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Aqua ligand as hydrogen bond acceptor

Cambridge Structural Database
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Aqua ligand as hydrogen bond donor

Cambridge Structural Database
CSD 5.43, November 2022
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Aqua ligand as hydrogen bond donor
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The Data Set

A set of complexes containing at least one aqua or ammine ligand,
designed to study all structural and electronic effects on their hydrogen bonds:

o geometry and coordination number
(linear, square planar, tetrahedral, octahedral)

o metal oxidation state
(M(1), M(I1), M(III)) ) ,
o different metals of the

same transition row (Co(ll), Ni(ll), Zn(Il)) 15
o metals from different rows

(Zn(11) and Cd(ll), Pd(ll) and Pt(ll))
o other ligands (H,0, NH,, Cl")
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Methodology
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Interaction energy vs. hydrogen electrostatic potential
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Clustering of hydrogen bonds
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Factors influencing hydrogen bond strength

« charge
« oxidation state/coordination number (OS/CN) ratio
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Classification of complexes according to their hydrogen bonds
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Interaction energy vs. charge of the complex

hydrogen bonds become stronger
with the increase in positive charge of the complex
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Nature of hydrogen bonds
of aqua and ammine metal complexes
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Extending the data set
with complexes of unusual composition

hydrogen bonds become stronger
with the increase in OS/CN ratio
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Summary

Strength of hydrogen bonds is determined by the charge of the complex and
ratio of metal oxidation state and coordination number (i.e. effective charge
per ligand).

The influence of geometry, geometrical isomerism, and the presence of other
ligands in the complex is very limited.

complex

type description aqua ammine
kcal/mol
0 neutral complexes -8 to -10 -5 to -7
10.33 1+ charged octahedral complexes -11 to -13 -8 to -10
10.50 all other 1+ charged complexes -14to-16 -11 to -12
2533 2+ charged octahedral complexes -17 to -20 -13 to -16
2, 50 all other 2+ charged complexes -22 to -25 -17 to -20
3 3+ charged complexes -31 to -35 -25 to -29

All relationships are linear, making predictions of hydrogen bonds for
“unusual” cases very reliable.

Predictions of hydrogen bond strength of metal complexes is possible by
knowing their simple descriptors.
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