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ABSTRACT. 'T'he ncar ultraviolet absoiphion speetia of 12 1-trmethy Ihenzeno and
3,4-cdheblototoluone huve hoen mvostigatod i dilferent stutes  In the case of these two 1,24-
trisubstitutod bonzenes, the wllowod iransition s of Ly pe A’— A" and tho 0.0 hunds nppear
atrongly m the spectia of the substances i the vapour stute, bul the speetium of onch of the
compounds mn the sohid state wt — 180°C s vory weak compwiod to the spoctie dae to the vapou
and liquid statos  Tho 0,0 band at. —180°C* 15 also displuced towards lugh enengy region wath
rospoct 10 1ts positaon m 1o ewso of the iqmd — 1h s suggostod (had the observed bands mwy
1eprosont only ono ol the two components mto which the hunds we splib up m the crystnls ot
-180°C,

1t bas heon pomted out that the mloraction of permuanont dipoles of neighbouning mole-
cules on the bansition momonl of the molecules - thoe luttice pught he pudtly responsiblo
Jor tns lmge sphttmg

INTRODUCTION

The ultraviolet absorption spectra ol some trsubstituted benzene com.
pounds have recently been mvestigated m this laboratory to study the influence
of intermolecular forees on Lhe posibion and structure of abrorption hands in
the liquid and solid states.  Recently, it has been proposed by Swkar (1962, G3)
that the interaction of permanent clectric moments of the neighhourmg mole-
cules on the transition moments of the molecules W the lattice might be partly
responsible for the large splitting observed in the spectra of kome crystals of polar
molecules at —180°C.

Tn a previous communication (Misra. 1963) 1t has been pointed out that
in 1, 2, 3-trisubstituted henzenes, the transition which 1s forhidden in free mole-
cules due to cancellation of three migrational moment vectors, hecomes allowed
at —180°C, but no large splitting of bands could be detected. Smce the magne-
tude of {ransition moment is very small in these cascs, the mderaction with the
permanent dipoles of neighbowring molecules is expected to be weale. 1t was
therefore, thought worthwhile to extend the investigation to some other polar
molecules having a large value of transition moment and 1, 2, 4-trimethylbenzene
and 3, 4-dichlorotoluene were selected for the purpose.
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EXPERIMRNTAL

The experimental set up was the same as described in an earlier paper (Misra
1960).  Cheyucally pure samples of 1, 2, 4-trimethylbenzene and 3, 4-dichloro-
toluene supphied by Eastman Kodak Co., and Fusher Scientific Co., U.S.A. respec-
tively were used after fractional and repeated vacuum distillation. For studying
the absorption speetrum of 3, 4-dichlorotoluene in the vapour state, o 75 cm long
absorption tube provided with quartz windows and & bulb attached {0 & side tube
for containing the hquid was used.

Thin films of the substances of thickness of the order of a fow microns were
used to produce bands m the Tiquid and solid states. The spectrograms were
taken on Agla Isopan films with a Hilger B 1 spectrograph having a dispersion of
about 3JA per mm. in the 2600 A region. Microphotometric records were taken
with a Kipp and Zouen type Moll microphotometer and absorption spectra werce
cahbrated with the help of a microphotometric record of iron arc spectrum photo-
graphed on each spectrogram as explained in a previous paper (Sirkar and Misra,
1959).

RESULTS AND DISCUSSION

The mierophotometric records of the absorption spectia of 1, 2, 4-trimethyl-
benzene and 3, 4-dichlorotoluene are reproduced wm Figs. 1 and 2. The wave
numbers of the bands with their approximate intonsities and probable assign.
ments are given in Tables I and 11 respectively.
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Jsg. 1. Mierophotometric rocords of the ultraviolet absorpiion spectra of
1,2, 4-trimethyl benzene in different states.
(n) In the hquid states at 32°C,
(b) In ihe sohd states at —180°C,
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Ifig. 2. Mierophotomolbrie records of the ultiwviolot absorpiion spectra of
3, 4-.dichorotoluonc m different. states
(a) Yupour stale. (b) Lagud stute ut 22°C (¢) Sohd stale nt - 180°C.

1, 2, 4-T'rimethylbenzene

The near uliraviolet ahsorption spectrum of 1, 2, 4-trimetlyl henzene in
the vapour state was studied by Srveeramamurty (1951). Assumung the methyl
group to hchave as a single atom, this molecule has the lowest symmetry €,
among the substituted benzencs and the Ay, B,, transition in benzenc becomes
A’—A’ transition m this case This transition is an allowed one and the 0,0
band appears strongly m the spectium  The data {or the spectrum in the vapour
state as reported by Sreeramamurty (1951) have been meluded in the table for
comparison.

In the vapour siate, the spoctrum of 1, 2, 4-trimethylbenzene (Srccrama-
murty, 1951) shows a strong 0,0 bands at 36900 ¢cm=! and a Jarge number of’ bands
involving different vibrational frequencies. 1n the hquid state, the compound
yields four broad bands with the positions of maxmum absorption at 36185,
36878, 37385 and 38085 cm™! respectively (Fig. 1, Table T) 'The hands due to
the liquid are broad probably due to thermal motion of molecules and merging
of v’ transitions into onc another. The approxmmate position of the centre
of the strong band on the long wavelength side at 36185 ¢cm-1 js taken as the posi-
tion of the 0, 0 band. Then it s found that on liquefaction of the vapour, the
0, 0 band shifts towards red by 715 cm™1. The other bands arc at distances 693,

1200 and 1900 em~! respectively from the 0,0 baud.
2
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With the sohdification of the liquid and cooling to —180°C, some more
bands ave observed.  The strongest band on the long wavelength side is at 36368
cm-! and s taken as the 0,0 band of the system.  The other bands cuwn then be
represented by excited state vibrational trequencies 461, 691, 890 and 1200 em™*
and their combinations.  Some of these frequencics agree fairly well with the
frequencies 711, 927 and 1180 cm- ! reported by Sreeramamurty for the vapour
state. The frequency 641 cm~' observed in the spectrum of the crystals

TABLE [

Ultraviolet absorption bands of L, 2, 4-trimethylbenzenc 1w ufferent statos

Vapour
(Nreoramamuity, 1951) Laquud at 32°C Sohd atr — 180°C
Wavo numb Wave numbrr Wave mumber
(ein~1) and Assignm nt (en-1) and Assigniment (em-1) and Arsignment.
Intonsity Intensuty Intensity
35977 (vwv) 0- 923
26351 (vw) 0—549 :
36683 (vw) 0—217
36900 (va) 0.0 30185 () 0,0 36308 (vs) 0,0
37015 (an) 01115 36824 (w) 04461
37611 (s) 0171 J6878 (8) 0] 693 37059 (8) 0--691
37827 (wus) 0] 927 37385 (s) 0} 1200 37258 (m) 0 |-890
38080 (xw) 04 1180 37568 (8) 0 J- 1200
38085 (m) 01693 ] 1200
38186 (mw) 0§ 1286 38268 (m) 06911200

38760 (w) 042X 1200

at —180°C was not observed by him in the case of the vapour, but it may be noted
that Kohlrausch and Pongratz (Magat, 1936) reported two strong Raman lines
567 em~' and 474 em~'. [t 1s seen that when the vapour is liquefied the band
system shifts towards red by 715 em™ and on solidification and subsequent
cooling to —180°C, the band system shifts towards shorter wavelength by
183 cm~1. I'urther, the integrated absorption at each band becomes much
smaller when the liquid is frozen and cooled to —180°C.

This deerease mn the strength of absorption may be explained by assuming
that this band system constitutes one of the two components in whieh the original
band system is split up m the crystal at —180°C and that the other component
may be on the short wavelength side. As the crystul structure of the compound
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at —180°C is not known 1t has not heen possible to caleulate the exact positious
of the split components.

3, 4-Dichlorotoluene

As explained above this molecule also has the symmetry ¢y and the migra-
tional moment vectors add to give a large value, The transition is allowed and
the 0,0 band 1s expected to appear strongly in the spectrum of free moleenles,
Spectrum in the vapour phase.

Three groups of bands degraded towards red, cousisting of about fifteen pro-
minent hands (Fig. 2a) have been observed. The very strong sharp band at
35538 em~? on the long wavelength side has been taken as the 0,0 band of the
system. Al the other bands can then be assigned in terms of ground state fre-
quencies 363 and 436 em=! and upper state fundamentals 232, 396, 598, 799, 995,
and 1170 then combinations.

TABLE 1I

Ultraviolet absorption bands of 3, 4-dichlorotoluene in different states

Vupowm ot 32°C

Putly length 75 ¢an Lagquad ut 32°C Solid ot — 180°C
Wave nuauber Wave number ‘Wave number
(em-1) and Assignm i (em~=1) and Arnigmu mib (ema—1) and Assignment
Intensity Tutonsty Intensatly
36102 (w) 0 -136
36175 (w) 0~ 363
A5638 (vs) 0.6 35300 (vs) 0.0 36551 (vs) 0,0
35770 (w) 0232 36292 (vk) 0] 992 361238 () 0| 572
30934 (w) 0] 396 37284 (m) 0]2x092 36347 (w) 04706
36136 () 01598 36546 (x) 01 995
36317 (m) 04779 36930 (w) 0- 572 | 796
0124396
37302 (1) 01995 |-
36533 (vw) 0995 796
36718 (me) 011170
37564 (1) 0-] 2 905
36925 (m)
0 -995-|
396
0] 598 |-
779
37163 (1s) 0-1 1625
04 995
598
37629 (s) 0+4-2x% 995
37767 (ms) 0{-2x995

-+232
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The Raman and mfrared spectra of the molecule have recently been ropor-
ted by Deb and Bunerjee (1960). The two ground state fundamenetals 363 and
436 ¢m! observed as v—o transition m the present mvestigation agrees with
the Raman freguencies 368 and 435 em™! reported by them. 'The upper stato
fundamentals 396. 598, 779, 995 and 1170 em™ satisfactorily correspond io the
Raman and wmfrared frequencies 435, 686, 805, 1030 and 1211 c¢n~! reported by
Deb and Banerjee (1960)

In the liquid state, the substance gives a spectrum consisting of therce
broad bands. The centres of the first band at 35300 em=1 1s taken as the position
of the 0, 0 hand and other bands are separated from it by 992 em~! and 2 x 992
¢m . Thus on liquelaction of the vapour the band system s shifted towards
red by 238 em~'.

In the sohd state at - 180°C, the absorption speetrum of the substance
consists ol about seven prominent but weak bands. The first band at 35551
em ! is evidently the 0, 0 band of the system. 'The other bands can then be
explamed m terms of upper state fundamentals 572, 796 and 995 ¢m-!. Thus
on solidilication of the vapour and its subsequent cooling Lo —180°C, the band
system is obscrved to shift slightly towards higher energies and also the strengih
of absorption dmunishes appreciably. R

This decrease m the strength of absorption in the crystals at - 180°C may
be expluined m tho same way as m the previous case. It may be noted here
that similar shift of one of the split compounents to the other region of the spee-
trum has also been observed by Bornstein in the case of hromobenzene as reported
by Kasha and Oppenhewner (1962).
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