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Abstract
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Biomimetic catalysis is an important research field, as a better understanding of nature´s
powerful toolbox for the conversion of molecules can lead to technological progress. [FeFe]-
hydrogenases are very efficient catalysts for hydrogen production. These enzymes play a crucial
role in the metabolism of green algae and certain cyanobacteria. Their active site consists of a
diiron complex that is embedded in an interactive protein matrix.

In this thesis, two pathways for mimicking the outer coordination sphere effects resulting
from the protein matrix are explored.

The first is the construction of model complexes containing phosphine ligands that are
coordinated to the iron center as well as covalently linked to the bridging ligand of the complex.
The effect of such linkers is an increased energy barrier for the rotation of the Fe(CO2)(PL3)-
subunit, which potentially could stabilize a terminal hydride that is an important intermediate
in the proton reduction cycle.

The second pathway follows the incorporation of [FeFe]-hydrogenase active site model
complexes into metal-organic frameworks (MOFs). Resulting MOF-catalysts exhibit increased
photocatalytic activity compared to homogenous references due to a stabilizing effect on
catalytic intermediates by the surrounding framework. Catalyst accessibility within the MOF
and the influence of the framework on chemical reactivity are examined in the work presented.
Furthermore, an initial step towards application of MOF-catalysts in a device was made by
interfacing them with electrodes.

The work of this thesis highlights strategies for the improvement of biomimetic model
catalysts and the knowledge gained can be transferred to other systems mimicking the function
of enzymes.
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1) Post-synthetic metalation
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Homogenous distribution of catalysts
      - high incorporation yield (III and IV)
      - yield in CO -> phosphine exchange (VI)

Tunable crystal size 
by variation of modulator
      - acetic acid instead of benzoic acid
         used to prepare smaller crystals (VI)

Stabilization of reaction intermediates
      - overall enhanced H2 production (III and IV)
      - only doubly substituted product 
         after CO -> phosphine exchange (VI)

Catalyst accessibility
      - in MIL-101 almost all catalysts (IV)
      - in UiO-66 only surface-near catalysts
         accessible to reduction due to 
         insulating nature of the MOF (IV)

Electrochemical characterization
      - on FTO revealed similar reduction potential 
         as homogenous complex (V)
      - only surface-near catalysts electro-responsive (V)
      - PMe3 exchange on surface not complete (VI) 
            -> catalysts in tetrahedral pores are less accessible

Post-synthetic functionalization with 
[FeFe]-H2ase active site models
      - in UiO-66 by post-synthetic linker exchange (III)
      - in MIL-101-NH2 by post-synthetic linker modification (IV)
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