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ABSTRACT. The Raman specTra of sululions of benzoyl chloride in benzene of 
dlflereiit concentrations have been investigated and tht* relative intensilies of the lines 163 
and 326 cnT * observed in the case of solutions have been compared with these for the 
pure liquid at room temperature. It is fomid that the rati(i of the intensity of the line 
ih2 cm Mo that of the line 3 1 6  cm"diminishes gradually a< the concentration of the 
solution deertases. It is concluded from these results that the line 162 cm ' ma\ be due to 
inter-moleculai vibration in a dimer and that in the pure liquid such dimers aie predomi
nant while ill the solution some of them break up into mciiomers The relative intensities 
of the two lines, however, are baind to diminish very slightly even at i 5o'’C.
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I N T R O D U C T I O N
It is wellkiiown that in the Raman sjjectra of some substituted benzene 

compounds in the liquid state there is a Raman line with frequency*shift having 

a value in the range, 160-200cm "'. For instance, benzoyl chloride in the 
liquid state yields a line at i6i cm ' which is totally depolarised, as observed 
by previous woikers (Sirkar and Bishui, 1946). Ib is  line is reported to be 
only slightly less intense than the line 316 cm“ 'w h en  the intensity at the 
peak is concerned, hut when the integrated intensity is taken into account 
the former line is more intense than the latter, because it is much wider 
than the line 316  cm "'. The origin of this line is not clearly understood. 
The deformation oscillation of the C-Cl group will be totally depolarised, 

but its frequency is expected to be a little higher. Also acetophenone, in 
which there is no C-Cl group, yields such a line. Hence it may be due to 

some other mode of oscillation. The line, however, may not be due to a 
monomer at all and in that case its intensity should alter with the rise of 

temperature of the liquid and also with the concentration of solution of this 
liquid in some suitable solvent, in order to find out actual origin of this 
line the Raman spectra of solutions of benzoyl chloride in benzene having 
concentrations of 1:3  and 1:5  by volume and also of the pure liquid at 

25°C and iso°C  have been studied in the present investigation.
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e x p b r i m k n t a l

The liquid was obtained from the old stock and it was of Kahlbaum’s 
chemically jjurc quality. It was distilled very carefully in an evacuated 
and sealed double buib in order to get rid of fluorescence and continuous back
ground. Chemically pure benzene was also distilled in the same way and 
when mixed with the liquid in the proportions mentioned above the solutions 
were found to be quite homogeneous without showing any trace of opalescence. 
A F'ucss glass spectrograph having a dispersion about 3 2 .S per mm. in the 
region of 4046 A was used to photograph the Raman spectra. Iron arc 
comparison spectrum was also photographed on each plate in order to find 
out whether any of the lines change their positions with the change of 
concentration of the solution. A  very dilute solution of sodium nitrite in 
distilled water was used as a filter in order to cut off rays of wavelengths 
shortci than 4000 A, which wcie found to decompose the liquid and thereby to 
])roduce continuous background in the visible region of the Raman spectrum. 
Spectrograms with very clear backgrounds w’ere obtained when the filter 
was used. Ilford special rapid plates were used for photographing the Raman 
spectra and plates from the same packet W'cre used to photograjdi the Raman 
spectra of solutions of different concentrations and they ŵ ere developed under 
identical conditions. The Raman spectrum of the liquid at i5o®C was also 
photographed to see if any changes take place in the intensities or positions 
of the lines with rise of temperature of the liquid.

R E S I T L T S  A N D  D I S C U S S I O N S

The spectrograms for the pure liquid at 25®C and iso'^C and those for 
the solutions of benzoyl chloride in benzene of concentrations 1:3 and 1:5 
(by volume) are reproduced in figures i - 4  In Plate III. The lines observed 
in the case of pure liquid and the solutions are listed in Table I.

It can be seen from Table I that the lines of benzoyl chloride do not 
shift appreciably from their original positions when the liquid is dissolved 
in benzene except the line 1204 cm '*. There are, however, changes in the 
intensities of some of the lines Most of such changes occur due to super
position of Raman lines of benzene on those of benzoyl chloride. Benzene, 
however, does not yield any Ranau line below 400 cm“ *, and therefore, the 
change in the intensity of the line 162 cm~* observed in the present case with 
dissolution of the substance in benzene is due to a different cause. It can be 
easily seen from Plate III and Table 1 that the line 162 cm"* is much broader 
and slightly more intense than the line 316 or 510 cm '* in the case of the 
pure liquid, but in the case of the solution of concentration 31% by weight 
the line 162 cm“ * is quite sharper and less intense than the line 316 cm '* and 
in case of solution of concentration 22% by weight the line 162 cm*"* 
diminishes further in intensity. These facts definitely prove that this Hue, 
inspile of being totally depolarised, may not due to any mode of vibration of
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Ram an spectra ot b en zo yl chloride

Fig. 1 Pure liquid at 25 C 
Fig. 2. „  „ a t l 5 0 C

Fig 3. So lution  in benzene, 1 :3  by volume 
„ „ 1 :5  „ „
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Benzoyl chloride

Pure liquid at 25“C Solution in benzene S( lution in benzene
( 3 i % b y w t ) (22% by \vt)

i6a(5b) 162(3) 162(2)

202(1) 202(1) 202(0)

316(5) 318(4)

4i8(3b) 418(36) 4i8(7b)

51015) 5*0(4) 5*0(4)
618(5) 618(6) 618(6)

67* (6) 672(5) 672(4)

774(1) 774 (0)

855(4) 855(1)

1000(10) 995(20) 9(:)5(2o)

1028(3) 1028(2) 1028(2)

1168(3) u68 (3) 1168(3)

1176(6) 1176(5) 1176(6)

1204(6) 1200(3) 1200(2)

1450(1)

1480(0)

1593(15) i 5fJ3(i5) *593(15)

1718(3) 1728(3) 1728(3)

1772(10) 1772(10) 1772(10)

3070(10) 3070(10) 3070(10)

the single molecule, because in that case its intensity with respect to that of 
any other line would not diminish with dissolution of the liquid in benzene. 
Hence it has to be concluded that in the liquid state some of the molecules 
form dimers without thereby changing the frequencies of the Raman lines of 
the monomer and in the solution the number of dimers diminish gradully as 
the concentration is diminished. It is not surprising that the formation of 
such dimers keeps the frequencies of other Raman lines unchaged, because it is 
known from the results obtained by Kojima (1949) that when methyl
methacrylate is polymerised only the intensity of the line due to C = C 
vibration diminishes while the ficqucncies of the other lines remain unchanged. 
It is further seen from Table I that the intensity of the line 1204 cm~* relative
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to  that of the line 1028 c m " ’ is sm aller in the case o f th e 22% so lu tion  than 

th at in the case of the pure liq uid . T h is  m ay be d ue the su p erp osition  o f 

the faint line 1034 c m " ’ o f benzene on the 1028 c m " ’  lin e of b en zo yl ch lo rid e . 

vSimilar sui)crposition also affects the in ten sities o f the lin es 1000, 1176 and 

3070 c m " ’ .

A comparison of the spectiogams for the pure liquid at 25' C and i5o"C 
reproduced in Plate III .shows that the intensities of the lines 162 and 202 cm "’ 
with respect to those of the lines 316 or 418 cm "’ diminish very slightly with 
the rise ot temperature. This fact shows that the molecules in this liquid are 
too strongly associated to be affected by temperature. Only large change 
in the intcrmolecular field caused by non-polar molecules of the solvent breaks 
the dimers into monomers. The fact that the width of the lines 162 and 
202 cm "’ are not very large also indicates that the bond is fairly stioug so 
that its strength is not affected appreciably during the modes of vibration 
giving these lines.

A n  atteinjit m ay be m ade to assign  th is lin e to a p a rticu lar  m ode in a 

d im er. A n  e.\am iuatiou of the p ublished  data  sh ow s that such a stron g lin e 

occurs in the R am an sp ectra of acetop h en on e and other .substances h avin g  

the C  =  0  grou p  in the m olecule. I  he m ode in w h ich  the w h ole  ben zen e nucleu.s 

e x e cu te s  ben din g oscillation  again st the rem ain in g  portion o f a d im er m ay 

g iv e  rise to a lin e o f freq u en cy  below  200 c m " ’ and such  a lin e should  be 

dep olarised . In v estig a tio n s u n d ertaken  w ith  other sim ilar liq u id s to test 

th e correctne.ss of the ab o ve  h y p o th esis  a te  in progress.
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