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Supporting Information
1. Synthetic procedure
Materials
Tartrate precursors (16-2-16, L or R), (3-aminopropyl)-triethoxysilane (APTES), tetrachloroauric acid (HAuCl4·3H2O), 98% O-(2-carboxyethyl)-O′-(2-mercaptoethyl) (PEG) solution, tartaric acid, 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC), N-hydroxysuccinimide (NHS), poly(allylamine hydrochloride) (PAH), sodium chloride (NaCl), tannic acid (TA), 98% tetraethyl orthosilicate (TEOS), 28−30% ammonium hydroxide (NH4OH) solution and sodium citrate (Na3C6H5O7) were purchased from Sigma-Aldrich. TiO2 nanoparticles (anatase, 5 nm) were purchased from Nanoamor. Pure ethanol, pure isopropanol or Milli-Q–grade water was used in all preparations. All materials were used as received.
Synthesis, fragmentation and functionalization of L- and R-SiO2 nanoribbons
First, 16-2-16 gemini amphiphiles with tartrate counterions were prepared using the method developed by Oda et al.1,2 To prepare the organic gel, 3.58 mg of 16-2-16 (L or R) tartrate powder was dissolved in 5 mL of Milli-Q water (1 mM 16-2-16 tartrate). The solution was heated to 60 °C (above the Krafft temperature, which is 43 °C for 16-2-16 tartrate at 10 mM) for 20 min to achieve complete dissolution and incubated at 20 °C. The formation of helical ribbons (L from the R tartrate and R from the L tartrate) was observed after 2 hours. These organic ribbons were directly used as templates to prepare silica nanostructures through a sol-gel transcription procedure.
The corresponding monodisperse L- and R-SiO2 nanoribbons with a width of 21 (±1) nm and a pitch of 100 nm were prepared using a published protocol.3 In this preparation, 500 μL of TEOS was added to 10 mL of a 0.1 mM aqueous solution of L-tartaric acid at pH 3.8 and prehydrolyzed at 20 °C by stirring on a roller-mixer for 7 h. Equal volumes of the prehydrolyzed TEOS in a 0.1 mM aqueous solution of tartaric acid and the organic gels were mixed (2 mL of each) and stirred at 20 °C in a roller-mixer overnight. Once transcription was complete, the mixture was washed with isopropanol through 5 centrifugation-dispersion cycles (5 min, 5000g) to remove the excess TEOS and redispersed in 2 mL of 1:1 ethanol/isopropanol (final sample concentration of approximately 0.5 mg/mL SiO2).
The obtained silica nanoribbons were fragmented into submicrometric pieces by tip sonication.4 A 20 kHz pulse mode (130 W) was chosen for fragmentation (15 min with pulses of 1 s and cooling in an ice bath during the process). Finally, the fragmented SiO2 ribbons were functionalized with APTES.5 To do this, 50 μmol of APTES was added to a 2 mL solution of the chiral substrates. The dispersion was stirred for 5 min and then kept overnight at 80 °C, followed by five washes via centrifugation (5 min, 5000g) and redispersion in 2 mL of absolute ethanol.

Synthesis and stabilization of tannic acid/citrate-Au NPs
Au NPs with a diameter of 11 (±1) nm were synthesized using tannic acid and sodium citrate as reducing and capping agents by a method that was previously reported in the literature.6 To prepare 100 mL of a Au NP suspension, two stock solutions were prepared. Solution A consisted of 1 mL of 1% HAuCl4 solution in 80 mL of water. Solution B consisted of 4 mL of 1% sodium citrate and 0.1 mL of 1% tannic acid in 15.9 mL of water. Then, A and B were kept at 60 °C for 15 min, and the solutions were mixed and heated to 100 °C under reflux for 1 h.6 Next, 8 mL of the solution was centrifuged at 21000g for 30 min, and 6 mL of the supernatant was removed. Finally, 2 mL of a 10 mM solution of PEG in ethanol was added, and the solution was placed on a shaker at 400 rpm overnight at 4 °C. The mixture was washed three times and redispersed in water.
Synthesis and PAH functionalization of L- and R-SiO2@Au nanoribbons
To form covalent bonds between the PEG-Au NPs and the NH2-SiO2 ribbon, the -COOH ligand groups stabilizing the Au NPs must be activated.6 First, an aqueous solution containing 12 mM EDC and 60 mM NHS was aged for 5 h at 4 °C and then used to activate the PEG-Au NPs by mixing (volume ratio 1:1) with PEG-Au NPs (with a concentration 16 times higher than the initial concentration of the as-synthesized objects). The mixture was shaken on a plate shaker at 400 rpm for 6 h at 4 °C and washed with water by centrifugation (30 min at 21000g). Next, 50 μL of 0.6 mg/mL NH2-SiO2 ribbons were added to 0.5 mL of the activated Au NPs. The mixture was sonicated for 10 min and transferred to a shaker plate at 400 rpm for 1 day at 20 °C. The samples were then washed five times with Milli-Q water via centrifugation (15 min, 2000g), after which the supernatant remained transparent.
Subsequently, PAH was dissolved in 0.5 M NaCl (pH 5.0) for a final polymer concentration of 1 mg/mL. Then, 2.5 mL of the positively charged PAH solution was added to 1 mL of SiO2@Au nanoribbons (0.5 mg/mL) and stirred at room temperature for 30 min in order to confer the latter with a positive surface charge in aqueous solution.7 The excess reagents were removed in three centrifugation-redispersion cycles (4000g, 20 min), and the solid was redispersed in 1 mL of Milli-Q water.
Synthesis and PAH functionalization of spherical SiO2@Au hybrids
Monodisperse silica spheres with a diameter of 420 nm were prepared using a modified Stöber method.8 To do this, a TEOS solution (1.7 mL, 1.2 M) was added to a solution containing ethanol (18.12 mL), ammonium hydroxide (1.96 mL), and water (3.21 mL). This mixture was stirred at room temperature for 2 h. The excess reagents were removed in three centrifugation-redispersion cycles with ethanol (2800g, 30 min). Subsequently, 5 mL of the silica sphere-containing solution (1 mg/mL) was added to 5 mL of the positively charged PAH solution and stirred at room temperature for 30 min. The excess reagents were removed in three centrifugation-redispersion cycles with water (2800g, 30 min), and the solid was redispersed in 5 mL of Milli-Q water.9 Next, 4 mL of Au NPs stabilized with sodium citrate (diameter = 11 (±1) nm, [Au] = 0.25 mM) prepared as described previously10 was added to 5 mg of the functionalized silica NPs. The mixture was stirred at room temperature for 3 h and washed three times with water (2800g, 30 min). Finally, the product was functionalized with a second layer of PAH and redispersed in 10 mL of water.9
Deposition of TiO2 NPs
Twenty-five milligrams of TiO2 nanoparticles (5 nm) redispersed in 50 mL of a sodium citrate solution (2.5 mM) were sonicated for 1 h with an ultrasonic tip (30 W, 1 s pulses, cooling the samples in an ice bath during the process). The aggregated particles were removed by centrifugation (1340g, 10 min). Then, 1 mL of the TiO2 solution was added to 1 mL of the PAH-functionalized SiO2@Au nanoribbon solution (0.5 mg/mL) with either L- or R-handedness and to 1 mL of the PAH-functionalized spherical SiO2@Au nanohybrids (0.5 mg/mL). Both solutions were stirred at room temperature for 60 min. The excess TiO2 was removed in three centrifugation-redispersion cycles (4000g, 30 min). Finally, the product was redispersed in 1 mL of water. The Au/TiO2 molar ratio was 0.60 for the R-SiO2@Au@TiO2 nanoribbons, 0.62 for the L-SiO2@Au@TiO2 nanoribbons and 0.23 for the SiO2@Au@TiO2 spherical nanohybrids.
2. Characterization
Electron microscopy
Transmission electron microscopy (TEM) images were obtained using a JEOL JEM 1010 transmission electron microscope operating at an acceleration voltage of 100 kV. High-resolution transmission electron microscopy (HRTEM) and scanning transmission electron microscopy (STEM) images were obtained with a JEOL JEM 2010F transmission electron microscope operating at an acceleration voltage of 200 kV.
UV-visible-NIR spectroscopy
Absorbance spectra were recorded on a Cary 8454 UV−Vis spectrophotometer fitted with a thermostatic holder and collected from a 1 cm path length quartz cuvette.
Photocatalytic study
The photocatalytic activities of the L- and R-SiO2@Au@TiO2 nanoribbons were evaluated on the basis of the degradation of rhodamine B (RhB) in an aqueous solution inside a controlled water recirculator at 20 °C for 8 h under light irradiation with a 150 W SLS401 xenon short-arc light source. LCP or RCP polarizers were introduced in the system to transform the original unpolarized light into CPL (λ = 400‒800 nm).
The photodegradation solutions were prepared by mixing 100 µL of an aqueous solution of RhB (0.1 mM), 1 mL of the hybrid solution under evaluation (0.5 mg/mL) and 0.9 mL of water. The mixtures were stirred for 1 h in the dark to ensure good blending and that adsorption-desorption equilibrium was reached before irradiation. The variation in absorbance was measured within 60-minute intervals under CPL irradiation.

3. Modeling
[bookmark: _Hlk69320735][bookmark: _Hlk69328408]Our model consists of 11 nm Au NPs built into a homogeneous matrix with an effective dielectric constant, εeff. Our model was composed of 138 Au NPs, which were arranged in a ribbon-like geometry (see the geometry in Figure S3). Following the experimental parameters, the ribbon-like assembly is constructed as follows: NP diameter, dNP=11 nm; diameter of the Au NP ribbon, 40 nm; and pitch of one Au-chain helix, 115 nm. The optical properties were calculated with the solver JCMsuite,11 allowing us to compute spectra for a large number of light sources. For arrangements with random orientations of ribbons in solution, the resulting CD spectrum should be computed as an averaged value. We varied the number of incidence directions between 6 and 160; however, it was found that the six major directions of light incidence are sufficient for obtaining sufficiently accurate results with our model. The CD properties (Figure 1j) were calculated with the standard equations:





Here,  and  are the extinctions averaged over the six light-propagation configurations, and  are the peak values at the plasmon resonance. Then, the computation of the hot-electron generation rates was performed with COMSOL Multiphysics using the six major directions of light incidence, and the NP number in this computation was 66. Here we note that the number of NPs in the COMLSOL computation was smaller than that using the solver JCMsuite; this is because of the smaller computational speed of COMSOL. In our calculations, the effective matrix constants for the SiO2@Au and SiO2@Au@TiO2 systems are taken as εeff =1.77 (n=1.33) and 2.1 (n=1.45), respectively. These constants were chosen to fit the measured and calculated plasmon peak positions (see Figures 1d and i in the main text). The generation rates for the over-barrier hot electrons and the related surface maps were computed according to quantum theory:12–14

, 		(Equation S1)




[bookmark: _Hlk69382486]where  is the normal component of the surface electric field, which should be calculated inside the NP;  is the total number of NPs in the helical assembly;  is the Fermi energy of gold;13 and  is the barrier energy of the Au-TiO2 Schottky junction.13 The light intensity used in the calculation is 400 W/cm2. As provided above, Equation S1 describes the integrated rate of hot-electron generation due to the quantum surface mechanism.13,14 From this equation, we infer the CD rate and its g-factor:




where  is the plasmonic-peak value for the averaged rate, . Then, the local hot-electron generation rate at the surface of i-NP is given by the following expression:

. 	(Equation S2)
Correspondingly, for the local CD generation,

.          (Equation S3)
We should emphasize here that, in all computed figures, the optical and optoelectronic properties given by Equations S1-S3 were averaged over the six major directions of light incidence.  A similar procedure was used previously by us.13 


Figure S8 provides a summary of the optoelectronic properties of our chiral many-NP system. Two remarkable behaviors can be observed. First, the peak-dip spectral shape in Figure S8a is inverted relative to that for the averaged CD in the main text (Figures 1e and j and 3d). This was expected since the unidirectional CD for the K||+z configuration for a plasmonic helical arrangement is typically inverted compared to the orientation-averaged CD.15 Second, we see that the local hot electron maps, , are rather nonuniform in the ribbon. These maps show the formation of plasmonic hot spots at the NP-NP junctions (Figure S8b). The intensities of the hot spots depend on the light polarization. Correspondingly, the local hot electron CD maps, , also contain hot spots (see Figure S8c).
Table S1. Experimental g-factors for the hybrid materials presented in this study.
	Sample
	CD max (mdeg)
	CD min (mdeg)
	Absorbance (max)
	Absorbance (min)
	gmax
	gmin
	gmax-gmin

	L-SiO2@Au
	9.87
	-20.8
	0.73358
	0.58747
	4.08∙10-4
	-1.07∙10-3
	1.48∙10-3

	L-SiO2@Au@TiO2
	8.23
	-12.73
	0.71959
	0.63741
	3.47∙10-4
	-6.06∙10-4
	9.52∙10-4

	R-SiO2@Au
	23.23
	-11.24
	0.38854
	0.28619
	1.81∙10-3
	-1.19∙10-4
	3.00∙10-3

	R-SiO2@Au@TiO2
	12.11
	-7.97
	0.48923
	0.40456
	7.51∙10-4
	-5.97∙10-4
	1.35∙10-3
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Figure S1. Size histograms (top), accompanied by TEM images (bottom) for the widths of (a) R-SiO2 nanoribbons, (b) L-SiO2 nanoribbons and the diameter of (c) presynthesized Au NPs prior to adsorption.
[image: ]
Figure S2. Low-magnification TEM images of (a) L-SiO2@Au and (b) L-SiO2@Au@TiO2 nanohybrids.
[image: ]
Figure S3. (a) HRTEM image of L-SiO2@Au@TiO2 nanoribbons. The crystalline nature of TiO2 can be clearly observed (highlighted in red). (b) STEM image of L-SiO2@Au@TiO2 nanoribbons with homogeneous deposition of the semiconductor onto the plasmonic objects.
[bookmark: _Hlk69379314][image: ]
Figure S4. Transmission of the polarizers that transform unpolarized light in either RCP or LCP used for the independent excitation of each plasmonic signature.
[image: ]
Figure S5. Experimental CD spectra of the R-SiO2@Au@TiO2 nanoribbons before (blue) and after (cyan) photocatalytic experiments, which were conducted under 8 hours of irradiation.
[image: ]
Figure S6. (a) Photodegradation profiles of RhB in the presence of L-SiO2@Au (black), L-SiO2@TiO2 (green) or L-SiO2@TiO2 with the same concentration of Au NPs in solution (orange) as catalysts and using an LCP filter. (b) Photobleaching of RhB under the same irradiation conditions (with an LCP filter) and without photocatalyst.
[image: ]
Figure S7. Nonchiral photocatalyst formed by the adsorption of 12 nm Au NPs and 5 nm TiO2 NPs onto 500 nm SiO2 spheres. (a, b) TEM images of the spheres, where the scale bars are each 100 nm. (c) Photodegradation profiles of RhB in the presence of the catalyst with either LCP or RCP light. (d) Normalized reaction rates derived from the photodegradation profiles assuming a linear fit. 
[image: ]
Figure S8. Optoelectronic properties of the Au ribbon-like assembly (R-ribbon) for the direction of excitation k||+z. (a) CD for the over-barrier hot-electron generation rate for the unidirectional excitation k||+z. For comparison, the response of a single 11 nm Au NP is included. We observe here that the CD for a nonchiral NP is negligibly small. (b) Surface maps of the local hot-electron generation. The formation of plasmonic hot spots in the NP-NP gap regions can be observed for the RCP case. The surface rates are recorded inside the NPs. (c) Local hot electron CD maps for four selected wavelengths. In this case, the intensities of the hot spots are wavelength dependent.
[image: ]
Figure S9. Properties of a nonchiral object (11 nm spherical Au NP) with k||+z excitation for both RCP and LCP illumination. (a) Hot-electron generation rates for CPL. (b) Surface maps of local hot-electron generation.
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