Plasmonic Catalysis: new routes for sunlight into chemical energy conversion
Emiliano Cortes, Stefan A. Maier
As of 2020, the majority of hydrogen (∼95%) is produced from fossil fuels by steam reforming of natural gas, partial oxidation of methane, and
coal gasification. Other methods of hydrogen production include biomass gasification and electrolysis of water. The production of hydrogen plays a
key role in any industrialized society, since hydrogen is required for many essential chemical processes.
As of 2019, roughly 70 million tons of hydrogen are produced annually worldwide for various uses, such as, oil refining, and in the production of
ammonia (Haber process) and methanol (reduction of carbon monoxide), and also as a fuel in transportation. The hydrogen generation market is
expected to be valued at US$115.25 billion in 2017.

Commercial hydrogen producers and petroleum refineries use steam-methane reforming to separate hydrogen atoms from carbon atoms in
methane (CH4). In steam-methane reforming, high-temperature steam (1,300°F to 1,800°F) under 3–25 bar pressure reacts with methane in the
presence of a catalyst to produce hydrogen, carbon monoxide, and a relatively small amount of carbon dioxide.

Figure 1: Scalability. Bottom-up chemical synthesis of new plasmonic-catalytic colloids.
Large-scale production of new photocatalysts. On a routine synthesis it is possible to
obtain on the order of 1010 nanoparticles with low size dispersion and excellent optical and
catalytic activity. Scale bars: 100 nm.

Figure 3: 2D-flow reactors. Large
area AuNP patterning for electroand
photo
electrochemistry.
Photographs of large-scale AuNP
assembly printed on ITO glass
substrate. Bright-field optical images
of ITO, ITO-Au, ITO-PDMS, and
ITO-PDMS-Au. Scale bars: 10 μm.
Cyclic
voltammogram
of four
samples for ferrocyanide/ferricyanide
redox couple, demonstrating the
capability of technique to create
direct electrical contact for charge
transfer. Schematic of band diagram
of Au/TiO2 Schottky junction, whose
barrier can be overcome by
plasmon-induced hot electrons in Au,
as shown in the photocurrent
measurement next to it.

Figure 2: Hydrogen production using sunlight. Comparison
between different catalytic and photocatalytic materials towards
hydrogen production. It is possible to obtain photocatalysts that
can operate under sunlight conditions, close to the best
outperforming catalysts.

Optical modes engineering in metallic and dielectric
nanoparticles could open new paths for assisting
chemical transformations using sunlight. In recent
years, we have investigated these phenomena at the
single nanoparticle level in order to unravel the
mechanisms inducing catalytic transformations at
these illuminated interfaces [1-11]. In both cases plasmonic and photonic catalysis - the possibility to
study the light-induced chemical transformations at
the single particle level helped us to unravel:
the energy of the carriers
[5], the spatial-resolved
reactivity [3, 6, 9, 10, 11],
the optimum geometry
[2, 3, 4, 11], the dynamic
processes affecting these
catalysts [1, 3, 8], among
others.
Gaining
a
nanoscopic insight on
these processes could aid
in the rational design of
novel plasmonic and
photonic photocatalysts
at Industrial levels.
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