
Scientific Achievement 
Combined experimental and computational study of 
metal-organic framework MIL-125 and an amine-based 
substituent performed to determine stability when 
exposed to SO2 in dry, humid and aqueous conditions. 
Significance and Impact
This study advances the fundamental understanding of 
MOF degradation mechanisms during acid gas 
exposure and may potentially be extrapolated to other 
MOFs with BDC ligands. Additionally, the stability 
imparted by modification of the parent MOF provides 
an avenue for engineering MOF materials that are 
stable in the presence of acid gases.

Mounfield III, W.P. et al., “Synergistic Effects of Water and 
SO2 on Degradation of MIL-125 in the Presence of Acid 
Gases” J. Phys. Chem. C, 120, 27230-27240 (2016). 

Investigations of MIL-125 in SO2 environments suggest the 
incorporation of amine functionality imparts stability to 
the MOF. Computational studies confirm this and also 
reveal that the degradation of parent MIL-125 occurs from 
the cooperative interaction of SO2 and water.

Synergistic Effects of Water and SO2 on Degradation of MIL-125 in 
the Presence of Acid Gases

Research Details
– MIL-125 and a derivative with added amine functionality, MIL-125-NH2, exposed to dry SO2, water, aqueous SO2

and humid SO2 and subsequently evaluated for stability via N2 physisorption, PXRD, SEM and XPS. 
– MIL-125-NH2 found to be stable in all environments, MIL-125 degraded in water+SO2 environments.
– Computational studies of degradation mechanism determined reaction of SO2 with water to form an acidic sulfur 

species is required before subsequent attack on the MOF linker to initiate degradation, this was further 
confirmed through in situ IR studies. 

Presenter
Presentation Notes
The behavior of metal–organic frameworks (MOFs) in the presence of acid gases may be decisive in their suitability for industrial applications. In this study, MIL-125 and MIL-125-NH2were investigated with SO2 exposure in dry, humid, and aqueous environments. MIL-125 was found to be unstable in both humid and aqueous acidic environments, while MIL-125-NH2 was stable under these exposure conditions, showing no change in textural properties or visual degradation, as observed through SEM. Both materials were stable in the presence of water and dry SO2, suggesting that the reaction of these molecules to form an acidic species is likely a key factor in the degradation of MIL-125. In situ IR experiments confirmed the presence of sulfite species, supporting the hypothesis that the presence of an acidic sulfur species likely leads to the degradation of the MIL-125 structure. Computational investigation of several potential reaction mechanisms in MIL-125 indicated reactions involving the bisulfite ion are favored over reactions with water or SO2. DFT simulations support the observation that MIL-125-NH2 is stable in humid conditions, as all reactions are less favorable with the functionalized framework compared to the unfunctionalized framework. This combined experimental and computational study advances the fundamental understanding of MOF degradation mechanisms during acid gas exposure.



Both MOFs stable in pure SO2 and water environments, however 
degradation occurs in aqueous and humid SO2 for MIL-125

BET surface area retained for MIL-125-NH2, degradation observed for
MIL-125. PXRD and XPS also demonstrate stability of MIL-125-NH2.
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SEM of MIL-125 post exposure confirms degradation of material, 
subtle differences observed between aqueous and humid exposures 

MIL-125 after aqueous SO2 exposure for (a) 1.67 ppm-h, (b) 10 ppm-h, and (c) 20 ppm-h,
and after humid SO2 exposure for (d) 1.25 ppm-h, (e) 15 ppm-h, and (f) 2365 ppm-h.

Aqueous SO2 exposure results in complete degradation of material with small agglomerates
remaining (metal oxide clusters), humid exposure leads to degradation via cavity formation but
bulk particle shape is retained.
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MIL-125-NH2 displays no visual change to particles after exposure, 
further confirms stability

MIL-125-NH2 after aqueous SO2 exposure for (a) 20 ppm-h, (b) 240 ppm-h, and (c) 1440
ppm-h, and after humid SO2 exposure for (d) 1.25 ppm-h, (e) 15 ppm-h, and (f) 2365 ppm-h.
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Calculations performed on periodic MIL-125 (L) and 
MIL-125-NH2 (R). Mechanisms involving water, and 
sulfurous acid and water are the most favorable. 
Reaction involving solely SO2 was found to be 
unfavorable.

Calculations of proposed degradation mechanisms suggest 
pathways including water and sulfurous acid are most favorable 

Proposed degradation mechanisms 
involving (a) water vapor, (b) the 
disassociation of water, (c) sulfurous acid, 
and (d) sulfurous acid and water
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Simulation of reaction energy barriers suggests stability of MIL-125-NH2
due to unfavorable reaction pathway with significant energy barrier

Reaction of two water molecules simultaneously breaking Ti-O bonds
in MIL-125 frameworks (a). Energy barrier for reaction pathway in MIL-
125 is 1.05 eV (b) and 1.26 eV for MIL-125-NH2 (c).
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