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Figure 1 (Color online) Plasmonic resonances. (a) Comparison of dispersion relations of a bulk dielectric (blue) and an Au-SiO, interface (red).
Solar spectrum as a function of photon energy is shaded in yellow for reference. (b) Density of state/local density of state at the metal-dielectric
interface. Solid and dashed lines in black respectively represent lossless and lossy metals. The light line in bulk dielectrics is sketched in blue. The inset
shows the diagram for surface plasmons. (c¢) Extinction efficiency of a 50 nm silver nanoparticle derived for Mie’s theory. Peak 1 and peak 2
respectively represent the dipole mode (/=1) and quadrupole mode (/=2). Data and figures for electric field distribution are extracted from Ref. [17]. (d)
Plasmonics in heavily-doped semiconductors, classified into p-type (boron injected) and n-type (phosphorous injected) [22]. Black, red, green and blue
curves represent doping densities of 2.5, 5, 10, 20 x10% cm ™, respectively.
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Figure 2 (Color online) Optical regulation and hybridization properties of plasmonics. (a)—(d) Impact factors of plasmonic properties for gold

nanoparticles. Absorption cross sections of various particle sizes (a), aspect ratios (b), background indices (c), and geometries (d) are plotted. (e)
Electric field distributions for intrinsically absorbing silicon (left) and a grating structure (right). (f) Plasmonic hybridization in nanoshell structures

(Case where quantum number /=1) [23]. Hybridization of sphere mode w, / /3 and cavity mode ~/ 2/3 w, is achieved, forming a symmetric mode eo_)

and antisymmetric mode |, ). Plots labeled (1), (2), and (3) respectively refer to extinction spectra for inner cavity, outer sphere and the whole

nanoshell.
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Figure 3 (Color online) Process of solar vapor generation in the microscopic and macroscopic picture. (a) Three phases of solar vapor generation
from the microscopic picture: optical excitation, nonradiative decay and thermal dissipation; (b) the macroscopic picture of solar vapor generation.
Incident energy is converted into such forms as reflection, radiation, conversion and convection.
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Figure 4 (Color online) Ideal absorption spectrum for solar thermal evaporators, and corresponding broadband absorption designs. (a) Typical
broadband absorbers (black solid line) and selective absorbers (purple dashed line). (b) Solar vapor generation enabled by gold nanoparticles, proposed
by the Halas group [10]. Left: Schematic for AuNP-triggered phase change. Right: Concrete system established for solar evaporation. (c) Absorber
design combining AuNPs and AAO, proposed by the Zhu group (left) [11,31]. Ellipsoids with various aspect ratios have different optical modes (right),
and thus equip the absorber with broadband absorption [31]. (d) Bae et al. [2] took advantage of gap plasmon modes to construct black gold membranes
(left), realizing high solar absorption as much as 91% (right).
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Figure S (Color online) Thermal management for plasmonic-based solar evaporator. (a) With the increase in the concentration of gold nanoshells,
internal scattering numbers for incident photons generally increase, and the absorption process becomes more localized towards the liquid-air interface
[37]. (b) Purely absorbing gold nanoparticles, and purely scattering PSNP nanoparticles. Division of responsibility enables enhanced absorptivity and
localization effects [38]. (c) Airlaid paper, a 2D substrate, gives rise to higher surface temperature (A7~26°C) and lower heat conduction loss [30]. (d)
Changes in size of the AAO pores result in size-varying concentric nanocylinders. A tunable bandwidth is therefore created, paving ways for
convenient radiation control [31].
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Figure 6 (Color online) Applications of photothermal conversion:
desalination [33], wastewater treatment [42] and high-temperature
sterilization [42]. Among them, desalination is showing an intensive
trend for combination with other photothermal applications, such as
photothermal catalysis and ion-gradient induced electricity generation.

Multifunctional photothermal systems are gradually being invented
[41,45].
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Plasmonic nanostructures for advanced interfacial solar
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With the development of artificial microstructures and photothermal conversion, solar vapor generation (SVG) has
become one of the most exciting fields of solar thermal energy utilizations, among which plasmonic photothermal
evaporators have garnered tremendous interests. As the most important components of solar evaporators, plasmonic
microstructures possess at least three appealing photothermal advantages with respect to traditional solar-thermal
conversion devices. Firstly, plasmonic microstructures based solar absorbers can achieve highly efficient light harvesting
across the entire solar irradiance spectral range with weighted solar absorptivity up to 95% or even higher. Secondly,
plasmonic absorbers possess unique local heating effects which originate from both the material level (plasmonic hot
spots effect) and system level (interfacial heating effect). Thirdly, plasmonic microstructures can exhibit tunable
absorption and thermal emission properties in full wavelength range (from ultraviolet to mid-infrared), ideal for effective
thermal loss suppression. In addition, plasmon-based solar vapor generation is also featured by a couple of pronounced
materials and/or chemical priorities, such as effective anti-corrosiveness, strong recyclability as well as fast thermal
response, which make them ideal candidates for some point-of-use off-grid applications, such as solar desalination for
high salt concentration, wastewater treatment, domestic solar sterilization, etc. Aiming at the recent progresses on
plasmon assisted efficient solar evaporation, this review demonstrates the photothermal designs on the emerging
plasmonic solar vapor generation systems, which mainly focus on the microstructures enabled nanophotonic designs and
thermal manipulation. Finally, the plasmonic solar evaporation based photothermal applications and a couple of crucial
issues for the future prospective are outlined as well.

plasmonic resonance, solar vapor generation, nanostructures, solar energy
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