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1. Materials and Methods

Table S1. Employed reactants quantities for the MOF synthesis.

Sample DMF (mL) Ce solution (mL) Zr solution (mL)
C100-UiO-66 9.00 3.00 -
C50Z50-U10-66 7.20 1.78 0.59
C5Z95-Ui10-66 7.20 0.20 2.16

Table S2. Quantities of MOFs employed and quantities of oxides obtained after MOFs calcination.

Sample MOF weight (mg) Derived-oxide weight (mg)
C100-Ui0O-66 357 147
C50Z50-U10-66 235 92
C5795-U10-66 363 126
450 450
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Figure S1. Thermal protocol employed for a) O2-TPO and b) H2-TPR measurements.




2. Structural and textural properties
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Figure S2. PXRD pattern of a) C100-UiO-66 (red line), C50Z50-UiO-66 (green line) and C5Z95-
UiO-66 (blue line) and ¢) CeOz (red line), C50Z50 (green line) and C5Z95 (blue line). Detail of fcu

and Fm-3m main Bragg reflections are reported in panels b and d, respectively.



Figure S3. a) C100, b) C50Z50 and c) C5Z95 PXRD experimental data (black line), refined pattern
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(red line) and difference function (blue line).

Figure S4. N2 adsorption/desorption isotherms of a) C100-Ui0-66 (red line), C50Z50-UiO-66 (green
line) and C5Z95-Ui0-66 (blue line) and b) C100 (red line), C50Z50 (green line) and C5Z95 (blue

line).

Table S3. Elemental composition, textural and structural properties of the six samples. * ICP results.
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b EDX results.
C100- C50Z50- C5795- C100 C50Z50 C5795
Ui0-66 Ui0-66 Ui10-66
Ce:Zr / 43:572 4:96° / 49:51° 5:95b
SSA (mz/g) 1080 1387 1277 54 67 70
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3. Sample activation procedure.
FT-IR spectra collected over C100 (C50Z50 and C5Z95 are not reported for brevity) during the
measurement protocol step I (Figure S5a) showed that increasing the temperature under oxidising
atmosphere causes a loss of adsorbed water highlighted by the decrease of H-bonded OH group
contribution (<3400 cm™) together to a consumption of carbonates (1300-1600 cm™) and organic
compounds (2800-3000 cm™"). Parallel to water loss the hydroxyl groups become isolated and vibrate
to more specific frequencies, forming three bands at 3705, 3684 and 3659 cm™, associated to terminal
(m-OH), bridged (b-OH) and tri-bridged (t-OH) hydroxyl groups, respectively, sketched in Figure
S6. A further temperature decrease to 25°C caused adsorption of some H20 molecules on the catalyst
surface, as observable from the partial regeneration of the H-bonded broad band centred at 3300 cm™

! however, without affecting the isolated OH groups.
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Figure S5. FT-IR spectra collected on C100 during the : a) protocol step I (temperature rises from
black to green line), b) O2-TPR (temperature rises from black to red line) and ¢) H2-TPR (temperature



rises from balck to blue line). Detail of v(OH) and Ce** 2Fs2=>2F7.2 electronic transtion are reported

in the smaller panels indictaed with *) and *”), respectively.
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Figure S6. Examples of possible OH groups species potentially formed over CeO2 and CeZrOx.

surface. Ce*" and Ce*" atoms are represented with red and blue colours, respectively.

4. FT-IR and NEXAFS H>-TPR
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Figure S7. FTIR spectra collected during H2-TPR experiment on a,b,c) C50Z50 and d,e,f) C5Z95
samples. Detail of a,d) v(OH) and b,e) Ce** 2Fs2>2F7,2 regions (temperature increases from black to
blue line). ¢) C50Z50 Ce** 2Fsp>2F7. integrated area (black squares) respect to temperature
evolution (red squares). f) C5Z95 t-OH position (blue line) respect to temperature evolution (red

squares).
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Figure S8. C100 a,b) Ce Ms edge NEXAFS spectra collected during H2-TPR experiment.

Temperatures are reported in the graph legend.

a. Details on molar absorption coefficient calculation
For determining the molar absorption coefficient of Ce** ?Fs2->2F7; transition we have employed the

integrated version of the Beer-Lambert Law (BLL):

A(em™) = e( il ) x c(Wt% Ced3+) » LUWmol

umol S(cm?)

It should be point out as in IR spectroscopy the BLL is usually employed for determining either the
concentration or the molar absorption coefficient (¢) of an adsorbate over a support. On the contrary
we here attempted to determine the € of a band arising from Ce electronic transition. For this reason,
the BLL was expressed in function of Ce content in the employed pellet. Moreover, since the
transition is specific for Ce**, the concentration was expressed as Ce** wt%. Ce*" concentration
(weighted for Ce content “W” and pellet area “S”) and Ce** °Fs2—>2F72 band integrated area measured
at the same temperature were reported in a scatter plot (Figure S9a). The € value was determined from
the slope of the linear fit (red line Figure S9a). The residuals analysis (Figure S9b) showed random
distribution of their values, which combined with the Pearson correlation of 0.97, confirmed the

robustness of the model.
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Figure S9. a) Ce** concentration evaluated by Ce Ms-edge NEXAFS fit reported with respect to the
Ce*" FT-IR band integrated area collected at the same temperature. Linear fit is reported with red line
whilst its equation and the Pearson R value are reported in the graph. b) Residual plot for the

employed linear fit model.
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Figure S10. a) C50Z50 and b) C5Z95 Ce Ms-edge NEXAFS spectra measured during heating under

50 mL/min H2:He (3:2). Temperature increases from black to blue line.
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