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Abstract:

Metal nanoparticles are typically wrapped in organic ligand shells that control their
growth, stabilize dispersions, and mediate interactions with their environment. Beyond
simple stabilization, these shells define how closely particles approach each other—
and thus how they interact electronically, optically, and mechanically.

Emerging nanomaterials increasingly rely on controlled interparticle coupling rather
than random dispersion. Weak coupling tunes plasmonic responses; strong coupling &
enables charge transport. Achieving this requires precise control over particle spacing ‘ £5

and the transition from separated particles to metallic contacts—effectively a form of '
“colder fusion” governed by soft organic layers. Figure 1: Metal

nanoparticles with
In this talk, | present strategies to tune interparticle spacing from well-defined organic ligand shells,
nanometre gaps to direct metallic connections, and link these structural changes to arranged into
macroscopic properties such as optical absorption, electrical conductivity, and supraparticles.

mechanical performance.

First, | address how nanoscale gaps can be quantified. Using
in situ optical spectroscopy and small-angle X-ray scattering,
we follow the self-assembly of ligand-coated gold
nanoparticles. Combined with scattering models and molecular
dynamics simulations, this reveals how core—core attraction
and shell-shell repulsion define equilibrium spacings, leading
to distinct core- and shell-dominated regimes.

o ) B Next, | explore how ligand exchange with small molecules
Figure 2: Agglomerated nanoparticles fuse when drives particles closer together and ultimately induces partial

heated or exposed to etchants. SAXS provides in situ fusion. Small-angle neutron scattering provides insight into
spacing data. how ligand shells restructure during this process. As spacing

decreases, metallic necks form between particles, enabling the
transition from discrete particles to connected networks.

| will also briefly highlight anisotropic systems, such as ultrathin metal
nanowires, where geometry introduces new assembly pathways and
challenges. Their linear structure enables directed connections but complicates
control over spacing and sintering due to persistent ligand shells.

Finally, | connect nanoscale structure to function in particle-based electronic
materials. By tuning network geometry and interparticle contacts, we create
conductors that either maintain conductivity under strain or exhibit pronounced
piezoresistive responses—relevant for applications such as soft robotics.

Overall, this work establishes spacing and coupling as unifying concepts linking
molecular-scale interactions to the emergent properties of nanoparticle
materials.

Figure 3: Silver particles form
a conductive network in a
stretchable electronic
materials. We reconstruct it
via FIB-SEM tomography.



