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Report: 
As proposed in the BAG project and after the encouraging results obtained in previous experiments on α-
Fe2O3/IrOx photoanodes (CH-4209) and in the first round of the present BAG proposal, we continue the 
spetro-photoelectrochemical investigation of photoelectrodes made of one or more components 
(architectures).  
In this second round, we focussed our attention onto Ni(OH)2/NiO(OH) electrocatalysts for oxygen evolution 
reaction in alkaline media and on its use as overlayer for an hematite (α-Fe2O3) n-type semiconductor. 
The (photo-) electrochemical cell coincides with the one adopted in the round-1 experiment and all 
experiments are carried out in 0.1 M aqueous NaOH. A Pt wire and a AgCl/Ag (in 1M KCl) were used as the 
counter and reference electrode. The visible light source was a 400 nm LED that can be controlled through 
the beamline software for precise timing and synchronization with the X-ray absorption acquisition system. 
All experiments were carried out in the fluorescent mode using a 13-elements detector.  
The materials under investigation were:  

1) Hematite semiconductor, prepared as reported in reference 1. The support is a 10mm X 20 mm X 1 
mm glass covered by a fluorine doped tin oxide film (FTO, purchased by Solaronix) 

2) Ni(OH)2 layers electrodeposited onto FTO by applying 16 mA/cm2 for 10 s. 
3) A composite photoanode made by electrodeposition of the Ni(OH)2 layer onto the hematite/FTO 

photoelectrode. 
The aims of the present experiments were: 

1) Study the hematite photoanode, i.e. detecting any oxidation state or local structure variation occurring 
in the hematite film in dependence on the applied potential and/or after illumination with 400 nm 
light. 

 



2) Study the electrochemical behavior of the Ni(OH)2 electrode, a system previously studied by operando 
electrochemial XAS2-4 but only in the framework of supercapacitors, thus not considering potentials at 
which water is oxidized to O2. The results and the conclusions will serve for the interpretation of the 
results obtained in 3). 

3) Study the complete system, thus detecting any sharge state or local structure modification of Ni when 
hematite is excited by 400 nm light.  

Part 1 didn’t lead to any observation of Fe charge state or local structure modification under illumination or 
under different applied potentials on hematite/FTO photoelectrodes. This is likely due to the fact that Fe 
surface/bulk atoms ratio is quite low (crystallytes are about 50 nm in size1) and photogenerated holes likely 
localize at the surface. On the other hand, part 2 and 3 were successful. 

 
Experiments on Ni(OH)2/FTO clearly highlighted a strong dependence 
on the Ni-K edge energy on the applied potential. Preliminary 
experiments were carried out using fixed energy X-ray absorption 
voltammetry5 at an energy correspondent to the maximum of the 
Ni(OH)2 spectrum, Figure 1, which highlighted a significant 
modification between 1.5 and 1.7 V vs. the reversible hydrogen electrode 
(RHE).  
Moreover, the electrochemically induced transition of  Ni(OH)2 to 
NiO(OH) is clearly apparent as reported in Fig.2. Interestingly, the 
spectra at 1.6 V is significantly different from that at 1.7V, the latter 
condition corresponding to the observation of high currents due to water 
oxydation. 
In part 3, spectra of Ni(OH)2/ α-Fe2O3/FTO composites were recorded 
under different applied potentials (namely, 0.5, 0.7 and 1.3 V vs RHE, 
i.e. the potentials indicated in Fig.1 by arrows) in the dark and under 400 
nm light. 

The results, reported in Fig. 3, clearly show that at 0.5 V the illumination 
of hematite has no influence on the Ni oxidation state, while at 
increasing potential a progressive oxydation of Ni(OH)2 into NiO(OH) is 
clearly detected.  
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Figure 1. FEXRAV of NiOOH/FTO 
at 8350.49 eV 
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Figure 2. XANES of NiOOH/FTO 
at three selected potential values 
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Figure 3. differential 
XANES spectra of NiOOH/ 
α-Fe2O3/FTO  


