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POLARISATION OF RAMAN LINES OF ETHYLENE DIBRO-
MIDE IN SOLUTION AND INTENSITIES AT
DIFFERENT TEMPERATURES *

By B. M. BISHUI
(Reccetved for publication April 15, 1948)
Plates VIII A and VIII B

ABSTRACT. The polarisation of the Raman lines of solutions of ethylene dibromide
in methyl alcohol. benzene, toluene, carbon tetra-chloride and hexane has becn studied
It is observed that the line 1056 cm !is totally depolarised in the case of the solutions in
all the solvents except in hexane. In the latter case the line 1036 cm ! is observed to be
only partially polarised The ratio of the intensities of the lines 551 cm ! and oo cm !
of ethvlene dibromide in the liquid state at about 12°C, 30°C and ¢5°C has also been
determined cexperimentally. Tt i~ observed that this ratio remains almost the same as the
liquid is cooled down from the room temperature up to 12°C and it diminishes slightly when
the temperature is raised to 95°C. 1t is puinted out that these facts are contradictory to
the hyvpothesis put forward by Mizushima and co-workers regarding the origin of the line
550 cm }oand can be explained by assuming the existence of strongly associated molecules
in the liquid.

INTRODUCTION

The Raman spectra of pure cthylene dichloride and dibromide in the
liquid state at room temperature and in the solid state at low temperatures
were studied previously by Mizushima ef al (1934, 19360 and the results were
explained on the hypothesis that in the solid state all the molecules are in the
trans configuration and in the liquid state there are two forms—oune trans
and other as having mno centr¢ of symmetry. ‘I'he lines 1056 cm™! and
144¢ cm™! were expected to be polarised according to their hypothesis.
Sirkar and Bishui (ryg45) repeated the investigations and on studying the
polatisation of the Raman lines pointed out that the two lines mentioned
above arc actually totally depolarised and therefore the explanation offered
by Mizushima and Morino 19381 was not satisfactory. They further
suggested that in the liquid state some of the ethylene dibromide molecules
might be in an associated state forming thercby groups having the symmetry
(o, and in the sohd state the group might change to one having a symmetry
D!,,.

Later Bishui and Sanyal (1947) studied the relative intensities of the lines
660 cm~' and 551 cm™! of the cthylene dibromide dissolved in dificrent
solvents. On comparing the results with those published earlier by Mizu-

*  Communicated by P'rof. S. C. Sirkar.
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shima, Morino and Higasi (1934) rcgarding this intensity ratio and the
permanent electric moment of the molccule it was c(oncluded by them that
the results could not be cxplained by assuming the presence of two types
of single molecules of ethylenc dibromide having different symmetry elements
in the solutions. They tried to explain the results by assuming the presence
of associated molccules having only a plane of symmetry in the pure liquid.
It the associated molecules break up into single molecules when ethylene
dibromide is dissolved in any solvent, it is expected accoiding to the hypo-
thesis put forward by Sirkar and Bishui (1945) that the line 1056 cm™! due
to C-C valence oscillation should not be totally depolarised in the case of
such a solution. In order to investigate this question the polarisation of
the Raman lines of cthylene dibromide dissolved in benzene, toluene, carbon-
tetrachloride, hexane and methyl alcohol has been studied in the present
investigation. Since some of the prominent lincs duc to carbon-tetrachloride,
benzene and toluene are totally depolarised, by comparing the depolarisation
of these lines with that of the line 1056 cm™1! it is also possible to ascertain
casily whether the line 1056 cm™! of ecthylene dibromide dissolved in these
solvents is actually totally depolariscd or not. Hexanc has been chosen as
one of the solvents because Mizushima «f al (1934) and later Bishui and
Sanyal (1947) observed that the line 551 cin™! of ethylene dibromide dimi-
nishes in intensity when the liquid is dissolved in hexane.

If the hypothesis put forward by Mizushima ct al that the relative pro-
vortion of molecules of trans and other configuration present in the liquid
is dependent upon tempeirature be true it is expected that the ratio of the
intensitics of the lines 551 cm™! and 660 cm™' will increase at high temperas
ture. In order to test the hypothesis, the Raman spectra of cthylene dibromide
in the liquid statec have been studied at (hree different temperatures, e.g.,
at 12°C, 1.c., two degices above melting point, at the room temperature and
at about 95°C. ‘These results also have been discussed in the light of the
hypothesis put forward by previous workers.

EXPERIMENTAL

Kahlbaum’s pure ethylenc bromide was available {from old stock n the
laboratory for the present investigation. The solvents also werc taken from
Kahlbaum’s or Merck’s original packings. All the liquids had to be redistilled
in vacuum in order to get rid of fluorescence. The molecular concentrations
of ethylene dibromide in the solutions used were as follows: in methyl
alcohol 0.1¢, in carbon tetrachloiide 0.35, in benzene o0.35, in toluene o.55
and in hexane 0.43 and o.37. 'The purity of the solvents was tested by
photographing their Raman spectra. The Fucess Spectrograph used in the
previous investigations was ecmployed in the present investigations also.

In order to study the polarisation of the Raman lines the light from a
mercury arc was focussed on the Wood’s tube containing the solution and
the vertical and horizontal components of the scattered light were photo-
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graphed simultancously. It was easy in the case of solutions to find out
whether a particular line was totally depolarised or not by comparing the
relative intensities of its horizontal and vertical components with those of a
known totally depolarised Raman line of the solvent. 'I'he convergence of
the incident light and the weakening of the vertical component during
passage through the spectiograph oniy made the horizontal component
stronger, but the comparison mentioned above was not rendered difficult by
such an incrcase in the intensity of the horizontal component. The com-
parison was made by taking microphotometric records of the horizontal and
vertical components of the Raman lines with the help of a Moll's sclf
recording microphotometer.

In order to study the relative intensities of the lines 551 cm™! and
660 cm™~! at different temperaturcs,a Wood’s tube of Pyrex glass provided
with a flat thin window was surrounded by a jacket of Pyrex glass. Water
cooled in a reservoir by melting ice up to about 12°C was circulated with
the help of a pump through the jacket throughout the exposure and the
Raman spectrum of pure ethylenc dibromide, sealed inside the Wood’s tube
and maintained at a temperature of 12°C, was photographed using the
spectrograph mentioned above. Next the Ramn spectrum of the liquid at
the room temperature (about 30°C) was photographed on a plate taken from
the same packet.  Finally steam was passed continuously through the jacket
and the Raman spectrum of the liquid thus kept at a temperature of about
95°C was photographed on another plate taken from the same packet. The
microphotometric records of the lines 551 cm™! and 660 cm™! were taken in
all the three cases. Ilford ‘Szlochrome * plates were used in the present
investigation. 'The relative intensitics of the lines 551 cm™' and 660 cm™!
were determined with thie help of a blackening log-intensity curve drawn

1

by taking intensity marks using a tungsten filament lamp and diffcrent widths
of the slit of the spectrograph.

RESULTS AND DISCUSSION

The microphotometric 1ccords of the horizontal and vertical components
of the Raman spectra of solution of ethylene dibromide in carbon tetra-
chloride and hexane are reproduced in figures 1 and 2, Plate VIIIA and the
spectrograms for al! the solutions arc reproduced in Plate VIIIB. It will he
observed from Fig. 1 that the line 314 em™! of carbon tetrachloride, which is
totally depolarised, has got hoth the horizontal and vertical components almost
equally intensc in the arrangement used for photographing them In fact
the horizontal component is slightly weaker than the vertical component.
At the same time the horizontal and veitical compouents of the linc 1056 cm™!
of ethylene dibromide iun the solution are of the same intensity. This
definitely proves that this line of ethylene dibromide is totally depolarised
because the factor of depolarisation of the line 314 cm™! of carbon tetra-
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chloride is about 0.8. The spectrograms reproduced in the Plate VIII B also
show that this linc is totally depolarised in solutions in benzcne, methy! alcohol,
and toluene. On the other hand from Figure 2, Plate VIII A, it appears that
the horizontal component of the'line 1460 cm™! is about twice as intense as the
vertical component while the horizontal component of the 1056 cm™! line is
only slightly morc intense than the vertical component in the arrangement
uscd to photograph this Raman spectrum.  Hence if the line 1460 em™! be
totally depolarised the line 1056 cin™' is only partially depolarised.

Hence as the molecules of ethylene dibromide are dissolved in hexane
not only the intensity of the line 551 cm™! but also the factor of depolari-
sation of the linc 1050 cm™' diminishes appreciably. If the line 551 cm™!
were due to the vibration of a molecule of the gauche configuration, as
suggested by Mizushima ¢/ al (1942), the diminution of intensity of this linc
in the solution would indicate an increase in the number of molecules in the
trans configuration in the solution, but the line 1056 cm™! due to the C-C
valence oscillation of the single molecule, either of the trans configuration or
of any other rotational isomer, could never be totaliy depolarised. Hence the
results cannot he explained on the hypothesis put forward by Mizushima
ct al. On the other hand if it is assumed that in the pure liquid the molecules
are mostly associated and the group formed in this way has a planec of
symmetry, as suggested by Sirkar and Bishui (1045), thc line 1056 em™! is
expected to be alimost totally depolarised in the pure tiquid. In the solution
in hexane some of the associated groups probably break up into sing'e
molecules as indicated by the diminution of the intensity of the line 551 em™'
and the number of single molccules thereby increases.  Since the line 1056
cm™! due to the C-C oscillation of a single molecule cannot be totally
depolarised the value of factor of depolarisation of this line in solution is
expected to be less than 6/7.  Thus all these observed facts can be explained
on the hypothesis put forwaird by Sirkar and Bishui and it is difficult to
explain them on the hypothesis put forward by Mizushima ct al (1934).

Tansre 1
Temperature ' Teoo: losy
e — .-§__ -
12°C 100717
30°C ! Joo: 18
95°C 100115

The microphotometric records of the Raman spectra of ethylene dibromide
at 12°C, 30°C and 95°C arc reproduced in Fig. 5. As regards the relative
intensities of the lines 551 cm™! and 660 cm™! at different temperatures the
values estimated are given in Table I. The valuc for 12°C is only approxi-
mate because duc to opalescence of the liquid at a temperature just above
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the melting point thei¢ was continuous backzround in the spectrum of the
scattered light.
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It can, however, be scen from Table T that the relative intensity of the
line 551 cm™! does not diminish remarkhably at 12°C and also it docs not
increase at 95°C. This fact 15 contradictory to the hypothesis put forward
by Mizushima ¢f ai (1934, 1912) that this line is due to a conficuration of the
molecule other than trans and that the number of such molecules increases
with increase of temperature of the liquid.  The observed facts, can on the
other hand be explained by assummg that the line 551 cm™! is due to a
vibration in the strongly associated molecule and that the munber of such
molecules diminishes with increase of tewmperature. In the case of vapour
the number of such associated molecules is expected to diminish still further
and thus the line 551 cm™! is expected to diminish in intensity still further.,
It has actually been observed by Morino, Watanabe and Mizushima (1942)
that the line 551 cm™! is almost absent in gaseous cthylene dibromide. 'The
results obtained by them in the case of the vapour thercfore support the
hypothesis put forward by Sirkar and Bishui that the line is due to the vibra-
tion of an associated miolecule and are contiadictory to the hypothesis put
forward by Mizushima el al (1934) that it s due to a form of the molecule
other than the tians configuration.
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