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Synthesis of NioSs
NioSg was synthesized by annealing the mixture of NiCl>-6H>0 (100 mg), C3NsHs (250

mg), and CH4N2S (250 mg) at the identical condition used for the synthesis of the ternary

heterostructure (750 °C for 1 h under Ar atmosphere).

Synthesis of MoS:
MoS; was synthesized by annealing NaxMo0O4:2H>O (100 mg) in presence of CH4N>S

(250 mg) at the identical condition used for the synthesis of the ternary heterostructure.

Synthesis of MoC
MoC was synthesized by annealing the mixture of Na2MoO42H>0 (100 mg) and

C3NgHg (250 mg) at the identical condition used for the synthesis of the ternary heterostructure.

Synthesis of FeP@NPC

It was synthesized according to procedure established in our lab using [Fe(bpy)s](PFs)2
and melamine.!



Fig. S1 HPLC profile of HMF and FDCA and the corresponding calibration plots.
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Fig. S2 HPLC profile of HMFCA and FFCA and the corresponding calibration plots.
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Fig. S3 XRD profile of the ternary heterostructure. Le Bail refinements (GOF = 1.23, Rp =
2.56, wRp = 3.24) confirms the presence of MoS,, MoC, NigSg and Ni3S, phases.
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Fig. S4 FESEM images of NiMoO4 nanowire bundle at different magnification.
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Fig. S5 (a) XRD profile, (b) FESEM image, and (c) EDX elemental mapping images of NioSs.
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Fig. S6 (a) XRD profile, (b) FESEM image, and (c) EDX elemental mapping images of
MoS,.

(a) —Mos,

| PDF 04-025-2557
Ll L

. } — . | I. L1l I. Ll |
10 20 30 40 50 60 70 80
26 (degree)




Fig. S7 (a) XRD profile, (b) FESEM image, and (c¢) EDX elemental mapping images of
MoC.
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Fig. S8 TEM image depicting the presence of defects in MoS; sheets of NixSy/MoS2/MoC
heterostructure. Low (a) and high resolution (b) images along with the inverse FFT images (1
to 3) are shown.
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Fig. S9 (a) XPS survey scan, (b) N 1s spectra of NixSy/MoS2/MoC heterostructure.
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Fig. S10 N; adsorption/desorption isotherm of NixSy/MoS>2/MoC heterostructure.
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Fig. S11 Cyclic voltammetric profile of (a) NixSy/MoS2/MoC heterostructure and (b) NioSsg

and the corresponding Cq plot (c).
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Fig. S12 Schematic illustration of the electrochemical cell used for HMF oxidation.
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Fig. S13 Charge associated with the Ni**—Ni*" redox reaction of (a) NixSy/M0S2/MoC
heterostructure, (b) NioSs, (¢) MoS2/NisSg, and (d) MoC/NigSg. Charge was calculated by

integrating the area under the background subtracted LSV. Sweep rate: 5 mV/s
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Fig. S14 (a) LSV of NixSy/MoS2/MoC in presence of 10 mM HMF with and without iR

correction. Sweep rate: 5 mV/s
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Fig. S15 LSV illustrating the activity of NioSg towards HMF oxidation. Sweep rate: 5 mV/s
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Fig. S16 LSV illustrating the catalytic activity of (a) MoC, (b) MoS,, and binary (c)

MoS2/NisSs, and (d) MoC/NisSs catalysts towards HMF oxidation. Sweep rate: 5 mV s™!
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Fig. S17 Tafel plot of (a) NixSy/M0S2/MoC heterostructure and (b) NioSs.
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Fig. S18 'H-NMR of FDCA obtained from the anodic compartment (after acidification)
(Inset photograph). Signals a and b are from the NMR solvent (methanol).
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Fig. S19 (a, c) Current-time and charge-time transients obtained during constant potential
electrolysis at 1.45 and 1.5 V, (b, ) HPLC profile, and (c, f) concentration vs charge plot for
HMF, FDCA and the corresponding intermediates. These experiments were performed with
electrode area of 1 cm? to avoid the current overflow.
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Fig. S20 (a-c) Current- and charge-time transients obtained during constant potential
electrolysis at different potentials, (d-f) HPLC profile, and (g-1) concentration vs charge plot of
HMEF, FDCA and the corresponding intermediates at different charge passed interval during the
electrolysis using NigSg catalyst.
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Fig. S21 (a) 1 - t plot illustrating the stability of NixSy/MoS2/MoC after consecutive addition of
HMF (10 mM). (b) LSV obtained before and after 8 consecutive cycles towards HMF
oxidation. Sweep rate: 5 mV/s
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Fig. S22 Post-consecutive HMFOR (a) XRD, (b-c) FESEM image and EDX mapping image,
and (d) TEM image of NixSy/MoS2/MoC.

EDX spectra of NixS,/MoS>/MoC (e) before and (f) after consecutive catalytic cycles.
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Fig. S23 XPS survey scan profile of NixSy/MoS2/MoC after HMFOR.
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Fig. S24 Photograph showing full cell setup and the collection of electrochemically generated
H> by water drainage method at 1.6 V.
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Table S2

Catalyst Potential [HMF] Amount Time Area FE Rate of Ref.
(RHE) (mM)  of HMF  (h) (cm?) (%) FDCA
(mmol) production

(mmolrpca/

mmolxme/h

/cm)
NixSy/M0S2/MoC 1.4V 10 0.2 1.08 2 ~100 0.463 This

work

Nio2MoosN 1423V 10 0.45 ~4.5 -- 99.3 - 2
NizFe/Vo,-NiOOH  1.55V 50 0.15 6 2 ~100 0.083 3
CuH NWs@Ce: 145V 10 0.3 2 3 98 0.49 4
NiH NS
NiCoFeS-MOF 139V 50 0.5 ~2 1 99 0.509 5
CF-Ni MOF/Ag 1623V 10 0.4 2.5 -- 98.6 -- 6
NiMo3S4 1414V 10 0.2 2 -- 98.4 -- 7
Mno2NiS 148V 100 1 20 mins 1 94.2 2.854 8
NiSx/B-Ni(OH) 1413V 10 0.1 3.05 1 98.3 0.32 9
NiOOH-Cu(OH). 1.4V 5 0.075 5.2 2 93.8 0.036 10
Nio5C02504 15V 10 0.1 2.78 0.2 90.3 1.67 11
NiFe LDH 148V 10 0.1 ~3.25 -- 84.4 -- 12
Co9Ss— 14V 10 0.2 2.78 1 98.6 0.356 13
NizS2@NSOC
CoP/Ni2P/NiCoP 145V 5 0.1 5.5 1 97.6 0.177 14
@NC
NiC0204 145V 10 0.33 ~2.17 3 99 0.152 15
NiCu NTs 1424V 20 0.8 2 -- 99 -- 16
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NiVCo-LDHs 1376V 10 0.1 1.83 3 97.8

NixSey—NiFe 1423V 10 0.3 1.42 1 98.9
LDH@NF

Ni, Co, Cu NPs 147V 10 0.1 18 2.25 94.1
NiO by Co 147V 10 0.15 4 1 94.6
doping

[RU/Ni(OH);] 145V 5 0.05 0.5 3 98.5
Ni3S2-MoS; 145V 20 0.6 2.5 -- ~100
S—Ni@C-600 1437V 10 0.15 4.5 0.5 96
Nioo-Cuo1(OH), 145V 5 0.2 2 2 91.2
NiSx/Ni2P 146V 10 0.15 3 1.7 95.1

# Unit for rate of FDCA formation is h'! cm, however it is reported as
mmolrpca/mmolivr h! em™ for comparison purpose.

--FElectrode area not available.
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