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Abstract: Transition metal oxide electrocatalysts for oxygen evolution reaction (OER) suffer from
deactivation due to dissolution of materials. Herein, we report the stability of OER electrocatalysts can be
improved by anodic deposition of CeOx layer without changing the activity of catalysts underneath. Because
CeOy layer showed permselectivity which suppresses redox ions to diffuse through while it allows the OH™
to evolve O,, we attribute the improved stability to its permselectivity preventing dissolution of catalysts.
This approach can be applicable for NiFeO, and CoO;, suggesting its universality and opening up a noble
strategy to develop durable catalysts.
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1. Introduction

Highly active and durable OER electrocatalysts are required for sustainable H, production from water
splitting reaction. Although many transition metal (hydr)oxides consisting of abundant elements, such as
NiFeO,, are active catalysts in alkaline solution, it is reported to degrade gradually during electrolysis
associated with gradual dissolution of active sites.! For example, Speck et al. observed that the content of
iron decreased after stability test at 200 mA cm* for 24 h and they suggested that iron leached out as
FeO,*".'* Here, we present a noble approach to improve the OER stability by anodic deposition of a
permselective CeOx layer, uniformly coating on the electrocatalysts.

2. Experimental

NiFeO, was prepared on a Au coated fluorine doped tin oxide (FTO) substrate by cathodic deposition®
at =20 mA cm” for 2 min in a solution containing 9 mM NiSO4:7H,0, 9mM FeSO4-7H,0, 50 mM NH,OH
and 25 mM H>SO4. CeOx layer was deposited on NiFeOy by applying constant anodic potential of 1.1 V vs.
Ag/AgCl in a deposition solution containing 0.4 M Ce(NOs);-6H,O and
0.4 M CH3;COONHS; for 6 h adapted from a previous report.* pH of the
deposition solution was adjusted to 7 by adding NaOH solution. All the
depositions were performed under flow of Ar.

Electrochemical measurements were performed using a BioLogic
VMP3 potentiostat. Hg/HgO (1 M KOH) and Ag/AgCl (Saturated KCI)
were used as reference electrodes in alkaline and neutral solution,
respectively. The potentials were reported with respect to the reversible
hydrogen electrode (RHE). R, was obtained by impedance spectroscopy
and the reported potentials were iR,-corrected. Amount of O gas evolved
from a gas tight electrochemical cell was quantified with a gas
chromatograph equipped with a TCD detector (GC-8A; Shimazu Co. Ltd).

3. Results and discussion

Cross-sectional SEM image shows that the CeO, layer was formed
on NiFeQO, uniformly with a thickness 100-200 nm (Fig. 1a). TEM image
revealed that the layer contained nanoparticle aggregates and voids within
the layer were observed (Fig. 1b). The overpotential of bare NiFeO,

Figure 1. (a) cross-sectional SEM
image of CeO./NiFeOs. (b) High
resolution TEM image of CeOx layer.



increased by 60 mV during stability test in 1 M KOH at 20 mA cm > for 96 h while that of CeO./NiFeO,
increased by ~10 mV suggesting that deposition of CeO, layer successfully improved the stability of NiFeO,
catalayt (Fig. 2a). Notably, when we compare the overpotential at the beginning of the stability test, there is
no significant difference between bare and CeO,/NiFeOy, which indicates that the CeO. layer did not perturb
the activity towards OER. Tafel slope was also maintained ~40 mV dec™" after the deposition of CeO, layer
suggesting that reaction mechanism did not change by the presence of the CeOy layer.

To investigate the nature of CeO; layer in the electrolyte, Faradaic efficiency of O, was evaluated in
the presence of reducing agents with the corresponding Stokes radii which were estimated from diffusion
coefficients in aqueous solution’ (Fig. 2b). Clear improvement of selectivity was observed by the deposition
of CeOx in the presence of anions suggesting that charge plays a significant role for the diffusion through the
layer rather than the size of molecules. Among the different alcohols, it showed better selectivity in the
presence of bulkier alcohol, which implies that there is also a size exclusive effect. From these results, we
attribute the improved stability of CeO,/NiFeO, to the permselectivity which prevents the diffusion of
dissolved metal species to the electrolyte. The CeO, layer also improved the stability of CoOy in a neutral
phosphate buffer solution suggesting its universality towards different OER catalysts.
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Figure 2. (a) Stability test by controlled current electrolysis at 20 mA em Zin 1 M KOH. (b) Faradaic efficiency of Oz during

controlled current electrolysis at 10 mA cm 2in 1 M KOH in the presence of reducing agents with the corresponding Stokes radii.

4. Conclusions

Highly active and durable OER catalysts were developed by anodic deposition of CeOy layer. The
CeOy layer demonstrated the permselectivity which regulates the diffusion of redox ions while it allows OH™
and O, diffuse through. The improved stability was attributed to the permselectivity which prevents the
diffusion of dissolved metal species to the electrolyte. These results open up a new strategy to design
durable OER electrocatalysts under harsh oxidative conditions.
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