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ON THE RAMAN SPECTRA OF ETHYLENE DIBROMIDE
AND DICHLORETHYLENE IN THE SOLID STATE

By S. C. SIRKAR* anp B. M. BISHUI
(Plate III)

ABSTRACT. The Raman spectraof cthylene dibromide and mixture of c¢is and irans
dichlorethylene in the solid state at — 170 C have heen stndied and these Raman spectra have
been compared with those for the ligmd state The polarisation of the Raman lines of
cthylene dibromide in the liquid state has also been studied. T is pointed out that two of
the intense Raman lines of liguid ethylene dibromide which onght to have been polariscd
aceerding {o the hypothesis put forward by Miznshima and Morino (1938a) are actually
depolarised, A new explanation that the liquid state of ethvlen: dibromide consists of pairs
of cis molecales forming a configuration having a symmetry Co, is offered and its advantages
over the former one are discossed. Ut is assumed that in the solid state the configuration
changes to have the symmetry of the point group D2 and the observed variation of the
permanent clectric moment’ with change of state is also explained on this hvpothesis.

INTRODUCTION .

1t was first observed by Mizushima, Morino and Noziri (1g36) that some of
the Raman lines of cthylene dichloride and ethylene dibromide observed in the
liquid state disappear when the liquids are solidified at low temperatures. ‘I'hey
pointed out that the lines observed in the solid state correspond to the oscillations
of the molecules of (rans configuration and those observed in the liquid state
are due to a mixture of cis and [(rans types of molecules. Morino (1938)
calculated the frequencies of oscillations of the (rans configuration of the mole-
cules of these two substances and assigned the frequencies 188 cm™, 656 cm™,
1056 em™, 1254 cm™, 1440 em™' and 2970 em™' to the six total symmectiic
oscillations of (rans ethylene dibromide molecule. Mizushima and Morino
(1038¢) ndduced further evidence in support of this assignment by obscrving
the changes which these frequencies undergo when the hydrogen atoms
of the molecule are replaced by deuterium atoms.  According to the assignment
made by Mizushima and Morino (1938a) all the lines mentioned above should be
highly polarised. T'he polarisation of the Raman lines of ethyiene dibromide
had been studied by Trumpy (ro35) and Anantha Krishnan (1937). According
to Trumpy the line 1440'cm™ is completely depolarised while the value of p for
the line 1056 cm™ was observed- by him to beo.7. According to Anantha
Krishnan on the other hand bath these lines are completely depolarised. Thus
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there is a discrepancy between the values of p of these two lines actually observed
and those expected accoiding to the assignment made by Mizushima aud Morino,
and this discrepancy was not cxplained by them. ‘T'he problem was therefore
considered to be worth reinvestigation.

In the present investigation the Raman spectra of cthylene dibromide in the
solid state at about —170°C and in the liquid state at the room temperature and
the polarisation of the Raman hnes of the liquid have been studied. In order
to compare the results obtained with cthylene dibromide, which is supposed to
consist of a mixture of ¢/s and (rans molecules in the liquid state, with those
obtained with a mixture of similar but stable ¢is and {raus molecules, the Raman
spectra of a mixturc of ¢is and truns dichlorethylene in the solid state at about
~=170°C and in the liguid state at the room temperature have also heen studied.

EXPTERIMENTAL

The apparatus uscd in the present investigation for the study of the Raman
spectra at the low temiperatures was the same as that used in a previous investiga-
tion (Sirkar and Bishui, 1913). Kahlbaum’s pure ethylene dibromide distilled
in vacuum was put in a double walled cylindrical container of Pyrex glass held
m a vertical position inside another transparent Dewar vessel.  ‘I'he interspace
between the two walls of the coutainer was evacuated with a Cenco Hyvac oil
pump, so that on pouring liquid oxygen into the outer Dewar vessel to fill it
up to a certain height from the bottom of the container, the temperature of the
liquid was lowered only slowly, and consequently the process of solidification
was very slow. ‘Phe frozen mass thus produced was transparent.  Dry air was
slowly introduced afterwards into the interspace of the double walled container
and the temperature of the solid finally reached a steady value of about - 170°C
within an hour. A Tluess glass spectrograph having a dispersion of about
14 A.U. per mm. in the region of 4046 A was used to photograph the Raman
spectra. The substance was illuminated by light from two vertical mercury arcs
condensed by two glass condensers placed on opposite sides of the container.
Cobalt glass filters were placed in the path of the incident rays to cut off
continuous background in the blue-green region of the spectrum.

The polarisation of the Raman lines of cthylene dibromide was studied by
photographing the horizontal and vertical components of the lines simultaneously
on the same plate with the help of a doubic image prism as usual. The liquid
was contained in a lorizontal Wood’s tube provided with a plane window.
Light from a horizontal mcicury arc focussed with a glass condenser served as
a cone of incident light with its axis perpendicular 1o that of the Wood’s tube.
The semivertical angle 2 of the come of the incident light was about 20°, s0
that owing to the convergence of the incident beam the apparent value p' of
factor of depolarisation is given by the relation

pl={p+l1=pW}ti{1=(1=p) 2} e (1)
4= 1576P- -1



20 S. C. Sirkar and B. M. Bishui

value of the factor of depolarisation, and ¥=4(2=cos2~cos?())
(scc Dhagavantam, 1940). When p=6/7, p'=0"04 in the 1:fresent czse. QWiDg
to the loss of intensity of the ver tical component by reflection a’t. the su fac.es
of the prisms and lenscs of the spectrograph the V&]U? of p’ increases stil]
further. Hence lines having p’ almost equal to unity may be assumed to be
totally depolarised "under the arraugement mentioned above. This conclusion
is further confirmed by the fact that the values of p' for some of the highly
polarised lines photographed in thc same spectrogram along with these

where pis the 1eal

depolarised lines were observed to be less than o 2 which corresponds to a vaiue
of p equa’ Lo 0,05 according to (1).

‘I'he Raman spectrum of dichlorethylene (mixture of crs and frans) in the
solid state at about —170"C was studied with the same arrangement as used in - |
the case of solid ethylene dihromide and that of the liquid was also photographed

for compaison with the spectiogram due to the solid.  “I'he results are discussed
mn the following section,

RESULTS AND DISCUSSION

I'he Raman lines observed at different temperatures in the case of ethylene
dibromide are listed in ‘I'able 1. ‘The results obtained by Mizushima and Morino
(1938a) in the case of the solid and liquid states of the substance and by Anantha
Krishnan (1937) in the case of the liquid state are also included in the table.
I'he numbers in parentheses placed immediately after the wavenumber shifts of
the lines dicate approximate relative intensities of the lines and the letters
¢, k, cte., indicate the exciting lines according to Kollrausch’s notation. ‘I'he
letters P and D indicate that the lines are polarised and totally depolarised
respectively,

The results obtained with a mixture of cis and frans dichlorethylene arc
given in ‘Table [1 and those obtained by Cabannes (1038) for pure cis and pure
frans dichlorethylene are also included in the table. Inorder to understand the
natwie of changes which the Raman lines of a mixture of cis and {rans types of
molecules undergo with the freezing of the mixture we shall first discuss the
results obtained with the mixture of cis and fians dichlorethylene,

DICTLORETIIYLENE

It can be seen [rom columns 1 and 2 of Table IT that almost all the
Roman lines of the mixtwie of ¢cis and frans dichloretlyiene in the liquid slate
arc also presenl in the solid state. The following chunges are, however,
observed to oceur with the solidification of the mixture. The line 563 cm™
which is of moderate intensities in the liguid state hecomes vety feeble in the
solid state. The line 1584 ¢m™ which is very intense in the liquid state
hecomes noader and weaker in the solid state.  The lines 852 ¢m™ and 874



Raman Spectra of Ethylene Dibromidc

T'anLe 1
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em=" observed in the liguid state coalesce to form a broad line at 860 ¢y~ -

e aer o) S |
the solid staie.  Lhe lines 351 cm 7, 407 ¢m

._’ v
and 3075 cm™ aiso Ungerpo

Jielit changes in position with the solidification of the substance and 4 new

. . PR R Ao b Al . 1oy e , |
pand at 60 cm™ is observed in the solid state. The spectrograms are reproduc-

ol in Plate I (Figs. 1 and 2).

Most of (he lines observed in the liquid state have been assigned Iy
hannes (1y38) to the particular modes of vibration of the cis and lrans types

of the molecule. Tie trans confieuration of the molecule has the symwmetry
ol the point group Cahoand has according to group ilfcory ﬁ:_ve total SYJHJHe.tric
and one antisymmetric oscillations allowed in Ramaun cffect.  The five polarised

-] e R o an— e ss10° o )
lines 351 cin™, 51570 1271 em™, 1576 ¢m and 3070 c™" are assigned {o the,

. . T _—
towal symmetric oscillations, and of these the most mtense lines 351 c¢m

1271 em™" are supposed to be duc to the deformation oscillations of the C—Cl
and C—H bonds respeetively.  According to Cabannes the Raman iine dlle. to
the mode of vscillation antisymmetric to the plane of the molecule is too weak
to be observed and the line 766 cm™ s not identified with this osciliation,
because it is not tolally depoluiised, the value of p heing o'y and  definilely less
than 6;/7. °‘This line is supposed to he an overtone of the deformation
oscillation antisymmetric to the ceutre of symmetry, the fundamental heing
forbidden in Raman cffeet,

In the case of the s configuration of dichlorethylene which has the
symietry Cav five tocil symmetric and seven antisymmetiic oscillatiyns are
allowed in the Raman eflecct according to the group iheory. ‘I'he five total
symmetric modes are idemtified by Cabannes (1938) with the iines 174 cim™

]
7r2em”, 1179 em™?

» 1580 cm™ and 3077 em™ whicli are ail polarised.  Of the
seven totally depolarised lines expected from the lheor_\; oniy four are actually
observed.  These are 40b em™, 564 em™, 875 em™ and 3178 cm™. The last
one is, however, assumed by Cabannes to be due to an overtone of 1586 cm™,
bui this asswmption is not justified, because the line is totally depolarised
while all overtone modes should give polarised Raman lines.  Again, the lne
1688 cm™ is assumed by him to be an overtone of 875 em™ but since both
tliese lines are almost equally intense, one of them cannot be the overtone of the
other. In the mixture of ¢is and (rans dichlorethylene in the liquid state only
a single line at 1605 <™ is observed m the present investigation in place of
the three lines 1630 cm™, 1688 em™ and 1693 cm™ due to the two  constituen®s
and the line is oo weak to be obscived in the solid state.  Also another line
at 3170 cm™' is observed in place ol the lines 3142 «m™ and 3178 an™?
observed by Cabanmes in thecase of ¢1s and {rans configurations respectively.
These facts indicate the influence of van der Waals forces on the frequencics of
the correspondini: vibrations. Pirobably some sort of association disturbs
slightly the centre of symmetry of pure {rans dichlorethylene molecuie in the
liguid state and wlien mixed with the cis type this symmetry is 1eslored. Tle
line 3142 cm™' is probably due (o the antisymmetric C-H valence oscillation
and it has thus a feeble intensily in the pure stale and disappears in the

1
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mixture because of restoration of the centre symmetry of the molecule. The
new line at 60 cm™ is due to some intermolecular oscillation, hecause the single
molecule cannot have any mode of vibration of such a low frequency. ‘I'he
line is broad and feeble and it is difficult to suy whether it is due to pure
lattice oscillation or due to some vibration in associated molecules.

Tt is thercfore seen from the above discussions that in the case of hoth
cis and {rans molecules all the total symmetric oscillations yield intense Raman
lincs and the antisynnnetric oscillation in the case of the fr1ans type as well as
some of similar oscillations in the case ol the cis type are absent in the
Raman spectra,

BFTHYLEN)Y DIBROMIDILE

It can he seen from 'able T that many of the lines observed in the case
of liquid cthylenc dibromide are ahsent m the solid state at the low tempera-
ture. This can also he seen from the spectrograms reproduced in Plate 1
(Figs. 3 and 4). ‘The results are in general agreement with those reported hy
Mizushima and Morino (1938a), bul there are a few minor discrepancies.
The lincs 581 an™ does not disappear compeletely in the solid state at -170° C,
hut it beconies definitely much fechbler m the solid stale.  This statement s
based on the fact that a very weak Raman line at A 1143.8 has been observed
in the present investigation in the case of the solid state al - - 170"C, although
Mizushima and Morine did not record any such line in the case of the solid
at —40“C. The Raman line 551 cm™ excited by Aj358 almost coincides with
{he line 656 em™ eadited by A4330 and the same line excited hy Agoq7
coincides with the Hg line Ag1go.  Hence although a fzint dine is actually
observed at Ag4q00.5 it cannot be said definitely whether it is solely the line
656 ecm™" excited by A4339 or the line 551 em™' excited by Ag358 is also
superposed on it with a very fecbie intensity. It can, however, be stated with
certainty that even if the hine 551 em™' be superposed on the line 650 em™!
excited by Ag4339 the intensity of the former linc is almost negligible in the
solid statc in comparison with that in the liguid state.

T'he lines 933 an™” and 1157 an™ observed by Mizushima and Morino
(1938a) at —40°C have nol been observed in the spectrogram duc to the solid
at —170°C obtained in the present investigation, but a line at 125 cm™" observed
in this spectrogram has aot been observed by them at=40° C.  The results
regarding polarisation of the Raman lines of the liquid obtained in the present
investigation agree with those reported by Anantha Krisinan f1937). Accord-
ing to these results the lines 1056 cm™ and 1440 cin™' are lotally depolarised.
1t is difficult to reconcile this fact with the assignment made by Mizushima
and Morino (1938a) that these lines are duc 1es] weetively to the total symmetric
C-C valence and C-H dcformation oscillations of the singic molecule of {rans
configuiation, because we have already scen that in the casc of similar nole-
cule of trans dichlorethylene the corresponding Raman lines are observed to he
polarised and they appear with undiminished intensity in the solid state.
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According to Mizushima and Morino the solid state oc the substance consists
entirely of single moleculcs of trans configuration. 7This molecule his six total
symmetric and three antisymmetric modes of oscillation allowed in Raman effect
according to the group theory. ‘The fact thal more than nine lines are  observed
in the solid state and of the six lines which are expected to be polarised two are
totally depolarised, probably indicates that the solid state cousists not of single
molecules but of larger molecules formed by association of single moiccules. “1'le
line gz em™! observed in the case of the liguid state cannot be duc to any mode of
oscillation of tlie single molecule, and Mizushima and Morino (19 38b) liave pointed
oul that this linc may originate from some oscillation o1 the conglomerate of
molecules, such conglomerates being present only in the liguid state. It is, how-
ever, dillicult to believe that if conglomerates are present in the liquid state they
can dissociate into single molecules in the solid state.  On the contrary, there is
cvery possibility of the strengthening of the intermoicenlar honds in such conglo-
merates with the solidification of the substance. ‘I'he two new lines g1 «m ! and
53 cm™ ! observed in the solid state may also be due to some vibration in such
associated groups o1 the molecules. Al these [acts indicate that we may have to
assunice that solid cthyleue dibromide consists of associated paits of molecules.
An attempt will be made now to explain the polarisation ot (he Raman lines ol
the liquid on the basis o1 this asswuption. It has to be pointed out, however,
that the polarisation oi the Jines in solid state may not be the same as that of the

corresponding lines in the liquid state.

ik

(w) (a
FiG. o Fic. 5

1[I two mo'ecules of ethylene dibromide become ussociated by some vintual
hond between two bromine atoms ove helonging 1o cach molecule, we can have
two dificrent configurations as shown in figures 6 and 7. The configuration
shown in figure 6 is centrosymMetrical and may be formed by two molecules,
both being either of cis on of trans type. The symmetry ol the configuration is
Cap.  ‘The character table of this point group as weli as the number of Raman
lines allowed for the configuration are given in ‘Table II1 in which n, denoles
the total number of times the particular irreducible representation is containcd
in the reducible representation and »f, the number of oscillations represented by
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the irreducible repiesentations excluding pure translations and pure rotations.
The number of Raman lines allowed are given in the column under ‘' Raman
effect ' and the nature of polarisation of the lines s also indicated in the
last column by the letteis I’ and D,
TavLg 111
Symmetry Cu,

I ) C, Th i w, T&R n, Ruaman Pelmication
! etlect
I
|
n | 1 1 1 1 14 1 13 13 P
r, | 1 -1 -1 1 10 2 R Y D
F3 ! ] 1 -1 - ! 10 1 0 1 e
ry ! 1 -1 1 -1 | 14 2 1 !
i S
Uk 10 0 8 0 21 Raman lines
I,x', o a8 0 8 "
oy, 42 2 8 o
The other configuration is formed by two molecules of the ey type as shown
in figute 7(a) and has the symmetry Da. The conesponding  character table is
.

included in Table TV,
TapLE IV

Symmetry Dy,

P , . . Raman  Polari-
3 Y vy T, . w, Ty ) * .
D (SR G 2 mh T MR et sation
I L 1 1 1 I I 1 [ 7 0 7 7 P
T, 1 1 -1 -1 I O 7 1 ) { -
Iy 1 -1 1 -1 1 —1 1 I 7 1 6 { -
Iy 1 —1I 1 1 I -1 -1 1 7 1 o] 6 I
s 1 1 1 I 1 =1 -1 —1 5 O 5 | -
Tg 1 1 -1 -1 =1 -1 1 1 5 I 4 4 D
Iy 1 -1 1 -1 1 T -1 1 5 1 P 4 D
Ty PO S 1 -1 1 1~ 5 1 4 f -
o i
Uz | 16 o 0 0 8 o O 0 21 Raman lines
o', 48 IV} 0 0 8 o O o
h,y', " 42 2 2 2 &8 o o 0

It can be seen from the Tables IIT and IV tha_t hoth the confizurations yield
the same number of Raman lines, but in the case of that shown in figure 6,
thirteen of the twenty one Raman lines are polarised and the remaining eight are
totally depolarised. In the case of the other configuration shown in figure 7(a)
there should be seven polariscd and fourteen depolarised Raman lines. It has
been observed in the case of c¢is and frans dichlorcthylene that most of the
depolarised Raman lines are either feeble or abscnt.  Since we-do not obscrve
more than twelve lines in the Raman spectrum of solid ethylene dibromide any
of the confizurations shown in figure 6 cannot be supposed to be responsible
for the origin of these Raman lines, because such a configuration ouglit to have
giventhirteen polarised Raman lines.  We can, however, explain the origin of
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the obscrved Raman lines by assuming that they are due to the configuration
shown in figure 7(q) and that scven of the twelve Raman lines observed in
the solid state are polarised and five arc depolarised. “I'he remaining depolarised
lines mnay be too feeble to be observed, as in the case of dichlorethylene. '

In the casc of the liquid state the virtual bond between one of the two pairs
of bromine atoms mziy be absent thus producing a configuration having a
symmetry Ca as shown in fig. 7(b). 'I'his should yield forty two Raman lines
of which thirtcen shounld be polarised and the rest depolarised.  ‘I'he maximum
number of lines observed in the liquid state is twenty-four and of these nine
are definitely polarised and three of these polarised lines being broad, cach may
consist of two lmes. Thus almost all the polarised lines expected for the
configuration indicated above are actually observed.  As regards the depolarised
lines ten definitely depolatised lines are observed of which three are broad and
there are three more faint lines which also may be depolarised. ’I'his may account
for altogether sixteen out of twenty-nine depolarised lines expected. Some of
the depolarised lines should be absent as observed in the case of cis and [rans
dichlorethylene  According to the hypothesis put forward by Mizushima and
Morino that the ligaid may consist of a mixture of cis and (rans molecules we shall
also expect twelve polarised and fifteen depolarised Raman lines in the case of
the liguid state.  But the present hypothesis has the following advantages over
that put forward by them. :

(a) According to the present hypothesis the line 1051 em™ duc to the liquid
may be totally depolarised, because it can be identified with the C—C valence
oscillation antisymmetric to the plane of reflection possessed by the associated
pair of molecules having the symmetry Ce, but according to the previous
hypothesis the line ought to have been polarised although it is actually not so.
I'he line 1056 cm™" observed in the solid state may be due to the symmetric C—C
valence oscillation of the model shown in figure 7(a).

(b) T'he lines of frequencies less than 190 em™ cannot originate from any
mode of oscillation of cither cis or {rans cthylene dibromide molecules and so
according to the previous hypothesis conglomerates of molecules were postulated
to be present in the liquid state and absent in the solid state. The present hypo-
thesis can explain the origin of these lines by assuming that they are due to oscilla-
tions of associuted pair of molecules present both in the soiid and liquid states.

(¢) In order to explain the behaviour of the new iines in the low frequency
region obscerved in the solid state Mizushima and Morino (1938b) assumed that
the molecules of cthylene dichloride can rotate freely about the CI-C-C-Cl
axis above —gg5' C, although the rotation about the C-C bond is stopped by
freczing (he substance. In theexplanation offered in the preseut paper no such
assumption, which seems to be hardly tenable, has been made. ‘I'he lines in
the low frequency region may be due to some oscillations of the pair of molecules
as slated before. .

Besides explaining the discrepancics between the .observed facts and the
predictions ol the hypothesis put forward by the previous authors meutioned
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above, the configurations of pairs of
liquid and solid states of ethylene
electric moments of the moiecules obs

molecules assumed to be present in the
dihalides can also explain the permanent

: erved in the two states. ‘Lhe configura-
tion of the pair having the symmetry Ci will possess a permancnt electiic
moment and that present in the solid st

should have no clectric moment, as ohserved
The gradual diminution in

ate and possessing the symmetry Da,
by White and Morgan (1037).
the observed value of the permanent clectric
moment of the molecule with the lowering of the temperature may be due to
the gradual diminution in the distance between the two bromide atoms marked
A A’ in configuration shown in figure 7(b). As the temperature is lowered
probably tlic opening in the ring is piadually nairowed down and finally the
gap is closed, and the configuration becomes a centro-symmetrical one with
the solidification of the substance. With the approach of the symmetry of the
configuration to the centro-symmetrical one there is a diminution in the chauge
in polarisability of the molecule taking place during some modes of oscillations
which become antisymmetric to centre of symmetry in the case of the centro-
symmetrical configuration. Thus the weakening of the intensity of some of the
Roman lines, ¢.g., the lines 551 cm™ and 581 em™ and 2050 cm™ with the
lowering of the temperature can be explained.

Attempts to explain on these lines the results observed with other similar
molccules will be made in later commmunications.
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