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ABSTRACT: Metal nanoparticles are attractive for plasmon-enhanced
generation of hot carriers, which may be harnessed in photochemical
reactions. In this work, we analyze the coherent femtosecond dynamics of
photon absorption, plasmon formation, and subsequent hot-carrier
generation through plasmon dephasing using �rst-principles simulations.
We predict the energetic and spatial hot-carrier distributions in small metal
nanoparticles and show that the distribution of hot electrons is very
sensitive to the local structure. Our results show that surface sites exhibit
enhanced hot-electron generation in comparison to the bulk of the
nanoparticle. Although the details of the distribution depend on particle size and shape, as a general trend, lower-coordinated
surface sites such as corners, edges, and {100} facets exhibit a higher proportion of hot electrons than higher-coordinated
surface sites such as {111} facets or the core sites. The present results thereby demonstrate how hot carriers could be tailored
by careful design of atomic-scale structures in nanoscale systems.
KEYWORDS: localized surface plasmon, plasmon decay, plasmon dephasing, time-dependent density functional theory, hot electrons,
hot carriers, atomic scale

Plasmon-enhanced technologies enabled by metal nano-
particles (NPs) provide promising avenues for harvesting
and converting sunlight to chemical energy1 and driving

photochemical reactions.2 The underlying processes rely on the
decay of plasmonic excitations and the subsequent generation of
high-energy non-equilibrium electrons and holes.3 These
electrons and holes are often collectively referred to as hot
carriers (HCs), but their distributions can vary substantially with
time after excitation.4,5 HCs generated by plasmon decay can, in
principle, be transferred to a chemically attached acceptor such
as a semiconductor or a molecule, a process that is potentially
useful for technologies such as photovoltaics,6 photodetec-
tion,7,8 photon up-conversion,9 and photocatalysis2,10�13 and
possibly relevant for NP growth processes.14

It can be challenging to develop comprehensive under-
standing of plasmon-generated hot carriers via purely exper-
imental approaches both due to time constraints and the
di�culty associated with disentangling di�erent contribu-
tions.15�17 In this context, complementary theoretical and
computational approaches can provide highly valuable insight as
they enable scrutinizing the relevant microscopic processes. The
present theoretical understanding of plasmonic HC generation
is mostly based on �at metal surfaces18,19 or jellium NPs
neglecting the underlying atomic structure.4,5,20�26 Whereas
atomic-scale e�ects in nanoplasmonics, in general, have been

increasingly addressed in recent years,27�32 atomic-scale
modeling of plasmonic HC generation is only emerging.33�35

In particular, detailed atomic-scale distributions of plasmon-
generated HCs, to our knowledge, have not yet been scrutinized.
In the context of photocatalysis detailed understanding of
plasmonic HC generation at the atomic scale is, however, of
paramount importance as chemical reactions take place at this
size scale.

In this work, we analyze the e�ect of local atomic-scale
structure on plasmonic HC generation and demonstrate that the
distribution of HCs after plasmon decay is sensitive to the
atomic-scale details. Using a series of NPs, we analyze
quantitatively the spatial distribution of plasmon-generated
HCs at the atomic scale with respect to surface orientation as
well as for edge and corner sites. As the trends are consistent
across NPs of di�erent size and shape, the trends obtained here
are expected to be transferable to more general nanoscale
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