Stepwise ligand coordination and electronic stabilization in the nucleation of IRMOF-8
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[image: ]Metal-organic frameworks (MOFs) are widely studied for their high porosity and applications in catalysis, gas separation, and biology [1–4]. While MOF synthesis has been extensively investigated experimentally, the nucleation mechanisms remain poorly understood. In this study, we examine the nucleation of IRMOF-8 through reactive MD simulations, focusing on the stepwise coordination of ligands to the metal center (Fig. 1). The first ligand exhibits the highest binding energy (3.5 eV) with a metal charge of +0.91395, indicating a highly electron-deficient and reactive site. Subsequent ligand additions progressively reduce the binding energy (2.3, 2.3, 1.8, 1.7, and 1.4 eV for the 2nd–6th ligands) and lower the metal charge to +0.2966, reflecting enhanced electronic stabilization. These results provide detailed insight into the nucleation process of IRMOF-8, showing how ligand coordination gradually stabilizes the metal node and facilitates framework formation.

Figure 1. Step-by-step coordination process of the formation of the Mono-IRMOF-8 structure.
This study reveals how stepwise ligand coordination stabilizes the metal center and drives IRMOF-8 formation.
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