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OER: 2H20 - 02 + 4‘H+ + 4e”

HER: 4H* + 4e™ - 2H,
2H20 - 02 + 2H2
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Oxygen evolution reaction and overpotential

Udgr = 1.23V vs SHE,

Man, I. C,, Su, H.-Y., Calle-Vallejo, F., Hansen, H. A., Martinez, J. I., Inoglu, N. G., Kitchin, J., Jaramillo, T. F., Ngrskov,

J. K., & Rossmeisl, J. (2011). ChemCatChem, 3(7), 1159-1165. https://doi.org/10.1002/cctc. 201000397 4U00ER =492V
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(0) (1) (2) Ue- = —eU

I'lHZO = GHZ Ow

AGRDS = maX(AGl, AGZ — AGl, AGg — AGz, AG4 — AGg,)

Overpotential: ogr = AGrps — UdEr




The Open catalyst project 2022

Open Catalyst 2022 (OC22) Dataset

Contains: i & Applications: Tran, R, Lan, J., Shuaibi, M., Wood, B. M., Goyal, O O H
Adsorbate 0, H,0 = S., Das, A., Heras-Domingo, J., Kolluru, A., .
coverage o . Rizvi, A., Shoghi, N., Sriram, A., Therrien, .
Water splitting, F., Abed, J., Voznyy, O., Sargent, E. H.,

O,H,N,C, 2 fuel cells Ulissi, Z., & Zitnick, C. L. (2022). ACS ~ HO
OH, OOH, Catalysis, 13,3066—-3084. 2
H,0O, CO, O P R ; : : i

2 2 : 1% Balaries https://doi.org/10.1021/acscatal.2c05426
Spln » E : -
polarization ¢ -H * 5 e ; E H,

- | production

Vacancy
Hetests Equilibrium

) ! nanoparticle
Binary oxides shape
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ML metric and performance
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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

Model: GemNet-OC

OC20 models finetuned with OC22 data

Structure to energy and forces (S2EF) model

Energy MAE: 0.260 eV (in domain), 0.943 eV (out of domain)
Average prediction time: 5 seconds per prediction
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Database scope for comprehensive set

0C22 framework | Database so far Complete
database

Bare slab 19,142 49,018 240,000
Adsorbed slab 43,189 1,763,134 7,000,000
(O*, OH*, OOH*)
Facet scope max(hkl)=3 (rand)  max(hkl)=1 (all)
Total 62,331 1,812,152 7,240,000

* Purpose of OC22 dataset: Ensemble of randomly chosen
slabs/adsorbates/coverages/and sites used for training ML models

* Purpose of current database: Provided comprehensive ensemble of all
slabs and sites for single molecule adsorption for analysis and screening
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Application 1:




OC22 dataset

Fe SrMn Al ZnCa Cr Ti Ni Y W MoCo SeNa V GaAg K Re Tl Os Pt Cs Pd Rh
h L

* Top 5 lowest E; * Unary bulks: 318
« Max# of atomsin bulk: 150 < Binary bulks: 4,414
e 1720 bulks with U-values e Total bulks: 4,732

c@x@ The Materials

Project  gemame
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Material cost

M5 Mph 2rd:4r TV WHzGnze N Y Sodg B RBe TIUs P Ts Pd 3

R Pl
P.: Rl
Pt :I"
[+ i
Cost (3,983)/ n
e
K [y
’:"9 Ir

=]

Cost < $18,315/kg v

o ITa
E | ¢
(i}
.. M-
wn .
W L= r
e
N 4
i Al
. St
li ] [
] il
1: Ma
-,
L
RuO £n a
2 2l -
Fh
Mn

S

$18,315/kg il | b

RU: $24’ 113/kg Ba 5 PEOd Li Wale SE Bi 54 2rHaHg s Ceba 15 Hf Sesc Le Suas Ko




Metastability

Ey,i 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
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PO u r b ai X Stab i I i ty Singh, A. K., Zhou, L., Shinde, A., Suram, S. K., Montoya, J.

H., Winston, D., Gregoire, J. M., & Persson, K. A.
(2017). Chemistry of Materials, 29(23), 10159-10167.
https://doi.org/10.1021/acs.chemmater.7b03980

surface passivation
AGPBX < 0.5eV

metastability AGpgy < 0.2 eV

Fe SrMn Al ZnCa Cr Ti Ni Y W MoCoSeNa V GaAg K Re Tl Os Pt Cs Pd Rh

ol
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Ca (Mg
Li
Zn [
AGpgy from Materials Project: “ o
Jain, A., Ong, S. P., Hautier, G., Chen, W., Richards, W. D., Dacek, S., Sr i ISi
Cholia, S., Gunter, D., Skinner, D., Ceder, G., & Persson, K. A. (2013). Fe A T T T T T T T T Ba
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Surface selection
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B @ Gunasooriya and Na@rskov
® 0C22

Overpotential / activity
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Overpotential / activity

Fe SrMn Al ZnCa Cr Ti Ni Y W MoCoSeNa V GaAg K Re Tl Os Pt Cs Pd Rh
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Candidates

Cl‘CuOZ COSCUO8 Be3Zn04 CaSe03 VAg304_ Cu4Pt05 Mn2V207
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(3,819) t G,
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(49,018 5,489 terminations) \_ . :
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Noer (V) 0.39 0.56 0.57 0.56 0.39 0.60 0.52

Nokr (V) 0.28 0.71 0.41 0.54 0.58 0.42 0.41
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Application 2:




0.00
Dauenhauer, P. J., Ardagh, M. A,, Shetty, M., Kuznetsov, A., Zhang, Q., Christopher, P., Vlachos, D. G., & .
Abdelrahman, O. A. (2020). Chemical Science, 11(13), 3501-3510. https://doi.org/10.1039/c9sc06140a 0.25 - : 773115211%"‘0-37 14
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Candidates

plractical L0.4 v t0 0.3V
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Summary

* Constructed a database of ML (OC22) predictions of total
energy of surfaces and OER intermediates for all in domain
materials considered in OC22.

* Implement high-throughput screening framework to identify 17
materials with competitive overpotential and cheaper material
cost relative to Ir0, and Ru0,

* Developed a framework for identifying 4 materials that can
possibly exceed the Sabatier Limit via dynamic catalysis.
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