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1. Introduction 
 
The detrimental effects of fossil fuel usage on our global ecosystem as well as ever 
increasing energy demand has inspired much research towards the development of clean 
and renewable fuels for a sustainable future.  Hydrogen is seen as an ideal carbon-free 
energy source as its only combustion product is water.  Photoelectrochemical generation 
of hydrogen is a promising alternative storage method for solar energy in the form of 
chemical energy [1].  Unfortunately the best catalysts for hydrogen generation and usage 
are based on the rare noble metal platinum, presenting a serious economic obstacle for 
the large-scale (megatonne) production of H2 necessary to meet a portion of our energy 
demand.  Fortunately, nature has provided efficient and robust noble metal free hydrogen 
producing enzymes, which serve as inspiration for many synthetic mimics. 

Hydrogenase enzymes efficiently catalyze the reversible oxidation of molecular 
hydrogen, and gaseous carbon monoxide is a competitive enzyme inhibitor for hydrogen 
activation or generation of hydrogen at the enzyme active site [2-5].   There is no clear 
biological significance for CO inhibition, but the process is photochemically reversible 
[5]. The active site of iron-iron hydrogenase is a unique organometallic dinuclear Fe-Fe 
complex with carbon monoxide and cyanide ligands and is referred to as the H-cluster in 
the enzyme active site.  Scheme 1 illustrates both the unique active site core (H-cluster) 
of the enzyme, where X is thought to be a nitrogen and important in proton activation, 
and model compounds (left) of the bimetallic enzymatic system.  The H-cluster is 
tethered to a ferridoxin type cluster (F-cluster) which functions as an electron source or 
sink depending on the reaction direction.  The details of the catalytic mechanism are not 
fully understood, but molecular hydrogen possibly binds to the iron on the H-cluster, in 
the active site pocket of the enzyme, replacing a labile water molecule [3]. It is also 
proposed that protons can bind to the metal centers through an oxidative addition and 
generate either a terminal or bridging hydride [6]. The organometallic core of the active 
site has inspired the synthesis of several inorganic structural mimics of the H-cluster 
(Scheme 1) both to mimic the activity of the enzyme and also to understand binding and 
activation of either molecular hydrogen or protons.   
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