Unraveling Hot Carrier Processes in Plasmonic Energy Devices
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In the last decade, plasmonic and dielectric nanoantennas have revolutionized light manipulation and
control at the nanoscale. Interestingly, hot carriers and photoluminescence in metals have opened new
pathways for controlling photo(electro)chemical processes and monitoring temperatures. Yet,
fundamental questions remain about the microscopic details of these complex light-matter interactions.

We have recently developed a well-controlled experimental platform based on ultrathin monocrystalline
gold flakes [1] that, in combination with theory, enables deeper insight into light absorption and emission
processes. In particular, | will show results unraveling the origin of luminescence in gold, exploring the
role of physical confinement, excitation wavelength and temperature [2] and | will also show how
crystallinity improves hot carrier dynamics and transport [3]. | will then present micro-scale
photoelectrochemical measurements clarifying the interplay of hot carrier generation/transport and
quantifying the injection probability of high-energy d-band holes at the metal-electrolyte interface [4],
connecting it to the ultrafast dynamics of these carriers in monocrystalline metals. Finally, | will briefly
discuss light-driven thermo-optical effects in dielectric nanoantennas and their potential to control
temperature fields at the nanoscale [5]. Overall, this microscopic insight is critical to advance the design
of plasmonic-based energy devices.
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