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ABSTRACT. The ultraviolet absorption sp ectiao f thin films of o-diohlorobenzcne in 

the liquid state at and in the solid state at and - iS o * C a n d  of />-dichlorobenzene
and /»-dibroniobcnzetie in the liquid state and in the solid state at 30*C and —iSo C have been 
investigated* In the latter two cases the solid films were also once cooled to —180 C and 
after bringing them to thei*' ab.sorption spectra were photographed. Ta the case
of o-dichlorobenzene in the li(|iiid state only three bands are observed with intervals of 
about 1030 c m "’ . ICach of these is split up into two whon the litjuid is solidified'at -5 0 * C ,  
and a t ~ i 8 o ‘'C each of the three hands for the liquid is split up Into three bands. The 
intervals between the principal band anil the satellites do not agree with any of the 
vibrational frequencies observed in the case of the vapour. It is suggested that formation 
of virtual bond.s between neighbouring molecules may bi* responsible for such splitting of 

the electronic energy level.
In the case of />-dichlorobenzene, the liquid as well as the crystal at 3o ‘ C yield three 

broad bands at intervals of about 1030 cni“ *. When the crystal is cooled to —180 C and 
again brought to room temperature three more new bands corresponding to the vibration 
frequency 764 cm '* are observed. At - i8 o " C ,  the number of bands increases owing to the 

appearance of other new bands corresponding to vibrational frequency 569 cm In the 
case of />-dibroniobcnzeue, the solid at 3o*C either before or after once being cooled to 
-i8o**C  exhibits bands similar to those observed in the case of the liquid. When the solid is 
cooled to - i S o ’ C the band.s become sharp and extra bands corresponding to vibrational fre-  
quencies 329t 537, 693, loo-i, 1202 and 1.431 cm " a p p e a r ,  d'he ap )earance of these extra 
bands in both the ca.ses is assumed to be due to sharpening of the broad bands caused by the 
cessation of angular oscillations at — i8o*C. It is suggested that formation of virtual 
bonds may be responsible for the damping of angular oscillations at low temperatures.

I N  T  R O D IT C T  I  O N

The ultraviolet absorption spectra of several substituted benzene 
compounds in the liquid state above their melting points and in the solid 
state at low temperatures were studied previously (Swainy, 195I1 iQ52 
1952 b) and it was observed that in some cases changes take place in the 
number and position of the bands with solidification of the liquid and 
subsequent lowering of the temperature, while in other cases only the bauds 
observed in the case of the liquid shift slightly with solidification of the 
liquid. Besides these changes, the solidification and cooling down to - r S o
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of c?-dichlorobenzene and ;?/-chlorotoluene were observed to bring about 
a splitting of the electronic energy levels of these molecules (Sirkar and 
Swainy 1952, vSwamy 1952 c). In (i-chlorotoUiene the two new components 
were on the two sides of the principal band while in m-chlorotoluene both 
the new components were on the longer wavelength side. Also, the absence 
of such splitting of the energy level in the case of f)-chlorotoluene led to 
the conclusion that splitting of the electronic energy level depends on the 
relative positions of the substituent groups and does not take place when the 
permanent electric moment is small. Kronenberger ^1930), however, had 
previously observed that in the case of benzene, the 0-0 transition, which is 
forbidden in the vapour state, appears at — tSo '̂C. It was pointed out 
(vSirkar and vSwamy, 1932) that this might be due to the distortion of the 
molecule and absence of the centre of symmetry in the solid state at —180'^C.

Ortho- and para -dichlorbenzene aie other examples of disubstituted 
benzene molecules, one having a strong ])cimanent electric moment and the 
other having no such moment. The para compound is interesting for the 
reason that in the solid state just below its melting point the substance yields 
new Raman lines in the low frequency region, the positions of these lines 
depending on whether the substance has once been cooled in ice or not 
(Vuks 1936, Sirkar and Gupta, 1936, Sirkur and Ray, 1951). It was thought 
worthwhile to investigate whether the electronic energy level of the molecule 
undergoes any change with such cooling in ice and whether the changes 
obseived in these absorption bands with lowering of temperature upto —iSo^C 
throw any light on the changes in the positions of the Raman lines in the 
low-frcquency region which take i>lacc with the lowering of temperature 
upto — i8o*^C. The absorption spectra of /^-dichlorobeiizene in different states 
and at different temperatures have therefore been investigated and the results 
have been discussed in the present paper. The absorption spectra of 
^-dibrolnobenzene in different states and at different temperatures have also 
been studied to find out whether these arc similar to the spectra observed 
in the case of/>-diehlorobenzene. The results for ^^-dichlorobenzene briefly 
reported earlier (Sirkar and Swamy, 1952J have also been discussed in 
detail in this paper.

15 X  r n  R I M R N T  A Iv

The experimental arrangement is that employed in earlier investigations 
by the author (Swamy, 1951. 1952). A hydrogen discharge tube running 
at 3 K . V. served as the source of continuous spectrum. Spectrograms 
were taken on Ilford H P 3 films with a Hilger E . J spectrograph having a 
dispersion of 3 A. U. per mm in the region, 2600 A. Chemically pure 
substances distilled under vacuum were used in this investigation.

Paradibromobenzene was obtained from Merck’s original packing and 
the other two substances were obtained from U. S. A. In each case a film
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of thickness about 0.2 mm was found to produce absorption bands in the 
near ultraviolet region. For recording absorption spectra of ^-dichloro- 
benzene, and />-dibromob3nzene in the liquid slate the two quartz plates 
between which the film was produced were held in a brass frame which was 
suspended at the centre of a heater, the current through the heating coil 
being adjusted so that the temperature at the cen tre of the heater ŵ as just 
above the melting point of the substance under study. Absorption spectra 
in the solid state at —iSo'^C were photograi>hed With the technique 
described previously (Swamy 1951, 1952). An exposure of about la minutes 
was required to record the spectrum for the liquid state a|id for the solid state 
at room temperature, while the e.'cposure required to record the spectra for 
the solid at - t8o"'C was about 40 minutes. For comparison, mercury arc
spectrum was recorded with the help of Hartmann diaphragm on each 
spectrogram.

T able I
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Spectrograms for o>dichlorobenzeue in the liquid state at 30^C and 
solid state at -5o“C and -i8o®C are reproduced in figures 1-3, Plate V A .  
Spectrograms for -dichlorobenzene in the liquid state at 6o*C and in the 
solid state at 30**C and -t 8 o * C  as well as for the sample at 30 °C  after it 
had been once cooled to — i8o*C are also included in Plate V A  (figures, 4*7)- 
Microphotoineter records of the absorption spectra of f>-dibromobenzeue in 
the liquid state at qo^C as well as in the solid state at so^C and — i8o“C  
are reproduced in figure 8 (Plate VB), and those for o- and />-dichlorobenzene 
in figures 9 and 10 (Plate VC). Measurements were made for the centre of the 
absorption peak, as the bands are broad. The wave numbers of the prin
cipal bands observed by previous workers for the vapour state are included 
in Tables I, II and III in which the wave numbers of the bands observed 
in the present investigation are given. Assignments for the absorption 
bands of o-dichlorobenzene in the solid state at — iSo^C have been made on the 
assumption that the electronic energy level is split up into three components.

D I S C U S S I O N

(a) Orthodichlorobenzene,

The spectrograms published by Sponer (1942) for the absorption spectra 
of o-dichlorobenzene in the vapour slate show that the band is at 
36230 cm~*. The band is very strong in agreement with the fact that 
the o —► o transition is allowed in this case. There are also prominent bands 
at 36670, 37250 and 37319  cm~’ which can be assigned as v ,+440, Vo-t-ioao 
and Vo-1-1089 cn i"‘ . There are, however, companions on the red side of all the 
main bands at least two of which are probably due to v — transitions, their 
separations from the principal ones being only 25 and 60 cm “ ’ respectively.

In the present investigation the substance produces only tluee broad 
bands in the liquid stale, the v„ band being at 35848 c m -'. The fine 
Structure found in the vapour state is absent. The centres of the bands are 
separated by intervals of 1030 cm ~'. In the solid state at - i 8 o “C  the 
substance produces four intense bands marked A#, A ,, A j  and A ,. Each of 
the first three of the above bands is accompanied by two fainter bands, one 
on each side marked C*. B«; C ,, B, and C^, respectively. The fainter 
band on the longer wavelength side of the first principal band at 35587 cm “ ' 
cannot be due to a v —>-o transition, as the distance between the two bands 
is about 35a cm -*, and a t-i8 o * €  the number of molecules present in the 
excited state in this mode of vibration is negligible. It is to be concluded 
that the electronic energy level is split up into three components in the 
case of the substance in the solid state at -  i8o“C. The assignments made 
on the basis of this assumption are given in Table I. The companions of
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Ultraviolet absorption spectra

1. Ortho dichlorobcnzene - liquid at 30"C
2. „ solid -50“C
3. „ solid -180'C
4. Para dichlorobcnzene - liquid 60“C
5. 11 „ solid 30-C
6. • « 30"C after cooling

to-180'’C
7. «i «« - 180"C
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Ui) /-Dibromobenzene, solid ar-180'C
(̂ ) .1 „ „ „ 30 C after cooling

to-180“C
ic) „ .. „ 30”C
i d)  „ „ liquid at 90°C
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the principal absorption bands are much feebler than the main bands. 
Similar phenomenon has been observed in the case of benzene in the solid 
state at —as9**C by Kronenberger (1930). The 0,0 baud of benzene which 
is forbidden in the vapour state appears strongly at — i^ ® C ,  and at — 2S9°C 
owing to the interaction of neighbouring molecules, - the energy level is 
split up. The splitting of the energy level and the destruction of the 
symmetry of the electronic configuration in the benzene Iring cannot be due 
to Van det W aals’ forces in the lattice. This phenoanenon may be due to 
the formation of virtual bonds between neighbouring nu^cules in the lattice 
as concluded from the results of study of the Raman Spectra of Irenzene by 
Sirkar and R ay {1950). Such virtual bonds are more ^likely to be formed 
in the case of o-dichlorobenzene, as the molecule is |trongly polar and the 
splitting of the energy level in this case also may be |duc to formation of 
such virtual linkages. The large shift of the v„ ^ n d  towards longer 
wavelengths, which takes place with solidification of th* substance, probably 
indicates that such an association of the molecules takes place in the lattice.

The absorption spectrum of the solid at -5o®C indicates that besides 
the bands corresponding to those for the liquid state, there are four extra 
feeble bands, as shown in Table I and these can be accounted for by assum
ing that the energy level is split up into two components giving bands of 
unequal intensities. As the temperature of the solid is lowered, probably 
besides the close neighbours, the distant neighbours also exert influence on 
the energy level of each molecule, producing thereby a third component 
of the level.

The intermolecular field in the liquid state also is expected to haye 
some influence on the electronic energy level. The molecules, however, 
have greater freedom for rotational oscillation in the liquid state and this 
oscillation is likely to broaden the level. The large width of the absorption 
bands observed in the case of the liquid actually corroborates this view. 
The splitting of the level in the solid state at — i8o®C, however, shows that 
some fundamental change takes place in the intermolecular field with 
solidification and this may be due to formation of virtual bonds among 
neighbouring molecules as stated above. The frequency-difference between 
successive bands for the liquid state is about io3f) cm~’ and for the solid 
state it is about 1044 cni"^. This discrepancy may be due to the large 
width of the bands in the former case. The value n>44 cm~* for the 
solid state, however, is about the mean of the two frequencies 1020 cm”  ̂
and 1089 cm~^ observed in the case of the vapour. The results of this 
investigation confirm the view mentioned in an earlier paper (Swamy, 1952c) 
that the splitting of the electronic energy level depends on the position of 
the substitution group and takes place in this isomer since the dipole 
moment has a large value viz., 2.4 —2.5D (Sponer, 1942). 1
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(b) Paradichlorobenzene*

The data given in Table II  show that in the case of />-dichlorobenzene. 
the new absorption bands which appear when the solid is cooled down* 
to — i8o"C can be explained satisfactorily on the assumption that these are 
due to transitions to upper virbrational levels in the excited state* In this 
case there is no band on the longer wavelength side of the band, and 
therefore, it is concluded that no splitting of the energy level wdth lowering 
of temperature occurs in this particular case. This may be due to tlie 
absence of peiinaueiit electric nioment in the molecule. In the case of 
benzene also the splitting of electronic energy level occurs only at — 2S9°C 
and no such splitting is observed at — i8o^C (Kronenberger, 1930). The 
vibrational frequencies deiived from the absorption spectrum in the solid 
state at — i8o^C are slightly different from those derived from the absorption 
spectrum of the vapour fSponer, 1Q42).

It is observed from a comparison of the data in Table I I  and the micro- 
photometric records reijroduccd in figure 10, that the absorption spectra bf 
/)-dichlorobenzene in the liquid state and in the solid state at 30®C are similar, 
but in the case of the solid the bands shift by about 210 cm"^ towards shorter 
wavelengths trom their respective positions in the case of the liquid. The 
bands aie broad and diffuse in both the cases. When, however, the solid 
is once cooled in liquid air and brought (r 3o‘'C , extra bands corresponding 
to the transitions + 764 and iv + 10 3 1  +764 are observed. On further 
cooling down the solid to — i8o*"C, the bands become narrower and additional 
feeble bands corresi>onding to the vibrational frequency 569 cm“  ̂ appear. 
On comparing the position of the Vo band observed in the case of the liquid 
with that observed for the vapour (Sponer, 1942b it is found that the band 
shifts by about 400 cm""  ̂ towards longer wavelengths with the liquefaction 
of the vapour. This shows that the intermolecular field has much influence 
on the electronic energy level. The molecules are expected to execute 
angular oscillation in the liquid and the intermolecular field acting on each 
molecule may fluctuate resulting in the broadening of the electronic energy 
level of the molecule in the liquid state. As all the bands become broad due 
to such a cause, the feeble bands are not resolved and only the intense bands 
appear as broad bands. In the case of the solid at 3o°C also the bands are 
observed to be broad and therefore it is to be concluded that'such angular 
oscillations of about the same amplitude are present also in the case of the 
solid at 30^C, When, howev^ei, the solid is once cooled in liq^tid oxygen 
and brought to again, the bands become a little sharper owing probably 
to cessation of such angular oscilatioii about one of the axes. Consequently, 
the bands become slightly narrower, so that the bands corresponding to the 
vibration frequency 764 e n r ' are resolved from those due to the vibration 
frequency 1031 cm*“^ When the solid is cooled down to - i8 o ® C  the 
amplitude of the angular oscillations diminishes to a very small value, and. 
therefore, the fluctuation of the intermolecular field is negligible. Conse
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quently, the bands become very narrow and the feeble bands are observed 

..ill this case owing to their sharpness. This sharpness of the bands of 
/)-xlichlorobenzene iii the solid state at 180*^0 thus indicates almost complete 
cessation of angular oscillations of the molecules in the lattice at this low 
temperature.

It would be interesting to compare these changes observed in the 
absorption bands with lowering of temperature of the solid with those 
observed in the positions and intesities of the Ram$n lines in the low 
freqtienecy region (Sirkar and r.upta, 1936 ; Ray, 1952). It is observed 
that the number of these lines increases and the frequency-shifts and 
intensities of some of them increase with the cooling down of the solid 
to —i8o®C. These changes as well as the large diminution of the amplitude 
of angular oscillation indicated by the changes observed in the absorption 
spectra definitely contradict the hypothesis that the Raman lines are due 
to angular oscillation of the molecules in the lattice. The diminution of the 
amplitude of angular oscillation may be due to linking up of neighbouring 
molecules through virtual bonds and the results obtained in the present 
investigation corroborate the hypothesis put forward by Sirkar (1937) that 
the new Raman lines in the low frequency region may be due to vibrations 
in associated groups of molecules, 
fc) p-dihromobenzenv,

The data reported by Srec Ramanmrthy (1951) for the absorption spectra 
of /J'dibromobenzene in the vapour stale show' that the v„ band which 
is allowed in the present case is at 356430111^*. There are other strong 
bands at 36 113 , 36657, 37092 cm"’’ which have been assigned as v« + 47o, 
Vo + 10 14  and Vo + T44Qcm"^ There are of course close lying bands on the 
longer wavelength side of all the strong bands.

In the present investigation, the substance is observed to produce four 
broad bands in the liquid state. The Vq band is at 35260 c n r \  being 
shifted by about 4(JO c m l o w a i d s  longer wax elength side from the position 
in the vapour state. The centres of the bands are separated by 1008 
In the solid state at 30 ‘̂ C again, the same four bands are observed, but their 
positions are shifted by about 100 cm*^ towards shorter wavelengths. The 
absorption spectrum of the sample brought to room temperatuie after once 
being cooled to —180° C, is exactly identical with that for the solid at room 
temperature which has not been cooled down below o” C. This behaviour of 
the substance is different from that observed in the case of /^-dichlorobenzcne, 
because in the latter case new- bands appear if the crystal is once cooled 
to —180® C and again brought to room temperature. In the solid state 
at —180° C, /?-dibromobenzene produces a large number of bands. The 
position of the v„ band shifts by about 80 cm"^ from its position in the solid 
state at 30® C. The first four bands just on the higher frequency side of the 
Vo band can be assigned as Vq + 320, 4- 537, Vj, +693 and Vo 4-1004 cm'"^ After
this we get new frequencies giving bands at 4- 120a and 4-1431
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The baud at v „ + 1004+ 329 c m " 'is  very feeble and the band Vo + 1004+  537  
cm” ’ is just separated from the band at vo + 14 3 1  cm“ *. The bands + a x 1004 
+ 537 cm~‘ and vo + 3 x 1004 + 537 cm "’ are not separated from the adjacent 
bands corresponding to the vibrational frequency 14 3 1 cm "’ probably because 
the frequency 537 cm "' becomes a little lower in these cases. The large 
width of the bands in the case of the solid at 30“ C may be due to angular
o.scillationsi as in the case of y>-dichlorobenzene. The appearance of new 
.sharp bands at - 1 8 0 °  C may also be due to cessation of such angular 
oscillation at the low temperature.

The difference between the behaviour of the crystals of /’-dichlorobenzene 
and />-dibromobenzene once cooled to ~ 180* C and brought to so^C may 
be due to the difference in the chemical affinity of the two halogen atoms, 
the bromine atom being less reactive than chlorine atom. It may also be doe to 
difference in their crystal structure. The absorption bands are equally board 
both in the liquid and the solid states, but in the latter case the v„ band has 
its position shifted by 100 cm" towards shorter wavelengths from its position 
in the former case. So this indicates a change in the interinolecular field with 
solidification. It is al.so known that new Raman lines appear with solidi
fication. Their absence in the liquid stale and appearance in the solid state 
are thus connected with this change in the intermolecular field with 
solidification. It is not unlikely that formation of virtual bonds is responsible 
for the apparent change in the intermolecular field and the appearance of 
new Raman lines in the low frequency region. The fluctuation of the 
intermolecular field due lo angular oscillation of the molecules is probably 
responsible for broadening of the absorption bands as well as of the new 
Raman lines and cessation of such fluctuation at low temperatures probably ‘ 
causes sharpening of the bands and the Raman lines. This view is 
corroborated by the fact that in the absence of intermolecular field the 
absorption bands arc sharp, as in the case of vapour.

The investigations are being continued with other substances and the 
results will be reported shortly.
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