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INTRODUCTION.

Among the electronic transitions in trisubstituted benzenes an extensive study
has been made only in the case of the trichlorobenzenes by Sponer (1947) who
investigated their absorption spectra in the vapour state. Investigations of many
other molecules of this type were made mostly in solutions but such solution spectra
give us the gross features of the spectrum merely and determination of the absorption
coefficients in solutions indicate the character of the transition in question namely
whether it is allowed or forbidden. For obtaining a knowledge of the vibrations
of the molecule more completely a study of the absorption spectra in the vapour
state is essential. With this object in view, an investigation of the absorption
spectra of trimethyl benzenes is undertaken. This paper gives the results obtained
for the 1: 2 : 4 isomer.

The Raman spectrum of this molecule was studied by Kohlrausch and Pongratz
(Magat, 1936) who reported a number of vibrational frequencies in the ground state.
Conrad-Billroth (1935) studied its absorption in hexane solution, (the molar concen-
tration amounting to 7x104). Reference may be made to this paper for earlier
work. Conrad-Billroth reported three regions of absorption at 36250, 37300 and
38300 and represented the absorption intensities by a curve,

EXPERIMENTAL,

The experimental arrangement used in this investigation was described else-
where (Sreeramamurty, 1950). The substance was from a Kahlbaum sample, the
purity of which was tested prior to the absorption experiments by a determination
of its boiling point and refractive index (using an Abbe refractometer). The
spectrum obtained, using a synthetic sample prepared according to the procedure
of Smith and Lund (1930) confirmed the purity. In the vapour state spectra at
different temperatures were obtained varying from —15°C. to 40°C. Plate 1 is a
reproduction of the absorption under different conditions. As seen from the
reproduction the absorption bands in the vapour state are line-like and sharp.
There is but a very slight degradation to the red and no band at all is degraded to
the violet. Asobserved in several other spectra the bands develop a diffuse character
in the region of shorter wavelengths from about A2610. Throughout the entire
range of the spectrum there appears to exist a slight background of continuous
absorption. Accompanying each strong band a number of individual bands occur
as usual in these spectra. In all these features the spectrum resembles that ef
1:2: 4 trichlorobenzene. About 75 bands have altogether been measured extend-
ing from A2796 to A2470. The spectrum extends considerably also towards
the red of the 0, 0 band.
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ANALYSIS AND Discussien,

If the methyl groups are assumed as ‘single atoms’, as a first approximation,
the characteristic features of the electronic absorption systems of trimethylbenzenes
may be considered to be closely analogous to the corresponding trichlorobenzenes.
For the latter, Sponer has shown that the symmetrical 1 : 3 : 5 substitution gives
rise to an electronic transition 4, —.4," corresponding to the trigonal group Dyg;.
As in benzene this transition is forbidden. But when an unsymmetrical vibration
of type € is singly excited with the electronic transition, the transition is made
allowed and the spectrum will appear with weak intensity. The 1 : 2 : 3 isomer
corresponds to the symmetry C,, and its near ultraviolet absorption represents
the A;—B; transition. Although this transition is allowed, as Sklar has calculated,
the spectrum will appear through omly a vibrational moment. The 1 :2:4
substitution has the lowest symmetry, viz., C; among the substituted benzenes,
unless the symmetry is further reduced by the CHj3 radical not behaving as a ‘single
atom’. The transition is represented by 4’ —A4'; it is an allowed one, giving rise to
a strong 0, 0 band. The vapour spectrum distinctly indicates v 36900 as the
strongest in the group of bands appearing in the region of longer wavelengths.
This must be assumed as the 0, O transition. To the red of the 0, 0 band the spectrum
extends up to a wavenumber interval of about 1150 cm.-1 Among these bands
seven of the frequencies observed by Kohlrausch and Pongratz in the Raman
spectrum have been identified rangiug from 217 to 1151. Three bands, however,
stand out among the stronger ones which could not be assigned as belonging to any
combination.. In the complex group close to »36900 two frequencies 25,and 45
occur frequently. Several independent small vibrations may be involved in the
emission of these bands. )

To the violet side of the group containing the 0, 0 band, the spectrum shows
about four clear groups. The first contains the upper state frequency 711. The
second and third have led to the frequencies 927, 1180 and 1286. Very probably
927 and 1180 represent the symmetric carbon ring vibrations. The doubly and
trebly excited combinations of these are no doubt detected but the absence of these
may be due to the general fall in intensity and the diffuseness of the bands in the
region of smaller wavelengths. Although progressions are absent the frequencies
mentioned above occur in several combinations and, hence, may represent the
characteristic values of the upper state. The difference frequencies 25 and 45 occur
geveral times in combination with these frequencies. The 927 band is much more
intense than 1180. It is comparable in intensity to 711.

In toluene (monomethyl substitution) the vibration of frequency 785 cm.~1 in
ultraviolet absorption is correlated with the totally symmetric C—CHg bond
vibration in the ground state in analogy with 808 in fluorobenzene (Bass, 1950).
The corresponding upper state frequency is suggested as 751 cm.~1 In the xylenes,
P, m, o the frequencies 720, 724, 740 respectively are assigned to the C—CHg vibration
in the ground state by Pitzer and Scott (1943). A comparison of these frequencies
with the C—Cl vibrations in mono- and trichloro substitutions suggests the assign-
ment of the strong totally symmetrical vibration 711 in this trimethyl molecule as
corresponding to the C—CHg valence vibration in the upper state. It is to be
agsociated with 744 in the Raman frequencies., Table I gives the correlation,
between the ground and upper state frequencies suggested from the present data.
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TasLE 1.
Ground state. Excited state.

Raman,

Kohlrausch %“if‘bs' Author,
and Pongratz. uthor.

210 (4) 217 mw 115 m

285 (2) 289 mw

321 (6) 328 mw

432 (6)

474 (5

557 (8) 549 vvw

715 (5)

744 (8) 711 st

807 (8)

928 (3) 923 vvw 927 mst
1125 (2) 1128 vw

1150 (1) 1151 vvw

1205 (0+5) 1180 m
1239 (10) 1180 m
1377 (10) 1286 mw
1444 (5)

Table II gives the complete measurements on the band heads together with
their assignments. Bands bracketed in the table may represent close doublets.
Such doublet structure was reported earlier in fluorobenzene, aniline and phenol.

TasLe II.
Wavelength. | Wavenumber Int Difference Assignment
' * ' from 0, 0. :
2796-43 35749 . VVW 1161 0—1151
94-67 772 vw 1128 0-1128
93:49 787 w 1113
90-20 829 mw 1071
89-95 832 m 1068
86-20 881 mw 1019
85-78 886 m 1014 0—1128—115
8536 891 mst 1009
82-99 922 vw 978 0—923-—-45
81:15 946 m 964
80-86 950 mst 950 0—-923-25
78-76 977 vvw 923 0-923
74-21 36036 w 864
50-06 351 vvw 549 0-—-549
49-28 362 w 538
43-33 441 vw 459 0—5494-85
39-51 492 w 408
38-14 510 mw 390
36-64 530 vw 370 0-—328—4b
3354 572 mw 328 0-—328
30-63 811 mw 289 0289
27-42 654 mst 246 0--328 -85
25-28 683 mw 217 0-217
2351 707 mw 193
23-05 713 w 187
21-82 729 mw 171
20-06 753 mw 153
19-83 756 m 144 0~2174+115—45
18-90 ' 769 mw 131
17-63 786 w 114
16-05 807 mw 93 0—2x45
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TaBLE IT—(Contd.)

Wavelength. | Wavenumber, Int. %f;’%r,’ %e Assignment.
2715-73 812 mw 88
1451 828 m 72
12.86 851 mst 49 0-2x25
12.52 866 - 8t 45 0—45
11-38 871 st 29 0—-8074777
11-06 875 at 25 0-—25
09-43 896 vst 4
09-20 900 vvst 0 0,0
06-99 930 mst 30
06-40 939 w 39
06-17 942 mst 42
04-49 965 mw 65 04+115—-2x25
04-10 970 mw 70 0+115—45
03-02 985 m 856 04-115—-25
0177 37002 mw 102
00-99 012 m 112
00-78 015 m 115} 04115
2698-39 048 vVvw 148
90-50 157 vVw 257
81-25 285 w 385 0—328--711
7099 428 vvw 528
68-00 470 m 570
65-97 499 vvw 599 0—328-4-927
64-15 524 mw 624
62-93 542 mw 642 04711 —-45--25
661-71 7559 w 6597 - 04711—-2x25
61-17 566 mw 666 0471145
60-61 574 w ’ 674
59-57 588 m 688 0471125
58-00 611 st 711 041711
55-17 651 w 751
54-33 663 763
52:96 683 mw 783
49-13 737 w 837 04-927—-2x45
48-02 753 w 853 04-927—-45—-25
0--32841180
45-78 785 mw 885 0492745
44-44 804 mw 904 0492725
43-02 824 mw 924
42.82 827 mst 927 04927
37-07 900 vvw 1000 04927411545
34-61 945 w 1045 049274115
30:30 38007 mw 1107 041180—45—-25
28-83 028 mw 1128 041180—45
26-89 056 m 1156 04118025
25-29 080 mw 1180 0--1180
23-76 102 mw 1202 041286-—45-—-25
21-15 140 mw 1240 041286 —45
19-83 159 mw 1259 04128625
17-97 186 mw 1286 041286
17-66 191 w 1291 0411804115
10-83 294 mw 1394 0412864115
2596-72 499 w 1599 04927471145
94.03 539 mw 1639 049274711
92-91 556 vvw 1656
89-37 808 mw 1708
88-85 616 mw 1718
86-00 858 mw 1758
8445 682 vvw 1782
63:06 39004 w 2104 0411804927
61-46 029 mw 2123
80-38 045 vw 2145
28-89 531 w 2631

5B
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SUMMARY.

The absorption spectrum of pseudo-cumene in the vapour phase was studied in the region
2800 to 2725. The electronic transition is A’—A’ and represents an allowed one. Five upper
state frequencies 115, 711, 927, 1180 and 1286 and two difference frequencies 25 and 45 have been
established. Several ground state frequencies have been observed to the red of the 0, 0 band at
36900 and were compared with the Raman frequencies. An assignment of the frequencies has
been discussed.
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