
Scientific Achievement 
Combined experimental and computational study of mixed metal-organic framework MOF-74 
to gain insight into the structure and stability of the materials. 
Significance and Impact
This study demonstrates that mixing of metals in these sorbents is both entropically and 
thermodynamically favored, and results in a distortion in the metal-oxygen bond that 
promotes stability upon exposure to water. This strategy of mixing metals could be more 
widely useful for increasing stability of MOFs.

Howe, J. D. et al., “Understanding Structure, Metal 
Distribution, and Water Adsorption in Mixed-Metal 
MOF-74” J. Phys. Chem. C, 121, 627-635 (2017). 

Understanding Structure, Metal Distribution, and Water Adsorption in 
Mixed-Metal MOF-74

Research Details
– Pair distribution functions from X-ray total scattering studies 

coupled with DFT calculations to look at structure and stability of 
mixed-metal MOF-74: Mg-Ni- and Mg-Cd-MOF-74 were studied.

– Energetics of metal-mixing as well as water adsorption in mixed 
metal materials evaluated to probe characteristic stability 
properties.

– Demonstrated that mixed-metal materials are energetically 
favored, and that heterometallic impurities prefer to be in 
disperse rather than continuous domains.

– Water adsorption energetics do not change in mixed-metal 
scenarios, thus suggesting stability is imparted by metal-oxygen 
bond length distortion that results from mixing.

Presenter
Presentation Notes
Recent experimental work from the Center has demonstrated that Mg–Ni-MOF-74 shows a much greater surface area retention in the presence of water than Mg-MOF-74. Motivated by this finding, we further sought to understand the structure, metal mixing, and water stability of MOF-74. This was accomplished by combining observations of pair distribution functions (PDFs)  from synchrotron X-ray scattering data with the molecular-scale insight available from DFT calculations to observe metal-mixing energetics, unique structural distortions, electronic structure, and water adsorption properties in these mixed-metal materials. Results indicate that the water adsorption energetics and electronic structure of Mg-Ni-MOF-74 do not change significantly at the metal sites when compared to Mg-MOF-74 and Ni-MOF-74, respectively. We conclude that the increased stability of Mg–Ni-MOF-74 is a result of a M–O bond length distortion in mixed-metal MOF-74, consistent with recent work on the stability of MOF-74 under water exposure.



Motivated by previous study displaying retention of kinetic water 
stability in MOF-74 through proper combination of metal sites

Incorporation of 16 mol% Ni into Mg-MOF-74 dramatically increases
surface area retention after exposure to water, while maintaining
high CO2 adsorption capacity for flue gas conditions.

Jiao, Y. et al., “Tuning the Kinetic Water Stability and Adsorption Interactions of Mg-MOF-
74 by Partial Substitution with Co or Ni” Ind. Eng. Chem. Res., 54, 12408-12414 (2015). 



PDF peaks at 2.92 Å, 3.09 Å, and 6.77 Å indicate a structural repeat of every 4 Mg ions in 
Mg-MOF-74 for M—M distances

6.77 Å 

3.09Å 

X-ray scattering data generates pair distribution functions that 
provide insight into metal distribution of MM-MOFs



Computational study shows metal mixing favored in dispersed domains, 
and that mixed-metals do not affect water adsorption energies

Disperse (L) and dimer (R) 
arrangements of Ni ions are favored 
over homometallic aggregates

Strength of water adsorption is not 
significantly affected by incorporation of 
mixed-metal sites  other structural 
factors contribute to water stability



Basal bond

Apical bond

M-O bond lengths determined experimentally and computationally – bond 
distortion from mixed-metals imparts stability to MOF

Apical M—O bond length distortion in Mg is the primary 
structural change, relaxation of structure likely contributes to 
increased stability in the presence of water
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