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Photoelectrochemical water splitting towards cell design and materials design

Introduction 
Though the first PEC water splitting was accomplished by Honda and Fujishima in the 1970s, the desire to split water remains a dismay as they woes to its materials and design of cell for maximizing its efficiency. 
The challenges involved in large scale commercialization of PEC arise from scientific and technical commitments. Amongst them few of were coupled oxidative and reductive surface reaction, mass transfer limitation, better efficiency attainment, fabrication of cheap and scalable process for its commercialization needs interrogation. The gap in commercialization of the process to large scale needs attention on new materials to overcome its scientific hurdle and the other should focus on cell design to accomplish technological hurdle. 
Overall mechanistic view of PEC involves simultaneous light absorption, charge generation and separation of hole and electron, ionic and molecular transport in a single device (Tom et al., 2015). The basic cell design of photochemical system involves photoactive materials such as semiconductors, either as a photo anode and photo cathode submerged in an electrolyte for ionic conductivity encased in the cell for evacuating the products. On the other hand, the expectation of the efficient material will demand proper positioning of conduction band and valance band, less photo corrosion, less recombination and stability for scale up studies. This chapter will summarize on materials and cell design for its accomplishments, and hurdles of PEC water splitting.

Morphological modifications and nano structuring has to be done to increase the PEC performance by either improving the charge transport property or enhancing the photogeneration of charges.
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Fig 1: A schematic illustration of the photoelectrochemical water splitting process

1. Basic requirement of a cell for water splitting 
2. Challenges in designing of cell 
3. Requirements for design for photo anode 
4. Requirements for design for photo cathode 
5. Design configurations of PEC 
a) Type I: A single semiconductor material can be used either as a photoanode or a photocathode to perform water oxidation or reduction.
b) Type II: Two or more semiconductors are often coupled for better utilisation of the solar spectrum and efficient charge carrier separation. Configuration (b), i.e. type II, is the heterojunction photoelectrode PEC device. In these systems, secondary semiconductors are loaded onto the primary absorber to improve light absorption and charge separation.
c) Type III: The complete cell contains two light absorbers: a photoanode for water oxidation and a photocathode for water reduction. (wire PEC tandem cell)
d) Type IV: Wireless PEC tandem cell 
e) Type V: PV PEC tandem cell
f) Type VI: PV electrolyser cell

· Material modification to configuration design – A comparison based on its efficiency 
· Single compartment cell vs H cell configuration for PEC water splitting 
· Wired vs wireless configuration 
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