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Abstract: Aqueous stability of metal-organic frameworks (MOFs) remains a major challenge for their industrial

application. This study presents a hybrid approach combining reactive molecular dynamics (ReaxFF-MD) and
machine learning to predict hydrolytic stability. Simulations for six MOF structures at six humidity levels generated
12 samples. Instability was defined as irreversible reduction in metal-ligand bonds or cell volume lasting >50
picoseconds. Two dynamic features, enthalpy variance (6H?) and potential energy change rate (rE), were extracted
from the initial 200 picoseconds, while AV was removed to prevent data leakage. The logistic regression model, with
hyperparameter optimization and LOMOO-CV validation, achieved 94% accuracy, Matthews correlation coefficient
of 0.85, and ROC-AUC of 0.96. Due to limited data, results are reported as proof-of-concept with 95% confidence
intervals via bootstrapping. Findings demonstrate that dynamic features have significantly higher predictive power for
MOF water stability than static features.
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Table 1- Simulation dataset and extracted features for machine learning modeling
MOF wt% H, O Label oH?[(kcal/mol)?] rE [kcal/mol/ps] AV [%0]

ZIF-8 4 0 2.10E+04 -3.20E-04 21
ZIF-8 10 0 2.80E+04 -4.10E-04 3.8
ZIF-9 6 0 3.10E+04 -3.00E-04 4.2
ZIF-9 11 1 9.80E+05 -1.70E-03 16.3
MOF-74 5 0 2.50E+04 -2.90E-04 3.0
MOF-74 11 1 1.10E+06 -1.80E-03 171
IRMOF-1 3 0 4.00E+04 -5.00E-04 6.0
IRMOF-1 5 1 1.30E+06 -2.10E-03 185
IRMOF-10 2 0 5.20E+04 -6.10E-04 7.2
IRMOF-10 4 1 1.50E+06 -2.30E-03 19.0
MOF-200 7 0 6.00E+04 -7.00E-04 8.5
MOF-200 9 1 1.20E+06 -1.90E-03 16.0
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Table 2- Final hyperparameters of the models.

Model Parameter(s) Final Value Optimization Method
Logistic Regression C 1 LOO-CVLGrid Search
SVM (RBF) Cy 10, 0.1 LOO-CVLGrid Search
Random Forest Nestimators, MaXdepth 100, 5 LOO-CVLGrid Search
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(A) Temporal Evolution of Thermodynamic Quantities (B) Structural and Bonding Changes
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Figure 1: (a) Time evolution of energies and enthalpy, (b) Changes in volume and Zn-O bonds during MOF-200
hydrolysis.
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Figure 2: (a) Bond breakage Kinetics, (b) Radial distribution functions (RDF), (c) Structural evolution of MOF-200
and ZIF-9 during hydrolysis.
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(A) Feature Space with Decision Boundary
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(C) ROC Curves for ML Models
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Figure 3: (a) Feature space and logistic regression decision boundary, (b) Principal component analysis, (c) ROC
curves and AUC values
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