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[1] Mechanical nonreciprocity in a uniform composite material
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HARSE B Science,14 APR 2023, Volume 380 Issue 6641

YE#: XIANG WANG, ZHIHAO LI, SHUXU WANG et al.

FE—VEHZ AL RIKEN Center for Emergent Matter Science, 2-1 Hirosawa, Wako, Saitama
351-0198, Japan.

S HEEE: https:/www.science.org/doi/10.1126/science.adf1206

Abstract: We report a uniform composite hydrogel that displays substantial mechanical
nonreciprocity, owing to direction-dependent buckling of embedded nanofillers. This material

exhibits an elastic modulus more than 60 times higher when sheared in one direction compared
with the opposite direction. Consequently, it can transform symmetric vibrations into
asymmetric ones that are applicable for mass transport and energy harvest. Furthermore, it
exhibits an asymmetric deformation when subjected to local interactions, which can induce
directional motion of various objects, including macroscopic objects and even small living
creatures. This material could promote the development of nonreciprocal systems for practical
applications such as energy conversion and biological manipulation.
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[2] Fiber pumps for wearable fluidic systems
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HAR{E B Science, 31 MAR 2023, VOL 379, ISSUE 6639

Y8#: MICHAEL SMITH, VITO CACUCCIOLO AND HERBERT SHEA

B —A1EHZ BAL: Soft Transducers Laboratory (LMTS), Ecole Polytechnique Fédérale de

Lausanne, Neuchatel, Switzerland.

EHEEE: https:/www.science.org/doi/10.1126/science.ade8654

Abstract: Incorporating pressurized fluidic circuits into textiles can enable muscular support,

thermoregulation, and haptic feedback in a convenient wearable form factor. However,

conventional rigid pumps, with their associated noise and vibration, are unsuitable for most

wearables. We report fluidic pumps in the form of stretchable fibers. This allows pressure

sources to be integrated directly into textiles, enabling untethered wearable fluidics. Our pumps

consist of continuous helical electrodes embedded within the walls of thin elastomer tubing and

generate pressure silently through charge-injection electrohydrodynamics. Each meter of fiber

generates 100 kilopascals of pressure, and flow rates approaching 55 milliliters per minute are

possible, which is equivalent to a power density of 15 watts per kilogram. The benefits in design

freedom are considerable, which we illustrate with demonstrations of wearable haptics,

mechanically active fabrics, and thermoregulatory textiles.
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[1] Tracing attosecond electron emission from a nanometric metal tip
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HARAE B.: Nature, 27 April 2023, Volume 616 Issue 7958

fE&: Philip Dienstbier, Lennart Seiffert et al.

B —{EHHAL: Department of Physics, Friedrich-Alexander-Universitit Erlangen-Niirnberg
(FAU), Erlangen, Germany

£ HEEE: https:/www.nature.com/articles/s41586-023-05839-6

Abstract: Here we show that two-colour modulation spectroscopy of backscattering electrons
uncovers the suboptical-cycle strong-field emission dynamics from nanostructures, with
attosecond precision. In our experiment, photoelectron spectra of electrons emitted from a sharp
metallic tip are measured as function of the relative phase between the two colours. Projecting
the solution of the time-dependent Schrodinger equation onto classical trajectories relates
phase-dependent signatures in the spectra to the emission dynamics and yields an emission
duration of 710+30 attoseconds by matching the quantum model to the experiment. Our results
open the door to the quantitative timing and precise active control of strong-field photoemission
from solid state and other systems and have direct ramifications for diverse fields such as
ultrafast electron sources, quantum degeneracy studies and sub-Poissonian electron beams,

nanoplasmonics and petahertz electronics.
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[2] pH-dependent water permeability switching and its memory in MoS2 membranes
“HRAGSERE D pH AR KK IE M R K R

HARAE B.: Nature, 27 April 2023, Volume 616 Issue 7958

% : C.Y.Hu, A. Achari, P. Rowe, H. Xiao, S. Suran et al.

B —1E& ¥ AL: National Graphene Institute, University of Manchester, Manchester, UK;
Department of Chemical Engineering, University of Manchester, Manchester, UK; Department
of Physics and Astronomy, University of Manchester, Manchester, UK; College of Chemistry
and Chemical Engineering, iChEM, Innovation Laboratory for Sciences and Technologies of
Energy Materials of Fujian Province (IKKEM), Xiamen University, Xiamen, China

A CHEEE:  https://www.nature.com/articles/s41586-023-05849-4

Abstract: Here we demonstrate the memory effects and stimuli-regulated transport of
molecules through an intelligent, phase-changing MoS, membrane in response to external pH.

We show that water and ion permeation through 1T’ MoS, membranes follows a pH-dependent
hysteresis with a permeation rate that switches by a few orders of magnitude. We establish that
this phenomenon is unique to the 1T’ phase of MoS,, due to the presence of surface charge and
exchangeable ions on the surface. We further demonstrate the potential application of this
phenomenon in autonomous wound infection monitoring and pH-dependent nanofiltration. Our
work deepens understanding of the mechanism of water transport at the nanoscale and opens
an avenue for the development of intelligent membranes.
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[3] Mechanistic formulation of inorganic membranes at the air-liquid interface
S-S E AU IV U

HARAE B.: Nature, 13 April 2023, VOL 616, ISSUE 7956

fE&: Chen Zhang, Wanheng Lu, Yingfeng Xu, Kaiyang Zeng & Ghim Wei Ho

B —{EHHAL: Department of Electrical and Computer Engineering, National University of
Singapore, Singapore, Singapore

AL https://www.nature.com/articles/s41586-023-05809-y

Abstract: Freestanding functional inorganic membranes, beyond the limits of their organic
and polymeric counterparts, may unlock the potentials of advanced separation, catalysis,

sensors, memories, optical filtering and ionic conductors. However, the brittle nature of most
inorganic materials, and the lack of surface unsaturated linkages, mean that it is difficult to form
continuous membranes through conventional top-down mouldings and/or bottom-up syntheses.
Up to now, only a few specific inorganic membranes have been fabricated from predeposited
films by selective removal of sacrificial substrates. Here we demonstrate a strategy to switch
nucleation preferences in aqueous systems of inorganic precursors, resulting in the formation
of various ultrathin inorganic membranes at the air-liquid interface. Mechanistic study shows
that membrane growth depends on the kinematic evolution of floating building blocks, which
helps to derive the phase diagram based on geometrical connectivity. This insight provides
general synthetic guidance towards any unexplored membranes, as well as the principle of
tuning membrane thickness and through-hole parameters. Beyond understanding a complex
dynamic system, this study comprehensively expands the traditional notion of membranes in
terms of composition, structure and functionality.
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[4] Deforming lanthanum trihydride for superionic conduction
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HARAE B.: Nature, 6 April 2023, Volume 616 Issue 7955

fE3&: Weijin Zhang, Jirong Cui, Shangshang Wang, Hujun Cao, Anan Wu, Yuanhua Xia, Qike
Jiang, Jianping Guo, Teng He & Ping Chen

FE—VEHZBAL: Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian,
P. R. China

£ HEEE: https:/www.nature.com/articles/s41586-023-05815-0

Abstract: With strong reducibility and high redox potential, the hydride ion (H") is a reactive
hydrogen species and an energy carrier. Here we show that by creating nanosized grains and
defects in the lattice, the electronic conductivity of LaHx can be suppressed by more than five
orders of magnitude. This transforms LaHx to a superionic conductor at —40 °C with a record
high H- conductivity of 1.0 x 102 Scm ™' and a low diffusion barrier of 0.12 eV. A room-
temperature all-solid-state hydride cell is demonstrated.
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[5] Gate-tunable heavy fermions in a moiré Kondo lattice
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HARAE B.: Nature, 6 April 2023, Volume 616 Issue 7955

fE#&: Wenjin Zhao, Bowen Shen et al.

FE—VEHZBAL: Kavli Institute at Cornell for Nanoscale Science, Cornell University, Ithaca,
NY, USA

£ HEEE: https:/www.nature.com/articles/s41586-023-05800-7

Abstract: Here we report the realization of a synthetic Kondo lattice in AB-stacked
MoTe,/WSe; moiré bilayers, in which the MoTe; layer is tuned to a Mott insulating state,
supporting a triangular moiré lattice of local moments, and the WSe, layer is doped with

itinerant conduction carriers. We observe heavy fermions with a large Fermi surface below the
Kondo temperature. We also observe the destruction of the heavy fermions by an external
magnetic field with an abrupt decrease in the Fermi surface size and quasi-particle mass. We
further demonstrate widely and continuously gate-tunable Kondo temperatures through either
the itinerant carrier density or the Kondo interaction. Our study opens the possibility of in situ
access to the phase diagram of the Kondo lattice with exotic quantum criticalities in a single
device based on semiconductor moiré materials.
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