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Material Characterization 
The morphology of as-prepared samples was detected by the field emission scanning 

electron microscope (FESEM, Hitachi, S-4800) and the high-resolution transmission elec-
tron microscopy (HRTEM, TECHAI G2S-TWIN). The structures were analyzed with X-
ray diffraction (XRD, Rigaku-D/max-2550VB+/PC X-ray diffractometer, λ=1.54056 Å). Var-
ious samples’ Raman spectra were recorded on a LABRAM-1 Bconfocal laser micro-Ra-
man spectrometer (532 nm radiation) at room temperature. 

 
Figure S1. (a) Low magnification and (b) high magnification SEM images of as-annealed secondary 
oxidized TiO2 nanotube (TiO2 NT). 
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Figure S2. SEM images of the (a) top, (b,c) middle, and (d) bottom parts of the TiO2 NT@Au NP 
composite. 

SEM images of different parts of the TiO2 NT@Au NP composite show that there are 
no gold nanoparticles attached to the inner surface of TiO2 nanotubes (as marked posi-
tions). Thus, Au nanoparticles only adhere to the outer surface of the TiO2 nanotubes. And 
The adhesion of Au NP to TiO2 NT may be related to the defects of the TiO2 nanotubes, 
which are distributed on the top and outer surfaces of the nanotubes [1]. 

 
Figure S3. When the surfactant (PVP) is not present, the MoS2 nanosheet cannot be coated on the 
TiO2 nanotube, and (a,b) is the corresponding SEM images. SEM images of TiO2 nanotube@MoS2 
nanosheet composites when the mass of PVP surfactant is (c,d) 0.1 g (TiO2 NT@MoS2 NS, 0.1 g) and 
(e,f) 0.3 g (TiO2 NT@MoS2 NS, 0.3 g). 
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Figure S4. (a) XRD of TiO2 nanotube, as well as (b) TEM and (c) HRTEM images of TiO2 nanotube. 

The XRD pattern of TiO2 NT (Figure S3a) shows the characteristic peaks of anatase 
phase TiO2 (PDF #21-1272) and Ti (PDF #44-1294) substrate without impurity peaks, re-
vealing the anatase crystal structure of the TiO2 NT [2–4]. High-resolution TEM (HRTEM) 
images of TiO2 NTs (Figure S3c) display a typical lattice spacing of 0.35 nm, which is as-
cribed to the (101) plane of anatase phase TiO2 [4–6]. 

 
Figure S5. (a) High magnification and (b) low magnification SEM images of MoS2 powder. 
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Figure S6. (a) Energy-band diagrams of TiO2 nanotube, MoS2 nanosheet and Au nanoparticle. (b–d) 
Energy-band diagrams of TiO2 nanotube@MoS2 nanosheet composite. (e) Energy-band diagrams of 
TiO2 nanotube@MoS2 nanosheet@ Au nanoparticle composite. 
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Figure S7. SEM images of four different anode materials, after 50 cycles, at 100 µA cm−2. SEM images 
of cycled (a–c) TiO2 nanotube anode, (d–f) TiO2 nanotube@Au nanoparticle anode, (g–i) TiO2 nano-
tube@MoS2 nanosheet anode and (j–l) TiO2 nanotube@MoS2 nanosheet@ Au nanoparticle anode. 
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