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Recently, photoelectrochemical splitting of water over semiconductors attracted a lot of
attention, because it provides an effective approach to convert solar energy into hydrogen for
solving current energy crisis. It has been argued that, by doping other element or preparing
special surface morphology, the photoelectrochemical properties of the single layer electrode

for water splitting have been improved a lot. However, the energy transfer efficiency of this
process is still quite low for the application in industry. Two reasons caused this result: high
external voltage is necessary for overall water splitting because the band structure of most of
the semiconductors is not fit for the hydrogen and oxygen generation at the same time; poor
light absorbance and short electron transfer distance limit the further improvement of the
photoelectrochemical properties. In this study, we focused on the iron based semiconductor
materials and tried to improve their photoelectrochemical properties. For this purpose, single
layer iron based oxide electrodes, which perform strong absorption of visible light, was
prepared for high-efficient photoelectrochemical oxygen generation or hydrogen generation.
Then the tandem cell and the multi-layer electrodes were fabricated by combining several iron
based oxide materials for solving the problems of high external voltage and short electron
transfer distance.
Firstly, iron oxide photoelectrodes were prepared using pulsed laser deposition (PLD).
The dependences of photocurrent density on post-annealing O, pressure, thickness, heating
| temperature, and surface morphology were investigated in detail. The a-Fe;Os thin film of 70
nm thickness prepared using the SiO; sphere template method with post-annealing under O,
pressure of 160 Pa at 550°C showed the highest photocurrent density (275 pA/cm®) under
AML.5 solar simulated light irradiation. It was demonstrated that Fe** doping, good
crystallization, and thin film thickness were favourable to the electron transfer so that the
a-Fe;04 electrode perform quite good photoelectrochemical properties of oxygen generation.
Secondly, the p-type CaFe,O4 nanofilms with a thickness of about 100 nom on FTO were
fabricated by the same method at a relatively low temperature. It has been found that these
CaFe,0, thin films exhibit high photoelectrochemical performances (-117 uA/cmz at -0.3 vs.
SCE) for the hydrogen generation reaction even without any external voltage. Furthermore, a
tandem cell was composed by the n-Fe,O; electrode as the anode for oxygen generation and
p-CaFe;0, electrode as the cathode for hydrogen generation. It was indicated that the tandem
cell mode can increase the photocurrent density and decrease the external voltage. By
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composing the tandem cell, the electrons from the low conduction band of Fe,0O3 electrode
recombine with the holes from the valance band of CaFe,0, electrode. The rest electrons on
the conduction band of CaFe,0, electrode and holes on the valance band of Fe,Oj3 electrode
exhibit high reducing and oxidizing ability respectively, so compared with single layer
electrode, tandem cell just need a smaller external voltage for water splitting,

After that, we fabricated p-CaFe,04/n-ZnFe,0, heterojunction electrodes using pulsed
laser deposition method and demonstrated the influence of the electric field to the
photo-induced electron-hole transfer. Under the effect of the photovoltage of the p-CaFe,04
layer, the electric field in the p-CaFe,04/n-ZnFe,0, heterojunction was reversed and the
electron-transfer from n-ZnFe,0, to p-CaFe,04 was realized, which is quite favorable to the
hydrogen generation on the surface of the p-CaFe,O, layer. Furthermore, multi-layer
p-CaFe,04/n-ZnFe,04 electrodes with the thickness of about 10 nm for each layer were
prepared. High open circuit potential up to 0.82 V was realized at the conduction of AM1.5
light irradiation and 0.1 M Na,SO, electrolyte for the first time. The photocurrent density
without any external voltage was also enhanced a lot. The multi-layer structure has several
electric fields inside the electrode, which provide the drive of the electron transfer and
electron-hole separation. The high photovoltage generated by the p-n junctions also provides
the necessary voltage for water splitting, As a result, the multi-layer structure exhibits the
function of decreasing external voltage and enhancing electron transfer at the same time.

In conclusion, several kind of iron based oxide electrodes were fabricated by PLD method.
In the case of single layer electrodes, the photoelectrochemical properties were improved by
modifying the factors, which influence the electron transfer. By utilizing the tandem cell
mode, the external voltage was decreased and the photoelectrochemcial properties were
enhanced furtber. The multi-layer p-CaFe,04/n-ZnFe,0, electrodes provide a completely new
approach to drive the electron transfer and decrease external voltage. A high photocurrent
density was observed on multi-layer p-CaFe,Q4/n-ZnFe,0, electrodes without any external
voltage.
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