
Scientific Achievement 
This study is the first systematic investigation of the 
degradation mechanism of dry and humid NO2 gas on 
three representative ZIFs. FTIR measurements and DFT 
simulations strongly suggest the major degradation 
pathway is H-abstraction by free radical NO2 and 
subsequent acidic species formation, while adsorbed 
HNO3 formation in humid conditions is an additional 
pathway in hydrophilic ZIFs. Bhattacharyya, S., et al., “Stability of Zeolitic

Imidazolate Framework in NO2” J. Phys. Chem. C, 2019, 
123, 2336. [10.1021/acs.jpcc.8b11377]. 

Stability of Zeolitic Imidazolate Frameworks in NO2

Research Details
– Nanoporous zeolitic imidazolate frameworks (ZIFs) in separation processes are attractive, but the presence of acid gases such as SOx

or NOx in process streams can have detrimental effects.
– FTIR measurements indicate the presence of various nitro-, organic and inorganic nitrites and nitrates, nitrosamines, and nitramines
– Periodic DFT computed defect formation energies by subtracting the total energy of the products from the reactants 
– The much higher reactivity of dry NO2 over dry SO2 can be attributed to its free radical nature. 

Significance and Impact
We envision similar mechanisms of NO2 attack on other MOFs, which make NO2 a much more 
potent hindrance to widespread use of MOFs in acid gas-related applications. New
strategies to stabilize ZIFs/MOFs toward NO2 attack are required. 

Presenter
Presentation Notes
Nitrogen oxides (NOx) are harmful air pollutants whose toxic effects are attributed primarily to NO2, which also enables formation of ozone and particulate matter. NOx removal from point sources such as automobiles or power plants is often carried out by selective catalytic reduction which is energy-intensive, requires large volumes of catalyst and reductant (usually NH3), and is susceptible to catalyst deactivation. A potential alternative is by NOx adsorption in porous materials. In addition to conventional activated carbons, metal oxides, zeolites, microporous metal–organic frameworks (MOFs) such as zeolitic imidazolate frameworks (ZIFs) could be used. ZIFs consist of metal centers (Zn2+/Co2+) tetrahedrally coordinated to imidazolate linkers. Judicious selection of linkers and synthesis conditions allows tuning of their pore apertures and cages. ZIF stability in acid gases such as NO2 is a critical consideration for their use in environments containing these gases. Many ZIFs (and other MOFs) have been shown to have high kinetic stability in dry SOx, although fewer are stable in humid SOx.However, much less is known about interactions of ZIFs/MOFs with NOx acid gases. The mechanisms of NO2 interactions with MOFs can be quite different from SOx, so that previous findings on SOx stability may not be applicable. The open-metal site MOF CuBTC was reported to be unstable in dry or humid NO2. Under dry conditions, formation of nitrates bound to Cu and release of NO was proposed as the reaction mechanism. The coordinatively saturated MOF UiO-66 retained its surface area under humid NOx (71% RH and 1000 ppm NO2) but degraded in dry NO2, while the more hydrophilic UiO-67 degraded under both conditions. Water was proposed to competitively prevent NO2 adsorption in UiO-66, but was proposed to dissolve NO2 and form nitric acid that attacked the hydrophilic UiO-67. ZIF-7, ZIF-8, and ZIF-90 were exposed to 15 ppm SO2 followed by 10 ppm NO2 at 80% RH for 2 days each and then characterized, and so the effects of the individual gases could not be distinguished. To our knowledge, there are no other reports on the effects of NO2 on ZIF materials. Here, we show that the mechanisms of ZIF interaction with (and degradation by) NO2 are strikingly different from the mechanisms of their interaction with CO2 or SOx. We systematically investigate the reaction mechanisms of dry and humid NO2 with ZIFs and their impact on the stability of these materials. The material stability is defined in terms of the retention of its crystal structure and pore volume. The main conclusions of our experimental investigation are also supported by a detailed computational study of defect formation energies, highlighting the role of computational modeling in understanding the acid gas stability of ZIFs. Many of the mechanistic findings of this work are expected to be applicable to a wider variety of MOFs. Our recent findings on SOx stability of a large set of more than 15 ZIFs allow us to choose three representative ZIFs for the present work that encompass different outcomes possible upon NO2 exposure. ZIF-8 and ZIF-90 were selected because they had the highest and lowest measurable degradation rates in humid SOx. ZIF-71 was selected because it showed no measurable degradation in humid SOx. A detailed mechanism is developed based on Fourier transform infrared spectroscopy and density functional theory calculations. H-abstraction by free radical NO2 and subsequent acidic species formation are the major degradation pathways, while adsorbed HNO3 formation in humid conditions is an additional pathway in hydrophilic ZIFs. These findings strongly suggest that new strategies to stabilize ZIFs/metal–organic frameworks toward NO2 attack are required.
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