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Can Coordinated Water Be a Good Hydrogen Bond Acceptor?
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Hydrogen bond is arguably the most famous of all noncovalent interactions. The majority of contacts between water
molecules in the solid state are hydrogen bonds, with a substantial number of antiparallel dipolar interactions as well."
The crystallographic and quantum chemical studies have shown that the strength of hydrogen bonds of water can be
increased by metal coordination.?® These previous studies considered coordinated water as hydrogen bond donor. In
this study, we wanted to investigate the possibility of coordinated water acting as hydrogen bond acceptor.

The Cambridge Structural Database (CSD) search yielded 1229 hydrogen bonds between coordinated water as
hydrogen bond acceptor and uncoordinated water as hydrogen bond donor. These hydrogen bonds are somewhat
longer and less directional than hydrogen bonds with donor coordinated water. The strength of these hydrogen bonds
was evaluated at the B97D/def2-TZVP level of theory, both on the structures found in the CSD, as well as on the model
systems. The obtained energies cover a wide range of values (Figure 1), depending on the charge of the complex, and
they can be comparable to the energy of hydrogen bond between two uncoordinated water molecules (-4.84 kcal/mol),?
or even significantly more favorable if the complex is negatively charged. If the complex is positively charged, these
interactions are repulsive (Figure 1), but they are still frequently encountered (444 interactions in crystal structures),
simultaneously with other (attractive) interactions.

The strength of interactions shows dependence on the orientation of both hydrogen atoms of uncoordinated water, and it
is in general greatly influenced by additional contacts of uncoordinated water with neighboring ligands of the metal
complex. Even though it is difficult to estimate how strong these interactions are alone, the calculated interaction
energies suggest that coordinated water is a better hydrogen bond donor than hydrogen bond acceptor. However,
coordinated water acting as hydrogen bond acceptor gives more opportunities for additional interactions, making the
supramolecular systems containing studied hydrogen bonds more stable.

[Mg(H20)6]?* [Cu(H20)2(en)2]?* [CoCl2(H20)4] [Zn(ImMCOO0)2(H20):] [Ni(maleate)2(H20)2]*
2
. ?,l
Sl S an ]
+3.90 kcal/mol +4.37 kcal/mol -1.84 kcal/mol -5.44 kcal/mol -4.86 kcal/mol -11.15 kcal/mol

Figure 1. Selected systems with coordinated water as hydrogen bond acceptor; denoted interaction energies were calculated at
B97-D/def2-TZVP level
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