests for ascertaining whether the structure of diamend does
or does not possess centres of symmetry may be suggested. One is whether
diamond exhibits piezo-electric or pyro-electric behaviour. The other is
the study of its behaviour in respect of the absorption of infra-red radiation.
In regard to the former, it may be remarked that since diamond consists of
atoms all of one kind, viz., carbon, which are linked together by covalent
bonds, the possibility of detecting piezo-electric or pyro-electric behasiour
is exceedingly remote and may indeed be safely left out of consideration. On
the other hand, the infra-red behaviour of diamond is readily tested. It is
most conveniently studied with polished cleavage plates of diamond. Mary
such plates, including some of large size, are included in the author’s collec-
tion. Studies made with these plates and a recording infra-red spectro-
photometer are described and discussed in the author’s Memoir No. 129
entitled “The Infra-Red Absorption by Diamond and Its Significance ™,
The reader is invited to study this m:moir and examine the numerous figures
and photographs reproduced in it. They show clearly that the existence of
centrosymmetric and non-centrosymmetric types of diamonds inferred fror:
the study of the crystal forms is amply confirmed by the results of infra-red
spectroscopy.

It is a noteworthy fact that the diamonds which exhibit an absorption
of infra-red radiation in the spectral region of the fundamental atomic vibra-
tion frequencies are those which are revealed to be perfect diamonds m@er
examined by various tests. It is thereby made evident that the absorptive
power for infra-red radiation which they exhibit is an inberent pr_operty
ascribable to their possessing a ToN-Centrosymmetric Structure. It 1s a’lso
significant that those diamonds which do not exhibit any infra-red abs«arpuain
in those spectral regions and hence by inference are of the cenosymmetric
class nevertheless exhibit an absorption of the second and higher orders, m
other words of the overtones of the fundamental vibrational l_nodcs. In
respect of this second-order absorption, the non-qe“ntmsymmf&mc md' tht
centrosymmetric diamonds exhibit a precisely simﬂ‘ar behaviour. This ,IS
a further and independent proof that the difference in behaviour of the two
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types of diamonds is a consequence of differences in their crystal symmetry.
What exactly is the nature of the structural difference between the centro-
symmetric and non-centrosymmetric diamonds is a question which will be
dealt with a little later. It may here be pointed out that the differences in
the infra-red behaviour go hand in hand with differences of a striking nature
in respect of other properties. In particular, the centrosymmetric diamonds
are found to be non-luminescent under ultra-violet irradiation, whereas the
non-centrosymmetric diamonds exhibit a readily observable luminescence.
The centrosymmetric diamonds exhibit a high degree of transparency to the
near ultra-violet region of the spectrum, whereas the non-centrosymmetric
diamonds show a strong absorption in the same region. These relationships

have been demonstrated by appropriate methods and illustrated in the
Memoir No. 129 already mentioned.

3. NORMAL VIBRATIONS OF CRYSTAL STRUCTURES

A fundamental theorem in dynamics due to Lagrange states that the
small vibrations of a system of conmected particles may be expressed as 2
summation of a set of normal modes with precisely defined frequencies in
each of which the particles of the system all move in the same or opposite
phases and that the number of such modes is equal to the number of degrees
of freedom of movement in the system. The theorem sets no limit to the
number of particles contained in the system and it is obvious that it provides
the correct approach to the subject of the dynamics of crystal lattices in its
relation to the theory of the specific heats of crystals and of their spectro-
scopic behaviour. The simplicity of the crystal structure of diamond enables
us on the basis of this definition of the normal modes of vibration of its struc-
ture to describe them fully and proceed to the evaluation of their frequen-
cies. These topics are dealt with fully in Parts VI, VII and VIII of Memoir
No. 129 and the frequencies as computed and as observed in the records of
infra-red absorption have been compared with each other.

It will suffice briefly to recall the findings. Itemerges that the diamond
has nine normal modes of atomic vibration, the principal mode of highest
frequency being that in which the two interpenetrating lattices of carbon
atoms of which the diamond is composed oscillats as units against each
other. The other eight modes may be described as oscillations of the layers
of carbon atoms present in the octahedral and cubic planes re<pect1ve1y,

either normally or tangentla]ly to themselves, and the adjacent layers being
either in the same or in the opposite phases,
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4. SPECTRAL SHIFTS IN LIGHT SCATTERING

The discovery made by the author in February 1928 that monochromatic
Lght diffused in a crystal is accompanied by additicnal radiations of altercd
frequency provides an extremely simple and precise method of ideniifiing
the modes of atomic vibration in crystals. On the basis of Lis carliest
observations, the author in his address to the Faraday Society at its Bristo!
meeting in September 1929 suggested that the more perfectly ordered is the
atomic space-grouping in a crystal, the sharper would be the lines recorded
as frequency shifts in its spectrum of light-scattering. A striking confir-
mation of this emerged from the observation made soon afterwards that
even with a very small diamond, a very sharp and intense line with a fre-
quency shift of 1332 wave-numbers per second is recorded. This frequency

shift arises from the mode of vibration of the diarord stiucture with the
highest frequency.

None of the other fundamental modes of vibration of the diamond
structure can manifest itself as a frequency shift for the reason that the
alternation of phase of the movement as we pass from each cell of the
structure to the next would cancel out the effects to be expected. It would
be possible, however, for the modes to manifest themselves as overtones
with doubled frequency shifts or also as summational frequency shifts. Tke
effects thus arising would naturally be extremely feeble. In practice,
they would be overpowered by the spectrum of the luminescence of diamond
which is simultaneously recorded. The efiorts made to record the secord-
order spectrtum of diamond in the scattering of light proved successful
only when non-luminescent diamonds were available and use was made of
the intense excitation provided by the A 2537 resonance-radiation of a water-
cooled magnet-controlled mercury lamp. The second-order spectrum of
diamond as actually recorded in this manmer exhibits features m excellent
agreement with what is to be expected on the basis of the dynamic theory
and other relevant considerations.

A very sharp line which is recorded at one end of the spectrum with 2
frequency shift of 2666 wave-numbers is clearly identifiable as the octave
of the highest fundamental frequency of 1332 wave-numbers. Another
line which stands out clearly near the other end of the spectrum with the
frequency shift of 2176 is clearly the octave of the frequency 1087 which is
that of the oscillation of the cubic layers in the crystal normally to them-
selves. A strong band covers the range of frequency shifts from 2540 to 2430
and has a peak intensity at 2460. This arises from the superposition of the
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octaves and summation of the two frequencies 1273 and 1219, these being
respectively the eight-fold and the six-fold degenerate oscillations tangential
to themselves of the octahedral and cubic layers of atoms. The frequencies

of 1176, 1010, 746 and 624 respectively are not recorded in the second-order
spectrum of light-scattering.

The non-appsarance of some of the vibrational modes and the observed
relative strength of those which are actually recorded as octaves Or
summations in the second-order spectrum can be fully explained on the
basis of the nature of the respective modes. It should be stated here that
the spectrum of light-scattering and the spectrum of infra-red absorption
do not differ noticeably in respect of the frequencies of the modes of vibra-
tion manifested therein. But the intensity relationships are altogether

different in the two cases, as is indeed to be expected in view of the wholly
different mechanisms involved. '

5. THE DynNaMmic REFLEXION OF X-RAYS

Under the title of “A New X-ray Effect”, the author with his
assistant  Nilakantan annourced in the issue of Current Science for
April 1940, the discovery of a highly remarkable phenomenon exhibited by
diamond when a pencil of X-rays emitted by a copper target passes through
it and the diffracted X-rays are recorded on a photographic plate. The
specimen employed was a cleavage plate normal to the octahedral planes
of the crystal. The diamond itself was of the type described earlier in this
article as non-centrosymmetric, in other words, a diamond which does not
give any sensible restoration of light when examined between crossed polaroids
and displays infra-red activity both of the first and the second orders. The
original publication of April 1940 was followed by several others in the
Proceedings of the Indian Academy of Sciences in the years 1940 and 1941.
Owing to unavoidable reasons, the subject was then laid aside and could be
resumed only after many years when more powerful X-ray equipment became
available. The results and conclusions then arrived at are set out in the
author’s Memoir No. 109 entitled “ The Diffraction of X-rays by Diamond”.

Numerous illustrations of the phenomenon as observed in various settings
of the crystal are reproduced in it.

Studies on the crystal perfection of the diamonds actually used in the
work described in Memoir No. 109 were made by single crystal and double-
crystal X-ray spectroscopic methods. The results of the examination proved
that they were absolutely perfect or ideal diamonds as is shown by their
spectra which have been reproduced with the same memoir. It was further
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demonstrated by photographs appearing in the memoir that the X-ray
diffraction effects observed exhibit the same type of symmetry as the diamord
itself ; for example, the different sets of octahedral planes give identically
similar results. Using a diamond which was a triangular twin, its two
components show precisely similar effects turned round through 60. It

was thus firmly established that the effects under study were truly charac-
teristic of the diamond crystal.

The importance of the studies described in Memoir No. 109 is that they
demonstrate the effect discovered in the year 1940 to be a reflection of
monochromatic X-rays by the lattice planes of the crystal with a small but
quite definite change of frequency and that this X-ray effect is exactly analogous
to the optical effect observed in the scattering of monochromatic light by
diamond, with the difference that it is only exhibited by diamends which ar
infra-red active in respect of the fundamental vibration of the frequency
of 1332 wave-numbers, whereas the optical effect can be observed with all
diamonds. The dynamical theory shows that this mode of vibration of the
crystal structure of diamond is triply degenerate ; in other words, it occurs
along any of the three cubic axes of the crystal. This is beautifully confirmed
by the fact that in appropriate settings of the diamond, the dynamic X-ray
reflection by each octahedral plane appears as three well-separated spots:
the reflections by cther lattice planes show analogous effects in accord with
the theoretical considerations developed in the memoir..

The possibility of observing the dynamic X-ray reflections by diamond
arises because the mode of vibration of the structure which gives rise to them
is highly monochromatic and repeats itself in the same fashion as we pass
from cell to cell in the structure. Thus, the appearance of these refiections
is itself a demonstration of the correctness of the approach to the dynamical
theory of the atomic vibrations in diamond set out in Memoir No. 129.

6. THE TETRAHEDRAL CARBON ATOM

As has been described earlier, the study of the crystal forms of diamond
leads us to conclude that there are two types of diamond of which the inner
structures are respectively centrosymmetric and non-centrosymmetric. A@gl
observation shows that the diamonds of the centrosymmetric type exhibit
the infra-red absorption of the second order only, whereas diammn@s of the
non-centrosymmetric type exhibit both the first and second-order @fra-rrd
absorptions. Observation also shows that these same two types of diamond
exhibit noteworthy differences in respect of their trapsmitung POwer for
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light appearing in the near ultra-violet part of the spectrum. Finally, we
have the remarkable differences in the X-ray diffraction phenomena w}xmh
they exhibit. Taking these facts into consideration, we are obliged to infer
that we arc here concerned with a fundamental difference in the symmetry
characters of the binding of the carbon atoms within the crystal with each
other.

Diamond may be very simply described as the result of two sets of carbon
atoms holding each other in place, each atom of one set being surrounded
by four others in a tetrahedral setting. The local symmetry at the centre
of cach carbon atom is only tetrahedral. What the symmetry of the structure
1s which results from the linking together of each carbon atom with four
others depends on the natu:e of the linking. This question is fully discussed
in the author’s Memoir No. 104 entitled “The Tetrahedral Carbon Atom
and the Structure of Diamond”. It has been shown that there are indeed
alternative possibilities for the nature of the binding between the carbon
atoras which do not involve any difference in the charges of the atoms, nor
any difference in the enersy of their binding.

The approach to the problem indicated in Memoir No. 104 enables us
to understand why diamonds whose symmetry of structure is only tetrahedral
may nevertheless succeed in exhibiting a pseudo-octahedral symmetry of
form. The oppositely directed tetrahedral forms of the structure are
indistinguishable from each other except in their geometric setting. Hence,
they can freely intermingle with each other and the aggregate thus formed
would tend to mimic octahedral symmetry to a greater or less extent. The
agereg le would only be approximately but not absolutely homogeneous.
The way is thus opened to a deeper understanding of various recondite
properties of diamond, as we shall presently see,

7. THE LUMINESCENCE SPECTRA OF DIAMOND

o For a diamond to exhibit huminescence under ultra-violet irradiation,
It 1S clearly necessary that it should be capable of absorbing the incident
radiation. Diamonds of the non-centrosymmetric type exhibit a blue
luminescerce of which the Itensity varies enormously with the specimen
under  study. Spectroscopic examination reveals that these diamonds
exhibit an absorption tand located near the violet end of the spectrum.
Further, at cxwt}y. the same wavelength, an emission band appears in the
5Wmmﬂ of mmmm. A lowering of the temperature of diamond
to —180°C. results in a spectral sharpening of both the absorption and the
cmussion with a shift towards shorter wavelengths. Per contra, raising the
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temperature of the diamond results in a great increase in their spectral
widths. ~ With the diamond held at — 180°C., the sharpened line appears
at A4153. This is accompanied in emissior towards greater wavelengthe
and in absorption towards smaller wavelengths by a svsterm of bards
exhibiting an observable discrete structure. Measurements show that
these bands owe their origin to the vibrations of the diamond structure
accompanying thz change in the electronic energy levels which manifests
itself as the emission or absorption at A4153.

The enormous variations in the strength of the blue luminescence as
between different diamonds is readily understood in terms of the non-
homogeneity of structure due to the intermingling of the rositive ard
negative tetrahedral forms in the substance of the diamond. The greater
the number of the discrete blocks in the aggregate, in other words, the
greater is the mosaicity of the structure of the diamond, the more intense
would be its luminescence and the stronger would be the associated
absorption of light. This explanation is confirmed by the experimental
result that the intensity of the ordinary X-ray reflections by the latiice plapes
increases pari passu with the intensity of its luminescemce. The angular
width of the reflection of monochromatic X-rays also increases in the same
circumstances.

A second type of luminescence having a greemish-yellow colour is
exhibited by many diamonds. Spectroscopic examination of this lumine-
scence with the diamond held at a temperature of — 180° C. reveals
that it arises from an emission band at X 5032 accompanied by a vibraticnal
band system at greater wavelengths. Likewise and in the same circumstances,
these diamonds exhibit an absorption band at A 5032 accompanied towards
lesser wavelenths by vibrational bands. This type of Iuminescence is fourd
to be exhibited by diemonds of a composite type, in other words, by diamonds
in which both the centrosymmetric and the non-centrosymmetric are
located in juxtaposition. In such cases, the lummescence is exhibited by
the diamond as a set of parallel streaks over its area and not as contimuously
distributed within its volume, Photographs exhibiting these features have
been reproduced in Memoir No.129.

8. TgE ELECTRONIC SPECTRUM OF DIAMOND

Each of the carbon atoms in diamond has a s}zel} of four“ e}mrgns
surrounding the nucleus. These electrons play the principal role In hoidmfg
the atoms together in the ordered structure of the crystal. The atomic
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vibration frequencies are determined by the strength of such binding and
by the masses of the atomic nuclei and they appear in the infra-red range
of the spectrum. If, on the other hand, we assume the nuclei to be at rest
and only the electrons to be disturbed from their positions of equilibrium,
their oscillations would appear in the ultra-violet region. To evaluate
‘the modes and frequencies of electronic vibration, we may proceed on the
assumption that all four electroms in the shell behave as a single unit of
which the mass is four times that of an electron, and that these shells oscillate
around their positions of equilibrium in the same manner as the atomic
nuclei in the vibrations of infra-red frequencies. The evaluation of the
electronic spectrum of diamond then becomes a simple matter. We
have only to multiply the infra-red frequencies by the square root of the
ratio between the mass of a carbon atom and the-mass of the four electrons

taken together. The results of thus evaluating the electronic spectrum of
diamond are shown in Table I.

TABLE 1

Evaluation of electronic frequencies

Atomic Electronic
vibration spectrum
Mode Degeneracy frequency (wave-
(wave- Iengths)
numbers)
cm.1 A
1 3 1332 1010
II 8 1273 1057
IIL 6 1219 1104
v 4 1176 1144
V&VI 3+3 1087 1238
VII 4 1010 1332
VIII 6 746 1804
IX 8 624 2157
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The following results emerge from Table I. The electronic spectrum
of diamond comnsists of 2 set of eight monochromatic frequincies whick he
in the ultra-violet range. The highest frequency corrosy

. .
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this evaluation is highly successful in describing the actual beruviour of
diamond is evident. The cut-off wavelength for diamond o the uira-
violet is A 2240, which is close to the greatest wavelength of 22157 cprear-
ing in Table I. The highest frequency represented by the waichrgh
A 1010 would be that principally responsible for the opucal dispersion of

diamond, while the others of greater wavelengths would play only mina
roles. This follows from the fact that only the mode of highest friquern
repeats itself from cell to c2ll of the structure. while the others aiterruwe m
phase and their first-order effects would therefore cancel cut. The nefracine
index of diamond in the speciral range extending from the red m the suihie
to the limit of transmission in the wultra-violer has been determined wiih
great care by Peters. It is accurately rtepresented by the formula goen by
him

2 2
(n* —1) = )\2’“%_}"'){1"2 T+ X;_ﬂ_%;a

where e, = 4-3356, e, =0:3306, A\, =1060 Angstroms .7< A= 1750
Angstroms. It will be seen that ¢ is far larger than e, and that tne
wavelength A, is reasonably close to the smallest wasciength 4 1010
appearing in Table 1. The difference between this warvekrgth and the
wavelength A 1060 which appears in the two-term dispersien formula of
Peters may be explained as arising from the smcll contributions made by
the adjoining modes of lower frequency listed in Table I. The formula firs
the observed data of dispersion for both 1ypes of diumond m a e
satisfactory manner.

9 THE ULTRA-VIOLET ABSORPTION SPECTRA

The electronic spectrum of diamond as shewn in Table I conssts of
eight monochromatic wavelengths in the ultra~violet. B@ when the
transmission of ultra-violet radiation through a plate of diamond of the
centrosymmetric type is examined, what is observed is a complete cut-off
of the spectrum over the entire range of wavelengths ¢ ?Wm@ by Tabie I
How is this discrepancy to be explained 9 We are assisted i fnding meem
answer to this question by the fact that the wavelength at which the cut-off
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appears shifts with the temperature at which the diamond is held, altering
from A2393 at 314°C. to 12240 at — 174°C. It is thereby made evident
that the thermal agitation strongly influences the strength of the absorption
by diamond. We have also to take note of the fact that the excitation of
electronic vibrations by the incident radiation would be accompanied by the
excitation of vibrations of the infra-red frequencies and of their overtones.
In consequence, the frequencies at which absorption could occur would be
very numerous and not eight only. Even at the temperature of liquid air,
the thermal broadening of ‘the electronic lines would not be negligible.
Inevitably, therefore, the final result would be in the nature of a complete
cut-off for any moderate thickness of the absorbing plate.

When the diamond is of the non-centrosymmetric type, there is a sen~
sible absorption of wavelengths greater than A 2240 instead of fres transmission
as in the case of the centrosymmetric diamonds. Much depends on the
actual thickness of the plate of diamond with which the observations are
made. A plate which has a thickness of only a tenth of a millimetre exhibits
a sensible transmission for wavelengths less than 23000, the cut-off then
being located at A2240 as in the case of diamonds of the other kind. But
if the thickness is a few millimetres, there is practically complete extinction
up to A3000. A noteworthy feature is manifested by these diamonds, viz.,
the appearance of a series of absorption maxima in the spectrum. By
cooling the diamond to —180° C. and by using diamonds of appropriate thick=
ness, and a spectrograph of adequate resolving power and suitably regulating
the exposures, it is possible to record and measure exactly the positions of
as many. as 25 distinct lines in the wavelength range between A3347
and A3015. Some of these lines are of considerable intensity, and others
are less conspicuous. Further oui in the ultra-violet between A 2240
and A3015, it is possible to 1ecord and measure other absorption minima,

the most conspicuous of them being the sharp doublet A2356-2360 and
the doublet X2296-2298.

Two questions here arise calling for an answer. What is the origin of
the absorption observed in the region of wavelengths greater than A 2240,
and why does its spectrum exhibit a series of sharply-defined lines ?
Further, why is this absorption exhibited only by diamonds having a non-
centrosymmetric structure ? In considering these questions, it should be
remarked that there are no measurable differences in refractivity between
the two types of diamond. It may be inferred from this that the electronic
spectrum exhibited in Table I is identical for both types of diamond and that
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the absorption frequencies manifested in the region undir consideration
make mo semnsible contribution to refractivity. A possible cxnlanation of
this situation is that these absorptions arise from the same st of ciecroni
frequencies as those listed in Table I, but diminished by the subtraction
therefrom of the overtones of various orders of the infra-red froguincics,
The subtractions would yicld a series of discrete frequencics. the sirergth
with which they are manifested decreasing rapidly in the higher orde-e. I
the process of such absorption is regarded as invobirg a kird of wfru-ié
activity, their non-appearance with centrosyn mctric diamonds w.d  truis
manifestation with diamonds of the other type becom:s iniwelizitic.
Before leaving this topic, we may remark that the manifestaton of o
whole series of sharp lines in the absorption spectrum of dizmord is a con-
vincing demonstration that the electronic spectrum of dizmond is not conte
nuous but exhibits a discrete and enumerable set of sharply-d:fired fr.quencies
capable of manifesting themselves as such in appropriate circumsiances.

10. THERMAL AND THERMO-OPTIC BEHAVIOUR OF Diamoni

Utilizing the spectroscopically dctermired frequencies of atemic -ibra-
tion with their respective degeneracies as listed in Table I, it is a simple
matter to evaluate the heat-capacity of diamond over the entire rarge of
temperatures from 0° to 1000° absolute. The Eirstein functions mulunbed
by the respective degeneracics for each of the atomic vibration frequencies
may be added up. We then add the contribution to the thermal erergy
made by the three omitted degrees of frequencies represerting the trarslatiops
of the atoms. The total is divided by 48. We thereby obtain a reprewer-
tation of the variation of specific heat with t. mperature which extibite & ven
satisfactory agreement with the facts of observation. Tre calculations are
fully set out in Part X of the author’s Memoir No. 120, It is therefore.
unnecessary to traverse the same ground here.

A r=markable property of diamond is that its refracihe index mcrease
with the t mperature, indeed more and more rapidly as w: proceed 1o hagher
temperatures. Studies of this phenomenon have shown it 1o be a consequence
of the progressive fall with temperature of the characteristic dispersion
frequencies of diamond. The characteristic frequencies in the infra-red also
exhibit a similar fall which is also proportionatcly the seme. This can
readily be understood in view of the electronic and infra-red frequencies being
related to each other as shown in Table L
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As an illustrative example, it may be mentioned that the principal
vibration frequency which is 1333 cm.~! at — 180° C. falls to 1332 at 30°C.,
to 1327 at 320°C. and to 1321 at 630°C. and to 1316 at 850°C. The
corresponding frequency shift as observed in the spectrum of light scattering
remains remarkably sharp over the whole of this temperature range.




