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RAMAN SPECTRA OF CRYSTALS AND THEIR INTERPRETATION?*

ITS universal 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
vielded by Raman spectra has been of greaf
value in the investigations of relatively
simple molecules as well as of the more
complicated polyatomic ones. Its utility in the
investigations of the physico-chemical pro-
blems set by the crystalline state of matter is
equally great. Although numsrous papers
have appeared on the Raman spectraof erystals
since the discovery of the effact, 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 effecct. The reference
here is to the well-kn »wn theories of solid
behaviour originally put forward about the
same time by Debye and by Max Born.

It is a significant fact that, subje-t {o somasa
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 1n crystais,
e.g., luminescence and absorptison specira at
low temperatures, Sir © V. Raman (1943)
formulated a new theory of lattice dyna-
mics. The new theory leads among other
thinzss to the m»ost important result, namely
the vibration spectrum of a crystal couasists
essentially of a finite number of discrete fre-
quenc.es. On the basis of the Raman theory,
crystal lattice has in general (24p—3) modes
of normal vibration (execluding simple tians-
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 franslations vibrate with oiposite
phases. The experimental confirmaton ol
this prediction became a matter of funda-
mental importance for the progress of crystal
physics. As the available dataon the Raman
spectira of crystals were insufficient, 1t became
necessary to carry out a series of Iinvesti-
gations using an improved experimental
fechnique to zive a decisive answer to the
following issues raised by the new latlice
dynamics: 1) Are the vibrations in cryvstals
which manifest themselves in the Raman
spectrum, waves exiending throu<h the
volume of the crystal, or are they the vibra-
tions of the atoms in the individual cells of
the Jattice? (2) Is the complete vibration
spectrum of the crystal in the infra-red region
a continuous diffuse gpectrum, or 1s jt a dis-
crete spectrum exhibiting a finite set of mono-

chromatic frequencies ?

»Abstract of the DPresidential Address delivered by
Prof. R, 5. Krishnan, D.5¢,, Ph.D. {Cantab,), F.A.5c,to
the Physics Section of the Indian Science Congress,

Allahabad, 194P.

It has been the practice generally to use the
A 4046 and A 4358 radiations of the mercury
arc as excifer in the studies on the Raman
spectra of crystals. The Raman lines excited
by these radjations fall in the very region
where the weak fluorescenc2 exhibited by
many crystals appear and where the specteum
of the mercury arc itself shows a weak
continuum. Consequ=ntly feeble Raman lines
may mnot be dztected as they will appzar over-
powered by the continuum In view of theose
difficulties, the technique of using th2 A 4016
and A 43538 railiations for the study of the
Raman effect in crysials apprared to have
already b2en pushzad to the imut of its utility
during recent years. It bzcam= c'eir that
som? radical improve nent in tha technique of
study had to be effected in ordar to g2t furtherp
useful information about th:2 Raman spa:tra of
¢crystals. This was achieved by the so-zalled
ultra-violet technigu2 deserib>d below.

As 1s well-known, it is ess2ntiil {2 employ a
monochromatic light source whizh is vavy
Intanse for recording the extremely feeble
Raman scattering in crystals. It is also of
great importane= that ta2-2 shoruld b2 no
continuous spectrum a“companiying the sama.
This 1s secured by using th2 A 23333 meroucy
reasonance radiation from a water-cooled
miagnet-controlled quartz arc, The enormao 13-
1y increasad scattaring powar of the r2s011n-e
radiation arising from its exc2ptional intansity
as compared with the other mercu-y raliations
and from the A™* law has mad2 it an ideal
source for Raman effect studias in the case
of crystals that are fransparesnt tothe ulira-
violet and do not get coloured by prolonzed
exposure to this radiation. The A 2333-3 radi-
ation from the light scattered by the madium
1s effectively sippressed vefire 1ts entry into
the spre.rograph by aszirption 1n a ¢colinn of
mercury vapour, as otherwise thz photgraphic
plate would b2 frzeed. [Chis makes it possible
to record faint Raman lin2s with small fre-
quency shift; on a clear background.

Using the imorov21 ex>2rim2ntal technigque
for ex-iting th2 Ra nan sp=2ctra, maiy crvstals
have been studied by Dc. R S Krishnan during
the last five y2ars and a rich harvast of rasults
obtained in every one of the cases 1nv2 tigatad.
The results obtained in the case of diamond,
rocksalt, potassium bromide, ammontum ctila-
ride and am nonium bromile afford a direct ex-
perimental verifization of the predictions of the
new theory of crystal dyvnamices. In all these
cases, the second ordec Riman sp2ct-a ex1ibit
a series of sharp’'v defined frequency shifts.
The numerical evalustion of the eilen fre-
quencies for the above crystals on the Lkasis ol
the new latiice dynamicg leads to rasulisin
good agreem2nt with observational data.
Their activities in light-scattering and in
infra-red absorption are also in accordance
with the theoretical predictions.

From the experimzntal facts presented
herein on the Raman sp:ctra of erystals, itis
clear that the parts of the vibration spectrum
in the lower and upper ranges of frequency
differ radically in their behaviour. The first

part is totally inactive in light scattering,
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while the second part is strongly Raman active
giving an intense second order spectrum., The
character of the spectrum is also totally
different in the two ranges of fregquency.
While the spectrum of the elastic vibrations
is necessarily a continuous one, the discrete
nature of the atomic vibration spectrum in
the upper ranges of frequency is clearly mani-
fested in the second order Raman effect; over-
tones and summations of the primary vibration
frequencies appear under adequate insfru-
mental power clearly resolved 1nto numerous
closely spaced sharp lines. These differences
are fundamental and will compel anyone to
recognise that the two parts of the vibration
spectrum are physically different. In the
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lower ranges of frequency, we are concerned
with elastic waves traversing the ¢rygtal from
end to end and forming stationary wave-
patterns, while in the upper ranges of fre-
quency, we are concerned with the vibrations
of the atoms in the individual cells of the
crystal lattice. The spectroscopic facts thus
give a decisive answer to the theoretical issues
stated at the end of the second paragraph.
Th2y show that the assumptions on which the
Debye and Born-Karmann theories are based
are unjustified and that the conclusions
regarding the nature of the atomic vibration

spe:tra to which those theories lead are
altogether untenable.

PREPARATION OF ADENOSINE TRIPHOSPHATE FROM BULL FROGS

B. B. DEY, H. C. FRIEDMANN AND C. SIVARAMAN
(Bio-Chemucal Laboratory, University of Madras)

IT has been known for some time thnt the
phosphorylation of glucose by means 0f
adenosine triphosphate (A.T.P.)—or adenyl
pyrophosphate, as it is somctimes called—
under the influence of the so-called *“ Hexoki-
nase ", an enzyme found in yeast by Meyerhof,?
and the occurrence of which has also been
recently demonstrated in animal tissues,”3
plays an all-important role in the carpo-
hydrate metabolism of animals. The reaction
has assumsad added importance and interest in
the light of the new theory of Dixon and
Needhamt of the action of vesicant poison
gases and of the observations mad?2 recently by
Price, Cori and Colowick® and by Colowick,
Cori and Slein® that the activity of animal
hexokinase is inhibited in vitro by certain
extracts of the anterior pituitary glands, and
that this inhibition is counteracted again by
the pancreatic hormone, [nsulin. Fresh light
appears thus to be thrown on the meachinism
of the long known antagonism between certam
hormones, that in th2 present case belg
correlated with the activities of a parfizular
enzyme system in th= boly.

The adenosine triphosphate requwred for
some of te preliminiry invastigations carried
cout in this Jaboratory was prepared from the
thigh and hind leg muscles of frogs by a slight
modification of the original m-=th>d dae to
Lohmann.” The process would appzar to be
both simple and efficient wh2n co npared with
that described recently by Dounce, et al.,® using
rabbit muscles. Thare is no reflex action
causing twitching of th» froz mucscles and the
consequent fear oI possivle loss of A.T.P,,
when the brains of the animals are pith24
under the conditions described below, thus
dispensing with the necessity for the use of
anxsthetics like Nembutal. The complicated
procedure involved in the removal of stable
organic phosphates which appear to be present
only in traces in frog musclas as compared
with the rather large amounts found in raba-
bits, and of inorganic phosphatz, by means of
alternate precipitations with mer:uric nitrate
in addition to barium acetate, is also found
unnecessary., The preparation can b2 con-
veniently completed in 3=4 hours as compared

tc 2-3 days’ intermittent work, described by

Dounce, et al.® The experimantal details under

Indian conditions, are recordzd here as they

Iglugl,gt be of interest to other workers in the
eld.

The bu'l frogs obtained locally weighed on
the averaze 15) grams each. They were kept
under ice and salt for about five minutes and
whan benum»jed, taken out of the bath,
stre.ch2d on a board anl their brains pithed
or smashed with a light blov from a hammer.
The legs were then held by an assistant and
the muscles rapidly excised u.ing scalpels
and scissors, the whole operation with a
single frog lasting 1 to 1% minutes. The
muscles ware placed immediately in a weighed
flask 1mmersed in a freezing mixture, 1he
muszles quickly weighed and then passed
through a ** Latapie’ mincer which had been
cooled previously in ice. Approximately 100
grams of minz2ed muscles were obtained from
th -ee bull frogs. The mince was allowed to
fali diractly into ice-cold 10 per cent. trichlor-
acetic acid (100 ml ) in an Erlenmeyer flask,
shaken up repeatedly by taking out of the
freezing bath for a few secands at a time, and
filtered through cloth at the pump into an ice-
cooled receiver, after a few minutes. Che resi-
due was ex‘racted once agatn with 4 per cent.
trichloracetic acid (100 ml.) in the same way
and filtered. The total extract (225 ml.
approx.) was centrifuged in the cold to free
from precipitated proteins, the c¢lear liguid
freated with ice=cold N NaOd until only just
acidic to Congo Red (50 mil. approx.) and then
an equal volum? of ice-cold alcohol (approx.
95% ) was added. A slight precipitate, which
separated after standing for a saort time and
which consisted mainly of glycogen,” was
centrifuged off. To the clear ice-cold alcoho-
lic solation (50) ml. approx.) which still tested
acidic to Congo R2a2d, was added slowly from
a burette a c¢3ld 25% solution of barium
acetate until the solution ceasel to be acidic
to Congo Red (8 ml. approx.). The precipitate,
which is the di-barium salt of A.T.P. together
with somz2 1norganic barium phosphate, was
separatad at the centrifuge and then shaken
up with ice-cold water (75 ml, approx.)and



