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Machine Learning Descriptors for Catalytic Electron Donation :
Predicting Adsorption Energies and Limiting
Potentials in Nitrogen Fixation

ZHAO Ying", YANG Haidi"?, CHAI Yuchun'?, GAO Shuaishuai',
YUAN Pengfei', CHEN Xuebo'™
(1. Shandong Laboratory of Advanced Materials and Green Manufacturing at Yantai, Yantai 264000, China;
2. Yantai Research Institute , Harbin Engineering University, Yantai 264000, China;
3. College of Chemistry, Beijing Normal University , Beijing 100091, China)

Abstract In this work, a series of CN-B@M, catalysts composed of B and bimetallic atoms with nitrogen reduction
reaction (NRR) activity were screened by high-throughput density functional calculations. CN-B@Fe,, CN-B@Tc,,
CN-B@Os,, and CN-B@Re, were considered as catalysts with good selectivity and NRR activity, with the limiting
potentials (U, ) of —0.24, —0.34, —0.31 and —0.38 V, respectively. Calculation results show that the adsorption
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configuration of N, at B@M, shows a periodic evolution, and adsorption configuration and energy are regulated by

d-band center. U, shows a volcanic distribution with adsorbed N, charge. B@M, catalyst with moderate electron donor
capacity shows excellent NRR activity. Descriptor @ used to describe electron donating ability is constructed by
quantifying atom electronic properties and topology structure of catalysts. @ shows a strong linear correlation with
adsorption energy, and describes limiting potential of NRR by volcano diagram. @ and intrinsic properties of catalyst
are used as features to predict the adsorption energy and U,. Gradient boosting regression (GBR) is considered the
most appropriate method for building a machine learning prediction model due to an R* of 0.99. This work provides
novel insights into the design of rational and efficient NRR catalysts and construction of their descriptors.

Keywords Nitrogen reduction; High-throughput computing; Machine learning; Descriptor of supply electrons
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Fig. 1 Modeling details(A) and screening procedures(B) of CN-B@M, catalysts

AIMD: Ab initio molecular dynamics.
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Fig.2 Formation energy of all CN-B@M, catalysts(A), adsorption energy of H" and N, in all CN-B@M,
catalysts(B) and the most stable adsorption configuration of N, on all N-B@M, catalysts(C)
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Fig.3 d Band centers for all catalyst(A), differential charge density distribution of N, after adsorption to
CN-B@Sc,, CN-B@V,, CN-B@Fe,, CN-B@Ni, and CN-B@ Cu,(B)
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Fig. 4 Density of states(DOS) of N, before(A, C, E, G, I) and after(B, D, F, H, J) adsorption on CN-B@Sc,(A, B),
CN-B@V,(C, D), CN-B@Fe,(E, F), CN-B@Ni,(G, H) and CN-B@Cu,(], J) catalysis
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Fig. 5 Temperature fluctuations in AIMD simulations for 10 ps(A) and structure of catalyst
before and after 10 ps AIMD simulation(B)
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Fig. 6 NRR reaction paths on CN-B@Fe,(A), CN-B@Tc,(B), CN-B@Re,(C) and CN-B@Os,(D)

Insets: structural diagram represents the adsorption configuration of each step of reaction.
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Fig. 8 Feature importance analysis of descriptor(A) and prediction of adsorption energy under GBR method(B),

feature importance analysis of descriptor(C) and prediction of U, under GBR method(D)
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