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Available online 8 November 2014 attracted much attention. It promotes photochemical reaction efficiency by optimizing the solar spec-

trum absorption and the surface reaction kinetics. The deeper understanding is in urgent need for the
development of novel plasmonic photocatalysts. Surface-enhanced Raman spectroscopy (SERS), which is
also originated from the LSPR effect, provides an excellent opportunity to probe and monitor plasmonic
Metal nanostructures photoreactions in situ and in real-time, with a very high surface sensitivity and energy resolution. Here,
Photochemistry fundamentals of plasmonic photocatalysis and SERS are first presented based on their connections to
Plasmonic photocatalysis the LSPR effect. Following by a validity analysis, latest studies of SERS applied for the plasmon medi-
ated photochemical reaction are reviewed, focusing on the reaction kinetics and mechanism exploration.
Finally, limitations of the present study, as well as the future research directions, are briefly analyzed and
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discussed.
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1. Introduction

The substitution of the traditional fossil fuels by renewable ener-
gies, which are abundant, cost-effective, and safe, is the only way

to solve the problem of the rapid natural-resources depletion and
the continuing environment deterioration. Solar energy is one of
the most important renewable energies. It has been estimated that
only with 0.02% of the solar energy arrived at the earth every hour,
the entire energetic needs of all humans for a year can be satisfied
[1]. Nevertheless, the efficiency of the solar energy conversion is far
from satisfactory which makes this aim a long way to realize [2-5].

The common way of the solar energy conversion (utilization)
is to convert the sunlight into heat, electricity, and/or chemical
fuels. To make these conversions as efficient as possible, the R&D
of novel materials for photothermal, photoelectric, and photo-
chemical processes is of critical importance. Since the first report
of the water splitting into H, and O, under UV-light illumina-
tion on the TiO, by Honda and Fujishima [6], the development of
materials, including semiconductors [7-10] metal-nanostructures
[11-13], molecule-assemblies [ 14-16], and combinations between
them [17-21], has been under constant and vigorous study for
the past 40 years. The improvement of the materials does not
only depend on the numerous trial-and-error screening, but also
relies on the microscopic understanding down to the molecule-
level to provide the structure-to-activity relation for further
improvements.

Among many other analytical techniques, surface-enhanced
Raman spectroscopy (SERS) is highly attractive to surface scien-
tists as it can in principle provide much insight into a variety
of chemical, physical and biological surfaces and interfaces at
the molecular level. It can be applied to in situ investigation of
solid-liquid, solid-gas and solid-solid interfaces and processes,
to which many surface techniques are not applicable [22]. These
advantages profoundly benefit the real time study of the con-
comitant temperature variation, charge transfer, and/or reaction
dynamics during the solar energy conversion on the active materi-
als. Considering the recent fast-growing enthusiasm of studying
the photochemical process by SERS and the scope of this tuto-
rial review, we would like to limit our discussion in the field of
photochemistry. The photothermal and photoelectric conversions
studied by SERS can be found in literature [23-28] and [29-31],
respectively.

In the following sections, a discussion of the localized surface
plasmon resonance (Section 2.1) will be first presented before a
brief introduction of SERS (Section 2.2). Then, the emerging plas-
monic photochemistry and its light-harvesting principles will be
discussed (Section 2.3). Based on the same origin, SERS applied to
plasmonic photocatalysis will be discussed and analyzed allowing
for the generality and reliability concerns (Section 2.4). Prototypical
SERS studies of the plasmon-mediated photochemical (PMPC) reac-
tions will be presented in Sections 3-6. Finally, conclusions and
outlook of SERS toward application in the solar energy conversion
will be summarized in Section 7.
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