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Figure S1. Rietveld plot for Zr(O3P-NH-C5H3-COOH)2F2 (Zr-PNA).

Figure S2. Rietveld plot for Zr[(H2O3PCH2)(O3PCH2)2-C6H3]·H2O (Zr-BTTMP).
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Figure S3. XPS spectra of (a) F 1s and (b) N 1s for Zr-PiPhtA (red) and Zr-PNA (blue).
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Figure S4. FT-IR spectra for Zr-PNA (blue), Zr-BTTMP (violet) and Zr-PiPhtA (red).
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Figure S5. Thermal analysis for Zr-PNA (blue), Zr-BTTMP (violet) and Zr-PiPhtA (red).
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Figure S6. X-ray thermodiffraction patterns of (a) Zr-BTTMP and (b) Zr-PiPhtA. 
(*peak corresponding to the chamber). 
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Figure S7. SEM images for (a, b) Zr-PiPhtA, (c, d) Zr-PNA and (e, f) Zr-BTTMP.
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Figure S8. (a) X-ray powder diffraction (XRPD) patterns and (b) TG analysis for Zr-PiPhtA 
(blue), Zr-PiPhtA_NH3 (green), and post-impedance Zr-PiPhtA (red) and Zr-PiPhtA_NH3 
(violet) samples.  
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Figure S9. (a) X-ray powder diffraction (XRPD) patterns and (b) TG analysis for Zr-PNA 
(blue), Zr-PNA_NH3 (green), and post-impedance Zr-PNA (red) and Zr-PNA_NH3 (violet) 
samples.
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Figure S10. (a) X-ray powder diffraction (XRPD) patterns and (b) TG analysis for: Zr-
BTTMP before (blue), Zr-BTTMP_NH3 (green), and post-impedance Zr-BTTMP (red) 
and Zr- BTTMP_NH3 (violet) samples. 
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Figure S11. FT-IR spectra of Zr-PiPhtA as synthetized (blue) and Zr-PiPhtA_NH3 (green).
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Figure S12. FT-IR spectra for Zr-PNA as synthetized (blue) and Zr-PNA_NH3 (green).
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Figure S13. SEM images for (a, b) Zr-PiPhtA_NH3 and (c, d) Zr-PNA_NH3.
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Figure S14. FT-IR spectra for (a) Zr-PiPhtA, (b) Zr-BTTMP and (c) Zr-PNA as 
synthetized (red) and pyridine-adsorbed samples (blue).
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Figure S15. Plot of complex impedance plane for (a) Zr-PiPhtA and (b) Zr-PiPhtA_NH3 
compound at 75% (left) and 95% (right) of relative humidity (RH) at different temperatures: 
80 (black), 70 (red), 60 (green), 50 (blue) and 40 ºC (cyan). 
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Figure S16. Plot of complex impedance plane for (a) Zr-PNA and (b) Zr-PNA_NH3 
compound at 75% (left) and 95% (right) of relative humidity (RH) at different temperatures: 
80 (black), 70 (red), 60 (green), 50 (blue) and 40 ºC (cyan).
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Figure S17. Plot of complex impedance plane for (a) Zr-BTTMP and (b) Zr-BTTMP_NH3 
at 75% (left) and 95% (right) of relative humidity (RH) at different temperatures: 80 (black), 
70 (red), 60 (green), 50 (blue) and 40 ºC (cyan).
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Figure S18. Arrhenius plots at 95% RH of first (closed symbols) and second (open symbols) 
cycle samples: (a) Zr-PiPhtA_NH3 and (b) Zr-PNA_NH3.
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Table S1. Rietveld analysis for Zr-BTTMP at different conditions under N2 from 
thermodiffraction (CuK1) data.
Compound As-synthesized 350 ºC-N2 30 ºC-N2

a (Å) 15.0070(30) 15.0451(28) 14.9954(30)
b (Å) 17.2903(21) 17.3074(20) 17.2805(21)
c (Å) 5.3002(8) 5.3164(7) 5.2968(8)
β (°) 95.483(7) 95.293(6) 95.547(7)
Volume (Å3) 1369.0(4) 1378.4(4) 1366.1(4)
Z 4 4 4
ρcalc (g·cm−3) 2.1166 2.1060 2.1210
2θ range (°) 7.3–67.1 7.3–67.1 7.3–67.1
Data/restraints/parameters 2991/525/99 3582/526/99 2986/525/99
Rwp 7.05 6.53 6.40
Rp 5.32 4.85 4.82
RF 5.67 5.43 5.44
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Table S2. Conversion and product yields for FUR transformation on Zr-based catalysts
Yields (%)

Catalyst Reaction 
time (h)

FUR 
conversion 

(%) FOL IpFE IpL ND*

Zr-PNA 0 0 0 0 0 0
3 6.5 3.7 2.3 0 0.4
6 19.2 5.4 3.1 0.4 10.3
9 24.1 6.7 4.0 1.2 12.2
12 28.0 7.4 6.9 2.6 11.1
24 37.1 7.6 13.9 4.5 11.1

Zr-PiPhtA 0 0 0 0 0 0
3 28.6 9.1 14.9 1.8 2.8
6 40.5 14.1 18.2 3.7 4.4
9 54.2 19.0 21.7 4.4 9.1
12 63.4 19.7 29.1 7.4 7.3
24 81.2 18.9 37.6 12.4 13.1

Zr-BTTMP 0 0 0 0 0 0
3 40.4 13.7 19.0 3.6 4.1
6 49.4 15.6 22.1 5.5 6.2
9 64.3 23.3 23.4 5.4 12.2
12 81.9 19.6 34.6 9.6 18.1
24 100 17.2 44.4 16.6 21.8

Zr3(PO4)4 0 0 0 0 0 0
3 17.2 11.5 0 0 5.7
6 32.3 24.8 0 0 7.5
9 38.5 21.4 3.9 1.4 11.8
12 46.7 19.0 7.2 8.3 16.3
24 63.0 18.8 12.9 12.3 19.0

*ND: non-detected products


