Nano-film electrodes in PEC processes: Novel methods to enhance stability and efficiency in photovoltaic and in water purification processes
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Abstract. Mono-crystalline semiconductors, based on p-n junctions, have been heavily investigated in photovoltaic (PV) devices. To avoid high cost of p-n junction manufacturing, scientists switched their attention to mono-crystalline electrode photo-electrochemical (PEC) systems. Despite the ease of preparation and lower cost of such devices, mono-crystalline electrode itself still demands ultra-high purity manufacturing processes. The electrode, typically with 0.5 mm thick, is also material costly. Such shortcomings can be avoided by using nano-scale electrode based PEC systems.

Nano-scale electrodes can be used either as nano-film electrodes or as nano-electrode suspensions. Nano-film electrodes can be used in light-to-electricity conversions and in photo-initiated chemical reactions, such as water splitting, water purification and disinfection. 

The most common nano-scale semiconducting materials are arguably TiO2 and ZnO, which have band gaps about 3.2 eV. Both systems have a number of advantages such as: low cost, non hazardous nature and stability. However, the two systems need UV to excite. As solar light includes only a small fraction of UV light, such systems demand sensitization to function in visible solar light.      
This laboratory has been active in light-to-electricity conversion and in water purification processes using semiconductor surface catalysis. Both TiO2 and ZnO photo-catalyst nano-particle systems have been investigated here.  Sensitizing the nano-particles to visible solar light has been investigated. Synthetic dye sensitizers have been favorably replaced with natural dyes (such as anthocyanin) and the new system was used in purifying water by photo-degrading contaminants with direct solar light. Disinfecting water with direct solar light has also been investigated using the new catalyst systems.

Unstable low band gap nano-film electrode systems, such as CdS and CdSe, have also been investigated here. Chemically and electrochemically deposited nano-film electrodes were prepared, characterized and used as PEC electrodes. Novel methods to stabilize the electrodes, and increase their PEC conversion efficiencies, have been developed here.  
This talk will highlight our new nano-powders and nano-film electrodes prepared by different methods. Application of such nano-systems in water purification, disinfection and light-to-electricity conversion processes will be presented. Novel methods used to modify such nano-systems will also be discussed with relevant models.
Participants: This work has been achieved by a number of graduate students and colleagues including: Ahed Zyoud, Iyad Saadeddin, Huda Sabri, Subhi Saleh, Sundos Ateeq, Majdi Dwikat, Sahar Khudruj, Momin Jaradat.

