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RAMAN SPECTRA OF CRYSTALS AND THEIR INTERPRETATION*

ITS'unlyersal applicability, simplicity of
technique, precision of results obtained
and ease of interpretation make the Raman
effect a powerful tool for the study of the
structure  of matter. The information
yielded by Raman spectra has been of great
value In the investigations of relatively
simple molecules as well as of the more
complicated polyatomic ones. Its utility in the
investigations of the phyvsico-chemical pro-
blems set by the crystalline state of matter is
equally great. Although numsrous papers
have appeared on the Raman spectraof crystals
since the discovery of the effzct, very little
progress was made till 1943 in using Raman
effect data for the elucidation of the physical
properties of solids. This state of affairs may
be attributed to the fact that the physics of the
solid state was dominated for many years by
theories which had their birth beiore the
discovery of the Raman effect. The reference
here is to the well-knwn theories of solid
behaviour originally put forward about the
same time by Debye and by Max Born.

It is a significant fact that, subject to soms
noteworthy qualifications and exceptions, the
modes of atomic vibration appearing in the
Raman spectra of crystals are represented by
sharp lines irrespective of the nature of
the substance, or of the frequency of
the vibrations. Basing himself on this and
similar optical effects observed in crystals,
e.g., luminescence and absorpticn spectra at
low temperatures, Sir C. V. Raman (1943)
formulated a new theory of lattice dyna-
mies. The new theory leads among other
thinss to the most important result, namely
the vibration spsctrum of a crystal consists
essentially of a finite number of discrete fre-
guencies. On the basis of the Raman theory,
crystal lattice has in general (24p—3) modes
of normal vibraticn (excluding simple trans-
lations) in (3p—3) of which all the units in
the structure have the same phases, while in
the remainder equivalent atoms in neigh-
bouring cells along one, two or all three
primitive translations vibrate with ousposite
phases. The experimental confirmaton of
this prediction became a matter of funda-
mental importance for the progress of crystal
physics. Asthe available dataon the Raman
spectra of crystals were insufficient, it became
necessary to carry out a series of investi-
gations using an improved experimeatal
technique to give a decisive answer fo the
following issues raised by the new lattice
dynamics: +1) Are the vibrations in crystals
which manifest themselves in the Raman
spectrum, waves extending throuzh the
volume of the crystal, or are they the vibra-
tions of the atoms in the individual cells of
the 1lattice? (2) Is the complete vibration
spectrum of the crystal in the infra-red region
a continuous diffuse spectrum, or is it a dis-
crete spectrum exhibiting a finite set of mono-

chromatic frequencies ?
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It has been the practice generally to use the
X 4046 and X 4358 radiations of the mearcury
arc as exciter in the studies on the Raman
spectra of crvstals. The Raman lines excited
by these radiations fall in the ve'y region
where the weak fluoraszenc2 exhibitedl by
manyv crystals appear and where the spactrum
of the mearcury ar: itself shows a wz2ak
continuum. Consequ=ntly feeble Rama~ lines
may not be dztected as they will app=2ar over-
powered by the continuum. In view of thase
difficulties, the technique of using the 14016
and A 4358 radiations for the study of the
Raman effect in crystals appzared to hiave
already bz2en pushzd fo the limit of ifs urility
during recent years. It bzcam2 c'eir that
som=2 radical improvement in tha technijue of
study had to be effected in ordar to g2t further
useful information about th= Ramain spz2:tra of
crystals. This was achieved by the so-zalled
ultra-violet techniqus describzd below.

As is well-known, it is essaatial £» employ a
monochromatic light source which is vary
intense for rescording the extramely feable
Raman scattering in crysfals. It is also of
great importane= that fti2:e shiuld bz no
continuous specirum azcompinying the sama=.
This is secured by using th2 A 23353 mereury
reasonance radiation from a water-cooled
magnet-controlled quartz are. The enormo 1s-
ly increased scattering powszar of tha resonance
radiation arising from its exczptional intansity
as compared with the other mercu~y raiiations
and from the2 A% law has madz it an ideal
source for Raman effect studiss in the case
of crystals that are transparesnt to the ultra-
violet and do not gst coloured by prolonzed
exposure to this radiation. The A 2335:5 radi-
ation from the light scattered by the madium
is effectively suppressed pefore its entry into
the specirograph by assorptioa in a colimn of
mercury vapour,as otherwisza th2 p2otigraphic
plate would b= £fa2ged. TChis makes it possible
to record faint Raman linzs with small fre-
guency shifts on a clear background.

Using the improv2d expzrimantal technigque
forexciting th2 Ranan sp2cfra, maay crvstals
have been studied by Dr. R S. Krishnan during
the last five y2ars and a rich harvast of rasults
obtained in every one of the cases inve tigatad.
The results obtained in the case of diamond,
rocksalt, potassium bromide, am nonium chlo-
ride and am nonium bromide afford a dicectex-
parimental verifization of the pradictions of the
new th=ory of crystal dyaimics. In all thase
cases, the second ordzr Raman sp2zt-a exaibit
a series of sharp'y defined frejuency shifts,
The numerical evaluation of the eiien fre-
quencies for the above erystals on the kasis of
the new laftice dynamizs leads to resultsin
good agresmant with observational data. -
Their activitizs in light-scattering and in
infra-red a%“sorption ares also in accordance
with the th=oretical pred:ctions.

From the experimo2ntal facts presented
herein on the Raman spzctra of crystals, itis
clear that thz parts of the vibration spectrum
in the lower and upper ranges of frequency
differ radically in their behaviour. The first
part is fotally inactive in light scaftering,



