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1. Introduction

Quantum chemical calculations have attracted significant attention as a tool for
the precise elucidation of complex, multi-step reaction processes, aiming to achieve
a fundamental understanding of reaction selectivity and catalytic function. In many
reactions classified under the concept of SReP, including organic, inorganic, and
polymer transformations, etc., the reaction pathways often involve flexible molecular
structures. These systems typically feature a wide range of conformers and isomeric
species that may contribute along the reaction pathway.

However, when dealing with structurally flexible systems of varying molecular
sizes, the computational cost and effort required for such exhaustive exploration
become significant bottlenecks. To address these issues, our research focuses on
the following objectives: (1) reducing the computational cost to enable reliable
mechanistic analysis across systems of varying sizes, thereby facilitating the
identification and design of SReP: (2) elucidating the key factors that stabilize critical
intermediates and transition states involved in selective reaction pathways; and (3)
constructing theoretical design guidelines for novel SReP based on reaction
mechanisms, key structures, and electronic features. Here, we present some of our

recent progress in this research direction.

2. Systematic calculation on the activity of metal cluster

We conducted a systematic mechanistic analysis of metal cluster catalysts,
focusing on both the overall cluster geometry and the local active sites. As illustrated
in Figure, there are significant discrepancies in calculated activation barriers
between pathways based solely on the most stable structure and those identified

through comprehensive structural exploration. Our findings reveal that reaction
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substantially lower activation barriers. In
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addition, we extended our approach to metal
TR

clusters supported on hexagonal boron nitride (h-

BN) surfaces. This analysis revealed that 12 3456 7 8 9 1011
structural isomerism and the availability of

diverse active sites play critical roles in determining catalytic performance.” These
results highlight the necessity of accounting for structural diversity in theoretical

studies of catalytic reactivity.

3. Identify the key factors for NH; dissociation on metal-doped CeO,

DFT calculations were employed to investigate the d orbital :
adsorption properties of ammonia and its dissociated i — wmo
intermediates on metal-doped CeO,. A feature correlation e T \
heat map revealed that certain descriptors including . :E'_._HOMO
single atom formation energy, gaseous atom formation HOMO _H_ '
enthalpy, valence band maximum, and work function iggc% 080
exhibit strong linear correlations with the adsorption D;pcdm:m] i,

properties of NH, species. Further analysis based on

density of states and molecular orbital theory showed that the energy difference
between the LUMO of the doped metal and the HOMO of ammonia correlates well
with the adsorption energy of NH.."! Therefore, the electronic structure of solid-state

systems can be a key factor in understanding their chemical properties.
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