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The near-ultraviolet absorption spectra of the cations of the three isomeric
toluidines, six isomeric xylidines and mesidine have been studied in acid
medium, In each case the longest wavelength transition corresponding
t0 2600 A of benzene has been studied. The shifts in the transition energies
of these ions with respect to corresponding parent hydrocarbons are discussed
on the basis of the nature of substituents on the parent benzene nucleus,
their spatial orientation and the steric interaction.

It is very well known that the spectrum of anilinium ion (Ph—ﬁﬂg)
shows a close resemblance to the spectrum of benzene (Matsen 1956 ; Crawford
1949, 1953 ; Jones 1943). This observation has been repeatedly used to show
that the change in transition energy on substitution of benzene is not primarily
determined by the inductive effect. The primary amino group —NH, has
a large electron-donating (+ M) conjugative interaction due to the lone pair
of pZ electrons on the nitrogen atom. When the group is protonated in an
acid medium, the lone pair binds a proton on a coordinate linkage and thus
is no more in a position to conjugate with the ring. On the other hand, it
exerts a strong electron-withdrawing (—I) inductive effect due to the free
charge on the substituent group. It would hence be a strongly meta-directing
group by — I effect. This occurs due to greater electron-withdrawal from ortho
and para positions than meta position. But the group is deactivating. It
is quite reasonable to assume that the polarizability effect on the anilinium
or substituted anilinium ion would be quite small because of the permanent
charge. » , +
Such hypsochromic shifts on changing —NH, group to —NHj have also
been observed in substituted anilines as chloroanilines, toluidines, nitroanilines,
etc. But apart from the general observation that the spectrum returns
approximately to that of the parent hydrocarbon there does not seem to be
any detailed study of the spectra of such ions with respect to the parent
amines. The present study was undertaken to study such a relation specially
for aniline and alkyl substituted anilines, e.g. toluidines, xylidines and mesidine.
The spectra of amines and amine hydrochlorides were recorded under identical .
condition for comparison.
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The spectra of toluidines have been investigated by various workers.
Those of the corresponding hydrochlorides have also been reported by some
of the previous workers (Wohl 1939). Though the xylidine spectra were
reported by Conrad-Billroth (1933) and also in our previous paper (Part I of
this series), those of the corresponding hydrochlorides have not been reported
so far.

EXPERIMENTAL

The near ultraviolet solution spectra in acid medium of ortho-toluidine,
meta-toluidine, para-toluidine, 2-3-xylidine, 2-4-xylidine, 2-5-xylidine, 2-6-
xylidine, 3-4-xylidine, 3-5-xylidine and mesidine have been recorded on a
Hilger Uvi-spek spectro-photometer, using distilled water acidulated with
distilled concentrated hydrochloric acid, as solvent. The other experimental
details are as referred previously. Figs. 1, 2 and 3 give the plot of the
log ¢ against wavelength expressed in mp. The spectra of corresponding
parent substituted aromatic hydrocarbons were determined in acidulated
n-heptane, since these are insoluble in aqueous medium.

Table I gives the data about the parent hydrocarbons and their am-
monium cations.

REsurTs AND DiIscUSSIONS

" The spectra of all the toludinium and xylidinium ions are drawn in
Figs. 1 and 2 respectively to facilitate comparison. The positions of the
longest wavelength maxima together with intensities in terms of log e for
the cations as well as for the corresponding hydrocarbons are given in Table I.
This table also gives the data for other monosubstituted aniline cations,
taken from literature. In the present work, only the C band corresponding to
the 2600 A band of benzene was recorded, but for a few compounds, data for
both-the B and C bands are available in literature. These are also included
in Table I together with the difference between the wavelength absorption of
the reference parent hydrocarbon and the corresponding cation.

A few remarks are necessary for the choice of the wavelength as recorded
in the table. It is observed that though parent xylidines or toluidines do
not show much fine structure, their ammonium catians and also the parent
hydrocarbons, namely corresponding xylenes and toluene, show pronounced
fine structure. The question hence arises as to which band has to be chosen

" for comparison. In the comparative discussion of the solution spectra the
entire wavelength region or spectral position of most intense absorption
peaks are usually considered. But when comparison of transition energy is
to be made with benzene one must strictly consider the calculated position
of the 0-0 band of 2600 A system. In substituted benzenes, when the
symmetry is reduced, the transition is allowed and hence under ordinary
conditions 0-0 band is usually the longest wavelength band. Thus in the
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compounds considered in the present analysis, the transitions corresponding to
the 2600 A bands are allowed and hence comparison is only made on the
basis of the longest wavelength maximum. This maximum in all cases of
parent hydrocarbons as well as cations is quite distinctly defined since the
spectra show fine structure. This explains the discrepancy between our
reading and that of Doub and Vandenbelt (1947) for a compound which is
common, namely para-toluidine. These authors take the maximum intensity
band, but it is, however, felt that the position of the first maximum which
would correspond to the 0-0 band would be more appropriate for comparison.
Such a comparison would be strictly for the transition energies in solution
phase modified slightly by zero point energies. This also explains our choice
of wavelengths for benzene and anilinium ijon for the C bands. In the case
of benzene the forbidden 0-0 band is calculated to be 2628 A whereas the
first strong peak due to 1-0 transition is at 2610 A. TIn the anilinium ion.
the first strong peak reported by Forbes and Leckie (1958) is at 2580 A.
Both the readings are recorded in Table I, but the value 2540 A given by
Doub and Vandenbelt (1947) is for the strongest peak in the spectrum. This
leads to an important observation, namely that there is a short wavelength
shift of the 0-0 band of about 4 my, between benzene and anilinium ion.

While these considerations can be easily applied for the C band where fine
structure is well developed, one cannot decide the same in the case of B band
where the bands are diffuse and give broad absorption peaks. In this case
the values of Doub and Vandenbelt (1947) are given as such, together with
their values of corresponding cations for the same band.

It is obviously important to consider if the change of solvent from acidic-
aqueous medium for amines to acidulated heptane for the corresponding
aromatics has any part to play in the observed shift. In this connection,
it may be observed that benzene or the alkylated benzene spectra do not
show a shift when solvent is changed from neutral to the acid medium, at
low concentration. This has been observed previously and hence in the
present .experiments the spectra of the corresponding hydrocarbons were
recorded with exactly the same amount of acid added to the hydrocarbon
as to the corresponding amines to keep the solvent unchanged. Coggshall
and Lang (1948) have observed that no significant spectral changes nor wave-
length shifts are observed for benzene and toluene when studied in various
solvents like isooctane, ethanol, ethanol 4-water and ethanol saturated with
sodium chloride. . . :

It is observed that the C bands in the spectra of cations are quite promin-
. ently displaced to the shorter wavelength side as compared to those in amines
and that they approach the position of the C bands in the spectra of the
corresponding hydrocarbons. They also show increased fine structure. This
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is true not only for alkylated anilines but also for halogens, CON, NO; substi-
tuted anilines.

It is observed that the C bands in cations corresponding to benzene and
alkylated benzenes show a small but definite hypsochromic shift over that
of the parent hydrocarbons as shown in Table I. 1In the case of anilinium ion
there is a definite short wavelength shift in the C band of benzene. As has

+

already been pointed out —NHj group principally acts by electron-withdrawal
from the ring by (—I) inductive mechanism and such a hypsochromic shift
for pure inductive effect is theoretically expected (Crawford 1953). This
has been further elaborately discussed by Goodman and Shull (1957) where
it is shown that the lower B, level corresponding to B,, of benzene in mono-
substituted benzene molecules is likely to show a blue shift under certain
conditions.

The natural hypsochromic shift in the absence of any steric effects on
substitution on the benzene chromophore is rather unusual and has only
been observed in the poly-fluoro substituted benzenes, specially 1-3 and
1-3-5 fluoro benzenes. This has been explained by Sponer (1954) as due
to inductive effect of fluorine whereby the ring potential is increased. This
possibility only arises when the substituent produces the least mesomeric effect
and hence such shifts only are observed when the fluorine atoms are substituted
in meta position in fluorobenzene. That such an effect is not observed in
the, analogous poly-chloro benzenes shows that the presence of the inductive
effect alone is not a sufficient condition but that it should exceed a certain
magnitude, for example, in terms of O-carbon coulomb integral.

Detailed analysis shows that hypsochromic shift is definitely a function
of the position of non-amino substituent. Thus the spectra of all toludinium
ions do not revert back to the same toluene spectrum in wavelength position
as also in intensity; also the spectra of all the xylidinium ions do not revert
back to corresponding ortho-, meta-, or para-xylenes. .

The explanation of the order of the hypsochromic shift of structurally
similar hydrocarbons needs the knowledge of the nature of the substituents. It

is already observed that -—l\\‘IH3 group is electron-withdrawing from all positions
and more from-ortho and para positions. Methyl groups are electron-donating
both by inductive and mesomeric effect, the resultant effect being the increase
in the electron density predominantly at the ortho and para positions. The
wavelength shift is principally determined by the mesomeric interaction and
whether the net effect is electron-withdrawal or donation the shift is batho-

. . + )
chromic. In the present case if we consider the cation as —NH, substituted
toluene or xylenes, two observations have to be -explained. - Firstly the

shifts are all hypsochromic and secondly --—I:LIH3 substituent is _principa.lly
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inductive. There is yet no known relationship drawn for the hypsochromic
shift and the inductive capacity of the substituent. It would hence be difficult
to draw the generalization of the shift with the specific electronic interaction
with respect to position.

It is further observed that electronic interaction from methyl and —iIH3
group is expected to be of the same order in ortho and para positions. The
spectra of toludinium ions, however, show that the ortho compound shows maxi-
mum shift whereas para shows much less. This can be explained as due to steric
factors. This is further confirmed by examination of the spectra of xylidinium
ions. In these cases one observes that when there is one ortho methyl group
the shift is between 2 and 25 mp as in compounds 2-3-, 2-4- and 2-5-
xylidinjum ions. But when both methyl groups are ortho the shift is of the
order of 3-5 mu as in compound 2-6-xylidinium ion. There are also com-
pounds 3-4- and 3-5- xyhdlmum ions where none of the methyl groups.

is ortho to -—-NH3 and the shift is less than the 2 mu. It possably shows that
the hypsochromic shifts are also determined by steric factors. This has a
parallel in the case of basic strength of aniline and methyl aniline which are
4-6 and 4-4 respectively but for 2-6 dimethylaniline it is 3-4 and is attributed
to steric factors so that the nitrogen lone pair is relatlvely more localized
to be protonated.
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