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Figure S3. XPS survey spectra of a) C0o.4NiS@NF and NizS,@NF, and b) high-resolution
XPS spectra of S 2p for CoosNiS@NF.
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Figure S4. LSV curves (without IR compensation) for the NF, NisS2@NF and CoxNiS@NF

with various Co contents (Cog1NiS@NF, Coo2NiS@NF, CoosNiS@NF, and CoosNiS@NF)
for a) OER and b) HMF electrooxidation.
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Figure S5. a) CV curves of C0o4NiS@NF and b) NizS;@NF with 50mM HMF at different
scan rates.
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Figure S6. a-e) The concentrations of HMF, HMFCA, FFCA, HMF, DFF, and FDCA) with
different electrolysis potentials under the fixed theoretical charge of 57.8 C. f) the time to
reach theoretical charge (57.8 C) at different potentials.
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Figure S7. a) Reference HPLC spectra, and calibration curves for b) HMFCA, c¢) DFF, d)
FDCA, e) FFCA, and (f) HMF.
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Figure S8. The variations of current and charge versus the electrooxidation time for eleven
consecutive cycles of HMF electrooxidation by replacing the electrolyte. At each cycle, the
total charge is set at 57.8 C.
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Figure S9. XRD patterns of the as-synthesized CoosNiS@NF before and after HMF
electrooxidation.
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Figure S10 . Raman spectra of HMF, FDCA, DFF, FFCA and HMFCA.
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Figure S12. a-d) The concentration changes of HMF and its oxidation products with different
temperatures under the fixed theoretical charge of 57.8 C.
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electrolysis temperatures.
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Figure S14. The carbon balances at different electrolysis temperatures.
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Figure S15. The time required to reach theoretical charge with different concentrations of
HMF.
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Figure S16. a) Possible HMF self-degradation mechanism due to the Cannizzaro reaction. b)

The color changes and c) the stability tests of 5 ~ 50 mm of HMF in 1.0 M KOH at 25<C using
C00.4NiIS@NF electrocatalyst.
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Figure S17. (a-e) the concentration of HMF, intermediates, and oxidation product changes
during the HMF electrooxidation electrolysis.
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Figure S20. Schematic illustration of the paired electrolysis system for the HMF
electrooxidation to FDCA and HER.
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Figure S21. The current—time and charge—time curves during OER.
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Figure S22. a-d) LSV curves of the CoosNiS@NF at a scan rate of 5mV s in 1.0 M KOH
with and without glucose, fructose, FF (furfural), and BA (benzyl alcohol).
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Table S1. The ratio for Co-doped NizS;@NF with various Co content.

Sample Co content Ni content Co/Ni Amount of CoCl,-6H,0
[PPB] [PPB] [mmol]
NiS@NF 0 590 0 0
C0o1NiIS@NF 23.8 550.1 1/23.5 0.1
Coo2NiIS@NF 64.7 461.1 171 0.2
C0o4NiIS@NF 99.7 364.6 1/3.7 0.4
CoosNiIS@NF 140.2 342.6 1/2.4 0.6

*Note that Co-doped NizS:@NF were peeled off from Ni foam for ICP-AES characterizations.

Table S2. The comparison of activity for CoosNiIS@NF and other reported HMF

electrochemical oxidation catalysts.

Onset -
Electrocatalysts potential [Crr:'ltA/IF] Elecm[)r%tr'](]: Time %;H' ?,ZI] [EA)E] Ref.
[V vs. RHE]

CoNiS@NF 0.9 10 18 100 100 99.1 QOur

work
Ir-Co30, 1.15 50 98 W
C030, - 5 - 99.6 90.8 2
Co0O-CoSe; 1.30 10 60 - - 97.9 Bl
CoP/CF 1.30 50 360 100 90 - “
CoOOH ~1 5 1320 95.5 - 35.1 Bl
NizS2/NF 1.423 10 300 100 - - 6l
NiCoFe-LDHs 1.55 10 60 95 95 - [71
NiO-C030, 1.28 10 - - - 96 8l
NisN 1.35 50 - - - - 1l
Ni(OH)./NF - 10 90 100 - 99 [20]
NiFe LDH 1.25 100 600 99 - 99.4 1
NiOOH ~1.2 5 282 99.8 - 96 Bl
Branched Ni 1.39 - - - - - 12
NiP/NF 1.35 10 - 100 100 (3]
NixB/NF 1.45 10 30 100 - (14
NiCo,04/NF 1.43 5 53 99.6 90.8 (sl
NisN-V,03 - 10 112 - 98.7 18]

Table S3. The comparison of current density for CoosNiIS@NF and other reported HMF

electrochemical oxidation catalysts.

Electrocatalysts Potential and current [Cn:'l,\v/llF] Ref.
CoNiS@NF 1.35V (244 mA cm?) 50 Our work
CoNiS@NF 1.4V (368 mA cm?) 50 Our work
CoNiS@NF 1.45V (497 mA cm?) 50 Our work

CuC0,0, 1.37 V (150 mA cm?) 50 67
CoP/CF 1.425V (20 mA cm?) 50 “l
PUNi(OH), 1.45 V (30 mA cm?) 50 f18]
Ni/NiO 1.49 V (100 mA cm2) 50 [19]
CoOOH 1.423 V (>300 mA cm™) 50 201
NisN 1.45 V (>10 mA cm?) 50 (o
Ir-C030, 1.45V (>10 mA cm?) 50 =
NiB 1.45 V (100 mA cm2) 10 (14
NiFe LDH 1.43 V (100 mA cm?) 10 (1]
NizP 1.423 V (>200 mA cm?) 10 (3]
Ni>Ss 1.423 V (>200 mA cm?) 10 0

Table S4. The FDCA yield rates on the Coo4NiS@NF catalyst under different potentials.

Potential 14 1.425 1.45 1.475 15
[V vs. RHE]
FDCA yield rate 90.5 212.8 330.4 338.8 506.7

[umol cm hY]
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Table S5. The ratio of Ni®*/Ni%* and Co®*/Co?* was obtained from XPS results.

Ni®*/Ni* Co**/Co**
Pristine 2.3 0.3
After HMF electrooxidation 0.3 1.3
After OER 4.1 2.4

Table S6. The FDCA yield rates on the Coo4NiS@NF catalyst under different HMF
temperatures.

Temperature 25 35 45 55
[C]
FDCA yield rate 330.4 368.7 408.1 475.5
[umol cm hY]

Table S7. The FDCA vyield rates on the Coo4NiS@NF catalyst under different HMF
concentrations.

Concentration 5 10 20 30 50
[mM]
FDCA yield rate 456.1 330.4 488.3 412.6 276.4
[umol cm2 h?
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