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Introduction

During the interaction of light with metallic nanoparticles (NPs), the conduction electrons can oscillate collectively depending on the energy of the incident light. In the case of isolated NPs, these collective oscillations of the charge densities will take place locally between two different media (surface of the NP and the surrounding medium). The frequency for a maximum oscillation of the charge densities corresponds to the energy of the maximum absorption of the NP, hence the name Localized Surface Plasmon Resonance (LSPR). During the LSPR phenomenon, three effects are observed on the surface of the NPs: the electromagnetic field exaltation, the thermoplasmonic effect and the hot electron transfer as depicted in Fig. 1. These three effects can induce photo-reactions on the surface of the NP (in the near field). This offers a new and simple approach for the functionalization of NPs in a very confined and controlled manner depending on the incident light [1].

Near-field photochemistry provides hybrid, hierarchical and functional nanomaterials with high precision at nanometric scale and good time control, which can be used in various fields and applications, such as biology [2], catalysis [3] and optical applications [4]. Two examples of near field polymer grafting on gold NPs are depicted in Fig. 2 and 3. In the first example, (Fig. 2) the polymer is grafted on the gold NPs using a laser illumination with a circular polarization, leading to an anisotropic polymer shell. The photopolymerization reaction used by Kameche et al., is based on an atom transfer radical Fig. 1. Schematic of the three relaxation pathways following the plasmon excitation: hot charge carriers, heat generation and near field enhancement. Each of these three effects may induced a polymerization at the NPs surface. Reprinted with permission from [1]. Copyright (2021) American Chemical Society. polymerization molecular system [5]. The interest of this system is the following: after the first grafting of a thin polymer shell, the polymerization can be reactivated to graft a second monomer. By this method, called living photopolymerization, hybrid nanostructures with different polymer layers of controlled nanometric thickness can be realized.

In the second example (Fig. 3), the illumination of the gold structure is carried out with a linear polarization, generating the photopolymerization reaction where the near-field enhancement is maximum and thus creating two polymer lobes in the polarization axis (Fig. 3a). With quantum dots embedded in the polymer lobes, Ge et al. observed the photoluminescence of this hybrid-structure (Fig. 3b) as a function of the incident polarization [6]. The anisotropy of the polymerization allows to selectively address, with the incident polarization, the quantum dots present in the polymer lobes.

By combining LSPR and functional materials, the efficiency of their expected applications can be improved, such as SERS analysis that depends on electromagnetic field exaltation or hot electron transfer [7]. Photocatalysis [8] and biological applications [9] were also developed using the thermoplasmonic effect and hot electron transfer.

Two electronic transitions are possible upon excitation of the conduction electrons of metal NPs by electromagnetic light, the intraband transition described by the Drude model and the interband transition, which are important for the understanding of the light -metal NPs interaction [10]. In general, during the interaction between an electromagnetic wave and a metallic NP, three cases are possible: i) a part of the incident light will be absorbed by the particle and transformed into an optical response (electromagnetic field exaltation, thermal effect and hot electron transfer), ii) another part of the incident light will be elastically scattered on the surface of the NP, and iii) all that is neither absorbed nor scattered will be transmitted. The optical properties of particles are therefore often expressed as the sum of the effective absorption and scattering cross section of incident light (equation ( 1)). This gives the effective cross section of light extinction which is homogeneous to a surface and expressed per unit area:

σ extinction = σ absorption + σ scattering ( 1 
)
σ extinction is the effective cross section of light extinction by a particle. Under certain irradiation conditions (wavelength, polarization), the resonance phenomenon can be observed.

From a temporal point of view, these phenomenon are described in Fig. 4: after the plasmon excitation, the generation of hot carriers occurs at very short times (1 -100 fs). Then, thermalization of the NP occurs in a time scale of 100 fs to 1 ps for electron-electron scatterring and 1 ps -10 ps for electron-phonon scatterring. From there, the exchanges towards the external medium start causing a thermal dissipation of the heat produced at the level of the NP towards the external medium. They are then thermalized (100 fs -10ps) by electron-electron and electron-phonon scattering. Finally, the heat generated by Joules effect from the excitation of the plasmon will dissipate in the medium (100 ps -10 ns) [11][12][13].

The generation of heat via the illumination of NPs finds applications in many fields [14,15] whether in physics, chemistry [16] or biology [17]. The first and most famous application of thermoplasmonics is photothermal therapy [18][19][20]. Briefly, NPs with a resonance in the biological window (near IR 700 -850 nm) and without toxicity such as gold nanorods [21,22] or gold nanoshells [23,24] are illuminated by pulsed laser radiation in order to generate heat to kill cancer cells (Fig. 5a) [25]. This topic is still giving rise to many studies and advances [26,27].

As plasmonic materials have a good conversion of light into heat [28], they can even generate photothermal effects via their exposure to sunlight [29,30]. For example, it is possible to use thermoplasmonics for solar energy production. This new technology, called solar thermophotovoltaic [31] depicted in Fig. 5b, is based on the absorption of the entire spectrum of sunlight by metallic particles that will then heat up. A thermal emitter will then generate IR radiation which will be converted into electricity by a specific photovoltaic cell [32,33]. This technology could theoretically increase the efficiency of conversion of solar energy into electricity up to 85% [34] in ideal conditions. Another use of the photothermal properties of NPs via sunlight is seawater desalination and catalysis [35] (Fig. 5c). Here also, plasmonic NPs will play the role of photothermal absorber to bring the necessary energy to the system to desalinate seawater [36].

Finally, due to their thermoplasmonic properties, NPs are also used in chemistry, in particular for all photothermally driven processes, such as heterogeneous catalysis [37], polymers etching or curing [38,39] with applications in nanolithography [40] and semiconductor curing [41]. These different aspects will be developed in more detail in section 2.

In this review, we introduce important models to describe thermoplasmonic phenomena and in particular to anticipate local and global heating as a function of different system parameters. In a second part, recent examples in nanochemistry are presented to illustrate the interest of this approach for nanoscience and nanofabrication.

1 Thermoplasmonics & Temperature

Heat Power Generated in NPs

The metallic NPs generate heat by Joule effect following the collective oscillation of the electrons (i.e. plasmon) of the metal. The energy dissipated Q by the NP can then be written as the electromagnetic power density lost in the NP integrated over its volume V :

Q = 1 2 Re(J * .E)dV = ω 2 ϵ 0 Im(ϵ ω ) |E| 2 dV ( 2 
)
where J is the current density, E the electric field, ω the angular frequency and ϵ the dielectric function. Q also called heat power is different from zero only inside the NP and can also be expressed simply by [42]:

Q = σ abs I (3) 
with σ abs the effective absorption section of the considered NP and I the irradiance of the incident light.

To obtain an optimal thermoplasmonic effect, the light-to-heat conversation rate of the NP, thus its thermal power has to be maximized. To optimize it, it is necessary to first maximize the effective absorption section σ abs of the NP. The effective absorption cross-section depends on the shape, the volume, the materials of the NP and the wavelength used to generate the plasmon. In the particular case of thermoplasmonics, it is also necessary to take into account the melting temperature of the metal considered and the thermal stability of the NPs in order to avoid reshaping them and changing their properties. In concrete terms, for an equal volume, a nanorod with an aspect ratio of 4 has the best thermal power at resonance compared to a sphere and nanorods with aspect ratios of 2 and 3 as shown in Fig. 6 [43]. However, gold nanorods do not exhibit good thermal stability, it is possible to deform gold nanorods with an aspect ratio of 4 with temperature up to 100°C [44,45], far away from the melting temperature of bulk gold at 1064°C.

Concerning the ideal material for thermoplasmonics, a complete theoretical study has been carried out, highlighting in particular the capacities of the different materials to generate heat [46]. For this purpose, Lalisse et al. defined the Joule number, quantifying the ability of a material to generate heat:

J 0 = eϵ ′′ n s E in E 0 2 (4)
with e the photon energy in eV defined as e = hω/hω 0 with hω 0 = 1 eV, ϵ ′′ the imaginary part of the permittivity of the material, n s the refractive index of the propagation medium, E in the electric field inside the NP and E 0 the incoming electric field. Spectra of the Joule number J 0 are displayed on Fig. 7 for various materials. If silver, aluminium and gold are good candidates thanks to their high absorption cross-sections, the melting temperature of aluminium (660°C) and to a lesser extent that of silver (961°C) make them less photothermally stable materials and therefore less used in thermoplasmonics than gold. Finally, metal nitrides also proved to be good materials thanks to their good ability to generate heat (see Fig. 7) and to their high melting temperature added to their good photothermal stability [47].

Temperature Generation in NPs

The temperature generation induced by the illumination of NP in a uniform medium follows the heat transfer equation [START_REF] Landau | Fluid Mechanics[END_REF]:

ρC p ∂T (r) ∂t = κ∇ 2 T (r) + Q (5)
where ρ is the density of the material, C p the thermal capacity of the material, T (r) the temperature of the environment, κ the thermal conductivity of the surrounding environment. At steady state, a spherical NP under continuous illumination generates a temperature gradient defined by:

∆T = Q 4πκR = σ abs I 4πκR ( 6 
)
where R is the radius of the NP. This expression can be extended to a NP presents at an interface between two media by replacing κ by κ ef f , the effective conductivity being the average of the thermal conductivities of the two media [42]. Finally, if the NP is not spherical, the radius R can be replaced by an effective radius R ef f = βR eq where β is defined as a corrective term representing the thermal-capacitance and R eq is the radius of a spherical NP of equivalent volume [START_REF] Baffou | [END_REF].

Collective effects

If several NPs are illuminated at the same time, the temperature increase of a given NP will be generated by its own illumination ∆T s but also by the temperature increase of the surrounding NPs ∆T ext [50], called collective heating effect. The temperature increase of the system can then not only be estimated by Eq. ( 6) [51,52]. Considering an assembly of spherical NPs of radius R, located at distances r i , the temperature of a NP is defined by the following equation:

∆T j = ∆T s j + ∆T ext j = Q 4πκR + i̸ =j Q i 4πκ|r i -r j | (7) 
To know if it is necessary to take into account the collective heating effect of NPs, the constant ζ defined as the ratio between ∆T s and ∆T ext can be used. For a 2D system (e.g. NPs deposited on a substrate) under continuous illumination, ζ is defined by [50]:

ζ = ∆T s ∆T ext = p 2 3RD ( 8 
)
where p is the average distance between two NPs, R is the radius of the NP and D is the characteristic dimension of the illuminated NP array (e.g.. the diameter of the laser beam if the NP array is considered as quasi-infinite).

The collective heating effects are dominant as soon as ζ < 1, as shown in Fig. 8. The temperature distributions are derived from numerical simulations. Adapted with permission from Ref. [50]. Copyright (2013) American Chemical Society.

Pulsed Illumination

Pulsed lasers can also be used to generate heat via NPs. The illumination energy being condensed in pulses, the heat can be confined in the NPs according to the pulsed-regime used, in particular in femtosecond-pulsed regime. Indeed, in Fig. 9, for an identical average irradiance, we observe that the increase in temperature is confined to the NPs for pulsed-illumination (Fig. 9b), while in the continuous regime the temperature is relatively uniform over the illuminated zone with a predominance of collective effects (Fig. 9a).

The temperature reached by a NP after a femtosecond-pulsed illumination is given by [53]: 

∆T 0 = σ abs F V ρ m c m ( 9 
)
where F is the laser fluence, V the volume of the NP, ρ m the density and c m the thermal capacity of the metal making up the NP.

If the temperature reached by the NP is much higher with a femtosecondpulsed illumination, the heat rapidly released in the surrounding media (see Fig. 10). For example, only 1 -10 ps are needed for a 15 nm spherical gold NP to release entirely its heat in the surrounding media, retrieving thus its initial temperature. In case of illumination by successive pulses, it is necessary to take into account a possible accumulation of heat during the pulses if the NP had not time to cool down between two pulses [53,54]. For more details, the complet thermoplasmonics formalism is detailed in [START_REF] Baffou | Thermoplasmonics: Heating Metal Nanoparticles Using Light[END_REF].

Conclusion

To conclude, the illumination parameters can be tuned to perform collective or localized heating with NPs. To enhance collective heating on NPs, illumination through a continuous laser with a careful tuning of the NPs array (e.g. relatively high density of NPs )and the size of the laser beam is recommanded. With this technique a delocalized and static temperature is reached by the illuminated sample. On the other hand, to confine the heat into single NPs, continuous or pulsed laser can be used. Considering the continuous illumination, a careful tuning of the NPs (i.e. isolated NPs) and of the laser beam (i.e. relatively small laser beam diameter) is required. Even if the continuous illumination might lead to smaller temperature increase, the reached temperature is static (see Fig. 10), which may be a requirement depending on the applications of the system. Using a femtosecond-pulsed illummination might be more efficient for the confinement of heat and for the temperature increase, but the reached temperature rapidly released in the surrounding media.

Thermoplasmonics & Chemistry

Driven Chemical Reaction and Catalysis

The generation of heat linked to plasmon relaxation has applications in catalysis. Indeed, the temperature of the system is one of the main means to accelerate a chemical reaction (Arrhenius law). Recently a temperature of 600°C has been reached by a TiN nanocavity illuminated by the solar irradiation of 20 Suns, as show in Fig. 11. This high temperature, confined in the volume of the cavity -in zeptoliter -reveals the decomposition of an organometallic precursor of iron and the catalysis of the formation of C-C covalent bonds [START_REF] Naldoni | [END_REF].

However, concerning catalysis, it is often difficult to discriminate between the three mechanisms of plasmon relaxation [57]. Indeed, chemical reactions can be influenced not only by the heat released by the system but also by light or hot electrons generated by the plasmon [58,59]. The two following examples show the difficulty to discriminate between the different mechanisms of plasmon. The first example concerns the dimerization of 4-nitrothiophenol into 4,4'-dimercaptoazobenzene absorbed on gold nanoflowers. This reaction is supposed to be catalyzed by the heat released by gold NPs under laser illumination. However, the authors point out that this reaction can only take place in the presence of laser light [60]. This suggests that the reaction is driven by photochemistry and probably accelerated by heat. The second example concerns the oxidation reaction of propylene to acrolein and propylene oxide. Carried out in a nanoreactor composed of Au and CuO, illuminated by visible light, this reaction is then catalyzed and selective to generate specifically acrolein and inhibit over-oxidation. If the selectivity is rather due to the generation of hot electrons, it is indeed the generation of heat at the same place, on the surface of the nanoreactor, which catalyzes the reaction [61].

Polymer Chemistry

Polymers Curing

The generation of heat following the illumination of NPs is also of interest in polymer chemistry. Polymerization reaction can be initiated under heat to form the C-C bonds constituting the polymer backbone. The polymerization temperature can be reached in the vicinity of a single NP under laser illumination [62]. This local temperature increase can be used to accelerate the polymerization reactions, in particular by using pulsed lasers illumination. For example, illumination at 532 nm by a pulsed laser of a mixture of gold NPs and elastomer, demonstrated a change in the size and shape of the gold NPs resulting in a strong presence of spherical NPs and an increase in their diameters, attributed to the polymerization of the polydimethylsiloxane (PDMS) around the NPs. An accelerated polymerization rate of one trillion (10 9 ) times has been reported, implying a rise in the surface temperature of the NPs by 320K [63]. Trillion-fold polymerization rate improvements have also been reported for polyurethane, also mixed in solution with gold NPs and illuminated at 532 nm via a pulsed laser, implying a temperature of at least 600K locally [64,65]. It is also possible to polymerize PDMS at the single NP scale using a continuous laser, enabling here to observe PDMS growth as a function of exposure time and laser power. A polymer half-sphere of increasing size with laser illumination (time or power) was observed, as shown in Fig. 12. By optically trapping the NP in the laser beam, PDMS nanowires with a diameter of 120 -130 nm were formed, paving the way for new nanofabrication processes (see Fig. 12c). Simulations conducted in this study revealed a temperature of up to 340°C at the NP surface for a power of 2 mW [38].

Finally, the use of the plasmonic photothermal effects of NPs has been implemented to develop various lithography processes. For example, a film mixing Ag NPs and Caprolactam was illuminated at 405 nm by an LED. The polymerization of Caprolactam into nylon-6 (requiring a temperature of 100°C) was observed at the locations with Ag NPs [66]. More recently, the temperature generated by IR illuminated gold nanostars deposited on a biogredable polymer was enough to exceed the transition temperature of the polymer. Thus, the gold NPs were attached to the polymer surface. This process generates 2D patterns without mask, by moving only the laser beam [67].

Polymers Etching

In addition, polymers can also be degraded at high temperatures. These degradations or other modifications of the polymer were also used here for lithography. Different techniques are used, dealing with the shape of the NPs and the laser illumination. Direct laser writing has been realized on a selfassembled film of gold-coated colloids by focusing a He-Ne laser, with a resolution down to the single colloid [68]. Examples of realizations are displayed on Fig. 13. The writing process is accurately controlled via the illumination time and the incident laser power.

On the same principle, silver cubes forming a quasi-disordered 2D array have been deposited on a polystyrene film. Patterned spots were realized for different powers and different wavelengths of the laser (see Fig. 14b). The laser having the wavelength corresponding to the absorption peak of the film, was able to generate spots with the lowest incident power (see Fig. 14a). Temperatures of more than 400K have been calculated for these samples under the most favorable excitation conditions [39].

It is also possible to write at the level of a single NP. In Ref. [69] the authors showed they could write in a polystyrene film with a single gold NP, making holes in the film having dimensions smaller than the wavelength with a continuous laser. The temperatures calculated here were at least 900K, far exceeding the degradation temperature of the polystyrene film (550K) [69]. Other polymers such as polypropylene carbonate could also be degraded by photothermal effect [70].

Finally, the use of a pulsed laser has even created holes in a glass substrate immersed in a solution of tetrabutylammonium hydroxide (TBAOH) via the excitation of a single gold NP. The estimated temperature is around 400 -480K, sufficient to dissolve the glass under the action of the TBAOH solution [71]. 

Others applications

Beyond lithography applications, it is possible to use the photo-thermal effects of NPs as a temperature probe to find the glass transition temperature of the polymer. TiN antennas have been used for this purpose, i.e. to find the glass transition temperature of poly(methyl methacrylate) (PMMA). The heat generation could be monitored by Raman thermometry [72]. Conversely, thermoresponsive poly(ethylene glycol) munomethacrylate (PEGMA) polymers were used to measure the temperature change on the surface of gold NPs [73].

The heating properties of the NPs under illumination, combined with the phase transition of the polymers, resulted in the development of photothermochromic material. This material consists of a hydrogel film in which gold nanobatons are embedded. When the temperature generated by laser illumination of the NPs exceeds 37°C, the film reversibly changes phase to become opaque. This material then becomes a light attenuator via its contrast ratio of 65% [74]. Finally, due to the selectivity of plasmon resonance for a given type of NPs, thermoplastic polyurethane shape-memory polymers containing for one nanospheres (resonance around 520 nm) and for the other one nanorods (resonance around 870 nm) could be photothermally activated specifically depending on the chosen illumination (530 or 860 nm) [75]. Mishra al. designed a wavelength-controlled stage (Fig. 15) based on the wavelengthselective shape recovery polymer film with embedded gold NPs. This stage enables sequential actuation with the appropriate illumination. Reprinted with permission from Ref. [75]. Copyright (2018) American Chemical Society.

Curing Inorganic Materials Prepared via Sol-gel Chemistry

Metal oxides have a wide range of interest for their electronic and optical properties, which makes them the materials of choice for optoelectronic applications [76]. However, the structuring of these materials remains more complex to control at the nanoscale than polymers. For this reason, different techniques based on photochemical approaches [77,78], electron beam [79], or deep X-ray [80], have been developed. However, in general, these approaches require, after the lithography step, a thermal annealing step to convert the xerogel into oxide, a step that is essential to obtain the desired optoelectronic properties. It is in this context that the thermoplasmonic approach is interesting. For example, Lin et al. have recently shown [41] that semiconducting oxides of type indium zinc oxyde (IZO) can be obtained very simply by laser treatment, using a thermoplasmonic effect in the near infrared at 808 nm (Fig. 16a andb). The electronic properties of the materials are consistent with an estimated temperature of 250 -300°C in the sol-gel layer. The preparation method of the NPs leads to a very high surface density of NPs, inducing a marked collective heat geenration effect and a homogeneous curing of the layer. Laser curing has the advantage of making the process compatible with flexible plastic substrates not compatible with heat treatments at such temperatures (Fig. 16c). This process is therefore an elegant way to integrate a semiconductor thin film on a plastic substrate. Moreover, the prepared nanomaterial (metal/semi-conductor nanocomposite) presents photoresistive properties which are used by the authors to develop a sensitive broadband photodetector. Other metal oxides like TiO 2 , ZnO, CeO 2 could also be generated on substrate via heat generation of a self-assembled film of gold-coated colloids by focusing a He-Ne laser [81].

Finally, other inorganic chemistries such as solvothermal chemistry can also be addressed by the thermoplasmonic route. Thus, indium hydroxide microcrystals were synthesized at more than 200°C on a microscope stage, via laser illumination of gold nanoring [82].

Conclusion

The thermoplasmonic phenomenon generates a temperature increase under exposure in a very efficient way. This temperature increase can, depending on the conditions used, be extremely localized at the nanometric scale, or on the contrary, be obtained in a delocalized way. Depending on the irradiation conditions and the nature of the sample, these heating can go from a few degrees to several hundred degrees. This heating has been widely used to trigger different chemical processes leading to the formation of functional organic, inorganic or hybrid materials. The determination (by modelling or measurements) of the precise temperature reached by the system remains an important challenge. If complete and robust theoretical models exist, approximations are necessary to calculate the temperature reached by the gold NPs, which explains why most of the existing models are related to the case of an illumination with a continuous laser, the dynamics being more complex for pulsed lasers.

The thermoplasmonic effect accompanies in all cases the phenomena of hot carrier generation and electromagnetic field exaltation. As such, it is important to determine its relative importance when it comes to elucidate photoinduced phenomena. In the end, this approach constitutes a very interesting and fast growing way to prepare coupled systems between nanoscale and organic, inorganic or hybrid materials.
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 2 Fig. 2. (a) Transmission electron microscopy images of the same NP before and after the second irradiation. On the left, the gold NP presents only the first thin shell of polymer. On the right, after appropriate illumination of the system a second polymer shell is observed. (b) Representation of the double shell grafted on the gold NP. Adapted with permission from Ref. [5]. Copyright (2020) Elsevier.

Fig. 3 .

 3 Fig. 3. (a) Scanning electron microscopy (SEM) image of the hybrid structure (b) Photoluminsecence excitation image with an incident polarization along the polymer lobes. (c) Photoluminescence intensity of the single hybrid nano-emitter as a function of the incident polarization angle. Reprinted with permission from [6]. Copyright (2020) Springer Nature.

Fig. 4 .

 4 Fig. 4. Plasmonic heat generation time-scale. After the generation of the plasmon following the illumination of the gold NP, hot carriers are generated (1-100fs).They are then thermalized (100 fs -10ps) by electron-electron and electron-phonon scattering. Finally, the heat generated by Joules effect from the excitation of the plasmon will dissipate in the medium (100 ps -10 ns)[11][12][13].

Fig. 5 .

 5 Fig. 5. Illustrations of three applications of thermoplasmonics: phototherapy, photovoltaic and catalysis of seawater. (a) Schematic of the gold NPs phototherapy. Once the gold NPs reached the tumor cell, the near infrared illumination applied induced heat generation in the NPs and kill the surrounding tumor. (b) Schematic of the thermophotovoltaic. A plasmonic absorber converted solar energy into heat, emitted as infrared radiation by the thermal emitter. Then a photovoltaic cell produced current from the infrared emission. (c) Schematic of the photothermic catalysis of seawater. The nanocomposites (SiO2/Ag@TiO2 core shell) triggered catalysis through the heat generated by the plasmonic NPs. (a) Reprinted with permission from Ref. [25]. Copyright (2017) Wiley Publications Inc. (b) Reprinted with permission from Ref. [27]. Copyright (2019) Wiley Publications Inc. (c) Reprinted with permission from Ref. [35]. Copyright (2016) Royal Society of Chemistry.
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 6 Fig.6. Calculated spectra of the heat generated in differents gold NPs shapes with the same volume. Reprinted with permission from Ref.[43]. Copyright (2009) AIP Pubishing.

Fig. 7 .

 7 Fig.7. Spectra of the Joule number, representing the ability of a NP to produce heat, for different materials. Reprinted with permission from Ref.[46]. Copyright (2015) American Chemical Society.

Fig. 8 .

 8 Fig. 8. Illustration of the collective heating or confined heating, depending on ζ.The temperature distributions are derived from numerical simulations. Adapted with permission from Ref.[50]. Copyright (2013) American Chemical Society.

Fig. 9 .

 9 Fig. 9. Temperature map, extracted from numerical simulations performed on the same NPs lattice illuminated with (a) a continuous laser beam and (b) a 80 Hz femtosecond-pulsed laser beam, having the same average irradiance. Reprinted permission from Ref. [50]. Copyright (2013) American Chemical Society.
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 10 Fig. 10. Evolution of the temperature with time of a gold NP (100 nm diameter) under a continuous illumination and after a single femtosecond-pulse illumination with the same average irradiance. Reprinted with permission from Ref. [53]. Copyright (2011) American Physical Society.
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 11 Fig. 11. (a) Schematic of the nanofurnace array (inner dimension h x r = 165 nm x 30 nm, outer dimension 250 nm x 45 nm) (b) Experimental and simulated generated temperature as a function of solar power. (c) Infrared camera image of the illuminated area of TiN nanofurnaces under 19 Suns. Adapted with permission from Ref. [56]. Copyright (2020) American Chemical Society.
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 12 Fig. 12. (a) SEM images of the PDMS structures formed for a constant exposure time (8 s) and increasing laser power. (b) Fabrication of PDMS nanowires, with the laser moving the NPs. (c) SEM images of the PDMS nanowire. (d) Simulation of the heat distribution around the gold NPs. Reprinted with permission from Ref. [38]. Copyright (2013) American Chemical Society.
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 13 Fig. 13. SEM images of different laser writing conditions. (a) Scan with continuous mode at 2.5 mW. (b) Scan with alterning illumination time from 1 s to 3 s at 2.5 mW (c) Writing depth controlled with the laser incident power and illumination time. Reprinted with permission from Ref. [68]. Copyright (2008) IOP Publishing, Ltd.
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 14 Fig. 14. (a) UV-Vis extinction spectra of the polystyrene film with silver nanocubes on top. (b) Optical microscopy image of the sample exposed with different laser wavelength and power. Reprinted with permission from Ref. [39]. Copyright (2021) Wiley-VCH GmbH.
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 15 Fig. 15. Transmission electron microscopy images of (a) gold nanospheres and (b) gold nanorods with (c) their absorbance spectra. (d) Photographs of the wavelength control stage. The left leg contained nanorods and the right legs contains spheres. Reprinted with permission from Ref. [75]. Copyright (2018) American Chemical Society.
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 16 Fig. 16. (a) Schematic of the photodetector fabrication. The thermoplasmonic effect is obtained in step 2 for gold NPs annealing and in step 4 for IZO annealing. (b) Schematic view of the cross-section of the photodetector (c) Images of the substrate after step 2 and after step 5. Reprinted with permission from Ref. [41]. Copyright (2021) Wiley-VCH GmbH.