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Intermolecular interactions in the cyanuric
acid dihydrate on the basis of experimental
charge density
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The structure of anhydrous cyanuric acid, its intermolecular
interactions and thermal parameters have been described
in 1971 by G.C. Verschoor [1]. In the following years, i.a.,
strong donor-acceptor interactions connected with occur-
rence of N-H and C=0 functional groups were investigated
by T.C. Lewis [2] for the anhydrous form as well for readily
formed solvates and co-crystals. Possibility of satisfying all
the hydrogen bonding functionalities and it’s influence on
the crystal structure were verified.

I am presenting experimental charge density analysis for the
cyanuric acid dihydrate. Electron density distribution was
described with Hansen and Coppens pseudoatom model.
Crystal structure, occurring interactions and vibrational
parameters were compared with periodic theoretical calcu-
lations both for dihydrate and anhydrous form. Molecular
interactions with water molecules were also justified basing
on the TGA/DSC measurements.
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Non-covalent interactions involving N-heterocyclic aro-
matic rings have recently received greater attention. They
play an important role in many chemistry-related fields such
as structures of biomolecules, the reactivity of molecules,
crystal engineering, molecular recognition, and nanoengi-
neering. Such rings, because of their distinctive electronic
properties, are involved in different interaction patterns
including m-stacking and hydrogen bonds. Hence, they are
considered as useful recognition elements in many biolog-
ical systems and became key components in most known
drug molecules [1, 2].

Though some significant progress has been definitely made
in the study of interactions involving N-heterocycles, most
studies only focus on analyzing of stationary geometries
and say nothing of a whole range of many other configu-
rations. Accurate potential energy surfaces (PES) of such
systems are not available and it is impossible to see how the
stability of a particular system changes along with various
geometrical parameters. Such maps, if they were present,
would literally give a new way to look into the interactions
patterns that may be formed.

For this reason, the extremely extensive analysis of poten-
tial energy surfaces of model N-heterocyclic dimers has
been performed. The interaction energies of hundreds of
thousands of dimers have been calculated. As the studied
N-heterocycles the following ones have been selected: pyr-
role, purine, pyridine, imidazole, pyrazole, 1,2,3-triazole,
and 1,2,4-triazole. Since the interaction energies of a large
number of systems were to be calculated, all the calcula-
tions have been carried out using a dispersion-corrected
density functional. Other calculations, such as natural bond
orbital and energy decomposition, have also been applied.
The obtained results were then related to the statistical anal-
ysis made on the data gathered from Cambridge Structural
Database [3].

The appliance of multidimensional analysis provides much
deeper insight into the “landscape” of the interaction en-
ergies of the particular systems and enables one to see “a
bigger picture” of what really occurs. The performed study,
involving the combination of many different methods, has
revealed the complexity of the formed intermolecular inter-
actions. Apart from providing a “literal new look” into the
present interaction patterns, another picture has emerged.
Intermolecular interactions, especially stacking, present in
the studied N-heterocycles, are seen” as a combination of
many different sources of the interaction energy. The pre-
sented results may be a key importance in a prediction of
crystal structures and may find a use in modeling of a crystal
possessing desired properties.
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