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[ 1]Promotion of superconductivity in magic-angle graphene multilayers
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Abstract: Graphene moiré superlattices show an abundance of correlated insulating, topological, and
superconducting phases. Whereas the origins of strong correlations and nontrivial topology can be directly linked to
flat bands, the nature of superconductivity remains enigmatic. We demonstrate that magic-angle devices made of
twisted tri-, quadri-, and pentalayer graphene placed on monolayer tungsten diselenide exhibit flavor polarization
and superconductivity. We also observe insulating states in the tril- and quadrilayer arising at finite electric
displacement fields. As the number of layers increases, superconductivity emerges over an enhanced filling-factor
range, and in the pentalayer it extends well beyond the filling of four electrons per moiré unit cell. Our results
highlight the role of the interplay between flat and more dispersive bands in extending superconducting regions in
graphene moiré superlattices.
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Aligned macrocycle pores in ultrathin films for accurate molecular sieving
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Abstract: Here, we synthesized selectively functionalized macrocycles with differentiated reactivities that
preferentially aligned to create well-defined pores across an ultrathin nanofilm. The ordered structure was enhanced
by reducing the nanofilm thickness down to several nanometres. This orientated architecture enabled direct
visualization of subnanometre macrocycle pores in the nanofilm surfaces, with the size tailored to
angstrom precision by varying the macrocycle identity. Aligned macrocycle membranes provided twice the
methanol permeance and higher selectivity compared to disordered counterparts. Used in high-value separations,
exemplified here by enriching cannabidiol oil, they achieved one order of magnitude faster ethanol transport and
threefold higher enrichment than commercial state-of-the-art membranes. This approach offers a feasible strategy
for creating subnanometre channels in polymer membranes, and demonstrates their potential for accurate molecular
separations.
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Heterodimensional superlattice with in-plane anomalous Hall effect
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Abstract:

Here we report an intrinsic heterodimensional superlattice consisting of alternating layers of two-
dimensional vanadium disulfide (VS2) and a one-dimensional vanadium sulfide (VS) chain array, deposited
directly by chemical vapour deposition. This unique superlattice features an unconventional 1T stacking with a
monoclinic unit cell of VS2/VS layers identified by scanning transmission electron microscopy. An unexpected
Hall effect, persisting up to 380 kelvin, is observed when the magnetic field is in-plane, a condition under which the
Hall effect usually vanishes. The observation of this effect is supported by theoretical calculations, and can be

attributed to an unconventional anomalous Hall effect owing to an out-of-plane Berry curvature induced by an
in-plane magnetic field, which is related to the one-dimensional VS chain. Our work expands the conventional

understanding of superlattices and will stimulate the synthesis of more extraordinary superstructures.
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Exciton-coupled coherent magnons in a 2D semiconductor
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Abstract: The recent discoveries of two-dimensional (2D) magnets and their stacking into van der Waals
structures have expanded the horizon of 2D phenomena. One exciting application is to exploit coherent magnons as
energy-efficient information carriers in spintronics and magnonics or as interconnects in hybrid quantum systems. A
particular opportunity arises when a 2D magnet is also a semiconductor, as reported recently for CrSBr and
NiPS3 that feature both tightly bound excitons with a large oscillator strength and potentially long-lived coherent
magnons owing to the bandgap and spatial confinement. Although magnons and excitons are energetically
mismatched by orders of magnitude, their coupling can lead to efficient optical access to spin information. Here we
report strong magnon - exciton coupling in the 2D A-type antiferromagnetic semiconductor CrSBr. Coherent
magnons launched by above-gap excitation modulate the exciton energies. Time-resolved exciton sensing reveals
magnons that can coherently travel beyond seven micrometres, with a coherence time of above five nanoseconds.
We observe these exciton-coupled coherent magnons in both even and odd numbers of layers, with and without
compensated magnetization, down to the bilayer limit. Given the versatility of van der Waals heterostructures, these
coherent 2D magnons may be a basis for optically accessible spintronics, magnonics and quantum interconnects.

WEME. S04 QD) BEHR R R NS 72D BURIOTEE. — A4 AJRE
N2 AR AR TR 5V 0 A e i 2 A 722 TP U BB A B MR & B T R G I IE. 24 2D #ifk
[t AR, s I —MERLLs, WEGEARER) CrSBr A1 NiPS3 , AL BA KR ds iR i
5% 85 SR A0 el T B S [ 2R T E R dr Al i 7 BRI TR ERe R Bk IS T LM
B, HFHBG SN B RE BRA B0 HHFRHIGE 72D A B S8k 3R CrSBr ) SR
TG 8 IR BRIECR A ARG T BT REE . R SRR R s AT DU Bl
R 70K, MR AERE 5 Eb. SRR IREUE M E BUR PO R X - S L T RS
AAMERAL) , BEEQEMIR. HRENEEER RN Z DhEErE, XLMT 2D W1 T RE2 )t rl A7 HL
Y E B -5 BET A AR T AR

:u H
XHiEE:
a
Pump Probe @ '
-——» ':_
[ ] P L L4 "
PRI -
- o S R
L L4 hd L4
¢ e '1;;;;}
L . .
b eCr ¢S eBr wSpin b 7 133 1.34 1.35 1.36 137
_ (<109 = <t hv (eV)
f - = is
“E’ 0.6+ = 3s - 0o 0O Out of phase
- 4 5 - : O A In phase
-~ o= -3 ] 30+ o P
3 — - 04
. - e - = A :
g 2 o == B P RN
g 3 == & % |8 aa Bg
ar 1= = = g |2 a5 0
- ~2GHz[ B ool = = = ¥ g 5K “a Ty
ek ~34GHz| £ . = & 10581 A i
- — = E 20 . 40 A
— ¥ g (GHZ) i
h ol —— . | ol 0 .
133 134 135 136 1.37 1.33 134 135 136 137 0 40 80 120

hv (eV) hy (8V) Temperature (K)


https://www.nature.com/articles/s41586-022-05024-%201

[4]
Anomalous slip in body-centred cubic metals
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Abstract: Crystal strength and plastic flow are controlled by the motion and interaction of dislocations, the line
defects carrying atomic shear increments. Whereas, in most crystals, deformation develops in the crystallographic
planes in which the glide force acting on dislocations is maximum, plasticity in body-centred cubic metals is more
complex. Slip systems in which the resolved shear stress is not the highest can dominate at low temperature, leading
to anomalous slip. Using in situ tensile tests in a transmission electron microscope we show that anomalous slip
arises from the high mobility of multi-junctions, that is, junctions between more than two dislocations, which glide
at a velocity several orders of magnitude larger than single dislocations. These multi-junctions result from the
interaction of a simple binary junction with a gliding dislocation. Although elasticity theory predicts that these
binary junctions should be unstable in crystals with a weak elastic anisotropy such as tungsten, both experiments
and atomistic simulations reveal that such junctions can be created under dynamic conditions, in agreement with the
existence of anomalous slip in almost all body-centred cubic metals, including tungsten.
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Tracking single adatoms in liquid in a transmission electron microscope
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Abstract: Single atoms or ions on surfaces affect processes from nucleation to electrochemical reactions and

heterogeneous catalysis. Transmission electron microscopy is a leading approach for visualizing single atoms on a
variety of substrates. It conventionally requires high vacuum conditions, but has been developed for in situ imaging
in liquid and gaseous environments with a combined spatial and temporal resolution that is unmatched by any other
method—notwithstanding concerns about electron-beam effects on samples. When imaging in liquid using
commercial technologies, electron scattering in the windows enclosing the sample and in the liquid generally limits
the achievable resolution to a few nanometres. Graphene liquid cells, on the other hand, have enabled
atomic-resolution imaging of metal nanoparticles in liquids. Here we show that a double graphene liquid cell,
consisting of a central molybdenum disulfide monolayer separated by hexagonal boron nitride spacers from the two
enclosing graphene windows, makes it possible to monitor, with atomic resolution, the dynamics of platinum
adatoms on the monolayer in an aqueous salt solution. By imaging more than 70,000 single adatom adsorption sites,
we compare the site preference and dynamic motion of the adatoms in both a fully hydrated and a vacuum state. We
find a modified adsorption site distribution and higher diffusivities for the adatoms in the liquid phase compared
with those in vacuum. This approach paves the way for in situ liquid-phase imaging of chemical processes with
single-atom precision.
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