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Report: 

Utilization of sunlight in energy applications requires light harvesting, energy conversion, and storage. One 

effective way to store energy is to convert it into chemical energy by fuel forming reactions, such as water 

splitting into hydrogen and oxygen (2H2O + 4hν → O2 + 2H2). 

Study of homogeneous catalysts offers promise in providing valuable insights about the mechanism of the 

water oxidation reaction part. Ruthenium-based molecular water oxidation catalysts have been known since 

the early 1980s.With the present report we will summarize our investigations into the water oxidation 

mechanism with a new class of dunuclear Ru complexes by means of X-ray absorption spectroscopy. The 

chemical nature of these complexes can not be revealed at the present stage, since the results are not 

published yet.  

In figure 1, the XANES spectra of dimeric complexes with different oxidation state combinations are shown 

(top right), together with the enlarged area around an edge jump of 0.5 (top left). The energy value at a jump 

of 0.5 was used to determine the edge position that is correlated to the nominal oxidation state in the samples 

(bottom). The spectra of the sample SN164 with an average oxidation state of +II was then aligned to the 

Ru(II) spectra given by Llobet.
[1]

 A clear correlation of the edge position with the oxidation state combination 

is found, which can be expressed as f(E)=[22123.89 + 0.427x]eV, where x denotes the sum of both oxidation 

states in the dinuclear complexes. In other words, the edge position shifts by a value of 0.427 eV per 

oxidation state unit change at one of the centers. Such an increment results in an effective (average) oxidation 

state change by 0.5 in dinuclear complexes, and for an overall oxidation state change of +I a shift by 0.854 eV 

is detected.  This value is in very good agreement with
[1]

 where a shift of 0.9 eV was found for a change from 

Ru(II) to Ru(III). 

These results were also backed by a thorough EXAFS analysis, that cannot be presented in frame of this 

report until the final publication has been accepted for publication. The obtained results provide important 

information on the mechanism of water oxidation in this new class of water oxidation catalysts.  

 



 

 

 

 

 

 
 

Figure 1: XANES spectra (top right) and enlarged area around a normalized absorption of 0.5 (top left). The edge 

energy is correlated with the nominal oxidation states (bottom). 
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Cramer, A. Llobet, Chemical Science 2012, 3, 2576-2586. 

 

 


