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[1]JHydrocarbon ladder polymers with ultrahigh permselectivity for membrane gas separations
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{E#: HOLDEN W. H. LAI, FRANCESCO M. BENEDETT et al.

F—VEH B NL: Department of Chemistry, Stanford University, Stanford, CA 94305, USA.

SCEEEE: https://www.science.org/doi/10.1126/science.abl7163

Abstract: Membranes have the potential to substantially reduce energy consumption of industrial chemical

separations, but their implementation has been limited owing to a performance upper bound—the trade-off
between permeability and selectivity. Although recent developments of highly permeable polymer membranes
have advanced the upper bounds for various gas pairs, these polymers typically exhibit limited selectivity. We
report a class of hydrocarbon ladder polymers that can achieve both high selectivity and high permeability in
membrane separations for many industrially relevant gas mixtures. Additionally, their corresponding films exhibit
desirable mechanical and thermal properties. Tuning of the ladder polymer backbone configuration was found to
have a profound effect on separation performance and aging behavior.
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[2]Tunable and giant valley-selective Hall effect in gapped bilayer graphene
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Abstract: We report the direct observation of in situ tunable valley-selective Hall effect (VSHE), where inversion

symmetry, and thus the geometric phase of electrons, is controllable by an out-of-plane electric field. We use high-quality
bilayer graphene with an intrinsic and tunable bandgap, illuminated by circularly polarized midinfrared light, and confirm
that the observed Hall voltage arises from an optically induced valley population. Compared with molybdenum disulfide
(MoS2), we find orders of magnitude larger VSHE, attributed to the inverse scaling of the Berry curvature with bandgap.
By monitoring the valley-selective Hall conductivity, we study the Berry curvature’s evolution with bandgap. This in situ
manipulation of VSHE paves the way for topological and quantum geometric optoelectronic devices, such as more robust
switches and detectors.
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[1]Single fibre enables acoustic fabrics via nanometre-scale vibrations
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Abstract: Fabrics, by virtue of their composition and structure, have traditionally been used as acoustic absorbers.

Here, inspired by the auditory system, we introduce a fabric that operates as a sensitive audible microphone while
retaining the traditional qualities of fabrics, such as machine washability and draping. The fabric medium is composed
of high-Young’ s modulus textile yarns in the weft of a cotton warp, converting tenuous 10—7-atmosphere pressure
waves at audible frequencies into lower-order mechanical vibration modes. Woven into the fabric is a thermally drawn
composite piezoelectric fibre that conforms to the fabric and converts the mechanical vibrations into electrical signals.
Key to the fibre sensitivity is an elastomeric cladding that concentrates the mechanical stress in a piezocomposite layer
with a high piezoelectric charge coefficient of approximately 46 picocoulombs per newton, a result of the thermal
drawing process. Concurrent measurements of electric output and spatial vibration patterns in response to audible
acoustic excitation reveal that fabric vibrational modes with nanometre amplitude displacement are the source of the
electrical output of the fibre. With the fibre subsuming less than 0.1% of the fabric by volume, a single fibre draw
enables tens of square metres of fabric microphone. Three different applications exemplify the usefulness of this study:
a woven shirt with dual acoustic fibres measures the precise direction of an acoustic impulse, bidirectional
communications are established between two fabrics working as sound emitters and receivers, and a shirt auscultates
cardiac sound signals.
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[2]High-brightness all-polymer stretchable LED with charge-trapping dilution
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Abstract: Next-generation light-emitting displays on skin should be soft, stretchable and bright. Previously

reported stretchable light-emitting devices were mostly based on inorganic nanomaterials, such as light-emitting
capacitors, quantum dots or perovskites. They either require high operating voltage or have limited stretchability and
brightness, resolution or robustness under strain. On the other hand, intrinsically stretchable polymer materials hold the
promise of good strain tolerance. However, realizing high brightness remains a grand challenge for intrinsically
stretchable light-emitting diodes. Here we report a material design strategy and fabrication processes to achieve
stretchable all-polymer-based light-emitting diodes with high brightness (about 7,450 candela per square metre),
current efficiency (about 5.3candela per ampere) and stretchability (about 100 per cent strain). We fabricate stretchable
all-polymer light-emitting diodes coloured red, green and blue, achieving both on-skin wireless powering and real-time
displaying of pulse signals. This work signifies a considerable advancement towards high-performance stretchable
displays.
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[3]Metastable hexagonal close-packed palladium hydride in liquid cell TEM
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Abstract: Metastable phases—Xkinetically favoured structures—are ubiquitous in nature. Rather than forming

thermodynamically stable ground-state structures, crystals grown from high-energy precursors often initially adopt
metastable structures depending on the initial conditions, such as temperature, pressure or crystal size. As the crystals
grow further, they typically undergo a series of transformations from metastable phases to lower-energy and ultimately
energetically stable phases. Metastable phases sometimes exhibit superior physicochemical properties and, hence, the
discovery and synthesis of new metastable phases are promising avenues for innovations in materials science.
However, the search for metastable materials has mainly been heuristic, performed on the basis of experiences,
intuition or even speculative predictions, namely  ‘rules of thumb’ . This limitation necessitates the advent of a new
paradigm to discover new metastable phases based on rational design. Such a design rule is embodied in the discovery
of a metastable hexagonal close-packed (hcp) palladium hydride (PdHx) synthesized in a liquid cell transmission
electron microscope. The metastable hep structure is stabilized through a unique interplay between the precursor
concentrations in the solution: a sufficient supply of hydrogen (H) favours the hcp structure on the subnanometre scale,
and an insufficient supply of Pd inhibits further growth and subsequent transition towards the thermodynamically
stable face-centred cubic structure. These findings provide thermodynamic insights into metastability engineering
strategies that can be deployed to discover new metastable phases.
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[4]High-density switchable skyrmion-like polar nanodomains integrated on silicon
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Abstract: Topological domains in ferroelectrics have received much attention recently owing to their novel

functionalities and potential applications in electronic devices. So far, however, such topological polar structures have
been observed only in superlattices grown on oxide substrates, which limits their applications in silicon-based
electronics. Here we report the realization of room-temperature skyrmion-like polar nanodomains in lead
titanate/strontium titanate bilayers transferred onto silicon. Moreover, an external electric field can reversibly switch
these nanodomains into the other type of polar texture, which substantially modifies their resistive behaviours. The
polar-configuration-modulated resistance is ascribed to the distinct band bending and charge carrier distribution in the
core of the two types of polar texture. The integration of high-density (more than 200 gigabits per square inch)
switchable skyrmion-like polar nanodomains on silicon may enable non-volatile memory applications using
topological polar structures in oxides.
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[5]Imaging of isotope diffusion using atomic-scale vibrational spectroscopy
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Abstract: The spatial resolutions of even the most sensitive isotope analysis techniques based on light or ion

probes are limited to a few hundred nanometres. Although vibrational spectroscopy using electron probes has achieved
higher spatial resolution, the detection of isotopes at the atomic level has been challenging so far. Here we show the
unambiguous isotopic imaging of 12C carbon atoms embedded in 13C graphene and the monitoring of their
self-diffusion via atomic-level vibrational spectroscopy. We first grow a domain of 12C carbon atoms in a pre-existing
crack of 13C graphene, which is then annealed at 600 degrees Celsius for several hours. Using scanning transmission
electron microscopy - electron energy loss spectroscopy, we obtain an isotope map that confirms the segregation
of 12C atoms that diffused rapidly. The map also indicates that the graphene layer becomes isotopically homogeneous
over 100-nanometre regions after 2 hours. Our results demonstrate the high mobility of carbon atoms during growth
and annealing via self-diffusion. This imaging technique can provide a fundamental methodology for nanoisotope
engineering and monitoring, which will aid in the creation of isotope labels and tracing at the nanoscale.
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