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Abstract: Mastering the manipulation of chirality at the nanoscale has long been a priority for chemists, 

physicists and materials scientists, given its importance in the biochemical processes of the natural world and 

in the development of novel technologies. In this vein, the formation of novel metamaterials and sensing 

platforms resulting from the synergic combination of chirality and plasmonics has opened new avenues in 

nano-optics. Recently, the implementation of chiral plasmonic nanostructures in photocatalysis has been 

proposed theoretically as a means to drive polarization-dependent photochemistry. In the present work, we 

demonstrate that the use of inorganic nanometric chiral templates for the controlled assembly of Au and TiO2 

nanoparticles leads to the formation of plasmon-based photocatalysts with polarization-dependent reactivity. 

The formation of plasmonic assemblies with chiroptical activities induces the asymmetric formation of hot 

electrons and holes generated via electromagnetic excitation, opening the door to novel photocatalytic and 

optoelectronic features. More precisely, we demonstrate that the reaction yield can be improved when the 

helicity of the circularly polarized light used to activate the plasmonic component matches the handedness of 

the chiral substrate. Our approach may enable new applications in the fields of chirality and photocatalysis, 

particularly toward plasmon-induced chiral photochemistry. 

  



Introduction: Plasmonic photocatalysis and plasmonic photosensitization of large-bandgap semiconductors 

involve mechanisms that rely on the formation of highly energetic carriers (i.e., hot electrons and hot holes) 

upon electromagnetic excitation of plasmonic metal nanoparticles (NPs); such mechanisms are currently under 

investigation as a means to improve the selectivity and efficiency of many chemical transformations.1–3 Their 

implementation in processes with an important societal impact, such as the photoreduction of CO2 or the 

production of H2 through water photolysis, is causing them to gain traction as renewable and affordable energy 

sources.4,5 Previous results have demonstrated that harvesting visible and NIR photons through the localized 

surface plasmon resonance (LSPR) effect can activate large-bandgap semiconductors such as TiO2 to access 

a broader range of the electromagnetic spectrum.6–8 In these examples, the formation of a physical interface 

(Schottky barrier) is needed in order to ensure an efficient hot electron injection into the conduction band of 

the semiconductor upon plasmonic excitation. Hot electron transfer is accompanied by the concomitant 

formation of a hot hole at the Fermi level of the metal that can be used to catalyze photo-oxidation reactions.9 

Moreover, assemblies with strong interparticle plasmonic coupling can produce an increase in the local 

electromagnetic field enhancement that leads to an improved separation of charges at the interface, thus 

producing an enhanced photoactivation of the semiconductor.10 Meanwhile, recent developments in colloidal 

chemistry have been used to create chiral plasmonic NPs, either as isolated objects or as assemblies, with 

chiroptical activities.11–14 It has been predicted and observed that the hot carriers produced in these geometries 

can be sensitive to the polarization of circularly polarized light (CPL).15–18 This feature can have important 

repercussions in photocatalysis, where the design of polarization-dependent processes can pave the way 

towards a new landscape of chemical reactivity. Accordingly, new chiral photochemical applications, such as 

detection of chirality at the nanoscale, chiral molecular sensing, chiral growth of nanocrystals or asymmetric 

photo-transformations of plasmonic assemblies, can be envisaged. 

A chiral plasmonic entity responds asymmetrically to left- and right-handed CPL (LCP and RCP, 

respectively).19 Such plasmonic materials have very high chiroptical activities, with g-factors (differential 

absorbance of circularly polarized light divided by the absorbance at the same wavelength) almost reaching 

0.3, thus several orders of magnitude higher than those of molecular species.12 This effect is the result of the 

unique optoelectronic properties of noble metal NPs, such as their ability to concentrate extremely intense 

electromagnetic fields on their surfaces. Two general colloidal strategies have been used to design plasmonic 



systems with strong chiroptical activity.20 In the first strategy, the individual plasmonic objects are rendered 

chiral through the surface functionalization of achiral NPs with chiral molecules.21 Similarly, chiral ligands 

(such as peptides or amino acids) or micelles formed in the presence of dissymmetric co-surfactants can also 

be used in a seeded-growth process, leading to the formation of crystals with morphological chirality.11,12,19 

In the second strategy, achiral resonators are assembled onto a chiral substrate, allowing strong interparticle 

interactions and the formation of an ensemble with chiroptical activity.13,14,22–25 Unfortunately, the 

development of experimental systems in which the activation of hot carriers could be implemented in 

polarization-dependent photocatalysis remains very limited, being restricted to a few examples in which the 

correlation between the photocatalytic activity and the hot carriers has not been proven explicitly. Among the 

few reports found in the literature, Hao and coworkers describe the efficiency of a photoreaction induced by 

chiral plasmonic resonators: Au-gap-Ag nanostructures possessing chiroptical activity from L- or D-cysteine 

introduced in their gaps exhibit an photocatalytic response that depends on the polarization of the incident 

light.21 With a different approach, Saito and Tatsuma reported the formation of chiral plasmonic structures 

through the selective photodeposition of PbO2 onto Au nanocuboids.26 Based on electron microscopy 

measurements and electromagnetic simulations, the authors attribute the chiroptical behavior to the anisotropic 

electric field distributions on the achiral metallic objects under CPL and the subsequent site-selective 

deposition of the dielectric material, which leads to the bottom-up formation of chiral nanostructures. As 

discussed before, these works are not supported by a theoretical model that unambiguously correlates the 

photocatalytic activity of the objects with the formation of hot carriers. Such a strategy would allow an easier 

engineering of chiroptical plasmonic systems and the implementation of the asymmetric response of their hot 

carriers for the photochemical applications mentioned above. 

In the present study, we assembled Au and TiO2 NPs onto chiral colloidal inorganic substrates, leading to the 

formation of materials with chiroptical activity (Scheme 1a). To synthesize these substrates, we build on 

previous studies on the formation of nanometric helical silica structures27,28 and their functionalization with 

spherical Au NPs, leading to the formation of a hybrid material in which the grafted plasmonic objects follow 

the chiral surface of the substrate.13 Herein, the electrostatic adsorption of TiO2 NPs will allow the formation 

of a metal-semiconductor photocatalyst with chiral features, in which the hot electron injection across the 

Schottky barrier will be sensitive to the polarization of the incident light due to the chiroptical character of the 



plasmon signal of the ensemble (Scheme 1b). The phototransformation of rhodamine B (RhB) has been chosen 

as model photocatalytic reaction in order to demonstrate the asymmetric response of the hot carriers with 

respect to the helicity of CPL. In this manner, simple spectroscopic techniques will allow us to correlate the 

photodegradation of the organic dye with the efficiency of the hot electron injection mechanism at the metal-

semiconductor interface. Moreover, the experimental data are complemented by numerical simulations and a 

theoretical formalism that support the characterization of the broadband generation of hot carriers with strong 

chiroptical activity. 

 

Scheme 1. Chiral colloidal assembly of photocatalytic nanoribbons. Schematics of (a) the adsorption of Au 

and TiO2 NPs onto chiral SiO2 nanoribbons and (b) the asymmetric interaction between a L-handed hybrid 

and LCP/RCP light. When the helicity of the NP assembly matches that of the CPL, the hot electron transfer 

between the Fermi level of the metal and the conduction band of the semiconductor is maximized. 



Results and discussion: To fabricate experimentally the proposed photocatalytic nanoribbons, we first 

synthesize twisted SiO2 nanoribbons with controlled handedness (right (R)- or left (L)-handed) by 

polycondensation of silanes onto self-assembled organic structures of gemini surfactants with L- or R-tartrate 

counterions, respectively (Figure 1a, f). These twisted nanoribbons have a width of 21 nm (Figure S2) and a 

fragmentation step induced by sonication allows the formation of individualized objects in suspension (for 

experimental details, please refer to the Supporting Information (SI)). Importantly, solid SiO2 substrates show 

improved mechanical properties and can even be dispersed in polar organic solvents without loss of structural 

integrity, in opposition to biomolecular assemblies such as peptides or DNA origami.29,30 The SiO2 

nanoribbons are subsequently functionalized with amine groups, then pre-synthesized 11 nm spherical Au 

NPs are covalently grafted on their surfaces, leading to the formation of a hybrid in which the grafted 

plasmonic objects follow the chiral surface of the twisted nanoribbons (Figure 1b, g, S3a). Along these lines, 

we have chosen to work with 11 nm Au NPs given their high interparticle coupling efficiencies when adsorbed 

onto the chiral substrates with respect to smaller objects.13 Consistent with previous reports, these materials, 

denoted SiO2@Au, present a LSPR centered at ~540 nm that corresponds to the absorption dipole of spherical 

objects (dashed lines in Figure 1d). The R- and L-handed SiO2@Au hybrids show strong Cotton coupling 

circular dichroism (CD) signals with opposite signs. L-SiO2@Au presents a positive maximum at 526 nm and 

a negative maximum at 585 nm (red dashed lines in Figure 1e), whereas R-SiO2@Au presents a negative 

maximum at 525 nm and a positive maximum at 580 nm (blue dashed lines in Figure 1e). For both samples, 

sign reversal is observed at ~546 nm. Accordingly, the interparticle optical coupling originated from the 

assembly of the plasmonic resonators onto the chiral inorganic substrate leads to strong chiroptical activities 

in the visible range of the electromagnetic spectrum. 

In the second step of the experimental fabrication, the electrostatic assembly of 5 nm TiO2 NPs (anatase phase) 

onto SiO2@Au leads to the deposition of a superficial layer of semiconductor NPs (SiO2@Au@TiO2) that is 

accompanied by the formation of a Schottky barrier with the metallic component (Figure 1c, h, S3b and S4). 

This last characteristic ensures an efficient hot electron injection between the Fermi level of Au and the 

conduction band of TiO2. For such objects, the slight redshift in the extinction signature (maximum centered 

at ~550 nm) is accompanied by a small damping in the intensity (full lines in Figure 1d), which is ascribed to 

the modifications of the dielectric environment surrounding the plasmonic component.31 The CD response 



also shows a redshift in the maxima: the signals are centered at 533 and 594 nm for the L-SiO2@Au@TiO2 

hybrids and at 531 and 588 nm for R-SiO2@Au@TiO2 (full lines in Figure 1e). Here, the sign reversal is also 

shifted to ~555 nm for both samples. The g-factors for these peaks and their graphical representation (g-factor 

vs λexc.) are presented in Figure S5. Given the chiroptical activities attained and the physical interface created 

between the metallic and semiconductor components, these hybrids are ideal candidates for polarization-

sensitive photocatalytic reactions. 

We have created a theoretical model based on a higher-order finite-element method in which spherical Au 

NPs are organized around a twisted ribbon-like structure (SI). We first computed the extinction and CD spectra 

of these Au NP arrangements (with and without TiO2) with recently developed electromagnetic JCMsuite 

software,32 by using a computational formalism for the optical response that solves the time-harmonic 

Maxwell’s equations. To simplify our computations, we assumed that the chiral Au NP assembly is embedded 

in an effective homogeneous dielectric medium (n=1.33 for the SiO2@Au system and n=1.45 for the 

SiO2@Au@TiO2 nanostructure). Both the theoretical extinction spectra and the CD spectra show good overall 

qualitative agreement with the experimental data (Figure 1). The extinction maxima are centered at 540 nm 

for the simulated SiO2@Au system, which shifts to 565 nm when the dielectric constant of TiO2 is taken into 

consideration (Figure 1i). The asymmetric shape of the theoretical spectra may be a consequence of the uneven 

sizes of the gaps created between the NPs to reproduce the experimental morphology. For the CD data, small 

divergences appear at lower wavelengths; i.e., the high-energy bands of the theoretical CD signals are 

redshifted with respect to the experimental data for both SiO2@Au and SiO2@Au@TiO2 (Figure 1j). When 

the simulated model system with Au NPs forming a crystalline order and the real systems are compared, the 

disordered disposition of the objects, the variation in their density, their polydispersity, the polydispersity of 

the silica nanoribbons, and the presence of a silica/water interface may have important effects on the absolute 

values of the g-factors.13 Both experiments and theory have proven that the SiO2@Au@TiO2 hybrids present 

chiroptical features that will be implemented towards polarization-dependent photocatalysis. 



 

Figure 1. Morphological and optical characterization (both experimental and theoretical data) of the inorganic 

materials under study. TEM characterization of the L- (a) and R- (f) SiO2 nanoribbons, L- (b) and R- (g) 

SiO2@Au nanoribbons and L- (c) and R- (h) SiO2@Au@TiO2 nanoribbons. Experimental (d) and theoretical 

(i) extinction spectra of the SiO2@Au and SiO2@Au@TiO2 nanoribbons. Experimental (e) and theoretical (j) 

CD spectra of the SiO2@Au and SiO2@Au@TiO2 nanoribbons. The red and blue colors correspond to the L- 

and R-enantiomers, respectively. Dashed and full lines correspond to SiO2@Au and SiO2@Au@TiO2 hybrids, 

respectively. Scale bars correspond to 50 nm. In the calculations, the effective homogeneous dielectric medium 

is n=1.33 for SiO2@Au and n=1.45 for SiO2@Au@TiO2. 

As demonstrated in a previous work,33 Au-TiO2 hybrids can act as efficient catalysts of the 

phototransformation of polycyclic aromatic molecules in aqueous solutions. This reaction proceeds through 

the formation of reactive oxygen species (ROS), transient molecules generated upon interaction between the 

hot carriers and water/oxygen molecules. Photocatalytic transformation of such organic substrates under 

simulated solar radiation can result in complete mineralization or their transformation into fluorescent 

intermediates. In this work, we take advantage of the same type of model reaction as a simple means to study 

the polarization-dependent activity of our SiO2@Au@TiO2 hybrids. To perform such experiments, either left- 

or right-handed circular polarizers were inserted into the path of a light source to produce continuous wave 

excitation in the 400-800 nm region corresponding to the plasmonic range of the hybrids while blocking light 

below 400 nm (Figure S6). We then evaluated the phototransformation of RhB in the presence of either one 

of the two SiO2@Au@TiO2 enantiomers as a function of irradiation time by using the modified lamp described 



above as the CPL source. Herein, the photodegradation rate of the organic dye is directly proportional to the 

population of hot carriers produced at the metal-semiconductor interface upon plasmonic excitation. The 

average reaction rates for the phototransformation of RhB were evaluated following Rateexperimental = 

ΔAbsorbance/Δt, where Δt = 8 hours. When the photocatalytic reaction is performed using L-SiO2@Au@TiO2 

as the photocatalyst under LCP excitation, we observe an activity value that is 2.93-fold larger with respect to 

the activity value for the irradiation source with the opposite polarization (Figure 2a, b). Similarly, when RCP 

light is used to activate R-SiO2@Au@TiO2, we observe an activity value that is 2.88-fold larger with respect 

to the activity value corresponding to LCP under the same conditions (Figure 2c, d). The large enhancement 

of the polarization-dependent rates is surprising given the relatively small g-factors observed experimentally 

(see the SI for the related qualitative data). Such result can be considered as a nonlinear photochemical-kinetics 

effect that leads to an important divergence of the photochemical responses.34,35 We should emphasize that 

the optical g-factors (as a linear property) and the photochemical features describe very different properties 

and are, in general, very different. The chemical kinetics, which lead to the photochemical responses, are 

intrinsically nonlinear and complex. As previously postulated, photogenerated ROS are responsible for the 

phototransformation of RhB.33 Accordingly, the polarization-dependent generation of hot carriers under 

continuous wave irradiation creates a steady-state population of ROS, whose concentration depends on the 

coupling between CPL and the handedness of the chiral substrate. Under such premise, even relatively low 

optical g-factors can produce important differences in the number of ROS molecules photogenerated over 

time, hence explaining the large variations in photodegradation kinetics between the two light polarizations. 

In our experiments, we also observed that by switching the polarizer between the two opposite helicities every 

8 hours and using L-SiO2@Au@TiO2 as the photocatalyst, a drastic decrease in the slope of the reaction profile 

was observed between LCP and RCP (-1.97 and -0.69, respectively) (Figure 2e). This result demonstrates that 

the hot electron injection process can be activated or deactivated on demand by inverting the polarization of 

the incoming light. We evaluated the stability of the materials throughout the photocatalytic tests. For that, we 

have measured the chiroptical response of R-SiO2@Au@TiO2 before and after irradiation as a representative 

example for both enantiomers. The hybrid nanoribbons remained stable throughout the photocatalytic 

experiments, and no modification of their CD signals was observed (Figure S7). 



The combination of Au and TiO2 with the formation of a physical interface between them is a necessary 

component of the experimental design since each material cannot generate the desired polarization-dependent 

activity when used individually. Several control experiments were performed to corroborate the asymmetric 

response of the hot carriers. First, the photocatalytic degradation of RhB was performed under the same 

conditions used in the previous step but manipulating both active components independently (silica 

nanoribbons decorated either with Au or TiO2 NPs). We subsequently observed the absence of any noticeable 

photocatalytic activity in both cases (Figure S8a). This lack of photocatalytic activity confirms that the 

combination of Au and TiO2 NPs induces favorable photocatalytic effects that cannot be similarly induced by 

each material alone. Moreover, the use of L-SiO2@TiO2 in the presence of a suspension of 11 nm Au NPs 

without the formation of a Schottky barrier between the two components, resulted in the same residual 

photocatalytic activity (Figure S8a). Such results, together with the fact that the photocatalytic experiments 

were performed at a controlled temperature of 20 °C, exclude any possible interference of thermal 

contributions in our results.36 The residual photodegradation of RhB observed in these control experiments is 

the result of the photobleaching of the organic dye under prolonged photoexcitation (Figure S8b). The same 

behavior is observed for the L- and R-SiO2@Au@TiO2 samples when the handedness of the substrate does 

not match the helicity of the excitation source (Figure 2). This finding highlights the polarization-dependent 

character of the hot carriers generated by our photocatalysts when exposed to CPL. In a different set of 

experiments designed to confirm the role played by the chiral silica support, we studied the photocatalytic 

performance of achiral hybrids formed by the adsorption of Au and TiO2 NPs onto silica spheres with exposure 

to CPL. In this case, there was no difference in the photocatalytic response when the catalyst was irradiated 

with LCP or RCP light (Figure S9). All these data clearly demonstrate that the chiroptical activity associated 

with substrate-directed asymmetric plasmonic coupling can affect the population of generated hot carriers. 

Consequently, only a match between the helicity of the incoming CPL and the handedness of the substrate can 

induce the efficient activation of charges that translates to phototransformation of the polycyclic aromatic 

molecule through the activity of ROS. 

To reiterate, we think that the different magnitude (~1000-fold) between the optical g-factors and the 

photochemical responses in our experiments may be the result of photochemical amplification through the 

steady-state generation of ROS, leading to the enrichment of an intrinsically small stereochemical bias (in this 



case, the relatively small chiroptical activities of our photocatalysts). In parallel to this, enantioselective 

amplification and autocatalytic effects are well documented in the literature, being particularly relevant in 

biological homochirality.37–39 Therefore, the role played by the autocatalytic generation of ROS as one more 

factor behind the photochemical bias cannot be discarded under the experimental conditions presented herein 

and should be investigated further.40–42 Importantly, the polarization-dependent photochemical output is 

observed consistently by us in a complete set of experiments, for the L-SiO2@Au@TiO2 and R-

SiO2@Au@TiO2 nanoribbons and the experiment with alternating polarizers (Figure 2e). 

 

Figure 2. Photocatalytic activity of the hybrid nanoribbons as a function of CPL. (a, c) Photodegradation 

profiles of RhB in the presence of a chiral catalyst with either LCP or RCP light. The light source is a 150 W 

SLS401 xenon short-arc modified with CPL filters in the 400–800 nm range and the reaction time is 8 hours. 

The experiments are performed at a controlled temperature of 20 oC. The experiment has been repeated 3 

times for L-SiO2@Au@TiO2 and 2 times for R-SiO2@Au@TiO2. (b, d) Normalized reaction rates derived 

from the photodegradation profiles assuming a linear fit with Rateexperimental = ΔAbsorbance/Δt, where Δt = 8 

hours. (e) Photodegradation profile of RhB in the presence of the L-SiO2@Au@TiO2 nanoribbon using 

different polarizers (left circular polarizer in red and right circular polarizer in pink). 

The development of a theoretical model allowed us to correlate the polarization-dependent photocatalytic 

properties of the inorganic hybrid nanoribbons with the generation of hot carriers at the metal-semiconductor 

interface. Upon electromagnetic activation, the Fermi sea of electrons of a metal NP is excited, leading to an 

out-of-equilibrium population of electrons. This distribution is divided in two different populations: (1) the 

low-energy electrons with energies close to the Fermi level of the metal (Drude electrons, Figure 3a, b) and 



(2) the high energy electrons with EF < E < EF + ℏω (hot electrons, Figure 3a, b).6 The latter population can 

be transferred across a Schottky barrier provided that the correct energy balance exists between the Fermi 

level of the metal and the conduction band of the semiconductor (Figure 3a). Accordingly, using the 

geometrical model described before as a starting point and then incorporating the quantum formalism that we 

developed in previous works,15,43,44 we studied the surface-assisted generation of hot electrons created at the 

Au-TiO2 interface. For more details on the model used, please refer to the SI. The spectrum calculated for the 

hot-electron generation rate excited with unpolarized light exhibits a strong plasmon peak at 580 nm 

originating from the plasmonic field enhancement effect (Figure 3c).45 Such distribution reproduces 

qualitatively the absorption signature obtained experimentally (Figure 1d), with an asymmetric response that 

arises due to the uneven gaps between resonators in the 3D assembly. In our hot-electron generation 

mechanism, the electric fields inside the NPs generate energetic over-barrier electrons near the NP interface 

that are subsequently injected into the TiO2 component (Figures 3a, b). Furthermore, the g-factors of the hot-

electron generation (the ratio between the hot electron CD and the total hot electron rate) for both enantiomers 

present a profile that reproduces exactly the chiroptical activity of the hybrids (Figure 3d). Indeed, the 

population of excited electrons generated upon activation with CPL exhibits a chiral asymmetric behavior that 

is sensitive to the polarization of the light, and this chiral property could enable polarization-sensitive 

photocatalysis. Two absolute-value maxima can be observed for each type of nanoribbon at 560 and 595 nm. 

These theoretical predictions are in qualitative agreement with the experimental data (Figure 1e), showing 

once again that the density of the photogenerated hot carriers is directly related to whether the polarization of 

the light and the handedness of the helical NP assembly match. Moreover, it is interesting to look at the local 

properties of hot-electron generation since previous works have demonstrated that the electromagnetic field 

enhancement created at interparticle gaps can enhance significantly the generation of hot electrons at the 

metal-semiconductor interface.10 Figures 3e and S10 show the calculated local properties of the R-ribbon 

model (this helicity is representative for both enantiomers) under directional CPL excitation in the vicinity of 

the plasmon resonance, with the K-vector parallel to the main axis of the helix (K||+z). Figure 3e demonstrates 

the generation of strong electromagnetic fields at the gaps between Au NPs only in that geometry in which 

the polarization of the directional excitation matches the handedness of the substrate. Moreover, Figure S10a 

shows both the local hot-electron generation rates and their local CDs for the right-handed Au NP assembly. 



The presence of hot spots in these modeled assemblies indicate that the local hot-electron generation rates are 

different for the LCP and RCP excitations (Figure S10b). The simulated local hot electron CD signals also 

reveal the presence of localized hot spots in which the local CD is strongly enhanced; such regions make 

crucial contributions to the integrated hot electron CD signal, since the electromagnetic field enhancement 

normal to the metal-semiconductor interface is directly proportional to the rate of hot-electron generation 

(Figure S10c). To verify that the optoelectronic CD signals related to hot electrons originate from the chiral 

geometry, we performed a calculation on an achiral object as a control. For simplicity, spherical Au NPs with 

a diameter of 11 nm were chosen as the model system (Figures S10a and S11). As expected, both the integrated 

rates and the local responses show no CD since the object is both nonchiral and isotropic. Based on our 

theoretical model, we can conclude that the complex interparticle coupling produced in the chiral geometry 

results in an increase of the local electromagnetic field that depends on the helicity of CPL. As a consequence, 

the hot-electron generation derived from such interaction is polarization-dependent. 

It is interesting to compare our finding with the chiral solid-state experiments on hot electron photocurrents 

in planar metastructures under normal incidence since the present study is focused on a different paradigm.17,18 

In contrast to the unidirectional excitation (normal incidence) and oriented nanocrystals in a typical 

photodetector experiment, here we discuss the ability of hot charge carriers excited on chiroptical plasmonic 

systems to generate polarization-dependent photocatalytic applications in solution, where the nanostructures 

present random orientations. This is a fundamentally different setting as far as the optical activity is 

concerned.15,16,46 As explained above, this idea could have important implications in photocatalysis, as it 

allows us to utilize CPL as a tool to control chemical reactivity. Moreover, we believe that this work can be 

the first step towards more efficient chiral plasmonic photocatalysis at the molecular level.37 



 

Figure 3. Theoretical description of the polarization-dependent hot-electron generation rate. (a) Schematic 

representation of the mechanism of hot electron injection at the Au-TiO2 Schottky barrier. (b) Representation 

of the distribution of excited charges in the optically driven Fermi sea of electrons inside a plasmonic NP. (c) 

Rate of hot-electron generation for a Au NP helical assembly when excited with unpolarized light. (d) 



Calculated rates of hot-electron generation for the Au NP helical assemblies when excited with CPL. The blue 

and red spectra correspond to the R- and L-enantiomers, respectively. The g-factor corresponds to the ratio 

between the hot electron CD and the total hot-electron generation rate. (e) Near-field enhancement map for 

the R-ribbon excited with LCP and RCP light. The formation of hot spots between neighboring NPs can be 

observed only when the polarization of light matches the helicity of the silica nanoribbon. The refractive index 

in these calculations is n=1.45. 

Conclusions: Little experimental evidence existed with respect to the ability of plasmonic hot carriers to 

induce polarization-dependent photocatalytic reactions. In this work, we studied the photocatalytic activity of 

Au-TiO2 nanohybrids assembled onto chiral silica nanoribbons. The unique geometry of these materials, 

together with the optical coupling between Au NPs, leads to chiroptical activity in the visible region of the 

electromagnetic spectrum. Consequently, when the hybrids are excited with CPL, the formation of hot carriers 

is polarization-dependent in nature with respect to the helicity of the electromagnetic field. Namely, 

substantial photocatalytic activity of SiO2@Au@TiO2 nanoribbons is observed only when excited with CPL 

that matches its handedness, in contrast to the residual activity observed when the same material is excited 

with CPL of the opposite polarization. Both experimental data and theoretical models demonstrate that this 

asymmetric photocatalytic feature is the result of the polarization-sensitive nature of the hot carriers generated 

during the electromagnetic excitation of the SiO2@Au@TiO2 hybrid. Taking into account that our 

experimental and theoretical methods can be extrapolated to other systems and photochemical reactions, we 

believe that these results can facilitate the investigation of new asymmetric photocatalytic phenomena induced 

by plasmonic excitation, together with the development of new colloidal strategies for the photoinduced 

growth of chiral structures. 
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