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Fig. S1 SEM images of (a-c) Co3O4 and (d-f) NiCo2O4 at different magnifications
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Fig. S2 SEM images of (a-c) Pd-NiCo2O4-1 and (d-f) Pd-NiCo2O4-3 at different magnifications
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Fig. S3 TEM-EDS of Pd-NiCo2O4
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Fig. S4 XRD pattern of (a) Co3O4 and (b) NiCo2O4 and Pd- NiCo2O4 with different Pd loading
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Fig. S5 (a) XPS Survey spectra of Co3O4, NiCo2O4, Pd-NiCo2O4. (b) High-resolution XPS spectra of Pd 3d
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Fig. S6 Ni3+/Ni2+ ratios obtained from XPS spectra of NiCo2O4 and Pd-NiCo2O4
[image: 图表, 折线图

描述已自动生成]
Fig. S7 Ni K-edge XANES spectra of NiCo2O4, Pd-NiCo2O4
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Fig. S8 LSV curves of NiCo2O4 with various Pd loading in 1 M KOH with 50 mM HMF
[image: 直方图

描述已自动生成]
Fig. S9 LSV curves of NiCo2O4 and NiCo2O4 with various Pd loading in 1 M KOH with 100 mM HMF
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[bookmark: _Hlk171610145]Fig. S10 LSV curves of Pd-NiCo2O4 and Pd-Co3O4 in 1 M KOH with 50 mM HMF
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Fig. S11 (a) LSV curves of Pd-NiCo2O4 in 1.0 M KOH with and without 100 mM HMF. (b) LSV curves of different samples in 1.0 M KOH with 100 mM HMF, and (c) corresponding overpotential at various current densities for HMFOR
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[bookmark: _Hlk163147735]Fig. S12 Electrochemical behavior of (a) furfuryl alcohol (R-OH) and (b) furfural (R-CHO) oxidation on Pd-NiCo2O4 and NiCo2O4 electrodes.
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Fig. S13 Nyquist plots of Co3O4, NiCo2O4, and Pd-NiCo2O4
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[bookmark: _Hlk172124363]Fig. S14 Cyclic voltammograms (CVs) curves of (a) Co3O4, (b) NiCo2O4, (c) Pd-NiCo2O4 and (d) Pd/NF at different scan rates increasing from 20 to 120 mV s–1 with an interval point of 20 mV s–1
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[bookmark: _Hlk171610818]Fig. S15 ECSA-normalized LSV curves of samples in 1 M KOH with 50 mM HMF
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[bookmark: OLE_LINK21]Fig. S16 (a) HER LSV curves of samples and (b) stability (I-t) test at –150 mA cm–2
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[bookmark: _Hlk171628683]Fig. S17 HPLC standard curve measurements of pure (a, b) HMF, (c, d) HMFCA, (e, f) FFCA, (g, h) FDCA 
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Fig. S18 (a) HPLC curve measurements (b) the FDCA selectivity and Faradaic efficiency at different potentials for Pd-NiCo2O4
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Fig. S19 HMF conversion, FDCA yield and Faradaic efficiency for different samples
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Fig. S20 (a-c) SEM images (d) TEM, (e, f) HAADF-STEM images and (g) STEM-mapping of Pd-NiCo2O4 after HMFOR
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[bookmark: _Hlk161326591]Fig. S21 XPS Survey spectrum of Pd-NiCo2O4 after HMFOR
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Fig. S22 High-resolution (a) Pd 3d, (b) Co 2p, (c) Ni 2p, (d) O 1s XPS spectra of Pd-NiCo2O4 after HMFOR
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Fig. S23 CV curves of Co3O4, NiCo2O4, and Pd-NiCo2O4 in 1 M KOH with 50 mM HMF
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Fig. S24 CV curves of Pd-NiCo2O4 in 1 M KOH with and without 50 mM HMF
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Fig. S25 LSV curves of Pd-NiCo2O4 in 1 M KOH with different HMF concentration
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Fig. S26 Schematic representation of the direct oxidation of HMF
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Fig. S27 In situ ATR-FTIR spectra over Pd-NiCo2O4 and NiCo2O4 samples
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Fig. S28 Multipotential-step curves of and (a) Co2O4 and (b) NiCo2O4 in 1 M KOH solution with and without 50 mM HMF addition
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[bookmark: OLE_LINK8]Fig. S29 Charge density difference for Pd-NiCo2O4
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Fig. S30 PDOS of NiCo2O4
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Fig. S31 Optimized stable adsorption configures (top review) for HMF and HMFCA on Pd-NiCo2O4
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Fig. S32 FDCA yield and Faradaic efficiency of Pd-NiCo2O4 in coupled two-electrode cell at different voltages
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Fig. S33 Long-term test of Pd-NiCo2O4 in two-electrode cell

Table S1 ICP results of Co, Ni and Pd elements in Pd-NiCo2O4
	Element
	Wt%
	At%

	Co
	19.54
	0.33

	Ni
	32.94
	0.56

	Pd
	10.80
	0.10


Table S2 XPS results of Pd-NiCo2O4
	Name
	Atomic%
	
	PP Hgt (N)
	PP At%

	C 1s
	35.23
	
	31.88
	40.52

	Co 2p
	2.9
	
	0.56
	0.71

	Ni 2p
	18.67
	
	5.44
	6.91

	O 1s
	42.7
	
	40.65
	51.67

	Pd 3d
	0.5
	
	0.15
	0.19


[bookmark: _Hlk171604655][bookmark: OLE_LINK1]Table S3 XPS fitting results of samples
	[bookmark: _Hlk171604630]Catalyst
	Binding energy (eV)

	
	Co2+
	Co3+
	Ni2+
	Ni3+

	Co3O4
	796.38
	781.46
	794.80
	779.83
	/
	/
	/
	/

	NiCo2O4
	796.45
	781.64
	794.67
	779.76
	872.54
	854.62
	874.59
	856.41

	Pd-NiCo2O4
	797.28
	781.29
	792.73
	775.42
	873.32
	855.64
	874.92
	857.09


Table S4 Comparison of the HMFOR performance between Pd-NiCo2O4 and recently reported advanced catalysts
	Catalysts
	CHMF
(mM)
	Potential
(V vs. RHE)
	Current density
(mA cm-2)
	Faradaic efficiency (FE, %)
	References

	NiFe-1
	50
	1.5
	630
	92
	[S1]

	CoOOH/CF
	50
	1.5
	420
	99
	[S2]

	CuCo2O4
	50
	1.5
	225
	94
	[S3]

	Pd/NiCo
	50
	1.5
	81
	95.9
	[S4]

	Pt/Ni(OH)2
	50
	1.6
	38
	98.7
	[S5]

	NiFeLDH/CPF
	10
	1.45
	20
	99.4
	[S6]

	Co0.4NiS@NF
	50
	1.45
	497
	99.1
	[S7]

	NF@Co3O4/CeO2
	50
	1.4
	32
	97.5
	[S8]

	NiSx/β-Ni(OH)2/Ni
	50
	1.38
1.4
	120
392
	98.3
	[S9]

	[bookmark: OLE_LINK2]Pd-NiCo2O4
	50
	1.44
1.5
	596
800
	99.6
	This work


Table S5 Comparison of catalytic performance of the state-of-the-art catalysts reported in literatures and the catalyst in this work
	Catalysts
	HMFOR//HER
	HMFOR performance
	References

	
	Ej10 (V)
	Ej50 (V)
	jF.E.
	Ej100 (V)
	F.E. (%)
	

	MoO2-FeP@C
	1.49
	1.6
	20
	1.42
	97.8
	[S10]

	E-CoAl-LDH-NSA
	1.5
	1.74
	-
	1.59
	99.4
	[S11]

	NF@Mo-Ni0.85Se
	1.4
	1.5
	-
	1.46
	95
	[S12]

	CuxS@NiCo-LDH
	1.34
	1.49
	-
	1.36
	99
	[S13]

	NiSe/NiOx
	1.56
	1.65
	-
	1.35
	99
	[S14]

	NiCu NTs
	1.3
	1.47
	-
	1.38
	96.4
	[S15]

	NiCo2@MoO2/NF
	1.25
	1.48
	-
	1.27
	99.2
	[S16]

	Rh-O5-Ni(Fe)
	1.32
	1.42
	40
	1.39
	98.5
	[S17]

	Co9S8@Ni3S2/NF
	1.42
	1.61
	-
	1.42
	98.4
	[S18]

	Pd-NiCo2O4
	1.07
	1.40
	100
	1.32
	99.6
	This work
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