
Scientific Achievement 

This work shows that pore size can be tuned as a function of defect concentration. Further, it 
is shown that the structural incorporation of trifluoroacetate groups in defective UiO-66 leads 
to an increase in average pore size without sacrificing chemical stability toward water and 
acidic species.

Significance and Impact

The results of this work advance the understanding of textural properties and chemical 
stability of defect-engineered MOFs and also suggest a preparation method for synthesizing 
defective but stable MOFs.
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Heat-Treatment of Defective UiO-66 from Modulated Synthesis: 

Adsorption and Stability Studies

Research Details
– Defect engineering in metal−organic frameworks (MOFs) is an emerging 

strategy that can be used to control physical or chemical characteristics 
of MOFs

– Systematic adsorption measurements were performed with three 
adsorbate molecules (SO2, benzene, and cyclohexane) to investigate 
changes in the pore size of defective UiO-66

– BET surface area analysis and DFT calculations were also performed to 
interrogate the chemical stability of the defective MOFs after exposure 
to water and acidic environments

http://pubs.acs.org/doi/abs/10.1021/acs.jpcc.7b07772
Presenter
Sticky Note
Metal−organic frameworks (MOFs) are a diverse class of crystalline, nanoporous materials synthesized by the self-assembly of metal ions or clusters and multidentate organic linkers. Defects of various types are often present in crystalline materials, even when synthesized with the most careful procedures, and these sites are known to play an important role in influencing and manipulating the properties of the crystals. Defects in porous crystals (e.g., zeolites) have been shown to affect porosity enough to alter molecular adsorption properties. Defect engineering in metal−organic frameworks (MOFs) is an emerging strategy that can be used to control physical or chemical characteristics of MOFs, including adsorption behavior and textural, mechanical, and conductive properties. Understanding the impact of defects on textural properties and chemical stability of MOFs is imperative to the development of MOFs with tunable defect sites. In this work, systematic adsorption measurements were performed with three adsorbate molecules (SO2, benzene, and cyclohexane) to investigate changes in the pore size of defective UiO-66. Compared to the parent UiO-66, the defective UiO-66 shows significant changes in adsorption capacities among the selected adsorbate molecules, demonstrating that pore size is significantly enlarged by the missing cluster defects. BET surface area analysis and DFT calculations were also performed to interrogate the chemical stability of the defective MOFs after exposure to water and acidic environments. This work shows that pore size can be tuned as a function of defect concentration. Further, it is shown that the structural incorporation of trifluoroacetate groups in defective UiO-66 leads to an increase in average pore size without sacrificing chemical stability toward water and acidic species. The results of this work advance the understanding of textural properties and chemical stability of defect-engineered MOFs and also suggest a preparation method for synthesizing defective but stable MOFs.



Modulated synthesis of defective UiO-66 with competing ligands TFA

TEM image for D320 after 
postsynthetic heat treatment 
at 320 °C and HR-TEM image 

for ZrO2 nanorod

Proposed structural 
transformations after 
postsynthetic heat 
treatments

PXRD patterns for parent 
UiO-66, D200, and D320 

TEM image for D200 
after postsynthetic heat 

treatment at 200 °C



Adsorption measurements to elucidate the impact of defects on

the pore size in defective UiO-66

• D200 exhibits highest N2 uptake due to  
presence of missing cluster defects, which 
decreases the framework density and 
increases the porosity

• D320 has lowest N2 uptake due to partial 
amorphization of the defective UiO-66 
framework

• Adsorption capacities of SO2, benzene 
(C6H6), and cyclohexane (c-C6H12) for the 
parent UiO-66 and D200

• D200 has increased uptake compared to 
parent UiO-66; both decrease with 
increasing kinetic diameter



Retained BET surface area after exposure to water and acidic 

environments and concentration of defects

• UiO-66 without TFA 
compensating groups 
(D320) is unstable at high 
defect levels in all but dry 
SO2 due to breakdown of 
metal−ligand bonds by 
attack of sulfuric and 
sulfurous acid species

• Parent UiO-66 and 
defective UiO-66 with TFA 
compensating groups 
(D200) maintain porosity 
after exposure

• Therefore, incorporation 
of TFA compensating 
groups can effectively 
prevent this degradation



Proposed degradation pathway for three types of UiO-66 frameworks 

upon water attack

.

• DFT calculations show water insertion 
and water displacement are 
thermodynamically unfavorable for the 
defective UiO-66 with TFA (D200)

• Consistent with experimental observation


