Helping catalysts breathe:
Accelerating bubble release improves
water electrolysis performance

Water electrolysis transforms water into hydrogen and oxygen
gas. Now, ICFO researchers and collaborators have engineered
the catalyst interface to tackle oxygen bubble accumulation,
improving electrochemical performance. The strategy, published
in ACS Catalysis, offers a path toward more efficient green
hydrogen generation.
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Hydrogen, if efficiently produced through water electrolysis, could become a major clean
energy carrier for decarbonizing our society. One often overlooked challenge in water
electrolysis, though, is the formation of oxygen bubbles at the anode, particularly under
acidic conditions and at high current densities. Bubble build up blocks active sites,
restricting water access to the catalyst surface and, consequently, degrading overall

performance.
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ICFO researchers, Aparna Das, Dr. Viktoria Golovanova, Dr. Anku Guha, Adrian Pinilla

Sanchez, Tengyu Chen, Dr. Lu Xia, Ranit Ram, Andrea Rogolino, Dr. Kaiwen Wang, led by
Prof. F. Pelayo Garcia de Arquer at ICFO, have now developed a strategy that mitigates the

problems associated with bubble accumulation. By engineering oxygen vacancies (a spot in
the material where an oxygen atom is missing), interfacial water is better adsorbed at the
catalyst surface. This promotes oxygen bubble detachment and suppresses the instabilities
these bubbles induce, thereby improving electrochemical performance. The study, recently
published in ACS Catalysis, was conducted in close collaboration with Prof. Jordi Arbiol at the
Catalan Institute of Nanoscience and Nanotechnology (ICN2) and Prof. Nuria Lopez at the
Institute of Chemical Research of Catalonia (ICIQ), as well as the University of Bayreuth and
ALBA Synchrotron Light Source.

To achieve these results, the team engineered a ruthenium oxide-cerium oxide (RuOx-CeOx)
catalyst as the anode in a water electrolyzer . Compared with a RuOx control catalyst, the
bubbles that formed were four times smaller and the operating voltage was lower, which
translates into energy savings. This is because CeOx acts as an oxygen buffer at the catalyst
surface: it promotes the formation of oxygen vacancies, increases water availability and
accumulation, and speeds up bubble detachment. i %Although oxygen-vacancy formation

s commonly regarded as a source of instability in ruthenium oxides, our results show that

t can also be beneficial in terms of providing adequate water to the interface at hi

h currents,ii¥ explains Aparna Das, first author of the arti

le. The team also observed improved performance when using iridium oxide-cerium oxide (krO
-CeOx) systems, suggesting that the strategy could be extended to other catalysts combined
with cerium oxide, a generalization the team plans to explore in the coming years.

Overall, this work highlights the importance of considering interconnected phenomena in
electrocatalysis and underscores how fundamental surface properties can shape macroscale
performance metrics. i;%By revealing a strong correlation between oxygen vacancies, wat

r coverage, bubble dynamics, and catalytic activity, we offer a promising strategy f

r engineering more efficient catalyst-electrolyte interfaces,i; says Prof. Pelayo Garci

de Arquer, who led the study. i;%This, we believe, will be essential if we want to produce
green hydrogen through water electrolysis under industrially relevant conditio
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Illustrations comparing oxygen bubble dynamics
during the oxygen evolution reaction (OER) on RuOx
and RuOx-CeOx catalysts and revealing macroscale
differences. Source: ACS Catalysis.



