
Data-driven Catalytic Descriptor Identification and 
Mechanism Understanding 

Scientific Achievement
A data-driven machine learning (ML) framework was
developed to predict the catalytic behaviors based on 
descriptors accurately and insightfully.

Research Details
• ML surrogate model enabled identification of effective 

descriptors and accurate prediction of catalytic activity.
• Model-agnostic interpretation method unraveled the role of 

descriptors and promoted the mechanic understanding of 
reaction kinetics.

Significance and Impact
Accurate descriptor identification and performance 
prediction is of great important, but challenging in
catalysis. The developed ML framework captures the
non-local behaviors using the normalized second-order 
descriptors and demonstrates higher accuracy and
efficiency to predict catalytic activities than the typical
derivative-based methods.
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The calculations was performed using the computing resources at the
Center for Functional Nanomaterials, Brookhaven Nation Laboratory
and the National Energy Research Scientific Computing Center.

Schematic for the proposed data-driven framework, a case study 
of identifying and interpreting activity-controlling descriptors in 

CO hydrogenation to methanol over Cu-based alloys.
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Presentation Notes
Accurate identification of activity-controlling descriptors is of vital importance in catalysis. It can help to develop a quantitative insight into the nature of active site and underlying reaction mechanism, to generate explanative and predictive design rules , and thus to guide the screening and rational optimization of catalysts. The derivative-based sensitivity analysis methods are typically used, but they are only informative at the reference point where they are computed. Furthermore, they can only vary one factor at a time and thus are not able to capture the complex interaction between elementary steps. To overcome these drawbacks, by combining DFT, kinetic Monte Carlo (KMC) simulation and ML method  we developed an alternative framework using data-driven ML model.  For the case study, CO hydrogenation to methanol on Cu alloys, it Identified the effective descriptors, which are accurate enough to ensure the ML model to predict the catalytic activity more accurately than the traditional derivative-based methods.•    Enhanced capability based on the ML model to capture the non-local catalytic behaviors introduced by the interaction between different elementary steps via the second-order descriptors. •    Unraveled the role that each identified descriptor plays in controlling the reaction kinetics by using the model-agnostic interpretation tools, which provides new insight into the promoting effect from one catalyst to the next.Such framework can also be applied to address more complex kinetics and catalysts, e.g. CO2 hydrogenation on Cu-oxide systems, which is ongoing.Funding details for all sources:Acknowledgements: The research was supported by the Division of Chemical Sciences, Geosciences, & Biosciences, Office of Basic Energy Sciences and carried out at Brookhaven National Laboratory, operated under contract DE-SC0012704 with the US Department of Energy. The DFT and ML calculations were performed using computational resources at the Center for Functional Nanomaterials (CFN), which is a U.S. Department of Energy Office of Science User Facility, at Brookhaven National Laboratory, and at the National Energy Research Scientific Computing Center (NERSC), a U.S. Department of Energy Office of Science User Facility located at Lawrence Berkeley National Laboratory, operated under Contract No. DE-AC02-05CH11231.Publication:W. Liao, P. Liu. Catal. Sci. Technol., 2022, DOI: 10.1039/D2CY00284A Press releases:https://www.bnl.gov/newsroom/news.php?a=119577; https://news.stonybrook.edu/student-spotlight/chemists-develop-new-machine-learning-framework-to-improve-catalysts/
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