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 Technological implementations of artificial photosynthesis require the development of efficient 

water oxidation catalysts (WOCs).
[1] 

Whereas molecular WOCs are excellent model systems to study 

water oxidation mechanisms, their heterogeneous counterparts do not require further immobilization 

strategies.
[2,3]

 Our previous work brought forward bio-inspired molecular Co(II)-cubane WOCs along 

the lines of nature’s photosystem II.
[4,5] 

 Recently, we introduced [Co
II
4(dpy{OH}O)4(OAc)2(H2O)2](ClO4)2 (dpk = di(2-pyridyl)ketone; 

Co4O4-dpk)
[6]

 as the first molecular catalyst that links both WOC classes through its {H2O-Co2(OR)2-

OH2} edge-site motif. This moiety has been identified as a sine qua non for cobalt oxide-based 

WOCs,
[4] 

and
 
Co4O4-dpk presents the unique opportunity to study it within a stable molecular 

environment. Co4O4-dpk displays high photocatalytic activity, and its stability under catalytic 

conditions was underscored with a wide range of analytical techniques (such as FT-IR and 
1
H NMR 

spectroscopy, EXAFS/XANES, and DLS).
[6]

 The presence of an intact cubane core in solution was 

supported by XAS measurements and DFT-MD simulations. Time-dependent EXAFS monitoring 

indicates that the Co(II) centers of Co4O4-dpk are readily oxidized to Co(III) and recover rather slowly. 

However, chemical oxidation experiments with [Ru(bpy)3]
3+

 point out that quantitative oxidation of all 

Co(II) centers may not be a prerequisite for water oxidation.  

  We furthermore synthesized the first Co/Ni mixed cubane WOC series,   

[Co
II

xNi4-x(dpy{OH}O)4(OAc)2(H2O)2](ClO4)2 (CoxNi4-xO4-dpk).
[6]

 These heterometallic 3d-3d metal 

cubanes open up the opportunity to test solid the implementation of state WOC design principles in 

molecular catalysts and vice versa. Our molecular WOC development is complemented by systematic 

studies on Co-containing heterogeneous WOCs, such as CoNCN or the La1-xSrxBO3 perovskite series 

(B = Fe, Co, Ni, or Mn).
[3]

 Their structure-activity relationships will be presented, followed by a 

disussion of comprehensive design perspectives through knowledge transfer between molecular and 

solid state WOC research. 
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