
J Solution Chem (2007) 36: 1139–1155
DOI 10.1007/s10953-007-9171-0

O R I G I NA L PA P E R

Experimental Determination of the Electronic
Polarizability of Quinoline and Isoquinoline in Solution
by Three New Strategies

Ysaías J. Alvarado · Néstor Cubillán · María G. Leal ·
Paola H. Labarca · Elba Michelena · Yovani Marrero
Ponce

Received: 29 September 2006 / Accepted: 19 March 2007 / Published online: 4 August 2007
© Springer Science+Business Media, LLC 2007

Abstract The values of electronic polarizability of quinoline and isoquinoline in extremely
diluted liquid solution are reported in this paper. These were obtained by means of three
new strategies based on UV-visible-NIR spectroscopy, the Kramers-Krönig relations, high
precision densitometry and high exactitude refractometry, which are called here Arakawa’s
Approximation (AA), Optical Substractive Approximation (OSA) and Optical Differential
Approximation (ODA). In general the static electronic polarizability values of solute mole-
cules obtained by ODA and OSA are in excellent agreement with the reported theoretical
values at the Density Functional Theory (DFT) level and the Atom monopole-dipole model,
but strong discrepancies were observed with the experimental values previously reported
for quinoline and isoquinoline using refractometric and electro-optic methods. These differ-
ences were interpreted and analyzed in terms of dielectric intermolecular forces, resonant
and pre-resonant effects. The AA method is shown to fail in predicting the polarizability of
the quinoline and isoquinoline molecules.
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1 Introduction

The widespread occurrence of quinoline and isoquinoline units (henceforth denoted as Q
and IQ; see Fig. 1) in many natural and synthetic compounds with optical, biological and
pharmacological applications has generated a great interest in the study of their electronic
properties [1–12]. One such property is the electronic polarizability. Although some theo-
retical values have been reported for Q and IQ [13–18], only three experimental values are
available in the literature: a static value obtained from the measurement of the refractive
index of neat Q liquid [19], and two dynamical values of either Q or IQ in solution (CCl4)
which were obtained by a combination of the Kerr effect, light scattering and refractometry
methods [19, 20]. Significant differences between the experimental and theoretical values
are observed [19, 20]. This suggests that factors such as dipolar cluster formation and/or
solvent-induced distortional polarization are affecting the accuracy of the experimental val-
ues, or that the calculated data can not be used as a benchmark. The latter values were ob-
tained for isolated systems (i.e. they do not include solvents effects), and depend, of course,
on the level of calculation (here only a standard DFT hybrid functional with medium basis
set has been reported) [14].

Considering that little is known about the electronic behavior of quinoline and isoquino-
line in solution, firstly, we sought to determine the electronic dynamic and static polariz-
ability of quinoline and isoquinoline in cyclohexane and acetonitrile solutions by using the
refractometric method proposed by Singer-Garito [21] (henceforth referred as RM). Addi-
tionally, a comparison between these results and reported values was realized to evaluate
possible solvent effects and the quality of these results.

Additionally, to clarify the possible contribution of solute-solute and solute-solvent in-
teractions, and resonant and pre-resonant effects to the electronic polarizability of quinoline
and isoquinoline in aprotic media, we have developed in this work three new strategies
for determining the solute polarizability in cyclohexane and acetonitrile in the extremely
dilute regime. These proposed strategies, called here: Arakawa’s Approximation (AA), Op-
tical Subtractive Approximation (OSA) and Optical Differential Approximation (ODA), are
based on UV-visible-NIR spectroscopy, the Kramers-Krönig relations, high precision den-
sitometry, high exactitude refractometry and the Singer-Garito equation in its complex form.
With this line of reasoning, the values obtained in this work, by spectroscopical and clas-
sical Singer-Garito methods [6–9, 21], will be compared with theoretical and experimental
reported values.

(a) Quinoline (b) Isoquinoline

Fig. 1 Molecular structure of quinoline and isoquinoline


