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THE RAMAN SPECTRA OF ACETYLCHLORIDE, ACETYL-
BROMIDE AND ETHYLBROMIDE AT LOW
TEMPERATURES

By B. M. BISHUT =
(Kceeroed for publication. Aug 3, 197%)
Plate XV

ABSTRACT. The Raman spectra of acetsIchloride, acety ihronnde and ethy Ibromide
in the liquid and solid states have been investigated 1t has been observed that all the
pronunent Raman lines of these liquids appear in the case of the solid state It is concluded
therefore that there are no rotational isomers in these liquids. There are, however, two
extra lines in the Raman spectrum of cach of these substances and it is pointed out that
these may he due Lo formatinn of associated groups of molecules in the liquid and solid
states of these substances

INTRODUCTION

In continuation of the investigations on the Raman spectra of organic
substances in the solid state at low temperatures by the present author and
also in coliaboration with Sifkar, 11043, 1045, 10404, 1046b, 1043a, 1948b,
1948¢) the Raman spectra of acetylchloride, acetylbromide and ethylbromide
have bewn studied in the solid state at low temperatures.  IFfrom a systematic
investigation of a large number of orgamic compounds, it has previously
been observed that some changes in intensitics and {requencics of some of
the Raman lines take place, when particular organic liquids ae solidified at
low temperatures. ‘Ihese clianges observed 1 the case of substituted ethanes
have been explained by previous workers (Mizushima ef ol 1934, 1936, 1938)
on the hypothesis that rotation isomers co-exist in the liquid state and
molecules of only one configmiation are present in the solid state of these
compounds. It has been observed by the author (Bishui, 1943D) that there
are some difficulties in such an explanation in the case of 1.1—dichlorocthane,
because although this substance cannot have two stable rotational isomcrs ;
it gives too many Raman lines in the hgud state to be accounted for by
the single configuiation of the molecule. I order to understand this pheno-
wenon more clearly the investigation of Raman spectra of a large puinber
of substitutud ethane compounds has been undertaken and 1 the present
paper the results obtained in the case of the three compounds mentioned
above are discussed. ‘I'he Raman spectra of these substances in the liquid
state have also been studicd carefully in order to compare them with those
observed iu the case of the solid state and the polarisation of the Raman lines
due to the liquid state has been studied qualitatively.
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EXPERIMENTAL

The method for studying the Raman spectra of these substances at low
temperatures was the same as that was used by Sirkar and Bishui (1943).
The liyuids from Kahlbaum’s and Merck’s original sealed bottles were
procured from old stock and redistilled in vacuum. A double walled tube of
Pyrex glass containing the distilled liquid was held in a vertical position with
its lower portion immersed in the liquid oxygen contained in a transparent
Dewar vessel.  "T'he solidification of the liquid took place very slowly when
the interspace of the double-walled tube was cvacuated with a Cenco Hyvac
pump. Light from two vertical mercury arcs condensed by two six-inch glass
condensers was focussed on the substance from opposite sides.

A TPuess glass spectrograph having the dispersion of 14 & per m.m. in
the region of 4036 X used 1 the previous mvestiations was used in the
present investigation also. A blue-violet glass filter was placed in the path
of the incident Iight in order to diminish the continuous background in the
blue-green region. ’I'he polarisation of the Raman lines due to the liqud
state was studied in each casc by photographing simultancously the vertical
and the horizontal components of the scattered light with the help of a double

image prism. Light from a mercury arc focussed with the help of a condenser

was used as the incident light i this case also.
RESULTS AND DISCUSSION

The spectrograms for the liquid and the solid states aic reproduced in the
Plate XV. ‘The results are given in Tables I, IT and IIT. ‘I'he first column
of each table contamns the results reported by some of the previous workers.
The data for the solids obtained in the present investigation are given in the
last column. ‘lhe polarisation of the lines is indicated by the letter P and
total depoiarisation by D.  The approxunate visually estimated intensities are
given in the parenthesis.

Acclyl Chloride. 'The Raman spectrum of acetyl chloride was studied
formerly by Kohlrausch ¢t al (1933) and others. ‘I'he results obtained by the
former authors agrec fairly well with those obtained in the present mvesti-
gation. The weak line 236 cm™ 1cported by them, however, has not been
observed in the present investigation. ‘I'he lines 956 cm™!, 136 cem™Y, 1427
em™!, 2006 cm™! and 3025 em™! are found to be totally depoiarised. This
fact suggests that the molecule has an ciement of symmetry which is evidently
a plane of symnietry containing the C, O and Br atoms.

In the solid state at —170°C some of the Raman lines shift a little frou
their original positions. The line at 596 cm™" due to the C-Cl valence oscilla-
tion shifts to 586 cm™! but the line at 356 cm™! due evidently to C-Cl
deformation oscillation remains practically iu the same position. ’L'he line
1810 cm™! due to C=0 valence oscillation and the line 2996 em™! due to the
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‘Tamy 1

Acctyl Chloride H,CCOCI.

Liquid at room temperature Solid at about —170°C
e i v e e —— et e e — I .‘l_,_.
Koblraush et al (1933) : Present aathor Present author
236 (0) e,
348 (5) k, f, e, ¢ ek, P 356 (1) ¢, k
134 12) k, i, gtfte, C 437 \20) et k; P 430 (s) e, h
sgo (10b) k, 1, 1, e, c. 596 8byct, k,i; P 536 (3b) e, k
gs5 (2) k, e, 956 (2) e, k; D 951 (e k
1038 (0) k, €; | 1036 (e, k? L
1096 (1) K, e, ! 1102 (1b) e, h; I’ 1102 (e, k
1328 (o) k, e. 360 (e, L, D L L
1358 (1) k, e ; .....
1418 (3) k, e | 1127 (), k; D 1423 (2b) e, k
1703 +5 (1h) ¢, ; 1810 (6 e, P 1791 (2) e
2935 (12) ¢, p, k, i, € \ 2039 (1o, ¢y, Ko 1P 20937 (8¢, k
2991 (2) ¢, K, 2006 (d1e, k; D 2086 (3) e, k
3016 (4) &, ¢ I 32y (e kD 3023 (5) ¢, k.

antisymmetric C-H valence oscillation “shift respectively to 1795 cm™ and
2986 em~! in the solid statc. No ncew lines are observed to appear in the
neighbourhood of the Rayleigh line at the low  temperature. The lines 1036
em™! and 1360 cm~! arc weak in the spectrogram due o the liquid and they
are not obscived in the case of the solid probably because they ate marked
by the continuous bachground which is rather strong in the spectrogram due
to the solid. It can thus be seen from Table T that not a single prominent
line disappears in the solid statc in this casc.

I'he number of Raman lines having frequency shifts below 1200 cm™?
is six in the present case but the number of lines in this region due to the
vibration of the C-COCT is expected to be five, the sixth line due to C=0
valence oscillation being that at 1610 cem” . Fuither the CH, group is
expected to yicld only onc totally depoiarised line due to antisymmetiic C-H
valenee oscillation,  Actually such lines at 2996 cm™? and 3o25 cm”' oare
observed in the present case. Hence there arc at least two extia lines in the
Raman spectrum of acetyl chloride which cannot be accounted for if we
assume that the liquid contains only single molecules of a particular con-
figuration. Since no prominent lines disappear when the liquid is frozen,
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T'aBLr 11

Acctyibromide H,CCOBr.

S

Liquid at room temperature Solid at about --170°C
- —_— i S, o
Kohlraush ¢t al (1931) Present author 1 Present author
- o —— ! —_— - -~ — —_— ——
210 (1) e, k?
03 (9) Kk, f, e, a 305 (s)c, e,k I’ 305 (2) e, k
339 1ssb) k, f,te, ¢, b 315 (10) ¢, e+, k P 340 (s) e, k
555 BV k, i, g, f,Le, ¢, b, a 560 18) ¢, e+, k, i 555 (4) e, k
944 (W) k, e 050 (2b)e, k? veeeee
081 () k, e o o
81 (3b) k, f, ¢ 1088 (1b) ¢, k; I 1082 (0) ¢, k
1350 (10 k, ¢ 1300 (51e, kK I j 1300 (Ub) ¢, k
1414 (2b) k, ¢ 1125 Gy ek D ? 1420 (1b) ¢, k
i

180yt 10 (2b) € 1820 (e P 1820 (0) €

2038 (8¢, K, 1, P 29314 (5) e, k

2931 (6 q, p, k, i, ¢

2087 (3) k 3o0l3) e, k., D 2082 (3) e, k

2015 3V e, ki D 3o (3ie, k

3o10 13h) k, ¢

it is cvident that the presence of rotational somers cannot be postulated in
the present case.  Hence we are left with the explanation that both in the
liquid and solid states the molccules of acetyl ehloride are in associated state
giving risc to extra Raman lines.

Jdoctytbromide. The Raman spectium of this liquid was studied pre-
viously by Kohlraush o/ al (1934). A comparison of the data given in the
first two columns of Table IT shows that some of the frequency shifts obsery ed
by the present author arc a little higher than those obscrved by the previous
authors. The linc 246 cm™! observed in the present investigation was not
recorded by the previous autbors and the line ¢8r cm™! reported by the
previous authors lias not been observed in the present investigation. In the
solid state at about —170°C somc minor changes take place. The frequency
of the line at 560 cm™! due to C-Br valence oscillation is lowered a little with
the solidification of the substance. ‘I'he line 1425 cem™) due to C-H defor-
mation vibration undergoes changes both in intensity and in frequency. ‘I'he
frequencics of the lines 345 cm™!, s60 cm™!, 1088 cm™!, 3000 cin~! and
3015 em™! diminish a little in the solid state but that of the line 1820 cm™!
remains unchanged. In this casc also there are six Raman lines having
frequency shifts below 1zoo c¢m™! and arguments similar to those advanced
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TarLe 111
Ethylbromide C.HBr.

— v -

Liquid at room temperature Solid at about --170°C
Voge (1934) 1 Present anthor Present anthor
200.5 (3) 200 (3 e, ky P 300 (0) e, k?
560 3 (10b) 563 (1 e+, k; T 554 6) ¢, k
959.4 (2b) 004 Chie, k; I 057 (2) ¢, k
1062.8 (2) 1ogh 2 e,k P 1050 () e, k
121472 (2) L, i
1252.9 (2h) ' 1298() e, k; P ; 1248 (1) e, k
1o (2D) 1450 3ne, ki D : 1115 2b) e, k
2867.2 (2) | 2870 2h) e, k; P { 2870 (1h) e, k
2024. 4 (41 [ 27 v e,k P 3 2925 (5) ¢, k
20969.2 {2d) 2070 Uiy e, ks 1 ]. 2968 (2) ¢, k
.......... i 2081 (3) e, k
3010 2hy e, k; D 3008 (1) ¢, k

in the casc of acetylchloride lcad to the conclusion that the molecules are
strongly associated in the liquid and solid states and that there are no rota-
tional isomers in the liquid state. In this casc also there are several totally
depolarised lines in the Raman spectrum of the liquid and therefore the
molccule has an element of symmetry,

Lthylbromide. 'I'ne data given o the first two columns of Table I1I
show that almost all the lines duc to the liquid have appeared in the solid
state. The liquid was studied formerly by Dadicu, «f ai (1929) and later by
Voge (1934). The data reported by the later author have been included in
the first column of ‘Lable 111 for comparison. The line 1244.7 ecm™, reported
by the later author, has not been observed in the préSent investigation. 'The
line 3010 em™! which has been observed by the present author is not reported
by any previous workers. The C-Br valence vibration has been diminished
and its deformation vibration has been increased in the solid state. The C-C
valence vibration has also undergone changes. ‘The C-H valence vibrations
have also changed with the solidification of the substance. The line 2970
em™! has been split up into two lines at 2968 cm™ and 2984 cm™ ! respec-
tively. The frequency of the C-H deformation vibration diminishes a little
in the solid state. The number of lines below 100 cm™?Y is four. But the
group C-C-Br can yield only three lines in this region. The presence of an
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cxtra line in this case also cannot be cxplained on the hiypothesis of rotational
isomers. The origin of this extra line can again be traced to the formation
of the associated groups of molecules both in the liquid and solid states. Some
of the Raman lines observed in this investigation are totally depolarised and
this clearly shows that this molecule possesses an element of symmetry in the
liquid state.
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