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Fig. S1 (a) XRD patterns, (b) Raman spectra and (c) Zn 2p XPS spectra of ZnO-TiO2 

sample before and after H2O vapor treatment.
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Fig. S2 STEM and EDS mapping images of ZnO-TiO2-H2O sample.
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Fig. S3 XRD patterns of (a) 5 wt% ZnO-Al2O3 and (b) 5 wt% ZnO-SiO2 samples before 

and after liquid water treatment.
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Fig. S4 (a) XRD patterns and (b) Raman spectra of ZnO-TiO2 sample before and after 

liquid water treatment.

Fig. S5 In situ 1H NMR spectra of TiO2 with varying water content.
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Fig. S6 In situ 1H NMR spectra of TiO2 after introducing water. (a-b) In situ 1H NMR 

spectra of TiO2 after introducing 3 μL water without direct contact. (c-d) In situ 1H 

NMR spectra of TiO2 after introducing 0.5 μL water without direct contact.
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Fig. S7 Effect of temperature on ZnO redispersion. (a) XRD patterns of ZnO-TiO2 

sample after treatment in 3.2% H2O/O2 at different temperatures. (b) Zn2p/Ti3d XPS 

peak area ratio of ZnO-TiO2 sample after treatment in 3.2% H2O/O2 at different 

temperatures. (c) DRIFTS spectra of TiO2 at different temperatures. (d) XRD patterns 

of ZnO-TiO2 sample before and after treatment in liquid water at 90 °C.
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Fig. S8 Effect of temperature and water content on ZnO redispersion. XRD patterns of 

ZnO-TiO2 before and after water treatment without contacting at (a) 25 °C, (b) 50 °C, 

(c) 70 °C, and (d) 90 °C.

Fig. S9 The water requirement for ZnO redispersion at various temperatures.



Fig. S10 DRIFTS spectra of TiO2 and hydrophobic TiO2 before and after treatment in 

3.2% H2O/O2.
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Fig. S11 C3H6 selectivity of ZnO-TiO2 (a) before and (b) after water treatment in PDH.



Fig. S12 Kinetic fitting plot of the reaction order for C3H8 in propane dehydrogenation 

reaction.

Fig. S13 (a) Stability test of ZnO-TiO2-H2O catalysts in the PDH reaction under 

different C3H8 concentrations. (b) Stability test of 5% ZnO/TiO2 sample prepared by 

impregnation method in the PDH reaction after pre-oxidation and regeneration (orange 

dashed line: pre-oxidation process, heating to 550 °C in 40 mL/min O2; gray dashed 

line: regeneration process, treatment in 40 mL/min O2 at 550 °C for 10 min).



Table S1 Quantitative calculation of H2O coverage according to Fig. 2d. 

Polydimethylsiloxane (PDMS) was added to the test sample as an internal standard 

due to its defined structure, which facilitates the calculation of hydrogen atom amount 

based on mass. By comparing the 1H peak area of PDMS at 0.16 ppm and 1H peak area 

of adsorbed water in the range of 5.1 to 5.7 ppm, the hydrogen atom amount in the 

surface adsorbed water can be determined. Subsequently, the coverage of the surface 

adsorbed water is calculated using the specific surface area and weight of TiO2 sample.

Table S2 Calculation of water consumption by evaporation in 10 mL bottle at different 

temperatures.



Table S3 Comparison of PDH performance of Zn-based catalysts in this work and other 

works.


