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The development of photochemical systems capable of harnessing solar energy to 
produce electricity or to drive chemical transformations has attracted significant interest 
motivated by the need to secure the future supply of clean and sustainable energy.1-3 
Among other strategies, research has focused on novel types of semiconductor-based 
photoelectrochemical devices allowing for solar energy to be captured, converted and 
stored in high-energy chemical bonds of hydrogen molecules produced by water 
splitting.4-6  Importantly, it is the water oxidation reaction which is the real “bottleneck” 
of any water-splitting device.7 This is because – in contrast to the two-electron 
hydrogen evolution reaction that is mechanistically relatively simple – the oxygen-
evolving reaction is a highly complex process requiring proton-coupled transfer of four 
electrons from two water molecules.8-11 This often translates into slow kinetics and 
considerable overpotentials required for efficient oxygen evolution.12 

Accordingly, one of the fundamental challenges in photoelectrochemical water splitting 
is the development of highly efficient and stable photoanodes with suitable optical 
(bandgap), photoelectrochemical (position of band edges on the energy scale), and 
kinetics-governing surface properties.6,13  The search for suitable photoanodes currently 
involves a great variety of diverse approaches including, for example, structural and 
surface engineering of pristine low-bandgap semiconductors (like, e.g., Fe2O3, WO3, or 

BiVO4),
14-16 synthesis of doped and mixed-metal oxides using high-throughput 

combinatorial protocols,17-20 or sensitization of nanocrystalline TiO2 electrodes by 
ruthenium dye molecules coupled to a colloidal IrO2·nH2O oxygen evolving catalyst.21 

 

 

 

Recently, we have been developing a novel class of visible-light photoactive 
inorganic/organic hybrid materials – TiO2 with the surface modified by polyheptazine 
compounds bound to the TiO2 surface.22-26  Notably, polyheptazine materials represent a 
very stable delocalized system of conjugated -bonds and their utilization as 
photocatalysts has been suggested recently.27 However, in contrast to pristine 
polyheptazines showing only weak absorption in the near visible, the 
TiO2/polyheptazine hybrids exhibit strong red shift in visible light absorption, which is 
based on formation of interfacial charge-transfer complex between polyheptazine 

Figure 1: Pristine anatase TiO2 (white) and TiO2-polyheptazine 
hybrid materials (yellow).  

 



(donor) and TiO2 (acceptor).28 The talk will discuss in detail the structural, optical and 
electronic properties of these hybrid materials. The focus will be on our current research 
efforts directed to utilize these materials for visible light-driven water photooxidation.  

 
References 

 

(1) Turner, J. A. Science 2004, 305, 972. 
(2) Lewis, N. S.; Nocera, D. G. Proc. Natl. Acad. Sci. U.S.A. 2006, 103, 15729. 
(3) Balzani, V.; Credi, A.; Venturi, M. ChemSusChem 2008, 1, 26. 
(4) Khaselev, O.; Turner, J. A. Science 1998, 280, 425. 
(5) Murphy, A. B.; Barnes, P. R. F.; Randeniya, L. K.; Plumb, I. C.; Grey, I. E.; Horne, M. D.; 

Glasscock, J. A. Int. J. Hydrogen Energy 2006, 31, 1999. 
(6) van de Krol, R.; Liang, Y.; Schoonman, J. J. Mater. Chem. 2008, 18, 2311. 
(7) Dau, H.; Limberg, C.; Reier, T.; Risch, M.; Roggan, S.; Strasser, P. ChemCatChem 2010, 2, 724. 
(8) Eisenberg, R.; Gray, H. B. Inorg. Chem. 2008, 47, 1697. 
(9) Betley, T. A.; Wu, Q.; Van Voorhis, T.; Nocera, D. G. Inorg. Chem. 2008, 47, 1849. 
(10) Tang, J.; Durrant, J. R.; Klug, D. R. J. Am. Chem. Soc. 2008, 130, 13885. 
(11) Imanishi, A.; Okamura, T.; Ohashi, N.; Nakamura, R.; Nakato, Y. J. Am. Chem. Soc. 2007, 129, 

11569. 
(12) Valdés, A.; Qu, Z. W.; Kroes, G. J.; Rossmeisl, J.; Nørskov, J. K. J. Phys. Chem. C 2008, 112, 

9872. 
(13) Alexander, B. D.; Kulesza, P. J.; Rutkowska, I.; Solarska, R.; Augustynski, J. J. Mater. Chem. 

2008, 18, 2298. 
(14) Kay, A.; Cesar, I.; Graetzel, M. J. Am. Chem. Soc. 2006, 128, 15714. 
(15) Solarska, R.; Królikowska, A.; Augustyński, J. Angew. Chem., Int. Ed. 2010, 49, 7980. 
(16) Iwase, A.; Kudo, A. J. Mater. Chem. 2010, 20, 7536. 
(17) Baeck, S. H.; Jaramillo, T. F.; Braendli, C.; McFarland, E. W. J. Comb. Chem. 2002, 4, 563. 
(18) Woodhouse, M.; Herman, G. S.; Parkinson, B. A. Chem. Mater. 2005, 17, 4318. 
(19) Woodhouse, M.; Parkinson, B. A. Chem. Soc. Rev. 2009, 38, 197. 
(20) Katz, J. E.; Gingrich, T. R.; Santori, E. A.; Lewis, N. S. Energy Environ. Sci. 2009, 2, 103. 
(21) Youngblood, W. J.; Lee, S.-H. A.; Kobayashi, Y.; Hernandez-Pagan, E. A.; Hoertz, P. G.; 

Moore, T. A.; Moore, A. L.; Gust, D.; Mallouk, T. E. J. Am. Chem. Soc. 2009, 131, 926. 
(22) Beranek, R.; Kisch, H. Electrochem. Commun. 2007, 9, 761. 
(23) Beranek, R.; Kisch, H. Photochem. Photobiol. Sci. 2008, 7, 40. 
(24) Mitoraj, D.; Kisch, H. Angew. Chem., Int. Ed. 2008, 47, 9975. 
(25) Beranek, R.; Macak, J. M.; Gaertner, M.; Meyer, K.; Schmuki, P. Electrochim. Acta 2009, 54, 

2640. 
(26) Mitoraj, D.; Beranek, R.; Kisch, H. Photochem. Photobiol. Sci. 2010, 9, 31. 
(27) Wang, X.; Maeda, K.; Thomas, A.; Takanabe, K.; Xin, G.; Carlsson, J. M.; Domen, K.; 

Antonietti, M. Nat. Mater. 2009, 8, 76. 
(28) Beranek, R. et al., in preparation. 
 
 


