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Figure S1: Schematic representation of the photocatalytic reactor vessel, including 

the location of the thermocouples [36]. 

 

Figure S2: HAADF-STEM image of (a) S1; (b) M1; (c) S4; (d) M4 catalysts with Au 

nanoparticle size histogram. 



 

Figure S3. High-resolution scanning transmission electron microscopy images of 

(a) S2 and (b) M2 catalysts. No preferential orientation of the Au lattice compared 

to the TiO2 lattice is found. 

 

Figure S4: (a) TEM image and (b) diffraction pattern of S4 sample; (c) TEM image 

and (d) diffraction pattern of M4 sample; (e) HR-TEM with identification of 

anatase and rutile phases. (101) Plane of anatase and (110) plane of rutile have 

been marked for all images. 

  



Figure S5: Energy dispersive X-ray analysis of (a) S2 and (b) M2 catalysts. 

Identification of Au nanoparticles on the TiO2 support is evident. 

Table S1: Elemental analysis of S4 and M4 samples using SEM-EDX, four different 

locations are probed, confidence intervals of 98% are reported. Only O, Ti and Au 

are detected. No significant difference between samples is observed. 

Sample O (wt%) Ti (wt%) Au (wt%) 

S4 36±6% 59±6% 4±1% 

M4 39±5% 59±4% 3±1% 

 

 

Figure S6: SEM-EDX spectrum of (a) M4; (b) S4 catalysts, O, Ti and Au peaks have 

been identified. 

  



Figure S7: (a) Diffuse reflectance UV-vis spectra for bare P25 TiO2, S1-4 and M1-4 

catalysts. Both the absorption bands of TiO2 and plasmonic Au nanoparticles can 

be observed. Samples have been normalised on the intensity of the TiO2 absorption 

band and stacked for visual clarity. (b) First derivative of the diffuse reflectance 

UV-vis spectra of S2 and M2 catalysts. Intersection with the reference line around 

550 nm highlights the position of the plasmonic Au absorption band. 

Table S2: Crystallite size determined for anatase and rutile in S4 and M4 samples 

using Scherrer equation. Au crystallite size could not be reliably determined due 

to low intensity of the diffraction peaks. 

Sample Anatase Rutile 

S4 213 Å 336 Å 

M4 205 Å 299 Å 

 

Figure S8: AM1.5 irradiance (black) of the solar simulator [36]. 

  



Figure S9: (a) CH4 production of M1-4 and S1-4 catalysts in dark at 200°C. (b) 

Initial reaction of the M1-4 and S1-4 catalysts in dark at 200°C. Error bars represent 

a 98% confidence interval.  Reaction conditions: mixture of CO2:H2:N2 (2:2:1) at 3.5 

bar pressure, 200 mg photocatalyst, dark conditions (200°C catalyst temperature). 


