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Figure S1. SEM image of the sample formed through freeze-drying.
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Figure S2. SEM image of the W/Gr PF/NaCl.
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Figure S3. XRD pattern of the W/Gr PF/NaCl.
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Figure S4. Raman spectrum of the W/Gr PF/NaCl.
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Figure S5. SEM image of the W/Gr PF.
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Figure S6. XRD pattern of the W/Gr PF.
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Figure S7. Raman spectrum of the W/Gr PF.
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Figure S8. Raman spectrum of the WN/Gr PF-850.
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Figure S9. The thermal gravimetric analysis (TGA) curve of WN/Gr PF-850 measured 

in air atmosphere.
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Figure S10. (a, b) SEM, (c) TEM and (d) HRTEM images of WN/Gr PF-750.
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Figure S11. (a, b) SEM, (c) TEM and (d) HRTEM images of WN/Gr PF-950.
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Figure S12. BET of the WN/Gr PF-750 (a), WN/Gr PF-850 (b) and WN/Gr PF-950 

(c).
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Figure S13. Thermal catalytic FA decomposition test without any catalysts.
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Figure S14. XRD spectrum of the WN/Gr PF-850 after test.
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Figure S15. XPS of the WN/Gr PF-850 after test.
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Figure S16. Raman spectrum of the WN/Gr PF-850 after test.
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Figure S17. (a) SEM, (b) TEM, and (c) HRTEM images of WN/Gr PF-850 after test.
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Figure S18. STEM image (a) and corresponding elemental mapping images 

of (a) W, (c) O and (d) C of WN/Gr PF-850 after test.
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Figure S19. Normalized light absorption spectra of Ti2O3 film/Cu layer.
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Figure S20. The IR images of the solar heating device under (a) 0.4 and (b) 1 kW m-2 
irradiation.
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Table S1. The performance of representative catalysts for thermal catalytic FA 

decomposition.

Catalyst Reaction 
condition

Temperatur
e

(℃)

Conversion
（%）

H2 
selectivity
（%）

H2 generation
rate（L g-1 h-1） Reference

WN/Gr PF-850 FA 300 -- 97.4 7.88 This 
work

Mg1.0Mo99.0C1-x FA 300 90+ 90.0 -- 1

a-MoxCy FA 300 100 89.0 -- 2

1% Mo2C/Norit FA 300 100 95.5 2.14 3

Mo2C/Gr FA 380 37 86 -- 4

MoS2/Mo2C FA 220 97.4 99.2 --  5

10MoxC/AC FA 200 100 92 1.012 6

Mo2C-Co/GAC FA 250 100 99.0 0.521 7

20% Mo-DAL FA 220 98.0 99.4 -- 5

PF-Mo1.98C1.02 FA/SF 100 -- 97.6 0.79 8

γ-Mo2N/0.2NK-C FA/H2O 87 100 100 0.2939 9

Ni10Mo1/PB FA 300 92.8 98 -- 10

Ni/G/MoS2 FA/SF 100 -- 100 3.96 11

γ-Mo2N/NC FA 200 100 99.4 1.84 12

Co@NC-Gr1 FA 300 100 ~97 1.455 13

Ni0.40Au0.15Pd0.45/C FA/H2O 25 73% 100% -- 14

Ag@Pd FA/H2O 50 -- 100% 5.60 15

Au.03Pd.05@BNNS FA/NEt3 50 100% 1.26 16

2% Pd/ZnO FA 287 100 ~93% 1.63 17

Note: SF represents sodium formate; NEt3 represents triethylamine.
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Table S2. The performance of efficient photocatalysts for photocatalytic FA 

dehydrogenation.

Catalyst Solvent H2 
selectivity（%）

H2 generation
rate（L g-1 h-1） Reference

WN/Gr PF-850 0.4 Sun 7.60 This work
CdS/CoP@RGO Xenon lamp 99.5% 4.07± 0.27 18

FeP@CdS NRs Xenon lamp -- 6.227 19

Au0.75Pd /TiO2 1 Sun 99.5% 0.396 20

Ru-CdS Xenon lamp -- 0.12 21

Pd/C3N4 Xenon lamp -- 1.19 22

Co2+/CdS QDs Xenon lamp 99.4%±1% 2.59±0.31 23

CoPSA-CdS NRs Xenon lamp -- 2.30 24

Fe salen/CdS Xenon lamp -- 3.36 25

CdS/P/MoS2 Xenon lamp -- 1.54 26

Pt/g-C3N4 0.7 Sun -- 0.04 27
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