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Table S1. Metal loading values determined by ICP-OES.    

Table S2. Summary of reported AuPd/TiO2 photocatalysts for photocatalytic H2 production.    

Sample
Before photoreaction After photoreaction

Pd wt% Au wt% Pd wt% Au wt%

Au/TiO2-BM n.a. 0.96±0.03 n.a. 0.97±0.03

Au1.6Pd1/TiO2-BM 0.23±0.06 0.77±0.04 0.25±0.05 0.74±0.04

Au0.5Pd1/TiO2-BM 0.53±0.05 0.49±0.05 0.52±0.04 0.51±0.04

Au1.6-Pd1TiO2-BM 0.25±0.06 0.72±0.04 0.23±0.06 0.77±0.03

Pd1-Au1.6TiO2-BM 0.22±0.06 0.78±0.03 0.25±0.06 0.76±0.04

Au0.2Pd1/TiO2-BM 0.77±0.05 0.23±0.09 0.74±0.04 0.22±0.08

Pd/TiO2-BM 0.97±0.04 n.a. 0.96±0.05 n.a.

Au1.6Pd1/TiO2-BMC 0.23±0.06 0.73±0.04 0.27±0.06 0.74±0.04

Au1.6Pd1/TiO2-IWI 0.26±0.08 0.76±0.06 0.23±0.07 0.74±0.04

Au0.75wt%/TiO2 + 
Pd0.25wt%/TiO2

0.27±0.07 0.78±0.06 0.28±0.06 0.73±0.07
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Table S3. Parameters used for the deconvolution of the Au 4f and Pd 3d spectra.    

 
Figure S1. H2 photoproduction rates of bimetallic cocatalyst supported-TiO2 photocatalysts 
prepared by different milling orders.    
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Figure S2. H2 production rates in long-term stability tests under UV light irradiation of (a,b): 
Au1.6Pd1/TiO2-BM, Au1.6Pd1/TiO2-BMC and Au1.6Pd1/TiO2-IWI, and (c): Pd/TiO2-BM, 
Au1.6Pd1/TiO2-BM and Au/TiO2-BM. 

 

Figure S3. XRD patterns of (a) pristine TiO2 P90 and Au1.6Pd1/TiO2 samples prepared by BM, 
IWI and BMC methods, and (b) different Au/Pd ratio of AunPd1/TiO2-BM samples. (c) Raman 
spectra of AunPd1/TiO2-BM samples. (d-f) UV-vis absorption spectra and the corresponding 
Tauc plots of (F(R∞)E)1/2 versus E (eV) for TiO2, Au1.6Pd1/TiO2-BM, Au1.6Pd1/TiO2-IWI, 
Au1.6Pd1/TiO2-BMC, and AunPd1/TiO2-BM samples. The dashed lines in (e) and (f) are a linear 
fit to determine the band gap energy (Eg) of photocatalysts.   



 

Figure S4. AC-HAADF-STEM images and corresponding elemental mappings of fresh and 

after reaction of Au1.6Pd1/TiO2-BM (a,b) and Au1.6Pd1/TiO2-IWI (c,d). AR refers to after 
reaction. (e), Fresh Au1.6Pd1/TiO2-BMC. In all elemental mapping images, Au, Pd and Ti are 
represented in red, blue and green respectively. EDS line scan profiles of Au (red) and Pd (blue) 
in BM photocatalyst recorded along the arrow shown in (a). The red and blue frames in (e) 
present Fourier Transform (FT) images corresponding to the crystal planes of Au and Pd, 
respectively.  



 
Figure S5. Corresponding ratios of Au and Pd oxidation states extracted from XP spectra in Fig. 

3a-f. 

 
Figure S6. XP Ti 2p (a, b, and c) and O 1s (d, e, and f) spectra of fresh and after reaction of 

Au1.6Pd1/TiO2-BM, Au1.6Pd1/TiO2-IWI, and Au1.6Pd1/TiO2-BMC photocatalysts. AR: after 
reaction. 



 

Figure S7. (a) Au L3-edge XANES spectra of Au1.6Pd1/TiO2-BMC, Au1.6Pd1/TiO2-IWI, and Au 
foil as reference. (b) Pd K-edge EXAFS spectra in R-space (Fourier transform magnitude, 
phase-uncorrected) for Au1.6Pd1/TiO2-BMC, Au1.6Pd1/TiO2-IWI and Pd foil as reference. 

 
Figure S8. Photoluminescence (PL) spectra (a), EIS plots under solar simulator (b) and 
photocurrent response (c) of TiO2, Au1.6Pd1/TiO2-BM, Au1.6Pd1/TiO2-IWI and Au1.6Pd1/TiO2-
BMC. 



 

Figure S9. SEM micrographs at different magnifications of the cellulose paper used as a 
support to ensure the homogeneous distribution of the photocatalyst (a,c,e), and of the cellulose 
paper impregnated with the Au1.6Pd1/TiO2-BM sample (b, d, f). The inset in panel b shows a 
photograph of the impregnated cellulose paper used in the photocatalytic experiments. 

 

Figure S10. Time evolution of hydrogen and acetaldehyde photoproduction rates over AuPd/
TiO2-BM under UV light. Hydrogen and acetaldehyde were the only detected products and were 
formed in equimolar amounts, confirming that ethanol dehydrogenation was the exclusive 
pathway for hydrogen production. 
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