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Figure S1. CV curves of measures with 5, 10, 25, 50, 75, 100, 125 and 150 mV/s scan rates; (J) Anodic (I,) and
cathodic (L) currents, at OV as a function of the sacn rate (v)
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Figure S2. CV curves in N, (thin lines) and in O, (thick lines) saturated electrolytes
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Figure S3. LSV curves at various rotation speeds (between 0 and 2000 rpm) of the differents samples
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Figure S4. Stability of the catalytic performance for the urea-modified samples (A) and the thiourea-modified
samples (B); resistance to methanol cross-over for the urea-modified samples (C) and the thiourea-modified
samples (D).
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Figure S5. Raman spectra of the tested samples

100

——BP-O
98

96

9

92

Weight (%)

90

88

86

1 N 1 N 1 N 1 N
200 400 600 800 1000
Temperature (°C)

Figure S6. TG curve of the oxidized BP sample.
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Figure S7. TG curves for urea and BP and its oxidized counterpart BP-O impregnated with urea (A) and
thiourea and BP, and BP-O impregnated with thiourea (B).
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Figure S8. Nitrogen adsorption isotherms for the urea-modified samples (A) and thiourea-modified ones (B).



A B o
—— BP-U-450 ——— BP-TU-450
- BP-0-U-450 - BP-O-TU-450
15 1——BP-U-850 — BP-TU-850
— BP-0-U-850 05 J—— BP-O-TU-450
o G}
g 2
£ 107 £
= = 04
v v
= s
0.5 - /
0.2 4
0.0 : v b ¢ T \ 0.0 . % f } A3
4 10 1" 4 5 ]

Figure S9. pK, distribution of the dissociating groups on the surface of the urea-modified samples (A) and
thiourea-modified ones (B).
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Figure S10. Deconvolution of C 1s, O 1s and N 1s for the series of urea samples.
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Figure S11. Deconvolution of C 1s, O 1s, N 1s and S 2 p for the series of thiourea-modified samples
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Figure S12. Comparison of the amount of water adsorbed after 4 hours of exposure to saturated vapors.

Table S1. Surface pH, pK, values of the groups on the surface and their corresponding amounts (in mmol/g)

Total
pK. groups
Sample pH (mmol/g)
4-5 56 | 6-7 | 7-8 8-9 | 9-10 | 10-11

BP 8.0 0.04 | 0.07 | 0.01 | 0.07 0.22 0.41
BP-U-450 6.9 0.03 | 0.08 0.07 0.24 0.42
BP-0O-U-450 7.5 | 0.06 0.13 | 0.04 [ 0.08 0.35 0.67
BP-U-850 7.6 0.10 0.07 0.67 0.85
BP-O-U-850 7.9 0.06 | 0.11 | 0.08 0.07 | 0.33 0.65
BP-TU-450 6.8 0.03 | 0.09 [ 0.03 | 0.05 0.22 0.42
BP-O-TU-450 | 6.8 0.04 | 0.08 [ 0.06 | 0.06 0.26 0.50
BP-TU-850 7.5 0.03 | 0.09 0.07 | 0.03 [ 0.25 0.47
BP-O-TU-850 | 7.7 | 0.05 0.09 0.11 0.29 0.54




Table S2. Atomic % of the element on the surface (in bold) and the results of the deconvolution of C 1s, O 1s, N
Is and S 2p core energy level spectra (in % contribution).
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Cls 863 874 860 868 858 934 87.6 889 927 912
284.7-2849 C-C 770 797 747 758 769 740 725 721 737 741
286.2-286.6 C-O,C-N 160 120 180 164 164 153 123 120 13.0 124
2878-2883 < O N- 47 73 83 47 45

Cc=0
289.3-289.8 0-C=0 70 83 73 78 68 38 55 49 59 59
290.6-2914 = 22 25 27 27 30

Ols 123 126 123 112 124 52 57 42 59 171
530.8 - 531.0 6.8 52
532.0-5324 O=C 573 510 507 507 556 52.1 537 493 514 509

533.4-5339 O-C 42,7 490 493 493 444 479 463 438 486 438

N 1s 1.4 - 1.7 20 18 15 62 65 12 14

398.7-399.0  Imine 15.6 225 151 105 335 710 695 364 459
399.1.399.5  Amine, 73.3 603 68.1 586
Pyridine
400.1 - 400.7 ~ Fyridone, 11.1 172 167 309 351 290 305 63.6 344
amide
401.5-402.1 Imide 19.4 7.2
403.8 - 4041  Quaternary 12.1 12.5
(N)
S 2p32 05 05 03 02
1643 - 1645  Lhiol 774 884 816 662
thiophenes
167.8-168.0  Sulfones 226 117 184 250
Sulfoxides
171.3 Sulfonate 8.8
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