
Scientific Achievement 
The presence of elementary linker and metal vacancy defects in ZIF-8 are relatively low in energy, 
indicating that their presence could be thermodynamically favored. This leads to instability in 
otherwise stable materials. 
Significance and Impact
These results highlight the importance of considering the presence and impact defects when 
assessing the viability of ZIFs and other “stable” MOFs for targeted applications and should spur 
additional experimental studies to characterize MOF defects and their impacts
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Research Details
– Density functional theory (DFT) calculations estimate the associated 

energy change relative to the bulk, defect-free structure, under either 
synthetic or postsynthetic conditions.

– Vacancy formation proceeds via reaction with water over a barrier of 
∼22 kcal/mol to form a metastable dangling linker intermediate. 
Reaction with a second water proceeds with a higher effective barrier 
of ∼29 kcal/mol, leading to a relatively low-energy linker vacancy 
defect. inclusion of solvent effects. 

– Crude transition-state theory calculations (neglecting all entropic 
effects) predicts the barrier to dangling linker formation to be 
surmountable at room temperature on a time scale of ∼1 h,The reaction for linker vacancy formation proceeds via

two steps, first forming a dangling linker (1) and
subsequently forming a linker vacancy (2). The energetic
discontinuity between the two steps arises from the
heat of adsorption of the second water molecule.

Presenter
Presentation Notes
Zeolitic imidazolate frameworks (ZIFs) are an important class of porous crystalline metal−organic framework (MOF) materials that have attracted widespread attention for applications ranging from gas adsorption and separation to catalysis. Although the bulk crystal structures of MOFs are typically well-characterized, comparatively little isknown regarding MOF defect structures. Drawing on analogies with conventional silicon based zeolites, we utilize computational methods to examine the structure and stability ofputative point-defect structures (including vacancies, substitutions, and “dangling” linkers) within the prototypical ZIF-8 structure. Considering both postsynthetic (gas-phase) andsynthetic (solution-phase) conditions, we find that several of the defect structures lie low in energy relative to the defect-free parent crystal, with barriers to defect formation that are large but surmountable under relevant temperatures. These results are consistent with prior experimental observations of ZIF stability and reactivity and suggest that defects may play an important role in influencing the long-term stability of MOFs under conditions that include exposure to water vapor and trace contaminants such as acid gases.
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Schematic illustration of various potential ZIF point defects 
and associated formation reactions: (a) linker vacancy, (b) 
zinc vacancy, and (c) dangling linker. X = OH−, NO3

−, or 
COOH−. Zn-X-H2O-Zn, VZn, and Zn-X-HL-Zn denote a linker 
vacancy, zinc vacancy, and dangling linker, respectively.

Local structures of the defects in 
ZIF-8. Linker vacancies (i−iii), zinc 
vacancies (iv−v), and dangling 
linkers (vi−viii). The local structure of 
defect-free ZIF-8 is shown for 
comparison. 
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