
Scientific Achievement 
This work developed structure−property 
relationships for adsorption of water and SO2 with 
mixed-ligand DMOF-1 with metal (Zn, Cu, Ni, Co) 
substitutions. Ligand functionalization with added 
bulky side groups enhanced the stability of the 
family of DMOF materials toward water vapor and 
acid gases. As predicted, Cu-containing material had 
the highest stability upon exposure to humid SO2.
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Research Details
– SO2 is an acid gas commonly found in flue gas streams at ppm-level concentrations.
– The four ligands investigated were 2,3,5,6-tetramethylterephthalic acid (TM), 9,10-anthracenedicarboxylic acid (ADC), 1,4-

naphthalenedicarboxylic acid (NDC), 2,5-dimethyl terephthalic acid (DM). TM and ADC are bulky ligands.
– Humid SO2 exposure tests exposed the materials to 85% RH and 50 ppm SO2 for varying lengths of time. 
– Results can be explained by the Irving−Williams series, which predicts that the metal−ligand bond strengths follows the trend: Co < Ni < Cu > Zn

Significance and Impact
This study provides a fundamental understanding of humid and dry SO2 exposure to constant 
topology MOFs with ligand and metal substitutions, so that future MOFs can be designed with 
greater chemical stability toward acid gases.

Presenter
Presentation Notes
Metal–organic frameworks (MOFs) are a class of porous, crystalline materials that consist of metal nodes connected by a series of organic ligands. These materials offer large surface areas, chemical tunability through alteration of the organic ligands, and large CO2 adsorption capacities. For these reasons, MOFs have attracted attention as designer adsorbents for a variety of adsorption separations. An impediment to using MOFs in certain adsorption applications is their general instability in humid conditions and relatively unknown interactions with SOx and NOx, common contaminants found in flue gases. Flue gas from coal-fired power plants can contain up to 420 ppm SO2. Structural degradation and loss of active sites in the materials would limit their actual use in these industrial applications. Nevertheless, MOF degradation in complex environments remains understudied in the literature. Although much of the SO2 in flue gas streams is scrubbed out of the system prior to release into the atmosphere, flue gas streams on average will still contain roughly 50 ppm SO2 post treatment. The current methods for removal of SO2 from flue gas streams employ the use of a wet scrubbing procedure with an alkaline sorbent, such as limestone. MOFs also have the potential to effectively adsorb SO2 and could potentially replace this process. Thus, understanding SO2 adsorption behavior and degradation effects on MOF materials are important to enable their use in the various applications where acid gases are present. DMOF is a pillared MOF consisting of two separate ligands: 1,4-diazabicyclo[2.2.2]octane (DABCO) and 1,4-benzenedicarboxylic acid (BDC). Both the metal node and ligand can be tailored. Although the parent form of DMOF has been shown to be unstable upon exposure to 60% relative humidity (RH), substitution of the BDC linker with 2,3,5,6-tetramethylterephthalic acid (TM) in the synthesis has resulted in a stabilizing effect causing the MOF to retain its crystal structure and surface area up to 90% RH. This stability has been attributed to the combination of steric hindrances caused by incorporation of tetramethyl-1,4-benzenedicarboxylic acid (TMBDC) into the framework of the MOF as well as the increased hydrophobicity of the framework, thereby protecting the metal node–DABCO bond from attack by water vapor in parent Zn–DMOF. The MOF, however, remains unstable in the presence of liquid water. Recently, it has been shown by Jiao et al. that the open-metal site MOF, MOF-74, upon substitution of the metal node Mg with as little as 16% Ni can display a dramatic increase in water stability. DMOF does not possess open-metal sites, but the metal node can be varied via simple substitution and could provide the means for enhancing stability. This chemical diversity of the DMOF family provides an interesting test system for evaluating SO2 interactions and the impact on stability. In this work, substitution of the metal node in DMOF–TM with zinc, nickel, copper, and cobalt and substitution of the organic linker in Zn–DMOF with 1,4-naphthalenedicarboxylic acid (NDC), 2,5-dimethyl terephthalic acid (DM), and 9,10-anthracenedicarboxylic acid (ADC) were examined to determine stability toward SO2 in both dry and humid environments. The purpose of this study is to gain a fundamental understanding of these interactions while maintaining constant topology, so that future MOFs can be designed with greater chemical stability toward acid gases. The substitution of bulky ligands, TM and ADC, resulted in not only improved water stability but also stability toward dry SO2, whereas substitution with NDC and DM did not provide water or SO2 stability. ADC-functionalized Zn–DMOF exhibited the greatest stability under humid SO2exposure of the ligand-functionalized materials that were tested. Metal substitution of Cu into the DMOF–TM structure resulted in the greatest stability of the M–DMOF–TM samples upon exposure to humid SO2, and Ni–DMOF–TM provided the second most stable material. These results follow the prediction of the Irving–Williams series of metal node/ligand bond strengths.
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