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Photoelectrochemical (PEC) reduction of carbon dioxide (CO2) with a p-type semiconductor electrode is one of the solar energy conversion technologies and is important from a viewpoint of the global environmental problems. The method can be regarded as an artificial model for photosynthesis in natural plant and is interesting and motivation for researchers. The electrochemical conversion of CO2 into energy-rich fuels and chemicals has gained significant interest as a potential strategy for simultaneously mitigating increasing global CO2 concentration and effectively storing intermittent renewable energy from sources such as solar and wind. This process recycles CO2, permitting a carbon-neutral, closed-loop of fuel combustion and waste CO2 reduction to help prevent a rising concentration of this greenhouse gas in the atmosphere. 
Photoelectrochemical conversion of CO2 into formic acid, is desirable as a hydrogen carrier and a chemical feedstock. SnOx is one of the few catalysts that reduce CO2 into formic acid with high selectivity but at high overpotential and low current density. We show that an electrochemically reduced SnO2 porous nanowire catalyst (Sn-pNWs) with a high density of grain boundaries (GBs) exhibits an energy conversion efficiency of CO2-into-HCOOH higher than analogous catalysts. HCOOH formation begins at lower overpotential (150 mV) and reaches a steady Faradaic efficiency of ca. 65 % at only 0.4 V vs. RHE. A comparison with commercial SnO2 nanoparticles confirms that the improved CO2 reduction performance of Sn-pNWs is due to the density of GBs within the porous structure, which introduce new catalytically active sites. Produced with a scalable plasma synthesis technology, the catalysts have potential for applica- tion in the CO2 conversion industry.
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