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Table S1. H2-TPR profiles of the catalysts 

 

Catalyst 

V5+ V4+ 
V4+/V5+ 

ratio 
Temp. 

/ ℃ 

H2 consumption / (mmol/mol 

V) 

Temp. 

/ ℃ 

H2 consumption / (mmol/mol 

V) 

VPO-PPOA 527 5.28 811 1.53 0.29 

VPO-HPAA 538 5.17 821 1.60 0.31 

VPO-EDTPMA 499 2.42 822 5.23 2.16 

PPOA: phenylphosphonic acid; HPAA: n-hexylphosphonic acid; EDTPMA: ethylenediamine tetramethylphosphonic acid. 

 

 

Table S2. Elemental composition of the catalysts 

 

Catalyst C / % N / % O / % P / % V / % 

VPO-PPOA 48.33 0 42.61 5.77 3.29 

VPO-HPAA 52.93 0 35.85 7.06 4.17 

VPO-EDTPMA 48.52 0 40.29 6.18 5.02 

PPOA: phenylphosphonic acid; HPAA: n-hexylphosphonic acid; EDTPMA: ethylenediamine tetramethylphosphonic acid. 

 

 

Table S3. XPS results of V 2p for the catalysts 

 

Catalyst V5+ / % V4+ / % 

VPO-PPOA 68.7 31.3 

VPO-HPAA 69.8 30.2 

VPO-EDTPMA 40.5 59.5 

PPOA: phenylphosphonic acid; HPAA: n-hexylphosphonic acid; EDTPMA: ethylenediamine tetramethylphosphonic acid. 

 

 

Table S4. XPS results of O 1s for the catalysts 

 

Catalyst OL / % OV / % 

VPO-PPOA 70.9 29.1 

VPO-HPAA 70.8 29.2 

VPO-EDTPMA 56.8 43.2 

PPOA: phenylphosphonic acid; HPAA: n-hexylphosphonic acid; EDTPMA: ethylenediamine tetramethylphosphonic acid. 

 

 

 

 



 

 

Table S5. The surface acidity of the catalysts 

 

Catalyst 
Acid site distribution / (μmol NH3 gcat

-1) 
Total acidity / (μmol NH3 gcat

-1) 
Weak Medium Strong 

VPO-PPOA 10.64 42.26 50.90 0.29 

VPO-HPAA 7.86 36.67 40.86 0.31 

VPO-EDTPMA 18.32 59.74 − 2.16 

PPOA: phenylphosphonic acid; HPAA: n-hexylphosphonic acid; EDTPMA: ethylenediamine tetramethylphosphonic acid. 

 
Table S6. Catalytic activity of the catalysts 

 

Catalyst Conversion / % Selectivity / % Carbon balance / % 

Catalyst precursor 

VPO-PPOAA 6.80 ± 0.52 5.38 ± 0.08 95.35 ± 0.54 

VPO-HPAAA 10.45 ± 0.48 8.74 ± 0.06 93.04 ± 0.21 

VPO-EDTPMA 4.97 ± 0.55 7.35 ± 0.08 96.83 ± 0.38 

Activated catalyst 

VPO-PPOAA 96.34 ± 0.87 41.73 ± 0.38 87.23 ± 0.36 

VPO-HPAAA 90.86 ± 0.69 44.25 ± 0.42 88.21 ± 0.42 

VPO-EDTPMA 89.04 ± 0.71 53.37 ± 0.44 93.32 ± 0.39 

PPOA: phenylphosphonic acid; HPAA: n-hexylphosphonic acid; EDTPMA: ethylenediamine tetramethylphosphonic acid. 

 

Table S7. Literature data for the gas-phase conversion of glycerol over the acid catalysts 

 

Reference Catalyst Conversion / % Selectivity / % Formation rate / (mmol-1 g-1 h-1) 

1 Mo-V 100 57 9.28 

2 V/H-b 87.6 46.3 − 

3 Mo-V 100 33.5 5.50 

4 MoxVyOz 97 32 5.05 

Current VPO-EDTPMA 90 53.4 26.0 

EDTPMA: ethylenediamine tetramethylphosphonic acid. 
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