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I. Supplementary Data
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Figure S1. Schematic structural diagram of (a) a unit cell of the Ti mesh, (b) illustration of the conformal hydrothermally prepared ~8 nm diameter TiO2 nanotube array on Ti mesh surface, and (c) the sunlight reflection process.
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Figure S2. Photographs showing (a) single layer Ti mesh (top view), (b) folded multi-layer Ti mesh (oblique angle view).
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Figure S3. UV-visible absorption spectra of 8 nm diameter TiO2 nanotubes.
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Figure S4. Optical transmittance vs number of the layers in the multi-layered Ti electrodes 
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Figure S5. Photocurrent vs bias voltage of (a) TiO2 nanotube layers on the 7 layered Ti mesh, (b) TiO2 nanotube layers on flat Ti foil, (c) annealed 7 layered Ti mesh (no nanotubes), and (d) annealed Ti foil only.
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Figure S6. (a) Schematic illustration of the solid dewetting process to fabricate plasmonic Au nanoparticles attached on TiO2 nanotube surface, (b) SEM image showing Au nanoparticles attached on the surface of 8 nm diameter TiO2 nanotube array after annealing, (c) high magnification SEM image for Au nanoparticles.
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Figure S7. Dark current vs bias voltage of TiO2 nanotube layered mesh electrodes on various number of mesh layers.
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Figure S8. Dark current vs bias voltage of (a) TiO2 nanotube layers on the 7 layered Ti mesh, (b) TiO2 nanotube layers on flat Ti foil, (c) annealed 7 layered Ti mesh (no nanotubes), and (d) annealed Ti foil only.
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Figure S9. Dark current vs bias voltage of TiO2 nanotubes with and without Au nanoparticles.
II. Experimental Details
Multi-layered Ti mesh substrate 

Ti mesh material (0.03 mm thickness) was purchased from Baoji Xinze Titanium-Nickel Co., Ltd., China. Shown in Figure S1 is a schematic structural diagram of the Ti mesh. In this research, we chose the Ti mesh the dimension of which can be described as VL (the vertical-diagonal mesh length) of ~1.5 mm, HL (the horizontal-diagonal mesh length) of ~3.0 mm and the mesh strand width W of ~0.25 mm [see FIGs. S1(a), S2 and 1]. The 3D structure of Ti mesh was prepared by folding Ti mesh in the dimension of 10 x 10 mm with a spacing of 0.5 mm. The Ti mesh was cleaned and degreased successively in acetone, deionized (DI) water and methanol to eliminate surface contamination prior to the next process. 

Synthesis of TiO2 nanotubes
The 3D structured Ti mesh was hydrothermally oxidized to get the TiO2 nanotube arrays on the surface of the Ti mesh by immersing into 10 M aqueous NaOH solution, heated at 120 °C for 2 hours in a PTFE-lined autoclave, and subsequently washed with 0.1 M HNO3 aqueous solution and deionized water. After drying in air, the samples were annealed in air at 500 °C for 1 hour in order to transform the as fabricated TiO2 nanotubes to the anatase TiO2 phase [See Ref. S1].
Structural and optical characterization

The morphology and microstructure of the samples were examined by scanning electron microscopy (FESEM, XL30, FEI Co., USA). Typically, the images were acquired at relatively low accelerating voltages (less than 5 kV) using short exposure times to cope with the charging effect. Transmission electron microscopy (FEI Tecnai Sphera 200 kV TEM) was also used in order to image the structure of the TiO2 nanotubes. The UV absorption spectra of the films and the transmittance of the multi-layered meshes were measured using a UV spectrophotometer (SQ4802, UNICO). For the purpose of measuring absorption spectrum of TiO2 nanotube array, the nanotubes were synthesized on an optically transparent sapphire substrate (0.432 mm thickness, Alfa Aesar) by similar hydrothermal treatment. For this purpose, a polycrystalline titanium film was first deposited on the sapphire substrate by DC-magnetron sputtering (Discovery 18 Sputter System, Denton) prior to the 8 nm diameter TiO2 nanotube growth. The film sputtering was conducted under an argon gas pressure of 3 x 10-3 Torr at room temperature with a DC-power of 200 W. The Ti film deposited was ~200 nm thick which was suitable to minimize the light absorption of continuous TiO2 film between TiO2 nanotube and sapphire substrate.

Preparation of Au nanoparticle decorated TiO2 nanotubes
The cleaned substrates were loaded into a Denton sputtering chamber to deposit Au films having a thickness of ~3 nm. The sputtering deposition chamber was evacuated to a base pressure of better than 10-6 millitorr before the deposition process was started. Typical vacuum deposition techniques such as the evaporation process are line-of-sight deposition processes, and hence the Au deposition on 8 nm diameter TiO2 nanotubes, especially in the core of the nanotube forest, is likely to be nonuniform. Therefore, we have utilized a high pressure sputtering at ~25 millitorr argon (as compared to the typical 3-5 millitorr Ar pressure) for deeper penetration of the plasma and increased scattering of the Au atoms/molecules for more uniform Au deposition on the nanotube surface [See Ref.S2]. The sample was also rotated during sputtering for more uniform coating on TiO2 nanotube surface. The sputtering rate was controlled and the deposition was stopped when the film thickness reached the target value. The deposited samples were annealed at 400 °C for 1 hour in vacuum so as to break up the Au film into nanoparticles.

Photoelectrochemical characterization 

A standard three-electrode configuration (with platinum foil as a counter electrode and a saturated Ag/AgCl reference electrode) was used for the photoelectrochemical measurements. All three electrodes were immersed in a glass cell on which a quartz window was installed for light illumination. The current–voltage (I-V) curves of the final assembled cells were measured in a 1M KOH solution using a scanning potentiostat (DY2311, Digi-Ivy) at a scan rate of 10 mV s−1. Photovoltaic properties were measured under an AM 1.5 G illumination using a Xenon lamp (Oriel 66986, Newport) having a 300 W power capacity. The incident light intensity was measured to be 100 mW cm−2. A standard Si photodiode (PIN-10DP/SB, OSI optoelectronics) was used as a reference to calibrate the power density of the light source. N2 gas was purged through the cell during the measurement to instantaneously flush away O2 from the working electrode and H2 from the counter electrode. Electrical contacts were made on the Ti mesh with the surface oxide layer removed by dipping in 20% HF solution for 20 seconds and using an exposed part of insulated copper wire for mechanical clamping. The footprint area exposed to the incident light was ~1 cm2.
III. Results and Discussion
Optical transmittance of the multi-layered Ti electrodes
In order to quantitatively assess the light that passes through each mesh layer, the optical transmittance was measured vs number of the layers in the multi-layered Ti electrodes as shown in Figure S4. As shown in Figure S1(c), the surface of mesh layers facing each other can cause some of the diffuse reflected light to be recycled. In this case, the underlying titanium of hydrothermally grown nanotubes can act like a mirror. Optical transmittance values of 1, 3, 5, 7, and 9 layered mesh were measured, which indicates that the transmittance is gradually decreased with added mesh layers. By the time there are 9 mesh layers added, only about 7 % of the incident light is passed, with the remaining light mostly recycled and absorbed for water splitting reaction. This is consistent with the result of the photocurrent densities of Ti mesh electrodes vs number of mesh electrode layers in Figure 2. For the passed light, depending on the number of the Ti mesh layers, the light can potentially be reabsorbed by reflection of the preceding following mesh layer.
Beneficial Role of a multi-layered mesh structure
We have constructed such a multi-layered mesh structure and conformally added extremely fine, 8 nm TiO2 nanotubes as a catalyst material [Figs. S1(a)-S1(c)]. While metal mesh is not transparent, the apertures in the mesh can allow light to enter the photoelectrode leading to multi-reflections from various mesh layers, as illustrated in Figure S1(c). A certain fraction of the reflected light will fall upon another catalytic region of the electrode surface instead of being lost to free space, and will be available again for electron-hole generation. Without increasing the footprint of the active device area, the incident light can pass through the sample and reflected multiple times before escaping. This could potentially lead to a significant enhancement in light absorption. Also, this architecture enables continuous-flow, high-throughput reaction since water flows through the successive mesh layers.
Photoelectrochemical performance of various configurations of Ti based substrate
The 7 layered mesh TiO2–nanotube-containing electrode shows the highest photocurrent density among various configurations compared in Figure S5, higher than that for the annealed Ti mesh electrode (w/o nanotubes) or annealed Ti foil (w/o nanotubes) as well as TiO2–nanotube–containing flat Ti foil [Fig. S5]. This suggests that the amount of light absorption is maximized in the multi-layered mesh configuration with possible internal multiple reflections among the Ti mesh layers.
Dark currents of the multi-layered Ti electrodes and various configurations of Ti based substrate
The dark currents of multi-layered mesh electrodes were measured and presented in Fig. S7 and Fig. S8. Increased dark currents by the added number of mesh layers were observed, although these were all quite small, just a few µA/cm2. The trend is consistent with the surface area increase by additional mesh layers. The increased current for the 7 layer (and 9 layer) mesh electrode subsequently decreased to a constant value of photocurrent when it reached the equilibrium of electron–hole recombination at the interface of the TiO2 nanotubes and the electrolyte. Since the dark currents were very small, just a few µA/cm2, this small difference was ignored in the photocurrent vs bias voltage plots. Further experiments are needed to fully understand the complexity of the dark current behavior introduced by the addition of mesh screen geometry and nanotubes. It is noted that the 7 layered TiO2 mesh with Au nanoparticles (Fig. S9) showed a relatively high dark current of 25 µA/cm2 due to the conducting gold nanoparticles. After deduction of the dark current, the actual photocurrent density is 119 µA/cm2, which is 1.9 times higher than that of the 7 layered TiO2 mesh alone without the plasmonic Au nanoparticles. In the similar fashion, the actual photocurrent density of the 7-layered TiO2 mesh electrode under visible illumination is 21 µA/cm2, which is ~5.3 times higher than that of the TiO2 mesh alone without the Au nanoparticles.
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