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            Abstract
Adsorption-based phenomena are important in gas separations1,2, such as the treatment of greenhouse-gas3 and toxic-gas4 pollutants, and in water-adsorption-based heat pumps5 for solar cooling systems. The ability to tune the pore size, shape and functionality of crystalline porous coordination polymers—or metal–organic frameworks (MOFs)—has made them attractive materials for such adsorption-based applications3,6,7,8. The flexibility and guest-molecule-dependent response9,10 of MOFs give rise to unexpected and often desirable adsorption phenomena11,12,13,14. Common to all isothermal gas adsorption phenomena, however, is increased gas uptake with increased pressure. Here we report adsorption transitions in the isotherms of a MOF (DUT-49) that exhibits a negative gas adsorption; that is, spontaneous desorption of gas (methane and n-butane) occurs during pressure increase in a defined temperature and pressure range. A combination of in situ powder X-ray diffraction, gas adsorption experiments and simulations shows that this adsorption behaviour is controlled by a sudden hysteretic structural deformation and pore contraction of the MOF, which releases guest molecules. These findings may enable technologies using frameworks capable of negative gas adsorption for pressure amplification in micro- and macroscopic system engineering. Negative gas adsorption extends the series of counterintuitive phenomena such as negative thermal expansion15,16 and negative refractive indices17 and may be interpreted as an adsorptive analogue of force-amplifying negative compressibility transitions proposed for metamaterials18.
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                    Figure 1: Gas adsorption isotherms, pressure and kinetic profiles.[image: ]


Figure 2: In situ PXRD during methane adsorption at 111 K.[image: ]


Figure 3: Structure of DUT-49op and DUT-49cp.[image: ]


Figure 4: Temperature-dependent methane adsorption and simulations.[image: ]
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        Editorial Summary
Counterintuitive 'negative' gas absorption
For adsorption processes across a wide range of gases and in many materials, gas uptake tends to increase with increasing pressure. This paper describes a metal–organic framework material that exhibits the opposite phenomenon. Stefan Kaskel and colleagues show that at a specific temperature and pressure, the material's storage capacity for methane and n-butane suddenly decreases, a phenomenon they term 'negative gas adsorption'. Modelling and experimental data show that the process is guest-dependent, and arises as a result of a sudden structural deformation and pore contraction, which releases guest molecules. In addition to its fundamental interest, this phenomenon could have technological applications, for example, in threshold-sensitive micropneumatic devices.
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