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Table S1. Comparison of catalytic activity in photooxidation of methane to 
methanol. 

Entry Catalyst Oxidant Reaction condition CH3OH CH4 
conversion 

(%) 

Ref. 

Amount 
(μmol) 

Selectivity 
(%) 

1 3.2%Ag/TiO2 

{001} 
O2 

10 mg catalyst, 
2.0 MPa CH4 (2000 mL), 25 

ºC, 4 h, 300 W Xe lamp,  

173 79 0.31 
This 
work 

2 0.33 wt% 
FeOx/TiO2 

H2O2 
10 mg catalyst, 70 μmol 

CH4, 8 μmol H2O2, 25 ºC, 
3h, 300 W Xe lamp 

10.56  90 14.9 1 

3 
Au-CoOx/TiO2 O2 

10 mg catalyst, 2.0 MPa 
CH4 (2000 mL), 0.1 MPa O2, 
25 ºC, 4 h, 300 W Xe lamp 

36  45 0.1 
2 

4 
0.1 wt% 
Pd/ZnO 

O2 
10 mg catalyst, 2.0 MPa 

CH4 (2000 mL), 0.1 MPa bar 
O2, 25 ºC, 4 h 300 W Xe 

lamp 

108.2  36 0.35 
3 

5 
BiVO4 H2O 

300 mg catalyst, 20% 
CH4/He, 55 ºC, 2 h, 450 W 

immersion 
medium-pressure Hg lamp 
with UVC-visible radiation 

12.48  51 - 
4 

6 
WO3 

mesoporous 
H2O + 
FeCl3 

(2 mM) 

300 mg catalyst, 20% 
CH4/He, 55 ºC, 2 h, 450 W 

immersion 
medium-pressure Hg lamp 
with UVC-visible radiation 

33.3 37.4 0.3% 
5 

7 
La-doped 

WO3 

mesoporous 

H2O 
300 mg catalyst, 20% 

CH4/He, 55 ºC, 2 h, 450 W 
immersion 

medium-pressure Hg lamp 
with UVC-visible radiation 

18.84  47 0.17 
6
 

Note: the CH4 conversion in ref. 4 cannot be calculated because the amount of 

CH4 was not provided. 



 

Figure S1. XRD spectra of (A) TiO2 {001} loaded with variable Ag (0 ~ 2.5%) and (B) 

TiO2 {001} loaded with variable Ag (0 ~ 3.0%). 

 

 



 

Figure S2. Time course of CH3OH selectivity and product yields for 2.5%Ag/TiO2 

{001} under irradiation. Reaction conditions: 10 mg Ag/TiO2, 100 mL water, 2 MPa 

CH4, 0.1 MPa O2, 25 °C, light source: 300 W Xe lamp, light intensity 100 mW/cm2. 



 

Figure S3. (A) Wide scan, (B) Ti 2p, and (C) O 1s XPS spectra of 2.5%Ag/TiO2 

{001} and 2.1%Ag/TiO2 {101}. 



 

Figure S4. EDS spectra of (A) 2.5%Ag/TiO2 {001} and (B) 2.1%Ag/TiO2 {101}. 

 

 

 

 

 



 

Figure S5. N2 adsorption and desorption curves of TiO2 {101} and TiO2 {001} 

samples. 

 



 

Figure S6. Operando ATR-FTIR of the aqueous phase photocatalytic reaction in 

the (Ar + O2) atmosphere before, upon, and after light irradiation on 2.5%Ag/TiO2 

{001}. 



 

Figure S7. Operando ATR-FTIR of the aqueous phase photocatalytic reaction in 

the (CH4 + O2) atmosphere before, upon, and after light irradiation on 

2.5%Ag/TiO2 {001}. 



 

Figure S8. Operando ATR-FTIR of the aqueous phase photocatalytic reaction in 

the (Ar + O2) atmosphere before, upon, and after light irradiation on 2.1%Ag/TiO2 

{101}. 



 

Figure S9. Operando ATR-FTIR of the aqueous phase photocatalytic reaction in 

the (CH4 + O2) atmosphere before, upon, and after light irradiation on 

2.1%Ag/TiO2 {101}. 



 

Figure S10. Operando FTIR of the adsorption of H2O2 on the surface of TiO2 {001}. 



 

Figure S11. ESR of the empty in situ ESR tube. 



 

Figure S12. ESR spectra of Ag/TiO2 in aqueous solution with O2 and CH4 + O2 

dissolved under light irradiation for 10 min. DMPO was added to the reaction 

mixture as the radical trapping agent. For 2.1%Ag/TiO2 {101} in aqueous solution 

with O2 dissolved, the signals with intensity ratio of 1:2:2:1 (2aN + aH = 45 Guass) 

can be assigned to •OH trapped by DMPO. When the CH4 was introduced into the 

the O2−Ag/TiO2 {001} system ((CH4+O2)−Ag/TiO2 {001}), the signal of •OH decrease 

obviously, and a new signal (2aN + aH = 56 Guass) corresponding to •CH3 occurs. 

However, for 2.5%Ag/TiO2 {001} in aqueous solution with O2 and (CH4 + O2) 

dissolved, there are almost no •CH3 and •OH generated in the photocatalytic CH4 

oxidation. The aN and aH are the hyperfine coupling constants of the 14N and 1H 

atoms. 

 



 

Figure S13. Theoretical calculation for the formation of oxygen vacancy and the 

adsorption of O2 on {001} and {101} facets of TiO2. Calculations based on Density 

functional theory (DFT) were performed with Vienna Ab initio Simulation Package 

(VASP). Generalized gradient approximation (GGA) by Perdew-Burke-Ernzerhof 

(PBE) functional and all-electron projector augmented wave (PAW) method are 

employed. An energy cutoff of 450 eV for the plane wave basis set was adopted. 

The{001} and {101} facets of anatase-TiO2 were modeled by (3×3) and (2×2) 

supercell, respectively. O vacancy was modeled by removing a surface O from the 

supercells. Red ball represents oxygen atom, and blue ball represents Titanium 

atom. 

 



 

Figure S14. Operando ATR-FTIR of the aqueous phase photocatalytic reaction in 

the (Ar + O2) atmosphere before, upon, and after light irradiation on TiO2 {001} and 

TiO2 {101}. 



 

Figure S15. In situ ESR spectra for TiO2 {001} and TiO2 {101} with 300 μmol H2O 

loading in O2 atmospheres before and during light irradiation. 

 



 

Figure S16. EDX spectra of TiO2 {101} and TiO2 {001}. 

 

 

 

 



 

Figure S17. The schematic diagram of in-situ attenuated total reflectance Fourier 

transform infrared spectroscopy (in-situ ATR-FTIR) with aqueous phase in a 

home-made spectral cell, created by a co-author (Huiwen Lin). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S18. The schematic diagram of in-situ electron spin-resonance 

spectroscopy (in-situ ESR) in a home-made spectral cell, created by the first 

author (Ningdong Feng). 
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