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[1]Highly flexible and superhydrophobic MOF nanosheet membrane for ultrafast alcohol-water
separation
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fE#: LI-HAO XU, SHEN-HUI LI, HENG MAOYAN LI et al.

FE—1EHEBAL: School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing
102488, P.R. China.
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Abstract: High-performance pervaporation membranes have potential in industrial separation applications, but
overcoming the permeability-selectivity trade-off is a challenge. We report a strategy to create highly flexible
metal-organic framework nanosheet (MOF-NS) membranes with a faveolate structure on polymer substrates for
alcohol-water separation. The controlled growth followed by a surface-coating method effectively produced flexible
and defect-free superhydrophobic MOF-NS membranes. The reversible deformation of the flexible MOF-NS and the
vertical interlamellar pathways were captured with electron microscopy. Molecular simulations confirmed the
structure and revealed transport mechanism. The ultrafast transport channels in MOF-NS exhibited an ultrahigh flux
and a separation factor of 8.9 in the pervaporation of 5 weight % ethanol-water at 40° C, which can be used for
biofuel recovery. MOF-NS and polydimethylsiloxane synergistically contribute to the separation performance.
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Hallucinating symmetric protein assemblies
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Abstract: Deep learning generative approaches provide an opportunity to broadly explore protein structure space
beyond the sequences and structures of natural proteins. Here, we use deep network hallucination to generate a wide
range of symmetric protein homo-oligomers given only a specification of the number of protomers and the protomer
length. Crystal structures of seven designs are very similar to the computational models (median root mean square
deviation: 0.6 angstroms), as are three cryo—electron microscopy structures of giant 10-nanometer rings with up to 1550
residues and C33 symmetry; all differ considerably from previously solved structures. Our results highlight the rich
diversity of new protein structures that can be generated using deep learning and pave the way for the design of
increasingly complex components for nanomachines and biomaterials.
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Plastic deformation in silicon nitride ceramics via bond switching at coherent interfaces
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Abstract: Covalently bonded ceramics exhibit preeminent properties—including hardness, strength, chemical
inertness, and resistance against heat and corrosion—yet their wider application is challenging because of their
room-temperature brittleness. In contrast to the atoms in metals that can slide along slip planes to accommodate strains,
the atoms in covalently bonded ceramics require bond breaking because of the strong and directional characteristics of
covalent bonds. This eventually leads to catastrophic failure on loading. We present an approach for designing
deformable covalently bonded silicon nitride (Si3N4) ceramics that feature a dual-phase structure with coherent
interfaces. Successive bond switching is realized at the coherent interfaces, which facilitates a stress-induced phase
transformation and, eventually, generates plastic deformability.
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[1]Self-assembly of emulsion droplets through programmable folding
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Abstract: In the realm of particle self-assembly, it is possible to reliably construct nearly arbitrary structures if all
the pieces are distinct1,2,3, but systems with fewer flavours of building blocks have so far been limited to the assembly
of exotic crystals4,5,6. Here we introduce a minimal model system of colloidal droplet chains7, with programmable
DNA interactions that guide their downhill folding into specific geometries. Droplets are observed in real space and time,
unravelling the rules of folding. Combining experiments, simulations and theory, we show that controlling the order in
which interactions are switched on directs folding into unique structures, which we call colloidal foldamersS8. The
simplest alternating sequences (ABAB...) of up to 13 droplets yield 11 foldamers in two dimensions and one in three
dimensions. Optimizing the droplet sequence and adding an extra flavour uniquely encodes more than half of the 619
possible two-dimensional geometries. Foldamers consisting of at least 13 droplets exhibit open structures with holes,
offering porous design. Numerical simulations show that foldamers can further interact to make complex supracolloidal
architectures, such as dimers, ribbons and mosaics. Our results are independent of the dynamics and therefore apply to
polymeric materials with hierarchical interactions on all length scales, from organic molecules all the way to Rubik’ s
Snakes. This toolbox enables the encoding of large-scale design into sequences of short polymers, placing folding at the
forefront of materials self-assembly.
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Low-hysteresis shape-memory ceramics designed by multimode modelling
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Abstract: Zirconia ceramics exhibit a martensitic phase transformation that enables large strains of order 10%,
making them prospects for shape-memory and superelastic applications at high temperature. Similarly to other
martensitic materials, this transformation strain can be engineered by carefully alloying to produce a more
commensurate transformation with reduced hysteresis (difference in transformation temperature on heating and
cooling). However, such ‘lattice engineering’ in zirconia is complicated by additional physical constraints: there is a
secondary need to manage a large transformation volume change, and to achieve transformation temperatures high
enough to avoid kinetic barriers. Here we present a method of augmenting the lattice engineering approach to
martensite design to address these additional constraints, incorporating modern computational thermodynamics and
data science tools to span complex multicomponent spaces for which no data yet exist. The result is a new zirconia
composition with record low hysteresis of 15 K, which is about ten times less transformation hysteresis compared to
typical values (and approximately five times less than the best values reported so far). This finding demonstrates that
zirconia ceramics can exhibit hysteresis values of the order of those of widely deployed shape-memory alloys, paving
the way for their use as viable high-temperature shape-memory materials.
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