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ABSTRACT. The Raman specira of chdoro-and hioma-acety 1 ehloride in the lignid
and solid states as well as the polarisation of the Raman lines of these Heuids have been
stndied. It is obscerved that in (he heuid state the former compound viclds a smaller number
of lines than the laller, which again gives much more lines than those expeeted theove-
tically  In the latter case soue of e prominent lines Qisappear in the solid state, while
in the case of cllorowacetyl ebloride no sueh climge talkes place. New lines in the Jow
lteguency region appeat in the solud stale m hoth the cases. The changes observed in
the case of bromo acctyl chioride are aseribed to the formation of strongly associated
melcewles 1 which the CC1oand C-Br valenee [orees o the moiecule are alfected in
the hquid sfate. It is pointed ont that in the case of propy] bromide also sinnlar explana-

tion wa~ offered by previous worker.,

INTRODUCTION

The Raman spectra of acetyl chloride and acetyl bromide have heen
studicd in the liquid as well as in the solid state hy Bishui (1948a). It has
been 1¢ported that all the prominent Raman lines due to the liqud state arc
also present in the solid state. It has, therefore, been concluded that there
is no rotational isomers in these liguids. It has been argued by him that
the presence of two extra lines below 1200 em™ in the Raman spectra of
cach of the substances may be due to the formation of associated groups of
molecules in the liquid and solid states of the substances.  In order to get
definite information vegarding the structure of molecules in these cases (wo
halugen substituted derivatives of acelyl chloride have bheen chosen in the
present investigation. The Raman spectra of chloro-acetyl chloride and bromo-
acetyl chloride in the liquid and solid states have thus heen studied in order
to find out the difference in the Raman  speetra due to the two states, In-
cidentally, the Raman spectra of bromo-acetyl chloride was not studicd hy
any previous worker and it was not known Liow the Raman spectra is affected
when the chlorine atom attached to the CH. group in acetyl chloride is
replaced by a bromine atom. ‘I'he polarisation of the Raman lines duc to
these (wo liquids has also heen studied in order to get information regarding

the symmetry of the molecules.
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EXPERIMENTAL

The lignids from Kahlbaum’s original packings werc obtained from old
stock of this laboratory and were redistilled in vacuum. The method {or
studyinz the Raman spectra of the compounds  at low {emperatures was the
same as that deseribed by Bishur (1048D). A long pyvrex glass tube contairi-
ing the distilled liquid was held in ithe vapour of the liquid oxygen which
was constantly heing cvaporated from the lower portion ol the transparent
Dewar vessel  The level of the liguid oxygen in the transparent Dewar
vessel was maintained at a position about a centimetre below the hottom of
the tnbe contuining the distitled Liquid.  Tvaporation of the liguid oxygen;
was frequently  accelerated by pumping out the cold vapour above the surface!
of the liguid oxygen with a Cenco Hyvac pump. A pentance thermometer,
which passed tlhhoush a cork fitted into the mouth of the transparent Dewar
vessel, was held in the vapour of the Tiquid oxygen to record the temperature.
The solidification of the experimental liquid took place siowly and a semi-
transparent solid mass of {he substance was obtamed.  Light  from  two
vertical mercury ares, condensed by two six inch glass candensers, was focussed
on the substance from opposite sides.

A Yuess glass speclrograph, having a dispersion of 13.5 h\ per mm.
m the region of 4046 X, was used in this investigation. A blue-violet glass
filter was placed in the patli of  the incident light in order to diminish the
continaous  hackeround in the blue-green region. ‘The polaisation of the
Raman lines due to the liquids was studied jn cach case by photographing
simultancously the vertical <nd horizontal components of the scattered light
with thie help of a double image prism.  Light from a mercury arc, focussed by
means of a4 giass coudenser, was used as the incident light in thes: cases.

RESUTLTS AND DISCUSSIONS

The spectrogras for the Liguid and the solid state are reproduced in Plate
1. 'I'he results wie given in Tables [ and IT. T'he results reported by sotne
previous workers have been given in the first column in the case of chloro-ace-
tv! chiloride only.  ‘I'be data for the solid obtained in the present investigation
arc piven in the last column. The letters ¢, k, 7, ¢ represent exciting lines in
Kohlrausch'’s notation  I” means p<Z<C 6/7 and D mecans p=6/7. The ap-
moximate visually estimated intensities arc g1ven in parcntlicses.

.
It can be seen from Tables T and 1T that the pumbers of Raman lines,
', obscrved in the case of the two

liquids are quite different [vonn eacli other. ‘I'he results reported by Cheng

having frequence shifts less than 1000 cm”™

(1934) in 1hic case of chloro-acetyl chloride show that therc are seven Raman
lines in the region mentioned above of which the line Sgg cm™' is cextremely
weak. With the cxception of this line all the other lines have been observed
in the present mvestigation. It has further been observed that all these lines
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No data for hromo-acetyl chloride arc available and it scems
number of Raman lines,

Three of these lines are observed o he totally depolarised. The Raman
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O
lines iu this region arc wiven by the vibrations of the group X —C-C
(1

where X ostands for C1 oaud Broin the two cases. It is thus evident that
when there are two Cl atoms in this group at the two ends the number of
Raman lines 15 reduced  Ordinarily, according to the group theory this group
having only a JJane of symmcelry would yield altogether nine Raman lines
of which scven are polarised and  two aie totally depolarised as can he secn
from 'T'able T1J.
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It is thus evident that in the case of chlorvacelyl chloride the number
0)
_ Y
of Raman lines duc to the group C1-C-C actually ohserved in less thau
Cl

that cxpected theoretically and that  the totally depolarisced lines are absent.
On the other hand in the case of bromoacetyl chiloride the nuamber of such
lines actually obscrved is much more than that expected theoretically.  “I'his
peculiar difference in the hehaviour of the two molecules can he explained
on the assumplion that in the case of chloroacetyl chloride the selection rules
for the appearance of the Raman lines due to the vibration of the group
CI-C-C-Cl s not affected very mnch by the presence of the divalent oxygen
atom attached o one of the carbon atoms.  In that case this group of four
atoms would have a centre of symnictry and would yicld only three lines,
all polarised, and duc to the presence of the oxygen atom three more lines,
all polarised, would be oxpected.  In other words, out of the niue lines,
mentioned in ‘Table 11T, only six would be observed and besides the two

depolarised lines mentioned thercin  another  line, due to the antisym-
metric  valence oscillation of C-Cl group, would be absent. ‘Taking into
account the line at 1810 em™ due to the C=0 oscillation, it is found that
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besides these lines an extra line appears in the Raman spectium of this sub-

stance in the liquid state.  This line may he dae to the association of the
molecules.

In the solid state at the low temperature the intensity  of the line 1810
! diminishes appreciably and its frequency also diminishes by 8 wave
numbers.  The line 500 em™ becomes sharper in the solid state and an
extra line at 48 em™ appears m the neighbourhiood of the ITg line 4046 &,
This latter line is quite sharp and considering the complicated stiucture of
the molecule it is difficult to ascribe this line to rotational oscillation of the
molecule in the lattice s suggested by Kastler and Rousset (roq1) in the
case of benzene and naplithalenc.

cm”

In order to explain the appearance of many oxtra lines in the case ol
bromoacetyl chiloride the hypothesis of co-existence of rotational isomers in
the liquid state could he put forwards as was done in the case of otlier dihalo-
gen derivatives ol cthane by Mizushima o of (1936). “lhere is, however,
a serious diflicully in applying the same hypothesis in the present case, be-
cause il the rotational isomers could he present in the liquid state of bromo-
accetyl chloride they would also he present in the case of chloracetyl chloride,
but actually it has been shown above in the latter case there is strong evidence
for the existence of only omne type of the molecule.  Tlenee in the case of
bromo-acetyl chloride also rotational sotners cannol he present. Probably
in the latter case the molecules are strongly associated and on solidification
duc to uniform distribution of the molecules some of the virtual bonds hecome
loosened and the corresponding Raman lines disappear.  Such an explana-
tion has been offered in the case of propyl bromide by Bishui (1048c). The
remarkable changes observed in the Raman spectrim of hromoacetyl chloride
with the solidification of the substance can thus be explained. The changes
observed are rather large, because the strong lines 363 and 526 cu™ ' disappear
and the line 207 em™' becomes more intense in the solid state.  Also the
frequency shift of the line 2956 cim™, due to C—H oscillation, increased to
2080 em™! in the solid state and the intensity of the line 1812 cm™ dintinishes
appreciably. I'he changes are not obscrved in the case of chloroacetylchloride
probably because the virtual attachment of chlorine atom to any of the two
carbon atoms produces the same change in the C—Cl frequency in both the
groups Lo the same extent. A comparison of the Raman spectra of the liquid
and solid states of chloro-and bromo-acelyl chloride thus secms to support
the hypothesis put forward by Bishui (1948¢) regarding the changes occurring
in the Raman spectra of propyl bromide with the change of state.
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