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5 LAMMPS, Large-scale Atomic/Molecular Massively Parallel Simulator
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* Molecular Dynamic
2 RDF-Radial Distribution Function
8 MSD-Mean Square Displacement
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Dynamic crossover in Zn diffusion within ZIF-9:
Cooperative motion, framework softening and
structural degradation above 450 K

Hoda Ghavaminia*

Materials and Energy Research Center, Dez.C., Islamic Azad University, Dezful, Iran.

Abstract: The primary objective of this study is a systematic investigation of the thermal and mechanical stability of
zeolitic imidazolate framework ZIF-9 across a temperature range of 300-600 K and pressures of 1-100 bar. Using
ReaxFF-based molecular dynamics simulations, we reveal a dynamic-structural transition at ~450 K, where Zn?"
diffusion shifts from localized hopping to cooperative motion, accompanied by an increase in activation energy from
42 to 85 kJ/mol. This transition is corroborated by pronounced anisotropic thermal expansion (Aa/Ac = 3), internal
shear stresses exceeding 0.8 GPa, a reduction in Young’s modulus (from 5.0 to 2.3 GPa), and a 58% drop in material
toughness. At 600 K, approximately 70% of Zn sites undergo irreversible displacement, leading to progressive
structural collapse. These findings indicate that the safe operational window for ZIF-9 lies below 450 K; beyond this
threshold, severe structural degradation and catalytic deactivation occur. For future designs, ligand engineering (e.g.,
smaller or symmetric imidazolates) or metal doping is recommended to enhance thermo-mechanical resilience.
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	در طول کشش نشان می‌دهد که در کرنش‌های کم(<0.05)، انرژی لیگاند-لیگاند π-π پیوند هیدروژنی ۴۰٪ کاهش می‌یابد، درحالی‌که انرژی Zn-N  تا کرنش 1/0 تقریباً ثابت می‌ماند که تأییدی بر نقش اولیه لیگاندها در جذب تغییر شکل است.
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