Structure of Aqueous Solutions of Heterocyclic Amines
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Heterocyclic amines, such as piperidine and N-methylpiperidine, and their hydrates aggregate in
aqueous solutions due to hydrogen bonds between hydration water molecules. No such aggregation
occurs in the mixtures of these amines with other hydrogen-bonded solvents, such as methanol or
ethanol. This difference highlights the active role of water solvent in promoting the self-aggregation.
However, the role of various contributions in thermodynamic functions due to specific interactions,
van der Waals forces, and the effect of the size and shape of the molecules remains open. In the
present communication we explore and discuss the family of solutions of pyrrolidine, piperidine, and
their methylated counterparts in water and in methanol, as revealed by thermodynamic
measurements as well as by direct visualisation of the mesoscopic stucture employing small-angle
neutron scattering.

While the limiting partial molar enthalpies of solutions of pyrrolidine, N-methylpyrrolidine,
piperidine, and N-methylpiperidine in methanol follow closely the trend assessed from theoretically
calculated molecular interaction energies, their behavior is markedly different in water solutions,
which require an empirical hydrophobic hydration term to be considered.

SANS evidenced that the aqueous amine solutions are microheterogeneous on the
nanometer-order length scale [1]. Various models are considered for describing the structural
arrangement of the hydrated amine molecules. The tendency of approaching phase separation
increases in the order: N-methylpiperidine < N-methylpyrrolidine < piperidine < pyrrolidine [2].
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