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Metal-organic frameworks (MOFs) are microporous adsorbents for high-throughput gas separation. Such
materials exhibit distinct adsorption characteristics owing to the flexibility of the crystal framework in a
nanoparticle, which can be different from its bulk crystal. However, for practical applications, such particles
need to be compacted into macroscopic pellets, creating mass-transport limitations. In this work, this problem
is addressed by forming materials with structural hierarchy, using a supraparticle-based approach. Spherical
supraparticles composed of nanosized MOF particles are fabricated by emulsion templating and they are used
as the structural component forming a macroscopic material. Zeolitic imidazolate framework-8 (ZIF-8) parti-
cles are used as a model system and the gas-adsorption kinetics of the hierarchical material are compared with
conventional pellets without structural hierarchy. We first synthesized ZIF-8 particles with the size of ca. 200
nm, as building units, using a central collision type microreactor [1] and prepared ZIF-8 suspension droplets
by mixing an aqueous suspension with an oil phase in a microfluidic device [2], followed by the drying of
droplets to form supraparticles. As shown in Fig. 1a, the microfluidic process successfully produced monodis-
perse supraparticles with a diameter of ca. 40 pm composed of self-assembled nano-sized ZIF-8 particles (Fig.
1b; magnified image of a supraparticle). The calculation of the void fraction of supraparticles based on the
ZIF-8 particle concentration, droplet size, and supraparticle size demonstrated that the supraparticles have
close-packed structures. Furthermore, it is demonstrated that a pellet packed with supraparticles exhibits a
30 times faster adsorption rate compared to an unstructured ZIF-8 powder pellet. These results underline
the importance of controlling structural hierarchy to maximize the performance of existing materials. In the
hierarchical MOFs, large macropores between the supraparticles, smaller macropores between individual ZIF-
8 primary particles, and micropores inherent to the ZIF-8 framework collude to combine large surface area,
defined adsorption sites, and efficient mass transport to enhance performance [3].
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