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S1. Product analysis:

The HMF conversion, FDCA yield, and faradaic efficiency were calculated using equations I,

IT and III, respectively.

HMF conversion (%) = [n(HMF consumed) / n(HMF initial)] x 100 I
FDCA yield (%) = [n(FDCA formed) / n(HMF initial)] x 100 II
Faradaic efficiency (%) = [n(FDCA formed) / (Charge / (6 % F))] x 100 I

where F is the Faraday constant (96,485 C mol-") and n is the mol of reactant calculated from

the concentration measured by HPLC. Charge passed 102.3 C.
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Fig. S1.(a) X-ray Photoelectron Spectroscopy (XPS) survey spectra of all elements. (b) XPS

spectrum of the C 1s region for the synthesized CuCo—COs LDH material.
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Fig. S2. FTIR spectra of Cu—COs/LDH, Co—COs/LDH, and CuCo—COs/LDH recorded in the

range of 4000400 cm™.
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Fig. S3. Energy Dispersive X-ray (EDX) analysis spectrum of CuCo-COs;/LDH
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Fig. S4. ICP-OES of CuCo-COs-LDH shows the Co and Cu concentration of 357 and 150 ppm.
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Fig. S5. Cyclic voltammetry (CV) of as-prepared CuCo-CO;-LDH in 1.0 M KOH with a

potential window from 1.0 V to 1.7 V vs. RHE at a scan rate of 5 mV s™!
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Fig. S6. Comparative linear sweep voltammetry (LSV) curves of bare Ni foam (NF), Cu—
COs/LDH, Co—COs/LDH, and CuCo—COs/LDH recorded in 1.0 M KOH containing 10 mM
HMF at a scan rate of 5 mV s, highlighting the enhanced HMFOR activity and lower

overpotential of the CuCo—COs/LDH electrocatalyst.
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Fig. S7. Randles circuit for EIS fitting model

A simple Randles cell model equivalent circuit was used to analyze the impedance
spectra, which include the charge transfer resistance (R.;), solution/series resistance (Ry), and

the capacitance of the electrochemical double-layer (Cy).



S6. TOF measurements
The turnover frequency (TOF) for HMFOR can be determined using the equation:
TOF=Current/nFxmol active sites

where F represents Faraday's constant, n is the number of electrons involved in the reaction (6
for HMFOR), and the current is measured at 1.36 V. To calculate the number of active sites,
we assume that the observed redox process involves a one-electron transfer, with the Ni redox
wave accounting for all electrochemically accessible Ni atoms. The number of active sites can

be calculated as:
mol active sites=Q/exNx

where Q is the charge associated with the redox process, ¢ is the elementary charge (1.602 x

107" C), and N, is Avogadro's number (6.02 x 10 mol™).
S7. Equation for Exchange Current Density (jo) from Tafel Plot

The Tafel equation is:

n=blog(j)+a

Where, n = overpotential (V), j = current density (A/cm?), b= Tafel slope (V/decade) and a =

intercept constant.
S8. Rate constant calculation

Rate constant can be calculated by Equation,

In (i)

ci
k= — (tf - ti)

where c; and cr are initial and final concentrations at the different times. t; and tr are the
initial and final reaction times. The natural log of HMF concentration is plotted against time.
The slope of the line is given as -k. Origin Pro Software was employed to perform the kinetic

fittings and regression analysis.
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Fig. S8. Estimation of the apparent rate constant for HMF oxidation based on pseudo-first-

order kinetics from HPLC data.

Table S1. Comparison of the electrochemical oxidation of HMF to FDCA using CuCo—

COs/LDH with representative non-electrochemical catalytic oxidation methods, summarizing

key parameters such as reaction conditions, HMF conversion, FDCA yield, selectivity, and

efficiency.
Catalyst FDCA Ref.
Process [HMF] Conditions
Yield
CuCo-LDH/NF This
Electrochemical 10 mM 1.0 KOH, 4h 97.46%
work
CoPz/g-CsNa4 25°C, 400 nm LED light, !
Photocatalytic 10 mM 81%
Air atm, 24 h
Thermal Catalytic Co—Mn oxide 100mM 120°C,1MPaO,5h 95% 2
. Ru/NaY zeolite 120 °C, 1 MPa O, base free, 3
Thermal Catalytic 90 mM oh %
Pt/CeO>—La 120 °C, 1 MPa O, in situ 4
Thermal Catalytic 100 mM 99.6%

base, 10 h



Catalyst FDCA Ref.

Process [HMF] Conditions
Yield
_ CuCo-LDH/NF This
Electrochemical 10 mM 1.0 KOH, 4h 97.46%
work

Engineered >
Biocatalytic bacteria P. putida SO0 mM 24 h 86%

S12

FePc/Au-TiO: Photocatalytic conditions 6
Photocatalytic 20 mM 97%

with O, base

Au on 120 °C, ~1.0 MPa O, 12-24 7
Thermal Catalytic 50 mM ~100%

hydrotalcite h
Thermal Catalytic Au/ALOs 80 mM 70 °C, 1 MPa O2,4 h 90% 8
Thermal Catalytic RuOx/MnOx-VC 50 mM 120°C, 1 MPa Oz, 6 h 86% °
Thermal Catalytic Ru/MgO 2mM 90 psi, 160 °C, 4 h 90% 10
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Fig. S9. Post-stability structural characterization of CuCo—COs/LDH after electrochemical
testing: (a,b) SEM images showing the retained sheet-like morphology with slight aggregation;
(c—f) corresponding elemental mapping images of Cu, Co, O, and C, confirming the uniform

distribution of active species after long-term electrochemical operation.
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Fig. S10. XRD patterns of CuCo—COs/LDH before and after electrochemical stability testing.
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