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Figure S1. In situ DR UV-Vis spectrum of bare ceria catalyst recorded in 8% O2 / 92% N2 flow 

at 100 °C depicting the high self-absorption of ceria below 400 nm. Excitation wavelengths 

(385 nm, 515 nm) used for the Raman experiments are marked. 
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Figure S2. Wavelength-dependent Raman spectra of dehydrated 1.2 VOx/CeO2 using 257 nm 

(grey), 385 nm (magenta), 515 nm (green), and 633 nm (red) excitation. The 257 nm spectra 

were obtained with the same setup as for 385 nm wavelength excitation by applying 5 mW.1 

The 633 nm spectra were measured using a He-Ne laser for excitation.2 For 515 and 633 nm 

excitation, the inset shows an enlarged view of the spectral region between 525 and 1300 cm-1. 

Spectra are offset for clarity and scaled to allow for the 465 cm-1 F2g band to be seen. An artifact 

due to the cell window is marked (*).  
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Figure S3. In situ UV Raman spectra (385 nm excitation) of bare ceria, 0.6 VOx/CeO2, 

1.2 VOx/CeO2, recorded in 8% O2 / 92% N2 flow at 100 °C. Note that the Raman features at 

around 710 cm-1 and 1405 cm-1 are only present for the loaded samples and that both increase 

with vanadia density; hence, they are attributed to the fundamental and overtone of V-O-Ce 

vibrations. 
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Figure S4. DR UV-Vis spectra of bare ceria prior to (red) and during (blue) ethanol ODH 

recorded at 100 °C at a total flow rate of 50 mLn/min. The feed during in situ and operando 

conditions consisted of 8% O2 / 92% N2 and 1% EtOH / 8% O2 / 91% N2, respectively. The 

excitation wavelengths (385 nm, 515 nm) used for the Raman experiments are marked. The 

inset gives an enlarged view of the spectra at longer wavelengths 
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Figure S5. Enlarged DR UV-Vis spectra of pure ceria, 0.6 VOx/CeO2, and 1.2 VOx/CeO2 under 

reaction conditions (1% EtOH / 8% O2 / 91% N2), in comparison to the spectrum of bare ceria 

prior to reaction after initial dehydration. The broad band extending over the shown region 

increases with vanadium loading.  
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Figure S6. Temporal evolution of the Raman signal at 405 cm-1 of 0.6 VOx/CeO2 upon switch-

ing from oxidative to reactive conditions at 100 °C at a total flow rate of 50 mLn /min. The feed 

consisted initially of 8% O2 / 92% N2, and then of 1% EtOH / 8% O2 / 91% N2. The Raman 

spectra were recorded at 385 nm excitation. The red line is a guide to the eye. 
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Figure S7. Operando Raman spectra (515 nm excitation) of bare ceria, 0.6 VOx/CeO2, 

1.2 VOx/CeO2 recorded at 100 °C at a total flow rate of 50 mLn /min. The feed during operando 

conditions consisted of 1% EtOH / 8% O2 / 91% N2. Spectra were normalized to the F2g band 

and offset for clarity. Note that the ethoxy-related Raman features at around 880, 905, 930 cm-

1 (C-C vibrations) and 1040, 1050, 1060 cm-1 (C-O vibrations) decrease with vanadia density; 

hence, they are attributed to different ethoxy species at the ceria surface. 
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Table S1. F2g band position (515 nm excitation) of bare ceria, 0.6 VOx/CeO2, and 1.2 VOx/CeO2 

recorded at 100 °C at a total flow rate of 50 mLn /min, when switching between oxidative and 

reactive conditions. 

   

Gas phase CeO2 1.2 VOx/CeO2 0.6 VOx/CeO2 

8% O2 / 92% N2 464.0 464.1 464.1 

1% EtOH / 8% O2 / 91% N2 463.0 462.8 462.8 

8% O2 / 92% N2 463.6 463.3 463.6 

8% O2 / 92% N2  (400°C, 1 h) 464.0 464.0 464.0 
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