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ABSTRACT. Tho infrared ahsorption speetra of ton speemnens of dinmond ol whieh
the fluorescence and ahsorption spectra had been studied omher wereanvestigated usmg o
Porkm-Elmer Model 21 spectiophotometer Two ol these dimmonds t1ausparent uplo ubout
2800 A i the witraviolol regron and produeing no (luoreseonce band ot 4150 A exlulnt only
vory wenk infrared absorption e bfferend 1egions while the othor specimens show some or
all the absorption hands reported hv previous worhers [t has heen coneludod from: these
rosults that these infrared bawds oxcopting the bund 1360 em=! nre due to nopurities and
aro not produced hy charactoristic vibrntions of the dumond hvtree,  "Tho hand 1360 em—!
has been assignod to the vibration in thoso portions of the Jattice whieh are undor  stram

due Lo presence of impumitics
INTRODUCTION

The infrared ubsorption specetra of a large number of diamonds  were
investigated by Robertson, Fox and Muitm (1934) along with many other pro-
perties of the aystal and 1t was observed by them that all the specimens
showed Dhands in the regions 2462 2491 ¢ ', 2167 2187 em~!, 2080-2106 cm~!
and 1992-2015 c¢m 4, but only {he specimens of common type absorbing
ultraviolet. radiation heyond 3000 A showed another set. of hands m the 1egion
L196-1387 ¢m~'. These latter hands were absent m the spectra due {o the
erystals {ranspatent to ultraviolet 1adation  beyond 3000A  Fom  these
results they concluded that the diamonds could he dwided into two types, eg.,
Type | showiwyg the absorption hands at 8y and also absorption of ultraviolet
rays heyond 3000A and Type 2 not showing uny absorption in these two regions,
They, however, classificd under Type 2 some dmmonds which were transparent
to ultraviolet radiation heyond 3000 A but showed absorption bands iu the
vegion 2351 A-2335A, as these dianmonds also did not show any infrared ahsorp-
tion band in the region

The study of the lummescence spectra of different specunens of diamond
was later undertaken by Nuyar (194le, 19410), Anna Mam (1944), Chandra-
sckharan (1948) and others 1t was concluded by these workers that the lumi-
nescence 18 feeble in diamonds of Type 2 wlich show transparency in the ultra-
violet region beyond 3000 A and that the ahsorption band at 4156 A and the
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fluorescence hand at this pusition were the characteristic bands of the diamond
lattice  Bishui (1950) pointed out, however, that the fluorescence bhand at
41660 exhibited by dinmonds of Type | wight he due to chemical impurities,
as macroseopie strain n the crystal hus no mfluence on the mtensity ot the hand
He next studied (Bishui, 1952) quantitatively the intensity of the fluorescence
band at 4156 A relative to that of the Raman hne at 1332 em ! and also the
ultraviolet absorptaon spectra of eight scleeted specimens of diamond  and
observed that the intensity of the fluorescence band at 4156 A does not depend
on the strength of the ahsorption hand at the same place  He further observed
that a specumen which is transparent to the vistble vegion and {o ultraviolet
radiation upto 2270 A and shows only two absorption bands at 23604 and 2363 3
A, produces strong {luorescence hand at 4156 A, but {hose specimens which do
not show any ahsorption bands in, the visible or ultraviolet region upto 22404 do
not produce the fluorescence hand at $156A. From these results he coneluded
that diamonds of these totally transparent type are pure diamonds il‘ul should
be clagsified under Type 2, while all other speenmens show ing fluorescenjee band at
4156 A are of Type | and that the fluorescenco band al 4156 A 1s (ll\(‘ to the
mpurity which produces the ultraviolet absorption hands  at 23(¥0A and
2363.34.

The mfraved speetra of these speennens of diamond wore not known and
it was thought worthwhile to study the infraved spectia to find out whether
the hand at 8p was a characteristic band of diamonds of Type | which show
the fuorescence band at 156 A and also whether the other hands obgerved
the infrared spectea of dwmonds of Tvpe 2 by Robertsoh, Tox and Martn
(1934) are exhibited by all the diamonds of hoth the Lypes

EXPERIMENTAL

As mentioned above some of the specimens of diamond used previously
by Bishui (1950, 1952) for investigatmg the fluorescence yield and ultraviolet
absorption spectrn were used in the present investigation The specimens
gelected are D1. D4 D5, D6 D7, DS DI DI, DI and D13 Of these,
D4 and D 13 were classified by him under Type 2 and the rest under Type 1.

A Perkin-Elmer Model 21 infrared spectrophotometer was used to study
the absorption speetra. As the diamonds were smaller than the full apertures
in the two heams m the specirophotometer two small apertures of the samne size
made in two dises of black paper were used in the paths of the two beams, so
that the radiation in the sample beam could enter mnto the spectrophoiometer
only after passing through the specimen of diamond covermg the aperture in
this beam The size of the aperture was not less than 4.5 mm > 6 mm in any
case and the smallest diamound used could wholly cover this aperture. Even

when & “a+ * ~erlure was used in the reference heam and the sample heam
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was shut off the pen was drven to the position 1 instead of zero. so that the
heights of the absorption peaks were not atfected very nuch by the introduction
of the apertures in the two hewms,

RESULTS AND DINCUSNIONS

The positions of the bands observed m the infrared absorption spoetra of
the specmens of diamond are given m Table 1. The intensitics are given as
strong, medmm. ete  The details about the ulfraviolot absorption limid, intou-
sities of Huorescence and absorption hand at 1156 A and the dunensions of the
specimens we given in Table T, 'The absorption curve due to D 6 is reproduced
i Fig. 1. The curves due to D 9 and D 10 are shown in Fig, 2. The curves

due to D5, D7 and 1 10 show hands sumlar to those given by D 6 but with
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smaller strengths of absorption, and therefore, these curves have mnot been
veproduced.  Fig. 3 shows the curve due to D1, which is a rose diamond
belonging to Type 1, along with the curves given by D4 and D 13 which are
of Type 2. The curve due to D8 was found 10 ho similar {o that due 10 D 1
and 1t has not been reproduced. Fig. 4 shows the curve due to D 11 which
is transparent upto 2270A but shows two absorption bands at 2360A and
2363.3 A respectively.
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Fig. 4 Inlrared absorption speetrwn of D 11

It can be scen from the figures and the {ables mentioned above that the
diamonds D5, D6. D7. DY znd D 10 belonging to Type 1 produce similar
absorption bands in the regions from 1000 ¢m-? to 1400 em—' and from about
1900 em -1 to 2600 cm=*,  All these specimens show a sharp band at 1360 ¢cm~?
besides the other broad bands. but the height of this sharp peak is different for
the differcnt specimens. On the other hand, the diamonds D 1 and D 8 which
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TABLE II

Properties of the specimens of diamond used

Tntonsity of Intensity of
Diamond Limensions absorption fluorescence Ultraviolet
No. m mm. band at band a3 ahsorption
4152 Aat -180°C 4152 A at --180°C limit
D1 Ix7x1 5 strong very strong opaque o
beyond 3500 A
D4 11x8x1.6 zero vory weak hmit 2280 A
(triangular)
D6 10x8x 2 woak very strong . 30004
Dé 14x12x2 medium very strong “ 3500 &
D7 9x7.6x1 36 woak strong . 26604
D8 9x5.6%1.3 medium woak . 3000 A
D9 6Xx5x0.8 wonk very strong " 650 A
D10 7.6x6 65x1.09 very woink strong " 2810 :&
D1l Tx5x0 96 weak very atrong . 22704
(low pyramd) bands at 2360 &
2363.3 A

D13 8x5x0.84 2ero 20ro ot 2240 &

(low pyrammud)

also are of Type 1 and absorh all ultraviolet radiation of wavelengths shorter
than 30004, do not produce any discrete wlrared absorption bands in the region
from 2000 em™ to 3500 em~!, but cach of them shows only a very weak conti-
nuous absorption in the region 900-1400 em=*. The specimens D 4 and D 13
which belong 1o Type 2 and are transparent upto 2240 A do not show any
absorption. band in the region 900-1400 ¢m~', but although D 13 produces a
few weak and broad bands in the region 2000 -2400 cm=?, D 4 shows only very
weak contmuous absorption in the vegion 1800-2200 cm . The specimon
D11 produces strong fluorescence band at 4156 A and unlike other diamonds
of Type 1 il is transparent up to about 2240 A but shows two absorption bands
at 2360 A and 23633 £ It exhibits no sbsorption hands in the region
1000 ¢m~"—1400 em-1.

It can be scen from the above results that all thediamonds opaquoe to
ultraviolet radiation beyond 3000 & and classified under Type 1 do not neces-
sarily produce infrared absorption bands in the regions 2000-2260 cm-! and
2400 cm~-2500 em~’. D1 and D 8 are examples of such diamonds not showing
any infrarod bands in these regions. Agam, D 11, although classified under
Type 1, does not show any hand n the region 1000-1400 em~!. Thus the inten-
sity of the fluorescence band at 4156 A cannot be correlated with infrared
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absorption in any of the regions mentioned above The fluorescence band was,
however, ascribed to some impurities which produce the ultraviolet absorption
bands at 2360 A and 23633 X by Bishui (1952). It appears from there facts
that the infrared absorption in the regions shown in Table 1 are due to some
nopuritios and they do not represent the characteristie frequencies of vibration
of the diamond lattice,

1t has to be pointed out, however, that the band at 1360 cm~! is much
sharper than the other bands and its [requency is also very near 1o the frequency
of the Raman line of diamoud. The vibration of frequency 1332 ¢m-? giving the
Ruaman line is forbidden in the infraved speetra It appears, however, that in
small microscopic regions in the diamond m whieh mmpurities are present the
svmmetry of the lattice is destroyed and the mode of vibration is made allowed
with slightly increased frequency. The miensity of the mirared band produced
in this way will depend on the pereentage of the total volume of the crystal which
is under strain due to the presence of the impurities. This may explam the
differonce m the intensities of this band obscrved m the different cases  The
strongth of the absorplion at the 1360 em= band is in conformity with the
fact that oven a 0.025 mm thick film of 1% solution of any organic liquid pro-
duces large peaks in the infrared absorption speetra
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