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Latticedefectsincrystallinematerialsplayacriticalroleintuningthermaltransport, with
theirpropertiesbeinghighlysensitivetoatomicstructure. However, characterizingsuchstructu
re—
propertyrelationshipsishamperedbythechallengesindirectlymeasuringthermalpropertiesatth
esingle—defectlevel. Here, weusein—
situelectronenergylossspectroscopyinscanningtransmissionelectronmicroscopy (STEM - EELS)
tocharacterizeripplocationboundaries (RBs) —uniquekink—
liketopologicaldefectsinreducedgrapheneoxide (rGO) films—revealingtheiratomic—
scalelatticedynamicfeaturesandquantifyinglocalthermalresistance. Wefindthattheinterlaye
ralternatingstrainfieldwithin 5nmofRBsbroadensthephononbandsofout—of-
planeandtransverseacousticmodes, leadingtoenhancedphononscatteringandtherebya three—
tofive-foldincreaseinlocalthermalresistancerelativetodefect—
freeregions. Theobtainedtypical thermalresistanceofripplocationsrangesfrom4. 69 X 10—
11t08. 06 X 10-11m2KW-

1, exhibitingmonotonicdependenceonbendingangles. Thesefindingsestablishaquantitativelink
amongripplocationatomicconfigurations, phononfeaturesandthermalresistance, providingerit
icalguidelinesfordefectthermalengineeringinrGOfilms. Thein—

situcharacterizationparadigmal sopavesthewayforprobingsingledefectthermalpropertiesatth

eatomicscale

Fe8iFripplocation: thermalresistance;
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Intrinsic structural characterization and structure-property relationships of

sensitive 2D quantum materials and organic materials
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The extreme thinness of two-dimensional (2D) materials confers unique properties (e.g., ferroelectricity,
ferromagnetism, superconductivity), but also renders them highly susceptible to degradation in ambient air
and intolerant to high-energy electron beams. This significantly hinders the characterization of their defect
fine structures. This report presents our group's innovative approach to overcome the air/moisture sensitivity
of 2D materials: the development of a large-scale interconnected atmosphere control system. This system
provides end-to-end inert atmosphere protection for air-sensitive 2D materials throughout their entire
experimental lifecycle — from growth and transfer, through high-precision structural analysis, to device
fabrication and measurement. Using this system, we achieved direct, non-destructive characterization of
atomic lattice structures and defects in sensitive 2D monolayers, as demonstrated by the direct CVD synthesis
and characterization of few-layer halide-based ferro-/antiferromagnetic materials. Furthermore, by
integrating cryogenic transmission electron microscopy (cryo-TEM), we simultaneously addressed the
electron irradiation sensitivity alongside air sensitivity. Ultralow-dose cryo-TEM imaging resolved the
organic functional group structure in a 2D all-organic perovskite, while phase-contrast analysis elucidated
the three-dimensional (3D) charge density wave (CDW) stacking configuration in the 2D quantum material
1T-TaS..

Key Words: Two-dimensional materials; Air sensitivity; Interconnected systems; Low-dose cryo-TEM
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Fig. 1 Study on the decomposition mechanism and surface, interface of halide perovskites
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Topological antiskyrmions, stabilized by anisotropic Dzyaloshinskii - Moriya interactions in
noncentrosymmetric magnetic crystals, exhibit unique spin configurations and dynamical behaviors that
distinguish them from conventional skyrmions. Their quadrupolar spin textures, layered Bloch-point
structures, and anisotropic responses to external stimuli offer a rich platform for exploring nontrivial
topological phenomena in real space.

In this report, I will first introduce the manipulation of individual antiskyrmions in S,-symmetric
noncentrosymmetric magnets under nanosecond pulsed currents at room temperature. We demonstrate high-
mobility, directional motion guided by magnetic stripe domains, with velocities enhanced when current is
applied perpendicular to the stripe orientation. I will then present micromagnetic simulation results showing
that the coordinated dynamics of quadrupolar Bloch points in 3D antiskyrmions drive a reversible transition
between square and triangular lattice phases. This transition is governed by a competition between surface
repulsion and interlayer attraction, enabling tunable lattice modulation. Our findings provide direct insights
into the dynamic topology and lattice reconstruction of 3D magnetic solitons.

XK ##i7]: Magnetic skyrmion, L-TEM
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Abstract:

Nanocrystalline metallic materials exhibit high strength but poor thermal stability, along with challenges
in large-scale fabrication. Interface engineering of nano-laminated composite metals provides a critical
pathway to simultaneously enhance comprehensive properties and achieve scalable production. In this study,
bulk multilayered Cu-Nb sheets with individual layer thickness of 10 nm were fabricated via accumulative
roll bonding. High-resolution transmission electron microscopy revealed that most Cu-Nb interfaces
developed atomically ordered and crystallographically stable configurations after severe plastic deformation.
Furthermore, amorphous interlayers with atomic-scale features were designed, elucidating their regulatory
mechanism in strengthening-ductility synergy of nanolaminated metals.

To address the strong anisotropy and limited ductility of laminated metals, a 3D interfacial architecture
was proposed to enhance strength-ductility combinations. A TiZr-based nanoscale crystalline-amorphous
dual-network structure was fabricated, achieving a yield strength of 1.80 GPa, tensile strength of 2.30 GPa,
and uniform elongation of 7.0%. This breakthrough in Ti-based amorphous composites establishes a
theoretical model for developing high-performance metallic materials.



Building on model materials, we investigated the plastic deformation behavior of engineering alloys
under near-service conditions. The damage tolerance of fully lamellar Ti-6Al-4V alloys was attributed to
atomic-scale o/ interfaces with specific orientation relationships and semi-coherent characteristics. These
interfaces simultaneously nucleate dislocations and impede their glide, inducing stress concentration and twin
formation. The B phase restricts twin propagation (enhancing strength) while permitting twin transmission
(improving strain), collectively contributing to superior damage tolerance.
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Fig. 1 Research methodology on dislocation-interface interactions
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Abstract Water, one of the most abundant substances in the universe, has the most complex phase diagram
among known materials. Despite over a century of study, a unified understanding of its phase transitions and
microscopic dynamics remains elusive, mainly due to the lack of direct imaging techniques capable of
capturing structural evolution during phase change. Classical models often assume homogeneous, single-
phase formation, which oversimplifies the multistep nature of real nucleation processes. To address this, we
developed an in situ cryogenic transmission electron microscopy (cryo-TEM) method that combines low-
dose imaging with graphene substrates, enabling real-time, real-space visualization of water vapor
condensation and ice crystallization at the nanoscale. This technique allowed us to statistically analyze



heterogeneous nucleation pathways and, for the first time, directly observe the formation of cubic ice—a
metastable phase long proposed but lacking firm experimental evidence. We identified its nucleation
dynamics, structural evolution, and thermodynamic competition with the stable hexagonal phase. These
observations offer new insight into the nonequilibrium nature of phase selection, revealing how kinetic
factors determine which polymorph emerges during nucleation. Our findings validate theoretical predictions
about cubic ice and show how direct imaging can uncover transient pathways not accessible by bulk
measurements. By linking nanoscale dynamics to macroscopic phase behavior, this work presents a model
system for controlling phase transitions through nucleation kinetics and provides an experimental basis for
improving theoretical models of water’s phase diagram. More broadly, our approach offers a general strategy
for investigating complex phase transformations in other systems, contributing essential parameters and
mechanistic understanding toward a unified theory of phase transitions in condensed matter.
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