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Harnessing the power of water
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$18,315/kg $155,727/kg

Ru: $24,113/kg Ir: $181,651/kg



The Open Catalyst Project 2022

Fundamental AI 
Research (FAIR)

Tran, R., Lan, J., Shuaibi, M., Wood, B. M., Goyal, S., Das, A., Heras-Domingo, 
J., Kolluru, A., Rizvi, A., Shoghi, N., Sriram, A., Therrien, F., Abed, J., 
Voznyy, O., Sargent, E. H., Ulissi, Z., & Zitnick, C. L. (2022). ACS 
Catalysis, 13, 3066–3084. https://doi.org/10.1021/acscatal.2c05426
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Database scope

# Predictions 6,068,572

# Materials 4,119

# Slab predictions 191,902

Ave. # slabs per material 47

# Adsorption predictions 5,876,670

Max Miller index 1

OH* O* OOH*

1,972,166 667,266 3,237,238

OC22 DFT dataset OC22 prediction dataset

All data available at UH 
Dataverse Repository under:

https://doi.org/10.18738/T8/APJFTM

We can substitute Δ𝐺𝑂𝑂𝐻∗
 with:

Δ𝐺𝑂𝑂𝐻∗
= Δ𝐺𝑂𝐻∗

+ 3.26



High throughput screening

Activity

Metastability
Cost

Pourbaix stable

Surface stable

OC22

Materials project information

Machine learning prediction 



• Top 5 lowest Ehull 
• Max # of atoms in bulk: 150
• 1720 bulks with U-values
• Unary bulks: 318
• Binary bulks: 4,414
• Total bulks: 4,732

OC22 dataset



Pourbaix stability

surface 
passivation 
Δ𝐺𝑃𝐵𝑋 < 0.5 𝑒𝑉

metastability 
Δ𝐺𝑃𝐵𝑋 < 0.2 𝑒𝑉

𝚫𝐆𝐏𝐁𝐗 𝐩𝐇 = 𝟏, 𝐔 = 𝟏. 𝟖, 𝐓 = 𝟖𝟎𝐨𝐂 < 𝟎. 𝟓 𝐞𝐕 

𝚫𝐆𝐏𝐁𝐗 from Materials Project:
Jain, A., Ong, S. P., Hautier, G., Chen, W., Richards, W. D., Dacek, S., 
Cholia, S., Gunter, D., Skinner, D., Ceder, G., & Persson, K. A. (2013). 
APL Materials, 1(1), 011002 1. https://doi.org/10.1063/1.4812323

Singh, A. K., Zhou, L., Shinde, A., Suram, S. K., Montoya, J. H., 
Winston, D., Gregoire, J. M., & Persson, K. A. (2017). 
Electrochemical Stability of Metastable Materials. 
Chemistry of Materials, 29(23), 10159–10167. 
https://doi.org/10.1021/acs.chemmater.7b03980



Surface stability
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OER activity (overpotential)

Δ𝐺𝑅𝐷𝑆 = max(Δ𝐺1, Δ𝐺2 − Δ𝐺1, Δ𝐺3 − Δ𝐺2, Δ𝐺4 − Δ𝐺3, )

Overpotential: 𝜂𝑂𝐸𝑅 = Δ𝐺𝑅𝐷𝑆 − 𝑈𝑂𝐸𝑅
0

Man, I. C., Su, H.-Y., Calle-Vallejo, F., Hansen, H. A., Martínez, J. I., Inoglu, N. G., 
Kitchin, J., Jaramillo, T. F., Nørskov, J. K., & Rossmeisl, J. (2011). 
ChemCatChem, 3(7), 1159–1165. https://doi.org/10.1002/cctc.201000397
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Metastability

Ehull < 0.2 eV

Ehull from Materials Project:
Jain, A., Ong, S. P., Hautier, G., Chen, W., Richards, W. D., Dacek, S., 
Cholia, S., Gunter, D., Skinner, D., Ceder, G., & Persson, K. A. (2013). 
APL Materials, 1(1), 011002 1. https://doi.org/10.1063/1.4812323

Metastability limits:

Aykol, M. et al. (2018). Science 
Advances, 4(4), 1–8. 
doi.org/10.1126/sciadv.aaq0148



Material cost

Cost < $18,315/kg

IrO2RuO2

$18,315/kg $155,727/kg

Ru: $24,113/kg Ir: $181,651/kg



Final candidates



Limitations of Pourbaix stability

68/47,814 stable candidates!

Gunasooriya, G. T. K. K., & Nørskov, J. K. (2020). Analysis 
of Acid-Stable and Active Oxides for the Oxygen 
Evolution Reaction. ACS Energy Letters, 5(12), 3778–
3787. https://doi.org/10.1021/acsenergylett.0c02030

Wang, Z., Zheng, Y. R., Chorkendorff, I., & Nørskov, J. K. (2020). Acid-
Stable Oxides for Oxygen Electrocatalysis. ACS Energy Letters, 
5(9), 2905–2908. https://doi.org/10.1021/acsenergylett.0c01625

17 candidates w/ ηOER < 0.8 eV
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Overpotential assessment

Are there other oxides with low 
overpotential that are unstable? Is 
there a way to synthetically access 
these candidates?



Nanoscale stabilization

𝐺𝑓
𝑁𝑃 = 𝐸𝑉 𝑝𝐻, 𝑉, 𝑇

4

3
𝜋𝑟3 + ҧ𝛾(𝑝𝐻, 𝑉, 𝑇, Δ𝜇𝑀)(4𝜋𝑟2)

Bulk scaleNanoscale
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Revised screening mechanism

Not bulk stable,
but nanostable



Alternate screening mechanisms
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Validation
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Gunasooriya, G. T. K. K., & Nørskov, J. K. (2020). Analysis 
of Acid-Stable and Active Oxides for the Oxygen 
Evolution Reaction. ACS Energy Letters, 5(12), 3778–
3787. https://doi.org/10.1021/acsenergylett.0c02030



Conclusion

• We have created a database of ML predicted TOTAL DFT 
energies for bare and adsorbed surfaces of oxides for OER

• Doing so allows us to perform complex surface analysis that 
typically requires enormous amounts of DFT calculations:

• Prediction of overpotential

• Prediction of Wulff shapes

• Prediction of nanoscale stability

• The available of such analysis without the need of DFT allows 
us to construct complex screening frameworks for identifying 
oxides for OER

• Identified 81 viable candidates for OER, with 40 additional 
candidates when considering nanoscale stabilization
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