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            Abstract
Transition state search is key in chemistry for elucidating reaction mechanisms and exploring reaction networks. The search for accurate 3D transition state structures, however, requires numerous computationally intensive quantum chemistry calculations due to the complexity of potential energy surfaces. Here we developed an object-aware SE(3) equivariant diffusion model that satisfies all physical symmetries and constraints for generating sets of structuresâ€”reactant, transition state and productâ€”in an elementary reaction. Provided reactant and product, this model generates a transition state structure in seconds instead of hours, which is typically required when performing quantum-chemistry-based optimizations. The generated transition state structures achieve a median of 0.08â€‰Ã… root mean square deviation compared to the true transition state. With a confidence scoring model for uncertainty quantification, we approach an accuracy required for reaction barrier estimation (2.6â€‰kcalâ€‰molâ€“1) by only performing quantum chemistry-based optimizations on 14% of the most challenging reactions. We envision usefulness for our approach in constructing large reaction networks with unknown mechanisms.
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                    Fig. 1: Overview of equivariant diffusion models (EDMs) for generative molecular system sampling.


Fig. 2: Object-aware SE(3) equivariance and its implementation based on SE(3)-equivariant GNNs.


Fig. 3: Analysis of samples generated by OA-ReactDiff on select elementary reactions.


Fig. 4: Evaluation of structural similarities for TS structures generated by OA-ReactDiff and true TS structures.


Fig. 5: Energetic performance for OA-ReactDiff plus recommender TS structures.



                


                
                    
                
            

            
                Data availability

              
              The Transition1x dataset55 used in this work can be found at GitLab, https://gitlab.com/matschreiner/Transition1x, with https://doi.org/10.6084/m9.figshare.19614657.v4. Source data are provided with this paper.

            

Code availability

              
              Codebase for OA-ReactDiff is available as an open-source repository on GitHub for contiguous development, https://github.com/chenruduan/OAReactDiff. A stable version of the code56 used in this work is available at Zenodo, https://doi.org/10.5281/zenodo.10054963.
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