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I, Introduction

Flavonoids are receiving considerable attention due to their important biological and
pamacological properties [1]. In particular, the systematic study of their solubility in liquid
wlvents is being presented in the literature [2-8] to support the design of extraction, precipitation
o erystallization processes. These compounds have a complex structure with a variety of
lunctional groups that makes them difficult to represent by traditional thermodynamic models.

Ihis work is divided in two parts. In the experimental section, new solubility data is presented
Wr hesperetin in several pure and mixed solvents at different temperatures. The shake-flask
method is applied, followed by quantitative analysis.

Concerning the thermodynamic modelling section, it presents the results obtained using the
MRIL-SAC model [9.10]. in combination with the reference solvent approach (RSA) [11,12], to
deseribe the solid-liquid equilibrium of several flavonoids in pure and mixed solvents. The NRTL-
SAC model represents molecules by conceptual segments: hydrophobic, polar attractive or
wpulsive and hydrophilic. For each solute, four parameters are calculated using experimental
Slubility data in a selected set of solvents that should. preferably, cover a wide range of molecular
ieractions, Additionally, the application of the RSA approach avoids the knowledge of the
Semal properties that are often unknown for flavonoids. Finally, the excess solubility approach
(E‘S-'\) [13-15] with one parameter correlative model is also applied to describe the solubility in
mised solvents.

L Experimental section

'".lc analytical gravimetric method combined with UV analysis were the cxperimental
lﬂthn!qucs chosen to perform the measurements, as described in detail elsewhere [16]. New
”]"[."1".\'_ data for hesperetin is presented both in pure solvents (acetonitrile, MTBE and DMSO)
:‘;{eﬂ mixed solvents (water/metharol, water/acetone). in the temperature range between 25 and

J.Thermodynamic modeling
BIENRTL -SAC model showed to be an appropriate tool to represent the solubility of some
:ll’"SL'ﬂlallvc flavonoids in pure solvents suggesting its ability to predict solubility in pure
YeNls not considered during the correlation procedure. A summary of the correlation and
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prediction results is presented on Figures 1 and 2. respectively. for a selected group of flavongige
and selvents. For apigenin and genistein. the NRTL-SAC model was combined with the RSA
methodology.

For mixed solvents difficulties are found. particularly, for systems presenting a solubjjjyy
maximum. The excess solubility approach with one parameter correlative model allowed g
improved description of those ternary mixtures (luteolin in water/ethanol: quercetin i
water/methanol or water/ethanol: apigenin in water/ethanol). An average absolute deviation of
23% was obtained though improvements are needed for the description of the solubility chanpe

with temperature.
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Figure 1. Experimental data [2-8, this work] versus  Figure 2. Experimental data [2-8. this work] versus
NRTL-SAC correlation results for the solubility of NRTL-SAC predictions for the solubility of

flavonoids in pure solvents. flavonoids in pure and mixed solvents.

4. Conclusion

New solubility data of hesperetin in the temperature range between 25 and 40 °C was
measured in several pure and mixed solvents.

Even if some outliers can be found. NRTL-SAC predicts the solubility changing with the
solvent type. Combining NRTL-SAC -with RSA results improved, and for substances with
unknown melting properties its usefulness was shown,

Excess solubility approach with one parameter correlative model allowed a much better
description of the solubility in mixed solvents.
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