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The use of light as primary energy source in chahtiransformations is one major pillar of
the forthcoming energy transition. In this issueCofEM, Han and co-workers design a quite
sophisticated antenna-reactor complex which sekdgticatalyzes the reductive cleavage of
C-O bonds in aryl ethers under mild conditions.

The interaction between light and matter has fadeth scientists for centuries. In particular,
the collective oscillation of conduction electromgygered by incident light in plasmonic
nanoparticles has attracted much intetéthis phenomenon, referred to as localized surface
plasmon resonance (LSPR), indeed increases thé&raglexgnetic field intensities around
illuminated nanoparticles. This nanosource of epargn be harvested in many ways by
neighboring functional nanostructures.

It can be transferred to adsorbed molecules amdfosemed into vibrational energy, which
has been exploited in detection and sensing apioisa It can be absorbed by a semi-
conductor (SC), provided the optical absorptionhaf SC matches the emitted energy levels,
which has contributed to the development of theb&€ed photocatalysis field by drastically
enhancing the number of active species (electrda-pairs) generated within the SC. More
recently, the electromagnetic energy from LSPR ¢en absorbed by a neighboring
heterometal, inducing peculiar absorption propsiiethe receiving metal, which is currently
being exploited in the photo-induced catalysisifel

Besides the primary LSPR-induced effect, known earfiield enhancement, another way of
extracting energy from LSPR has been attractingeaming attention over the last few years.
That is during its decay. In particular, the nodiaive decay of LSPR, also known as
Landau damping, generates a Fermi-Dirac distributd hot charge carriers (electron-hole
pairs) within the plasmonic nanostructir@hese hot charge carriers can in principle be
harvested as such in the femto- to pico-secondstiale, or as a source of localized heat after
thermalization, before all the LSPR energy is giawd. For example, hot electrons are
believed to be responsible for the peculiar featuré the few plasmonic catalytic (and
photocatalytié) reactions studied so fABy reaching energy levels far above the Fermilleve
of the metal, hot electrons could in principle plepe antibonding orbitals of molecules
directly adsorbed on the plasmonic nanopatrtickeselhy destabilizing and ultimately breaking
internal bonds in the adsorbate.

In pioneer work by Linic and coworkers, such ligidluced cleavage of the oxygen molecule
was used to epoxidize ethylene into ethylene omda significantly higher rate than that
observed over the externally heated system. Byitiaig the rate-limiting @ dissociation
step, light-activated silver nanoparticles couldvéo the overall temperature required to
produce ethylene oxide, i.e. the consumption of resrewable energf.

This is one of the rare examples in which the g#taleaction is completed directly on the
surface of the plasmonic nanoobject. In most oteamples, plasmonic and catalytic
functions are decoupled, i.e., they occur on twatimiit metals in close proximity. In this
antenna-reactor design, light is absorbed by thsnpbnic metal (antenna) and hot charge



carriers may be generated directly within the gatalnanostructure (reactor) by near-field
enhancement effecisThis offers the advantage of harvesting visibihtj by using one of
the few metals exhibiting a LSPR in the visiblegar{Cu, Ag, Au, Al) as the antenna while
broadening the scope of catalytic transformatiocisievable by light by using a catalytic
metal of interest for the target reaction (amomgséhhaving a LSPR with a large imaginary
part in the near-visible range). In such configoratboth components can be designed and
optimized independently, which should contributefdster progress in the development of
light-activable catalytic nanostructures.

In a pioneer example, Swearet al®> showed that heterometallic Al-Pd nanoparticles
exhibited a much higher ethene-versus-ethane setgcin the light-induced partial
hydrogenation of acetylene (another high profilect®n of the petrochemical industry) than
those observed under external thermal activatiorthis case, hot electrons are believed to
destabilize Pd-H bonds and facilitate associatigsodption of H, thereby decreasing the

surface concentration of active atomic hydrogerd anturn, the probability for ethene
hydrogenation (acetylene overhydrogenation) toretha

Other heterometallic nanostructures, such as Ad@Ru@CuRU, have been probed as
heterogeneous plasmonic catalysts. In generalhitjieer levels of energy attained by hot
electron-activated intermediates are believed itaghthe intermediate closer to the activation
barrier, thereby decreasing the energy input reduior overcoming the barrier of the
corresponding reaction step (Figure 1). When tbiates to the rate-limiting step of the
reaction, the overall apparent activation energy vé decreased, accounting for the higher
rates observed in light-activated processes at gimen external temperature. When this
relates to a multi-step reaction with competitiahwvays, the preferential facilitation of one
of the pathways will explain the higher selectestiachievable in light-mediated processes.
Overall, results are often explained in terms dilitation of desorption of adsorbates
(reactants, intermediates or productsy:’

Figure 1. Schematic diagram of the impact of hetbns generation on the energetics of a
catalytic reaction.

The actual mechanisms of action of these hot elest{and corresponding hot holes) are,
however, elusive. Even the fact that these acthasge carriers or as thermalizers at the



nanoscale is not completely clear yet. Hence, enatisence of clear-cut understanding of the
nature of the energy transfer (charge or heat fegnsthe design of such bi-functional
plasmonic-catalytic nanoobjects, particularly thesign of the interface between the two
components that controls the efficiency of the gperansfer, remains a challenhBesides,
the low irradiance of the light sources that areended to be used, and ultimately solar
illumination (< 1 W/cm), adds additional material requirements inspirechfnanophotonics:
the concentration of light directly at the surfamein direct proximity of the plasmonic
nanostructures, i.e., the engineering of so-cdlt@dspots (plasmonic nanogaps).

In this issue of Chem, Han et al. combine plasmaiicer or gold nanoparticles and
heterogenized Ni(ll) complexes to successfully kaahallenges in biomass upgrading with
soft-light activatiorf

Specifically, catalytic transfer hydrogenolysistbé a-O-4 linkage of benzyl phenyl ether is
achieved selectively, i.enithouthydrogenation of the aromatic rings, under mildditons®

In this bifunctional architecture, the two sitesemie in tandent Plasmonic nanoparticles
provide not only hot electrons and holes, but @stive sites for the oxidation of the mild
hydrogen donor (isopropanol), leading to the redeafsthe active H species. Hydrogenolysis
of the C-O bond into phenol and toluene is subsetijuachieved by the reduced Ni(0) site as
a result of hot electron transportatidrom plasmonic nanoparticles (M) to Ni(ll) compéex
via the supposedly bridging aromatic substrate oudée Direct energy transfer from M to
Ni(Il) via near-field enhancement effects could also corteibmthe reaction.

The probability of occurrence of M-Ni(ll) dual sstéshort M-Ni(ll) distance) inside hotspots
(short interM distance) is enhanced by the assoaoidtetween a high coverage of grafted Ni
complexes and a non-homogeneous distribution @npdaic nanoparticles over the alumina
support. An increase in substrate local conceptmatiithin hot spots and plasmon-enhanced
chemisorption are emphasized, bringing new pers@scto plasmonic catalysis, including
the potentiality for an aromatic substrate to prtents own transformation.

By providing useful energyia one of its decay pathways in addition to its prynanergy
release, LSPR can be seen as the next generattmsmace of energy. However, smart
architectures will need to be designed in ordereti@ctively harvest and use this new
sustainable energy nanosource. In this regard,néws statistical combination of plasmonic
metals and immobilized metal complexes proposed Han et al. constitutes a key
contribution to this grand scientific and societhhllenge, as it expands the scope of light-
activated catalytic reactions and demonstratesrtadu practical example for the transition
towards more sustainable energy sources.
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