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NiCoOH

Fig. S1. (a) Digital photos of Ni foam, NiCoOH, NiCoP and NiP.

NiCoOH precursor, NiCoP and NiP are silver, purple, black and dark silver, respectively.



Fig. S2. SEM images of Ni foam.



Fig. S3. SEM images of NiP.



Fig. S4. (a) TEM, (b) HRTEM and (c) elemental mappings images of NiCoOH.



Fig. S5. (a-b) SEM images and (c) elemental mappings of NiCoP.
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S6. (a) LSV curves of different electrocatalysts in 1.0 M KOH. (b) LSV curves of NiP

and NF with and without 100 mM xylose.
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Fig. S7. LSV curves of NiCoP in 1.0 M KOH with different concentrations of xylose.
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Fig. S8. The calibration curve of xylose (a) and formic acid (b) established with the external

standards.

Calibration curves generated by regression of nominal concentrations against peak area

were used to determine the concentrations of the products.
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Fig. S9. HPLC traces of XOR after passing different charges at 1.52 V (vs. RHE).
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Fig. S10. The Faradaic efficiency of FA from xylose after passing different charges at 1.52 V

(vs. RHE) in 1.0 M KOH.
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Fig. S11. HPLC traces of XOR after passing 693 C charges at 1.52 V (vs. RHE).
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Fig. S12. The Faradaic efficiency of FA in 8 mL of 100 mM xylose at different potentials in

1.0 M KOH.
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Fig. S13. The possible pathway of xylose electrooxidation to formic acid, lactic acid and

acetic acid.

The possible pathways of electrooxidation of xylose to formic acid are proposed in the
below figure (Fig. S13). Under the condition of 1.0 M KOH, the ring-open reaction occurs on
annular xylose molecules to form the intermediate I. Then the intermediate I is oxidized to
intermediate II and oxalic acid by a-oxidation, as well as intermediate III and formic acid by -
oxidation. The intermediate II is converted to oxalic acid and formic acid, while the
intermediate I1I is converted to formic acid. The above oxalic acid is further oxidized to formic
acid. Additionally, isomerization may also occur on the intermediate I to from the intermediate
IV, which is oxidized to glyceraldehyde and oxalic acid by Retro-aldol reaction.
Glyceraldehyde transforms into lactic acid and the lactic acid is oxidized to acetic acid. Finally,

the produced oxalic acid and acetic acid are converted to formic acid.
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Fig. S14. Consecutive four runs of XOR at a constant current of 50 mA ¢cm™2 with the

intermittent addition of 100 mM xylose.
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Fig. S15. The change of pH value during XOR.
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Fig. S16. The SEM images of NiCoP electrocatalyst after consecutive runs.
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Fig. S17. XPS spectra of (a) Ni 2p, (b) Co 2p, (c) P 2p and (d) O 1s of NiCoP electrocatalyst

after consecutive runs.
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Fig. S18. XRD pattern of NiCoP after XOR.
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Fig. S19. The schematic of the reversible redox cycles of Ni?*/Ni** and Co?'/Co3" during

XOR with HER.
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Fig. S20. The corresponding current densities at various potentials with (green bars) and

without (orange bars) 100 mM xylose in 1.0 M KOH seawater.
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Fig. S21. The yield of FA from xylose after passing different charges at 1.52 V (vs. RHE) in

alkaline seawater.
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Fig. S22. HPLC traces of XOR after passing 540 C charges at 1.52 V (vs. RHE) in alkaline

seawater.
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Fig. S23. Chronopotentiometry curve for NiCoP conducted at the current density of 50 mA

cm 2 in alkaline seawater with 100 mM xylose.
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Fig. S24. LSV curves of different electrocatalysts in 1.0 M KOH.

The NiCoP electrocatalyst requires an overpotential of only 119 mV to drive the current
intensity of 100 mA c¢cm™2, much lower than that of NiCoOH (201.6 mV), NiP (312.6 mV) and
NF (268.6 mV).
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Fig. S25. LSV curves of different electrocatalysts in 1.0 M KOH with different concentrations

of xylose.
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Fig. S26. Actual H; production compared with theoretically calculated H, production.
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Table S1 Comparison of our catalyst with the reported catalyst for organic chemicals

electrooxidation.
Potential j
Electrocatalyst Electrolyte Ref.
(Vvs.RHE) (mA cm™?)
1.0MKOH +0.1 M This
NiCoP-NF 1.29 100
xylose work
1.OMKOH+0.1 M
NiFeOy-NF 1.30 87.6 !
glucose
CoFeCr LDH-NF 1.0 M KOH + 0.33 M urea 1.305 10 2
NiMoO-Ar-NF 1.0 M KOH + 0.5 M urea 1.42 100 3
1.0OMKOH +0.125M
Ni,P-UNMs-NF 1.34 10 4
benzylamine
1.0 M KOH + 0.02 M 5-
Ni3S,-MoS,-NF 1.33 50 3
hydroxymethylfurfural
O-NiMoP-NF 1.0 M KOH + 0.5 M urea 1.41 100 6
1.0OMKOH+0.5M
Ni(OH),-NF 1.36 100 7
MeOH
NiFeCo LDH-NF 1.0 M KOH + 0.33 M urea 1.39 100 8

Ni,P/Fe,P-NF 1.0 M KOH + 0.5 M urea 1.36 10 ?
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Table S2 Co and P contents of NiCoP measured by ICP OES.

Element (wt% )

Sample

Co P
Fresh 12.81 6.86
Used 11.14 2.78

Table S3 Comparison of our catalyst with the reported catalyst for HER.

Catalyst N100 Reference
NiCoP-NF 119 This work
NiFeN,-NF 104 10

NF@NM-NP 164 B
Cu,S/NF 289 12
Ni,P-Fe,P/NF 225 13
Fe-Ni3S,/NF 232 14
MoS,-Ni;S, HNRs/NF 191 13
NizN-VN/NF 218 16
LDH-NiSe/NF 276 17

CoMoO4 NWA/Ti 243

18
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