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Summary 
 
A sustainable, carbon neutral and cost effective route for the production of fuels to drive the 

modern economy is one of the biggest endeavors of mankind. Hydrogen gas is considered an 

ideal candidate to serve as a carbon neutral fuel. This thesis treats the development of a 

relatively new technology based on the concepts of artificial photosynthesis for the production of 

hydrogen by the splitting of H2O using solar energy (chapter 1). The oxidation of H2O is 

considered to be the bottleneck when compared to the proton reduction half-reaction as this 

four electron process is kinetically more difficult. Central to the developments discussed in this 

thesis is the use of a simple and fast N-heterocyclic carbene ligated water oxidation catalyst 

(WOC; NHC IrCp*Cl2). To get insight in the exact nature of the catalytically active species for 

this catalyst, in comparison to similar IrCp*LX2 water oxidation catalysts, carefull analysis in the 

changes of the Ce4+ consumption rate were studied in chapter 2 and analyzed using reaction 

progress kinetic analysis. In chapter 3, it is demonstrated that important differences in the 

catalytic activity are observed after modification of the N-heterocyclic carbene ligand with a 

trimethoxysilane functional group. In addition, it is demonstrated that this functionalized 

catalytic precursor can be co-immobilized with a Pt(II)-porphyrin molecular sensitizer onto 

FTO/TiO2. The photoanodes show higher photocurrent densities in comparison to 

unfunctionalized photoanodes which is ascribed to photooxidation of (NHC IrCp*Cl2) by the 

Pt(II)-porphyrin sensitizer. In chapter 4 an alternative strategy is reported to immobilize (NHC 

IrCp*Cl2) onto FTO anodes which are applied for the electrocatalytic oxidation of H2O. The 

strategy is based on non-covalent π-π interactions between a cationic pyrene anchor covalently 

attached to NHC IrCp*Cl2 and the sidewalls of multi-walled carbon nanotubes (MWCNTs). In 

chapter 5 a novel procedure is introduced to integrate MWCNTs into TiO2, NiO or SnO2 

materials, based on the use of sodium 1-pyrene sulphonate as a potential route towards 

optimization of charge carrier transport in WOC/dye sensitized photoanodes. In chapter 6 a 

strategy is proposed as an initial step to the development of artificial leaf configurations based on 

microfluidic type devices using oxidized porous silicon side-walls. The results described in this 

thesis clearly demonstrate the consequences of ligand functionalization and immobilisation on 

critical properties with respect to the (photo)catalytic oxidation of H2O such as reaction rate and 

the potential at which oxidation occurs. The system as described in this thesis is a novel example 

of a molecularly composed photoanode using an iridium based water oxidation catalyst. In the 

context of artificial photosynthetic device design based on molecular iridium compounds, this is 

an important step.


