ACID-BASE PROPERTIES OF SOME ‘AZA-AROMATICS IN
- THEIR EXCITED STATES

by (Miss) MrixmMoYEE Das and SapuaN Basvu, FNIL, Department of
Chemistry, University College of Science, Calcutta 9

(Received April 30, 1963)

The pK.-values of 8-naphthoquinoline, phenanthridine and 7 : 8 benzoquino-
line have been estimated from the measurement of absorption and emission
spectra of these substances in solution at different pHs. The pK.values
estimated by the former method were found to be one to two pzH units less than
that measured by the latter method. Since absorption and emission spectra
refer to equilibrium ground and excited states respectively, it was concluded
that these nza-compounds are stronger bases in their electronically excited
states.

From the determination of pK-values by the measurement of absorption
and fluorescence spectra of a number of aromatic acids, Forster (1950) and
Weller (1952) concluded that on electronic excitation the strength of these
acids is increased, i.e. they are more acidic in their excited than in the ground
state. Approximate theoretical calculation, by simple Hiickel method, of the
nelectron densities at various atoms of ‘an aza-compound (cf. Coulson and
Longuet-Higgins 1949) shows that the =-electron density at the nitrogen
atom (or atoms) is higher in the excited than in the ground state. It is, there-
fore, surmised that the aza-aromatics will be stronger bases in the excited
compared to the ground state, although no direct correlation between =-electron
density and the base character is expected.

The object of the present investigation was to study the change in
the base strength on electronic excitation of a number of polynuclear aza-
aromatics having fluorescence spectra in the visible region, the results of which
are summarized in the present paper.

Determination of base strength from absorption spectra.—The strength of a
base is given by its pK-value which may be written as
[BH*)

[B] - .. .. oo {1
where [B] and [BH*] refer to the concentrations of unprotonated and proto-
nated base respectively. If the concentrations are estimated from the mea-
surement of absorption spectrs, then we may write

pK = pH+ log

pK=pH+log—€-—-—€-E~.. .- .. N 3]

€t —¢€
where eg, epy+ and e are the molar extinction coefficients of the free base,
its conjugate acid and the mixture of the two respectively. When the

VOL. 30, A, No. 4.



534 (MISS) MRINMOYEE DAS & SADHAN BASU

molar extinction coefficient ¢ of the mixture at a given wavelength (some-
where within the characteristic absorption band of the base) is plotted against
pH of the solution, a S-shaped curve is obtained. The curve shows an in-
flection at § (ez+epn+). At this point, the numerator in the equation (2) is
equal to the denominator and the pH of the solution is equal to the pK of the
base. The extinction coefficients ezg+ and ¢ are obtained with sufficient
accuracy from the asymptotes to the S-shaped curve.

Determination of base strength from fluorescence spectra.—For the esti-
mation of pK values of bases from the fluorescence spectra it is necessary to
measure the fluorescence quantum yield of the bases at different pHs. The
fluorescence quantum yield is a quantity notoriously difficult to measure
experimentally, so much so that up till now the fluorescence quantum yield of a
very few substances has been measured with sufficient accuracy. The relative
quantum yield of a substance can be measured very easily if its absorption
spectrum resembles that of another for which the fluorescence quantum yield
is known. For the present series of compounds the absorption spectrum is
altered so much on changing the pH of the solution that even relative measure-
ments are not possible. The following method was worked out to get an
experimentally measurable quantity, which is, at least, proportional to quan-
tum vyield.

The fluorescence quantum yield is defined as

_ No. of quanta of light emitted
7= No. of quanta of light absorbed

., Intensity of light emitted
~ Amount of light absorbed

The total intensity of light emitted can be measured easily by means of a
phototube; but the amount of light absorbed is given by the so-called molar
extinction coefficient which is a changing function of the frequency of light.
The total light energy absorbed may be obtained by integrating over the
frequency in the region of the absorption band. Experimentally this may be
done by measuring the area under the ¢ vs. A curve over the band width of the
exciting light. If we designate this area as A, then

1

oS, .. .. .. .. 3
LAy _ 3

where I is the intensity of fluorescence (in an arbitrary unit). Now pH will be
equal to pK when the concentration of the protonated and unprotonated
species are equal. So if the fluorescence yield, 7, is plotted against pH, a curve
similar to absorption curve will be obtained. As the protonated and the un-
protonated species usually have different 9-values the pK can be determined
from the inflection in the 7 vs, pH curve.
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EXPERIMENTAL
The aza-compound—@-naphthoquinoline, phenanthridine and 7 : 8 ben-
zoquinoline—were supplied by L. Light & Co. and B.D.H. of England. It
was purified by chromatographic adsorption and recrystallization from spec-
troscopically pure alcohol. The buffer solutions of different pHs were pre-
pared from aqueous solutions of citric acid and sodium hydroxide. The pH of
the solution was further checked on a Cambridge glass electrode pH-meter.
The absorption spectrum and optical density of solutions were measured
.on a Beckman spectrophotometer, model DU, using 1 cm silica cells. The
fluorescence measurements were made in a right-angle scattering set-up des-
cribed by Stupp and Kuhn (1952). The fluorescence intensity was measured
by means of a 1P21 photomultiplier tube in conjunction with a D.C. amplifier
constructed by Emission Radio & Varieties, Calcutta. The concentrations of
fluorescent substances were so adjusted that the light intensity was in the
linear part of the phototube response curve and the amplifier meter reading
was taken as directly proportional to light intensity. The light source was a
GE AH4 high pressure mercury arc-lamp, which was used in conjunction
with a Corex filter showing a maximum transmission at 365 mpu, the trans-
mission dropping to zero at 340 mp and 370 my on either side of the transmis-
sion peak.

" While measuring the fluorescence intensity the rectangular glass irradiat-
ing cell was completely filled with solution and then tightly closed so that
during irradiation the solution did not come into contact with the atmospheric
oxygen.

REesvrrs
In Figs. 15, 2b and 3b are given e (at 365 mpu) vs. pH curves for phe-
nanthridine, -naphthoquinoline and 7 : 8 benzoquiﬁoline respectively. The

e . . . . . : 3
pK-values estimated from the inflection in the respective curve are given in
Table I, column 2.
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In Figs. la, 2a and 3a are given the n vs. pH curves for the bases. The
7 was estimated from the equation (3). The pK-values estimated from the
inflexion in the  vs. pH curves are summarized in column 3 of Table T.

Tasre I

pK-values of some aza-aromatics

pK
nd .

Compou Absorption Fluorescence
B-naphthoquinoline 4-95 5-95
Phenanthridine 4-65 578
7 : 8 benzoquinoline 4-25 525

DiscussioN

In the process of light absorption an electron makes a transition from the
equilibrinm ground state to a Frank-Condon (non-equilibrium) excited state,
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while the reverse process of light emission (fluorescence) is associated with the
electron transition between equilibrium excited state and the Frank-Condon
ground state. Therefore, the determination of any equilibrium property of a
system by absorption and by emission measurements will refer to ground and
to excited property of the system respectively. The pK-value of an acid or a
base is an equilibrium property, hence the pK-values given in colamn 2 of
Table I refer to the ground state of the aza-aromatics, while those in
column 3 refer to the corresponding quantities in the excited state. Since the
base character of the aza-compound is determined by the nitrogen centre,
the result suggests that the electron density at the nitrogen atom is higher in
the excited than in the ground state. This is well substantiated by Coulson
and Longuet-Higging’ perturbation calculation on these systems. It should,
however, be remembered that the quantum mechanical calculations on these
systems refer to m-electrons only, while the base character is determined by
the total electron density at the nitrogen atom. Consequently no direct
correlation between the base strength and the =-electron charge density could
be established.
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