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1. INTRODUCTION

Tur Raman spectra of o few alkali halides have in recent years been examined
in detail by o number of investigators [Menzies, A. C. and Skinner, J.
(1948 @, M, Krishnan, R, S (1947), Krishnan and Narayanan, P. S. (1948)
and Websh ez of, (19493] in view of their importance for a proper understand-
ing of the nuture of the vibration spectra of these alkali halides in particular
and that of crystals in general.  Yet all these have been of the NaCl lattice
type and so far no crystal of the body centred lattice type, i.c., CsCl structure™
has heen experimentally investigated and any new data on such crystals are
all the more valuahle because of the opposing views which prevail concerning
the sibravon spectra of crystals, Some preliminary observations on the
Raman spectrum of cesium bromide are therefore presented here.

2. ExperIMENTAL DETAILS

Cesium bromide which crystallises with CsCl structure is being grown
synthetically by a few companics and in the present study two specimens
were employed, one of which was supplied by Messrs.  Harshaw Chemical
Co., US.A.. and the other was presented to Prof. R. 8. Krishnan by
Dr. Menzies, Research Director of Adam Hilger Ltd. The specimen from
Harshaw Chemical Co, was of size 3 em, > 2 em. i< -5 em. while the one from
Hilger was about Sem. - 3em.<2cem. and clearer and more transparent
than the former.

The spectrat were recorded using as exciter the A 2537 radiation from a
quartz are designed for this purpose. The experimental arrangement was
such that the crystal could be placed close to the are without the former
getting heated und its polish getting spoiled.  As in the case of the earlier
studies on the spectra of alkali halides carried out in this laboratory, cesium
bromide also was studied employing two spectrographs, viz., the medium
quartz spectrograph with a dispersion of about 140 cm.™* in the A 2537 region
and a lurge Littrow quartz spectrograph (E1) with a dispersion of 40 cm.™

« Although NH,CL and NHBr have OsC1 structure, as the lattice points are occupied by
NH, group vather than a wingle lon, they are not tiken into consideration for this statement.
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in the same region, With the smaller pntrument and vson o shit width of
O3 mm. it was found possible 1o obtain satfactory specira e sbout an
hour while with the E 1 spectropraph and the e sh swodth oo esposure
of the order of 2 days wis necessary, he spectia were measured swath g
crosseshide micrometer having an siecuntey of 00T o amd b was possibile
to measure the frequency shifts of the mtense hoes watlm vty of 2o,

An aliempt wis nnide (o Mmi}‘ thi ’gfxai;%i'im;ﬂmm o the Ranan speeirum
using @ collimated beam of unpolarsed invwdent raduiton bt vwang (o the
feebleness of the spectrum i1 wits not posable tooobian any resalt even with
an exposure of § days,  Consequently the sare win hept close 1o the erystal
and the condensing system dispensed with, Although the wwndent beam
had now a wide angle of convergence determined only by the vntical angle,
it can eusily be seen that even in speetra abtamed m thes manner 1t should
be possible to identity lines with depobirisation less thin 002 or 003 (Menzies
and Skinner, fee. ety Yet vo line could be defintely stuted o be polursed
to this extent and all the observed Raman lines were depolansed, Conses
quently a more aceurate experimental mepsurement with collinnted incident
beam is being tried again with some improvements,

3, REsunts AnD Discotission

The observed spectrum, as is 1o be expected beeause of the lirge masses
of the constituent atoms, is restricted to the region of very small frequency
shifts and as such a prerequisite 1o any satistuctory observation of either the
frequency shift and the intensity distribution is eflicient ltermg of the exit
ing radiation from the scattered light. Fipures 1 wmd ¥ on Plie X1
show the spectrum of cesium bromide taken with the large and the medium
spectrographs respectively, while Figs, 2 und 4 on the sinne plate represent
the corresponding microphotometer records,  One can castly udentify five
Raman lines in the recorded spectrum in spite of their being slightly broad
and diffuse and the observed frequency shifts ure gmiven in Table 1. The
frequency shifts have also been marked in the figures,  As will be seen in
more detail later, the reason for the apparent diffusencss 1y o crowding to-
gether of a large number of lines which differ in frequency from one another
by only very small amounts,

The figures within brackets by the side of the frequency shifts indicate
roughly the relative intensity of the Ruman lines,  In the most intense spectro-
grams taken, there are indications of the existence of a spectrum in the region
beyond 190 cm. ! up to 220cm. ! although it ix extremely wenk., There
is evidence also for the presence of lines in the spectrum in the region of
30 to 50 cm.”* but owing to the halation caused by A 2537 and the spurious
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band m thes repon f wias not possible 1o measure these.  An accurate mea-
surement of the micnsity distribution in the entire spectrum is being carried
ot

So fur the only heoretival consideration of the frequencies of vibration
of CsC1 stroviure on the busis of the Born model s that of Krishnan and
Roy (1952, even they have caleuluted explicitly only that of one mode,
viz,, that o whach the venum lattive oseillates as o whole against that of
bromune. (it the other hand, according to Prof. Raman (1943, 1947), the
cesium ohlorde structure whch constaty of two simple cubic lattices inter-
penctrating mosuvh o manner thet the atoms of one lattice are located at
the body contres of the cubie Tattice Tormed by the other has only 11 distinet
pormal modes of wibranon (Chelam, 1943 all of which are  inactive as
fundamentals an hght seattening, Paact expressions for these 11 discrete
pormal vibratons hive alwo been worked out (K, G, Ramanathan, 1947,
i terms of 120 forge vonstants which take aecount of the influence of the
26 nearest nephbours of every atoin, A considerable reduction in the
number of Yoree comstants can be ellected once certain simplyfying assump-
tiony are puide. Bt they dend toou reduction of the number of distinet fre-
guencies also from 11 100 7 and simplified formule for these 7 frequencies
have alvo been wven i terms of 4 independent constants only which are
again vonnected by an addionad relation, Consequently it is possible to
evaluute roughly the freguencies of the various modes it one can identify
in the spectrum three frequency siafts, Por this it will be advantageous to
consider first the avteaty of the different modes in second order scattering
along hines dealt with i detarl by Prof. Raman (1947 4, b).  Since the two
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interpenetrating latthoes i the siructure of cesium bromide consist of dissimilar
partuies, theo osaliation apanst cavh other (muode H in Table s necessarily
aetive wiondea red absorpiun and as lue been done by mggmm and Roy
i ot van beosdenthied wath the intrered abarption gy 134 1 (Barnes,
piny Theectose, the observed Tregueney sl of 188 em. ' in the second
ppder Haman spestiune obsioshy comrespamds to the octave of mode 1.
OF the remannyg moesdes, ades BEand MV mvolve uppreciable changes in
the relatoe sdetances of the Usoamd Be ons, and the ogtaves of these are
therctore to b cvpected toappes st vonsderable intensity, that involving
4 manciment of the Be qons vndy bomg stronger because of the lurger refrac-
he freguenuies of these two modes should be roughly
mﬂgmmwm&% tor the sjuare ool of verse ralio of the masses of the ions,
Therelore, one van tabe the oberved second order lines 135 em.! and
e Y te reprosent the wwtases of mosdes T amd VI respectively,

g;ﬂm Fusthor satoe ool g

The forve somstants POP T and 77 are now easily caleulated using
for oy, o, amed o the salues 7888 84 em Y formule given in Table 11 and
aibmng the selation B 2T P 0 217 They are given by

oo o 1 dypes ven B 197 108 dynesjom,
1 L e dvnes v | AR O dynes om.

sd the othesr Toeguenaes valoubated using these foree constants are also in-
cluded i Table 3 Phe rough theoreteal secomd order activity (o be &)tpwwd
g abeo amedivatesd o the same Table D A mentwned carlier the approxi-
mations made in the calvulaton lead to g reduction i the number of distinet
frequension amd oven these are very close to each other. While these them-
selves uie adespuale o eaplans an oo ﬁmﬁmﬁsw‘lw“Z"fgf sunner the observed features
of the sevond wnder spesitum, a more ogearons caleudation of all the 11 fre-
quencies will give o beiter avvount of the wadth and intensity of the second
prder Bes A sery stoheng teature of the spectrum s the high intensity
of the Raman hoe at “om U owhseh has been attributed to the combination
of mendes VAT and 1N, oo, the Begquensy v, + v A possible reason for this
w that 4t gs very neashy eyual to the freguency of mode 1 and consequently
Fesults 1 an appresable sty of both due to this accidental coincidence.
The cattemely Tami bose ot Piom s probubly the octave of v The
pespirient of the observed Haman lines on the by of the frequencies given
m Table 11 1s abur amboated an Table T However, it will be evident that
though only a few of the theorctically sllowed octaves and combinations
which comproe the sevond onder spectrum have been found essential tp
explasn the prosunent frequency shifts it is necessary to consider in detail

R
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all of them and their activity in second order Raman effect for a quanti-
tative explanation.

In conclusion the author wishes to express his grateful thanks to
Prof R S. Krishnan for his kind interest and constant encouragement.

SUMMARY

, The Raman spectrum of cesium bromide, which crystallises with CsCl
structure has been studied using the resonance radiation of mercury as
exciter. It consists of a number of lines very close to the exciting line of
which five prominent frequency shifts are 79, 107, 135, 155 and 190 cm.?
A calculation of the 7 distinct frequencies of CsBr using the approximate
formulfa worked out by K. G. Ramanathan on the basis of Raman’s theory
has been carried out and an attempt made to explain the prominent features
of the observed spectrum. :
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