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ABSTRACT, The Ramau spectra of nrdaraichy dilutc solutions of ofhivlene dibronnide
in different salvents, ¢ g., methyLaleohol, cathon tonaehloride, henzene, tolnene and heosane
have heen studied and the relafive mtensitios of the Raman s 541 cn b oand ton e !
have been determined with heip of Dlackoning-Tog-intensity curscs incach cas as well as
in the case of the puie liguid,  The valwes of the vater I Loy ohserved e the dilferont
cases arc as follows. Yor pure hguid dCis gy, for solution in mctn Talooho) 1oo 2y,
in carben tetrachloride, 100 017, in hetzenc, pwcwg, i toliene o sz and in hexane it s
100210, These resnlts have heen discussed in the light of the vpotheses put forwind by
Mizushima clal (19310 and hy Sirkou and Bishini Oog Feis pointed ont that it s difienlt
to explain all the obeeryved faefs with (e help of the formee Ty pothesis,

INTRODUCTION

The permanent elcetric moment (o of cthylene dicliloride and ethylene
dibromide dissolved in different solvents was measured by Mizushima, Morino
and Higasi (1034), the solvents used Lor the purpose being hexane, heptane,
cther, henzene, toluene and amylene in the former case and  hexane, henzene,
carbon disulphide and carbon tetrachloride in the latter case. It was
observed by them that the value of m for CyH4Cly inereases from the value
1.14%107'8 at -70°C to abowt 1.38%x107'% at about 30"C in the case of
solutions in hexaue, heptane and amylene, while it remains almost constant
at diffcrent (emperatwes in the solutions in benzene and toluene, the values
in these two cascs being 1.75x 107" and 1.7 % 107" respectively.  In order
to explain this dependence of m on temperature they have assumed that the
CH,Cl group in the CuH,Cly moleeule s always executing rotatory oscilla-
tions aboul the trans conficuration, the angular amplitude ¢ of this oscillation
being determined by the Maxwell Boltzmann distribution law.  The potential
energy U has been assumed to he equal to 5 (1 —cos ¢) and different values
have heen given to f8 in the casc of different solvents in order Lo explain the
ohserved variation of m with temperature.  The Tigher value of m obscrved
in the case of benzene is explained on the assumption that henzene acts as a
polar solvent and the valuc of ¢ is very large for the majority of the molecules

* Communicated by Dr. 8. C. Sirkar.
4 Fellow of the Indian Physical Society,
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in solution in benzene as in the solutions in methyl alcohol or ether: They
could not, however, explain satisfaciorily why the value of m of the CoH,Cly
molecule dissclved in benzene 1s independent of temperature and is only
slightly larger than that observed in the case of solution in hexane, although
the value of the ratio Igs5: I;50 in the latter case is oply one third that in
the former case. 1t wus, therefore, thought worth while to determine the
relative intensitics of the corresponding Raman lines of CoH4Bry dissolved
in different solvents, employing the more accurate method of photographic

photometry in order to understand the significance of the changes obsei ved
with the change in the solvent.

EXPERIMENTAL f

Kahlbaum's pure ethylenc dibromide was uscd in the present investigatx\)n.
It was distilled in vacuum before it was used for making the solutions. he
solvents were also obtained cither from Merck’s or from Kahlbaum's origihal
packing and each of them had to be distilled repeatedly in vacuum in order
to get rid of continuous backeround in the Raman spectra. The molecular
concentrations of CgH, Bre in the solutions in different solvents are: in
benzene 0.35, in toluene o0.55, in hexane 0.43, in methyl alcohol o.19 and in
carbon tetrachloride 0.35. The Raman spectra of the pure liquid and of the
solutions were photographed on Ilford Selochrome plates taken from the same
packet and the plates were developed under identical conditioms. A Fuess
spectrograph with optical parts of glass was used. The intensity marks
were {aken on some of the plates, using different known slit-widths aund a
strip of white card board illuminated by light from a tungsten filament
lamp as source of light. The purity of the solvents was tested by photo-
graphing their Raman spectra. Microphotometric records were Lthen obtained
for the lines 551 cin™! and 660 cm™! in all the spectiograms and also for the
intensity marks, using a Moll’s self-registering microphotometer. For the
pure liquid spectrograms with differenl times of exposure were obtained in
order that the density of the line 660 cm™! in the spectrograms due to the
mixtures might be almost the same as that in one of these different spectro-
grams for the pure liquid.

Blackening-log-intensity curves were then drawn-for the wavelengths
corresponding to the lines 551 cm™! and 660 cm™! excited by the Hg line
4358 A. U. and with the help of the blackening-log-intensity curves the
relative intensities of these two lines were determined in each case. If I
and I’y be the intenslties of the line 551 cim™' in the spectrograms due to the
pure liquid and one of the solutions respectively, and Iy and I's those for the
line 660 cm™', we have

L)/ T=cy, 1g/l's=c
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Thus it is easy to find out whether the ratio 1y undergoes any change on dis-
solving the liquid in any solvent. T,

In determinming the intensities of the lines, the total intensity at the peak
of the line and that of the background were found out. On subtracting the
latter from the former, the true intensity of the line was obtained. While
obtaining the microphotometric records, the deflection due to the unexposed
part of the plate was rccorded, so that the intcusity of the hackground
1eferred to this unexposed part could be determined. The line of infinite
density was also recorded on all the records. Some of these microphotometric
records are reproduced in Plate VI, It can he scen from Figs. 1 and 2 that
the ratio I55y:Tgg0 is less in the case of hexane than in the pure lignid.
The actual values observed in the different cases are given in ‘Lable I.

TapLr I
Iithylene dibromide

State Teso :Tae ' mxi0M

Pure liquid ... 100 17.5 e
Solution in CCI, ... . You : 17 i 0 86 (20°C)

Solution in CH,0H ... 100 : 24 P e
Solution in benzene ... 100 : 23 1.18 (20°C)
| 1.20 (50°C)

Solution in toluene ... 100 @ 22 i .....
Solution in hexane ... 100t 10, E 0.91 (25°C)

0.79 (b°C)

The values of permanent electric moment m observed in the different cases by
Mizushima ¢t al (1934) are given in the last column of Table I.  The corres-
ponding results obtained in the casc of ethylene dichloride by those authors
are given in Table II for comparison.

TasLr 11
Iithylenc dichloride

Statc 1,59 Tesy i mx 1018
Pure liguid ... 100: 71 ' 1,12 % (gas at 30°C)
Solution in CH30H ... 100: 83 : ......
Solution in ethyl alcohol 100 : 75 ‘
Solution in ether ... 100 :50 1l 1.49 (20°C)

1.75 (30° = 50°C)

Solution in hexane ... 100 : 20 | 1.36 (a5°C)
Solution in benzene ... 100 : 67
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Tt can be seen froms Table 1 that the watio Is ;160 i0creases considerably
when ethylone dibromdde s dissoived in mcthyl aleohol, henzene or toiucne,
but it rernsins unchangod when carbon tettachloride {s used as the solvent.
Avainn w solation in cosae the value of the mtensity ratio diminislies to
about half the eiginal vidne, The vadues of mogiven o the last column
cae not he teconcded withi those of this intensity ratio ou the hypothesis put
forward by Misushinig of of (oog )y that the number of moleenles in the trans

configuration dimini=hcs when the ligud is dissolved in solvents of higlh
!

dicleetiic constant and the Tues 600 e ™ and 551 em ™' we the corresponding
lines due to the traus ond - oscillating configurations of  (he molecule respec-
tively,  “The tians conhipmation has to permancut clectiic moment and the
value of pioan the cree of solucon in hexaae 18 slightiv higher than that lfor
solution incarhon fetiachloride. Tlenee according to the hypothesis put
forward by Mizaslima of el (o3 ) the ratio f4,,:1o00 oneht to have hden
slichiy bipher m the case of solution in hexane than in the solution in carbdn
tettachloride O e contrary the ratio is ohsorved 1o he 1o in the formdr
case which s less than 10 observed o the latter cace. Such a
discrepaney also occurs in the case of ethylene diehloride as can be seen [rom
results reported by Mzushin of aof (1037) and quoted in Table 11, In the
cuse of solation in henzene the corvespondiug ratio I 54:0744 is 1:1.5 and

the value of mois oos~ o7 Y80 hat in the case of <olntion in hexane the

tatio s 1.5 while the value of v 30 7 10710 Since the permanant moment
is wholly duce to the mwolecules in the confignration other than the trans con-
ficunation (he value of acin solution 10 hexane onghit to have been much less
than .30 % 107" i has been pointed oul by them that his anonmaly 18
not duc to the presenee of assaciated noleenles of CuE,Cls in the solution
in benzene, beewse weeording o the oryoscopic measuranents carried by
Tharada™ the moleenic has normed molecular weiglht in dilute solution m
henzene. ‘They Dhave nof, however, given any satisfac tory - explanation of
this anomaly.

The hypothesis pat dorward by Mizushima of af (193 ]) mentioned above
cannot explain also sowe chanves in the Raman speetra whieh are observed
when these two  liguids are solidifed at low temperatures.  Tf the Raman
lines which disappear with the soliditication of the liquids would be due to
the non-planar  conficurations of the moiccule and those which persist in the
solid stute be due 1o the tans configuration, we would expeet the hines
which disappear 1o be polansed hecanse the  non-plunar  configuratious,
have 1o symmetry  clement and  they do not postulate the  existence
of large nmumber of welecudes of this type in the hiquid state.  Actually,
Liowever, some of the Times which disappear in the solid state are totally
depolarised in the tigquid state. Again the line gore em™! whicl is totally
depolarised in the liguid state 1s evidently due to some antisymmetric valence

¥ Unpublishied
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oscillation of the C-H groups.  I'his line porssts e e solid state, bul sucls
an oscillation is totaliy Torhidden iu the Ranen ofted (v the vave ob ihe trans
conficuration.  Henee  this line vt

he due oy wnbsvinnctrie
oscillation of the sinele &1,

atolectile in the oans conl aadion. We

have, therciore, o asstnie e esisience of s ather conli eaion s of the

molecule in the Hyusd and ~oid stites v oxplin Diese olmoiy ci o s
It has alieady Doon i by S an b Biban frogad that the
prosciec of associalad olecules

Ty b 1¢ :-|h»'u.ni||1\2 fai the

{
i Chyees on the Raman sheetia
. } \ e .2 ‘
LRI whaoh orciw anh the chanee o
\ w0y

e ol thoss aabalamices.s s

e e hgee i the relative

Y e clios ot the inen g 51 ein” !

and oneom T ot diy Tone dibro-

e ohacrsca i the present ine-

N

sovesteation b can be soon that i

1

vhe e rar emT s dae Lo the

s enated troie l‘.'"‘\‘ the Illllllhtl
of such molecule inereases when
o Diopnd rodisoobvoad i henzone,
Sl ored ethiydl adeobiol and
0 et s ow oo lienane iy ased

as o the solvent, The permanent

clecttic oot however,  re-
e, s miine  abmosbounchang ed o when

the hgnid is desoivad ne hexane
and It inereases 1 sotutions o bonzene, toluone awl methyt aleohol,
We have, therclore, to cwunmn the siape of the weocmtod mocenle in
solution in benzcne o b nop plara as shown o T, & so that the
value of m for the smeie molente o el Toes than that ror the cis con-
figuratton but the value of om0 the associstad molerale being the
resultant of two such montats ineboacd ol o anede siichiiy less than
00", is greater than that for the wae oo pmleente The e o the
value of m with tempeature ey ie dine G the fietcase o the aunele

¢ made by e C-CHUU plane with the plore of Gane cotfieniation.

—~

In the case of solution 1o eyvilolicwme o wnedic ol duciomtion ol the
permancent moments of the two constittent Coll(Cly ol cnles with each
othet at about 20" C s sneh ihat the value o the e nltaiomomient s almosl
the same as that for the Hinele molconles Ihonee the vame of o docs ot
chavnge appreciably even whea o pmul cob oneite! e sooales diminishes.
With the rise of temporatnre the aele diniuches i bily wo tha the value
of the resultant micrease= a Jittleo T may aluo so bappen (hat the villue of

¢ is larger in the solution in hexanie than in the pee b,
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Thus the observed facts can be explained by assuming the existence of
associated molecules of static model postulated by Sirkar and Bishui (1945).
In the solid state probably the structure of the molecule changes to a centro-
symmeltrical onc as pointed out by them. On the other hand the structure
postuiated by Mizushima ¢l al 1s of dynamic type oscillaiing about the trans
configuration. There is other difficulties besides those mentioned abovg in
postulating the existence of molccules of such a dypamic structure. The
frequencies of such rotatory oscillations of the molecules about the trans
configuration arc expected to be much higher than that of the applied elec-
tric field used in ths measurement of diclectric constant, as can be seen
from the values of B given by Mizushima et al (1934). Hence only the mean
square valuce of m is expected to be observed from the polarisation measufrcd
experimentally. ‘They have assumed that the value of m is given by

e~ UIRT gin2 1'd¢
2
m2= 24ipn2p ... "™ . ,__.._._:._._, - \
m*=4p%sin?0 o (W

f = UIKT gy

-
wliere 6 is the angle hetween the C-C line and the dipole moment of CH,Cl
or CHyBr group, p is the moment of the group and U= (1—cos ¢). It is
evident that cquation (1) gives the value of m? only when the static model
is assumed and the value of ¢ is governed hy the Maxwell-Boltzmann distri-
bution law. The value of m? for the dynamic model osciflating with
frequency higher than that of the applied field is not given by (1). Hence
the values of m calculated by them with the help of (1) capnot be those for
the dynamic model,

I'he relative intensities of the Raman lines 653 cm™! and 752 em™! of
ethylene dichloride dissolved in various solvcnts are being measured with the
help of blackening log intensity curves and the discussion of the results
obtained for that substance by Mizushima ¢t al is reserved for a future
commuuication.
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