Artificial leaf based on graphene materials. Photocatalytic hydrogen production
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The global energy supply and related environmental issues are among the biggest technological challenges being confronted by chemists and technologists in the 21st century. The conversion of solar energy into fuels is considered to be a viable solution to global energy problems. One of the cleanest fuels for energy production that comprises an easily accessible element is H2, which can be produced via water splitting under solar light irradiation. The important problem for solar fuels generation is to produce high-efficiency, low cost, and robust catalytic systems. The photo-to-energy conversion efficiency is low owing to the poor electron transport between the dye and the catalyst. Innovative 2D materials with unique layered structures are expected to further enhance photocatalytic activity by increasing the efficiency of electron transfer. In particular graphene based materials have excellent mobility of charge carriers and extremely high specific surface area what have spurred the increasing interest to investigate applications of the graphene materials in photocatalytic hydrogen production
In our work by functionalizing non-covalently dye molecules (porphyrins, xanthenes) to graphene-based material (GO or RGO), we obtained novel nanomaterials with potential application in photocatalytic hydrogen production. We synthesized and thoroughly characterized various dye-GO and dye-RGO nanohybrids. Results of FTIR, Raman spectroscopy, thermogravimetric analysis (TGA), atomic force microscopy (AFM) and elemental analysis have confirmed successful non-covalent functionalization of graphene sheets with porphyrins. [1-3] Ultrafast time-resolved transient absorption spectroscopy clearly demonstrated the occurrence of electron transfer from the photoexcited porphyrin to GO, indicated by very fast decay of the excited state and the formation of a porphyrin radical cation.[2] These results are relevant to the use of such systems in developing energy conversion assemblies. 

Under visible irradiation noble-metal-free system Eosin-GO-Co2+ demonstrated 6 times higher photocatalytic activity than system without graphene oxide. GO material acts as an acceptor and mediator of the electrons.[4] The recombination of photoexcited charges is greatly retarded, and the photocatalytic activity increases.
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