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Characterization details

Raman. The Raman spectra were recorded at RT on a HORIBA LabRAM HR
Evolution Raman spectrometer (laser source: 532 nm).

XRD. X-ray powder diffraction (XRD) patterns were recorded on a Philips X Pert
MPD Pro X-ray diffractometer with graphite monochromatized Cu Ka radiation (k =
0.1541 nm).

XPS. The binding energy (BE) was calibrated against the Cls signal (284.6 eV) of
contaminant carbon. Elemental surface composition was estimated on the basis of peak
areas normalized using Wagner factors. Relative surface concentration of C, N, V, and
O element with different states can be estimated through deconvolution analysis of the
corresponding XPS peak. For the same batch of sample measured under identical
conditions as well as the same parameters adopted for deconvolution analysis.
H,-TPR. Hydrogen temperature-programmed reduction (H,-TPR) was performed from
room temperature (RT) to 850 °C at a rate of 10 °C/min in a flow of 5% Hy/Ar (v/v,
flow rate = 40 mL/min) and isothermally held at 850 °C until reduction was complete.
NH;-TPD. Catalyst of 50 mg was first heated in an Ar flow (40 mL/min) to 200 °C and
kept at this temperature for 1 h. Then the sample was cooled to 50 °C in the Ar flow.
After that, NH;3 adsorption was performed at 50 °C for 1 h. Finally, NH;-TPD was
carried out in an Ar flow (40 mL/min) with the sample being heated to 500 °C at a rate
of 10 °C/min. The amount of desorbed NHj; (in umol/g) was determined by a titration,
in which a HCI solution (0.01 mol/L) was used to absorb the released NH;. A NaOH

solution (0.01 mol/L) was used as the titrant.
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Fig. S1 XPS spectra of N 1s for the catalysts: (a) VPOCg, (b) VPOCs.
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Fig. S2 XPS spectra of O 1s for the catalysts: (a) VPO, (b) VPOCs, (¢) VPOCs.




100 Conversion Acrolein Selectivity
o B . o~
o Carbon balance Formation rate_ 420~
2~ = =
N - - D
=< 9} . = o0
<) i
s 2 : . 18 g
2% 80} . = g
; = -~ iR ~
o2 = . )
- Z 70} B B
S £ L {116 =
L3 =
7B~ =)
- ° - o=
S5 60 * =
= < g
S = = 4 5
50 + =

280 300 320 340
Temperature (°C)

Fig. S3 Catalyst performance of the catalyst VPOCs, the carrier flow rate was 30
mL-min! (N;). The liquid feed was a glycerol aqueous solution (20 wt%), with

a LHSV of 6 mL-h-!.
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Fig. S4 Leaching test over catalyst VPOCg, the reaction temperature and carrier flow
rate was 320°C and 40 mL-min-!' (9%-0,/N,), respectively. The liquid feed was
a glycerol aqueous solution (20 wt%), with a LHSV of 6 mL-h-!.
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Fig. S5 XPS spectra of V 2p;, for the catalysts, (a) fresh VPOCg, (b) VPOCs, utilized
60 hours.

Table S1 Textural properties of the catalysts.

Catalysts Surface area Pore volume Average Pore
(m?/g) (X103 cm’/g) (nm)
VPO 6.00 40.90 31.45
VPNC, 3.35 17.40 20.33
VPNC; 2.50 12.25 16.73

Table S2 H,-TPR profiles of the catalysts.
V3t (oC) V4t (oC) )
X - Ratio of
Catalysts Temp. H,;Consumption Temp. H;Consumption VSV
(°O) (mmol/mol V) (°O) (mmol/mol V)

VPO 594 6.92 804 23.07 0.30
VPOC6 451 2.25 833 8.03 0.28
VPOCS 528 2.38 833 9.92 0.24




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

Catalysts V3 (%) V4 (%) V3 (%)
YPO 62.6 37.4 /
VYPNC6 9.4 36.7 53.9
VPNC5 / 55.0 45.0

Table S4 The surface acidity of the catalysts.
Acid site distribution

Total acidit
Catalysts (umol NH3/g.,() ( sz:]l ;IC_II /l Y)
Weak Medium Strong : ¥Beat

VPO 53.2 128.1 / 181.3

VPNC6 10.9 281.2 86.0 378.1

VPNC5 12.5 183.3 94.7 290.5

Table S5 Catalyst performance of the catalyst VPOCs.
Temperature Selectivity (%)

(°0) Acrolein  Acrylic Acid  Acetic Acid CO, Others
280 60.7£0.6 0.4+0.02 04+0.02 2.1%0.02 364%£0.2
300 73.7+0.7 0.8+0.03 1.1£0.02 2.1£0.03 22.3%0.2
320 71.4£0.6 0.5+0.03 0.9+0.01 2.7£0.01 245%£03
340 50.7£0.4 0.3+0.02 04+0.01 1.6X£0.02 469+04

* The carrier flow rate was 30 mL-min-! (N,). The liquid feed was a glycerol aqueous solution (20

wit%), with a LHSV of 6 mL-h!.



Table S6 Effect of oxygen concentration and carrier flow rate.

carrier oxygen Selectivity (%) Carbon
Conversion
flow rate  concentratio Balance
(%) Acrolein  Acrylic Acid Acetic Acid CO, Others
(mL) n (%) (%)

0 92.3+0.5 71.7+0.4 0.7+0.03 2.6+0.04 2.1£0.02 22.9+0.1 76.8+0.7

3 93.4+0.4 75.4+0.4 0.9+0.04 0.5+0.02 2.6+0.03 20.6+0.1 79.0+0.7

20 6 95.4+0.4 78.4+0.4 1.1£0.03 0.3£0.03 2.7+0.03 17.5+0.1 81.5£0.4
9 96.1+0.3 80.1+0.6 1.0+0.03 0.4+0.03 4.4+0.04 14.0+0.1 83.5+0.5

12 98.3+0.4 79.0+0.5 2.2+0.04 1.4+0.04 7.6+0.04 9.7+0.1 85.0+0.5

0 91.0+0.3 73.7+0.7 0.8+0.03 1.1£0.02 2.1£0.03 22.3+0.2 78.1+£0.3

3 94.5+0.5 76.7+0.7 0.9+0.02 0.4+0.02 2.6+0.04 19.4+0.1 80.0+0.2

30 6 96.0+0.2 79.5+0.2 1.3£0.04 0.2+0.01 4.3£0.03 14.6+0.2 83.1+0.2
9 98.6+0.2 81.0+0.3 2.0+0.03 0.3£0.02 7.8+0.04 9.0+0.1 85.9+0.3

12 99.4+0.2 79.6+0.2 3.4+0.04 1.0£0.03 13.2+0.03 2.7+0.05 88.2+0.2

0 89.8+0.7 74.5+£0.4 0.9+0.02 4.7+0.07 2.0+0.03 17.9+0.1 81.3+0.4

3 95.34£0.5 78.4+0.5 1.0£0.03 1.1£0.03 2.8+0.04 16.6+0.2 82.0+0.5

40 6 98.0+0.3 82.3+0.2 0.5+0.02 0.9+0.03 7.7+0.03 8.5+0.1 86.3+0.6
9 99.1+0.2 83.2+0.2 0.6+0.03 0.4+0.02 13.0+0.03 2.8+0.05 88.5+0.4

12 100+0.2 78.2+0.5 4.840.04 0.6+0.03 15.9+0.04 0.5+0.03 88.7+0.4

0 90.1+0.7 74.3+£0.4 0.8+0.02 10.4+0.1 2.3£0.02 12.1£0.1 84.6+0.3

3 96.0+0.7 78.8+0.7 1.1£0.03 6.6+0.08 4.1£0.03 9.4+0.1 86.2+0.2

50 6 98.6+0.2 81.9+0.2 1.2+0.04 3.0+0.04 8.2+0.03 5.7+0.1 88.0+0.2
9 100.0£0.2 80.2+0.3 1.0+0.03 4.4+0.03 14.3£0.04  0.04+0.01 88.9+0.2

12 100.0£0.2 77.0£0.7 6.2+0.05 1.3£0.02 15.4+0.05  0.05+0.01 89.240.3

0 88.3+0.8 75.9+0.8 1.0+0.03 9.4+0.1 2.240.03 11.6+0.1 85.740.5

3 98.0+0.4 81.0+0.2 1.1£0.03 3.7+0.03 4.4+0.04 9.8+0.1 86.3+0.4

60 6 99.1+0.2 80.0+0.2 1.0+0.03 4.9+0.04 13.3+0.05 0.8+0.01 88.8+0.2
9 100.0£0.2 77.6+0.8 4.0+0.03 4.4+0.03 13.9+0.06 0.2+0.01 89.1£0.2

12 100.0+0.2 76.4+0.7 6.8+0.04 2.3£0.03 14.2+0.05 0.4+0.02 89.4+0.2

* The reaction temperature was 300 °C. The liquid feed was a glycerol aqueous solution (20 wt%),

with a LHSV of 6 mL-hl.



