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Hydrogen bonds, due to their intermolecular strength, and co-crystalline
structures, due to their versatility and power of physical transformation,
are relevant in materials science. The latter are formed with the former
through compounds such as amine, but during the formation process the
presence of metals such as Cu(ll) metal ions sets off the fight to obtain
co-crystals, or compounds such as monomers and polymers, or both.

Figure 1. Different perspectives of the co-crystal chains

In terms of the design of new organic and inorganic materials, those establishing intermolecular
forces are of great interest for their utility as biological models and in materials science. One of
these intermolecular forces are hydrogen bonds, whose characteristics are useful in crystal
engineering.

The carboxylate acids, formed partly by a carboxylate group, can form strong hydrogen bonds
(O-H) when in presence of other molecules and organic compounds that have N-H groups
(amines, amides or pyridines) in their structure. On the one hand, when the hydrogen bonds are
formed directly between the O-H of the carboxylate group and the N-H group without the
presence of metals, cocrystals are formed. The importance of cocrystals lies in the possibility of
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modifying the physical properties such as melting point, solubility, and conductivity, among other
aspects.

On the other hand, during the formation of these compounds (co-crystals), if there is a presence
of a metal ion such as Cu(ll), the competition between the formation of cocrystals and
complexes is observed. This is the process described in this paper that, in particular, presents
the three compounds: cocrystal, Cu(ll) monomer and Cu(ll) polymer. Moreover, in this case, the
carboxylic acid is piperonylic acid (HPip) and the amine is isonicotinamide (Isn).

In a synthesis of the research described in this paper, what is observed is the competition
between the formation of a cocrystal and a Cu(ll) monomer, and in another synthesis, the
competition between the formation of a monomer and a polymer. In this paper, it has been
possible to obtain the cocrystal and monomer separately, but the synthetic method for obtaining
only the polymer was not discovered. Both compounds simultaneously crystallized in a 1.5:1
proportion, monomer (violet) and polymer (green).

All compounds were characterized by an X-ray crystal structure, which has allowed for the
analysis and study of the molecular and supramolecular structures, as well as for elemental
analyses and FTIR-ATR spectroscopy. Moreover, the cocrystal has been characterized by 'H
and “C NMR spectroscopies, while the monomer and polymer also were characterized by UV-
Vis spectroscopy.

Finally, Hirshfeld surface analysis, energy frameworks and lattice energy calculation were
performed for the three compounds. Hirshfeld analysis pinpointed the role of isonicotinamide.
Furthermore, energy framework calculations distinguished the isonicotinamide as the driving
cohesive force, while piperonylic acid itself mainly participates in the London dispersion forces.
Lattice energy calculation showed a notable value as a consequence of the larger number of
interactions promoted by the isonicotinamide ligand.
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