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Fig. S1  CSD refcodes and corresponding linker structures of MOFs evaluated during the syntheƟc 
feasibility assessment. The leŌ column lists the MOF CSD refcodes, while the right column illustrates 
the associated organic linker molecules extracted using the MOFid toolkit. These linkers were analyzed 
for complexity, and syntheƟc accessibility. 



 

Fig. S2 DistribuƟon of the number of atoms per MOF in the benchmarking dataset of 88 structures. 

 

Fig. S3. Comparison of ethylene adsorpƟon performance predicted using UFF- and DREIDING-based 
workflows. Parity plots showing the correlaƟon between (a) ethylene adsorpƟon enthalpy (-
ΔH0,ads(C2H4)) and (b) ideal S(C2H4/H2O) selecƟvity across the 88 MOF subset. Both workflows uƟlize 
the same MEPO-ML charges for electrostaƟc interacƟons. The high R² values (0.89 and 0.96, 
respecƟvely). 

 



 

Fig. S4. Comparison of ideal S(C₂H₄/H₂O) selectivity using different ML-based partial charges. Parity 
plots showing the correlation of ideal ethylene/water selectivity calculated using UFF paired with 
three different ML charge schemes for the 88 MOF subset: (a) PACMAN vs. MEPO-ML charges, (b) 
PACMOF vs. MEPO-ML charges, and (c) PACMOF vs. PACMAN charges. 

 

Fig. S5.  Ethylene (cyan) adsorpƟon configuraƟons in three outlier MOFs (red crosses in Figure 4e of 
the main text), comparing predicƟons from PFP u-MLIP (leŌ) and UFF (right). Distances indicate the 
shortest framework–ethylene contacts, highlighƟng the stronger binding geometries captured by PFP 
u-MLIP compared to UFF. Ethylene hydrogen atoms are omiƩed in FF simulaƟons as it is described with 
Fisher et al.,1 united-atom model. 

 

 

 

 



 

Fig. S6. Comparison of ethylene/water ideal selecƟvity S(C2H4/H2O)= KH,C₂H₄/KH,H₂O, predicted from UFF 
and PFP u-MLIP Widom inserƟon simulaƟons for the idenƟfied 88 MOF subset. Each point represents 
one MOF. Dashed lines indicate S(C2H4/H2O)=1. 



 

Fig. S7. Crystal structures of selected top-performing MOFs idenƟfied in Figure 4f. 

 

 

 

 

 

 

 



Table S1. Comparison of calculated ethylene adsorpƟon enthalpies (-ΔH0,ads(C2H4)) with experimental 
isosteric heat of adsorpƟon (Qst) values reported in the literature. 

MOF -∆H0,ads(C2H4) (kJ·mol⁻¹) Experimental Qst (kJ·mol⁻¹) 

A520 32.7 30.502 

MIL-53ht (Al) 26.1 30.503 

Zn3(Im)6 31.7 27.664 

Zn(hba) 29.2 26.105 

 

Table S2. AdsorpƟon enthalpy and volume variaƟons of the seven top-performing MOFs idenƟfied in 
Figure 4f. Shown are the differences in ethylene adsorpƟon enthalpies (Δ(ΔH0,ads(C₂H₄))) between rigid 
and cell-opƟmized MOF structures, together with the corresponding percentage volume change 
(ΔV%). Δ(ΔH₀,ads(C₂H₄)) is defined as ΔH0,ads(C₂H₄) of the rigid MOF minus ΔH0,ads(C₂H₄) of the cell-
opƟmized MOF. ΔV% is calculated as: ΔV%=V(rigid MOF)−V(cell-opƟmized MOF)×100/V(rigid MOF) 

MOF ∆(∆H0,ads(C2H4)) (kJ·mol⁻¹) ∆V% 

JNU-90 -0.32 -2.2 

ZnPF-1 -1.88 -4.3 

PERROW 0.68 0.2 

ATULIM -0.23 -1.6 

A520 -0.39 19 

EVONOS -4.13 2.2 

CYCU-5 -0.49 1.5 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

Figure S8. Energy-volume (E-V) curves uƟlized for the calculaƟon of bulk moduli for the shortlisted 
MOFs. The blue markers represent the calculated data points, while the solid red lines indicate the 
corresponding fits using the Vinet equaƟon of state (EOS). Each subplot is labeled with the respecƟve 
MOF reference and the resulƟng bulk modulus (B) in GPa. 
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