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Hydrogen is a promising potential clean source of energy which can be produced using
abundant and renewable resources (e.g. water and sunlight).! Water reduction catalysts are
usually based on non-precious metals among which cobalt has been the most studied because
of its abundance and low price. However the development of highly active and stable
catalysts that can operate in purely agueous solutions still remains a great challenge.!”!

The most active molecular cobalt catalysts reported in literature present a common
architecture: a tetra- or pentapyridyl ligand inducing a distorted octahedral geometry, with the
remaining coordination sites occupied by labile ligands (e.g. water).E**!

To further investigate the effect of coordination geometry on the catalytic activity, we
designed a new ligand with six coordination sites that lead to the formation of an unusual
heptacoordinate Co(Il) complex (Fig. 1, left). Under visible light irradiation in water, this
complex can efficiently catalyze the production of H, with a turnover number (TON) > 16000
mol H, (mol cat)? (Fig.1, right) and nearly 90% of H, evolved within the first hour of
irradiation, i.e. a turnover frequency (TOF) > 4000 mol H, (mol cat)™* h™.

These results suggest that heptacoordinate cobalt complexes, never used so far in the field of
light-driven hydrogen evolution, represent a promising alternative platform for the
development of highly active and stable photocatalysts.
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Figure 1. Crystal structure of the complex. Counterions (CI") and H atoms have been omitted for clarity (left).

Photocatalytic hydrogen production over time in 1.0 M acetate buffer at pH 4.0 with 0.1 M ascorbic acid, 0.5
mM [Ru(bpy)s]** and different concentrations of catalyst at 20 °C irradiated with LED light (475 nm) (right).
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