Solar-driven fuel production using semiconductor photocatalysts
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= Optoelectronic materials detect, convert, and control light
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= Carbon-neutral energy systems for fuels and chemicals
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= Routes for Solar-to-Hydrogen Conversion
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= Photocatalytic Solar H, production: a scalable approach
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= |nherent problem with photocatalysis
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s Bulk-heterojunction (BHJ) organic photocatalysts

. Hydrogen evolution reaction
(HER) co-catalyst

‘ Oxygen evolution reaction
(OER) co-catalyst
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See recent demonstrations of this concept: Nature Materials 2020, 19, 559-565
Nature Energy 2022, 7, 340-351
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= Towards organic semiconductors for solar H, production
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Molecular engineering of chemical
structure affords tuning of
optoelectronic properties !

Can organic semiconductors
attain stable operation under
photocatalytic or

photoelectrochemical operation
?




m Can a direct BHJ/water junction photocathode be stable?
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® |nsights into stability of BHJ with electron scavenger
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*Photogenerated electron accumulation at the BHJ/electrolyte interface causes chemical damage

*If charge accumulation can be kept low, (order of 100 nC cm™2), stable (>12h) photocathodes are possible
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“Dark” electro-catalysis
(on FTO)
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= Large area demonstration
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= A BHJ photoanode for O, evolution
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= Phoatocathqge/photoanbode tandem cells

[Back] under operation
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= Mini-emulsion synthesis of BHJ nanoparticles

High shear
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O CO n Cl U S | O n S a n d S U m ma ry Key factors to advance semiconductors

for direct solar-driven water splitting:

* Scalable and high-performance
semiconductor systems are needed to
realize viable PEC or PC systems

Photoelectrochemical Photocatalytic

@
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Optimizing molecular structure, defect
concentrations and
mechanical/electronic aspects of
semiconductor interfaces can
drastically improve performance
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Photocathode

* Built-in charge separation mechanisms

OEP ® OERcat.  are needed for high-performance PC
% HER cat. systems

Photoanode

* For organic semiconductors PC
stability on the year timescale has yet
to be demonstrated
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Solar Energy for Carbon-Free Liquid Fuel
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