Gold nanotetrapods: shape and function

Extinction

A recurring theme in physics is symmetry and how to break it. Asymmetric (e.g.,
anisometric or chiral) plasmonic nanoparticles exhibit interesting optical
properties that find applications in various fields, from photocatalysis to
biosensing. We have shown that gold nanotetrapods (NTPs), which lack inversion
symmetry, exhibit a strong second-harmonic signal with an efficiency that
depends on their morphology, and in particular on their arm length [1]. However,
exposure to heat or to specific chemical environments can induce their
reshaping, resulting in a loss of function. Elucidating this process is therefore
relevant both for the fundamental understanding of such nano-objects and for
their practical applications.

We followed in real time the spontaneous reshaping of NTPs in solution via optical
absorbance spectroscopy, revealing a two-step kinetics (fast tip flattening into
{110} facets, followed by arm shortening) with characteristic times that differ by a
factor of six but share an activation energy close to 1 eV. We used synchrotron-
based X-ray scattering to confirm this time evolution, which is much faster in
solution thanin the dry state, highlighting the importance of the aqueous medium
and supporting a dissolution-redeposition mechanism or facilitated surface
diffusion [2]. We also performed high-temperature transmission electron
microscopy of the dry particles, which validates the solution kinetics.
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