A versatile, scalable, and facile aqueous route towards CuBi2O4 photocathodes and green hydrogen
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Abstract
Although solar energy is the cleanest and most abundant energy source available on the planet, the use thereof is hindered by its intermittent nature. The ability to harness and conserve the solar energy is of utmost importance to guarantee a continuous supply in order to satisfy our energy demands. Artificial photosynthesis is a promising and upcoming technology to store the captured solar energy into energy-dense chemicals such as hydrogen, methanol or formic acid.[1] Such a solar-energy-to-chemical-energy conversion could be achieved at high efficiency through the use of photo-electrochemical devices. Herein, via the absorption of solar photons, semiconducting photocathodes or photoanodes (or a combination thereof) generate electrons and holes, that are capable to reduce water to hydrogen gas (H2) or to oxidize water to oxygen gas (O2) respectively. 

Copper-based p-type semiconductors (Cu2O, CuBi2O4, CIGS, CZTS, etc.) take a prominent role as a photocathode due to their abundance, high theoretical photocurrents, and tunable bandgaps (1.0 to 3.5 eV).[1][2] Ideally, visible solar radiation should be absorbed by the photoelectrode to maximize the device’s potential, limiting the bandgap to the 1.5 to 1.8 eV range. A good candidate is the spinel-type mixed copper bismuth oxide CuBi2O4. The oxide displays a suitable bandgap of around 1.6-1.8 eV (~700nm onset) with a suitable conduction band edge for the reduction of protons to hydrogen gas. [3] 

In recent work, the synthesis of CuBi2O4 occurs mainly through techniques such as pulsed laser deposition (PLD), atomic layer deposition (ALD), spray pyrolysis, electrodeposition, spin-coating, drop-casting, often requiring environmentally unfriendly organic solvents such as ethanol and acetic acid.[3] In this work, we develop a facile and versatile aqueous solution-gel route to deposit CuBi2O4 thin films on TCOs, omitting the use of harmful organic solvents. The aqueous route promotes the fine-tuning of the CuBi2O4 such as the elemental composition (Cu/Bi ratio), the thickness of the deposited layers, facile and homogeneous introduction of dopants, etc. The deposited layers can easily be varied from 30 to 500 nm thickness to optimize the balance between the charge carrier lifetime and light absorption. The influence of the aqueous precursor’s composition (Cu/Bi ratio) on the formation of crystalline CuBi2O4 on the FTO substrate and the suppression of side-phase formation is analyzed by X-ray diffraction, and further supported by Raman spectroscopy. UVVIS spectroscopy reveals the optical properties of the deposited semiconductor films. The electrochemical properties such as charge carrier mobilities are analyzed and compared to the state-of-the-art. Lastly, the photo-electrochemical performance towards the hydrogen evolution is analyzed with a solar simulator. 
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