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Our understanding of the exact physical mechanism behind plasmon-induced photocatalysis is far from
complete despite this being one of the most active research topics in plasmonic applications1. In particular, the
role of localized temperature remains a controversial question2–4. In this seminar to the Semiconductors and
Nanotechnology series, we will discuss critical insights at the nanoscale that show plasmon-induced
photocatalytic activity and the role of localized heating. To do this, we use 4-nitrobenzenethiol (4NBT) selfassembled monolayers formed on plasmonic nanostructures as a benchmark model of photocatalytic activity
investigated by surface- and tip-enhanced Raman spectroscopy (SERS and TERS). We will see how SERS
results show that an external temperature increase promotes the photocatalytic conversion of 4NBT to
azobenzene products in agreement with Arrhenius law. However, our TERS imaging results at the single
nanoparticle level show that regions with the highest catalytic conversion do not correlate with regions having
the largest electromagnetic field enhancement. We attribute this mismatch between photocatalytic activity and
enhancement to a competition between these two processes in terms of energy conservation. These results
imply that the hot-electron transfer is not the only contributor to these kinds of reactions but that the nonradiative plasmon decay into thermal energy does play a critical role. This work impacts other applications such
as theranostics based on photothermal therapy and plasmonic signal enhancement since these two functions
cannot be simultaneously amplified in single-nanoparticle systems. We will end up with a brief discussion of the
applications of these new insights in flexible electronics and sensors for biomedical applications5.

Fig. 1 (a) Sketch of the Au tip on a 4NBT-functionalized surface with the TERS nanoscale imaging result in (b). The ultimate
application of plasmonic photocatalysis is to harvest sunlight to drive chemical processes as well as sensing applications that
are now emerging. We will discuss how thermal and electronic contributions play fundamental roles in plasmon-driven
reactions investigated by SERS and TERS.
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