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[1] Stacking-engineered ferroelectricity in bilayer boron nitride
WE AT 3B TRk
HARAE B Science, 25 JUNE 2021, VOL 372, ISSUE 6549
£ Kenji Yasuda, Xirui Wang, Kenji Watanabe, Takashi Taniguchi, Pablo Jarillo-Herrero.
FE—VEFHAL: Department of Physics, Massachusetts Institute of Technology, Cambridge, MA 02139,
USA.
ICHEEE:  https://science.sciencemag.org/content/372/6549/1458
Abstract: Two-dimensional (2D) ferroelectrics with robust polarization down to atomic thicknesses provide
building blocks for functional heterostructures. Experimental realization remains challenging because of the
requirement of a layered polar crystal. Here, we demonstrate a rational design approach to engineering 2D
ferroelectrics from a nonferroelectric parent compound by using van der Waals assembly. Parallel-stacked bilayer
boron nitride exhibits out-of-plane electric polarization that reverses depending on the stacking order. The
polarization switching is probed through the resistance of an adjacently stacked graphene sheet. Twisting the boron
nitride sheets by a small angle changes the dynamics of switching because of the formation of moiré
ferroelectricity with staggered polarization. The ferroelectricity persists to room temperature while keeping the
high mobility of graphene, paving the way for potential ultrathin nonvolatile memory applications.
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[2] Interfacial ferroelectricity by van der Waals sliding
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HARAEE: Science, 25 JUNE 2021, VOL 372, ISSUE 6549
fE&: M. Vizner Stern, Y. Waschitz, W. Cao, |. Nevo, K. Watanabe, T. Taniguchi, et al.
F—EZHAL: School of Physics and Astronomy, Tel Aviv University, Israel.
SR https://science.sciencemag.org/content/372/6549/1462
Abstract: Despite their partial ionic nature, many-layered diatomic crystals avoid internal electric polarization by
forming a centrosymmetric lattice at their optimal van der Waals stacking. Here, we report a stable ferroelectric order
emerging at the interface between two naturally grown flakes of hexagonal boron nitride, which are stacked together in a
metastable non-centrosymmetric parallel orientation. We observe alternating domains of inverted normal polarization,
caused by a lateral shift of one lattice site between the domains. Reversible polarization switching coupled to lateral sliding
is achieved by scanning a biased tip above the surface. Our calculations trace the origin of the phenomenon to a subtle
interplay between charge redistribution and ionic displacement and provide intuitive insights to explore the interfacial
polarization and its distinctive “slidetronics” switching mechanism.
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[3] Pressure-driven fusion of amorphous particles into integrated monoliths
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HRR{EB: Science, 25 JUNE 2021, VOL 372, ISSUE 6549
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FE—VEHBAL: Department of Chemistry, Zhejiang University, Hangzhou 310027, China.

EPAHSHRGE: http://www.news.zju.edu.cn/2021/0625/c23225a2399010/page.htm

AR https://science.sciencemag.org/content/372/6549/1466

Abstract: Biological organisms can use amorphous precursors to produce inorganic skeletons with continuous
structures through complete particle fusion. Synthesizing monoliths is much more difficult because sintering techniques
can destroy continuity and limit mechanical strength. We manufactured inorganic monoliths of amorphous calcium
carbonate by the fusion of particles while regulating structurally bound water and external pressure. Our monoliths are
transparent, owing to their structural continuity, with a mechanical strength approaching that of single-crystal calcite.
Dynamic water channels within the amorphous bulk are synergistically controlled by water content and applied
pressure and promote mass transportation for particle fusion. Our strategy provides an alternative to traditional sintering
methods that should be attractive for constructing monoliths of temperature-sensitive biominerals and biomaterials.
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[4] Resolving multifrequential oscillations and nanoscale interfacet communication in single-particle catalysis
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Abstract: In heterogeneous catalysis research, the reactivity of individual nanofacets of single particles is typically
not resolved. We applied in situ field electron microscopy to the apex of a curved rhodium crystal (radius of 650
nanometers), providing high spatial (~2 nanometers) and time resolution (~2 milliseconds) of oscillatory catalytic hydrogen
oxidation, to image adsorbed species and reaction fronts on the individual facets. Using ionized water as the imaging species,
the active sites were directly imaged with field ion microscopy. The catalytic behavior of differently structured nanofacets
and the extent of coupling between them were monitored individually. We observed limited interfacet coupling, entrainment,
frequency locking, and reconstruction-induced collapse of spatial coupling. The experimental results are backed up by
microkinetic modeling of time-dependent oxygen species coverages and oscillation frequencies.
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[5] Tough hydrogels with rapid self-reinforcement
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{EZ: Chang Liu, Naoya Morimoto, Lan Jiang, Sohei Kawahara, Takako Noritomi, Hideaki Yokoyama, et al.

F—VEHBAL: Material Innovation Research Center (MIRC) and Department of Advanced Materials Science,
Graduate School of Frontier Sciences, The University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8561, Japan.
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Abstract: Most tough hydrogels are reinforced by introducing sacrificial structures that can dissipate input energy.
However, because the sacrificial damage cannot rapidly recover, the toughness of these gels drops substantially during
consecutive cyclic loadings. We propose a damageless reinforcement strategy for hydrogels using strain-induced
crystallization. For slide-ring gels in which polyethylene glycol chains are highly oriented and mutually exposed under
large deformation, crystallinity forms and melts with elongation and retraction, resulting both in almost 100% rapid
recovery of extension energy and excellent toughness of 6.6 to 22 megajoules per square meter, which is one order of
magnitude larger than the toughness of covalently cross-linked homogeneous gels of polyethylene.
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[1]Fizeau drag in graphene plasmonics
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450888 https://www.nature.com/articles/s41586-021-03640-x

Abstract: Dragging of light by moving media was predicted by Fresnel and verified by Fizeau’ s celebrated
experiments with flowing water. This momentous discovery is among the experimental cornerstones of Einstein’ s
special relativity theory and is well understood in the context of relativistic kinematics. By contrast, experiments on
dragging photons by an electron flow in solids are riddled with inconsistencies and have so far eluded agreement
with the theory. Here we report on the electron flow dragging surface plasmon polaritons (SPPs): hybrid
quasiparticles of infrared photons and electrons in graphene. The drag is visualized directly through infrared nano-
imaging of propagating plasmonic waves in the presence of a high-density current. The polaritons in graphene
shorten their wavelength when propagating against the drifting carriers. Unlike the Fizeau effect for light, the SPP
drag by electrical currents defies explanation by simple kinematics and is linked to the nonlinear electrodynamics
of Dirac electrons in graphene. The observed plasmonic Fizeau drag enables breaking of time-reversal symmetry
and reciprocity at infrared frequencies without resorting to magnetic fields or chiral optical pumping. The Fizeau
drag also provides a tool with which to study interactions and nonequilibrium effects in electron liquids.

Efficient Fizeau drag from Dirac electrons in monolayer graphene
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[2]Efficient Fizeau drag from Dirac electrons in monolayer graphene
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Abstract: Fizeau demonstrated in 1850 that the speed of light can be modified when it is propagating in moving
media. However, such control of the light speed has not been achieved efficiently with a fast-moving electron media by
passing an electrical current. Here we report direct observation of Fizeau drag of plasmon polaritons in strongly biased
monolayer graphene by exploiting the high electron mobility and the slow plasmon propagation of massless Dirac
electrons. The large bias current in graphene creates a fast-drifting Dirac electron medium hosting the plasmon
polariton. This results in non-reciprocal plasmon propagation, where plasmons moving with the drifting electron media
propagate at an enhanced speed. We measure the Doppler-shifted plasmon wavelength using cryogenic near-field
infrared nanoscopy, which directly images the plasmon polariton mode in the biased graphene at low temperature. We
observe a plasmon wavelength difference of up to 3.6 per cent between a plasmon moving with and a plasmon moving
against the drifting electron media. Our findings on the plasmonic Doppler effect provide opportunities for electrical
control of non-reciprocal surface plasmon polaritons in non-equilibrium systems.
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