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In a Nutshell 
To discover new catalysts for the oxygen evolution 
reaction (OER), we have made atomistic simulations 
of Iridium (Ir) doped ZrO2. This we have undertaken 
via an iterative workflow based around the 
interatomic potential MACE [1-2] in combination with 
density functional theory (DFT). 
 

Motivation 
The transition to renewable energy requires efficient 
energy storage and conversion. Hydrogen, 
production via water electrolysis in polymer 
electrolyte membrane (PEM) cells, offers a high 
efficiency storage solution and an ability to operate 
in a load-following mode [3-4]. However, its reliance 
on Iridium, which is scarce and expensive, for OER 
catalysts limits scalability. To address this, we have 
investigated Ir-doings into ZrO2 examples of which 
are shown in Figure 1, which is considered a non-
critical raw material by the EU [5]. 
 

Method 
An overview of the applied workflow is observed in 
Figure 2. The workflow is based on iteratively 
training an ensemble of MACE interatomic 
potentials, relaxing the atomic configurations of 
interest, evaluating these structures via DFT and 
retraining an ensemble with the new DFT 
calculations included as training data. This approach 
resembles methods deployed in previous studies [6-
7] where the interatomic potentials were based on 
the PaiNN [8] and NequIP [9] architectures. 
 

Conclusions 
For relaxing the monoclinic ZrO₂ surfaces (observed 
in Figure 1), we estimate a reduction of two-thirds in 
the required number of single-point DFT calculations 
as compared to relaxing the atomic structures solely 
using DFT. Additionally, although the employed 
method ensures structures with low forces are 
obtained within just a few iterations, the reduction of 
force magnitudes stagnates after five iterations. The 
process of achieving structures with forces below 
the threshold of 0.05 eV/Å (considered as relaxed) is 
thus slower. This is shown in Figure 3. 
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Figures 

 
Figure 1. Examples of studied monoclinic ( ̅111) surfaces, 
with different amounts of Ir-dopant in overlayer. 
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Figure 2. Overview of the applied workflow - see 
explanation in the text. 

 

 
Figure 3. Plot of the maximum force, obtained via DFT, 
across 256 atomic configurations for each iteration of the 
employed workflow for structure optimization. 

 
 


