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Fig. 1 (a) SEM image and (b) TEM image of UiO-66-NO,/50BDC; (c) PXRD patterns and (d) N, adsorption isothermal of

Ui0-66-NO,, UiO-66-BDC, and UiO-66-NO,/50BDC.
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Fig. 2 (a—c) Schematic diagrams and (d) TG curves analysis of UiO-66-NO,/50BDC or UiO-66-NO, defects. For clarity, the
nitro groups (—NO,) on the ligand have been omitted. High-resolution XPS spectra of UiO-66-NO,/50BDC: (e) Zr 3d, () O Is.
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Fig. 3 Comparing the catalytic performance of different catalysts. (a) CEES oxidation using H,0, as the oxidant; (b, ¢)

Conversion and CEESO selectivity of CEES oxidation reaction catalyzed by different catalysts.
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Abstract The direct synthesis of stable metal-organic frameworks (MOFs) with high defect concentrations
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remains a challenge in materials science. In this work, we successfully prepared mixed-ligand MOF with
structural defects, denoted as UiO-66-NO,/50BDC, via a one-pot hydrothermal synthesis based on a mixed-ligand
induction strategy. Quantitative TGA analysis confirmed a defect number of 4.02 per Zry cluster, which was
substantially higher than that of the pristine single-ligand MOF (1.86). In the catalytic oxidation degradation of
the sulfur mustard simulant CEES, this MOF material exhibited outstanding performance, achieving not only a
high conversion rate of 93.3% but also a selectivity exceeding 99% for the non-toxic sulfoxide product (CEESO).
Its performance was significantly superior to that of four single-ligand MOFs (UiO-66, UiO-66-NO,, HKUST-1,
and MIL-88A). The remarkable enhancement in catalytic activity was primarily attributed to the abundant Lewis
acid sites (generated by structural defects), enhanced diffusion of reactants/products resulting from defect-induced
pore expansion , and the large specific surface area.

Defect-free UiO-66-NO,/50BDC Defect in UiO-66-NO,/50BDC

Keywords Mixed-ligand metal-organic framework (MOF); Defective metal-organic framework (MOF); CEES;
Catalytic selectivity



