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X-ray Diffraction 

The resultant solids show the characteristic PXRD pattern of the UiO-66 material. The shift 

towards higher 2θ when the amount of Zr is increased is consistent with the shorter ionic 

radius of eight-fold coordinated Zr4+ in comparison with Ce4+ (see Figure S1).[1]  

 

Figure S1. PXRD patterns of the simulated UiO-66(Ce) (black line), as-synthesized UiO-

66(Ce) (orange line), UiO-66(Ce0.5Zr0.5) (red line) and UiO-66(Ce0.05Zr0.95) (blue line). 

 

 

 

 

 

 

 

 

 

 

 

 

 



Thermogravimetric analysis 

 

Figure S2. Thermogravimetric analysis of the UiO-66(Ce) (orange line), UiO-66(Ce0.5Zr0.5) 

(red line) and UiO-66(Ce0.05Zr0.95) (blue line). The increase in the amount of Zr is associated 

with sample thermal stability increment.[2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



N2 adsorption 

In all the cases, type I isotherms were observed, which are characteristic of microporous 

materials (see Figure S3). The calculated BET area for the materials synthesized in this work 

increase with the proportion of Zr as has been yet reported in the literature (~1311 and ~1444 

m2/g for the UiO-66(Ce0.5Zr0.5) and UiO-66(Ce0.05Zr0.95), respectively).[3] 

 

 

Figure S3. N2 adsorption-desorption isotherms of UiO-66(Ce) (orange squares), UiO-

66(Ce0.5Zr0.5) (red circles) and UiO-66(Ce0.05Zr0.95) (blue triangles).  

 

Figure S4. N2 adsorption isotherm of UiO-66(Ce) (orange squares) together with the fitting 

obtained by the N2-Cylindrical Pores-Oxide Surface DFT model (orange line).  



Tauc plots 

 

Figure S5. Tauc plots for the UiO-66(Ce). As-synthesized (solid line) and activated at 110ºC 

(dash line). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XPS 

 

Figure S6. Ce(3d) XPS spectra for UiO-66(Ce) (orange line), UiO-66(Ce0.5Zr0.5) (red line) 

and UiO-66(Ce0.05Zr0.95) (blue line). Ce3+ and Ce4+ components are shown with yellow and 

black lines, respectively. 

 

NEXAFS 

 

Figure S7. TEY NEXAFS spectra a) pure Ce4+ (orange line) and Ce3+ (grey line) components 

extracted from MCR-ALS procedure and b) of reference CeO2 (brown) and CeF3 (green line). 
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UV-Vis absorption 

When the amount of Zr is increased in the CexZr6−x clusters (from x=6 to x=0.3), a blue shift 

in the UV adsorption profile is observed (see Figure S6). This could be ascribed to the fact 

that zirconia absorbs at lower wavelengths than ceria (around 275 and 400 nm, 

respectively).[4] 

 

Figure S8. DRS UV-Vis spectra of the a) UiO-66(Ce0.5Zr0.5) and b) UiO-66(Ce0.05Zr0.95). 

Tauc plots are reported in the insets. As-synthesized (solid line), activated at 110ºC (dash 

line) and re-exposed to the atmosphere (dash dot line) UiO-66 materials 

FT-IR CO adsorption 

When Zr was introduced on the final UiO-66 material in an equimolar proportion (Ce0.5Zr0.5), 

new bands at 3674, 3668 and 3660 cm-1 can be observed in the IR spectrum after the 

activation process (see Figure S7a). The band at 3674 cm-1 is assigned with the ν(OH) 

stretching mode of (μ3-OH)Zr6.[5] The blue shift observed in the M-OH band when Zr is 

exchanged by Ce suggests stronger O-H bonds in the case of Zr6 node due to its higher 

electronegativity.[6] The other bands at 3668 and 3660 cm-1 have been ascribed in the 

literature with (μ3-OH)CeZr5 nodes and (μ3-OH)Ce2Zr species in CexZr6−x clusters with x>1, 

respectively.[7] Moreover, the peak at 3651 cm-1 is consequence to the (μ3-OH)Ce6 cluster. 

Finally, in the IR spectrum of the UiO-66(Ce0.05Zr0.95) sample activated at 110ºC, two 

different OH contributions were observed. These two at 3676 and 3670 cm-1 are assigned to 

(μ3-OH)Zr6 and (μ3-OH)CeZr5 clusters (see Figure S7b).[7] When CO was introduced in the 

cell at Liquid Nitrogen Temperature (LNT), the ν(OH) stretching bands are red-shifted in all 

the cases (see Figure S7, left panels). However, in the case of UiO-66(Ce0.5Zr0.5), two 

different contributions were observed since the different (μ3-OH)Zr6 and (μ3-OH)Ce6 cluster 

nature (see Figure S7a, left panel). IR peaks at 2153 and 2136 cm−1 are observed in all the 

cases, which have been associated with CO interacting with OH groups and physisorbed, 

respectively (see Figure S7, right panels). Moreover, a band at 2127 cm-1 was too observed 

and it is often ascribed to the CO-Ce3+ interaction (see Figure S7, right panels). 



 

Figure S9. FT-IR spectra collected during CO desorption at LNT on a) UiO-66(Ce0.5Zr0.5) 

and b) UiO-66(Ce0.05Zr0.95). 

 

 

 

 

 



For comparison purposes, the normalized FT-IR spectra in respect to the sample thickness 

collected at CO coverage of ~2 mbar for the Ce-based materials were plotted in Figure S8. 

The main difference between them is the absorbance of the band related with the interaction 

of OH groups and CO (2153 cm−1). The highest absorption in this band was observed for the 

UiO-66(Ce0.05Zr0.95) material at the same CO coverage. This fact means that the OH amount 

is larger in this sample than in the other two. 

 

Figure S10. Comparison between FT-IR spectra collected at ~2 mbar CO coverage for UiO-

66(Ce) (orange line), UiO-66(Ce0.5Zr0.5) (red line) and UiO-66(Ce0.05Zr0.95) (blue line). 
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